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TITLE OF THE INVENTION 

'"COMPOSITIONS AND METHODS FOR PRODUCING GENETICALLY MODIFIED ANIMALS" 

RELATED APPLICATIONS 

[0001] This application claims priority to Australian Provisional Application 
5 NO. 2013904307 entitled "Compositions and Methods for Producing Genetically 

Modified Animals" filed 7 November 2013, and to Australian Provisional Application 

No. 2014902162 entitled "Compositions and Methods for Producing Genetically 
Modified Animals" filed 6 June 2014, the contents of each of which are incorporated 
herein by reference in their entirety. 

10 FIELD OF THE INVENTION 

[0002] This invention relates generally to methods 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 celts, including 
genetically modified donor pluripotent cells, into germ cells and gametes. The 

15 present invention also relates to methods and compositions for producing from such 
embryos chimeric non-human animals with a disrupted fertility gene and for 

breeding 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 
20 pluripotent cells. 

BACKGROUND OF THE INVENTION 

[0003] Mouse embryonic stem (ES) 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 
25 genetically modified mice after introduction of targeted mutations into the genome 

(see e,g,, Doetschman T et ai, 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, 
30 eventually giving rise to mosaic 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 ceils of the 
embryo are derived from the donor ES cells, which in turn enhances transmission of 

the genetic modification into the germ line (germ line transmission). 
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[0005] However, due to several complicating factors that are poorly 
understood, including (i) the requirement of donor ES eel is to be in the right place 
at the right time for integrating into the inner eel! mass (ICM) developmental 
process, (ii) the inherent (genetic and epigenetic) ability of donor ES cells to 

5 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 conventional 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%. 

10 [0006] Accordingly, there is a need to 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 

15 germ line transmission of a donor pluripotent cell (e.g., comprising a genetic 
modification) comprising an endogenous fertility gene can be significantly enhanced 
by disrupting the fertility gene in a pre-implantation non-human embryo into 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 

20 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 eel! 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 

25 animals that comprise endogenous germ cells or gametes comprising a disrupted 
fertility gene will have impaired or inhibited fertility and those 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. 

30 [0008] Accordingly, in one aspect the present invention provides a pre-
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 located on a sex 
chromosome {e.g., X or Y chromosome). In specific embodiments, the fertility gene 

35 is located on the X chromosome. The disruption of the fertility gene may be 
heterozygous or homozygous and in specific embodiments, both alleles of the 
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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 GJLZ. 

[0009] In a related aspect, the present invention provides a pre-

5 implantation non-human host embryo as broadly described above further 
comprising a donor pluripotent cell that comprises a fertility gene lacking a 

disruption thereof. In some embodiments, the donor pluripotent cell is a stem celt 
(e.g., selected from embryonic stem (ES) cells, epibtast stem celts, embryonic germ 

cells, induced pluripotent stem cells, geneticaily modified ES cells, genetically 
10 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 embodiments, the donor pluripotent cell is a male 

pluripotent cell. 

15 [0010] Another aspect of the present invention provides a non-human 
host embryo comprising a disrupted fertility gene as broadly defined above and 

elsewhere herein and a donor pluripotent cell that comprises a fertility gene lacking 
a disruption thereof, In some embodiments, the donor piuripotent cell is a stem cell 
(e.g., an ES cell) that suitably comprises a genetic modification. The donor 

20 pluripotent cell is suitably a male pluripotent cell. 

[0011] In yet another aspect of the present 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 into a pseudopregnant non-human 

25 animal and gestating the pre-implantation non-human host embryo under 
conditions suitable for development of the embryo, thereby generating a non-

human animal. 

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

30 [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 

35 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 donor pfuripotent cell that comprises a fertility gene lacking a 
disruption thereof and gestating the pre-implantation non-human host embryo 
under conditions suitable for development of the embryo, thereby generating a 
chimeric non-human animal. 

5 [0015] In a related aspect, the present invention provides a chimeric non-
human animal resulting from these methods, 

[0016] Yet another aspect of the present invention provides methods for 

generating a non-human host embryo with a disrupted fertility gene. These 

methods generally comprise or consist essentially of crossing: 1) a first animal 
10 strain carrying a disruptabie fertility gene; with 2} a second animal strain carrying 

an infertility-activating transgene that comprises a gene that disrupts the 
disruptabie fertility gene, 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 
15 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 a breeding 
pair of non-human animals, comprising: (1) a first breeding partner comprising a 
disruptabie fertility transgene that comprises a disruptabie fertility gene as broadly 

20 described above and elsewhere herein, which is disruptabie by a fertility gene 
disrupter molecule, wherein the disruptabie fertility gene is operably connected to a 

promoter, and (2) a second breeding partner comprising a disrupter transgene that 
comprises a nucleotide sequence encoding the fertility gene disruptor molecule ("a 
disruptor nucleotide sequence"), wherein the disruptor nucleotide sequence is 

25 operably linked to a promoter. In some embodiments, the fertility gene disruptor 
molecule is a recombinase and the disruptabie fertility gene is operably connected 
to recombinase recognition sites that mediate disruption of the disruptabie 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 

30 disruptabie fertility gene, suitably by antisense suppression or RNA interference. In 

still other embodiments, the fertility gene disruptor molecule is an antibody that is 
immuno-interactive with a polypeptide product of the disruptabie fertility gene. 

[0018] In some embodiments, the disruptor nucleotide sequence is 
conditionally expressible and in illustrative examples of this type, the disruptor 

35 transgene comprises an expression-modulating element operably linked to the 
disruptor nucleotide sequence, wherein the element conditionally inhibits 

. 4. 



WO 2015/066768 PCT/AU2014/050339 

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 element may 
permit or enhance transcription of the disruptor nucleotide sequence under a 

5 second condition. In some embodiments, 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 

10 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 promoter, 

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

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

[0021] In a related aspect, the present invention provides a breeding pair 
20 of non-human animals, comprising; (1) a first breeding partner comprising a 

disruptabie transgene that comprises a disruptabie fertility gene that is operably 
linked to a promoter and to recombinase recognition sites that mediate disruption 
of the fertility gene in the presence of a recombinase; and (2) a second breeding 
partner comprising a disruptor transgene that comprises a disruptor nucleotide 

25 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 
30 for the disruptabie transgene and/or the second breeding 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 disruptabie transgene that 
comprises a disruptabie fertility gene operably connected to a promoter and to first 

35 recombinase recognition sites, which mediate disruption of the disruptabie 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 operably linked to a 
promoter, wherein the second recombinase specifically recognizes second 
recombinase recognition sites, and (2) a second breeding partner comprising a 
second disruptabie transgene that comprises a disruptabie fertility gene operably 

5 connected to a promoter and to second recombinase recognition sites, which 
mediate disruption of the disruptabie 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. 
10 Suitably, the first breeding partner is homozygous for the first disruptabie and first 

disruptor transgenes and/or the second breeding partner is homozygous for the 
second disruptabie and second disruptor transgenes. 

[0024] In another related aspect, the present invention provides a 

breeding pair of non-human animals, comprising: (1) a first breeding partner 
15 comprising a disruptabie fertility gene; and (2) a second breeding partner 

comprising a disruptor transgene that comprises a disruptor nucleotide sequence, 

which is operably linked to a promoter, and which encodes an inhibitory RNA 
molecule (e,g,, antisense RNA, siRNA, shRNA, etc) that inhibits expression of the 
disruptabie fertility gene. In some embodiments, the disruptor nucleotide sequence 

20 is conditionally expressible and in illustrative examples of this type, 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. For example, the expression-

modulating element may inhibit transcription of the disruptor nucleotide sequence 
25 under a first condition and disruption of the expression-modulating element may 

permit or enhance transcription of the disruptor nucleotide sequence under a 

second condition. In some embodiments, 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 

30 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 disruptabie fertility gene of 

35 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. 
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[0025] Thus, in some embodiments, the breeding pair of non-human 
animals comprises: (1) a first breeding partner comprising a disruptabie fertility 
gene operably connected to a promoter and an activator transgene that comprises 
a coding sequence for a recombinase operably linked to a promoter; and (2) a 

5 second breeding partner comprising a disruptor transgene that comprises a 
disruptor nucleotide sequence encoding an inhibitory RIMA molecule (e.g., antisense 

RNA, siRNA, shRNA, etc) that inhibits expression of the disruptabie fertility gene, 
wherein the disruptor nucleotide sequence is operably linked to a promoter and to 

an expression-modulating element that comprises an inhibitor nucleotide sequence 
10 (e.g., a transcription terminator) 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 
15 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 non-human animals, comprising: (1) a first breeding partner 
comprising a disruptabie fertility gene; and (2) a second breeding partner 

20 comprising a disruptor transgene that comprises a disruptor nucleotide sequence, 
which encodes an antibody that is immuno-interactive with a polypeptide product of 

the disruptabie fertility gene, and which is operably linked to a promoter In some 
embodiments, the disruptor nucleotide sequence is conditionally expressible and in 
illustrative examples of this type, the disruptor transgene comprises an expression-

25 modulating element operably linked to the disruptor nucleotide 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 element may permit or enhance transcription of the 

30 disruptor nucleotide sequence under a second condition. In some embodiments, 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 

35 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 disruptabie 
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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 

5 animals comprises: (1) a first breeding partner comprising a disruptabie fertility 
gene operabiy connected to a promoter and an activator transgene that comprises 

a coding sequence for a recombinase operabiy linked to a promoter; and (2) a 
second breeding partner comprising a disruptor transgene that comprises a 

disruptor nucleotide sequence encoding an antibody that is immuno-interactive with 
10 a polypeptide product of the fertility gene, wherein the disruptor nucleotide 

sequence is operably linked to a promoter and to an expression-modulating 
element that comprises an inhibitor nucleotide sequence {e.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 

15 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. 

20 [0028] In another aspect, the present invention provides methods for 
producing a non-human host embryo that comprises a disrupted fertility gene. 

These methods generally 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 

25 (b) producing a pre-implantation non-human embryo from a female member of the 
breeding pair, which embryo comprises in its germ line a disruption of the fertility 

gene, In some embodiments, the methods further comprise culturing a 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 

30 and the second breeding partner is male. In some embodiments, the methods 
further comprise introducing a donor pluripotent eel! as described for example 

above and elsewhere 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. 

35 [0029] In a related aspect, the present invention provides a non-human 

host embryo resulting from the above methods. 
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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 essentially of: (1) transplanting a pre-implantation non-human embryo that 
comprises in its germ line a disruption of a fertility gene as described for example 

5 above and elsewhere herein and that further comprises a heterologous pluripotent 
ceil as described for example above and elsewhere herein; and (2) gestating the 

non-human host embryo of (1) under conditions suitable for development of the 
embryo, thereby generating a chimeric non-human animal with a disrupted fertility 

gene and the genetic modification in its germ line. Suitably, the chimeric non-

10 human animal is a male chimeric non-human animal. 

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

[0032] Still another aspect of the present invention provides methods of 

producing a non-human animal that comprises a genetic modification in its 
15 genome, These methods generally comprise or consist essentially of: (1) 

transplanting a pre-implantation non-human embryo 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; (2) gestating the non-human host embryo of (1) 

20 under conditions suitable for development 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 

25 animal that comprises the genetic modification when the male chimeric non-human 
animal comprises germ cells or gametes derived from the heterologous pluripotent 

celi, 

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

30 [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-
35 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 neo removal; 
5 loxP: recognition sequence for ere 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 Ubiquitin promoter; neo: neomycin cassette 

for selection in ES cells; ere; Cre recombinase; STOP: transcriptional/translational 
10 'stop' element; loxP: recognition sequence for Cre recombinase mediated STOP 

deletion; pA: polyadenylation signal; disruptor element: any element that disrupts 

the expression of a fertility gene or the function of its protein product (e.g., shRNA, 
antibody). 

[0038] Figure 3 is a schematic representation illustrating a targeted 
15 ROSA26 Allele Variant B. Ubic: human Ubiquitin promoter; neo: neomycin cassette 

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 a fertility gene or the function of its protein product (e.g., shRNA, 

20 antibody). 

[0039] Figure 4 is a schematic representation showing a targeted ROSA26 
Allele Variant A in Offspring. Ubic: human Ubiquitin promoter; neo: neomycin 

cassette for selection in ES cells; cre: Cre recombinase; STOP: 
transcriptional/translational 'stop'element; loxP: recognition sequence for Cre 

25 recombinase mediated STOP deletion; pA: polyadenylation signal; disruptor 
element: any element that disrupts the expression of a fertility gene or the function 
of its protein product (e.g., shRNA, antibody). 

[0040] Figure 5 is a photographic representation showing a non-limiting 
example of first-litter offspring produced by on embodiment of the method of the 

30 present invention. The pups shown in this figure are the complete titters of two 

chimeras. The chimeras were generated based on Tsc22d3 conKO/conKO 

blastocysts, All pubs show a white coat colour which is expected for animals derived 

from the targeted ES ceil. 

[0041] Figure 6 is a photographic representation showing a representative 
35 example of a Southern-Blot Analysis for genotyping. Biopsy samples were lysed and 

digested with BamHl. The expected sizes are 17.5kb for a wt allele and 9.7kb for a 
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targeted allele. A045, A046, A049, A055, A077, A078, A065, A066, A056, A057, 
A058, A059, A064 & AO 74 were determined as wt/targe ted; A047, A048, A050, 
A076, A080, A067, A068, AO 69, A06Q, A070 & A075 were determined as wt/wt and 
A054, A079 &A070 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 
5 herein 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 herein can be used in the practice or 

testing of the present invention, preferred methods and materials are described, 

For the purposes of the present invention, the following terms are defined below. 

10 [0043] The articles "a" and "an" are used herein to refer to one or to more 
than one (i.e. to at least one) of the grammatical object of the article. By way of 

example, "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 

15 possible combinations of one or more of the associated listed items, as well as the 
lack of combinations when interpreted in the alternative (or). 

[0045] The term "antibody" is used to refer to any antibody-like molecule 
that has an antigen binding region, and includes antibody fragments such as Fab', 
Fab, F(ab')2, single domain antibodies (DABs), Fv, scfv (single chain Fv)r and the 

20 like. 

[0046] The term "antisense" refers to a nucleotide sequence whose 
sequence of nucleotide residues is in reverse 5' to 3! orientation in relation to the 

sequence of deoxynucleotide 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 

25 a cell in its natural state into a "sense mRNA," Thus an "antisense' sequence is a 
sequence having the same sequence as the non-coding strand in a DNA duplex. The 
term "antisense RNA" refers to a RNA transcript that is complementary to all or part 

of a target primary transcript or mRNA and that blocks the expression of a target 
gene by interfering with the processing, transport and/or translation of its primary 

30 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 rlbozyme sequences that increase the 

efficacy of antisense RNA to block gene expression. "Ribozyme" refers to a catalytic 
35 RNA and includes sequence-specific endoribonucleases. "Antisense inhibition" refers 
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to the production of antisense RNA transcripts capable of preventing the expression 
of the target protein. 

[0047] The term "breeding" as used herein, means the union of male and 
female gametes so that fertilization occurs. Such a union may be brought about by 

5 mating (copulation) or 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, intracytoplasrnic sperm injection, zona 
drilling, in vitro culture of fertilized oocytes, ovary transfer and ovary splitting. 

[0048] "Cells", "host cells", "transformed host cells" and the like are 
10 terms that not only refer to the particular subject celt but to the progeny or 

potential progeny of such a cell. Because certain modifications may occur in 
succeeding generations due to either mutation or environmental influences, such 
progeny may not, in fact, be identical to the parent cell, but are still included within 

the scope of the term as used herein. 

15 [0049] As used herein, the term "c/s-acting sequence" or "c/s-regulatory 
region" or similar term shall be taken to mean any sequence of nucleotides 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 as-regulatory region may be capable of 

20 activating, silencing, enhancing, repressing or otherwise altering the level of 
expression and/or cell-type-specificity and/or developmental specificity of any 

structural gene sequence. 

[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 a 
25 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 

30 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 does not normally occur in the native genome or nucleome of the 
untransformed host. 

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

complementarity rules. Specifically, purines will base pair with pyrimidines to form 
- 13 -
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a combination of guanine paired with cytosine (G:C) and adenine paired with either 
thymine (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 

5 they are not completely or fuiiy complementary to 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 polynucleotides under permissive salt and temperature conditions by base-

pairing. Complementarity between two single-Stranded molecules may be "partial," 
10 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 
15 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 sequences can be complementary at least at 

about 85%, 90%, 95%, 96%, 97%, 98%, 99% or more of their nucleotides. The 
20 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. 

[0053] Throughout this specification, unless the context requires 
otherwise, the words "comprise," "comprises" and "comprising" will be understood 

25 to imply the inclusion of a stated step or element or group 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 optional and may or may not 
be present. By "consisting of" is meant including, and limited to, whatever follows 

30 the phrase "consisting of". Thus, the phrase "consisting of" indicates that the listed 

elements are required or mandatory, and that no other elements may be present. 
By "consisting essentially of" is meant including any elements listed after the 

phrase, and limited to other elements that do not interfere with or contribute to the 
activity or action specified in the disclosure for the listed elements. Thus, the 

35 phrase "consisting essentially of" indicates that the listed elements are required or 
mandatory, but that other elements are optional and may or may not 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 transcribabie sequence in many or all tissues of an 

5 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 

"recombinant DNA construct" refers to any recombinant nucleic acid molecule such 
10 as a plasmtd, cosmid, virus, autonomously replicating polynucleotide 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 operably linked. An "expression construct" 
15 generally includes at least a control sequence operabiy linked to a nucleotide 

sequence of interest. In this manner, for example, plant promoters in operable 

connection with the nucleotide sequences to be expressed are provided in 

expression constructs for expression in a plant, plant part, plant organ and/or plant 
cell. Methods are known for introducing constructs into a cell in such a manner that 

20 a transcribabie polynucleotide molecule is transcribed into a functional mRNA 
molecule that is translated and therefore expressed 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 

25 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, B.sup.rd edition 

Volumes 1, 2, and 3, J. F, Sambrook, D, W, Russell, and N, Irwin, Cold Spring 
Harbor Laboratory Press, 2000, 

[0056] By "control element" or "control sequence" is meant nucleic acid 
30 sequences (e.g., DNA) that influence the expression of an operably linked 

nucleotide sequence (e.g., transcription, RNA processing or stability, or translation 
of the associated coding sequence). Regulatory sequences include enhancers, 

promoters, translation leader sequences, introns, and polyadenylation signal 
sequences. Control elements or control sequences may be located upstream (5' 

35 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 operabiy linked 
nucleotide sequence in prokaryotic cells include, for example, a promoter, and 
optionally a ds-acting sequence such as an operator sequence and a ribosome 
binding site. Control sequences that are suitable for eukaryotic cells include 

5 transcriptional control sequences such as promoters, polyadenylation signals, 
transcriptional enhancers, translationai control sequences such as translational 

enhancers and internal ribosome binding sites (IRES), nucleic 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 

10 cell or to the extracellular environment. Representative control sequences include 
natural and synthetic sequences as well as sequences 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 nucleic acid 
15 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, 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 identity to all or a portion of the reference nucleic acid sequence) 
or an amino acid sequence that displays substantial sequence similarity or identity 

20 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), 

25 [0058] 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 modification that 

30 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, 

35 suppression, deletion, interruption, blockage, or down-regulation of a nucleic acid 

(e.g., a gene), Illustrative genetic modifications include, but are not limited to, 
gene knockout, inactivation, mutation (e.g., insertion, deletion, point, or frameshift 

- 16 -



WO 2015/066768 PCT/AU2014/050339 

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; etc.), 
inhibitory polypeptides antibodies, polypeptide-binding partners, dominant 

5 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, 

[0060] "Dominant negative" refers to a gene product that adversely 

affects, blocks or abrogates the function of a normal, wild-type gene product when 
10 co-expressed with the wild type gene product within the same cell even when the 

ceil is heterozygous (wild-type and dominant negative). Expression of the dominant 
negative mutant generally results in a decrease in normal function of the wild-type 
gene product. 

[0061] As used herein an "early stage embryo" encompasses all 
15 embryonic development stages that begin upon fertilization of an oocyte {i.e., a 

fertilized oocyte) and extends through the 2-cell stage, the 4-ceil stage, the 8-cei! 

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 

20 hollow ball of ceils surrounding a cavity called the blastocoel. One of skill in the art 
wiil recognize that the overall organization of the blastula will vary depending on 

the organism. For instance, a "blastocyst" refers to a cleavage stage mammalian 
embryo characterized by a hollow ball of cells made of outer trophoblast celfs and 
inner cell mass. 

25 [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 
ceil types in an embryo or an adult, including the germ cells. ES cells encompass 

early embryo-derived cultured cells characterized in that such cells can proliferate 
while maintaining anaplasticity (totipotency). Generally, embryonic stem cells are of 

30 a cell line that is established by culturing cells of an inner ceil mass that are 
undifferentiated stem cells, existing inside the blastocyst in an early embryo of an 
animal, so that the cells keep proliferating while maintaining their undifferentiated 

state. 

[0063] As used herein, the term "embryonic germ cell", which is also 

35 referred to as an EG cell, refers to a cultured cell derived from a primordial germ 
celi, 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 white 

5 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 
10 into a form that can be 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 sequence, Thus, the terms "encode", "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 
15 transcription of a DNA molecule 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 (e.g., mRNA) and the subsequent translation of the 
processed RNA product, 

20 [0065] 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 environmental 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 rhinoceros 

25 (Ceratotherium simum cottoni). 

[0066] The term "endogenous" in the context of a nucleic acid or protein 
refers to a nucleic acid sequence or segment or to an amino acid sequence or 

segment that is normally found in a host organism or host cell. 

[0067] The terms "endogenous gametes" and "endogenous germ cells" as 
30 used herein refer to gametes and germ ceils "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 resulting mRNA 
35 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" refers to a gene that is involved 
in producing offspring or in the ability to conceive. Thus, disruption of a fertility 

5 gene 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 defective spermatogenesis (e.g., 

Klinefeiter's syndrome and gonadal dysgenesis), oligospermia, varicocele, and 
10 other sperm disorders relating to impaired sperm function including, but not limited 

to, low sperm counts, sperm motility, and sperm morphology; and ovulatory 
dysfunction (e.g., polycystic ovary syndrome (PCOS) or chronic anovulation). As 
used herein, a fertility gene that is-disruptabie (e.g., by a disruptor molecule) is 

referred to as a "disruptabie fertility gene". 

15 [0070] The terms "flanked by", "flanking" and the like as they apply to 
relationships between two or more nucleotide 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 
nucleotide sequences (A, B and C) may be flanked by recombination target site 

20 sequences, or recombination target sites sequences may be flanking those 
reference 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. 

25 [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 endogenous gene. 

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

30 [0073] As used herein, the term "gene" refers to a nucleic acid molecule 
capable of being used to produce mRNA, antisense RNA, siRNA, shRNA, miRNA, and 

the like. Genes may or may not be capable of being used to produce a functional 
protein. Genes can include both coding and non-coding regions (e.g., introns, 

regulatory elements, promoters, enhancers, termination sequences and 5' and 3' 
35 untranslated regions). 
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[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") can be 
accomplished by incorporation of the new nucleic acid into the genome of the host 

5 ceil, or by transient or stable maintenance of the new nucleic acid as an 
extrachromosomal element. Where the cell is a eukaryotic cell, a permanent 

genetic change can be achieved by introduction of the nucleic acid into the genome 
of the cell. The genetic modification includes within its scope knock-in and knock­

out genetic changes, 

10 [0075] The terms "germ cell", "germ cells" and "germ line" are used 

interchangeably and refer to cells that give rise to gametes. These terms include 
primordial germ cells, cells positive for alkaline phosphatase, primary oocytes, 
oogonia, spermatogonia! stem cells, spermatogonia and primary spermatocytes. 

[0076] The term "heterologous" refers to objects (e,g,, nucleic acid 
15 molecules, polypeptides, cells, tissues, etc,) that do not originate from within a 

particular organism, tissue, or cell. For example, 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 organism. 

[0077] The terms "heterologous polynucleotide", "foreign polynucleotide", 

20 "exogenous polynucleotide" and the like are used interchangeably herein to 
describe genetic material that has been or is about to be artificially introduced into 

a genome of a host organism and that is transmitted to the progeny of that host. 
The heterologous polynucleotide may include gene sequences found in an organism 
into which it is introduced or about to be introduced so long as the introduced 

25 polynucleotide 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 polynucleotide 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 

30 is transcribed into a molecule that interferes with transcription or translation (e.g., 
antisense molecule) or mediates RNA interference (e.g., siRIMA or shRNA). In some 
embodiments, the heterologous polynucleotide comprises a coding sequence for a 

peptide or polypeptide, In some embodiments, the heterologous polynucleotide 

comprises a targeting cassette for introducing a genetic modification into a 

35 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 "heterologous polynucleotide", "foreign 
polynucleotide" and "exogenous polynucleotide," as defined above, 

5 [0079] The term "host cell" refers to a cell into which a construct or 
construct of the invention is introduced. Host ceiis of the invention include, but 

need not be limited to, bacteria!, yeast, animal (including vertebrate animals), 
insect and plant cells. Host cells can be unicellular, or can be grown in tissue culture 

as liquid cultures, monolayers or the like. Host cells may also be derived directly or 
10 indirectly from tissues or may exist within an organism including animals. In 

specific embodiments, the host eel! is an animal host cell, particularly a vertebrate 
animal host cell, including mammalian host cells. 

[0080] Reference herein to "immuno-interactive" includes reference to 

any interaction, reaction, or other form of association between molecules and in 
15 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 inserted into a genome through homologous 
recombination. The knock-in polynucleotide may be a mutant form of a gene or 

20 gene part that replaces the endogenous, wild-type gene or gene part, Such 
mutations include insertions of heterologous 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 to a 
genetically modified animal in which a heterologous or foreign polynucleotide is 

25 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 sequence. A "conditional 
knock-in" includes within its scope a heterologous or foreign polynucleotide that has 

been inserted into a genome through homologous recombination and that elicits an 
activity (e.g., regulation of transcription or translation, production of a nucleotide 

30 sequence including a coding and/or non-coding sequence, etc,) at a designated 

developmental stage or under particular environmental conditions. A "conditional 
knock-in vector" is a vector including a heterologous or foreign gene or part thereof 

that can be inserted into a genome through homologous recombination and that 
can elicit an activity [e.g. , regulation of transcription or translation, production of a 

35 nucleotide 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 
modified animal in which a gene is disrupted, A "conditional knock-out" refers to a 

5 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, 

[0083] By "marker gene" is meant a gene that imparts a distinct 

phenotype to cells expressing the marker gene and thus allows such transformed 
10 cells to be distinguished from ceiis 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 treatment 
damaging to untransformed ceils). A screenable marker gene (or reporter gene) 

confers a trait that one can identify through observation or testing, i.e., by 
15 'screening' (e.g., p-glucuronidase, luciferase, green fluorescent protein or other 

activity not present in untransformed cells). 

[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' 
20 RNAs. The term "miRNA" includes processed sequences as well as corresponding 

long primary transcripts (pri-miRNAs) and processed precursors (pre-miRNAs), 

Genetic and biochemical studies have indicated that miRNAs are processed to their 
mature forms by Dicer, an RNAse III family nuclease, and function through RNA-
mediated interference (RNAi) and related pathways to regulate the expression of 

25 target genes (Hannon, 2002, Nature 418, 244-251; Rasquinelli, et al, 2002, Annu. 

Rev; Ceil. Dev. Biol. 18, 495-513). miRNAs may be configured to permit 

experimental manipulation of gene expression in cells as synthetic silencing triggers 
"short hairpin RNAs' (shRNAs) (Paddison eta/., 2002, Cancer Cell 2, 17-23). 
Silencing by shRNAs involves the RNAi machinery and correlates with the 

30 production of small interfering RNAs (siRNAs), which are a signature of RNAi, 

[0085] As used herein, a "naturally-occurring" nucleic acid molecule refers 

to a RNA or DNA molecule having a nucleotide sequence that occurs in nature. For 
example a naturally-occurring 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 
sequence that does not contribute to the code for the polypeptide product of a 
gene, 

[0087] The term "non-human animal" means an animal excluding human, 

5 and is intended to include any vertebrate such as mammals, birds, reptiles, 
amphibians and fish, Suitable mammals include rodents, non-human primates, 

equin.es such as horses, sheep, goats, lagomorphs such as rabbits, dogs, cats, 
cattle, zoo animals as well as endangered or exotic mammals. In some 

embodiments, non-human animals are selected from the rodent family including rat 
10 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 genome, extrachromosoma! nucleic acid molecules and all RNA 
molecules such as mRNA, heterogenous nuclear RNA (hnRNA), small nuclear RNA 

(snRNA), small nucleolar RNA (snoRNA), small cytoplasmic RNA (scRNA), ribosomal 
15 RNA (rRNA), transitional control RNA (tcRNA), transfer RNA (tRNA), eRNA, 

messenger-RN A-interfering complementary RNA (micRNA) or interference RNA 

(iRNA), chloroplast or plastid RNA (cpRNA) and mitochondrial RNA (mtRNA). 

[0089] The terms "operabiy connected", "operably linked", ,vin operable 
linkage", "in operable connection" and the like are used herein to refer to linkage of 

20 polynucleotide elements in a functional reiationship. 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 operably 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 

25 genome. In some embodiments, the recombinase recognition site is located no 
more than 10 kb, 9, kb, 8 kb, 7 kb, 6 kb, 5 kb, 4 kb, 3kb, 2kb, Ikb, 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 cassette, In other 

embodiments, "operable connection" and the like refer to the placement of a 
30 transcribabie sequence under the regulatory 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 

35 genetic sequence or promoter and the gene it controls in its natural setting; i.e., 

the gene from which the genetic sequence or promoter is derived, As is known in 

the art, some 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 to be placed under its control is 
defined by the positioning of the element in its natural setting; i.e,, the genes from 
which it is derived. These terms also include within their scope operable linkages or 

5 connections between a promoter and a transcribabie sequence in which an 
expression-modulating element is used to inhibit transcription of the transcribabie 

sequence under a first condition and in which disruption of the expression* 
modulating element is used to permit or enhance transcription of the transcribabie 

sequence under a second condition. 

10 [0090] 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 (Tuschl et si., 2001, ChemBiochem 2: 

239-245). In the literature, the terms RNA interference (RNAi) and 
15 posttranscriptional co-suppression are often used to indicate posttranscriptional 

gene silencing. 

[0091] The term "pluripotent" refers to the capability of a cell to 
differentiate into a number of differentiated ceil types that are present in an adult 
organism (e.g., non-human animal). A pluripotent cell is restricted in its 

20 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 cells, epiblast stem cells (EpiSCs or epi stem cell), embryonic germ (EG) cells 
and induced pluripotent stem (tPS) cells. The term "pluripotent cell" includes 
genetically modified pluripotent cells. 

25 [0092] The term "polynucleotide" or "nucleic acid" as used herein 
designates mRNA, RNA, cRNA, cDNA, iRNA, siRNA, shRNA, miRNA or DNA. The 
term typically refers to oligonucleotides greater than 30 nucleotides in length, 

[0093] "Polypeptide", "peptide" and "protein" are used interchangeably 
herein to refer to a polymer of amino acid residues and to variants and synthetic 

30 analogues of the same. Thus, these terms apply to amino acid polymers in which 

one or more amino acid residues is a synthetic non-naturally occurring amino acid, 

such as a chemical analogue of a corresponding naturally occurring amino acid, as 
well as to naturally-occurring amino acid polymers. 

[0094] The terms "progeny", "progeny of the transgenic non-human 
35 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 level of transcription. Reference herein to a "promoter" is to 
be taken in its broadest context and includes the transcriptional regulatory 
sequences of a classical genomic gene, including a TATA box and CCAAT box 

5 sequences, as well as additional regulatory elements (i.e., activating sequences, 
enhancers and silencers) that alter gene expression in response to developmental 

and/or environmental stimuli, or in a tissue-specific or cell-type-specific manner, A 

promoter is usually, but not necessarily, positioned upstream or 5' of a 

transcribabie sequence (e.g., a coding sequence or a sequence encoding a 

10 functional RNA), the expression of which it 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 to the start site to 

further enhance expression in a ceil, and/or to alter the timing or inducibility of 
15 expression of a structural gene to which it is operably connected. The term 

"promoter" also includes within its scope inducible, repressive 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 

20 minimal promoter is not capable of initiating transcription in the absence of 
additional regulatory elements (e.g., enhancers or other cis-actirtg regulatory 

elements) above basal levels. A minimal promoter frequently consists of a TATA 
box or TATA-like box. Numerous minimal promoter sequences are known in the 
literature. For example, minimal promoters may be selected from a wide variety of 

25 known sequences, including promoter regions from fos, CMV, SV4Q and IL-2, 
among many others. Illustrative examples are provided which use a minimal CMV 

promoter or a minimal IL2 gene promoter (-72 to +45 with respect to the start 
site- Siebenlist, 1986). 

[0096] As used herein, "rare or endangered species" include but are not 
30 limited to any animal listed 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 Program or listed in the 
Endangered Species Act (ESA). 

35 [0097] By "recombinase recognition site" (RRS) is meant a 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 expression not constitutively, but in a temporally- and/or spatially-regulated 
manner, and include both tissue-specific and inducible promoters, It includes 
natural and synthetic sequences as well as sequences which may be a combination 

5 of synthetic and natural sequences. Different promoters may direct the expression 
of a gene in different tissues or eel! 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 sequences have not been completely defined, nucleic acid 
10 fragments of different lengths may have identical promoter activity, 

[0099] As used herein, the terms "RNA interference" and "RNAi" refer to a 
sequence-specific process by which a target molecule (e,g,, a target gene, protein 
or RNA) is downregulated via downregulation of expression. Without being bound to 

a specific mechanism, as currently understood by those of skill in the art, RNAi 
15 involves degradation of RNA molecules, e.g., mRNA molecules within a cell, 

catalyzed by an enzymatic, RNA-induced silencing complex (RISC). RNAi occurs in 

cells naturally to remove foreign RNAs (e.£?., viral RNAs) triggered by dsRNA 

fragments cleaved from longer dsRNA which direct the degradative mechanism to 
other RNA sequences having closely homologous sequences. As practiced as a 

20 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 ceil (e.g., synthesized as a sequence that forms a short 
hairpin structure). 

[0100] As used herein, the terms "small interfering RNA" and "short 

25 interfering RNA" ("siRNA.") refer to a short RNA molecule, generally a double-

stranded RNA molecule about .10-50 nucleotides in length (the term "nucleotides" 
including nucleotide analogs), preferably between about 15-25 nucleotides in 
length. In most cases, the siRNA is 17, 18, 19, 20, 21, 22, 23, 24, or 25 
nucleotides in length. Such siRNA can have overhanging ends (e.g., S'-overhangs of 

30 1, 2, or 3 nucleotides (or nucleotide analogs). Such siRNA can mediate RNA 

interference, 

[0101] As used in connection with the present invention, the term 

"shRNA" refers to art RNA moiecule having a stem-loop structure. The stem-loop 
structure includes two mutually complementary sequences, where the respective 

35 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 a lack of base pairing between nucleotides (or nucleotide 
analogs) within the loop region. 

[0102] The term "sequence identity " as used herein refers to the extent 
that sequences are identical on a nucleotide-by-nucleotide basis or an amino acid-

5 by-amino acid basis over a window of comparison. Thus, a "percentage of sequence 
identity" is calculated by comparing two optimally aligned sequences over the 

window of comparison, determining the number of positions at which the identical 
nucleic acid base (e.g. A, T, C, G, I) or the identical amino acid residue (e.g. Ala, 

Pro, Ser, Thr, Gly, Val, Leu, He, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gin, Cys 
10 and Met) occurs in both sequences to yield 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 to 
yield the percentage of sequence identity. For the purposes of the present 

invention, "sequence identity" will be understood to mean the "match percentage" 
15 calculated by the DNASIS computer program (Version 2,5 for windows; available 

from Hitachi Software engineering Co., Ltd., South San Francisco, California, USA) 
using standard defaults as used in the reference manual accompanying the 

software. 

[0103] "Similarity" refers to the percentage number of amino acids that 

20 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 

His Asn,Gin 

lie Leu, Val 

Leu He, Val 

Lys Arg, Gin, Glu 
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ORIGINAL RESIDUE EXEMPLARY SUBSTITUTIONS 

Met Leu, He, 

Phe Met, Leu, Tyr 

Ser Thr 

Thr Ser 

Trp Tyr 

Tyr Trp, Phe 

Val lie, Leu 

[0104] Similarity may be determined using sequence comparison 
programs such as GAP (Deveraux et al. 1984, Nucleic Acids Research 12, 387-395). 

In this way, sequences of a similar or substantially different length to those cited 
5 herein might be compared by insertion 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 
more polynucleotides or polypeptides include "reference sequence", "comparison 
window", "sequence identity", "percentage of sequence identity" and "substantial 

10 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 (l) a sequence {i.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 

15 polynucleotides, sequence comparisons between two (or more) polynucleotides are 
typically performed by comparing sequences of the two polynucleotides over a 

"comparison window" to identify and compare local regions of sequence similarity, 
A "comparison window" refers to a conceptual segment of at least 5 contiguous 
positions, usually about 50 to about 100, more usually about 100 to about 150 in 

20 which a 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 

25 sequences for aligning a comparison window may be conducted by computerized 
implementations of algorithms (GAP, BESTF1T, FASTA, and TFASTA in the Wisconsin 

Genetics Software Package Release 7,0, Genetics Computer Group, 575 Science 
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Drive Madison, WI, USA) or by inspection and the best alignment (i.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 Altschui et al, 1997, Nucl. Acids Res, 

5 25:3389. A detailed discussion of sequence analysis can be found in Unit 19,3 of 
Ausubel et al;, "Current Protocols in Molecular Biology," John Wiley & Sons Inc, 

1994-1998, Chapter 15. 

[0106] The term ,vsite-speeific homologous recombination" refers to strand 

exchange crossover events between nucleic acid sequences substantially similar in 
10 nucleotide composition, These crossover events can take place between sequences 

contained in the targeting construct of the invention and endogenous 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 

event in which nucleic acid sequences contained within the targeting construct have 
15 replaced specific sequences present within the endogenous genomic sequences. 

[0107] The term "specifically" as applied to disruption of a gene or to 

recognition of recombinase recognition sites refers to disruption of that gene or to 
recognition of those recombinase recognition sites without substantially disruption 
of another gene or substantial recognition of other recombinase recognition sites. 

20 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 
example, an agent that specifically recognizes recognition sites of a specified 

25 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 for the recognition sites of another 
recombinase, 

[0108] "Stringency"'as used herein, refers to the temperature and ionic 
30 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 complementarity between immobilized target nucleotide sequences 

and the labeled probe polynucleotide sequences that remain hybridized to the 
target after washing. 

35 [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 subsequent 
washes, and the time allowed for these processes. Generally., in order to maximize 

the hybridization rate, non-stringent hybridization conditions are selected; about 20 
5 to 25° C lower than the thermal melting point (Tm). The Tm is the temperature at 

which 50% of specific target sequence 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 Tm. 

10 In order to require at least about 70% nucleotide complementarity of hybridized 
sequences, moderately stringent washing conditions are selected to be about 15 to 
30° C lower than the Tm. Highly permissive (low stringency) washing conditions 

may be as low as 50° C below the Tm, allowing a high level of mismatching between 

hybridized sequences. Those skilled in the art will recognize that other physical and 
15 chemical parameters in the hybridization and wash stages can also be altered to 

affect the outcome of a detectable hybridization signal from a specific level of 
sequence identity between target and probe 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 

20 nucleic acid sequence in the genome of an organism or host cell by homologous 
recombination. Generally, the targeting cassette comprises: (1) at least one 
homology region or homology arm having a sequence that is substantially identical 

to or substantially complementary with a sequence present in a host cell 
endogenous gene locus, and (2) a targeting region which becomes integrated into 

25 an host cell endogenous gene focus by homologous recombination between a 
targeting construct homology region 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, tk, gpt) or 
30 heterologous polynucleotide, 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 sequence. As used 
in the art, the terms "targeting cassette", "targeting construct" and the like are 

35 synonymous with the term "transgene" as used herein. 
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[0111] The term "totipotent" refers to the capability of a cell to 
differentiate into all of the cell types of an adult organism (e.g., non-human 
animal), 

[0112] The term "transcribabie nucleic acid sequence" or "transcribed 

5 nucleic acid sequence" excludes the non-transcribed regulatory sequence that 
drives transcription. Depending on the aspect of the invention, the transcribabie 

sequence may be derived in whoie or in part from any source known to the art, 
including a plant, a fungus, an animal, a bacterial genome or episome, eukaryotic, 

nuclear or plasmid DNA, cDNA, viral DNA or chermicaHy synthesized DNA, A 
10 transcribabie 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 transcribabie sequence 
15 may contain an uninterrupted coding sequence or it may include one or more 

introns, bound by the a ppropriate splice junctions. The transcribabie sequence may 

also encode a fusion protein. In other embodiments, the transcribabie sequence 
comprises non-coding regions only. 

[0113] " Transfection" means the process during which a nucleic acid 

20 molecule (e.g. a plasmid or DNA fragment) is inserted into a eukaryotic cell. 
Typically, 2-50% of cells take up the plasmid and express the protein product for 

~3 days without incorporating the plasmid DNA or DNA fragment into the cell's 
chromosomes (= transient transfection). A small proportion of these cells will 
eventually incorporate the piasmid DNA into their chromosomes and permanently 

25 express the protein product (» stable transfection). 

[0114] The term "transgene" is used herein to describe genetic material 

that has been or is about to be artificially introduced into a genome of a host 
organism and that is transmitted to the progeny of that host. The transgene will 
typically comprise a polynucleotide that contains non-coding and/or coding 

30 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, etc.). In some embodiments, the 

transgene comprises a polynucleotide that is capable of being transcribed into RNA 
and optionally, translated and/or expressed under appropriate conditions, In some 

35 embodiments, it is transcribed into a molecule that interferes with transcription or 

translation (e.g., antisense molecule) or mediates RNA interference (e.g., 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 
for introducing a genetic modification into a genome. Any of various methods can 
be used to introduce a transgene into a non-human animal to produce a transgenic 
animal. Such techniques are well-known in the art and include, but are not limited 

5 to, pronuciear microinjection, viral infection and transformation of embryonic stem 
ceils 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. Hofkerand I, van 

Deursen, Eds., Transgenic Mouse Methods and Protocols, Humana Press, 2002; A. 
10 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 Methods Mo!< Biol, 2002; 185, 

Humana Press; Current Protocols in Stem Ceil Biology, ISBN: 978047015180; 
15 Meyer et al. PNAS 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 host means a host cell, host part, 

host tissue or host animal which comprises a genetic modification, which has been 
introduced into the nucleome, especially the genome, of a host cell, host part, host 

20 tissue or host animal, typically by way of a transgene, 

[0116] By "vector" is meant a nucleic acid molecule, suitably a DNA 

molecule derived, for example, from a plasmid, bacteriophage, or plant virus, into 
which a nucleic acid sequence may be inserted or cloned. A vector typically contains 
one or more unique restriction sites and may be capable of autonomous replication 

25 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 bean autonomously 
replicating vector, i.e., a vector that exists as an extra chromosomal entity, the 
replication of which is independent of chromosomal replication, e.g., a closed 

30 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 it has been integrated, A vector system may comprise a single vector or 
35 plasmid, two or more vectors or plasmids, which together contain the total DNA to 

be introduced into the genome of the host cell, 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 to be introduced. The vector may also include a marker such as 
an antibiotic 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, 

5 [0117] The term "5! non-coding region" is used herein in its broadest 
context to include all nucleotide sequences which are derived from the upstream 

region of an expressible gene, other than those sequences which encode amino acid 
residues which comprise the polypeptide product of the gene, wherein 5' non-

coding region confers or activates or otherwise facilitates, at least in part, 
10 expression of the gene, 

[0118] As used herein, the term "5' untranslated region" or "5' UTR" 
refers to a sequence located 3' of a promoter region and 5' of the downstream 
coding region. Thus, such a sequence, while transcribed, is upstream (i.e., 5') of 

the translation initiation codon and therefore is generally not translated into a 
15 portion of the polypeptide product. 

[0119] The term "3' untranslated region" or "3' UTR" refers to a nucleotide 

sequences downstream (i.e., 3') of a coding sequence. It extends from the first 
nucleotide after the stop codon of a coding sequence to just before the poly(A) tail 
of the corresponding transcribed mRNA. The 3' UTR may contain sequences that 

20 regulate translation efficiency, mRNA stability, mRNA targeting and/or 
polyadenylation. 

[0120] 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 
occurring source. A wild-type gene is that which is most frequently observed in a 

25 population and is thus arbitrarily designated the "normal" or "wild-type" form of the 
gene. In contrast, the term "modified" "variant" or "mutant" refers to a gene or 
gene product which displays modifications in sequence and or functional properties 

(i.e., altered characteristics) when compared to the wild-type gene or gene product. 
It is noted that naturally-occurring mutants can be isolated; these are identified by 

30 the fact that they have altered characteristics when compared to the wild-type gene 

or gene product. 

[0121] As used herein, underscoring or italicizing the name of a gene shaft 
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 
35 gene, whereas "GILZ" shall indicate the protein product of the "GJLZ" 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 

epi stem cell =epiblast stem cell 

EG cell =embryonic germ cell 

iPS cell -induced pluripotent stem cell 
d =day 
h =hour 
s =seconds 

5 3, Use of non-human embryos with a disrupted fertility gene for 
enhancing germ line transmission of donor pluripotent cells 

[0124] The present invention provides compositions and methods for 
enhancing germ line transmission of donor pluripotent ceils, including ones with 
genetic modifications. Germ cells originating in non-human host embryos are 

10 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" 

introduced donor pluripotent cells that have a functional fertility gene (i.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 
15 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 

20 functional fertility gene, the chimeric non-human animals that comprise 

endogenous germ cells or gametes having a disrupted fertility gene wilt 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 

25 offspring comprising germ cells or gametes derived from the donor pluripotent cell. 

3.1 Fertility genes 
[0125] Any suitable fertility gene or combination of fertility genes may be 

disrupted to provide non-human host embryos as well as derived non-human 
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animals and offspring in accordance 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 

5 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 

I Acoxi I Acoxitmm7AcoxitfT;mr 

I | (involves: 129P2/OlaHsd * C57B176J) 

| Acr 
Smcp:;:; 

::::::::: Tnp2 

i! isiili® Itllfl 11 
K i MMMMMMMMMmmmmmmmmi. 

N::® Mil Iff 1 |: 1111111111111111 
| Adadi ! Adadiw*^/Adadia«*pafc \ 

j (i29Xl/SvJ-fenrw,,1Reh) \ 

1 Adadi 
(involves: 129K1/Sv.1 * C57BL/6) j 

i Adamla ! Ada ml atff,iT&7Ada m i \ 
\ (involves: 129S2/SvPas * ICR) ; 

; Adam3 I Ada m3lmlflTO<sf/Ada m3tOTS frt*f 1 
i (Not Specified) | 

! (involves: 129/Sv) j 

s AdcylQ 1 AdevlD^tL*7AdcvlGt"'t,-ss \ 
\ (involves: 129S5/SvEvBrd * CS7BL/6) j 

ifiiiiiiiiiiiiii!® 
Adrml ! Adrmls«6OT!2Sea'il^/Adrrnlsu^J^5iJS,t 

| (involves: 129S5/SvEvBrd * C57SL/63) 

Aff4 | Aff4™i^7A?f4!?fS!tos* 
\ (involves: X29P2/QlaHsd * C57BL/6) 

Agps i Aags^/Agss5®2 

| (STOCK Agpsbs2/J) 
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1 Agtpbpl 
| fitllv©! vff;||§||fS§||:il|:|:|;| 

| Agtpbpl 1 AgtpbpX^''5yAqtpbplf*x'"53 

(DBA/2]') 

| Agtpbpl UotpbpipG<"fiti7Aq^Dpl^-^r 

: (C57BL/6J-AgtpbplpaJEk"') 

; Agtpbpl Agtpbpl^ T^'"r,,WAgt^pI 
{involves: C57BL,''63 * CD-I * DBA/2]) 

i Agtpbpl 
| (involves: C57B^/cdJ * CBA) 

IIIIIISIIII 
| Ak? 

• J FVB/N-Ak7Ts{te^^r"0*i^Si'"i) —— 

{ Akap4 

j Al p i 
| Dnrrit3a 

1 Aipltwl!i::^3Sy/Aip!+ 

1 DamsSi^f^OnmtSa^3'28"' 
i (involves: 129Sl/Sv * l2SS4/Sv3ae * 129Xi/Svj) 

j 

Alp! 
> Ehmt2 

ATjfni'c-c>f nv/A|p^ 

EhrrtI1 f,"vK/£hmt2"f,>'V' K 

(involves: 129Sl/Sv * 129X1/SVJ * C578176 v CBA) 

; Amh 
j Amhr2 

: An-»:-»b!,J,'hr/ Aron*'"3 

! A iTYi-vr 2tir'mr/A m h r2tm5 Bhr 

i (Not Specified) 

j (involves: 12957/SvEvBrd * C578L/6) 

I Amhr2 j ^ xp i-j frn liShjy ̂  Sftr 

: (involves: i29S7/SvEvBrd) 

31: t 111111111IIIIIIIIII1 1 1 1 1 1 ̂ ^ 

| Amhr2 
i Ar 

Mim2211Z£!!''Am h r2+ 

j Ar^^^VT 
i (involves: i29S/SvEv * C57BL/6) 

| 

| Arohr2 
ll:iiiiillill!llllll::i 

i;: ; || | i: I; i( 
| Amhr2 
1 Nr5al 

I A?nhr2to3t'^i)Sft7Amhr2+ 

i Nr5alt:"j!<li7NrSafm?Klt; 

i (involves: 129P2/OlaHsd) i 

SmadB 

l:lllillilllllill^ 
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i Amhr2 
| Smadl 
; SmadS 

i Arrihr2tm:y^)fift7Amhr2+ I 
= gTOdi'^^/Smadl"15 1 
; Smad S&?; 1M"¥/SmacS'-"1 \ 
\ (involvesTl29P2/OlaHsd * 129S/SvEv * 12957/SvEvBrd * 1 
j C57BL/6) | 

| Apafl 

i Ar 
| PlekhaS 

j AftalCJ.S/Y 1 
i piekh3S!3(A|s,H'sra)jno70 I 
(involves: i29S/SvEv * C57BL/6 * SJL) \ 

| Ar 
| PlekhaS 

| Ar 
| RnaselO 

] Arhgdia 
] Arhgdib j (involves: 129S/SvEv * C57BL/6 * DBA) j 

; Arhgdib 
: (involves: 129S/SvEv) j 

| Ar! j | 
1 (involves: 129Sl/Sv * 129Xi/Sv3 * C578L/S) \ 

::::: As?:l::::::: 

j Atf4 Atf4^-lTG7£t»tra::'ta": 1 
1 (involves: 129Sl/Sv * l29Xl/Sv3 * NIH Black Swiss) f 

iiiifii-iilliiftilliiti 
; Atm ! Atm^^i/Atrh3"*63' f 

! (involves: 129S4/SvJae) \ 

|||f^i|||||l|l|ii||||||:|||||il|::|::|^ 
| Atm 1 Atwir'!!-g°/Atri'i"3SU" { 

| (involves: 129S6/SvEvTac * Black Swiss) \ 

| Atpla4 j AtpliS4tmi!7Ai;pla4tmlR: \ 
(involves: 129S6/SvEvTac * C57BL/6) j 

| Atp2b4 : Ato2b4,,''l,-^VAts2b4t,r!Kt"' ! 
; (involves: X29Xl/SvJ * Black Swiss) j 

1 Atp2b4 i AiD'2b4tml£tes/Ata2b4iml8*s \ 
i (BKSW,129:Xi-Atp2b4tmlGe5) j 

| Atp7a I AtDTa^-^/Y 1 
i (Not Specified) | 
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1 Atp7a 
1; | 111 W 

i Atxn7 1 Abtr?7tmiHKVAtxn7+ | 
| (involves: 129S7/SvEvBrd * C57SL/6) | 

s Mertk 
| Tyro 3 

| B4galntl i 84qalnUttn'1Rip/B4aa[nt.t.tmlBit> I 
(involves: 129S6/SvEvTac * C57BL/6) | 

i Bax 
| Bcl211 

1Baxtm3SjVBax+ 1 
i Bci2litaiHa!7Bcl2tItf"1K8m ^ 
1 (involves: l29S6/SvEvTac * 129Xi/SvJ * C57BL/6) f 

|;:; :;: Bax 

; Bax 
j (B6.129xi-BaxtmlsJle/3) \ 

i. •. .Bax 
1 BC12I1 

iBIiiiillSiliMiMilliBISIilli 
I Bax 
| Bcl2ll 

i Baxtm^!yBax5miS^ j 
j Bcs2illt'T,I-UsVBcI2iiix',1i-1-^ \ 
j (B5,129- Be 12111tm 111 tet Baxtf5,1Sik) | 

Ittttll WMM 
I Bbs2 v'7Bbb2'"iVN j 

: (either: (involves: 129Sl/Sv * 129Xi/SvJ) or (involves: 129Sl/Sv \ 
j * 129Xi/SvJ * C57BL/6J}) j 

Bbs4 

1 BG!2I1 I Bci2!ittrt3^'/Bd2f.iwimw 1 
| (involves: 129S6/SvEvTac * C578L/6) \ 

pllllppillll ft/**1- j 3} C^k-;'i-ioii?;t: C / :: !; < 

| Bcl2ll 
| Bik 

1 Bci2ili{mti-A5t/Bd2iiiSmI-iAst I 
1 Bik^^/'Bik*"5** \ 
\ (B6.Cg-Bcl2illtmS1Ast BiktmlArt) I 

| BmpS i BmsS¥7BiT5g5sfe | 
i | 

i (involves: 12§sJSvEvj 1 
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1 Bmp? 
| BmpSa 

j gmEj7tmJJ8<A/fBmp7+ | 

j (involves: l29S/$v£v * 129S6/SvEvTac * Black. Swiss * CS7BL/6) j 

i BmpSb i SnrioSb^ 0:7Bm o8bb*ii BM: \ 
\ (involves: 129/Sv * Black Swiss) j: 

| 8 real i Bfta Ia,lS•lTi7 Brea imi I 
j (involves: 129 * C57SL/6) | 

j Brcal i Brcal^^VBrcal9®*15® 1 
j (involves: 129/Sv * C57BL/6J * MFi) \ 

; Brcai 
ilSi!Slllilillllllllllllllill^ 

] Brca2 i Brqa2SmtCaf7Brc#2^i!;af!; I 
| (involves: 129S/SvEv * MFI) \ 

j SrG32 liiiiiMiiliiiM 

| Brdt 
1 (involves: X29S/SvEv * C57BI/6J) j 

j:;:; :;: :&rwrfi;::: ilirliiltfiiilliK 

j Bsg' 

1 Bsg | BSGtmiT^/BsgtmlTm« j 

j (involves: 129/Sv * 129S2/SvPas) i 

s Bublb ! Bubiba"n<7Bublbte,UV(i \ 
i (involves: l29S6/SvivTac) j 

| Cacng2 1 Cacnq2st7Cacns2sts \ 
j (B6C3Fe a/a-Cacng2iUl) 1 

s Cadml 1 Cad rn 1 ̂  - M^*¥€:a d m { 
: (involves: i29S/SvEv * C57BL/6J) s 

Cadml liiiiiiiiiiiiifiiiiiiiiM 

| Calr3 1 C3ii3(:,rtCW7C3lr3telf)sb | 
| (involves: 129S2/SvPas * C57BI/6) j 

| Carnk4 ::;s;:;|§illil!lltl!!!llll 
: (invoives: 129 * C578L/S3) ! 

I CapzaS : Ca pza 3re?jra *7tZa om | 
: (involves: C3HeB/Fe] * C57BI76J) | 
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1 Catsperi 
11 fiffii viiiilllllfliH 

i Catsper2 i Catep®r2,iK;Ca?CaLspa;!'2!;,:'!&1' \ 
\ (involves: i29S6./SvEvTac * C578L/63) | 

;|! || l:l: l:ll |:| 
| CatsperS i C^tsper3iJ'!iWM7CatsDer3'!,5!^ysf; \ 

j (involves: 12957/SVEvBrd * C57BL/6J) \ 

| Catsper4 

i Catsper4 I C3tsper4te,JWvsnADat8p«r4tn!<v'y!sr' | 
| (involves: 12957/SvEvBrd * C57BL/6J) j 

s!:iC!a^spssttli 
l|:|ip|||li;illll:i|l|l|illlili|s 

| Cbx3 
\ (involves: 129) j 

liiiiiiPiii 
j .Ccnal 1 Cfcnal^^/Ccnal™0* \ 

j (involves: i29S/SvEv * MF1) j 

?• ;•:fp IIIIIII 

I Cdk2 \ CdR2yiliKaid/Cdk2teiKij!rf 1 
j (involves: l29Sl/Sy* C57BL/6) \ 

1 Cdk4 
(involves? i29Si?Sv) I 

| Cdk4 j Cdk4tmiKiy9/cdk4^IK-y<, | 

i UnS^^/UnS*"10*- \ 
| (involves: 129Sl/Sv) 1 

| Cdk5rap2 i CdkSraaa^^^/CdkBf-apZ™^8^558^ 1 
| (involves: !29P2/OlaHsd * C57BL/63) j 

| CdklS ! CdklStwi-iS^Cdkl6TO1-2itse 1 
j (involves: 129Sl/Sv * 129Xl/Sv3 * BALB/cJ * C57BL/6 * SJL) | 

s Cdkn2a ; C{Skn2ar"l?{"vX!7Cdkn2a+ I 
j (involves: 15931/Sv * C57SL/6) ! 

| Cdkn2c 
| Cdkn2d 

i C<ikii2tf,,!i£i^/C4^2epis-1? \ 
i Cdkn2dt:TriHa,vyCdkr^dtmlMa:« \ 
1 (involves: 129P2/6l3Hsd * 129Sl/Sv * C57SL/6) j 

i Cdoi 

| Celfi j Cel f 1 ̂^/'C&l vl*"lzu 1 
(involves: 12952/SvPas * C57BL/6) 1 

| Cep29G 
j ( B 6,129 -Cep290tm 1 •13@s} | 
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1 Cga ; J-V, ..ttri-ISse S ! /VS.« ; 
s j (involves: 123S2/SvPas * C57BL/6J) \ 

1 cibi \ \ 
s \ (involves: 129SS/SvEvTac * C57BL/6) \ 

1 Cks2 
| (Not Specified) j 

; Cicnl 1 penl^/ClcriX** f 
i(A2G) { 

| Clcn2 * • 
1 CI drill 1 Cfdnl ltoffiai/Cid nl A*"1*' 1 

| (Not Specified) | 

::::::::|ffpo||§l§ilP^ 
1 Clgn ! ciarvu,1^/aanm,1GS& 1 

i (either: 129 or (involves: 129P2/OlaHsd * C57BL/6])) j 

•: liPIIPMlllllH 
1 Cnot7 I Cn0t7™7Cnot7™° \ 

\ (involves: 129S4/Sv3ae * C57BL/6J) j 

; Cnpy4 

; Crem j rr#HtoS'esc/Cr*^ff"i!S;!~ 1 
j (involves: 129/Sv * C57BL/6) \ 

I Crem 
; (involves: 129/Sv * CS7BI/6) j 

\ Crem 1 CremamS5EO/C^rn!:rnl3aw \ 
j j (Involves: C57BL/6) \ 

! Crtcl 
| j (involves: 129P2/QVHSCI * C57BL/6) \ 

! Csnk2a2 \ CssikSa^^/CsnkJ^^ 1 
! j (involves: 129S6/SvEvTac * C57SL/6) j 

1 Cstf2t ! Cstf2t;t,:>iCw:VCstf2j;fe:!iCc,:::i 1 
1 (involves: 129S/SvEv * C57BL/6) \ 

j Cul4a I Cuj4atoi.2P1,VCuj4ata1.2Pre | 
j i (Not Specified) s 

! : (involves: 129S4/SvJae * C57BI/6) j 

1 Cell 6 ! .Cxcl 18/2rn^nrj iS^'^/Cxd1§/Zmvnd 15OTiSte 1 
: (involves: 129S4/SvJae * C57BL/6) \ 
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1 Cypl9al 

1 CyplSal I Gvpi9aitei®'/Cypl^^mlS!h 1 
| (involves: 129S/SvEv * C57BL/6) | 

| 015Ertd621e : DlbErtd621en"'Vv,i:^Ki:w7DlSErtcj62ieVa''ivf';':Mai-'' j 
j (FVB/N-D15Ertd621eTeayr>226iax,e!) j 

| Dabl 1 Dabi^DaDi^ 1 
1 (involves: C3HeB/FeJ * DC/Le) \ 

| Dazapl 

i DazS i DazltaU^7Daslt:,,!:'«c ! 
| (involves: 129P2/OlaHsd * MF1) j 

|;:i:i:Poil|l|:il|lllllllii|||il^ 
1 Ddx25 1 D'. =<2,jlffiif'1l7Ds|x2SiTfrf''k1 I 

j (involves: 129S4/SvJae) \ 

I : : ^Pefb41: : : : 

| Dicerl 
ISPiiltflPiiM 

(involves: 129/Sv * C57BL/6N) 1 
j >:oyDe,:2^;.^i ! 

5 ^ Ml In: :N; :N; :N; :N; :N; :N; :N; :N; 1P :N; :N; :N; :N; | PiH: ip: 

] Dgka i -f.HB4,Tvr^:l3?.OA-?Ovty Qy ^HS4.-Tyr;?;^JOA-xOv<i j 

I (^B/N-Dgka1"®7"^'^'^23"^"^®) I 

| Dhcr24 
(invoTves: 129S5/lvEvBrd * C57BL/6) j 

| Dhh 1 Phh^^/Dhh**'1*"* j 
j (involves: 129Sl/Sv) ; 

1 Dhh 
^ ^ ||^ ^ :• | f | f | f | f | f | f | f | f | f | f | f | ^ 

| Dhh | Dhh 
j (involves: 12951/Sv * C57BL/63 * Swiss Webster) j 

| Dmcl i Droc.lHfeilVDmcl+ 1 
j (involves: 129S4/SvJae * C3HeB/FeJ * CS7BL/SJ) \ 

:: t i: :!:?i 1 ̂ : ip:: ip:: ip:: ip:: :i • 1 1 
||i^i||||;|l|||i:p|||||:|||||i||||i;| 

\ Dmcl j PmclMa,i VDmcl^1' j 
| (involves: i29S4/SvJae * C57BI/6J) | 

|;ii|i|||llilll:i||i:i;||||i|||| 
I Dmcl i Drn&ite^m/DnlellmlTte« 1 

j (involves: 129Sl/Sv * 129Xl/Sv] * CS7BL/6) | 
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i Dmd 
s 

1 Dmrtl ! 0rnrt 1Ft"1 •;VDmrt 1tm:i'lak f 
s | (involves: 129 * C57BL/6) j 

i ::;:||;g|i^|||||||i;||||i:||||i|||! 
; Dmg i Dms/Dm$+ 1 

j (involves: C57BL/6 * DBA/2) \ 

WwmM f|li|illlllifii:i:i:i:il * • 
i Dndl ! DndlT«7DndI^r 1 
i | (129Sl/Sv-Kitw Oca2p Tyrc'ch) | 

i •^.•il^^^Mls^^gj^^sssssssssssssssssssssssssssssssH.slslH 

j!::;::;::;::! ; (involves; i29P2/OlaHsd * I29$i/Svim3 * 129T1/Sv) j 

] Dnmt3l ! Drimi3PiSss/Dnmt3P;S^s 1 
i I (involves: i29S6/SvEvTac) f 

{ Dpcd/Poll ! Dscd/PoilG!r,;''r>^5^Jlw/Dpal/Pollc^T:;S0-^x~; ! { Dpcd/Poll 
j (involves: l29S5/SvivBrd * ciTBU'SBrd-fyr^) j 

1 Dpcd/PolS 1 Ds>cd/P0!!t!"^mVD£!a1/Pe^mifJ^ \ 
\ (involves: i29P2/6laHsdj | 

j Dpyl9S2 i DpYl9i2^':is7Dpyi9i2wn'w I 
5 j (BS; 129S5-Dpyi9t2tmlLex/M mucd) j 

i Dspd i Dspd/Dspd+ i 
; i (involves: C3H * C578U/6) I 

........ .......LDjissiiiiiiSWililiiP 

1 E2fl I E2f l^if<s«VE2ri^Jf^s | 
i E2f3 
5 : ("involves: f29S4/SvJae * 129S6/SvEvTac * FVB/N * NIH Black \ 
i i Swiss) j 

llllililllllllm 
I Egrl j EqriwiiIe,VE^i'mif;cK \ 
i j (involves: i29S2/5vPas * C57BL/6J) \ 

tliiiiiiiiiiiiM 

\ Ehdl I Ehdi^-^/Ehd 1 
j (involves: 129P2/OiaHsd * C57BL/6J * FVB/N) \ 

1 Eif4h i Ejf4j1^^)By9yEif4hs^7S)Bysl | 
i j (involves: 129P2/QlaHsd *C57BL/6) | 

! Eiki IliiPiiiPllllllllllii™ 
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! Elovl2 j Eiovia^'-^/Erov?^13800 1 
(involves: 129S1/SV * 129Xi/SvJ * C578L/6J) f 

! 

Emxi 
Numb 
Numbi 

Eni I ioi!*1 
| (involves: 129Sl/Sv * 129Xl/Sv3) f 

llilinpivllllllllllilllillllll 
Epb4.1!2 1 Epb4,lS2ss>: ftLces2 :>vvtsi/ Epb4,112®' ftLeea2 ',wtsi f 

j (involves: i29P2/OlaHsd * C57BI/6) j 

esgdl2d i es<a d 12d /asqd12d * 
(involves: C3HeB/Fe3 * C578176) | 

I: •: Meox2 
! £Esp=3-^,"P^/ESpU'1" j 

; 
Esrl 

| (B6.l29Xl-E$rltml l(3ust) | 

5 
Esr2 

1 Esrl j Esrl^^VEsr.!^"1^ 1 
I (involves: 129P2/OlaHsd * C57BL/6J) \ 

| 

j Esrl 
Esr2 

1 Esrlfmlfo;y£sril:"5te* \ 
lsr2^^^Esr25::;;^ j 

j (involves: i29P2/oiaHsd) j 

1 Esr2 j j 
| (involves: 129S2/SvPas * C57BL/6 * S3L) \ 

6 
'wmmmm 

Ein2 
; (involves: 129/Sv * 129S2/SvPas C576L/6 * NMfU) : 

I 
Etv4 ! Etv4tmiHs"7Etv4'":SHaSfi \ 

\ (involves: l29S4/SvJae * BALB/c) \ 

Evx2 i Evx2'/Hsxcf 13si5iDa5s/Evx2/HoxfiIS'5"'181'0 > 
i (involves: 129S2/SvPas * G57BL/6) i 

Evx2 f-vWhcvdH* ii>i! 

(involves: 12952-SvPas * C57BL/6) 

s 
Evx2 &y^ff'<p17~v<J' 1 01 

j (involves: 129S2/SvPas * C57BL/6J) 1 

pM lliiiiiiiililiiM 
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! Exol 
(involves: 129/Sv * C57BL/6J • SJL) j 

V. 

111118111 
| If nV|i|||ifl|lll|| 

s 
Fads2 1 Fads^^WarfsZ*1****' I 

j (Involves: X29S6/SvEvTac * C57BL/6J) f 

Fad$2 
itffljllillll 

Fancc 
BittPllM 

j 

Fanel i FancF^/FancI8'-" \ 
\ (involves: C57BL/6J * CBA/J) | 

i iilMiilii 

| 

Fanel 
; (either: (involves: 129S7/SvEvBrd) or (involves: 12957/SvEvBrd * s 
FVB/N)) | 

j Fgfr3 ! Fgfr3wiyFgfr3m" \ 
i (CBy].Cg-Fgfr3mi:/Grsrj) \ 

5 ;:;:; jFgfrB ;•;•;•• 
i (involves: !29S6/SvEvTac) j 

Fkbp4 1 FKbp4tmtDv"7'F!«bp4-:!,JOv<Sli j 

i 
Fkbp4 : F=.bp4^t»vt;r,/Fkbp4e«icj.«ss j 

: (either: (involves: CD-I) or (invoives: 129Xl/Sv3 * C57BL/6)) s 

: Fkt>p6 

i 

| 
FndcBa 1 FndcSa^^^^/FndcBa^ | 

| (involves: 129P2/6iaHsd * C3H * C57BL/6 * FVB/N) j 

j 
Fndc3a 

|;:|||;iiliPl|lli!PiPl|l|!|ll||:|||||| 

| 
Fndc3a !vnc;t3a!!¥Fnfe|a!:« 1 

| (B6,Cg-Fndc3as^) | 

| Foxil ! Fox!ltt!,iSw,/FQxHiwtSv^ ! 
j (involves: l29Sl/$v * 129Xl/Svj) j 

| FoxpB i Bm3f/Y 1 
(involves: STOCK MR) \ 

j 

| 
Fus Fus!:;:f ] 

| (involves: 12936/SvEvTac * CD-I) 1 

IS 

Fzd4 
j (involves; l29Sl/Sv * 12$Xl/Sv3 * C57BL/6) j 
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i Ga i 3stl 
i (involves: i23P2/oiaHsd) f 

| Gafnt3 
::| | |'f n|ii||lll||l|i|il:illlllli|::|::|::|! 

| Gamt ! GamtWi*;?b/GamrU1'!l]>b f 
| (Involves: X29S1/SV * 129Xl/Sv3) f 

| Gatm i Sstnfi?"!t'!5sb/Gatrr)lH,i •3(S0 1 
1 (B6,129-Gatmtml'1Isb) \ 

| Gdf7 \ Gdf7^Uifia/Gdf?^iK<5® 1 
j (involves: 129Sl/Sv * 129Xl/SvJ * C57SL/63) j 

1 Ggtl ! 1 
j (involves: 12957/SvEvBrd * C578L/63) j 

; Gjal 
\ (involves: 129P2/oiaHsd * C57BI/6) j 

| Gjal 
(irivoiiSrT^pS%i^Sd^rC57SL/6) 1 

j Gjal i Gialta7o>\ 
\ (involves: 129P2/OlaHsd * C57BL/6 * SJL) \ 

! GH2 
| GliB PMMiMymSMMmmmmMMMMmMMWMmMmmmmmS 

| Glral 1 Giral^/Gisrai^ 1 
j (B€C3Fe a/a-Glralspd/3) \ 

i Gnrhr 
i (involves: i29Sl/Sv * 129X1/SV3 * C57BL/63) j 

I Golga 3 &:-u* : 
(involves: C3H * C578L/6) i 

; Gopc : QQQ^"LV:,,O/Q0PC!!'' :'Mi 1 
j (involves: i29S4/SvJae * C57BL/6) | 

; (involves: X29P2/OlaHsd) j 

1 Grid2 ! Grkia^/Grkia^-52 1 
j (C57BLKS/J) | 

|:|:|l|||il||l|ll|||||i|i:|i:|i:|i:|i:|^ 
1 Grid! I G rid 2htr !j7G r Id2to" '*'" | 

| (involves: C57B'L/iOJ * DBA/23] | 
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i Grid2 1; 1; 1; 1; 1; 1; 

i Grrril 1 Grrril^VGrrnl^ 
| (BALB/cPas-Grmicrv4) 

i::|| 
; Gusb 1 Gusb^yGusb"1^ 

i (involves: C57BL/6By) 

^^^l^ssi'llllllfil 

1 Hlfnt 

| H3f3b 1 BSO&^'^VKSfSfcP1'5^ 
i (involves: C57BL/6N * FVB/N) 

1:::::::: :'N3f3b^:::: : 
{inwliikl2dSl/Sv * 12SSl/SvImJ * 129S4/SvJaeSor) 

| Hdlk i Hdik/Hdik 
j (STOCK Hdlk/Grsrj) j 

:•• K if :;f 

i Herc2 1 H6.rC23/Herc2J-
| (BALB/cJ-Herc2') 

j 

1 Herc2 

j Here2 : Hsrc2iefv"SR/H6rc2-',®'JS' 
1 (Not Specified) j 

| Herc2 

| Herc2 ! Hsrc^ef2-8R/Herc2^-8R 

i (Not Specified) 

1 Hfe2 

| Hfml 1 Hfm^ Gt{CS:3-p;Ml)Ux^Hfn11Gf(OSrj^?J^;L.«x 

(involves: 12955/SvEvBrd * C57BL/6 * SJL) $ 

llllllliilll 
; (involves: 129Xl/SvJ) 

| Histlhl 
| Smcp 
| Trip2 

I Histlhlawu0y8b/H>stlhla*"'•&,Vi5i 

i Sfr^st!,'swtySrncaw,1¥,teR 

! Tnp2tff,r,v%7Tnp2+ 

j (involves: 129 * C57SL/6J) 

5: 

iiiil'iiliM 
| Smcp 
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i Histlhl 
| Smcp 
| Tnp2 ; XoiiSEffyfnp? t 

\ (involves: 129 * C57SL/6J) \ 

i Histlhl 
| Smcp 
; Tnp2 :i:f!#iilitt!i8!!ii!!!i!!!i!!!i!!!i!!l!l!l!l!l 

| Hmgal I Hfriqai^^/Hmgal"1" 1 
j (chimera involves: 12@Si/Sv * C57BL/6J) \ 

j Hmga2 

| Hmga2 
| (involves: i29S7/SvEvBrd) f 

| Hormadl : Horrr:adly5,;:'M>VHcrmadlS:'<fUAKK 1 
j (involves: 129/Sv * BALB/c C578L/6 * SJL) j 

| Hormadl j HormadlSmXMol/HoriTiadlt''t,SAwt \ 
\ (involves: 129Sl/Sv * i2SXi/Sv3 * C57BL/6JOiaHsd) | 

j: : : Hormadl :: - SMSr fe*S#s i i i 
I::l| : : ^ ^^111 ̂  111111111111111 i ^ 

] Hormad2 j HormadZ^^^VHormadl^'1-2^ \ 
j (involves: 129Sl/Sv * 129Xl/SvJ * BALB/c * C57BL/6 * SJL) f 

s Hormad2 
: ( nw)v^'. 129S1/Sv"*^l 29X 1/Sv3 * CS7BL/'6JOIaHsd) j 

; Hormad2 K a j 
: (either: B6.Cg~Hormad2te:1Kl*ra or (involves: C57BL/6J * \ 
\ C57BL/6NCr!j * C'BA/JNCrij)) | 

| HoxaiO iliif ; I 

11 
| HoxaiO 1 HaxaiOXnr"ii!m/HoxsiDto5fiHl1- \ 

j .(either: (involves: 12954/SvJae) or (involves: 129S4/SvJa.e * f 
C57BL/6)) | 

f i! i;:::; i;:::; i;:::; i;:::; i;:::; ii i i: i i i: i i i: i i i: i i i: i i i: ̂  

| Hoxall 1 Hoxa iif",mmwe/H0X3llte,i tkHM 1 
| (involves: 129S1/SV * 12SXl/Sv3 * CS7BL/6) \ 

N? : S ^ ^ :M| | ^ | ^ | ^ | ^ | ^ | ^ | ^ | ^ | ^ | ^ | ^ | ^ | ̂ | ^ | ^ ^ ^ 
| Hoxall 
| Hoxcll 
| Hoxdii 

! HexaXrmU*7Hoxaii+ \ 
1 H»xcU*,!l^/Hoxcii+ 1 
i Boxd 1 i*"1 m/Hox411^5 M:1V 1 
| (involves: 129S7/SvEvBrd) | 
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i Hoxall 
i Hoxcll 
i Hoxdii & 

i Hoxall 1 Boxa i i^^/Boxa i I™** \ 
i Hoxcll i *HOXG11W1M!VHOXC11+ 1 
; Hoxdii i Hoxdll^^'^VHoxdll^ i 

j (involves: X29S7/SvEvBrd) ^ 

hiiilliiiipiii!!iilllilw 
ho*111 '*'»"*"»• 'Vhoxciii s 'ft' "*Vr 

1 i (involves: BALB/CJ) i 

i Hoxall ! Hsxaiitm,-^7Hoxa i 1 
i | (involves: 129:S2/SvPas * CF1) j 

Hoxal3: •: 

5 Hoxd4 i Boxtf 4?,t:SB!57Hoxd4^,"^B>:, ! 
i Rarg : Rara^^/Rara^"^ i 

1 (involves: 129S2/SvPas * 12957/SvEvBrd * CD-I) j 

1 •: •: •: • HaxdlS •: •: • 

i Hoxdii ! BdxdU^i3pc/B0xd:Utm*EsiK 1 
: (either: (involves: 129/Sv * 129S2/SvPas) or (involves: } 
j 129S2/SvPas * C57BL/6)) j 

I Hoxdl3 

1 Hoxdl3 i Boxd 13spsfiyHoxd 13$'^ s 
i (BSCSFe a/a-Hoxd l'3spdl73) j 

liiliilll^^ 
\ 

WMMSM3M&. 
1 Hsfl 
i Hsf2 i Hsf2tmlMi7Hsf2tn^!y \ 
j j (invoives: 12952/SvPas * 129Xl/Sv3 * C57BU/6) j 

! Hsp90aal 
i (involves: i.29S4/Sv3aeSor) j 

\ HspSOaal I Bsp90aai&M>$444)Sys/HspS(^ai"J't(>:E444)8vs \ 
s \ (involves: 129P2/OlaHsci * C57BM6) j 

l!|ilPillll!iiil!iill|lllllillllii|i:|i:|;:|;:|lllll!^ 
:|i||||||!||llilll||il||i||i|i||::|i:|i:| 

I Hsp90aal ! Hsp9aa3iw^!iM-Sf'/H3p90asi.^ii-tu,ign 1 
i i (involves: C57BL/6. * FVB) j 

1 ixj ixj ixj r;::: r; ^^^ 
j (either: 129S/SV£V or C57BL/6) j 

j Hspa4 i Hspa4ti:,H,™lVHsr334:j,'s'!:'fl:w; 1 
| (Invoives: 12951/Sv * 129Xl/Sv3 * C57BL./6) | 
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i Hstxi iiiiiiiiiltiliiliiliiliilii 

1 Htt 
i SSSHay 

! Ktf:,,3Hd7HU5f,:1Hsy i 
i TafYAC4Si'668Hav/0 \ 
\ (involves: FVB/N) \ 

immmmtWrn 
\ 2511Hay tlSSIili^^ 

; Immp2l ! Irnrripaf^^/lmrnpS!^^97^ 1 
j (FVB/N-1mmp2jT9{Ty^979Qve) \ 

1 Ing2 \ Jm2i'raAm'*flnQ2!:wiAO*'* 1 
| (involves: 129/Sv * C57BL/6J * FVB/N) \ 

1 Infl2 
j Trp53 

i |fs<32,/n}'IXr<fv> i 
i 7reS3t:n5&,VrreS3-fldfod 1 
! (involves: 129/Sv * l29S7/Sv£vBrd * C57BL/63 * FVB/N) j 

; Infra ! Inha^^Vlnha*"15** \ 
j (involves: 12957/SvEvBrd * C57BL/6) | 

i Inpp5b : inDs5!f!r>5^ii,fV!r!005bf'i:'lf,iS>m ! 
j (129S6/SvEvTac) \ 

| InppBb tiiiliijiwfl® 

| Insi3 1 Ins:3t;",ii,--ad/Insi3"Ril'fi"13 \ 
i (involves: 129/Sv * CD-I) $ 

|:; fliiiiiiiiilM 

I InsIS i ?f1si5toi3fr:sfVlnslSW!U:,W!i \ 
I (129(B6Hnsi5tmllmaD) j 

iliiiiiiiiiiliiM 

| ip6ki j ip£kitm;-i;;fi',d/!pSki^-i5hyd | 
(involves: 129X1/5vJ * BALB/c * C578L/6) \ 

| Izurool i Ixumol^^/Uijmol''"50^ j 
j (involves: l29S2/SvPas * C57BL/6) j 

| Jam3 ! ^r33Tii:^yVJsm3ft,,V^r 1 
j (involves: 129 * C57BL/S) j 

| ]am3 1 iarn3.««iR^iam3«««?sa | 
1 (involves: 129P^OiaHsd * C57BL/6) j 

liiPiiiii: 
llliiillSiiiiiW 
if|i:p!!illlll|f|R 
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i Jund 

i Katnall i 1*' 7 Rstrici il^ 
s ; (involves: C3H/HeH * C57BL/63) s 

P li P P P P P P P P P P P P P P P P P P P ^ ^ ^ ^ ^ ^ ^ 
I 

; KcnjS ! Kc>j6w7Kcnj6+ f 
j (involves: C57BI/6J) \ 

I KcrtjG :tiiiip§ii!iiiiti!iti!iti!iti 
? : ;;:::• |;i:Hvd^ii|i;illi§|Piil^ 

1 Kcnul 1 Kcrusl^5 ^'VKcoul*"5'K:i:" \ 
j \ (B6,Cg-Kcnui*mi'2Qm) j: 

•^^liisisllllllilllllfliB 
K 

| KdrriSa j Kdm33<'"<^'AlsS5®¥VKdrn3a':5U-Vi<A3?5t)"yB | 
i i (involves: 129P2/OlaHsd * C57BL/6) | 

! Kdm3a 
i 

i Khdrbsl ! Khdrbsl^^^/Khdrbsi^1^ 1 
j j (involves: i"29Sl/Sv * 129Xi/SvJ * C57BL/6) f 

; Kissl i K'ssi'^^mssi^"' j 
I i (involves: l29Sl/SvimJ) i 

; Kissl r 
5 | (involves: i29S4/Sviaej \ 

! Kisslr 
: (involves: l29P2/6iaHsd) j 

| Kisslr i K i'sslrlraiRts/Kissl rbs5 ** 1 
; j (involves: i29Sl/Svlmj) \ 

I Kit 1 KitSs"VKit+ I 
i j (involves: C57BL/1Q * Non-inbred) | 

lliiilllilil 
p::;::|:|i:i^lili|i|ili;l|::|::llH 

1 Kit j {f^tml8fs(yi<;.j«.tfr>SBPf j 

i j (either: (involves: 129/Sv) or (invoives: 129/Sv * C57BL/S)) ; 

$if|§ililllllllS^^ 
\ Kit ! Kitvv'1!S57Kit+ 1 
s j (C 57 BL/6 J - K jtW iBao) j 

11^11®!!!!!!!!!!!!!!! 
|:|:|i||l|||ll||l||::|:||||||||||::|::| 

Kit I 
I (B6.C3-Kitw"443) 
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i Kit 

1 Kit \ K:f- «/Kir•" 
i (C57BL-Kitw"®'} 

:ill ;liftii|lil|li|li|li|li|l 

| Kit | Ka.w-?«-yK|tW-v 
i (involves: STOCK Propl4" Myo5ad 8mp5se) 

llllllillll ;::^::|::l§ilB}ilflIlM 
i Kit 

(C3H/HeH-KitP17H) 

lllllliitill ̂ifSfH^ili®!!!!!!!!!!!!!!!!!!! 

| KlhllO 
| (chimera involves: 12957/SvEvBrd •* C57BL/6J) 

j Kmt2e I Kmt2ew,i^8/Kmt2etm5A|ES 

| (129SS/SvEvTac-Kmt2e,;mlApS} 

:L:ieacn •: •: • 

] Large 
i (involves: C57BL/6J * DBA/2J) 

j 

s Lbr j ^ ^r5t<7vE5e9)&y§/s jj^XES^&yg 

! (involves: 129P2/OlaHsd * C57BL/6Cr) 
•x >• 

j (involves: 129S6/$vEvTac * C578L/6N) 

1 Lep 
1 (involves: 129X1/SVJ * C57BL/6) 

Illlililttllliil§§§§§§§§§§§ 

i Lep 
I Npy2r 

! lep'^/Lep'^ 
1 NDv2rtea'iHhz/NDv2r^1'Wte 

j (involves: i29Xl/SvJ * C57BL/6) 

| 

i Lepr 

| Lepr j Uj2rdlv!>«yLeJEsrdb-te 

| .(DW/Pas) 
5: 

I Lepr : L&prm'YVLfi»rto:!V1i 

I (Be.iag-Lep'^2™) 1 
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j Lfng 
i (either; (invoives: 129S7/SvEvBrd * C578L/S3) or (involves: i 
j 12957/SvEvBrd * C57BL/6J * FVB/N}} j 

i Lfng 1 Lf neK-iC,/Lf nat:"! \ 
i ?q£Lfnq--LFNG}Ipihz/0 I 
| (involves: i'29S7/SvEvBrd * C57BL/6J * CBA) j 

I Lfng 
1 2Dihz 

!|::IIlIl!Ii!lll:|::|::|s 

| Lgr4 
i (invoives: i29P2/oiaHsd * C57BL/6 * CD-I) j 

liigiilli® 
| Lhb 

1 (involves: X29S7/SvEvBrd * C57BL/63) | 

j- ; Lhcgr;::: :-1i.ii.ii.iyy 

:p:PP||7|i|||P::P::P::P::P::P 

j Lhcgr ! Ucor^»*Vi.h£qf*«lHht 1 
| (involves: X29S7/SvEvBrd * C57BL/63) \ 

5 Lipe | ljDgs^K^VL!ostrf.t^m j 

i (involves: 129S4/SvJae) j 

i Lipe 

j Lipe i Up8S!'H:V,<VLip«tmXLiK,c I 
j (involves: 129 * C57BL/63) j 

s LmtkZ 

| Lmxla : Lrrjxladl''6VLroxladl''{° ! 
| (C3H/He]) | 

i Lnp i Lnp^/Lnp+ I 
(involves: iQi/H * CSH/HeJ * C578L/63) | 

t:P:::P::P::P::-|(ij^ •: : I- \>f'A n i ̂ ^iri- —; • :;•:!: 

| Lpinl ! Lainlf1f/LSlr?lfid I 
| (BALB/cByJ-Lpinlfid) \ 

§P:t£:t£;|j^ ::::;::::tlp#lit!l§lliltpppp|p 
;:::s:::l:tll§iv|§tllllllfllt®^^ 

|IPPPPPPP; 

^ j 1!; 1 ipppppppppppp" 11ppppp 
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| Mab21ll 
i (involves: C57BL/S) 

| Mad2l2 iiiiiiiiiiiM 

| Ma el 
| (B8.129S4-Maeltm5Bort) 

| Man2a2 
:( irivoi vesv :f Mif7:iv *: f £§^i/§lfi §§ 

| Map3k4 
j (involves: 12936/SvEvTac •* C57BL/6) 

! Map? 
j (^^7Tli^S47Sv5ais^^Map^^gxS5S^0) 1 Sor or (involves: 
| 12954/SvjaeSor * C57BL/6J)) 

| Map7 
| (BALB/cBy) 

1 Mapk8ip2 

; Mem 8 i McmSu,'sS'-SGw,s/iHcm8!jri3•!Gaw 

: (involves:' I29S2/SvPas :i: G57BL/6J) 

Mcphl 
(involves: 129S7/SvEvBrd A C57BL/63) 

; Mdcl HJc ""'•v /MJs. 1° 0" ^^ 
; (involves: 12955/SvEvBrd * C57BL/6) 

; Mecp2 i Macp2tes5Vs*7Y 
j (involves: 129Sl/Sv * 129Xi/Sv3 * C57SL/6IMCH) 

| Meigl I Mela ltm 1S;fii/?4esa i*"*1®** 
i (involves: 129S1/SV * 129X1/Sv3 * BALB/c) 

:|||i:p|!||||||||i|§||i:||||||||i||:::||p 
s Mhstql ! Mbst'cl**' m*DS,toi,ius 

i (involves: CB7BL/6J * M. macedonius) 

Mhstq2 

1 Mir9-3 ; Hjr9..3trRiSia/Nir9.3tmiS(3 

i | (involves: C57BL/6 * CBA) 

\ (CBA/CaCrc) 

Mitf I 
i (involves: 102 * C3H/EI) 
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WMMm^BSMS^^K^§§§§§§§§§§§§§§§§§§§§mSimSiS& 
Ps ::|e;{f j; i ^ ̂S5E • 51^1 ^ i • si i i £3 F i: pB^C5 t^ieis:::P :: | 

| Mihl j |^!h|M1LisVNshltmIL'!;k: 

i (involves: 12957/SvEvBrd) 

1 Mlhl 
j (involves: 129/Sv * C57BL/6J * SJL) 

i Mmell 
1 (involves: 1295/SvEv *' MF1) 

] Mnsl i Hf>si^i3w/HrsSl!mi3«, 

j (involves: 129S4/SvJae * C57BL/6) j 

§:i:|:i:|:i:|:i:|:i:f9 
j(FVB/N) 

| MovlOll j H Qvl 0:1 ltr"1 2i; "°/MiSv 10 i 1 -J;; 1,2i;"" 
1 (involves: 129S/SvEv *' C57BL/6) 

| MovlOll i HoviQll™-ZJ7Mov 
j (invoives: 129S4/SvJae * C57BL/6 * FVB/N) 

| Mpz ! Mp^r7Hpztlyr 

; (B6.Cg-Mpzttlt/Grsr J} 

5 Msh4 
(involves: 129/Sv * C57BL/6 * SJL) 

i Msh4 
| MshS 

: ^gj^twivass/Ntsh4tmlw,!^ 
; Msh5t:'fiiS,Jik/Msh5u"1K<lk 

j (involves: 129/Sv * C57BM6 * SJL) j 

| MshS | ^ ̂  tj&niRajjtroiRat: 

| (involves: 129/Sv * C57BL/6J * SJL) 

| Mybil 
1 (involves: C3HeB/Fe3 * C57BL/6J) 

| Mybil ililiiiiiiiliiii® 

| Myo7a 1 Myo7as^ "5!/Hvo7s'a'i"g 

| (involves: CEf7BLKS/j) | 

| Nanos2 1 NanosZ^^/ltoiK*^"* 
j (involves: 129Sl/Sv * 129Xi/SvJ * ICR) 1 
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IMekl i Nekl^^yNskl^'- 1 
I (C 5 7 6 L/6 J - N e k 1 kat"23/3) j 

Nekl 
11: If 

5 
Neurlla 1 Neuf&a^^/Neuriia*"^ | 

| (Involves: I29S6/SvEvTac) s 

;P:;;P Nf ^ ^ :flss lEl P ll:: 1 I!!::!::!::!::!::!::!::!:!! 
IMhih2 NNr?2^7MMh2^^ \ 

\ (involves: I29S4/SvJae * C57BU/6) s 

• 
Nosi j Nasi^^/Nosl*"^ | 

| (Not Specified) ! 

j 
IMotch3 1 MctehS^yNoichS^ 1 

(C 5 7 B L/' 6 j - N otc h3 hpbk/Grsrj) f 

j Npepps i fv»;^:i>PS:;<:isi:/Np^P;3vr,k:: 1 
j (involves: X29P2/OiaHsd * BALB/cA) | 

I: •: PPPNShpi!!! 

i 
Nphp4 1 N.DhD4""i!i'5'?/NijhD4,,mn^ 1 

i (involves: C57BL/0J) f 

j 

j NrSal ! NrSaltmt-SHsl7NrS3itoi-1Hsi" \ 
\ (Not Specified) \ 

l!i 
NrSal 
3Sac 

ll^iiiilliSiiliil;! 

6 |;; 2.: ^ III : Pi: :S: ||^ 

i 
Nsun2 j ^Sun2tm^il-:JC'5RM'Wi:s;VIS!sLi!-!2i:rf'U!5tK:yNil,1Wi:" \ 

(involves: C57BL/6N) f 

fi! 
• fsit:p2^ Jy 1 CiGpS^,'^X^^CJc(SC=j5A><• C^Of SCjPHOKJSSps i 

iiPlllIlililiiilliieill 
pi Nxf2 1! ̂  111111111111111111111111111111111 ̂ 

| Nxf2 1 Hxi2wi:nvi/r f 
(B6,Cg-Nxf2tml'23w) | 

j !:!!i:!£|ff||!ltl§i§:|i!|!|! 

| 
Oaz3 

| .(Involves: 12951/Sv * C57BL/6) ) 

; 
0C32 

iiP Hflli !!!!!!!!!!!!!!!!!!!!!!!!!!!!; ^ 
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i Oca2 j 0ca2P-I2DTfy0(;a2C-t2!>-m \ 

i j (involves: IQi/R! * G3H/RI) f 

1 Qea2 slIlplilMlpillf §111:1:1:1:1:1 
s : :| §:in;»|:v|||lllflli;S 
i Oca2 1 C-ca2; VOC32;; V | 
i | (Not Specified) ^ 

; Ocln | Qcjn5.m|Stey0e!nt™i^ f 
j (involves: 12954/SvJae * C57BI/6) \ 

| Qdn * • 
1 Odfl i CXtf.lfanl3i"'/0'dflto,lss,!' ! 
s | (involves: 129Sl/5v * 129Xl/SvJ * C573L/SJ) j 

iil!$§|i|§t 

| Odr2 Odf2t;,1lr!2/Odf2+ \ 
J \ (involves: C57BL/6 * C57BL/63) j 

5 P2rxl ! P2rxl&"K:!i7KEXltfflia,il \ 
1 (involves: X29P2/OlaHsd * MFl). j 

1 Pafahlb2 i Paf3hlfc2GU;^f!0);t:is/Paf3hlb2st^'-s^?K:te s 
; j (involves: 12956/SvEvTac) j 

\ Pafahlb2 ! Pa?a h 1 *>2®*Pa f$ h 4 t£®fj 
j Pafahlb3 i PafshibS^^VPafahibB^1-^ ! 
5 i (invoives: 129S6/$vEv7ac) j 

| Pafahlb2 ! Pafa hlba^^/Pafehl \ 
\ PafahlbS : PafahIb35miA^/Psfahlb3^iArai \ 

\ (involves: i29Xl/Svj * C57BL/6N) j 

I Paip2 ! PaiD2Wi!'^te7PaiD2w-1-^ ! 
j i (Be.ll^PaipS^5^0) | 

i Paip2 j PalpZ^^'^^/PsIp?,^'1 ,M*S* ^ 
i Paip2b i Paipa^-^/PaipSb^1'2^ 1 

i (B6.129-Paip2bt:ml'SNso Paip2to>l-2Nso) j 

j Pank2 Pank*'"* *M-7Pamk2w Ww< : 
(involves: 129S/SvEv * C57BL/6] * FVB/N) : 

\ Pank2 : Pank2'",ij5;/Fariia';!1,1,!it \ 
; j (involves: 129X1/SVJ * C57BL/6J) | 

i Patzl ! Patzr,,ufic!ii/Patsl^,1pdli 1 
i | (Not Specified) j 

i PaxS 
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Pdgfra 
Plekhal 

i j5^gfy^e«s^pdgfra+ I 
| Piey;:ai:-^::frw j 
; (either: (involves: 129S4/SvJaeSor> or (Invoives: 12934/SvJaeSor f 
j * C57BL/6}) j 

Pdgfra 
Sgpii 

:•:: :::1: ^: s 1 ̂  : I f: S£i :; 1 
lililMllllllilliliii 

Pdgfrb 
Plekhal 

1 PdafrQfct!SS-'7Pcfgfrt>+ I 
pi^<h8l^°^'^!^/Plekh3l6^i;D^8^r | 

i (either: (involves: 12934/SvJaeSor * 129S7/SvEvBrd) or 1 
j (Involves: 129S4/SvJaeSor * I29S7/SvEvBrd * C57BL/6)) | 

I.-. 
Sgpii J j: ^ jrj gj; j; iM;: : : : : : : : : !i; 

•:/i: 51V SS;:;:: i i s :K:? iil; 

liiiijillfllli!^ 
! 

Pdiit j ; j|.tfr) li^yp^ j j^Utt i Osto ; 

| (involves: 129S2/SvPas) | 

i: •: • 
Pex5 

PlekhaS 

PfdnS | pfdnS^/PfdnS^ 1 
j (C57BL/6-Pfdn5nmfSa) \ 

j £:!p§k2:£:l SmiMBISS^ 

j Pgm3 1 Pqm3St;w«7&ss;^Si-/P?,rr,3«^! f 
1 (involves: 129Sl/Sv * C57BL/6) j 

V. . . 

Pgm3 i Paffl3'"tdVPore.3;~"";' i 
| (C57Bl/6-Pgm3mW) j 

1 PI4k2a i Pi4 i<2 AKOOS1 p;4j,. •} ;!St?AK8094)W«l I 

j (invoives: i29P2/6iaHsd * BALB/c) \ 

i ^ ^ :S:! i:! i:! i:! i:! i:! i:! i:! i:! i:! i:! 

J 

Pifo 1 pifo^^ypifo-*- I 
j (chimera involves: 129S6/SvEvTac * C57B1/6J) f 

--is^lilllllfllltile^ 
|:||i||i|||||;||||||l;|ll|!i:!i:!! 

! 
Piwill I Pivv!il^UEr?^/Piwill+ 1 

| (involves: 129S4/SvJaeSor * C57BL/6) j 

P§MWM§§§ 
;littli$$§|iflllfB 

| 
Piwill I pjy.ji•]_t'"I.aimfartypjw<j | Vmt.^l:»•>;?;; { 

! (involves: i29S4/SvJaeSor * BALB/cJ * C57BL/6) { 

pM lllliilllll 
: (involves: 129Sl/Sv * l29Xl/SvO * C57SL/SJ) | 

PiwiiZ ! PiwH2"r::[';D<>i;s/Piwii2fm:i'[eyQ 1 
| (Invoives: 129P2/OlaHsd * 129S4/SvlaeSor *' C57BL/6J) | 
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1 PiwiiZ 

i Pled 4 1 Ptai4®®/PWf® 1 
| (involves: 129Xi/SvJ * C57BL/6J) | 

| PldS 

I Rid 6: j FldS*"* iH*yPW6ttni.m*r \ 
I (involves: C57BL/6) j 

| Plekhal 

llllllllillllM 
| PlekhaS 1 Plekha$T3*AMH~srts)JRo,/0 \ 

\ 
: (involves: 129S4/SvJae * 12957/SvEvBrd * C57SU/6 * SJL) \ 

Piln2 Pl.ts^'"" r'"" l' '/Fr^'5'c,"H" 
(involves: 129S5/SvEvBrd * C578L/6J) 

i Pmis2 ; Pniis2llT,lC">H/Pfr!is2?f:,:feu s 
i (invoives: 129 * C57BL/6) s 

: Pm«2tr,tti-i^/Pnis2r"'it-:sK ; 

| Pms2 1 Pms2tmU,sVPtm2lrals-iSk I 
j (invoives: 129S2/SvBas) \ 

j Pomgntl 

; Porrik 
j (involves: 12955/SvEvBrd * C57BL/6J) \ 

p ||| ^ |! |! |! |! | J |||£ £ £ £ £ 1 
i Ppplce i PpDlcd*"^VPppiec^"5^'' ^ 

j (invoives: l29Sl/Sy * 129Xl/Sv3 * CD-I) \ 

liiii^M^ili^^^!!!!!!lllllllllllllliBBillllllllllll1 
!!!f!|lt||ltlll§§|||ff|§^ 

| Prdm9 i Prd-rri9<J1,,r'^,at/i3rdm9tmlVn:®t i 
| (involves: i29P2/OlaHsd * C57BL/6) 1 

11111111111111111111111111111111111111^ 
| Prkaca ! Prkaes^^/Prksca^1^ 1 

! (involves: 129X1/SVJ * C57BL/S) \ 

1! 
litl$|$llfilllll^^ 

| Prkdc 1 P rkd c'r'ky Prkdc - "i1 \ 
I Tyfbitf7,iDc7%bitml&os \ 
(invoives: 129 * C3H * CF-i) | 

wiiiiUiiii 
!!!f!llllli!i!§llil!ll§^ 
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Prlr 1 j5rjrtralCi^/prjrt!Tt.tCn{j j 

i (involves: 129P2/OlaHsd * I29S2/5vPas) j 

Prnd 

5 
Prnd ! Prn#:'j;:'w:7Prrid-"j0'':" I 

| (129P2/OlaHsd) I 

Prnp 

Prnp ! Emo/Emd^^ | 
j (Not Specified) j 

• 
Prnp i Prno/Prnda':ti>'wVP^no/Prndti''t!:'tvr,: i 

(l29P2/0!aHsd) j 

Prnp j Prns/PrndtmiD"im/PrnD/»rrKi'JKiD,,(m 1 
| (IBp2/oiaHsd) | 

j Ptchl i Ptclrl'^/Ptchi^ 1 
; (B6C3Fea/a-Ptchlmes) | 

Ptdss2 PT? sN:? f: :n; :H; :H; :H; :H; 
:||:|tn|iv|||;;|lllli||lliiH 

Pth2 1 Pth2toiv'^/Pth2u,,5v^ i 
j (involves: 129 * C57BL/6) \ 

! 

j Pvrl2 1 Pvr(2wiV,7Pvri2wiV" \ 
\ (involves: l29Sl/Sy * 129Xl/Sv3 * C57BL/6) \ 

Hi 
PvrB 

: jf 1 : i i ? ^ iSl? ̂  li: i: iE^!i^ j S i i> f: ^5 ̂ 5 ̂ 5 ̂ 5 ̂ 5 ̂ 51 
;:;::;:;|:|:|||i||t||! 

I RabS2 RB bi'2'""VRabi 2"** j 
| (involves: C57BL/6 * CBA) j 

j 
Raw 2 

| 
Rad2ii | Radail^^/RadSir^ j 

1 (involves: 129 * C57BL/6) i 

| Rad23b 1 Rad23ty'"^v-7risd23bs"it^ | 
j (involves: "l29P2/OlaHsd * C57BL/6) j 

| Rad51c j RadSle^VRadSlc**1^ 1 
(involves: 129/Sv * C57BL/6J * FVB/N) | 

j 
Ranbpl 

| (involves: l29S2/SvPas * C57BL/6) | 

| 
Ranbp9 

Rara 
i (invoives; 129S2/SvPas} i 
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! Rara 
(involves: 123S2/SvPas * C57BL/6) f 

V. 

Rara 
Ittltllfiil 

s 
Rarg j Rgr^i^/Rarq^^ I 

| (Involves: 129S2/SvPa$) f 

Rec8 
: (either: (involves: i29Sl/Sv * 129Xl/Sv3) or (involves: 129Sl/Sv s 
* C57BL/6}) | 

| 
Rein 

3 
re pro 2 

j (involves':'c3HeB/FeJ •* C57BL/6J) \ 

| 

j repro4 j rs5ro4/repro4 j 
I (B6;C3Fe-repro4/3) j 

5 re pro 10 i reprolO/rgsxplO i 
| (involves: C3HeB/Fe3 * C578L/6J) I 

i 

reprol2 ! rgjproi2/repr0|,2 \ 
\ (involves: C3HeB/FeJ * C57BI76J) | 

j:;: re pro 13 
^ :: f? S St: iS |^7 7 7 7^ 

1 reprol4 : raarol 4/reproX4- ! 
1 (B6;C3Fe-reprol4/J) j 

i 
re pro 15 

pi#|;^ii ii 11:: 1:: 1:: 1:: 1:: 1:: 1:: 1:: 1:: 1:: 1 i i 

| 
reprolS I reorolS/reproig \ 

j (involves: C3HeB/Fe3 * G578L/6J) j 

j 

| 
re pro 20 : re0ro2O/rsero2O- i 

j (involves: C3HeB/Fe3 * C57BL/6J) j 

| re pro 21 i reoro^l/fggroSt i 
j (involves: C3HeB/FeJ * CS7BL/63) j 

repro22 i raffit>22/r6Pr622 ! 
(involves: C3HeB/Fe3 * C578L/6J) | 

j 
7 

!::;!|!iipv||||f||§ll|l|^ 

| 
repro24 j repro24/repra24 1 

| (Involves: C3HeB/Fei * C57BL/6J) 1 
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I repro27 \ repro27/feipro2? 
i (invoives: C3HeB/FeJ * C57BL/SJ) j 

| repro28 
I f §!r§|:f||l ilil||||i|:il|li:|i|::| 

| repro29 ; repro29/repi'o29 
| (Involves: C3HeB/Fe3 * C57BI76J) 

| repro30 
: jfiovSivesi 

| reprd31 j !'^-7ro31/repro3l 
j (involves: C3HeB/Fe3 * C57BL/6J) j 

j repro33 
; (involves: C3HeB/Fe3 * C57BL/6J) 

j repro36 i reDro3S/repro3S 
j (B6;C3Fe-repro36/J) 

PI§§ 
j repro47 : {:^.r:o4Z/.LSg£g^Z 

; (involves: .C3HeB/Fe3 * C578L/6J) j 

j; ; ; •; repro48; •; 
7:;:f|fniivli:iM 

; repro49 1 rs'a"G49/repro49 
i (involves: C3HeB/FeJ * C57BL/6J) 

1 re pro 50 

j reproSl i reproSl/reproSI 
j (involves: C3HeB/FeJ * C57BL/6J) j 

I repro52 
iliiiiiliilllllM 

| reproSB i re;pro$3/rej5«5g3 
| (involves: C3HeB/Fe3 * C57BL/6J) 

1: l::i|i§|§® 

I repro57 i re5ro57/reiproS7 
j (B6;C3Fe-repro57/J) 
! im?. :t:w 

| Rimbp3 I Rim bp31"11Gif7Ri robo3*": s 

| (Involves: 129/Sv * ICR) | 

| Rnf8 j fi^f^J5«KBR?S'0SSyg/5(fjf^8t<8Si'2JSC)eyg 

i (involves: I29P2/OlaHsd * C57BL/6) 

|2: !§i 

| Rnf4i i Rnf41T®7n^w'TiY}24"^>'VRnf4tT$rn5sfe''ttTA'Tyir-3:*3S(X)v''S! 

j (involves: C57BL/6 * FVB/N) 1 
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1 Rorb 

i Rosl 1 Rosi^^^'/Rosi^'^' I 
! (involves: i29P2/5laHsd) $ 

| Rosl 
N|i ;i^ i: ^ Bll^ | 1 ̂ 1 ̂ 1 ̂ 1 ̂ 1 -! 1 ? 1 ? 1 ? 1 ? 1 ? 1 

; Rosl 1 RosJ^CbnyRosiv™eto f 

j (involves: 129P2,/OlaHsd) ^ 

| Rsphl 
1 (involves: I29Sl/Sv * C5781763) \ 

j Runxlti \ Runxin^VRynxlU^'^ i 
| (involves: 129S/SvEv * C57BL/6) j 

| Rxfp2 1 Rxfp2tmifti7c?sp 1 
j (invoives: i2957/SvEvBrd * C578L/6J * FVB/N) j 

| Rxfp2 PP•pjp'Pj'PPiPiPiPiPiPiPiPiP^' 
;;::|^i:i:poiiii;i:iiii;|f|l|ll|i|l|||||| 

s Rxrb R >• 11 " j 
1 (involves: X29S2/SvPas) \ 

MS§m wmSmwmmMmMmM 
:::|:|tn|ivli:;;|l|:i;;Il|li:ii::| 

; Sbfl 1 Sbflt™^7Sb?i*n,"ic 1 
j (involves: C57BL/6) s 

j Sept4 1 se0f4b,,SHs/Ss»t4wlHs \ 
j (invoives: 129/Sv * i29P2/OiaHsd * C57BL/6J) \ 

(involvesr 129X1/Svl* C57BL/6J) 1 

| Sept 12 I Septi2trr!lip;kysepti2+ | 
i (chimera involves: 129/Sv * C57BL/6) \ 

:;:P:||ii;l^Cij !^f^tf ̂ SS |ip:: :p:: :P;: :P;: :P;: :P;: :P;: :P;: :P;: :P;: :P;: :P;: :P;: :P;: :P;: 

s Serpine2 1 SerDirifi2^^^"/Sarpina2^ipF;>F;: \ 
: (involves: 129P2/QlaHsd * C57BL/6) j 

1 SQOI2 1 SQOI2 
\ (involves: i29S2/£vPas * CS7BL/6) j 

| Sgpii j C^opjl WR^>>0>3^y<;g^e*(R08A)>S&s» i 

j (either: (involves: 129S4/SvJaeSor) or {involves: 129S4/SvJaeSor \ 
* C57BL/6)) | 

j Sh3pxd2t> 
^ i 1111111111| f | f | f | f | f | f P-PPPPPPp-PP 

1 j j j ;5 iSs 
(involves: 12951/Sv * C57BL/6J) j 

liiiiiliiiii 
j (invoives; l29Sl/Sv * 12SXl/Sv3 * CD-I) j 
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Sitl 
| (129/Sv-SirtltmlMcbYj f 

Sitl lliliiiiitllfilillllltitlfltlfltl 
!: I I f 

Sitl j Sirtlt^2AKdrf/Slrtltw2A»m S 

1 (irwc^ 1/Sv3 * CD-I) 1 

^^^iilppivllllllllilllilllllll^ 
SitS l\b p :• | 

j (involves: 12956/SvEvTac * FVB/N * NIH Black Swiss) \ 

SixS 
l||llll|||i|SHiiS|ll::l::l::l^ 

:||:i;i|il||l;iii|lii|||i|l|||| 
Slc9a3 : Slc9-a3frf'1'':'''''/Sic9a3<,r"x',:i'a f 

1 (Not Specified) j 

Slc9a8 

Slc9cl '' S:c?clti*!1I:as7$lc9clf:"1135"' 1 
(involves":'"!29S6/SvEvTac * C57BL/6J) j 

Sell 2a 2 i S!ci2a2tmtiS*/S!cl2a2tfBt3>* j 
(involves: 129P2/OlaHsd * C57BL/6J * DBA/23) j 

Slcl2a2 i -j~->tm2Shs | 

(involves: 129P27O^^^ C57BL/6J * DBA/23) j 

Slcl9a2 ! sici&a^'^ysicisaa^" 1 
j (invoives: 12954/Svjae * 129$6/SvEvTac) j 

Slcl9a2 i S!Cl3a2"T':li'e'b/S!cl9a2tfr,Ii:iel& 1 
(involves: i29Xl/Svj) j 

5!c25a3l 

Slc25aS I Siv26cS':::!GS:V'S!c26cS':;;K;o,>c j 
i (invoives: 129S/SvEvBrd) s 

Smcib 1 I 
j (involves: CS7Bl/6Jjcl * DBA/2JJCI * ICR) j 

Srmclb i S:nxl t>t!fl"e$!VS*1fK I (j"*'2-2-'64* 5 
i (involves: 129S6/SvEvTac * C57BL/6 * SJL) \ 

Smcp 
(involves: 12951/Sv * 129Xl/SvJ) 

Snai2 i Snai2t':,if&:,d/Sr!^i2'-mA'!ly S 
: (involves: i29Sl/Sv) ; 

;::|||ip|i||||||||llli||||iiil||ii 
Sox3 1 Sox3w,mi*7Y 1 

j (chimera involves: 129Si/Sv * 129X1/SVJ * CS7BL/6 * DBA/2) | 
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I Sp4 :i;P|:i|plitl|l|§l|§lPppppppppp 
i 

| Sp4 i Sp4tr«3^yg.p4a«lSu8' | 
i ; (involves: 129P2/OlaHsd * C57BiV6) j 

fppippiprijSi^ PP|i;S:88iKal|llffef;i^iSSigMMft^ 
I 

; Spag6 1 SpagS^YSpaao™ 1 
j (involves: 129Xl/SvJ * C57BL/6J) | 

| Spagi6 
? 

i SpaglS 
i ; (involves: 129SS/SvEvTac) $ 

i Spata22 ::^i:p:iiyil§§ll§iiliiilliilliltpltpltl 
:::;::::|ffi?^|§|§ft0^ 

| Spef2 I S oef 2sg7S3ef 2bs1 
i j (involves: C57BL/6J * C57BL/10J) \ 

j Spef2 :::::::lSpliiililllPPPPPPPI^^^ 

i Speml i S3emltmiWy5S/SDemlfeSV¥^" \ 
j (involves: i29Sl/Sv * 129Xi/SvJ * C57BL/6J) { 

! Spoil i SDOll'ffflM;7SDOllfffltMj!' j 
; j (involves: 129Xl/SvJ * C57BI/6) j 

| Spoil 1 sooii^'^yspoii^^^ \ 
j (involves: 129P2/6laHsd) \ 

! Spoil 1 SoollwmtVSm%i^im<> i 
:'(i nvoives: 129S6/' SvEvfa c) j 

| Sptbn4 i Sstfen4RV'1:!:ySDtbn4"iV"iai i 
J i (involves: BALB/cJ * C57BI/6J) j 

;::p|i:|||||ililllinlipll|lp::p::p::p;:p;:p;:ps 
! Sptbn4 1 SDtbr)4qv"i,!7SDtbr)45iV""i« f 
i i (B6.B10-Sptbn4q^ind) \ 

mmmmmmMmMmiMMMMMMMMMMmmmmmmmm 
\ pppffiliililliililliilllpiiiiillliltppp 

Stkll :;: j: -i: -i: fc-i"?: •? Hi ci J. J. ^ ̂  ^ '• •' • • ii 

::P::|;|ilt::Iiiii|||i;:i:Pi:Pi:Pi:Pi:Pi:Pi:Pi:Pi:Pi:Pi:P::P 

1 Stk36 :;::::tllllilillliifilll§ll§ll§ll 
pp||l:|ii||i||p|:|;||p|||l||i|||;:ps 

! 5tx2 j stx2mnra:J7Stx2r^M 1 
i (involves: C3HeB/FeJ *• C57BL/6]} \ 

v :xp:xp:xp:xp:xp:xp:xp:xp:xp:xp::-.p::-.p:: pp||p|!|||||:|||l|§||::||||i||||;:s^ 

Styx I j 
j .(either: (involves; 12931/Sv * 129Xi/Sv} * C57BL/6J or (involves: I 
IC57BL/6)) | 
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? 

Styx j styxtmi36dS/StyxtmIJ*«B ! 
i (either; (invoives: 129Sl/Sv * 129Xl/SvJ * C57BL/6) or (involves: I 
CS7BL/6)} ! 

5 

Sunl 1 Sanl^'^/Suni*"1-*'5* \ 
\ (involves: C57BL/6J * FVB/N) s 

i :::::::::: 

•Swm2 : swrji2/swm2 I 
j (involves: C3HeB/Fe3 * C57BL/6J) | 

SwmS 

Sycel l SyceitalHs7Syc8i^SMsu 1 
j (involves: 129S7/SvEvBrd * C57BL/6) \ 

Syce2 
i (involves: CS7BU/6) i 

5 
Syce3 i S¥ca3«r»i8bSO/SvcQ3tmi^ | 

j (involves: 129Sl/Sv * i"29Xi/Sv3 » C578L/6) | 

. . Sycpl. . 

Sycp2 i SvcD2tm] )v"/Svcp2!:'?'i:i^ s 
| (involves: X2954/SvJae * C57BI/6) \ 

• 
Sycp3 1 Sycp3tmU'l'",'~'7Sycp3toiH0CK: 1 

(involves: i29P2/6laHsd * C57BL/6) j 

! Taidoi j Taldol^^'VTaldoi0"1^ 1 
i (invoives: 129S6/SvEvTac * C57BL/6) \ 

Tarbp2 

3 
Tbpll 1 Tbp!l^r'lRs7Tt5pri!mlR8r 1 

j (invoives: C57BL/6)' \ 

1:1:1: liliilli 

i 
Tcte3 

1 (involves: 129S1/SV * 129Xl/Sv3 * C578L/6J) f 

lilPillll 
| TdrdS 1 TdrdS^^VTdrdS1"115^ 1 

j (involves: C57B.L/6 * CBA) \ 

p:i 

| 
TdrdS 
Td rd 7 

j Tdrti^ChumyT^^gtmiCh^ j 
1 Tdfxi?l;n3'K:il,!,7Tdrd7tel-ia,"!!s \ 
j (involves: 129S4/SvJae * 129S8/Sv£vTac * C578L/S) j 

pM 
Tdrd6 

- 66 -



WO 2015/066768 PCT/AU2014/050339 

| Tdrd? IdrdZ^^yTdrdZ™^ j 
i (involves: C3H * C578L/6J) f 

| Tdrd 7 i; ji : i i ?: i i ?: i i ?: i i ?: i i ?: i i ?: i i ?: ? i ?: ? i ?: i i ?: i i ?: i i ?: i i ?: 

| Tdrd 9 j /Td • SCiwf> ii 

| (Involves: X29P2/OlaHsd * C57BI/6 * SJL) \ 

tiiiiiSiiiiii sll;|^1 ^11111111111111 
| Texll 
! 2Mrt 

i Te5fXXw>u:,"YY | 
! T a f ACTB- cre 12 M ft/ 0 \ 
| (Involves: X29S4/Sv3ae * C57BL/6 * FVB/N) [ 

liliiiiilll 
i ^ S ;i| ; I §; I §; I §; I §; I §; I §; I §; I §; I §; I §; I §; I §; I §; 1 ̂  

1 Texl4 1 14f;:'^: 

| (!29SS/SvEvTac) | 

IlllllPliiii 
1 TexlS ! TexlS^^/rexXS*"1^ \ 

\ (involves: i2i'S4/Sv3ae * C57BI/6) j 

| TexiOiiAnak : T^xi 0 a VTfex 101 t:"Kish 1 
(involves: C57BL/6NCr) I 

i Theg j TfjgQTsijroeSAiftVnfc^^gT^POES^lYhK f 
| (involves: C3H) \ 

i Tim : TimV(4'J/i';LiWVTim+ ! 
j (involves: C57BL/6J * DBA/23) j 

tlllllffllfllllt ||: 11 1 s 11111111111 :• 1:; 1:; 1:; 1:; 1:: 1:: 
| Tmfl ! TmfXteiUr,!r/TmfX'<miU!^ ! 

j (involves: 129/Sv •* ICR) j 

; 1; 1; 1; 1111111 

1 Tnp2 i Tf]p2trniW'sr'/TnD2-wiW'sr' \ 
: (involves: i29Sl/Sv * 129Xi/Sv3) j 

i Tpgsl Toas^50^'-''^ '" ; 

(involves: !29S/SvEv - C57BL/S) ; 

| Tpst2 
(involves: i29S6/5vEvTac * 129S7/SvEvBrd) j 

| Trp 73 j Tfp73trT!^!ak/TrD73,:mlM9fe ; 
| (invoives: i29P2/OlaHsd * C57BM6J) j 

! Tsc22d3 
N?! It ^11 ̂  Bis Is Is Is Is Is Is Is Is Is Is ^ 

tHiii^^^^^^^^^^^ffi§§§§§§§§§§§§§§l 
S: :l: 1 : ::PMP lM3 1! S: S S: S S: S S: 1S1S1S1S1S; S: ? S: ^ 
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Tsskl/Tssk2 

Tsskl/Tssk2 

Tsskl/Tssk2 

Tsskl/Tssk2 

TsskS 

Ttlll 

WMSSiM: 
Tyrpl 

IllliSill: 
Ube2b 

Ube2b 

Ubr2 

Uspl4 

VarigS2 

Vangl2 

VctacB 

Vrkl 

Vr>x2 

Tsski/Tssk2irai 3A37T&sk 1/TssklpM•'** 
(BS.129S5-Tsski/Tssk2tal-1 Agr) 

(B6.129 S5-T ssk 1 /Tssk2tm5 • 1Aar) 

(chimera involves: 129Xl/Svj) 

(chimera involves: 129Xi/SvJ) 

(involves: 129 C57SL/6) 
-Tf]} % 6«o^??9ar»^«^-|-v|j^(S(a?ti'?2s4i}!,8X 

(involves: 129S5/SvEvBrd * C57BL/6) 

• yrcu 
(involves: 101/Ri * C3H/RI) 

I^e2i3!::^7ube2b^* 
(either: (involves: l29P2/OlaHsd * C57BL/6) or (involves: 
l29P2/0!aHsd * FVB/N)) 

Ube2bWi5*Vu&e2bw,JJt«h 

(involves: i29P2/Ol3Hsd * FVB/Ni) 
|J U 1Y&Wy y 

(invoives: 129Sl/Sv x C57B^6) 

(C57BL/6j-Unc5cfOT) 

(involves: STOCK Mafbkf) 

V.i3n.yi2^7V3n.Q.i2i:" 
(B6"A(Cg)-V3ngT2Lp) 

Vanqi Vv'a r>oi2',k^? 

(involves: l29S6/SvEvTac * C578L/63) 

Vi.ldL 3 miw-7Vdac3wtw* 
(Not Specified) 

sftipjivlllfl 

(irooivesTi^ 
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i Wnt7a j Wnt7afBt"*"/WnL7§pif"?' \ 
i j CBS;C3Fe-Wnt7apx"2]/Grsrj) f 

1 Wnt7a 
s : •:: | f|lflitf|l|fflif|l® 
i Wnt7a 1 Wnt7aP7Wr>t7ap* 1 
i | (Involves: STOCK Soxl8Ra) f 

1 Wnt7a 

\ Wtl 
j (chimera involves: 129P2/GlaHsd * C5?BL/6]Lac * CBA/CaLac) s 

i Ybx2 i | 
i | (involves: 12&S7/5vEvBrd) j: 

| ZbtblS 1 7HH-"1 filil-SRi 1 
! trr <.? k W rivA.-? / J J t W *"r W J 

: (involves: C57BL/6 * Swiss) j 

i 

1 ZbtblS i 2&tbi6'72btb.l6,a \ 
\ (Not Specified) j 

; 2c3hcl i 2c3hclScil'^t!72c3hcX^*-230ay j 
| (B6.l29S6{Cg)-Zc3hcllml 2Jduv) j 

\ Zfpl48 j ZfQl48tml!<l!/ZfPl48+ f 
1 (Not Specified) \ 

\ Zfp384 
; •llfnvi vlliilliili $1. ii 

1 Zglpl \ zalni^t<i^ZQisiwl,!em \ 
J \ ((129Xi/Svi x 129Sl/Sv)Fi-Kitl+} | 

1 Zpbp 

I Zpbp2 i Zob^tZA/Zph?ttt,i™ | 

5 i 23im2CT?;t^7ZDbo2li,,JAi<4 t 
\ (involves: 12957/SvEvBrd * C578L/63) I 

[0126] In other embodiments, the fertility gene is selected from 
spermatogenesis genes, illustrative examples of which include those disclosed in 
US. Pat. Appi. Pub. 2005/0176943, the entire content of which are incorporated 

5 herein by reference, Representative genes include those comprising transcripts with 

nucleic acid sequences set out in SEQ ID NQs: 1 - 89 of this publication. Non-

limiting examples of these genes include AKAP110, Rbcc728, Trim36, Noppl40f 

ATR, HSpb, Spergen-1, arylsulfatase A, Drctnnbia, CDC14B, cystatin-reiated 

epididymal spermatogenic protein, pregnancy-induced growth inhibitor, fatty acid 

10 coenzyme A ligase, iong chain, Fern, major 80,000 Mr fibrous sheath component, 
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Glycerol phosphate dehydrogenase 1, mitochondrial, Lim domains containing 1, 

oaz~t, pctp-1, testis-specific phosphoglycerate kinase, phospholipase C delta 4, 
protamine 1, protamine 2, scot-tl, scot-t2f mitochondrial capsule selenoprotein, 
Sperizin, oppo 1, Gal beta-1, 3-GalNAc-speofic GalNAc alpha-2, 6-$iaiy!transfera$ef 

5 suppressor of fused homolog, t-actin 1, t-actin 2, t-complex Tcp-lOa, tektin-t, teek 

1, TP-2, tseC'l, tssk 1.2 substrate, serine/threonine kinase 22B (spermiogenesis 

associated), tsga2, Gapd-S, melchroacidm, halap-X, Ssecks, gsgi, haspln, gsg3, 
hilsl, shippol, and putative lysophosphatidic acid acyltransferase. 

[0127] In advantageous embodiments, the fertility gene is a gene located 
10 on a sex chromosome. In illustrative examples of this type, the fertility gene is 

located on the X chromosome (i.e., a X-1 inked fertility gene) such as, but not 
limited to, GILZ (TSC22d3), 

[0128] The fertility gene may be disrupted using any suitable technique. 

In some embodiments, disruption is carried out using a targeting construct in which 
15 a portion of the fertility gene is operativefy 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 
targeting cassette and the target site. For example, the target site may comprise 
an exonic or coding sequence, or a control sequence (e.g., a promoter), of the 

20 fertility gene and in certain embodiments, a disruptor sequence (e.g., marker gene) 
is positioned by the flanking portions of the targeting cassette to disrupt or replace 

at least a portion of the fertility gene thereby 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' untranslated sequence of 

25 the fertility gene, and the other substantially homologous to at least a portion of 
the 3' untranslated sequence of the endogenous gene. In other illustrative 

examples, 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 a polypeptide encoded by the fertility gene, 

30 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 

35 recombinase recognition sites (also known as acceptor sequences) that are located 

within or adjacent to that gene, and that are recognized by a site-specific 
recombinase protein that acts as a fertility 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 
intermolecular recombination between the sites. For example in the case of intra­
molecular recombination, when two recombination sites having an identical 

5 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 illustrative examples of these embodiments, a transgene 

10 comprising a site-specific recombinase coding sequence that is operably linked to a 
promoter is used to conditionally disrupt the fertility gene. Illustrative 
recombinases, which are site-specific, include Cre, modified Cre, Dre, Hp, FLP-wild 
type (wt), FLP-L, FLPe, Flpo or phiC31, Non-limiting examples of recombinase 

recognition sites include loxP, FRT, rax and attP/B. Recombination may be effected 
15 by any art-known method, e.g., the method of Doetschman et al. (1987, Nature 

330:576-578); the method of Thomas et al. (1986, Cell 44:419-428); the Cre-toxP 

recombination system (Sternberg and Hamilton, 1981, J, Moi, Biol, 150:467-486; 
Lakso ef al., 1992, Proc. Natl. Acad. Sci. USA 89:6232-6236); the FLP recombinase 
system of Saccharomyces cerevislae (O'Gorman et al., 1991, Science 251:1351-

20 1355; Lyznik etai., 1996, Nucleic Acids Res. 24(19):3784-3789); the Cre-loxP-
tetracycline control switch (Gossen and Bujard, 1992, Proc. Natl. Acad. Sci. USA 

89:5547-51); and ligand-regulated recombinase system (Keilendonk eta/., 1999, J. 
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, 

25 Nature Genetics 25:139-40). In specific embodiments, at least a portion of the 
fertility 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 

30 5'-AT A ACTT CGT ATAG CATAC ATT ATACGAAG TTAT-3' [SEQ ID NO: 1], An illustrative 

example of an FRT target site sequence is 5'-
GAAGTTCCT ATTCCGAAGTT CCTATT CT CTAGTA AGTAT AG G AACTT C -3' [SEQ ID NO: 2]. 

[0130] In other embodiments, the fertility gene disruptor molecule is an 
expression product that inhibits expression of the fertility gene by RNA interference 

35 (RNAi) or by post-transeriptional gene silencing (PTGS). In illustrative examples Of 
this type, the expression product is a RNA molecule (e.g., siRNA, shRNA, miRNA, 

dsRNA etc.) that comprises a targeting region corresponding to a nucleotide 
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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 elsewhere herein. 

[0131] In illustrative examples, the targeting sequence displays at least 
5 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, 87, 88., 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 nucleotide sequence of the target gene under at 

least low stringency conditions, more suitably under at least medium stringency 
10 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 least about 2 

M salt for washing at 42° C. Low stringency conditions also may include 1% Bovine 
15 Serum Albumin (BSA), 1 mM EDTA, 0,5 M NaHPO* (pH 7,2), 7% SDS for 

hybridization at 65° C, and (i) ZxSSC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM EDTA, 40 

mM NaHP04 (pH 7.2), 5% SDS for washing at room temperature. Medium 

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 

20 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 stringency conditions also may include 1% 

Bovine Serum Albumin (BSA), 1 mM EDTA, 0,5 M NaHP04 (pH 7.2), 7% SDS for 
hybridization at 65° C, and (i) 2 x SSC, 0.1% SDS; or (ii) 0.5% BSA, 1 mM EDTA, 

40 mM N3HPO4 (pH 7.2), 5% SDS for washing at 42° C. High stringency conditions 

25 include and encompass from at least 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 NaHP04 (pH 7.2), 7% SDS for hybridization at 65° C, and (i) 0.2 x 

30 SSC, 0.1% SDS; or (ii) 0,5% BSA, ImM EDTA, 40 mM NaHPO* (pH 7.2), 1% SDS 

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 
35 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 et 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 

5 molecule is unpolyadenylated, which can lead to efficient reduction in expression of 
the fertility gene, as described for example by Waterhouse et al. in U.S. Patent No, 

6,423,885. 

[0134] Typically, the length of the targeting region may vary from about 

10 nucleotides (nt) up to a length equaling the length (in nucleotides) of the fertility 
10 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 least about 50 nt, more usually 
at least about 100 nt, especially at least about 150 nt, more especially at least 
about 200 nt, even more especially at least about 500 nt. It is expected that there 

is no upper limit to the total length of the targeting region, other than the total 
15 length of the fertility gene. However for practical reason (such as e.,g,t stability of 

the targeting constructs) it is expected 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 

[0135] The RNA molecule may further comprise one or more other 

20 targeting regions (e.g., from about 1 to about 10, or from about 1 to about 4, or 
from about 1 to about 2 other targeting regions) each of which has sequence 

identity with a nucleotide sequence of the target gene. Generally, the targeting 
regions are identical or share at feast 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, 87, 88f 89, 90f 91, 

25 92, 93, 94, 95, 96, 97, 98, 99% sequence identity with each other. 

[0136] The RNA molecule may further comprise a reverse complement of 
the targeting region. Typically, in these embodiments, the RNA molecule further 

comprises a spacer sequence that spaces the targeting region from the reverse 
complement. The spacer sequence may comprise a sequence of nucleotides of at 

30 least 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 sequence is a non-coding sequence, which in some 
instances is an intron. In embodiments in which the spacer sequence is a non-
intron spacer sequence, transcription of the nucleic acid sequence will produce an 

35 RNA molecule that forms a hairpin or stem-loop structure in which the stem is 
formed by hybridization of the targeting region to the reverse complement and the 
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loop is formed by the non-intron spacer sequence connecting these "inverted 
repeats'. Alternatively, in embodiments in which the spacer sequence is an intron 
spacer sequence, the presence of intron/exon splice junction sequences on either 
side of the intron sequence facilitates the removal of what would otherwise form a 

5 loop structure and the resulting RNA will form a double-stranded RNA (dsRNA) 
molecule, with optional overhanging 3' sequences at one or both ends. Such a 

dsRNA transcript is referred to herein as a "perfect hairpin". The RNA molecules 
may comprise a single hairpin or multiple hairpins including "bulges" of single-

stranded RNA occurring adjacent to regions of double-stranded RNA sequences. 

10 [0137] Alternatively; a dsRNA molecule as described above can be 

conveniently obtained using an additional polynucleotide from which a further RNA 
molecule is producible, comprising the reverse complement 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 
15 polynucleotide, 

[0138] In another example, a dsRNA molecule as described above is 

prepared using a second polynucleotide that comprises a duplex, wherein one 
strand of the duplex shares sequence identity with a nucleotide sequence of the 
target gene and the other shares sequence identity with the complement of that 

20 nucleotide sequence. In this embodiment, the duplex is flanked by two promoters, 
one controlling the transcription of one of the strands, and the other controlling 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 molecule that inhibits the expression of 

25 the fertility gene. 

[0139] In another example, PTGS of the fertility gene is achieved using 
the strategy by Glassman et at, described in U.S. Patent Application Publication No 

2003/0036197. In this strategy, suitable nucleic acid sequences and their reverse 
complement can be used to alter the expression of any homologous, endogenous 

30 target RNA (/,&, comprising a transcript of the fertility gene) 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 

endogenous RNA in the host or can be encoded by any nucleic acid sequence in the 
genome of the host provided that nucleic acid sequence does not encode any target 

35 mRNA or any sequence that is substantially similar to the target RNA. Thus, 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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host eel! and which are in proximity to the targeting region. In other 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 
sequence does not have sequence identity with the nucleotide sequence of the 

5 fertility gene, wherein the regions are in proximity to the targeting region. In the 
above embodiments, one of the complementary RNA regions can be located 

upstream of the targeting region and the other downstream of the targeting region. 
Alternatively, both the complementary regions can be located either upstream or 

downstream of the targeting region or can be located within the targeting region 

10 itself. 

[0140] In some embodiments, the RNA molecule is an antisense molecule 
that is targeted to a specific region of RNA encoded by the fertility gene, which is 
critical for translation. The use of antisense molecules to decrease expression levels 

of a pre-determined gene is known in the art. Antisense molecules may be 
15 designed to correspond to fuii-Iength RNA transcribed 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 etal, (1998) Proc Nat! Acad Sci USA 

20 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 
encoded by a fertility gene fisted in Tabfe 2 and elsewhere herein. Exemplary 

25 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) mmibodies, 

30 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 art. 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., 
35 polyclonal sera and hybridomas) with isolated, purified or recombinant peptides or 

proteins corresponding to at feast a portion of a polypeptide product of a fertility 

gene, or as recombinant fragments corresponding to at least a portion of a 
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polypeptide product of a fertility gene, usually expressed in Escherichia colt, after 
selection from phage display or ribosome display libraries {e.g., available from 
Cambridge Antibody Technology, Biolnvent, Affitech and Biosite), Knowledge of the 
antigen-binding regions (e.g., complementarity-determining regions) of such 

5 antibodies can be used to prepare synthetic antibodies as described for example 

above. 

3.2Systems 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, 
10 non-human embryos that comprise a disrupted fertility gene may be created by 

crossing: 1) a first animal strain carrying a disruptabie fertility gene ("conditional 

infertility strain"); with 2) a second animal strain carrying an infertility-activating 
transgene that comprises a disruptor nucleotide sequence that codes for a fertility 

gene disruptor molecule that disrupts the disruptabie fertility gene ("infertility-
15 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. 

20 [0143] In some embodiments, the fertility gene of the conditional 
infertility strain is in the form of a transgene ("conditional infertility transgene") in 
which it is operabiy linked to a promoter and to recombinase recognition sites that 

permit disruption of the fertility gene in the presence of a recombinase. In these 
embodiments, the infertility-activating transgene comprises a coding sequence for 

25 the recombinase operably 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 
30 conditional infertility transgene of the conditional infertility strain are loxP 

sequences. In illustrative examples, crossing a female 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 homozygous for the 

infertility-activating transgene produces non-human animal embryos with at least 
35 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 
homozygous for the infertility-activating transgene produces non-human animal 
embryos including male embryos with at least some germ cells having a 

5 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 disruptabie fertility 

gene and (b) a first infertility-activating transgene that comprises a gene that 
10 disrupts a second disruptabie fertility gene ("first conditional infertility-activating 

strain"); with (2) a second animal strain carrying (a) a second conditional infertility 
transgene that comprises the second disruptabie fertility gene and (b) a second 
infertility-activating transgene that comprises a gene that disrupts the first 

disruptabie fertility gene ("second conditional infertility-activating strain"), wherein 
15 the first infertility-activating transgene specifically disrupts the second disruptabie 

fertility gene and wherein the second infertility-activating transgene specifically 
disrupts the first disruptabie fertility gene, thereby generating transgenic non-
human host embryos that comprise germ ceils having a disrupted fertility gene, 

Except for the elements of the first and second conditional infertility transgenes 
20 that mediate disruption of the first and second disruptabie fertility genes in the 

presence of the infertility-activating transgenes, the fertility genes of the 

conditional infertility transgenes are suitably the same or corresponding genes. In 
these embodiments, crossing a breeding partner of the first conditional infertility-
activating strain that is homozygous for the first conditional infertility transgene 

25 and the first infertility-activating transgene with a breeding partner of the second 
conditional infertility-activating strain that is homozygous 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 

30 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 disruptabie fertility gene operably connected to a promoter and 
35 to first recombinase recognition sites, which mediate disruption of the first 

disruptabie 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 to a promoter, wherein the second recombinase 
specifically recognizes second recombinase recognition sites. The second conditional 
infertility transgene suitably comprises the second disruptabie fertility gene 
operably connected to a promoter and to second recombinase recognition sites, 

5 which mediate disruption of the second disruptabie 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 recognition sites. 
In illustrative examples of this type, the second recombinase encoded by the first 

10 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 
sequences. In other illustrative examples, the second recombinase encoded by the 

15 first infertility-activating transgene is Cre, the recombinase recognition sites 
included in the first conditional infertility transgene are Frt sequences, the first 
recombinase encoded by the second infertility-activating transgene is FLP, and the 
recombinase recognition sites included in the second conditional infertility 
transgene are IoxP sequences. 

20 [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 transgene are IoxP sequences, the first recombinase encoded 
by the second infertility-activating transgene is Cre, and the target sites included in 
the second conditional infertility transgene are Frt sequences. In these 

25 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 
transgene and the second infertility-activating transgene produces non-human 

30 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 disruptabie fertility gene ("conditional infertility strain"); with 2) a second animal 

35 strain carrying an infertility-activating transgene that comprises a disruptor 
nucleotide sequence that codes for a fertility gene disruptor molecule that disrupts 
the disruptabie 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, moiecuies that mediate RNA interference such as 
SiRNA, shRNA, miRNA; etc.), inhibitory polypeptides (e.g., antibodies, polypeptide-
binding partners, dominant negative polypeptides, enzymes etc) or any other 

5 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 expression-modulating element operably 
linked to the disruptor nucleotide sequence, wherein the element conditionally 
inhibits expression of the disruptor nucleotide sequence and the conditional 

10 infertility strain carries an activator transgene that inhibits the activity of the 
expression-modulating element, resulting 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 

15 in which the activator transgene is expressed leading to inhibition of the 
expression-modulating element and to de-inhibition of expression 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 homozygous for the 

20 activator transgene with a breeding partner of the infertility-activating strain that is 
homozygous for the infertility-activating transgene produces non-human animal 
embryos with at least some germ cells having a homozygous disruption of the 
fertility gene. 

[0149] In some embodiments, the expression-modulating element inhibits 
25 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 nucleotide sequence under a second condition, In 
some embodiments, the expression-modulating element comprises an inhibitor 
nucleotide sequence (e.g., a transcription terminator) that inhibits expression of the 

30 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 sequence for the recombinase, operably connected 

35 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 second 
breeding partner is female. 
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[0150] In illustrative examples of this type, the disruptor nucleotide 
sequence is expressed conditionally by operably linking the disruptor nucleotide 
sequence to an inducible transcriptional regulation system. Transactivators 
produced from the activator transgene interact specifically with sequences 

5 engineered into regulatory elements operably connected to the disruptor nucleotide 

sequence to induce transcription of that nucleotide sequence in the presence of an 
expression product of the activator transgene. Thus, in these embodiments, the 
activator transgene typically comprises a nucleic acid sequence encoding a 

transcriptional inducer and the expression-modulating element comprises a a 
10 binding site for the transcriptional inducer that is operabiy connected to the 

promoter of the disruptor nucleotide sequence, whereby production of the 
transcriptional inducer causes an increase or elevation in expression of the 
disruptor nucleotide sequence and in the level or functional activity of the fertility 

gene disruptor molecule. In representative examples of this type, the 
15 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 operabiy connected to the disruptor nucleotide sequence and 
with which the DNA-bindtng domain(s) interact(s) to activate transcription of the 

disruptor nucleotide sequence. In operation, transcription of the activator transgene 
20 results in the production of the transcriptional inducer which, In turn, interacts via 

its DNA-binding domain(s) with the promoter of the disruptor nucleotide sequence 

and via its transcriptional activation domain with transcriptional machinery to 
activate transcription of the disruptor nucleotide sequence, which results in an 
increase or elevation in the level or functional activity of the fertility gene disruptor 

25 molecule. 

[0151] Non-limiting examples of transcriptional activation domains include 
the acid transactivation domain (TAD) of HSVi-V'P'16 (e.g., amino acids 406 to 488, 
Triezenberg eta/., 1988, Genes & Development 2:718-729; Triezenberg, 1995, 
Current Opinions in Genetics and Development 5:190-196; or amino acids 413 to 

30 490, Regier etaL, 1993, Proc Natl Acad Sci USA. 90(3):883-887; or amino acid 

411 to 487; or amino acids 453-499; or amino acids 413 to 454; or amino acids 
410 to 452, Walker eta/., 1993, Mol Cell Biol, 13(9'):5233-5244; amino acids 411 

to 455, Nettelbeck etaL, 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. 

35 14(9):6046-6055; or amino acids 3 to 154, Das et aifi 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 etaL, 1992, J Biol Chem. 267(13):8984-8990; van 
Hujisduijnen eta!., 1990, EMBO J. 9(10):3119~3127; Sinha etal, 1995, Proc Natl 
Acad Sci US A, 92(5): 1624-1628; Coustry etal, 1995, J Biol Chem, 270(1):468-
475), the activation domain of ITF2 (e.g., amino acids 2 to 452, Seipel etaL, 1992, 

5 EMBQJ. 11(13):4961-4968), the activation domain of c-Myc (e.g., amino acids 1 to 
262, Eilers etal. 1991, EMBQJ, 10(1): 133-141), the activation domain of CTF 
(e.g., amino acids 399 to 499, Mermod etal,, 1989, Ceil 58(4):741-753; Das and 
Herr, 1993, J Biol Chem 268(33):25026-25032) or the activation domain of P65 
(e.g., amino acids 286-550). In some embodiments, the DMA-binding domain is 

10 selected from the DNA-binding domain of the Ga!4 protein (e.g., amino acids 1 to 
147, Chasman and Kornberg, 1990, Mol Cell Biol: l0(6):2916-2923), the DNA-
binding domain of the LexA protein (e.g., amino acids 1 to 81, Kim etal., 1992, 
Science 10;255(5041);203-2G6; or amino acid 2-202; or the whole LexA protein 
e.g., amino acids 1 to 202, Brent and Ptashne, 1985, Cell 43(3 Pt 2):729-736), the 

15 DNA-binding domain of the iac repressor (Lacl) protein (e.g.. Brown etal:, 1987, 
Cell 49(5):603-612; Fuerst et al, 1989, Proc Natl Acad Sci USA. 85(8): 2549-
2553), the DNA-binding domain of the tetracycline repressor (TetR) protein (e,gt 

Gossen et al., 1992, Proc Natl Acad Sci USA. 89(12): 5547-5551; Dingermann et 
ah, 1992, EMBO J. 11 (4): 1487-1492) or the DNA-binding domain of the ZFHD1 

20 protein [e.g, Pomerantz et al., 1995, Science 267(5194):93-96), It is generally 
advantageous to add a nuclear localization signal (NLS) to the 3' end of the DNA-
binding domain. 

[0152] The promoter that is operably connected to the disruptor 
nucleotide sequence suitably comprises a c/s-acting sequence with which the 

25 transcriptional inducer interacts. The ds-acting sequence comprises a binding 
sequence for the transcriptional inducer and particularly for its DNA-binding 
domain. The binding sequence, therefore, depends on the choice of the DNA-
binding 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 

30 but not limited to: nucleotide sequence: 5'-CGGACAACTGTTGACCG-3' [SEQ ID 
NO:3] as for example described by Chasman and Kornberg (1990, supra); or 
nucleotide sequence: 5'~CGGAGGACTGTCCTCCG 3' [SEQ ID NO:4]; or nucleotide 
sequence: 5'-CGGAGTACTGTCCTCCG-3' [SEQ ID NO:5] as for example disclosed by 
Giniger etal. (1988, Proc Natl Acad Set U S A. 85(2):382-386); f'B) a binding 

35 sequence for the Gal4 protein such as but not limited to: nucleotide sequence: 5'-
TACTGTATGTACATACAGTA-3' [SEQ ID NO:6]; or the LexA operator as for example 
disclosed by Brent and Ptashne (1984, Nature 312(5995):612-615); (C) a lac 
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operator such as but not limited to nucleotide sequence: 5'-
GAATTGTGAGGCTCACAATTC-3' [SEQ ID NO: 7], to which the LacI repressor protein 
binds, as for example described by Fuerst et al. (1989, supra) and Simons et at, 
(1984, Proc Natl Acad Sci U S A. 8i(6):1624-1628); (D) a tetracycline operator (tet 

5 0} such as but not limited to nucleotide sequence: 5'"-
TCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAG-3' [SEQ ID WO:8] to 

which the tetracycline repressor (TetR) protein binds; (E) a binding sequence for 

the 2FHD-1 protein such as but not limited to: nucleotide sequence: 5'-

TAATGATGGGCG-3' [SEQ ID MO:9] as for example described by Pomeranz etal. 

10 (1995, supra); (F) a binding sequence for the c-Myc protein such as but not limited 

to: S'-GGAAGCAGACCAGCTGGTCTGCTTCC-B' [SEQ ID NO: 10]. 

[0153] In other embodiments, conditionaf expression of the disruptor 
nucleotide sequence is regulated by a recombinase system that is used to turn on 

the expression of that sequence. In non-limiting examples of this type, the 
15 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 sequence comprises a transcriptional terminator that 
inhibits or otherwise suppresses transcription of downstream sequences, Desirably, 

20 the intervening sequence 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 

25 recombinase system comprises a split or divided transgene including an upstream 
portion and a downstream portion of the disruptor nucleotide sequence and an 

excisable intervening sequence, which is interposed between the upstream and 
downstream portions. The upstream portion is operably connected to a promoter 
but the intervening sequence inhibits or otherwise suppresses transcription of the 

30 downstream portion, thereby preventing expression of a functional fertility gene 

disruptor molecule. Production of a site specific recombinase by expression of the 
disruptor nucleotide sequence excises the excisable intervening sequence to 

thereby render a full-length transcribabie disruptor nucleotide sequence which 
permits production of a functional fertility gene disruptor molecule. 

35 [0154] Thus, in some advantageous embodiments as noted above, the 
crossings will result in the generation of non-human embryos, 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., spermatogenesis or sperm 
function) is inhibited. 

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

5 3,3 Donor piuripotent cells 

[0156] Donor pluripotent cefis are generally capable of differentiating into 
germ cells, such as ES cells, epi stem ceils, E<3 cells and iPS ceils. 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. 
10 The transgene can be introduced into a pluripotent cell using vectors that facilitate 

introduction of the transgene into the genome of the piuripotent 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 Animal Transgenesis (2011, 
15 edited by S. Pease and T. L Saunders, Springer Protocols Handbooks) and 

Transgenic Animals, Generation and Use (1997, edited by L. 

M, Houdebine, Hardwood Academic Publishers), 

[0157] A donor pluripotent cell may be a male piuripotent cell (XY) or 
female pluripotent cell (XX), or an XO pluripotent ceil. In specific embodiments, the 

20 donor pluripotent cell is a male pluripotent celi. Male (XY), female (XX) and XO 
pluripotent ceiis can be introduced into pre-implantation host embryos using any 
suitable technique. 

[0158] Donor pluripotent ceils from one species of non-human mamma! 
can be introduced to a host of a different species of non-human mammal to 

25 produce germ cells derived from the donor pluripotent ceils. In illustrative examples 
of this type, the donor pluripotent ceiis are derived from non-human primates, 

equines such as horses, sheep, goats, iagomorphs such as rabbits, dogs, cats, 
cattle, zoo animals as well as endangered or exotic mammals. In some 
embodiments, the donor piuripotent cells are iPS ceiis. 

30 3.4 Non-human host embryos 

[0159] Non-human host embryos that may be used for introducing 

pluripotent ceils include embryos of any non-human animal species, including non-

human mammals, such as non-human primates and rodents, According to some 

embodiments of the present invention, the non-human host embryo is a rodent 
35 embryo, particularly a mouse or rat embryo. Generally, the non-human host 

embryo is from the same species as the piuripotent cell. However, in some 
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embodiments, the non-human host embryo is from a different animai species (e.g., 

different mammalian species) than the pluripotent cell. The non-human host 
embryo Into which the pluripotent ceil is introduced is generally a pre-implantation 
non-human host embryo, including an embryo that Is a 2-celI stage, a 4-cell stage, 

5 a 8-cell stage, a 16-ceil 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 
10 embryological age stages El, El.5, E2, E2.5, E3 and E3.5 for mouse embryos. 

Suitably the pre-implantation non-human host embryo is selected from host 
embryos having a developmental stage selected from a Theiler Stage 2 (T52), a 
TS3, a TS4, a TS5 and a TS6, with reference to the Theiler stages as described in 

Theiler (1989) The House Mouse: Atlas of Mouse Development, by Theiler Springer-
15 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. 

20 [0160] Generally, one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,11, 12, 
13, 14, 15, 16) donor 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-ceii 
stage, a 8-cell stage, a 16-ceil stage, a 32-cell stage, a 64-celi stage embryo, a 
morula or a blastocyst. In some embodiments, the host pre-implantation embryo is 

25 a blastocyst and the number of donor piuripotent cells introduced is 6 to 12 cells. In 
illustrative examples of this type, the host embryo is an 8-ceil stage embryo and 
the number of donor pluripotent cells is 2 to 10 cells. 

3.5Introduction of pluripotent cell into host embryo 

[0161] Any suitable method can be used to introduce a donor pluripotent 
30 ceil into a pre-implantation non-human host embryo. For 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 embryo's zona pellucida 

for early-stage embryos and into the blastocysts cavity (biastocoel) using an 

inverted microscope fitted with micro-manipulators for blastocysts. Approximately 
35 9-10 stem ceiis (ES or iPS or epi stem cells) are injected per blastocysts, or 8-cell 

stage embryo, 6-9 stem cells per 4-cell stage embryo, and about 6 stem cells per 

2-cell stage embryo, Stem cell injection may be assisted with a laser or piezo 
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pulses drilled opening the zona peilucida, (see Kraus etaL, 2010, Genesis 48:394-
399). Alternatively, stem cells can be aggregated with morula or injected into early 
stage embryos (e,g, 2-cell, 4-cell, 8-cell, premorula or morula) with or without the 
zona peilucida. 

5 3.6Gestation of embryos, chimeric animals and offspring 

[0162] Gestating the embryos under conditions suitable for development 
of the embryos is performed according to standard methodology. The non-human 

embryos including donor pluripotent ceiis: are implanted into pseudopregnant 

females as known in the art (see, Manipulating the Mouse Embryo: A Laboratory 
10 Manual, 3rd edition (A. Nagy et al. 2002, CSHL Press, ISBN-10: 0879695919; Nagy 

etal., 1990, Development 110, 815-821; U.S. Pat. No, 7,576,259, U.S. Pat. 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 weeks 

of age are mated with vasectomized or sterile rodent males to induce a hormonal 
15 state receptive to supporting artificially introduced rodent embryos. Such females 

are termed pseudopregnant. At 2.5 dpc up to 15 of the stem ceif containing 

blastocysts are introduced (implanted) into the uterine horn. For early stage 
embryos and morula, such embryos are either cultured in vitro into blastocysts or 
implanted into 0,5 dpc or 1,5 dpc pseudopregnant females according to the embryo 

20 stage into the oviduct. 

[0163] Chimeric non-human animals developed from the implanted non-
human embryos develop to term after the transfer, birth being dependent upon 
embryo age at implantation and species. Two types of chimeric non-human animals 
are produced by this process: those that comprise endogenous germ cells or 

25 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 ceil, 

[0164] When these chimeric non-human animals are bred to generate 
offspring with cognate non-human animals that comprise a functional fertility gene, 

30 the chimeric non-human animals that comprise endogenous germ cells or gametes 

having a disrupted fertility gene wtfl 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 

35 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 
sperm or offspring. Methods include, but are not limited to, sequencing. Southern 
blot analysis, SNP analysis, PGR technologies as well as protein markers, coat color 
markers, isozyme analysis (e.g., GPI, glucose phosphate isomerase isozyme 

5 analysis) and detection of any reporter genes or transgenes present in the stem 
ceils using standard methods well established in the art. 

[0166] The gametes of the first litter offspring may be collected and used 
for in vitro fertilization (IVF) or artificial insemination (Al). The gametes isolated 

from the first litter offspring can also be cryopreserved and stored using methods 
10 known 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, 

[0167] IVF methodology is well-established. See, for example, Nagy etaL 

(2002, Manipulating the Mouse Embryo; A Laboratory Manual, 3rd edition, CSHL 
15 Press), IVF generally comprises collecting oocytes and sperm from a female and a 

male respectively, fertilizing oocytes from the female with sperm from the male and 

maintaining the resulting fertilized oocytes under suitable conditions for 
development of the fertilized oocytes into embryos. Embryos may be harvested at 
different stages. The female may be superovulated before oocytes are collected for 

20 IVF. Fertilization may be achieved by IVF, intracytoplasmic sperm injection or zona 
drilling. See, for example, Nagy et al, (2002, supra); Byers etal, (2006, 

Theriogenology 65:1716-26); Ostermeier etal. (2008, PLOS One 3(7):e2792), IVF 
can be a useful tool to increase the numbers of embryos obtained from a single 
female, 

25 [0168] Intracytoplasmic sperm Injection (ICSI) may be used to improve 
fertiiization rates or to achieve fertilization. The ICSI procedure involves removal of 
the cumulus cells surrounding oocytes and injection of the sperm or haploid 

spermatids into the oocytes, ordinarily through a glass pipette (see, Kimura et al, 

1995, Biol Reprod. 53(4) :855-62). Spermatids, spermatogonia! stem cells and male 
30 germ ceiis can be differentiated in vitro and then used for ICS! (Marh et al,, 2003, 

Biol Reprod 69(l):169-76; Movahedin etal., 2004, Andrologia 36(5):269-76; 
Ggura etaL, 1996, J Assist Reprod Genet. 13(5):4-3i-4; Shinohara etal., 2002, 

Hum Reprod 17(12):3039-45; Chuma etal, 2005, Development 132(1): 117-22), 

[0169] As an alternative to collecting mature oocytes for IVF from a 

35 female, immature oocytes may be obtained and allowed to mature in vitro, a 
technique known as "in vitro maturation". In other embodiments, follicles, e.g., 
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primary follicle or germ cells, may be isolated from the female and cultured in vitro 

to obtain oocytes useful for fertilization. In mammals, only a small fraction of 
immature oocytes develop into mature oocytes; the rest degenerate and die. By 

isolating immature oocytes from animals and allowing them to mature in vitro, one 
5 can obtain many more oocytes suitable for IVF from a given female in a short time 

frame, Mammalian oocytes are known to undergo maturation in vitro. In the case of 

mice, cattle and other mammals, in vitro matured oocytes have been fertilized in 

vitro and given rise to normal healthy offspring when embryos were transferred to 

an appropriate uterus (Schroeder eta!., 1984, Dev. Biol. 102:493; Sirard etal,, 

10 1988, Biol, Reprod, 39:546), In vitro maturation technique is well known in the art. 
See, for example, Chiu et al. (2003, Human Reprod. 18: 408-416) and O'Brien et 

al. (2003, -Biol. Reprod. 68:1682-1686). 

[0170] Artificial insemination is a process of fertilizing, female animals by 

manual injection or application of sperm. In such a procedure, male animals are not 
15 required at the time of insemination; stored sperm obtained from the animals can 

be used (see, Wolfe, 1967, Lab Anlm Care 17(4):426-32 and Sato etal,, 2002, J 
Assist Reprod Genet l9(ll):523-30). 

[0171] Other methods that can be used to generate live offspring from the 
first litter offspring including surgical oocyte retrieval, ovary transfer, ovary 

20 splitting, ovary fragment transfer, in vitro maturation of oocytes, follicles, 
spermatogonia! stem cells, in vitro 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 spermatogonia! pluripotent cells of 

25 maie first litter offspring are collected. In other embodiments gametes, germ cells 
or spermatogonia! pluripotent cells are cryopreserved. In other embodiments, 
female first litter offspring are used to produce offspring by breeding. In still other 

embodiments gametes of female first litter offspring are isolated, In illustrative 
examples of this type, ovaries of the female first litter offspring are isolated. In 

30 other illustrative examples gametes or ovaries of female first litter offspring are 

cryopreserved. 

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

35 
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EXAMPLES 

EXAMPLE 1 

GENERATION OF CONDITIONAL GILZ (Tsc22d3) KNOCKOUT MICE 

[0X74] A targeting vector was constructed to flank exon 4 
5 (ENSMUSE000DQ815383) of the mouse Tsc22d3 (ENSMUSG00000031431) gene 

with IoxP sites via homologous recombination. Cre-recombinase mediated 
recombination of the IoxP sites leads to the deletion of exon 4 {e.g., of transcript 

Tsc22d3-006 with the following Vega accession No. OTTMUST00000045354), The 

CDS of exon 4 codes for the complete sequence of the TSC22 (PF01166) domain. A 
10 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 selection cassette was flanked with FRT sites 
to enable removal by FLP-mediated recombination. Individual IoxP sites were 

inserted upstream of exon 4 and downstream of the selection cassette. The 5' and 
15 3' homology arms of the vector were approximately 8.0kb and S.Okb, 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 subsequently transferred into pseudopregnant 

20 CBB6F1 foster females. The resulting chimeras were crossed to C57BL/6 females. 
Their offspring were selected by coat color and further analyzed by Southern blot 
analysis. The neomycin cassette was removed by crossing targeted mice to a 

C57BL/6 FLPe-recombinase strain. 

EXAMPLE 2 

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

[0177] 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 chorionic gonadotropin and mated for 24 h to 
30 C57BL/6 Cre-recombinase males. Six days after the first injection blastocysts are 

extracted from the Tsc22d3 conditional knockout females. These blastocysts are 
used as recipients for microinjection of targeted BALB/c ES-cells and the 
micro injected blastocysts are transferred into pseudopregnant CBB6F1 foster 

females. The resulting chimeras are crossed to BALB/c females, Male chimeras with 
35 testis derived from blastocyst cells are expected to be sterile. 
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EXAMPLE 3 

GENERATION OF CONDITIONAL KNOCKOUT MICE AS BLASTOCYST DONORS 

[0178] Conditional Knockout of a fertility gene ROSA26 Allele Variant A 

contains a nucleotide sequence that codes for a disruptor molecule (e.g., shRNA 
5 which has a transcript of a fertility gene as target, antibody directed against a 

protein that is encoded by a fertility gene, etc,). A.flexed 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 CDS for a Cre recombinase. 
10 An non-limiting example of a targeting vector for making a targeted RGSA26 Allele 

B is shown in Figure 3. 

[0180] Breeding partner one is homozygous for the ROSA26 Allele Variant 

A, 

[0181] Breeding partner two is homozygous for the ROSA26 Allele Variant 

15 B, 

[0182] Breeding partner one can be male or female. Breeding partner two 

vice versa. 

[0183] The offspring from crossing Breeding partner one with Breeding 
partner two will result in embryos with one ROSA26 Allele Variant A and one 

20 ROSA26 Allele Variant B, as for example shown in Figure 4, The recombinase of 
ROSA26 Allele Variant B will remove the STOP cassette in ROSA26 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 

25 INTRODUCTION OF PLURIPOTENT CELLS INTO EMBRYOS WITH TARGETED FERTILITY GENE 
AND PRODUCTION OF FIRST-UTTER OFFSPRING 

Materials & Methods 

[0184] C57BL/6 Tsc22d3 conKO/conKO female mice or female wt control 
mice (BALB/c x C57BL/6 albino, agouti in case of targeted Bruce4 C57BL/6 ES-cells 

30 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 (KI) 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/c ES-cells and BALB/c 
in case of targeted Bruce4 C57BL/6 ES-ceiis). On the following day the mating 
partners were separated. The resulting blastocysts of the mating were harvested 3 

5 days after the separation and used for injection of targeted BALB/c and Bruce4 
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 C57BL/6 mice in case of targeted 

Bruce4 C57BL/6 cells. The offspring were assessed for coat color at 10 days of age 
10 and genotyped at 21 days of age by Southern-Blot analysis. 

Results 

Injection of a targeted BALB/c ES-cell line 

[0185] Injected Tsc22d3 KO/KO blastocysts were transferred into three 

recipients and resulted in 16 chimeras of which 11 were male which were used for 
15 further breeding. Five low percentage chimeras produced no 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 expected for animals which were derived from targeted 
BALB/c ES-cells (see, Figure 5). 

20 [0186] Sixty-three of these 146 animals were genotyped with Southern 
Blot Analysis ({see, Figure 6r Southern Blot). Thirty-one (49%) animals were 
determined as wt/targe ted and 32 (51%) as wt/wt mice. 

[0187] As a control the same BALB/c ES-cell line was also injected into wt 
BALB/c x C57BL/6 albino blastocysts and transferred into 14 recipients- This 

25 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 C57BL/6 Bruce4 ES-cell line 

30 [0188] Injected Tsc22d3 KO/KO blastocysts were transferred into two 
recipients and resulted in a total of three chimeras of which three were 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 Fl and 
the injected ES cells are on a Bruce4 C57BL/6 background, phenotyping based on 

35 the coat color was not possible. Instead, eight mice were genotyped by Southern-

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

[0189] As a control, the same Bruce4 C57BL/6 ES-cell line was also 
5 injected into wt BALB/c x C57BL/6 albino, 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 
forty-nine of these animals were assessed for coat color. Fifty-two (35%) mice had 
a black coat color (ES cell derived) and 97 (65%) an agouti coat color (blastocyst 

10 derived). 

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

15 lines carrying different genetic modifications. 

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

[0192] The citation of any reference herein should not be construed as an 
20 admission that such reference is available as "Prior Art" to the instant application. 

[0193] Throughout the specification the aim has been to describe the 
preferred embodiments of the invention without limiting the invention to any one 
embodiment or specific collection of features. Those of skill in the art will therefore 
appreciate that, in light of the instant disclosure, various modifications and changes 

25 can be made in the particular embodiments exemplified without departing from the 
scope of the present invention. All 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 5 

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 10 

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 15 

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. 20 

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 25 

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 30 

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 35 

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 5 

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 10 

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 15 

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 20 

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 25 

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 30 

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 35 

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. 5 

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 10 

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 15 

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. 20 

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 25 

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.  30 

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 35 

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 5 

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. 10 

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 15 

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 20 

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 25 

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 30 

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 35 

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 5 

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 10 

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 15 

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 20 

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. 25 

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 30 

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 35 

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 5 

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 10 

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. 15 

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 20 

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 25 

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 30 

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. 35 

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 5 

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 10 

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 15 

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 20 

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. 


