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15 The field of animal transgenics, initially developed to understand the action of a single

gene in the context of the whole animal and the phenomena of gene activation, is amongst the

most powerful tools available for the study of genetics, and the understanding of genetic
mechanisms and function. ‘ '
Of equal importance, particularly from an economic perspective, is the use of
20  transgenic technology to introduce heterologons DNA into animals of commercial importance
| to convert the animals into “factories” for the production of specific proteins or other
substances of pharmaceutical interest (Gordon et al., 1987, Biotechnology 5: 1183-1187;
Wilmut et al., 1990, Wiagénobgy 33: 113-123). Transgenic' animals can express an
exogenous protein, such as an antibody, under conditions that offer high yield of the proiein
25  inan active form and incorporating post-translaﬁonal modifications such as glycosylation that
are necessary for full functionality.
Historically, transgenic animals have been produced almost exclusively by
B microinjection of a ferfilized egg. The pronuclei of fertilized eggs are micsoinjected in vitro
~-with foreigp, le., xcnogeneic or allogeneic -heterolegous DNA or hybrid DNA molecules.
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therefore, the technique is costly and has a low success rate.
One system that holds potential as a protein bioreactor is the avian reproductive
system. The production of an egg begins with formation of the large yolk in the ovary of the
20  hen. The unfertilized oocyte or ovum is positioned on top of the yolk sac. Upon ovulation or
release of the yolk from the ovary, it passes into the infundibulum of the oviduct where it is
fertilized if sperm are present, and then moves into the magnum of the oviduct that is lined
with tubular gland cells. These cells secrete the egg white proteins, including ovalbumin,
lysozyme, ovomucoid, conalbumin and ovomuein, into the lumen of the magnum from which
25 they are deposited onto the avian embryo and yolk.
The hen oviduct offers outstanding potential as a protein bioreactor because of high
levels of protein production, the promise of proper folding and post-translation modification
of the target protein, the ease of product recovery and the shorter developmental period of

chickens compared to other potential transgenic species. Bosselman ef al., in U.S. Patent No.



chi ckens conpared to other potential transgenic species. Bosselman et al.,
in US Patent No. 2 19 July 2005 WD 02/064727 PCT/ US02/ 03302 %éﬁ%’ g@ﬁ
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into a pluripotent stemcell of an unincubated chick enbryo, and further
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and Pet egitanil 9993, HbbRepiddt Develapads: 258-261) used Lipofectin-based liposomes to
associate heterologous DNA with chicken sperm, which were in turn used to artificially
inseminate hens. Tanaka et al (1994, J. of Reprod. and Fertility 100: 447-449) produced

chicks by in vitro fertilization (IVF) and then returning the fertilized ova to the oviduet of

=]

20  recipient hens to complete the egg and shell formation.
Another method for integrating heterologous DNA into avian sperm (Shemesh ef af.,
PCT International Publication WO 99/42569) is restriction enzyme mediated integration
(REMI), which utilizes a linear DNA derived by cutting a plasmid with a restriction enzyme
that generates single-stranded cohesive ends. The linear, cohesive-ended DNA, together with
25 the restriction enzyme used to produce the cohesive ends is introduced into the target celis by
~ electroporation. The restriction enzyme cuts the genomic DNA and enables the heterologous
DNA to integrate via its matching cohesive ends (Schiest] and Petes, 1991, Proc. Natl. Acad,

Sci. U.S.A4. 88: 7585-7589).

Once a heterologous nucleic acid has been introduced into a recipient cell, for '




Sci. U S A 88: 7585-7589). Once a heterol ogous nucl eic acid has been
introduced into a recipient cell, for 3 19 July 2005 WO 02/063%;7 2
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transferred to recipient ovumor an enucl eated cytopl ast thereof. Avian
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of the larger enbryonic tissue by mcropipette by using an optical

m croscope and transmtted |ight. Al so, where mcroinjection has been
achi evedex bR o MEGHRAE b spb@ard b6, B WRbIARARMe RinsteRS! BTNt Ban BEen  ex
ova, requiring Iabor-|ntéh5|ve.na|ntenance of artificial eggs until

hat chi ngen Feleaieiceytoplast thereed. | Avianeyvaghontvey, bepdvee efifhie prtichihgragtsixolks by t hese

o 000U G e LS AN S o0 Mo AR o, [ @

met hod o avi an avi an ovum
t hat al | asseraouniegado pihpe trhieroirdecty plitac etleradeuraticdlly demde rcelfs dho & t hin t he

germ pal di sk.of an. avi e for.the i very thereto, of a_.heterol ogous
cel I tuclh 6 Htrel é’gﬁ{aﬂ?%w SYRaEe ‘%24‘%???8%?%’“ % B R t 0 a hen
for the figamet mfopaitde baybing a®bpiah@ictbscopbahd eshs@@®d likbt. VIKias, vitgrd ur t her
needed is a nmicrojnjection apparatus for the deliver%kof a Heterologous
nucl ei ¢ BisFARecHor bas barashiswd: B Lruksher fontps Agyelonaen) o fe spbop asbedh egg. What

I's al so pegded i ga}gbﬁﬂﬁeﬂs%%ﬂt&rmae%?m@ﬁ%pégg; R iheniad. ThesupgEdri nal di sk
of an avian o%um erein the penetration of The germnal disk by a

m cropi petetieteirss efyibleandtealily dickspithess pwprlurep 3 aslonragehorpi0-11e | nventi on
Briefly descri,bed, ) [ I I :Ses an
opt 1 88 i orbEEEe R GRESET Ik e oP uB g 1) B L BN (SO G
macr o- No#f dnQivial @viunithat Bldowst hicropipenoioreqidcedaccmbitelyrand vapidly eithimthéThe

assenbly of the present inyention al|ows e operato to nmonitor the
extent oferminal diskof a #awces BR thedelverinercsp a#%%ﬁ%m ‘i‘?hé‘B‘FIT“SBF %Pl ast

wi thout .25 hdeSEhu 8P ¢&obRMt WhEn AP hERfdr YheMBRSHEn BEDIaYiRE Kf 2 hitaone aspect

of the present invention, the microinjection systemconprises a
shelled egg.

13 What is further needed is a microinjection apparatus for the delivery of a heterologous
nucleic acid to the germinal disk overlaying the yolk of an avian egg.
What is also needed is an apparatus for the microinjection of the germinal disk of an
avian ovum wherein the penetration of the germinal disk by a micropipettel is monitored by a
microscope.

20 Summary of the Invention

Briefly described, the assembly of the present invention comprises an optical
microscope, a microinjection system and an oblique macro-monitoring unit for the
microinjection of an avian ovum. The assembly of the present invention allows the operator
to monitor the extent of the microinjection info an avian embryonic cell or cytoplast without

25  interference from the optically opaque egg yolk.

In one aspect of the present invention, the microinjection system comprises a

micromanipulator and a piezo-electric oscillator, each operably connected to a micropipette.
. The microscope may use transmitted light to monitor micropipette manipulation for filling the

lumen thereof with a fluid, the fluid including a heterologous nucleic acid, such as a cell



m cromani pul ator and a piezo-electric oscillator, each operably connected
to a mcropipette. The mcroscope nay use transmtted |ight to1g?gbbpé

m cropi pette manipulation for filling the lumen thereof with a , pgé
fluid including a heterol ogous nucleic acid, such as a cell 4 19 July 2005
WO 02/ 064727 PCT/ US02/ 03302 nucl eus, a spermatozoon or an isol ated nucleic
aci d. The woermseppe al so has an incident |ight beamp¢pugbese the ovumin
a predeterm ned position. In this aspect of the present invention, the
relative position of the mcropipette and the avian germ nal disk of the
ovum are nonitored by the oblique macro-nonitoring unit conprising a nmacro
| ens, an electronic 5 canera connected thereto and a nonitoring unit.
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over the underlé!na ermnal disk. Fig. 2B illustrates the indentation of
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to the presently preferred enpodinents o% . i nvention, one or nore
exanpl es of which are ill ust %S 9 yi ng drawi ngs. Each
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of the 25 invention. In fact, it will be apparent to those skilled in the
art that MEEITIERSE Hsgprming diskplan avian ovum. _
15 Figs. 2A — 2C illustrate the positioning of a micropipette made according to the

present invention. Fig.2A shows the micropipette positioned over the vitelline membrane of

an avian ovum and over the underlying germinal disk. Fig. 2B illustrates the indentation of

the vitelline membrane of an avian ovum by depressing a micropipette. Fig. 2C illustrates the

insertion of a micropipette into the germinal disk of an avian ovum after penetrating the
20 overlying vitelline membrane.

Detailed Description of the Invention

Reference will now be made in detail to the presently preferred embodiments of the

invention, one or more examples of which are illustrated in the accompanying drawings.

Each example is provided by way of explanation of the invention, not limitation of the

25 invention. In fact, it will be apparent to those skilled in the art that various modifications,
combinations, additions, deletions and variations can be made in the present invention
without departing from the scope or spirit of the invention. For instance, features illustrated

~or described as part of one embodiment can be used in another embodiment to yield yet

another embodiment. It is intended that the present invention covers such modifications,



conmbi nations, additions, deletions and variations can be made in the
present invention wthout departing fromthe scope or spirit ofgpﬁ 2

i nvention. For instance, features illustrated or described as a b’f 99?
enbodi nent can be used in another enbodinent to yield yet another
enbodinment. It is intended that the present invention covers such

nodi fi cat iwaszoesa7 19 July 2005 WO 02/ 064727 PCT/ USO2p8388203802bi nat i ons,
additions, deletions and variations as fall within the scope of the
appended clains and their equival ents. Throughout this application various
publications are referenced. The disclosures of these publications in
their entireties are hereby incorporated by reference in this application
to 5 noe@nbidtions, deEfesPE&1dbR SliakRamhs b RANMithid D \Wtpe b iR appdnadent i on
pertains. For convenience, certain terns enployed in"the specificatiaon,
exanpl es clagsdnd s agaEIens| ai ns are col l ected here. Definitions 10 The term
"ani mal " as i : Mar: ! ol ¢ ng birds.
T aso | mol ARG D vhu pHAIChE i BeARl TS el @b Y

i ncl udi nthessrubljatidres imithdir Ewibreties ars baghysncoifomtaldy aférense aorthis applicied ther ei n
refers to any,specie bspecies .or race gf organism of the taxonomc

cl ass§ay5’§fe%c(ﬁ%°§‘%’?&§&fé%ﬁgﬁmﬁ ‘?’138“[]18,1“"81?1 O&Pg&a}nst ur key, duck, goose,

quai |, 15 plrasantsench@ttai Brmsfemppeisn tHeapdcHicatiohawsmplayl adappdndad | ncl udi ng
ostrich, enu and_cassowary. The termincludes the various know strains of
Gal | us gSipimgare cgileciadibgieens, (for exanple, Wiite Leghorn, Brown Leghorn,
Barr ed- Rock, Sussex, New Hanpshire, Rhode Island, Ausstralorp, M norca,
Antrox, California Gray, Italian Partidge-colored), as well as strains of

t urkeys, Dejptéomsant s, quails, duck, ostriches and other poultry comonly
bred,yn co ial . Nt L1 5. 20 T m. m nal. disk” used herein
ret et ot e B0 b iR neeh a8 1 VoL Tols bliifing B 3T, D24 ° 1
fertili zae ihShdegen Indivifualominm heflelages of éaviapten findddthgembiydsic awyk@pl asm c
area. The "gerrri nal disk," therefore, nmay be a single nucleated cytoplasmc
unit pri®Sto fertilization or a multicellular blastodisc. The term

" bl ast oder nt' 188 1B CUvileT a8 ukbd LR 8l B &ﬂ?%g&%s,%b@éﬂ%s%?ﬂc&oﬁ&r mherein the

25 area pellucida_ is conplete (Stage X) he bl ast oderrmal cell |ayer being
det achedofthotarengmic class aves, such as, but not limited to, chicken, turkey, duck, goose, quail,

15  pheasants, parrots, finches, hawks, crows and ratites including ostrich, emu and cassowary.
The term includes the various know strains of Gallus gallus, or chickens, (for example, White
Leghorn, Brown Leghorn, Barred-Rock, Sussex, New Hampshire, Rhode Island, Ausstratorp,
Minorca, Amrox, California Gray, Italian Partidge-colored), as well as strains of turkeys,
pheasants, quails, duck, ostriches and other poultry commonly bred in commercial quantities.

20 The term “germinal disk™ as used herein refers to the active cytoplasmic area oh the
yolk of an unfertilized or fertilized (Stage I-IV) ovum before cleavage of the entire
cytoplasmic area. The “perminal disk,” therefore, may be a single nucleated cytoplasmic unit
prior to fertilization or a multicellular blastodisc.

The term “blastoderm” as used herein refers to the avian embryonic stage wherein the

25  area pellucida is complete (Stage X), the blastodermal cell layer being detached from the
underlying yolk.

The term “Stage X embryo” as.used herein refers to the blastodermal stage of the

avian embryonic deveiopmental cycle at the point where the hard-shell egg is laid. Ovulation

in the chicken occurs 20-30 minutes after the laying of an egg. The ovem comprises a



underlying yolk. The term "Stage X enbryo"” as used herein refers to the

bl ast odermal stage of the avian enbryonic devel opnental cycle 3t thgﬁg&lg
where the hard-shell egg is laid. Ovulation in the chicken occ S Jul 0
m nutes after the laying of an egg. The ovum conprises a 6 19 July 2005
WO 02/ 064727 PCT/ US02/ 03302 nassive optically opaque yolk, on top of which
is a 2-3mygdopiriher cytoplasmc or germnal disk. ThectgfdBsse0ovum and
"oocyte" are used interchangeably herein. Al though only one ovum matures
at atime, an animal is born with a finite nunber of ova. In avian species,
such 5 as a chicken for exanple, ovulation, which is the shedding of an
egg fromthe ovarian follicle, occurs when the brain's pituitary gland
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deposited around the ovum. The hard shell is deposited once the ovum has reached the

uterus. In the uierus, rotation of the egg governs the orientation of the embryo in the egg. See
Eyal-Giladi, 1991, Revs. Poultry Biol. 3: 143-166, incorporated herein by reference in its
entirety.

20 The zygote (germinal disk) begins to cleave once the ovum enters the uterus, with a
series of 5-6 divisions over a two-hour period, whereupon the central cells detach from the
underlying yolk. The space between the cells and the yolk is the sub-blastodermic cavity.
After about 11 hows, the germinal disk is a 5-6 cell thick blastoderm (Stage V of
development). In the succeeding Stages VII-X, the cells closest to the yolk slough and fall to

25 the yolk surface (Stage VIII) to leave a one-cell thick layer in the center of the blastoderm, the
area pellucida (Stage X), whereupon the egg is laid. At Stage X, the blastoderm has
predestined anterior and posterior ends for the developing embryo.

The terms “genc” or “genes” as used herein refer to nucleic acid sequences (including

both RNA or DNA) that encode genetic information for the synthesis of a whole RNA, a
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vectors I nc Xpr essi on, cosmd and transformation vectors
such as, but Thettern friurled acid; ap BRE ARreimrefaraio any matural er syuttetid Engueh as, but
not Limted t.a, nodified.adenovirus, influenza-yi.rus, a -a ci ated
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nat ur al | yolioGAtE, 'foR Fird§ Revviiug) b i dik8Clettos ERAVEdTbnTBAcEribflage hivide separat e
acid, and synthetic oligonucleotides such as chemically synthesized DNA or RNA. The term
“mucleic acid” further includes modified or derivatised nucleotides and nucleosides such as,
but not limited to, halogenated nucleotides such as, but not only, 5-bromeuracil, and
20  derivatised nucleotides such as biotin-labeled nucleotides.
The term “isolated nucleic acid” as used herein refers to a nucleic acid with a structure
(2) not identical to that of any naturally occurring nucleic acid or (b} not identical te that of
any fragment of a naturally occurring genomic nucleic acid spanning more than three separate
genes, an& includes DNA, RNA, or derivatives or varianis thereof. The term covers, for
25 example, (a) a DNA which has the sequence of part of a naturally occurring genomic
molecule but is not flanked by at least one of the coding sequences that flank that part of the
molecule in the genome of the species in which it paturally occurs; (b) a nucleic acid
incorporated into a vector or into the genomic nucleic acid of a prokaryote or eukaryote in a

manner such that the resulting molecule is not identical to any vector or naturally occurring
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The terms “nucleic acid vector™ or “vector” as used herein refer to a natural or

synthetic single or double stranded plaémid or viral mucleic acid molecule that can be
transfected or transformed into cells and replicate independently of, or within, the host cell
genome.

20 The term “plasmid” as used herein refers to a small, circalar DNA vector capable of
independent replication within a bacterial or yeast host cell.

The term “cytoplast” as used herein refers to a chromosome-free recipient cell,
wherein chromosomal removal is referred to as enucleation when the nucleus or
chromosomes organized in a Metaphase plate of a cell are removed or destroyed.

25 The term “recombinant cell” refers to a cell that has a new combination of nucleic
acid segments that are not covalently linked to each other in nature. A new combination of
nucleic acid segments can be introduced into an organism using a wide array of nucleic acid

* manipulation techniques available to those skilled in the art. The recombinant cell can harbor

- avector that is extragenomic. An extragenomic nucleic acid vector does not insert into the
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spermat ocytes, pachytene spermatocytes, secondary,
modified, including the primitive spermatogonial stem cells, known as A0/As, which

differentiate into fype B spermatogonia. The latter further differentiate to form primary
spermatocytes, and enter a prolonged meiotic prophase during which homologous
chromosomes pair and recombine. ~ Useful precursor cells at several
20 morphological/developmental stages are also distingL;ishabie: preleptotene spermatocytes,
leptotene spermatocyles, zygotene spermatocytes, pachytene spermatocytes, secondary,
spermatocytes, and the haploid spermatids. The latter undergo further morphological changes
during spermatogenesis, including the reshaping of their nucleus, the formation of acrosome,
and assembly of the tail. The final changes in the spermatozoa (i.e., male gamete) take place

25 in the genital tract of the female, prior to fertilization.
The term “transgenic animal” as used herein refers to any avian species, including, but
not limited to, the chicken, in which one or more of the cells of the bird contain heterologous
nucleic acid introduced by way of human intervention, such as by transgenic techniques well

known in the art. The nucleic acid is introduced into a cell, directly or indirectly by

10
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The term “donor cell” as used herein refers to the source of the nuclear structure that

is transplanted to the recipient enucleated cytoplast. All cells of normal karyotype, including
embryonic, fetal, and adult somatic cells may be nuclear donors. The use of non-quiescent
20 cells as nuclear donors has been described by Cibelli et af., (1998, Science 280: 1256-8). |

The term “recipient cell” as used herein refers to the emucleated recipient cell,

_ preferably an enucleated metaphase I or II oocyte an enucleated preactivated cocyte or a

pronuclear stage egg. Enucleation may be accomplished by splitting the cell into halves,

aspirating the metaphase plate, pronucleus or pronuclei, or even by irradiation. Enucleation

25 may be done through two-photon laser-mediated ablation. TPLSM could be used to guide
mechanical enucleation.

The term “TPLSM” as used herein refers t(; two-photon laser scanning microscopy.

- TPLSM is based on two-photon excited fluorescence in which two photons collide

simultaneously with a fluorescent molecule. Their combined energy is absorbed by the
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' Abbreviations
Abbreviations used in the present specification include the following: ¢cDNA, DNA
complementary to RNA; mRNA, messenger RNA; t{RNA, transfer RNA; nt, nucleotide(s);
TPLSM, two photon laser scanning microscopy, REMI, restriction enzyme mediated
20 integration,
The present invention is directed to providing an assembly for the delivery of an
isolated cell nucleus, a spermatozoon or a fluid having a‘ nucleic acid therein, by
microinjection into an avian embryo or avian embryonic cell including an avian germinal
disk. The present invention is further directed to providing methods of microinjecting an
25 isolated cell nucleus, a spermatozoon or a fluid having a nucleic acid therein, into an avian
embryo or embryonic cell. More specifically, the present invention provides methods for
delivering a heterclogous rucleic acid to an avian embryo or avian embryonic cell including
an avian germinal disk, implanting the microinjected ovum into a hen wherein the hard-shell

egg is then formed, laid, and the embryo develops and hatches as a chick.
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20 integration. The present invention is directed to providing an assenbly
for the delivery of an isolated cell nucleus, a spernmatozoon or1£ﬂf [yuhﬁ 5
having a nucleic acid therein, by mcroinjection into an avian HOG p
avi an enbryonic cell including an avian germ nal disk. The present
invention is further directed to providing nmethods of mcroinjecting an 25
i sol ated owbhzwuateus, a spermatozoon or a fluid havi pgr/esobiadel ¢ acid

therein, into an avian enbryo or enbryonic cell. Mre specifically, the
present invention provides nethods for delivering a heterol ogous nucleic
acid to an avian enbryo or avian enbryonic cell including an avian

germ nal disk, inplanting the mcroinjected ovuminto a hen wherein the
hard-shel | eygthi sfetdaed) thepraredio F?i d, tr@nglict csémagéanﬂg\e%!t@mma&ﬂ hat ches
as a chick. 12 9 July 2005 WO 02 064727 PCT/US02/ 03302 Wth reference,

t her ef or dzvepipnpipgludes a migroseppe dop piereinjesiirraysemtiV) apd ar pbliqyelsogled i nvent i on
i ncl udes 1 GG 1. (We] I . . i.quel y

angl ed rlrlgag{yorﬁtml tor |t@’ ﬁ%%?atlﬁg)g,nﬂ\kf\ﬁ%ieﬁ% S? %%5 ?nmcl%g?%ﬁ%eag‘plﬁloqﬁ%géts@em 100 is
or i ent ed thei thisros@pp @ Go as ® betdble trinderoinfecpa dbjestdS dispobal duethatmiogostaperti, cr oi nj ect

an obj.ect i sposed on t mcr ope, 1 and wherein.the 0
noni tJ ri ﬁ%dsﬁ(ﬁ?r?'gg% &Y mogﬁc{nggl 'lFig%M?rfeB';ed ?%’é‘o?ﬁo\é\?ﬁi I’f’l‘]"’é’ﬁ’ﬂ‘i"ﬁ?ﬁ%&? he object
5. The nise@scope 1 is operably connected to an objective 2. The m croscope

| also has an optical axis 6 passing through the objective 2, that may be
coaxi al with Hif MFEsanhT isopeyphly conpesteddo an obipstiverZa| The nagroscenei Irdsethas | ght beam

d , -' i | i WG ehd bl
and 2 St 496y ta I ORLAE Ao BESBEARE o b8 MGG HERH iy 25Senbl Y

of the present optical "m croscope wherern
obj ect i veoueech igetipmllp @s incidentdighiobeam, titlen silgeCt THe opticabmicrdsesped. ofthe

m crqgscope abj ective h a nification of petween aboyt x5 to about
v, 100 BEeaRedo oG Rl of e FRectL e Mo B 5 oot PEHEe O ETEES For

exanpl e, objb@ivh efEtelpofiahiRl byet HR)obFBFD be ¢8O THEBYcrRGopeSBciHve 20hser ve  the
| oadi ng of a micropipette with a cell nucleus or a suspension of

sper mat o2 §ggnifisaion efilstyieen shoplaide aborbySOnislpsied pecarding e the sive ebtkagdiest nay be
used for Evddn ﬁa”m I j QQ% : ﬁn | ti ly, the
m cr oscoBée} ﬁmsflild' ?{JOHA e %gﬁpﬂrﬁhgée%t(%b%?tr%fr% m tiz%ﬁ I ght soﬁ%z)edbg%}gé wherein
t he |i ghthefloading phiemiarepisits witied céll iyhleusswarsespention of shemenndzed THeriowgh an obj ect
5 di 3% Os?agout C)){g) Itnggemgctag&? fo7r e?:.*];m}glg %mr)p b%rucs)esc{: i%P gbs:tla'fving the microinjection of an

avian ovum. Optionally, the microscope 1 may further comprise a transmitted light source 4,

wherein the light from the transmitted light source 4 is directed through an objecf 5 disposed

on the stage 7 of the microscope 1.

It is contemplated to be within the scope of the present invention for the object 5 to be
20  an avian ovum removed from a female bird after ovulation and before deposition of albumen
and shell thereon, or a vessel containing a fluid having an isolated rucleic acid or cell nucleus

that is to be injected into an avian ovum (or germinal disk thereof).
The microinjection system 180 of the microinjection assembly according to the
- present invention comprises a micromanipulator 10 operably connected to a micropipetie 20
25  wherein the micropipette 20 has a tumen 21 therein and a distal tip 22, and optionally, is
operably connected to a programmable control unit 30. Preferably, the micromanipulator 10
can allow tﬂe micropipeite 20 to be oriented to any position relative to the object § disposed
on the stage 7 of the microscope 1. Any micromanipulator 10 known to one of skill in the art

may be incorporated into the microinjection system 100 of the present invention. The

13




It is contenplated to be within the scope of the present invention for the
object 5 to be 20 an avian ovumrenoved froma fermale bird aftﬁ%)@vrléhbsp
and before deposition of albumen and shell thereon, or a vessel HYa: (o
a fluid having an isolated nucleic acid or cell nucleus that is to be
injected into an avian ovum (or germ nal disk thereof). The m croinjection
syst em 100woh2/dsl@7 m croi nj ecti on assenbly accordi ng t gcitizofsesent

i nvention conprises a mcronani pul ator 10 operably connected to a

m cropi pette 20 25 wherein the mcropipette 20 has a lunmen 21 therein and
a distal tip 22, -and optionally, is operably connected to a programuabl e
control unit 30. Preferably, the m cromanipulator 10 can allow the

M cropi petitiematlpdiNodr By Ak dorhiRisa B Yorddasd ﬂe%ﬂ)ﬂiné Systhd MPsubPad ) ect S

di sposed , on the stage 7 of the mcroscope 1. Any m cronmani pul at'or 10 known
to one offo%sEiwple.ap air penp adiquidaynper p pEsEpRImEeal wilhallyw theonsiator of g ect i on
system 1 redod? $ i : [ 064727
PCT/ US02 %%%%%Jz ﬁn@cﬁ%ﬁ%ﬁ%ﬁﬁ o g‘reée&fgﬁ‘r’r%@ftﬁrag’ﬁé rJ"%é’ %%%qréggagv% y@é&%ﬁ? e

regul at i PEpsEyesiodhn lugesicel thesmigropipats 20 sodhat e Saidphay, be drava itto patfected | i qui d

punp, cor S unp that will allow the operator of the mcroinjection
syster% 1&%1110%3;1\%%3%?@3%,[ invention to apply a positive or negative

hydraulic prHgspégaiaatd oot AL ogtably @nibced o iRahiRmiRipaRot bt a fluid
may be drawn into, aor ejected 5 from the lunen 21. The programuabl e

t
control &RY FFOWIWB@F%BWSC%?W@@%S*@C@ Resitionepd paal gfuhemisropidtie Ay store
el ect r onigak Wﬁr@d&eﬂﬂﬁe@ﬂiﬁtﬁc@a@%ﬁfé{eﬁﬁn@ﬁ%' '.sﬁ@teﬁ nd oﬁﬁ%%l‘ & Qi NE
to a p e o SUCh As™ P

m cropipette 20 "relative redetermn poin redet erm ned
poi nt si fdspesdd emthe stageefaof trmiciofeps 1. Bhedhismppipetd 20 mal fien b¢ ageedfron t he

m crggco h 1 CELOpipette t hen be poved from t he
pr edgt6 er ﬁ‘ll% é’eéle%%rﬁ%r&], Pogﬁ’aalll}agftﬁ?lﬁ%g) tggg?‘ﬁe %§ SREatng )}heblﬂ?@gr@l‘f‘ﬁn%@e £firol
programradit 3. control unit 30. The m croinjection system 100 of the present

invention alsg further conprises a piezo-electric oscillator 50 operably
connect ed to YREUROEYSEIhSsier Y efhfhe treesent devention alsm furthgrcomprisesex anpl e of a
sui t abl e psCild AR MEH e 1. Groinj ect | assenbl y of
15 the pIrnesentc I r?verllétﬁ?yostrq 0%’%@%%?@&%@?&%#&%%%%@% ‘ﬁéﬁlgrgi r)Slll I

(Bur | ei ghn erastplasfentugablé oscillptor u@pthetahayde wéd inliee piceigectibiesdsermidly ofsci | | at or

50 will j rt . vibratian ghected frequ . .anplitude and

o0 s, BB G LS oBE Tk et e ARG,

| ongi t udOpadtion of the piezo-electric oscillator 50 will impart vibrations of preselected frequency,
amplitude and bandwidth to the distal tip 22 of the micropipette 20 directed longitudinally to

the lumen 21 of the micropipette 20, or in a direction normal to the lumen 21. The speed of

the drilling is controlled by the frequency of oscillations imparted to the distal tip 5 of the

20 micropipette 20. The frequencies contemplated by the present invention range from about 1

Hz to about 100 Hz, preferably between about 1 Hz and about 25 Hz. The strength of the

oscillations is controlled by the amplitude of the vibrations and may be in the range of about 1

volt to about 100 volts. Bandwidth of the oscillations regulate the sharpness of the
vibrational pulse imparted to the micropipette 20.

25 The microinjection assembly of the present invention further comprises an obliquely

-angled macro monitoring unit 60 comprising a macro lens 61 having an optical axis 62

directed to the object 5 disposed on the stage 7 of the microscope 1, and at an oblique angle to

‘the surface of the object 5. The macro lens 61 is operably connected to an electronic camera

63, and thereby to a monitor 64 that displays the image generated by the macro Iens 61 and
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the lunmen 21 of the mcropipette 20, or in a direction normal to the [unen
21. The speed of the drilling is controlled by the frequency of
oscillations inparted to the distal tip 5 of the 20 m cropi pettélgzdmyl'gQOS
frequenci es contenplated by the present invention range fromabout 1 Hz to
about 100 Hz, preferably between about 1 Hz and about 25 Hz. The strength
of the oswobhi/&kizons is controlled by the anplitude obcii@adsiy ati ons and
may be in the range of about | volt to about 100 volts. Bandw dth of the
oscillations regul ate the sharpness of the vibrational pulse inparted to
the mcropipette 20. 25 The m croinjection assenbly of the present

i nvention further conprises an obliquely angled nacro nonitoring unit 60

CONpr i Si Nge eledEE Qarh@ 3.6 Tnd AU EndBL AR bERLusBX b afidstingl ik 8684 1LR L he
object 5 disposed on the stage 7 of the m croscope™l, and at an oblique

angl e t o Sopfraion thapel, o byipeyingshepacraslensiildn adissction aleng thsoptieal axiebbl y

connect eqy hor@NmebGek 50N ¢ camera 63, and thereby to a nonitor 64 that

di spl ays the i nage ‘'generated by the nacro lens 61 and 14 19 July 2005 WO
02/ 064727 PCTAUSDRI@PIR0L28 huitalelt &c theamtroinfzaiimr o af Avianldhvamagte vsenis 61 may be

f ocus adjusting the .internal |ens, configuration thereof, or by noving
t he ngsgr ?{ 9 élﬁé Olgjfcqo% WogE ¢ itg% péﬁsﬁ%gm‘t'eﬁgmbp?ﬁ@a@eg@ igagter 4f5tgr from t he

obj ect 5.miéd0pipetieQ0 aaly pe bdleted Qs & Hintlof tHe 8ize biecellinGE1Qisd BGtnGBrito @an avi an
ovum nmay be used in, the mcroinjection assenbly of the present

5
i nvent i off 2FARSRHY @G dirariemele. f Piefraed infesrabfippaier o troniwpivsEe el ect ed as
a functi @Bweén 4Ha8t B A8 288 abouf &5 hm%h%‘&ﬁlclg& tla%ettfaﬁ%fé{de%rtﬁgxg ehle é? avi an
t he a anet er of th

enbryonic cell. For exanple, preferred intern e
m cr opi pévige ovyn hpe besweisolaibd diom19 blastoderrdal adolbu t The SnjermalMiiemeter magbeus to be

t ransg.er 0 | eat avian ovum has been isol ated from a
bl as?lgde#jﬁtg?éncaé)?’l“.ﬁ%ﬁén‘?%ogg% * O Bt gﬂé Ve euiaa%l?? o4 24 pm and
about 8 (ibrohlaviparéy a spedaefvzbdie nucl eus has been obtained froma fibroblast,

or is a sperngtozoon, The mcroinjection assenbly of the present invention
i s useful for iGSMFROBYGCHRR apsqmpbly of the pratent ysngormis vsefbl far delivering|a fuid| eus, a

sper mat 0ZQ@Mifs afRole@kat Ay Gl sﬁiarﬁlai%ﬁéo o? 4 BhoRRd nHH{eic 288k chl'ag,1 fgd to, a

plasmd or a viral vector, to'the cytoplasmor cytoplast of an avian
enbr yoni 8otimited o, a plasmid ¢f anirad vestnr(to the gyteplasor oraptoplest afiencavian ymbryfitic st , an

o1 2155, sPLALST AR oA OB B, B85, SRR pehly a1 ool
pre-stage X germinal disk, is surgically removed from an ovulating hen between about 30
minutes and about 2 hours of the previous laying of a hard-shell egg. This surgically removed
avian ovum can then be placed in a specimen container, such as a glass dish, and placed on
the stage 7 of the optical microscope 1.

20 The fumen 21 of the micropipette 20 is loaded with a fluid that is to be injected into
the avian ovum, avian embryonic cell or cytoplast. Using the transmitted light sovrce 4 of the
microscope to illuminate the micropipette 20, the distal tip 22 of the micropipette 20 can be
positioned to remove a nucleus from a donor cell, to gather spermatozoa or to be loaded with
a fluid containing an isolated nucleic acid such as, for example, a plasmid or viral vector.

25  The transmitted light source 4 allows the assembly operator to monitor the extent of the
micropipette charging or to manipulate cells to remove the nucleus therefrom. The
micropipetie 20 may also further be charged with an inert liquid, such as FLOURINERT™
that will transmit piezo-eleciric induced oscillations from the piezo-electric oscillator 50 to

the distal tip 22 of the micropipette 20. All fluids and manipulated cel} nuclei may be drawn
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m nut es and about 2 hours of the previous |aying of a hard-shell egg. This
surgically renoved avian ovumcan then be placed in a specinen1%f3tg}2@ ,
such as a glass dish, and placed on the stage 7 of the optical HBs Pg
1. 20 The lunen 21 of the mcropipette 20 is loaded with a fluid that is to
be injected into the avian ovum avian enbryonic cell or cytoplast. Using
the transmybossstzt ght source 4 of the mcroscope to péfrdibadize t he

m cropi pette 20, the distal tip 22 of. the mcropipette 20 can be

positioned to renove a nucleus froma donor cell, to gather spernatozoa or
to be loaded with a fluid containing an isolated nucleic acid such as, for
exanple, a plasmd or viral vector. 25 The transmtted |ight source 4

al | ows t hiftoas@MEIpibe@PBY &bihp 40 oDy BhndoRE 1EME Gitrofbetic R6, wilkrest BRI Pette
charging or to manipul ate cells to renove the nucl eus therefrom . The

ni cr opi petuEg 49 6s srashiapisesitivaly oraweedtizely iravlgiE th Idraghc prepsvre inf theylimgn  such as
FLOURI NE Y . 1.1 Dl - al .G 1 nduced oscillations from
t he pi ez?gﬁhg%?‘?%pl%ggg??F%@%?ggé%ejggﬁé?wgr%?‘ljscp{é?qy'ti p 22 of the m cropipette
20. Al fl ui dBefamigg teaFigp 2Aa2@ dvherein| thapiedoedlectrizyostiatidn-dntlnced Hnillikg odul y 2005
WO 02/06 . PCT/US02/ Q3302 into the.m cropipette by a.pu 0 operably
connecfs'?eﬁrz)[f%l (?)met TGN 15, SHoRT, quge Y%%”“W&Ent‘? %Oolghppégedp ﬁﬁ‘};ﬁ‘ﬁa]g §>@§g§%ﬁ lg of

posi ti velplacal ongehdevEdiihd Bigtokadbé Dand ilemAMed Fith kS inBides SehiCofilight g | unen 21
of the mcropipette 20 to ingress or eject the fluid respectively.

Ref er ri n§P§ gupgdiyeent ofsthe picroipigstion sysiemeoifhenresen) inveptions thsJecidenthepms 9t i nduced
drilling@k; iaV4 [ MBADS e C ] ' te 20 is
| oaded, ti%iét lgﬁoraglla}ég%ﬂﬁlﬂeeo %cias e(Ij Jegg I g&s%?ﬁ%\ﬂ%cn‘g% @ha%&g?rggl 265@8%@%? he

m cr oscos micreingkction systemanf d priiserh nventionchelianitlert) deem off light iglatgled from one

enbodi,me . th 1 ¢roi pj ect i,0n,.syst f the pre i nvention, the

i nci glgnt ":'e(%{r]l%ﬂt(l)fm?1 s P}"gﬁ‘%""% ec%vgéo‘xfbe{? W’ﬁ%&ﬁ&e‘gﬁ'ﬁ?éﬁﬁg@iﬁ %pTS‘%tet“ﬂg‘e‘?ri croscope
obj ect i veositioh mhttder tenbbaistRatl, afid tHekBy M ERObMicACHi0e: Y Heermm@$ t he
present invention, é’he incident beam of |ight is ‘an%; ed from 10 the optical
axis 6 offopKEIng ypit 6% fpeiliinied by Hesbprsiioniag the germiral dislh &) indhegneident light a
predet er gLaed ihdARislokd relative to the mcroscope 1, and thereby in the
optical axis 62 of Oteﬁgél%mcro nonitoring unit 60, is facilitated by first

posi tioning tRefergeg mivwialFiglR4kwivd thergetniienl disk V@lefithe dvizpleyg isposiioned inf he
T 100 gLl A A Tl o M S i) (o
beam t herepfog@ped 8dldctd sitich WRRYBH tHe@isthal tip 22 of the micropipette 20 is over the
area of the germinal disk 70 and therefore optimally placéd for the insertion of the
micropipette 20 into the germinal disk 70. The distal tip 22 of the micropipeite 20 is then
pressed onto the vitelline membrane 71 of the avian egg, to a depth of about 20 ym below the
20  general plane of the membrane, as shown in Fig. 2B. The vitelline membrane 71 resists
penetration by the micropipetie 20 and therefore the distal tip 22 indents the vitelline
membrane 71 without piercing the membrane 71.
The depth of the indentation 73 formed by the pressure of the distal tip 22 of the
micropipette 20 on the vitelline membrane 71 can be determined by at least two methods.
25 The micropipette may be pre-marked about 20 wm from the distal tip 22. When the mark is
about level with the general plane of the membrane, the distal tip 22 will enter the germinal
disk 70 once the vitelline membrane 71 is penetrated. The distance; for the micropipette 20 to

be depressed may also be controlied by measuring the micropipette 20 movement against a

precalibrated scale on the monitor 64 of the oblique macro-monitoring unit 60.
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preprogranmed sel ected position whereby the distal tip 22 of the

m cropi pette 20 is over the area of the germnal disk 70 and t for
optimally placed for the insertion of the mcropipette 20 intohlt%iﬂjl"ﬂlioo5
germnal disk 70. The distal tip 22 of the mcropipette 20 is then pressed
onto the vitelline nenbrane 71 of the avian egg, to a depth of about 20 pm
bel ow t he R0 ogmaaral pl ane of the nenbrane, as shown p@rddodesseB. The
vitelline nmenbrane 71 resists penetration by the m cropipette 20 and
therefore the distal tip 22 indents the vitelline nmenbrane 71 w thout
piercing the nenbrane 71. The depth of the indentation 73 formed by the
pressure of the distal tip 22 of the mcropipette 20 on the vitelline
mermbrane 71 c@r BRveeheoiimResicRipiptie heaghiee FeipRdsemindDdifingo M cropi pette
may be pre-marked about 20 mfromthe distal tip 22. " Wen the mark is about
| evel wi toPrfipiad B e oaliqysly sagledmacromonitoning amit 60, tchiapripingtadfbeusihle maorav | | ent er

t he ger myyal | ce t i j 71 1s D r d. The

di stance@%rﬂtc eﬁ‘ﬁlﬁi"g?%% p tatﬂg&i%l%%uﬂggﬁ]a%grgg{gge n W%F“s‘%&?é’ t@%ﬁtrol | ed by
measur i nglecthmindamemidpet tieplaObynmeniton64.a{b¢ olsiquaangbe efald imraleasiébcal e on

t he ni f ot obl i que .macr o- moni j.or i unit .60. 16 19 Jyly 2005 WO
02/ 06 72%8@6%%@%%6?m?’%£?ﬁ8%ﬁ@ﬂ?e‘%fﬁtf fég\% e E‘Ef‘p‘f”ﬁg'f‘? @e?éfaP%V tive to an
avi an gemtd fheteptick indhtition tHIRG], troferlktiBtIy A iDDVertidBhirods At SiffeclRES O
nmonitoring unit 60, conprising a focusable macro |ens 61 capabl e of

del i veri migPse P ROgEdhTBIGHINSCEM | nage of the avian gerninal disk 70 to an

el ectronic c C | Rytelal] : i | e of the
macro | ens G?Eggegﬂgég%% eéﬁgz‘%%‘%ﬁé’@ I}fag\eenen%p%?dq?ﬁhgnﬁlagﬁgﬁegg% P‘gquo relative
to the vistialdoniae withhihe awdent¥dl vitelling mdmebrabe gil e €Thefvibratthg ndisdl itipr22t dfetheof , nore

di stipgctly than i .vertical m.croscope objective 2 is used to nonitor
t he r}‘lﬂcr cﬁ?pé%e{éér' (é’? . ‘%ﬁ%l tiuggg FhepY@%‘? é?‘%ﬁﬁniec i ngﬁ‘i,c%saf%@E‘}GFPt&’Pi &5 are
appl i ed therctde pHbcaicRPOMEY 4iSialdR 2N Q dedired ipSsifidh WiRhH &6 vk Edmidipdibindent ed

vitelline nenbrane 71. The vibrating distal tip 22 of the 10 mcropipette
20 dri || 20t #r sggiedt e the tviellinen membieds I empuing Suddenly stouits pemindenied on, and

t her ef or .he. di st j - I ition wthin the
avi an ge§°n“1% r@? ﬁ%’?@is}ﬂ%wlﬁlg %(?g%? }eﬂé‘ﬁgy %rﬁ%ow ?gﬁ%‘%rép?p%ﬁ%gé arnatﬁeen nmovi ng
suddenl yinjeotedl frgo the germiché disle ™ byquosifios liydtanbnpresatre sxeptadion the fungn 22&hd The fluid
cont an then be injected into the germ nal

t f th i i tte 20
di skqgosﬁg%ﬁ%@véﬁ%&iﬁﬁ&%@%w% ted on the lumen 21 and

The present invention also provides methods for producing a transgenic bird, such as,

but not limited to, a chicken, by introducing a transgene to an avian germinal disk using a

viral or a non-viral vector, by sperm-mediated gene transfer, integration or the by nuclear

transfer via two-photon visualization and optionally, laser-mediated ablation, and ovum

20 transfer and the like. Transgenic avians produced by the instant invention may have the

ability to lay eggs that contain one or more desired heterologous protein(s) such as, for
example, an immunoglobulin light or heavy chain, an antibody, or variant thereof.

Transgenes may be introduced into the ovum of a bird, according to the present

invention, by nuclear transfer via two-photon visualization and ablation, wherein the nuclear

25  donor contains a desired heterologous DNA sequence in its genome. One of ordinary skill in

. the art will be able to readily adapt conventional methods o insert the desired transgene into

- the genome of the nuclear donor prior to injection of the nuclear donor into a recipient

cytoplast. For example, a vector that contains one or more transgene(s), encoding at least one

polypeptide chain of an antibody, may be delivered into the nuclear donor cell through the use
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15 the contents therein, by the pressure-regul ating system 40. The present

i nvention also provides nmethods for producing a transgenic birdﬂéﬁﬂcﬂf§605
but not limted to, a chicken, by introducing a transgene to an Y
germnal disk using a viral or a non-viral vector, by sperm nedi ated gene
transfer, integration or the by nuclear transfer via two-photon

vi sual i zatwowny@md7 opti onal | y, | aser-nedi ated abl ati onpcaisch2@ipm 20 transfer
and the like. Transgenic avians produced by the instant invention nmay have
the ability to lay eggs that contain one or nore desired heterol ogous
protein(s) such as, for exanple, an inmunoglobulin |Iight or heavy chain,

an anti body, or variant thereof. Transgenes may be introduced into the ovum

of a biraf addbetydichigle! Thd fmsgnes @b trahsfrR koA Wit e AidiE abnot @l er Vi a
t wo- phot on. vi sual i zf%hl on and abl ati on, wherein the nuclear 25 donor

cont ai ns "&RITEPYEY 19D VRS PG iToRIvRcn fu s ewthions oftike pyeserivent@nethof or di nary
SKi | |11 ol istfcsfitkdd v @ucd b i bl ket her 91 BRI A Bl dBERORAS L0
insert the desired transgene into the genone of 't nucl ear donor prior to
i nj ect i oRt &F Present fiyentions the eyier isjtsnsdereed dute ithsi infutdibubyn opthasdcipidbherexanpl e, a
vect ok t i e. ar - 1 S ncodi.ng at .l.east one

pol ypgpt ?’?g %ﬁ%ﬁﬁcgﬁn’gln% %n%qog%bé%nﬁr%g@ég%ggﬂ(&a %isvéeﬁ)gﬁmisqu? gjetrﬁcéplﬁg Bar donor
cel | thr euhhavehelneggh thg Dvitifet hfilthe BAOBherdND i 24cR4ART Y GRALIBRZS 0BRO2 of a
delivery _vehicle, The transgepe is then transferred along wth the nuclear
donor inprg%f%%ng?ﬁa}?r%‘iegﬁf eﬁvﬁ S IFIH\RJF%?“;?%F@‘*F‘@E hatgheditorredicey t he

met hods  efradsheniquhese The leANeizttiagRenié fSck IMLRRYY che bf ﬁ&%fdgihre@ﬁaﬂsﬁén@gsf he
reproductive ”&?pt Ft%h'éa reci pient hen. In a preferred enbodi nen of the

present PRI 87 HoHemise ttreton, therfmpienie aviinmey leheses tbinodiedoutnani of t he
r eci F?Denﬁnpi%%_@séreéhﬁérbﬁgo@ &%ﬂ)%‘féﬁ%@gasﬁlfﬁaﬁ fyo containing the transgene
an

devel ops inside the recipient "hen avel's 't hrough t he ovi duct of the
hen wher e it Methags fupreedfatietofsymatintost alicld gg wdilikhewn jrthé £t a8l indeliea nat ur al
egg shel Th ks daid and can be incubated and hatched to produce a
tr ansgenil)yc e :%{: Egag”ﬂ%eé el it tﬁovfr&a@@égn TErORISRSORG plengWiisss: 8d@oor nore

desired sssaisgeniafses nakdd DN®, Ipidiubdidted oA, NeclBlodiBh | 47 ditdde
transgenj ¢ avi.an may | ay g&l{gts that contain one of 10 nore desired

het er ol o5EIRIB thsitheleys: Spelitechiquesepagticylarly asraplied do adans Vi dissthsed oyr

transf ecpd QM | [F=1g I : i I d incl ude,
by way Ofésgé}gﬁf I(g,gn?&ﬂgﬁulgg %)’%@szg%)r? G%&g%(?@ié&uﬁ{ﬂc%% %\1{3 r (wt?a%é%ggsg’ns,
adenovi riedgson dH%natent do0 64031, B4), \Hushesed].S.n2ekeatl NONAIYT, 768), dviried{PaTed

transt echy Qo NS W& R8/184 729 MR mu WA bubtication No. WO 97/47739), Perry

(U.S. Patent No. 5,011,780), Petitte (U.S. Patent Nos. 5,340,740 and 5,656,749), and Simkiss
(PCT Publication No. WO 90/11355), the disclosures of which are incorporated by reference

20 herein in their entireties.

Another ::—Lspect of the presen:t invention provides a cloned bird using nuclear transfer
methods employing two-photon visualization. The steps in nuclear transfer include, but are
not limited to, the preparation of a cytoplast, donor cell nucleus (nuclear donor) isolation and
transfer to the cytoplast to produce a reconstructed embryo, optional culturing of the

25 reconstructed embryo, and embryo transfer fo a synchronized host animal.

In preferred embodiments of the invention, the animal is an avian including, but not
limited to, chickens, ducks, turkeys, quails, pheasants and ratites. In this method, a fertilized
or unfertﬂiied egg is removed from a bird and manipulated in vitro, wherein the genetic

material of the egg is visualized and removed and the ablated nucleus replaced with a donor -
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injection into the nucleus. Such techniques, particularly as applied to

avi ans, are disclosed by 15 Bosselman (U. S. Patent No. 5, 162’213?7JEE/§2665
(PCT Publication No. WO 99/10505), Hodgson (U.S. Patent No. 6, Jd )
Hughes (U. S. Patent No. 4,997,763), lvarie (PCT Publication No. WO
99/19472), MacArthur (PCT Publication No. WO 97/47739), Perry (U.S. Patent
No. 5,011, w8@nesRetitte (U S. Patent Nos. 5, 340, 740 apcrbso@bhe2’/49), and

Si ki ss (PCT Publication No. WO 90/11355), the disclosures of which are

i ncorporated by reference 20 herein in their entireties. Another aspect of
the present invention provides a cloned bird using nuclear transfer

nmet hods enpl oyi ng two- photon visualization. The steps in nuclear transfer

i ncl ude, datbusar@ptioRdlly, the oh@tntitus MAACHPERBRED OMA&S with,Cit SRkpRL o donor
cell nucl eus (nuclear donor) isolation and transfer to the cytoplast to
produce JAREEFNEICPLiBE 8B EPESAONS, PAbpeRtishal Twerphaien leger obanuing mE®seasgonst r uct ed
enbryo, : j h i preferred
cbodi Tent o het ot e S MG RREGE "EGonl DRl ddaPE P CL
limted tnocleushn teapdpie welk such asrafesidizedquainfegilizghegasmntmovad dr atdsted, es. |1 n
this t rtilkzed or unfertilized egg is renoved froma bird and
mani pl?apg%ﬂﬁa@%ﬁg&ghg erein the genetic material of the egg is

vi sual i zed anTPIShirproeiatennoh-inngivaiheee dinantiohat iSal tigigliaggd oftichpacaipnor  1s 19
July 200 WO 02/ 064727 PCT/ US02/ 033?% I’HIIC| eus. tionally, the donor

nucl eus © Ea e t Y EUALIFRFORGE the ElRnRpse 1Piat o Presusleny B avin eggsdsgene

encodi Ng nadlea@ %@EERAHIS bRA! HORREA BF thelY¥Re. P RGN 3§ Oscopy
(TPLSM can be used to vipsfual i zei%%%uc?gg%ﬂ%t{n?%gﬁg@wgo Sgav\)nﬁ%g

vi sual | z&eeewpereting inrthe neay snfated, hewess i gblown viseadizition safotwcles wrufteresi | i zed or
unf el | Wfith: QBagid ool AP RGinRhus2 Ml B isualfafl LRORILY i SI HoubikpM TPLSM
produces non-invasive, three-di nensional, rea S e |magf/e FUOPRE optically
dense avbarinjeggl wihs DNA-satifioniyed stidhe amARIh S e 6 pliakhidinor2-heaytinddleus in

avi an eggs, duri. cl nsfer. h e revenfed by the | k.

Two- phot W?%&H%@fﬁéﬁ?ﬁ@ﬁ%‘%@%%@m@&% gg‘iﬁ%é‘rcﬁlﬁuf’?ds F‘?’i‘}/ VS 'g? infrared,
however ., oflnl QlbedVih Skl 48k MR ePhinAUGLCALing Hcih U TERmdA: ¥ 1l AneR 0! N
cellular constituents. Prior to visualizafion, specinens nmay be I ncubated

or i nj ectapelgere ool Sore Betapef s fislas  DAPI (4",
6' - diyam di no-2- | ] i Ho 3342
;S o 2 ) i ELREIABELEL Bl SO B i

prevent drying of the ovum. A cloning cylinder is placed around the germinal disk and DAPI
in PBS is added to the cylinder. Alternatively, a DAPI-PBS solution may be injected into the

germinal disk with a glass pipeite, whereupon the dye enters the nuclear structures. For dye
injection, removal of the albumen capsule is not necessary, whereas injection of nuclei into
20 the disk is facilitated in the absence of the capsule.
Images of the inside of the early avian embryo can be generated through the use of
TPLSM. Visualization may be performed after about 10 to 15 minutes of incubation or about
10 minutes after dye injection. During visualization, the germinal disk is placed under the
microscope objective and the pronuclear structures are searched within the central area of the
25  disk using relatively low laser powers of about 3-6 milliwatts. Once the structures are found
they may be ablated by using higher laser power or be mechanically removed, guided by
TPLSM.
Nuclear transfer also requires the destruction or enucleation of the pronucleus before a

nyclear donor can be introduced into the oocyte cytoplast. Two-photon laser-mediated
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ovum pl aced in a dish with the germ nal disk facing the top. Remants of
the al bunen capsule are renoved fromthe top of the germ nal di3¥. ég 6&5
aqueous sol ution, for exanple phosphate-buffered saline (PBS), i AH 8
prevent drying of the ovum A cloning cylinder is placed around the
germnal disk and DAPI in PBS is added to the cylinder. Alternatively, a
DAPI - PBS s@buide@ia; ey be injected into the germ nal digksodbdsipr @ gl ass

pi pette, whereupon the dye enters the nuclear structures. For dye

i njection, renoval of the al bunen capsule is not necessary, whereas
injection of nuclei into 20 the disk is facilitated in the absence of the
capsule. Images of the inside of the early avian enbryo can be generated

t hrough tdRrists 8f Qficleal Riatblireyipsdidel 281 dIORaIRY 1o PRIRRNESY B dighhig! mabout 10 to
15 m nutes of incubation or about 10 minutes after dye injection. During
vi sual i zdomypicust [Hae gheuhiZawn banesih the opiae Eellinedaembrine within the gewpesl obj ect i ve
and the n a of the
25 i ok g e et vy PR R LG SRR PR AR O e
st ruct ur esliaierd dewegedo theasil. r'fhy We*ealmgﬂhémrablabgn gemermally ian@hébmj degr70power or be

mechani ¢ gul TP ucl e requires the
destrlrjyct %%An% Jbglgﬁl\gcéjié%lt #to% eab%"{r?h/lggﬂ\lgﬁ a@%@l@ ?@P@Hrl 2Sonor can be
i nt r oduc exkdiatet] ablkfie aﬂomyste&fﬁqté:wﬂhﬁﬁhmaﬁ%mﬂh@k%&ah@&ﬂéydﬂ@ﬁbs&ip@ﬁtox 19 19 July
2005 WO 02/%@}¥é PCTIUSO 03302 abhl ation of nucl ear. structures provides
an al t er HERP o5 LV LGy Whipk repults {y imgeeyed abyl Hlé"ftbffr@%’émé% | yi ng about 25m
beneath the oxUtreishhiid BEl FRIHE FARIH H&HOQ e (R %t%kme H gher

use

| aser powers than those used for 1 maging eatlon W th
mi ni mal epusieptad ecipientieniandpst byothe h@crmlecmon 'E*sanbi/av.béthe rpgisd:nt irlvcntmbl &he on

| 7, 1 0 t. about .30 t bout
geen | ok Y6as L AMARRY B0l 4k PR HHOIGn Bn RS0, 0 20
eff|C|enﬂmmmmMmahmed@htumﬁmpﬁmﬁ@mamhﬁpam&&m&hmysam@@leﬂﬁr&ﬂﬁﬁ@&ﬁu

dependent and |ess invasiye, ich results in ipproved viability of the
reci pi enfV&E1Y t%:nclm %\é\g @ @}QI°IV1dH‘&T(9f@EF§1P(“1‘%Wé%1Pm€R9ﬁ@rhW may then be

i nj ect ed sﬁeﬂteg’%]tﬂ%maﬁﬂélf lipAkRedsthRel &h&% mﬁyﬁé?tmtﬁ%& fonzt hiétfes 4B S¢:inDd €CT T ON
assenbly of t resent invention. donor nucleus I's Introduced into
t he gernﬁﬁéﬁmhwﬁmﬂmﬁﬁdﬁgﬁggﬂﬁ@@ﬂﬂinjectlon usi ng epi scopic illumnation
I( Iec o r% gt L 'ug{]t c;fh% r@gE Qad BE %Hrgrgstédh&e? *?Ay&&ténéf Do ﬁ’atchm% N Q&u&?, or Eu.rﬁuer

incubated to generate a cloned chick, optionally genetically modified. The cloned chick may

carry a transgene in all or most of ifs cefls. After maturation, the transgenic avian may lay
eggs that contain one or more desired heterologous protein(s). .The cloned chick may also be
a knock-in chick expressing an alternative phenotype or capable of laying eggs having a
20 heterologous protein therein. The reconstructed egg may also be cultured to term using the ex
ovo method described by Perry er al. (supra) and incorporated herein by reference in its
entirety.
The replacement of the recipient cell’s nucleus with the donor cell’s nucleus results in
a reconstructed zygote. Preferably, the cytoplasmic membrane of the cell used as nuclear
25  donor is disrupted to expose its nucleus to the ooplasm of the recipient cytoplast. The nuclear
donor may be injected into the germinal disk, where it undergoes reprogramming and
becomes the nucleus of the reconstructed one-cell embryo.
Another aspect of the present invention provides for a method of producing a cloned

- bird comprising nuclear transfer in combination with ovum transfer.  Two-photon
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zygote may then be surgically transferred to the oviduct of a recipient hen
to produce a hard- shell egg. Alternatively, the reconstructed %gﬁﬂ F 266
be cultured for 24 hours and screened for devel opnent prior to éyk 5
transfer. 15 The egg can be harvested after |aying and before hatching of a
chick, or further incubated to generate a cloned chick, optionally

genet i cal Iwo it ed. The cloned chick may carry a tsang@ens n all or
nost of its cells. After maturation, the transgenic avian may |lay eggs
that contain one or nore desired heterol ogous protein(s). The cloned chick
may al so be a knock-in chick expressing an alternative phenotype or
capabl e of |aying eggs having a 20 heterol ogous protein therein. The

r eConst I Y ARaRMGnABIbIAAbLS thab) Se Gldbd 1 ok G B0 od B&cfBed Y@, et hod
described by Perry et al. (supra) and incorporated herein by reference in
its ent ifcedrfinglyae repkc ﬁﬁlﬂ aecinient celbe pyslesp withghe deponcedlemsslems t h t he
donor celgq i P rably, the
cytoplasﬁ%%ﬁ%g' %ﬁ%%u%f t &%eﬁrﬁﬁgggﬁggﬁﬁ%%ﬁ%ggeé%g&%%ﬁgﬁg?%ﬁﬁggrupted to
expose i rcEoplastd araadytactiviaied by Gpilimationo Alierhaivelgainpitivaied mythhpsedbtggs e nucl ear

opr ogr ansires e Bl i BuRG AR e Bl Tk o0 BRete ol

enbryo. Aulatddeviaaspec trawfer! Mierin efie wiurh NosaRink@Nthe 18heRsted Uypde T8t hod of
producin% a clgned bi.rd congﬁising_nuclear transfer in conbination with
2

ovum t r aHePsErred 1,d resRienh hen- o dhe gV, jsysuzsirelly trgneferred g the ovidug afidhe/ 03302

vi sual i zadcipRit RAGhGRY akdrQRiphBIonD Thi4s f T r, as
descri bed gbove. ) Ac.i({;oréi nlgl_y,ont hlelgr_i%lcgigpeﬂrgrgﬁltag%@% nr%glgﬁlgl{l%%tﬁfr%el |"s

nucl eus RicEsueh vipeFition, insphatien, puldiaishisg; speskanhleacet uh sypredeconst ruct ed zygot e.
Prefgpably, p : I ) £ ecipi . .cvtopl asts al ready
acti \E}gt ed by 41%%# e?gél%els%ﬁgl ?%?H@{‘?dv‘-‘éfﬁ%%e??%ﬁ%ﬁ §%¥ H%% %E)eﬁ%%egél | eggs
may 5 sehsre Mwre sgcifishlintecanstrayddtdge ntlbgod dry adliveed formvi3dduafis Biage

renucl eat,i an.. The qvu then be, cuyltured via ovumtransfer, wherein the
ovum con%éaioﬂ’ilsr'@n’f”ﬁgorr @é{gaﬂé‘f“?”ffgf‘?éﬁ%@gﬂ’é peonstiupisth smbwP @HOY 19 Syrekeki pi ent
hen. They@ufsm iStags Ur @hisiids! afe bhidRsd SAthigh Hﬁ]:tkoal%ﬁ?enoéébmt Ifhist RGe) T €CI PI ent

hen shortly after oviposition. This is acconplished according to nornal
hus bandr grocedps clbelelbemen eapgulsas femiownd, affenwhish themnslean dohoh istigikitergintodee Tanaka et
al ., isup 2ol . tively, . b tured . to St X prior to
Cran Sl or ée?l%ﬁngl %sk:‘g%?% ili%nﬂ[m\éﬁ}u%ecn&p gss&\{éw"ann@ﬁle I%etﬁégs of s thereot? oF ¥

present invention. Subsequently, the capsule and germinal disk are recombined by placing

the thick capsule in contact with the germinal disk on top of the yolk. Embryos develop to
Stage X at similar rates as those cultured with their capsules intact. At Stage X of
development, the embryo is transferred to the oviduct of a recipient hen.

20 Once transfetred, the embryo develops inside the recipient hen and travels through the
oviduct of the hen where it is encapsulated by natural egg white proteins and a natural egg
sheil. The egg that contains endogenous yolk and an embryo from another hen, is laid and
can then be incubated and hatched like a normal chick. The resulting chick may carry a
transgene in all or most of ifs cells. Preferably, the transgene is at least in the oviduct cells of

25 the recipient chick. Following maturation, the cloned avian may express a desired phenotype
or may be able fo lay eggs that contain one or more desired heterologous protein(s).

Although preferred embodiments of the invention have been described using specific
terms, devices, and methods, such description is for illustrative purposes only. The words

used are words of description rather than of limitation. It is to be understood that changes and
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hen. More specifically, reconstructed Stage | enbryos are cultured for
24-48 hours to Stage X This allows for devel opnmental screeni ngg)f [thOOS
reconstructed enbryo prior to surgical transfer. Stage | enbry ‘a“"
enclosed within a thick al bumen capsule. In this novel procedure, the

al bunen capsule is renoved, after which the nuclear donor is injected into
the 15 gerwbhondssdy sk using the m croinjection assenbl yepdzbsae et hods of
use thereof, of the present invention. Subsequently, the capsule and

germ nal disk are reconbined by placing the thick capsule in contact with
the germnal disk on top of the yol k. Enbryos develop to Stage X at
simlar rates as those cultured with their capsules intact. At Stage X of
devel op ‘ot ) : i : recl-pi.ent hen.
20" nce tioh BRI By ot o Py Wl b BT
travel s tohfegese phbe pevantinention whidkisksetrforfthio the daims. dn ediitiopsitshatldde by nat ur al
egg whit i r hell . The.e t._ cont ai.ns
endogeno&g@{gﬁﬁ%@l@gﬁs gfnt‘g%ag()@re%g girr{lgﬁtﬁeray eelﬁlfer(ihglggig %%cgﬁénn ocqn"t hen be

i ncubat egaindlhegiresamdinkinken & fuetherdillustrhied oy thé dolloaiigl dxamples; itgdh @ray carry a
transgene_in | or st of its ce]ls, Preferably,. the transgene is at

| east %i n pfqr’ﬂéie‘gbf &’ﬁ%?@@ﬂa‘gmo@dﬁ@"ﬁrf?t P& Esiraed s L%‘ft@ﬁ'. %ﬁ?ﬁqﬂf?ﬂ%rﬁ’g alat ur at i on,
the cl onederanted publfed ¥ddn@Sad baRRS IhQRUMRMEIAE YR Gresttt appiath #0LRot O | ay
eggs that contain one or nore desired heterol ogous protein(s). Al though

pr ef er r edcERHBeARAEHdbYIEiRopte in Weientiradies. have been descri bed using specific
terms, devices, andg RO Spreniib do?l‘r\erli&iii&'@ l {b- Ltﬁkrative pur poses
only. The words u of limtation.
It is tolizabationtcdet wodisvlhat fomanthesizaliens Bdwded 24 hour2FRH ovipSitdR /P64 727

PCTI Ug02/,03302 vari at,i.ons. be nmade b hose of .ordipary.skill in the art
it hadt GEPOT ger PR B F proro oo TR0 s ShS b S8R v ent | on
whi ch i s fistelatefl QGlHRrti 0d WNRIGIRI 1083, J| i RSBt dr@ Ferrilly $261LLsE) hed grstood
that aspects_of the various enbodi nents may be interchanged both in whole

or in p&d: BRePrpfedent. I0nPeémi on is further illustrated by the followng
exanpl es, m']ﬁ?or@g@ne?atﬁ%%héé?%f@é W éa];l?r:ehllb%jfgt DRl QR ABEafQkid, not be

construed as limting. The Tontents of a ferences, published patents
and pat espesific dyesagcartiing togthofollowing ptossle e aipphercapiubnwananaled and ther eby

i ncor,por at ed r.ef er.ence i,n their tireties. anpl . Preparation of
t he Iigpi B%Pﬁ@t%pal i Wb% theppeanal ‘ﬁs@(u%ﬁﬂ% 61}‘? t%%ﬁ%?ﬂis ?]’fst(]}f’ &ﬁ’ *trom
eut hani zegsilensrehehyee Fodr the PWF Sheadetiinal NIk QHbiph@P b@ffered saline (PBS)

was added to the dish to prevent drying of the ovum. A cloning cylinder was placed around

the germinal disk and 1.0pg/ml of DAPI in PBS was added to the cylinder. Visualization was
performed after approximately 15 minutes of incubation.

20 Injection: Preparation of the egg was done as described for incubation. Following removal of
the capsule, 10-50 nanoliters of a 0.1 pg/ml solution of DAPI in PBS was injected into the
germinal disk using a glass pipette. Visualization was performed approximately 15 minutes
after injection.

Visualization: Following incubation, images of the inside of the avian early embryo were

25  generated through the use of TPLSM. The germinal disk was placed under the microscope
objective, and the pronuclear structures were searched within the central area of the disk, to a
depth of 60pm using low laser power of 3-6 milliwatts at a wavelength of 750 nm. Once the

structures were found they were subsequently ablated.
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10 the previous egg. Alternatively, eggs were isolated from hens whose

ovi ducts have been fistulated (G| bert and Wodgush 1963, J. of 1I§8rpd206%d
Fertility 5: 451-453) and (Pander et al., 1989, Br. Poult. Sci. uly
953-7). Before generating inmages of the avian early enbryo, DNA was

i ncubated with a specific dye according to the follow ng protocol. The

al bunen capswi@smms renoved and the 15 ovum pl aced i pcpuddbgdhew th t he
germ nal disk facing the top. Remmants of the al bunen capsul e were renoved
fromthe top of the germ nal disk. Phosphate buffered saline (PBS) was
added to the dish to prevent drying of- the ovum A cloning cylinder was

pl aced around the germnal disk and 1.0g/m of DAPI in PBS was added to

the cylinder. Visuali 7ghingis 2WeucleREAbIRhdEhadihifea@P’ OXi MRt el y 15 ninutes
of incubation. 20 Injéctron. Preparatlion o was done as descri bed

for incubat i oREONYCHTT HptHGS WetrsRhigoted fo laseheediaipd alilasion. 1 B-thQe experirhénter s of a
0.1 g/m | 1.Q: injected.into the .gefmnal_ disk using
aﬁ@lﬂﬁﬂu? Q%@.S@ﬁ@%?gﬁ%ﬂﬁ% bv%ﬂzr &mg:ldsé%lgens was U eé\l1 9 aH,c#

a gl ass pipette. sua s perforne Foxi hut es
af t er i njpketsitobs ablbtsiuedre dedinedowith thotwoghbtog seftweard) arhiletie z plamg @t fwak he i nsi de

of the avi an .earl yyo re .25 generated through the use of TPLSM The
ger ni Ral 3"3? eﬁ@&%ﬁ@é%"pﬁ\ﬁ%&?ﬁe S%}"E ﬁﬁﬁ’?%‘b‘ém YBicRER Y Sb oA MR
pronuc! egfamslef, et dbfa86n M&ﬁﬁseﬁ%%ﬁﬁﬂﬂﬂnﬁﬁ'l%ﬁ?%&?&f int Wb Bvifedltidie di sk, to
a depth of 66m usi ng low | aser power of 3-6 mlliwdtts at a wavel ength of

750 nm Useskize the remepiningeafiiheyoneles, fbich tvas sibsequantle aldaibd cthedaset govabl at ed. 22

19 July : / A 02/ 2 Ex | &.2:. Nucl ea | ati on and

Emi ol et Fon TP (F eBIdA b b Rl Sl e ALEv SRleniti e

abl at i on750 mm.t Reske ziefier éxperithats desdibéd b the 20ugeQrab Msn{clibge Fickalf Apert ur e)
nd,y .planes to be abl ated were

wat er, . i rsion |l ens was used. .The
defi ﬂgldm&n%i $rl g Weapﬂ?@%ﬁs@o‘?ft]\a&ﬁé?ﬁvﬂﬁ@éh‘f prwves was mpteased il hfoldas 5 | ust
under 10g9;faQbtal Mefisify RPea® ofORHOSOD KN cormpddiiGio HIEVIRLRAHG] BifkhsiBiJfUcd Ur e was

about 20 pmin dianeter, the ablation conprised two steps (2 tinmes 10m.
The focaimilBwettst Thagblptisndniensity (power degsity) isdhe fuactionahpiraieter, 6. themwer onucl eus,

whi ch wa t : . S wer.. to ablate the

pr onucl elﬁlc%%%ggtﬁ ?\geﬂ?lﬁa%%tggﬁ%l%h§ngﬁlggﬁ m IIjﬂ}llln\"/’\a/a ’?@m (ﬁ)e oW gf”éngt h of
750 nm é&orpréshed thiblpetvérdnio ex pen i1 6R6t smalles givink aoabiadegsity ti@eab®gGOMaS zoonmed
by a,fact e Qf

Example 3: Nuclear transfer requires removal of the nucleus

of the recipient ovum
Fertile White Leghorn ova were collected 1.5 hours after laying of an egg. The donor

birds were sacrificed by cervical dislocation and the ova collected under aseptic conditions
20 from the infundibulum or the anterior end of magnurm.

Nuclei from blastodermal cells obtained from a stage X egg of a Barred Rock hen
were microinjected into the center of the recipient germinal disks of VW:hite Leghorn ova
without removal of the nuclei from the recipient cells. The ova were then transferred to a
White Leghorn recipient hens for further development.

25 Feather color was used to determine positive acceptance of the donor nucleus by a
nucleated recipient cell. Thus, White Leghorn birds have white feathers and Barred Rock
have black feathers. An indication of a donor nucleus surviving in a nucleated cell would be

offspring having black feathers, or black and white feathers (illustrating chimera formation).
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10 4 to 5, giving an area conpression of 16-25 fold. Then the power was
increased 10-12 fold for a total intensity increase of 160-300f

conpared to the visualization intensity of 3-6 milliwatts. The1§g#Hb18905
intensity (power density) is the functional paranmeter, i.e. the power
increase of 10-12 fold results in ablation power of 30-70 mlliwatts, but

t he zoom fwebfdsa72E0ONpPressed this power into an area lpcEfmysiwl | er giving a
power density increase of 160- 15 300 fold. Exanple 3: Nucl ear transfer
requires renoval of the nucleus of the recipient ovumFertile Wite
Leghorn ova were collected 1.5 hours after laying of an egg. The donor
birds were sacrificed by cervical dislocation and the ova coll ected under

aseptic condi pheng eﬁ&vfcﬁlemmea haigah Gg;ﬂaymegrmm%eadafﬂ e'fartP@@igstOf magnum

Nucl ei from bl astodermal cells obtalne roma stage X a Barred Rock
hen wer eughusy ofithy redpient Wdo bave de‘eﬁiﬂpelentomﬂttﬂmdqna@d pickns. @Iémngln&t di sks of

Wite LeQiBl?Jr \ngrhg Bé I t%H%ﬂ an %ntvhefmﬁaééh%lex{:agrgnnén ows tp‘clhent cells.

The ova mereq?ﬁ rans?erre orntecipient hens for
further ohaoreinmmmrtﬁ‘ the%EcoE@aﬂcltms mn:od Btipleadvus avidpn ket raelprs sl pasdnt | ve

accept.an e of  t b eated r t.cell. Thus, Wiite
Leghg n P?Sd“é)t %Mgdaﬂﬁtmé&] qegéi%’af"%ﬁ%ga%@ﬁ%mﬁ%%&ﬁ*ack feathers. An
i ndication of a dop@mpeigl Gmmawayummeuéﬂoamusdr@ﬁﬂﬁﬂmcelI woul d be

of fspring having black feathers, and white Teathers (illustrating
chi nera for ma¥ qﬁgﬁ te@ghjg!gloyumylogg@ge cwtﬁiﬁéémvfsﬁi@/l@%ﬂf@@m Four all

yel l ow cml@ hénop%&‘éﬂ&el sadiiRELICR! &emca!i Bgfocgdgﬁ g M taam‘éfag%gﬁe 8&@6 first

nucl eus, he recipient ovum to have devel opnent donat ed
nucl eus. GN@%@W%@W@%@MOW#OM&@W retained in an active form

thi s ,experi t creinj ecti A sec ucleus into a
r eci plﬁent omahgw \r,% gﬂ’flatlg rLseEhOr%gl Oerubs‘}rdgtafel Wa%?tg‘gé%?a% g’og@dﬁg? 0t)r ecl ude
final angaummmdﬁﬁtm demelcapfrant bhiibddrng cell tenvtdfién A sthgd e dpCdTlaBarredExanpl e 4:

Gamma Ray lrradiation for Nucl ear Ablation Fertlle VWhite Leghorn ovum
donors aReckhsmniy %H’J“Z‘)mle‘“ie@nw&g? cenier platne peppinghdigl Hﬁl’é‘&@meFﬁ@V%lonor bi r ds

are sact bR tuiler AR Ahcoh REIchinonIE dOkRpROk| eCted under aseptic

conditions fromthe iInfan he anterio magnum
Feather color is uscd to determine positive acceptance of the donor nucleus by a

15 nucleated recipient cell. Thus, White Leghorn birds will have white feathers and Barred Rock

will have black feathers. An indication of a donor nucleus surviving in a nucleated cell is
offspring having black feathers, or black and white feathers (illustrating chimera formation).
The results indicate that damage to the nuclens of the recipieni ovam by 600 rads of
applied gamma radiation disturbs, but not halt, development of the embryo or prevent
20 hatching thereof.

Example 5: Preparation of the Nuclear Donor Cell and Isolation of the Donor

Nucleus
Fibroblast cells in culture were trypsinized (0.25% Trypsin and 1pM EDTA),
centrifuged twice in PBS containing 5% of fetal calf serum (FCS) and placed in a 60 mm
2 'plastic dish in PBS containing 5% of FCS. Using the microscope/micromanipulation unit
described below, under transmission light, the nuclear donors were then isolated by repeated
‘pipetting of the cells, which disrupted the cytoplasmic membrane and released the nucleus

from inside the cell.
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10 Ova fromthe Wiite Leghorn door birds are irradiated initially with 600
rads of gamma radiation. A nucleus froma bl astodermal cell

stage X egg of a Barred Rock hen is then microinjected into the‘lgégﬂbféagﬁa
the germnal disk. The microinjected ova are then transferred to Wite
Leghorn recipient hens for further devel opnent. Feather color is used to
det er m ne wosidsue acceptance of the donor nucl eus byperusonuc! eat ed

reci pient cell. Thus, Wite Leghorn birds will have white feathers and
Barred Rock w |l have black feathers. An indication of a donor nucleus
surviving in a nucleated cell is offspring having black feathers, or black

and white feathers (illustrating chinmera formation). The results indicate
that damage to the nUCIE&mQIaftS Maﬁ&ﬁh@fﬂﬂﬂ{e@hﬁﬁh&w%t&ads of applied
gama radi ation_di st ur but. not halt %ﬁ;/e opnent of the enbryo or

prevent 20 hat BHf W@P%F’mtlﬁ?alﬁﬁ?”ég@l 18 gaicreiicster spd e MNLESNEar  Donor

Cel | and hianbipeBiof fbothRoQIRIN/MANEIE Usere Bd fe@% @ﬁtupﬁﬁalt NSkon Bt Ur e were
trypsiniz (0 25% Trypsin and 1M EDA cen twce In S
cont ai ni n§8 181 TREHOROPE WS ad@@%ﬁw@ﬁ@isyn@ﬂﬁaotblt@mssm and edflestive lig pl astic

di sh iy PRBangsnit alrﬂfsr]‘gncglé)%ﬁ on 485 "o 916 n@g&g@gﬁg&?/ %&[@n&gul ation

unit described bel ow, der Transm ssi on nuc oNnors were
t hen i sol H?@@U@y(lﬁeﬁebtl@doftb@ puie, ian desafbed la@ve)esiomauc oellls afsushieasiarpindd t he

I d ! d h, 1. 24 19
Sul " 2005 b3 BRT B BN oD s R e o e

Reconst r usttedsnygiolight. AThis Gas Helloinpd b,a&heqﬂommuboahz‘aﬁaﬂ) ahdS pddBioAig bMnb6
188NE m crommani pul ator, both fromN ﬁon/ Mar i shi ge,

ni cr oi nj ect ar
wer e adjarﬁ E]Hﬂfflgﬁsgdmé%m&‘@ RCTAiCRRS PR ESHispraent ggstof injegfipa ofyihe spmetispelvas adapt ed
to opgy atiiny ra@%db@;gruﬁt&@@&me@ Sha¥P 83 p ﬁ@&é wat asveglsédgmri]zgtﬁ}ng@ﬁ%ﬂtons This

uni que configuration has allowed a m)rpho ogi cal
pr epar at i GAingiiog the sidasnd throngh dic oblsetivaueiieths samwledewentivblgll above) somatic

cells in suspension and to lo ﬂg ongoi pette using dry or water

i mmer sion | enses under di ascopﬁgm}l Mr transmtted light. This

was fol | oned hythehmwpobkapng,lmlabﬂtmamd a6 ansfietred by ivnd Agn @jectibie witger m nal

TP Fenebdbftl] 67956 M oD B e Tt i Sh B s rolophifeto SO ©
15  receiving a donor ovum but has not yet ovulated. Pentobarbital is the anesthetic of choice.

Feathers are removed from the abdominal area, and the area is scrubbed with betadine, and
rinsed with 70% ethanol. The bird is placed in a supine position and a surgical drape is
placed over the bird with the surgical area exposed. An incision is made beginning at the
junction of the sternal 1ib to the breastbone and running parallel to the breastbone. The length

20 of the incision is approximately two inches. After cutting through the smooth muscle layers
and the peritoneum, the infundibulum is located. The infundibulum is externalized and
opened using gloved hands and the donor ovum is gently applied to the open infundibulum.

The ovum is allowed to move into the infundibulum and into the anterior magnum by. gravity

feed. The internalized ovum is placed into the body cavity and the incision closed using

‘25 interlocking stitches both for the smooth muscle layer and the skin. The recipient hen is
returned to her cage and allowed to recover with free access to both feed and water. Recovery

time for the bird to be up, moving and feeding is usually within 45 minutes of the operation’s

end. Eggs laid by the recipient hens are collected the next day, set, and incubated. They will

 hatch 21 days later.
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10 using dry and | ong di stance | enses under fiber optic as well as

epi scopic illumnation (light comng fromthe side and through gfs

obj ectives onto the sanple respectively). Exanple 7: CNun1Transﬂ Hb’?995
time of laying, recipient hens are anesthetized by wing vein injection with
pentobarbital (0.7 m of a 68 ng/m solution). At this time, the

i nf undi bulwgvigsheceptive to 15 receiving a donor ovediBdkoli@s not yet

ovul ated. Pentobarbital is the anesthetic of choice. Feathers are renoved
fromthe abdom nal area, and the area is scrubbed w th betadi ne, and

rinsed with 70% ethanol. The bird is placed in a supine position and a
surgical drape is placed over the bird with the surgical area exposed. An

incision is mdeme@y)ni Rg Whosé Bedudt WE5tNRA Afiow Bie oA of bddstier t he
breast bone and running parallel to the breastbone. The | ength 20 of the

i nci si on fraclagion §9ilberrand Woadensh,|ORD . ofplfeprad. endt Harilly H15d¥gh Raneer ehoot h

nuscl e | ayer d rdnt 66 t i kbl I ed.. . The
infundibu¥§#?%éqgkfgaﬁéﬁﬁégdgang %pgﬁ%gaﬁg?ﬁgngggggﬁﬁggﬁgﬁéﬂdnfﬂe donor
ovum i s geeripient haw fiir ithechredyctidnef o pad-shalifegniidoschibeth by Wnewarthy i60sPadthowed t o

nove i patogk i 0t ' i.nt o e anterior magnum.b r.avi f eed.
The in?er%% ?%%g7§53%??§%§?§3%%mﬁ% %ﬁﬂﬁéw%gﬂﬁkggvp? mgﬁﬁﬁ%ﬁgﬂ? %%%ion

cl osed usandgheAbiter it odioe kacipignilichd wive ssddatgeattdly fdrlie tniatoli raavisahaed ayer and
the skin. The recipient hen is returned to her cage and allowed to recover
with free™®ss to both feed and water. Recovery time for the bird to be
up, noving and feeding is usually within 45 mnutes of the operation's

end. Eggs laid by the recipient hens are collected the next day, set, and

i ncubated. They will hatch 21 days later. 25 19 July 2005 WD 02/064727
PCT/ US02103302 Alternatively, a hen whose oviduct is fistulated allows the
collection of eggs for enucleation (GI|bert and Wodgush, 1963, J. of
Repro. and Fertility 5: 451-453; Pancer et al., 1989, Br. Poult. Sci. 30:
953-7989). The transfer of the reconstructed enbryo to a recipient hen for
the production of a hard-shell egg is described by Wentworth. 1960, Poultry
5 Science 39: 782-784. The first technique will be used to obtain ova for
reci pient cytoplasts and the latter to produce recipient hens to be used
repeatedly for the transfer of reconstructed enbryos. 26
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19 July 2005 What is Clainmed is: 1. A mcroinjection assenbly conprising a
m cropi pette wherein a surface of an object is visualized at a ﬂgie
oblique to the surface of the object. 2. A microinjection asse I@ y 2005
conprising a mcropipette wherein a surface of an object 5 of Fig. 1 is
visualized at an angle to the optical axis 6 of Fig. 1. 3. The

m croi njection assenbly of claim19 or 20 wherein the object is a germ nal
disc atop a yolk. 4. The microinjection assenbly of claim21 wherein the
germnal disc is a germnal disc of a chicken. 5. The mcroinjection
assenbly of claim 19 or 20 conprising a light mcroscope. 6_ The

m cr oi nj Whatds Claimedtisy of claim 19 or 20 conprising a source of a |ight
beam 7. The mcroinjection assenbly of claim 19 or 20 conprising a

pi ezo-el ectric oscillator. 8. A nethod of mcroinjecting into a germ nal

di sc conpri siAgnicroijentiod iasgerablyicorrpirisingca inderopipettaridhygrado mpsuriaica gpf an

m cropi pette;. visuali,sing a.,germ nal disc. .at angl e oblique to the
surface glyje{?tﬂgvag? fﬁeﬁé’% aﬁapglg;obgc}watpﬁﬁ%égrifw ?%El?%&ﬁﬁ%‘ germ nal disc by the
m cropi pette; thereby mcroinjecting into a germnal disc. 9. A nethod. of
m croinjgcti i.ntp.a germnal disc . conprising: rovi di ng m cr.oi nj ection
assenbl y2comit MUFTRIBIHINY @RessTRe COmPrISiBs & giippipetshylera)) 2 auiace 4f 20

ger m nal olje&t @ It 1is Widhilizat afBn angleao tife bptRaPRld 6of Figxis 6 of Fig. 1;

injecting into the germnal disc by the mcropipette; thereby
m croinjecting into a germnal disc. 10. A nmethod of producing a transgenic

avi an cofipr i gihaGnicrdijeitiofli 488erblyich E:%:ixﬁi@%rizmwﬁéﬁwmbbbj&mré geiinal

m cropi pette; visualising an germ nal disc at an angle obliqué to the

sur f ace di¥c 3tAR agilkyi nal

4.  The microinjection assembly of claim 21 wherein the germinal disc is a

germinal dise of a chicken.

5. The microinjection assembly of claim 19 or 20 comprising a light microscope.
6. The microinjection assembly of claim 19 or 20 comprising a source of a light
beam.

7. The microinjection assembly of claim 19 or 20 comprising a piezo-electric
oscillator.

8. A method of microinjecting into a germinal disc comprising:

providing a microinjection assembly comprising a micropipette;
visualising a germinal disc at an angle oblique to the surface of the germinal
" disc; and |
injecting into the germinal disc by the micropipetie;
thereby microinjecting into a germinal disc.

9. A method. of microinjecting into a germinal disc comprising:
. praviding a microinjection assembly comprising a micropipette;

27



disc; injecting nucleic acid into the germnal disc by the m cropipette;
allowi ng the avian germnal disc to develop into a chick, ther %

produci ng- a transgenic avian. 11. A nethod of producing a transg 'ijﬂlyagpgﬁ.
conprising: providing a mcroinjection assenbly conprising a mcropipette;
visualising a germnal disc atop a yolk at an angle to the optical axis 6
of Fig. 1, injecting nucleic acid into the germ nal disc by the

m cropi pette; allowing the germnal disc to develop into a chick, thereby
produci ng a transgenic avian. 12. The nethod of claim 26, 27, 28 or 29
wherein the mcroinjection assenbly conprises a light mcroscope. 13. The
met hod of cl alisualiging a pempgalglisoatopisatols at anrangiederinaapticgl as BRI divi nat ed
by a light b ; - - Of i , 28 or 29 wherein the

m croinjecti gﬁ aé@é%;{ﬁ/@g%@%ﬁ%é%sbgh%ide%%&&e%%t ric oscillator. 15. The

met hod othewdhyimic@bijectifig it@agermbalwiec.ei n an oscillation is applied to the

m cropipette. 28 19 July 2005 16. The nethods of claim 26 or 27 wherein a
nucleic acid is injected. 17. The nmethod of claim 28, 29 or 34 wherein the
nucl ei ¢ ‘Hti d A methodet producing &. trafisgenie taliiad compdsiagm 35 wherein the vector is
a non-viral vector. 19. The.nethod of clai.m 28, .29 or..34 wherein the

nucl el ¢ aci d AN DUGORICCHAT assamly RN EMIFRPRBS 57 28 or 29 wherein
t he germ nal viduaksingsam gg@iinairdisc atias angle abliGid fkihe. surface Bi¢hergéronkiof cl ai m
28 or 29 conprising delivering the germnal disc to a recipient avian
femal e. ¥ The nethod of claim 38 wherein the delivering is to an

i nf undi bul umigéctihg PuclerRAck iRLthe YeARinhEdTEd By thdInicrbpipetigi hod of cl ai m 26,
27, 28 or 29 wherein |r_gect| ng.into the ge_rm nal. di sc
allowing the avian germinal disc to develdp into a chick,

thereby producing a transgenic avian.

11. A method of producing a transgenic avian comprising:
:providing a microinjection assembly comprising a micropipeite;
visualising a germinal disc atop a yolk at an angle to the optical axis 6 of Fig. 1;
injecting nucleic acid into the germinal disc by the micropipette;
allowing the germinal disc to develop into a chick,
fhereby producing a transgenic avian.

12. The method of claim 26, 27, 28 or 29 wherein the microinjection assembfy_

comprises a light microscope.

13. The method of claim 26, 27, 28 or 29 wherein the germinal disc is illuminated

- by a light beam.

1 4. The method of claim 26, 27, 28 or 29 wherein the microinjection assembly

comprises a piezo-electric oscillator.

_ 15.  The method of claim 26, 27, 28 or 29 wherein an oscillation is applied to‘the
" micropipette. ' '
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conprises penetrating a vitelline nenbrane with the mcropipette. 24. The

met hod of claim 26 or 27 wherein the nucleic acid is delivered t
recipient cell in the germinal disc. 29 19 3U|Y2005

16. The methods of claim 26 or 27 wherein a nucleic acid is injected.

- 17.  The method of claim 28, 29 or 34 wherein the nucleic acid is a vector.
18.  The method of claim 35 wherein the vector is a non-virat vector.
19. . The method of claim 28, 29 or 34 wherein the nucleic acid is a plasmid.

20. The method of claim 26, 27, 28 or 29 wherein the germinal disc is a germinal

disc of a chicken.

21. The:method of claim 28 or 29 comprising delivering the germinal disc to a

recipient avian female.

22. The method of claim 38 wherein the delivering is to an infundibulum of the

recipient avian female.

23. The method of claim 26, 27, 28 or 29 wherein injecting into the germinal disc

- comprises penetrating a vitelline membrane with the micropipette.

.24. The method of claim 26 or 27 wherein the nucleic acid 'is delivered to a

recipient cell in the germinal disc.
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