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Ooon
£D: BB T i S BEAB LA HDREFE DU X
BT 2] TEASL T HDREFM
# L WBi AR SR IL(RVD)E GSDNAZ UTRISL, 5 753~
FEMITALEN B BiR%
hr S
R: RVDIZAMITALENLEE{E
3u8 B B 2
F3
Cag9/CRISPR, sgRNA:
gRNARH. 553
IL2Ry 1,3 L: HD HD HD NI NININN TTCCACTCTACCCCCCCCAAAGG
NN NG NG HD NINN NG NN
NG NG NG (R H4) TTCAGTGTTTTGTGTAAGCTTCAA
TGTTGAGTACATGAATTGCACTT
R: HD HD NI NI NN NG NN .
HD NI NI NG NG HD NI NG GGGACAGCAGCTCTGAGCIC
NN NG NI HD NG ¥ (HES27)
&5
RAG2 1,3 L:NIHDHDNGNGHD HD | CTCTAAGGATTCCTGCCACCTTCC
NG HD HD NG HD NG HD
HD NN HD NG (51 % 56) TCCTCTCCGCTACCCAGACTAAG
CTTTGCACATTCAAAAGCAGCTT
R: HD NG NI NI NN HD NG AGGGTCTGAAAAACATCAGT
NN HD NG NG NG NGNNNI (BEFI % H28)
NING (A% 57
APC 2.3 L: NN NN NININNNININN | CCAGATCGCCAAAGTCACGGAAG
' NG NI NG HD NI NN HD HD -
NING (B3I 538) AAGTATCAGCCATTCATCCCTCC
CAGTGAAGCTTACAGAAATTICTG
R:NNNIHD HD HDNINNNI
NI NG NG NG HD NG NN NG GGTCGACCACGGAGTTGCACT
. w2 F ) (Bl 513 T2
P33 2.3 L:NNNNHDNIHDHDHD | AGCTCGCCACCCCCGCCGGHGCAC
NN NG NN NG HD HD NN
HD NN HD (&A1 5 10) CCGTGTCCGCGCCATGGCCATCT
AAGCTTAAAGAAGTCAGAGTACA
R: HD NI NG NN NG NI HD
NG HD NG NN NI HD NG TGCCCGAGGTGGTGAGGCGCT
NG (A& 11) (BRI F30)
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KISSR 3

L: NN HD NG HD NG NI HD
NG HD NG NI HD 1D HD BD
B E T 12)

R: NN HD NITHD NING NN NI
NI NN NG HD NN HD HD HD
NI (A& =13)

GTGCTGCGTGCCCTTTACTGCTCT
ACTCTACCCCCTACCAGCCTAAG
CTTGTGCTGGGCGACTTCATGTG
CAAGTTCCTCAACTACATCC (RH
#HH3n

EIF3GI 13,7

1. HD HD NN NG HD HD NG
NGNGNNHD HDNINIHD
HD NG NG (G518 514

R: NG NN NN NN NNNNHD
HD HD NI HD NN NN NG NG
NN HD NG ®M#& 515

CCCAGACTTCACTCCGTCCTTTGC
CGACTTCGGCCGACCAGCCCTTA
GCAACCGTGGGCCCCCAAGGGAT
GGGCCAGGTGGGGAGCTGCC
(AFI#H32)

LDLR 3

L: HE NG HD HD NG NIEHD
NI NI NN NG NN NN NING
NG NG (EA&HH10)

R: HD NN NN NI HD HD HD
NNNGHD HD NG NG NN HD
NIHD NG (B3 8517

CCGAGACGGGAAATGCACCTCCT
ACAAGTGGATTTGTGATGGATCC
GAACACCGAGTGCAAGGACGGG
TCCGCTGAGTCCCTGGAGACGT
(BLAEH33)

DMD 3

L: NN NN NI HD NG NN NI
HD HD NI HD NG NI NG NG
(LA 18y

R:NINNNINNNININGNN
NG NN NN NG HD HDNINN
HD (fe#&% 519

AAAGTGGCCTGGCCCAACCCCTG
GACTGACCACTCGAGTATTGAAG
CACGTAAGTATGCTGGACCACAT
TCTCTATGGCTGTAGACATTIC

(P55 34)

NKX2-5 |6

L: HD NN HD NI NN NN HD
NI HD NI NN NN NG HD NG
NIHD BlF1& 320

R: NI HD HD NN HD NG NN
HD NG NN HD NG NG NN N1
EHE 2D

CTCTTTTCGCAGGCACAGGTCTA
CGAGCTGGAGCGACGCTTCTAAG
CTTGCAGCAGCGGTACCTGTCGG
CTCCCGAGCGTGACCAGTTGG

(R A 7533)

MESP] |6

L: NN HD NN NN NG NG NN
HDNGHD HD HD HD HD NN
HD HD (g2sifs2n

R: NN NN HD HD NN NN NN
NN HD NN HD NG NN HD NI
HD HD (#5E 23

TGCGGTTGCTCCCCCGCCTCGTCC
CCGTAAGCTTGACTCCTGGTGCA
GCGCCCCGGCCAG (MH#H536)
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GATA4

L: NI NG NN NG NG NG NN
NI NG NN NI HD NG NG HD
(AlA 5 H524)

R: NN NN HD HD HD HD NN
HD NI NN NG NG NN NI HD
NLHD (B#E 525

AACCCTGTGTCGTTITCCCACCCA
GTAGATATGTTTGATGACTAAGC
TTCTCGGAAGGCAGAGAGTGTGT
CAACTGCGGGGCCATGTCCAC
(BHE 37y

P65

Cas9/CRISPR, sgRNA:
CGTCACCAACGGTCTCCTC
TCGG (A &EH206)

GCTCCCACTCCCCTGGGGGCCTC
TGGGCTCACCAACGGTCTCCTCC
CGGGGGACGAAGACTTCTCCTCC

ATTGCGGACATGGACTTCTCA

(A5 & H38)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/027995

A. CLASSIFICATION OF SUBJECT MATTER

INV. AQlK67/027
ADD.

Aocvarding to Intermational Patent Classifioation {(IPC) or to both national olassification and IPC

B. FIELDS SEARCHED
Minimum cocumsntation searchaed (classification aystam followed by classification saymbaole)

ADLK

Documentation searched cther than minimum documentation to the extent that such documents are included in the fiskds searched

Elactronic data base Ited during the intematicnal searsh {name of data base and, where prasticable, search terms used)

EPO-Internal, WPI Data, BIOSIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Gitation of dosument, with indication, where appropniate, of the relevant passages Relevant to claim Na.
X YUYU NIU ET AL: "Generation of 1,6,7,
Gene-Modified Cynomolgus Monkey via 10-12

Cas9/RNA-Mediated Gene Targeting in
One-Cell Embryos",

CELL,

vol. 156, no. 4,

30 January 2014 (2014-01-30), pages
836-843, XP055176948,

ISSN: 0092-8674, DOI:
10.1016/j.cel1.2014.01.027

Y the whole document 1-7,
10-12

Further doocuments are listed inthe oontinuation of Box C. See patent family annax.

* Special categories of cited documents :

'T* later dooument published after the intemationalfiling date ar prionty
date and not in confliot with the applioation but cited to understand

"A" decument defining the general state of the art which is not considered the prinoiple or theory underlying the invention

to be of particular relevancs
"E" earfier application or patent but published on or after the intarnational X" document of particuler relevanca; the claimed invention cannot ba

filing data oonsicered novel or cannot be considered to involve an inventive
"L* doaument whioh may throw doubts on priority olaimi(s) or which is step when the document is taken akine

cited to blish the publication date of anath

citation or other "¥* document of particu lar relevance; the elaimed invention cannat be
considarad to invelve an inventive atep when the decument ia

special reason [as ap‘eci‘lied)

"O" gooument referring to an oral disclosure, use, exhibition or other oombined with one or more other such dosuments, sush combination
means baing cbvious to a parsan skilled in the art
"P* document published prior to the intemational filing date but later than
the priority date claimed '&" dooument member of the same patent family
Date of the actual completicn of the int tional search Date of mailing of the intemational search repart
30 June 2015 28/05/2015
Name and mailing addreas of the [SA/ Autharized officer

Eurcpean Patent Offioe, P.B. 5818 Patentlaan 2
NL - 2280 HY Rjswik

Tel, (+31-70) 340-2040,

2 Fax: (+31-70) 340-3016 Chambonnet, F

Form PCTASA210 (second eheet] {(April 2005)

page 1 of 4
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C{Continualion). DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Gitation of dooument, with indication, where appropriate, of the rel Relevant {o claim No.

P g

X L.-E. JAD ET AL: "“Efficient multiplex 1,6,7,11
biallelic zebrafish genome editing using a
CRISPR nuclease system",

PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES,

vol, 110, no. 34,

5 August 2013 (2013-08-05), pages
13904-13909, XP0O55102027,

ISSN: 0027-8424, DOI:

10,1073/pnas. 1308335110

Y sage 13906, Teft-hand column, paragraph %i7’10’
n

page 13907, right-hand column, paragraph
Znd - page 13909, last paragraph; figure 6
X US 2013/117870 Al (FAHRENKRUG SCOTT C [US] 1,10-12
ET AL) 9 May 2013 (2013-05-09)
Y paragraph [0042] - paragraph [0089]; 1-5,
claims 9-26,28-47; examples 1-3 10-12
5,7,8,9,11,16,17

Y W. TAN ET AL: "Efficient nonmeiotic 1-6,
allele introgression in livestock using 10-12
custom endonucleases",

PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES,

vol. 110, no. 41,

6 September 2013 (2013-09-06), pages
16526-16531, XP055196420,

1SSN: 0027-8424, DOI:
10.1073/pnas.1310478110

the whole document

Y CARLSON DF1, TAN W, HACKETT PB, FAHRENKRUG 1-7,
SC: "Editing livestock genomes with 10-12
site-specific nucleases”,

REPROD FERTIL DEY. 2014,

vol. 26, no. 1,

5 December 2013 (2013-12-05), pages 74-82,
XPOO8176713,

the whole document

Y D. F. CARLSON ET AL: "Efficient 1,11
TALEN-mediated gene knockout in
livestock",

PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES,

vol. 109, no. 43,

1 October 2012 (2612-10-01), pages
17382-17387, XP0P55089730,

ISSN: 0027-8424, DOI:
10.1073/pnas.1211446109

the whole document

Form PCTASA/210 {continuation of aecond aheat) (April 2005)
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C{Continuation).

DOCUMENTS GONSIDERED TO BE RELEYANT

Category® | Gitation of dooument, with indication, where appropriate, of the rel it p g

Relevant {o claim No.

Y

SIMON G. LILLICO ET AL: "Live pigs
produced from genome edited zygotes",
SCIENTIFIC REPORTS,

vol, 3, 10 October 2013 (2013-16-10),
XP055196419,

DOI: 10,1038/srep02847

the whole document

JIGE XIN ET AL: "Highly Efficient
Generation of GGTALl Biallelic Knockout
Inbred Mini-Pigs with TALENs",

PLOS ONE,

vol. 8, no. 12,

17 December 2013 (2013-12-17), page
284250, XPD55196413,

DOI; 10.1371/journal.pone.0084250

the whole document

LI P ET AL: "Biallelic knockout of the
alpha-1,3 galactosyltransferase gene in
porcine Tiver-derived cells using zinc
finger nucleases",

JOURNAL OF SURGICAL RESEARCH, 2013
ACADEMIC PRESS INC., SAN DIEGO, CA, US,
vol. 181, no. 1, 3 July 2012 (2012-07-03),
pages E39-E45, XPOD2717543,

ISSN: 0022-4804, DOI:
10.1016/J.J55.2012.06.035

[retrieved on 2012-07-03]

the whole document

WENFANG (SPRING) TAN ET AL: "Chapter Two
- Precision Editing of Large Animal
Genomes",

ADVANCES IN GENETICS, ACADEMIC PRESS,
vol. 80, 2012, pages 37-97, XPO@9170794,
ISSN: DO65-2660, DOI:
10.1016/B978-0-12-404742-6.00002-8

the whole document

F. ZHANG ET AL: "CRISPR/Cas9 for genome
editing: progress, implications and
challenges",

HUMAN MOLECULAR GENETICS,

vol. 23, no. R1,

20 March 2014 (2014-03-20), pages R40-R46,
XPO55196378,

ISSN: 0964-6906, DOI: 10.1093/hmg/ddul2s
the whole document

_/__

1,11

1,11,12

1,11,12

Form PCTASA/210 {continuation of aecond aheat) (April 2005)
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C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category® | Gitation of dooument, with indication, where appropriate, of the rel it p g Relevant {o claim No.
A J. KEITH JOUNG ET AL: "TALENs: a widely 1
applicable technology for targeted genome
editing",
NATURE REVIEWS MOLECULAR CELL BIOLOGY,
vol. 14, no. 1,
21 Novemher 2012 (2012-11-21), pages
49-55, XP055102236,
ISSN: 1471-0072, DOI: 10.1038/nrm3486
the whole document
A YUANXI FENG ET AL: "A robust TALENs 1
system for highly efficient mammalian
genome editing",
SCIENTIFIC REPORTS,
vol. 4, 10 January 2014 (2014-01-10),
XPO55196360,
DOI: 10.1038/srep@3632
the whole document
A HAILIANG LIU ET AL: "TALEN-Mediated Gene 1,11
Mutagenesis in Rhesus and Cynomolgus
Monkeys",
CELL STEM CELL, MARCH 6 2014,
vol. 14, no. 3,
13 February 2014 (2014-02-13), pages
323-328, XP055196598,
ISSN: 1934-5909, DOI:
10.1016/j.stem.2014.01.018
the whole document
A WOONG Y. HWANG ET AL: "Heritable and 1,11
Precise Zebrafish Genome Editing Using a
CRISPR-Cas System",
PLOS ONE,
vol. 8, no. 7, 9 July 2013 (2013-07-09),
page e68708, XP055196397,
DOI: 18.1371/journal.pone.0068708
the whole document
A HRUSCHA ALEXANDER ET AL: "Efficient 1
CRISPR/Cas9 genome editing with low
off-target effects in zebrafish",
DEVELOPMENT, DECEMBER 2013, THE COMPANY OF
BIOLOGISTS LTD, GB,
vol. 140, no. 24,
20 November 2013 (2013-11-28), pages
4982-4987, XP00B9177513,
ISSN: 0950-1991, DOI: 10.1242/DEV.099085
[retrieved on 2013-11-20]
the whole document

Form PCTASA/210 {continuation of aecond aheat) (April 2005)
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Imternation al application No.
INTERNATIONAL SEARCH REPORT PCT/US2015/027995
BoxNo.ll Observations where certaln clalms were found unsearchable {(Continuation cf Item 2 of first sheat)

This international search report has not been established in respect of cedain claims under Aricle 17(2){a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos..

bacausa thay relata to parts of tha intarnational application that do not eomply with the prescribed requiremants to such
an extent that no meaningful international search can be camied out, specifically:

3. I:I Claims Nos.:

bacausa thay are dapandant claims and are nat drafted in accardance with the sasond and third sentences of Rula 6.4(a).

Box No. lll Observations where unity of Inventlon Is lacking (Continuation of tem 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this intemational search report covers all searchable
claims,

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Autharity did not invite payment of
additional tees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covars
only thoss claims for which fess wara paid, specifically claims Naos.:

4. No required additional search fees were timely paid by the applicant. Consedguently, this international search report is
restricted to the invention first mentioned in the olaims; it is covered by elaims Nos.:

1-5(completely); 6, 7, 10-12(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additicnal search fees.

Form PCTASA/210 {continuation of first sheet (2)) (April 2005)
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International Application No. PCT/ US2015/ 027995

FURTHER INFORMATION CONTINUED FROM PCTASA/! 21(

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5(completely); 6, 7, 10-1Z2(partially)

A large vertebrate animal comprising multiplex gene edits ;
said animal being first animal that has at least two native
alleles replaced with corresponding exogenous alleles of a
second breed or another species, said exogenous alleles
being a replacement of the corresponding native allele
without meiotic recombination; said animal being a first
breed of cattle or a first breed of pig that has at least
three native alleles replaced with corresponding exogencus
alleles of a second breed or another species, said exogenous
alleles being a replacement of the corresponding native
allele without meiotic recombination, wherein the animal is
free of exogenous marker genes.

2. claims: 6, 7, 10-12(al1 partially)

A Tlarge vertebrate animal comprising multiplex gene edits
wherein said animal comprises a number of allele
replacements from 3-25; as far as not covered by the
previous invention.

3. claims: 6, 7, 10-12(all partially)

A Tlarge vertebrate animal comprising multiplex gene edits
wherein said animal comprises a number of knockout gene
edits from 2-25;

4. claims: 8, 9(completely); 6, 7, 10-12{partially)

A large vertebrate animal comprising multiplex gene edits
being a chimera of host cells from a host animal and donor
cells from a donor animal, with the host cells comprising
the multiplex gene edits, as far as not covered by the
previous invention.

5-12. claim: ll({partially)

A large vertebrate animal comprising multiplex gene edits
being respectively selected from the group consisting of
livestock (including pig, cattle, buffalo, goat, sheep, and
artiodactyl), simian, dog, cat, avian, bird, fish and
rabbit, as far as not covered by a previous invention.

13-232. claim: 12(partially)

A large vertebrate animal comprising multiplex gene edits
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International Application No. PCT/ US2015/ 027995

FURTHER INFORMATION CONTINUED FROM PCTASA/! 21(

wherein the multiplex gene edits are made in one or more of
the following genes: IL2Rg-, RAG2, IL2Rg; RAGZ , ILZRgy,
RAG2, 1L2Rg, RAGZ2, IL2Rg; RAG2, ILZRg; RAGZ, DGAT, ABCGZ,
ACAN, AMELY, BLG, BMP 1B (FecB), DAZL, DGAT, Eif4GI, GDF8,
Horn-poll locus, IGF2, CWC15, KissR/GRP54, OFD1Y, p65, PRLR,
Prmd14, PRNP, Rosa, Socs2, SRY, ZFY, p-lactoglobulin, CLPG,
MODY 1 (HNF4a), MODY 2 (GCK), MODY 3 (HNFIa), MODY 4 (Pdx1),
MODY 5 (HNF-1 7 ), MODY 6 (eurogenic differentiation 1),
MODY 7 (KLF11), MODY 8 (CEL), MODY 9 (PAX4), MODY 10 (INS),
MODY 11 (BLK), APC, ApoE, DMD, GHRHR, HR, HSD11BZ, LDLR,
NFl, NPPA, NR3CZ2, p53, PKD1, Rbm20, SCNNIG, tP53, DAZL, FAH,
HBB, IL2RG, PDX1, PITX3, Runxl, RAGZ, GGTA, DAZL, VASA,
MIWI, PIWI, DCAF17, VDR,PNPLA1,HRAS, Telomerase-vert, DSP,
SNRPE, RPL21, LAMA3, UROD, EDAR, OFD1, PEX7, COL3Al,
ALOX12B, HLCS, NIPAL4, CERS3, ANTXR1, B3GALT6, DSG4, UBRI,
CTC1, MBTP52 ,UROS, ABHD5, NOP1G, ALMS1, LAMB3, EOGT, SATI1,
RBPJ, ARHGAP31, ACVYR1, IKBKG, LPAR6, HR, ATR, HTRAl, AIRE,
BCS1L, MCCC2, DKC1, PORCN, EBP, SLITRK1, BTK, DOCK6&, APCDD1,
ZIP4, CASR, TERT, EDARADD, ATP6VOAZ, PVYRL1, MGP, KRT85,
RAGZ2, RAG-1, RORZ, CLAUDIN1, ABCA12, SLA-DRAl, B4GALT7,
COL7Al, NHPZ, GNAll, WNT5A, USB1, LMNA, EPS8L3, NSDHL,
TRPY3, KRAS,TINF2,TGM1, DCLREIC, PKP1, WRAP53, KDM5C, ECM1,
TP63, KRT14, RIPK4, PRKDC,BCL1la, BMI1, CCR5, CXCR4, DKK1,
ETV2, FLI1, FLK1, GATA?, GATA4, HHEX, KIT, LMX1A, MYF5,
MYOD1, MYOG, NKXZ-5, NR4AZ2, PAX3, PDX1, PITX3, Runxl, RAGZ,
GGTA, HR, HANDII, TBX5, ETVZ2, PDX1, TBX4 ,IDZ2 S0X2,
TTF1/NKX2-1, MESP1, GATA4, NKX2-5, FAH, PRKDC, RUNX1, FLIT,
PITX3, LMX1A, DKK1, NRAAZ/NURR1, FLK1, HHEX1, BCL11A, RAGZ,
RAG1, ILZRG, c-KIT/SCFR, BMI1, HANDII, TBX5, GATAZ, DAZL,
OLIG 1, OLIGZ, heterozygotes thereof, homozygotes therefore,
and combinations thereof; as far as not covered by a
previous invention.

233. claims: 13-26

A method of making genetic edits in vitro in a vertebrate
cell or embryo at a plurality of target chromosomal DNA
sites comprisingintroducing into a vertebrate cell or
embryo:a first targeted endonuclease directed to a first
target chromosomal DNA site and a first homology directed
repair (HDR) template homologous to the first target site
sequence; and a second targeted endonuclease directed to a
second target chromosomal DNA site and a second HDR template
homologous to the second target site sequence, with the
first HDR template sequence replacing the native chromosomal
DNA sequence at the first target site and the second HDR
template sequence replacing the native chromosomal DNA
sequence at the second target site sequence.

234. claim: 27

A method of making multiplex gene knockouts in a primary
vertebrate cell or embryo comprising introducing into the
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cell or embryo a plurality of TALENs targeted to different
target genes in a presence of HDR templates with homology to
said different target genes.

235. claims: 28-39

A vertebrate embryo chimeric for host cells and donor cells
comprising a host embryo with a plurality of host cell
genetic edits at different chromosomal DNA sites, and a
donor cell integrated with the host cells to form the
chimeric embryo; A vertebrate animal chimeric for host cells
and donor cells comprising a plurality of host cell genetic
edits at different chromosomal DNA sites, and a donor cell
integrated with the host cells to form the chimeric animal.

236. claim: 40

A chimeric large vertebrate animal comprising host cells and
donor cells, with the host cells comprising at least one
non-meiotic gene edit to a gametogenic or spermatogenic gene
that is complemented by a gene of the donor cells, with the
animal comprising gametes with a genotype of the donor
cells.

237. claim: 41

A chimeric large vertebrate animal comprising host cells and
donor cells, with the host cells comprising at least one

non-meiotic gene edit to establish a failure to thrive (FTT)
host cell genotype, with the FTT genotype being complemented
by the donor cells.
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