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Jefe de la Divisién de Nusvas Creacionas
Supenntendencia de Industna y Comercio
_Ministerio de Deserrolio Econémico
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Ref.. Expediente No. 0TF017.964
Solicitud de Pstente de Invencién para:
ACTIVACION "IN OVO~ DE UN HUEVO DE AVE EN SU CASCARA.
Solicitante: OVO BIOSCIENCES, INC.

Yo, MARGARITA CASTELLANOS ABONDANO, mayor de edad,
!dentiﬂcada y domicillada como aparece al pié de ml firma, en atencién a su
oficio No. 1075 notificado por Estado el 19 de Abril de 2001, atentamente
me parmito dar repuesta al mismo de la siguiente manera :

1. Presentacién de los documentos faitantes :

m Presento las copias certificadas de los documentos de priondad US
No.60/182432 de Febrero 16 de 2000, US No.60/182969 de
Febrero 16 de 2000 jnto con la traduccién de carétula y
raivindicaciones.

® Presento coplas auténticas de los documentos de cesién y poder
debidamente legalizedos por Apostilla, junto con su traduccidn
oficial, en el que consta asf mismo la existencia y representacién -
de la socledad solicitante. En dichos documentos de cesidn y
poder se indica el lugar de constitucién de ia socledsd solcitante,
la cual se constituyd de conformidad con las leyes de Georgia, EE.
UU. A, con oficinas en 1180 E. Broad Street Athens..qurgla,
Estaldos Unidos de América.

@ Sustitucién de poder a nombre de MARGARITA CASTELLANQS.




2. Do acuerdo con lo anterior, se adjunten los siguientes documentos :

¢ Documentos de cesién y poder debidamente legslizados
e Sustitucién de poder a nombre de MARGARITA CASTELLANOS.
e Copias certificadas junto con su traduccién.

Cumplide asf con lo dispuesto, atentamente solicito a Ud. se

continde con el trdmite correspondiente a esta solicitud de Patente de

Invencién.

Del Sefior Jefe,

Santa Fe de Bogoté4, D.C,,
MCA

.\-_.. HE LS tal DR ADDNORNRC

C.C. No. 39.779.854 de Usequén

T.P.A. No.70819 del C. Sup. de la Judicatura.
Carrera 9 No. 93 - 09 - Santa Fe de Bogoté
Teléfonos: 610 74 80 y 610 74 80
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ALVARO CASTELLANDS M. & CIA.
ABOGADOS
Carrera # No. 53-00
Apurindo £348
Begetl - COLOMBIA

Sefor
Jeofe de la Divisién de Nuevas Creaciones

Superintendencia de Industria y Comercio
Ministerlo de Desarmollo Econdmico
E. S. D.

Re. PODER conferido por la sociedad . QYO BIOSCIENCES, INC.

Yo, XIMENA CASTELLANOS ABONDANO, mayor de edad, identificada y domiciliada como

aparece al pié de mi firma, atentamente manifiesto a Uds. que sustituyo en la Dra.: MARGARITA

CASTELLANOS ABONDANO, el poder que me confiri6 la sociedad OVO BIOSCIEMCES, INC.
en Gainesville, Geoxrgia - ESTADOS UNIDOS DE AMERICA el 22 de Marzo de 2.001.

Debkiamente legalizado por Apostilla bajo el No.

I-033289 eldia 4 de Abril

de 2001 , con las mismas facultades que me fueron conferidas, para tramitar la solicitud de

Patente de Invencifm, titulada : ™ ACTIVACION "IN OVO" DE UN HUEVO DE AVE EN SU

Del Seflor Jefe,

Imena Castellanos Abondano

C.C. No. 39.773.330 de Usaquén
T.P.A. No. 58.238 de Del Cons. Sup. de la Judicatura

Carrera 9 No. 83-09 - Santafé de Bogotd
Teléfono: 6107420 - 6107480

Santafé de Bogota,
XCA/xgt

C.C. No. 39°779.654 de Usaquén
T.P.A No. 70818 del Cona, Sup. de |a Judicatura

Carrera 9 No. 93-09 - Santafé de Bogota
Teléfono: 6107420 - 8107480
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GEORGIA - HALL COUNTY.

DWIGHT S. WOOD Clerk of the Superior Court in

and for snid County, the same being a Court of record. and being the Court under which the Notary

Public hercinaficr named holds his appointment, do hereby certify that
CAIN

by and before whom the acknowledgemnent on the paper hereto attached

was token was, ol the time of laking the same u Notary Public in and for said County of Hall, regulurly

commissioned and authorized by the laws of Georgia 10 attest deeds and take acknowledgements.

I further certify that I am familiar with the signature of the said
HER

CAIN and that His signature to said paper appears o be genuine.

Witness my ofTiciul signature and seal of said Court, This ..4ZTH..... day of




\_\1&6-"’

. GEORGIA SUPERIOR COURT
CLERKS’ COOPERATIVE AUTHORITY
Notary Division

1875 Century Boulevard, Suite 100

Atlanta, Georgia 30345

3.

APOSTILLE
(Convention de La Haye de 5 Octobre 1961)

Country: Ualted States of America
This public document

has been signed by DWIGHT § WOOD

ucting in the capacity of CLERK OF SUPERIOR COURT |

-y .'_' - * ..‘ ‘.\"-.
bears the seal/stamp of SUPERIOR CO URT, HALL COUNTY, GF?RG]A
. P "L * - =0 \ .c
W)

CERTIFIED" - ' SO

at ATLANTA, GEORGIA

the 4TH DAY OF APRIL, 2001 S b
by GEORGIA SUPERIOR COURT CLERKS' COOPERATIVE AUTHORITY
No.- 1-033289 | |

Seal/Stamp: SR 10 !_S:l_gl‘utu

O H (Do

DAVID R. WILLIAMS
EXEQUTIVE DIRECTOR



TRADUCCION OFICIAL No. 04-0420

de un documento escrito en INGLES, el cual para su identificacién lleva el sello
de la Traductora e Intérprete Oficial, Res. No. 2755/68 y 0114/97 de Minjusticia,
al igual que la presents.
(Anexos a un documento de cesién de Andrew Wooten y poder otorgado por
Ovo Biosciences, Inc.)

GEORGIA - CONDADO DE HALL
Yo, DWIGHT S. WOOD, Escribano de la Corte Superior en y para dicho
Condado, slendo la misma una corte de registro y la Corte bajo la cual el
Notario Publico antes mencionado aqul tiene su nombramiento, certifico por
medio del presente que BROOKE CAIN por y ante quien fue tomado el
reconocimiento en el documento anexo al rpesente, era en el momento de
tomar el mismo un Notario Plblico en y para dicho Condado de Hall,
normaimente comisionado y autorizado por las leyes de Georgia para certificar
escrituras y tomar reconocimientos.
Certifico ademés que estoy familiarizado con la firma de dicho BROOKE CAIN
y que su firma en dicho documento parece ser auté:tica.
Da fe mi firma oficial y sello de dicha Corte, hoy dia 27/de Marzo de 2001.
(fdo) Dwight S. Wood |

Escribano de la COrte Superigf, £ondado de Hall, Georgia
(Selio en oblea dorada)

E ORCIA
7 - MINJUSTICIA
. OE GOyamars

2l



Divisién Notarial
1875 Century Boulevard, Suite 100
Atlanta, Georgia 30345
APOSTILLA
(Convencién de La haya del 5 de octubre de 1981)
1. Pais: Estados Unidos de América
Este documento piiblico
2. ha sido firmado por DWIGHT S. WOOD
3. actuando en su caricter de Escribano de la Corte Superior
4. lieva el sello de la Corte Superior, Condado de Hall, Georgia
Certificado
5. EN ATLANTA, GEORGIA

6. el dia 4 de Abril, 2001 5.8 2
7. por la Autoridad Cooperativa de Escribance de la Corte Supgicr e ?;3 i
She _ P EHS
Goergia feX TER
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ALVARD CASTELLANOS M & CIA.
AROGADOS
Carrara § No, 53-09
Apwrtado S35
Sogobl - COLOMEBIA

Sefior
Jefe de la Divisién de Nuevas Creaclones

Superintendencia de Industria y Comercio
Ministerio de Desarrolio Econdmico
E. S. D.

Re.. PODER conferido por la sociedad. OVO BIOSCIENCES, INC.

Yo, XIMENA CA§1EuANOS ABONDANO, mayor de edad, identificada y domiciliada como

aparece al pié de mi fima, atentamente manifiesto a Uds. que sustituyo en |a Dra.. MARGARITA
_CASTELLANOS ABONDANO, el poder que me confirié la sociedad OVO BIOSCIENCES, INC.
en Gainesville, Georgia - ESTADOS UNIDOS DE AMERICA en Marzo 22 de 2.001.

Debidamente legalizado por Apostilla bajo el No.

I-033290 eldia & de Abril

de 2,001 , con las mismas facultades que me fueron conferidas, para tramitar la solicitud de

Patente de Invencibn titulada : ™ ACTIVACION "IN OVWO" DE UN HUEVO DE AVE EN SU

Del Seftor Jefe,

Ximena Castellanos Abondano

C.C. No. 39.773.330 de Usaquén
T.P.A No. 58.238 de Del Cons. Sup. de la Judicatura

Carrera 9 No. 93-09 - Santafé de Bogota
Teléfono: 8107420 - 6107480

Santafé de Bogota,
XGAzgt

Aceplo :

-

C.C. No. 397779.654 de Usaquén
T.P.A. No. 70818 del Cons. Sup. de la Judicatura

Carrera 8 No. 93-09 - Santdfé de Bogotd
Teléfono: 8107420 - 8107480
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AQORGIA SUPERIOR COURT L‘ :B'D:]
+ CLERKS’ COOPERATIVE AUTHORITY
7/ Notary Division

1875 Century Boulevard, Suite 100
Atlanta, Georgia 30345
APOSTILLE
(Convention de La Haye de 5 Octobre 1961)
1. Country: United States of America
‘This public document
2.  hasbeen signed by DWIGHT § WOOD
3.  acting in the capacity of CLERK OF SUPERIOR COURT K
4. bears the seal/stamp of SUPERIOR COURT, HALL COUNTY, ﬁpggGlA
¥ \
CERTIFIED - ----" - =
B
5. at ATLANTA, GEORGIA _ v
1 LI ) .:
6. the 4TH DAY OFAPRIL, 2001 T : J
. © o, . . "
7. by GEORGIA SUPERIOR COURT CLERKS' COOPERATIVE A_U_'l"HORlTY
8. No. 1-033290
9. Seal/Stamp: . .10, sigoature:

.
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GEORGIA - HALL COUNTY.

| DWIGHT..5...WOOD........ Clerk of the Superior Court in

and for said County, the same being a Court of record, and being the Court under which the Notary
Public hercinafier numed holds his appoiniment, do hereby certify that ........... BROOKE-.......cccocvsvimmmmsnnnns
................. GAIN......cccoocersssarennns by and before whom the acknowledgement on the paper hereto attached

was taken was, ut the time of taking the sume a Notury Public in and for said County of Hail, regularly

commissioned and uuthorized by the laws of Georgia 10 attest deeds and take acknowledgements.

I further certify that | am fumiliar with the signature of the snid ..........cc0e00e. BROOKE.......cccsmsarassisnars
HER
................. CATN , and that fs signature to said poper appears 10 be genuine.

Witness my officiul signature und seal of said Court, This .....247TH.. day of ......... MABCH........ , IK...01

Pt
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TRADUCCION OFICIAL N . 01-0421

de un documento escrito en INGLES, el cual para su identificacion lieva el sello
de la Traductora e Intérprete Oficial, Res. No. 2755/68 y 0114/87 de Minjuaticia,
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ATTORNEY DOCKET NO. 23101.0001U1

METHOD OF FERTILIZING AN AVIAN EGG IN THE SHELL

BACKGROUND OF THE INVENTION

5  FIELD OF THE INVENTION
The present inveation relates to the field of avian egg fertilization. In particular,
the present invention relates to & method of fertilizing an egg in a shell. The invention
also relates to a method of fertilizing an egg in a shell, whereby a live chick is hatched.
The irvention also relates to an oviposited avian egg comprising & mative embryo having
10 fewer than 40,000 cells, whersin the embryo can develop into 2 live chick.

BACKGROUND ART

DDSTF20" 2EHhE28TF09

Ithulougbeenagoalofavimgmeﬁcimwmpplemmmdiﬁondldeuﬁpn
procedures by inserting desirable genes directly into the avian germline. Substantial
15  progress along these lines has been made in mammalian species where early embryos are
accessible and where propuclei can be visualized for the insertion of exogenous DNA.
The production of tranagenic mice, cattle, sheep, and goats has become a routine
procedure in large commercial operations. In avisn species, by contrust, the early
embryo has not been easily accessed and the pronuclei are visually obscured, making

20 manipulation of the avian genome in early embryos in ovo an insurmountsble goal.
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The difficulty involved in accessing an early stage avian embryo is best
understood by understanding the snatomy of an avisn egg and its progression through
the female reproductive tract. At the time of ovulation, the avian cocyte comprises a
biastodisc, or germioal disc, which contains the female promicleus, and a yellow yolk
mass. The germinil disc and yolk mass are surrounded by the oocyte cell membrane,
called the oolemma. Surrounding the oolemma is the perivitelline layer (PL), also

referred to as the inner perivitelline layer (IPL). The space between the oolemma and

-the IPL is termed the perivitelline space, which is traversed by granulosa cells. Once

the oocyte is released from its ovarian follicle, it is refirred to as an ovum. The ovum
moves into the oviduct where it is engulfied by the infundibulum, where fertilization
occurs if sperm are present.

As the ovum passes into the posterior infundibulum, another layer, the outer
perivitelline layer (OPL), surrounds the ovum. This membrane acts to prevent .
polyspermry, which is a lethal condition that occurs when multiple sperm bind 1o and
penctrats the ovum at the region of the blastodisc. The egg is then surrounded with
additional layers of chalaza and thick and thin lsyers of albumen. When the ovum moves
into the isthmus, two shell membranes are deposited, upon which small crystals of
calcium carbonate are deposited, thus beginning the formation of the shell. "l
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ATTORNLY DOCKET NO. 23101.0001U1
The preceding events all ocour within ths it few hours following fertilization.
The ovum next moves into the uterus, where over the next 18-20 hours, the calcium

shell is completed. The egg them moves into the vagina for several minutes, and then is

" extruded from the vagina, or oviposited (ie., “laid”). At this point, if the egg has been

fertilized, the embryo contained therein will have 40,000 to 70,000 cells. (Johaston (*In
Vitro Sperm Binding, Penetration, and Fertilization of Receatly Oviposited Chicken
Eggs,” December 1988, Clemson University ).; Olsen, MW., J. Morph. 70: 413-533

(1942); Etches et al., in Methods in Molecular Biclogy, vol. 62 Recombinant Gens

Expression Protocols, Ed. R. Tuan, Humana Press, Inc. Totows, NJ, pp. 433-450
(1997); Petitte et al., in Manipulation of the Avian Genome, Ed. Etches et al, CRC

Press, Boca Raton, FL, pp.81-101 (1993)).

The development of genetically modified birds largely requires access to early
stage, pluripoteat embryonic cells. As the earfiest stages of embryo development occur
within the oviduct of the female, the introduction of heterologous DNA into the early

embryo has only been possibis by removing the embryo from the female, requiring that

-

she be sacrificed. Furthermore, while culture of the carly stage embryo to hatch has
been accomplished, the method is extremely laborious, and results in a post-hatch
survival rate of only about 10%. Sang et al., in Manipulation of the Avian Genome, Ed.

T\

Etches et al., CRC Press, Boca Raton, FL, pp.121-133 (1993).
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In addition, a common technique employed by the poultry industry is to
artificially inserninate females. While this technique can allow for an increase in fertility
and reduces the number of males required in the breeding program, it is extremely labor

The present invention provides & ground-breaking improvement in avian biology
by making it possible to fertilize an egg in its shell, and to hatch a live bird from the
shell The methods of the invention, therefore, make it possible to access an embryo as

carly as a zygote. The methods also allow for the automation of in ovo fertilization.

SUMMARY OF THE INVENTION

The present inveation provides a method of fertilizing an avian egg in a shell,
wherein the egg comprises a yolk enclosed by & membrane, comprising obtaining a
sperm sample comprising avian sperm in e physiclogically acceptable carrier, and
delivering the sperm sample into the egg, o as to fertilize the egg.

The present invention also provides e method of fertilizing an avian egg in a
shell, wherein the egg comprises a yolk enclosed by & membrane, and hatching a live
chick, comprising obtaining & sperm sample comprising avian sperm in a physiologically
acceptable carrier, delivering the sperm sample into the egg, so as to fertilize the egg,
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ATTORNEY DOCKET NO. 23101.0001U1
incubating the egg, and hatching the live chick from the egg.

Also provided by the present invention is an oviposited avian egg comprising a
native embryo having fewer than 40,000 cells, wherein the embryo can develop into a
live chick. Relatedly, an oviposited avian egg comprising an embryo having fewer than
40,000 cells wherein the eggshell has an opening of less than 4 centimeters is also
provided

DETAYLED DESCRIPTION OF THE INVENTION

Asusedhn‘dn."l,"“ln'or'the"mnymﬂnéneormore. For example, “an™
€gg may mean one cgg or more than one egg. Moreover, “the” egg may mean one egg

or more than one egg.

The present invention provides a method of fertilizing an avian egg in & shell,
wherein the egg comprises & yolk enclosed by a membrane, comprising obtaining a
sperm sample comprising avian sperm in a physiologically acceptable carrier, and
delivering the sperm sample into the egg, 50 as to fertilize the egg. The present invention
relates to the unexpected and surprising discovery that an unfestilized, oviposited avian
egg can be fertilized in the shell. As used herein, reference to an avian egg in a shell
refers to an oviposited egg, that is, an egg with a calcium carbonate shell that has been

extruded from the vagina of the bird. Extrusion of the egg is referred to as



gOoSTaon" EEha8TF 9

10

15

20

0.4
&z

go

6
ATTORNEY DOCKET NO. 23101.000101-
“oviposition” Accordingly, all references herein to an “egg in a shall” or to an
“oviposited egg” should be understood to be equivalent in meening,
The process of fertilizing an oviposited egg in a shall is referred to herein a3 “in ovo
fertilization™ (1OF).

An avian egg comprises a hard, calcified shell at the time the egg is oviposited.
Within the shefl is a yolk that contains nutrients for supporting growth and development
of an embryo. As used herein, an “embrya” is s developing organism resulting from the
joining of a female pronucleus and a male pronucleus during the proceas of egg
fertilization. While a fertilized (single cell) ovum may tius be called an embryo, the

single cell embryo is also specifically referred to herein as a zygote.

Ahhough in ovo fertilization can be performed on eggs as old as 2 weeks if the
cgEs are maintsined at room temperature, ideally newly oviposited eggs are used for the
best results. In a preferred embodiment, the sperm sample is delivered into the egg
between 0 and 96 hours following oviposition. In a more preferred embodiment, the
sperm sample is delfvered into the egg between 0 and 72 hours following oviposition. In
&n even more preferred embodiment, the sperm sample is delivered into the egg between
0 and 48 hours following oviposition. In 2 highly preferred embodiment, the sperm
sample is delivered into the egg between 0 and 24 hours following oviposition. Tims, it

is preferred that the sperm sample be delivered into the egg as soon as possible
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following oviposition. However, the precise timing of fertifization can depend on how
the oviposited egg is maintained, e.g., temperature, umidity, etc.

The sperm in the sperm samplo may be obtained from a bird by methods known
to z person skilled in the art, such as the sbdominal massage method which is well-
known to those of skill in the art. This method allows the collection of an ejaculate
comprising sperm, seminal fuid, and transparent fiuid. Transparent fiuid is a lymphtike
fluid that passes from the lymph channels to the surface of the phallus during phallic
tumescence. Avian sperm may also be cbtained from commercial sources that are well
kmown to those of skill in the art.

In one embodiment, the sperm in the spesrm sample can be collected from a single
bird. In ancother embodiment, the sperm in the sperm sample is a mixture of sperm -
obtained from more than one bird. When a mixture of sperm from more than one bird is
used in the methods of the invention, the probability of successfully fertilizing the egg
can increase, bocause if one of the birds from which the sperm has been collected ia
infertile, it is poasible that the sperm collected from the other bird or birds will be
capable of fertilizing the egg.

In u preferred embodiment, the sperm sample comprises sperm from birds which

are members of the same species, and the sperm sample is used to fertilize eggs

PR
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oviposited by hens which are members of the same species as the sperm donors. As one
of ordinary skill is aware, individuals are classified as being from the samne species if they
are capeble of mating to produce offspring. Moreover, the present invention also
contemplates the use of sperm from one species and an egg from another species, if the
sperm is capable of fartilizing the egg.

While it is typically prefierred that the sperm be used within 30 minutes of the
time that it is collacted, older aperm, and even sperm which have previously been frozen,
mlybouleﬁinthomﬂhodloﬂhninvmﬁnqulmgnhmmﬁnthdnhi&ym
fertilize an ovum. Where the sperm are to be used more than 30 mimites after
collection, it is preferred that they be combined with a sperm extender, as is described
below.

As mentioned above, the sperm sample also comprises a physiologically
acceptable carrier. As used herein, a “physiologically acceptable carrier” is a fiuid in
which sperm remain motile and viable. Examples of a physiologically acceptable carrier
include, but are not limited to, seminal fluid, transparent fluid, buffered saline solution,
sperm extender, and combinations thereof. Preferably, the carrier will be a spem
extender, also referred to in the art as a diluent. As mentioned above, the use of a sperm
extender is especially prefirred where the collected sperm will not be used for

fertilization within 30 mimutes after collection. M.R. Bakst, In Menipulation of the

q0
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Avian Genome, R, ). Etches and AM. Verrinder Gibbona, eds., CRC Press, Boca Raton,
FL, pp. 15-28 (1993). Asused herein, a “sperm extender” is a physiologically
acoeptable carrier that is used to dihute a sperm sampls to produce a sperm sample of
greater volume in which the sperm are less concentrated. Preferably, the composition
of the sperm extender will extend the shelf life of the sperm, as well as diluting the
sparm so as to increase the number of eggs which may be fertilized by the quantity of
sperm which has been collected. Examples of sperm extender compositions, suggested
dilution rates, optimal storage times and conditions, and commercial sources of extender
mnybeﬁmndinBtk!MonofAvimCeﬂs:Iumhrybmmd
Generics, R.D. Crawford (ed.) Elsevier, New York, pp 91-108 (1990)). Another
exmple of a sperm extender is the semen diluent described by Johnston (“In Vitro
Sperm Binding, Penetration, and Fertilization of Recently Oviposited Chicken BEggs,”
December 1988, Clemson University ). Other diluents commonly used in the poultry
industry are Lago Formulation Avian Semen Extender by Hypeia Biological
Laboratories, Semaid Turkey Extender by Poultry Health Laboratories in Davis
California, Beltsville Poultry Semen Extender by Tri Bio Laboratories, Inc. in State
College, Peansylvania. In a preferred embodiment, the sperm extender is Avidiluent.
Avidiluent iy produced by IMB, 10 rue Georges, Clemencean, BP 81, 61302 I' Aigle,

France.

Thus, in one embodimant, the sperm sample may comprise sperm and seminal

Y
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fhuid, i.e., semen. Moreover, the sperm sample may comprise sperm and seminal finid
which is diluted with a physiologically acceptable carrier, including but not limited to
buffiered saline solution and a sperm extender.

The sperm sample can also be prepared by methods which will be clear to one of
ordinary skill in the art, such ag washing semen from ons or more birds with 2 solution
such as buffered saline solution or sperm extender, centrifuging the resulting solution,
removing the supernatant, and resuspending the washed sperm in a volume of a solution
such as buffered saline or semen extendes. One of ordinary skill in the art will readily
understand how to achieve the desired concentration of sperm by resuspending the
sperm in the appropriate volume of solution. For example, following centrifugation and
removel of supernatant, the packed sperm may then be weighed, and the mumber of
sperm then estimated by using nown values for the weight of avian sperm.  The sperm
may then be resuspended in the volume required to obtain the desired sperm
concentration. Alternatively, the centrifuged sperm may be resuspended following
removal of the supernatant, and then recentrifuged, allowing the determination of the
packed sperm volume. (Johnston, 1998). Subsequently, the concentration of the sperm

may be calculated using the formula of Maeza and Buss. (Poultry Sci. 55:2059 (1976).)

Typically, the concentration of sperm in chicken semen is from 300 million to

800 million per milliliter, in turkey semen from 800 million to 1.5 billion per milliliter, in

74
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Guinea fow] semen from 400 million to 800 million per milliliter, in Pekin duck semen
from 20 million to 600 million per milliliter. The standard number of sperm used for
artificial insemination is 100 million in a total volume of 50 microliters. In the methods
of the present mvention, because sperm are placed directly adjacent to the female
proaucleus, far fewer sperm are required to fertilize the egg. Thus, as few as one sperm
can be used in the methods of the present invention. In fact, a large range of sperm
concentrations can be used in the present invention. In one embodiment, chicken semen
is diluted with an equal volume of Avidiluent and approximately 0.01 milliliters of this
sperm sample is injected into an egg. Thus, approximately 1 million sperm ere deposited
adjacent to the female pronucieus.

In the methods of the invention, fextilmation of the avian egg in the shell is
accomplished by delivering the sparm sample inio the egg. Delivery of the sperm sample
may be accomplished by any method which will allow the sperm to be delivered inside
the shell, including, but not limited to, dissolving an area of the shell with, e.g., an acid
solution, using electroporation, and cresting an opening by penetrating or cracking an
arez of the shell, for example using a tool such as a needle or s scalpel.

Preferably, the surface of the area of the shell to be penetrated in order to deliver
the sperm sample is sanitized before the sperm is delivered inside, to prevent

contamination of the egg. Any method which is compatible with the delivery method
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may be used to sanitize the shell, including, but not fimited to, the disinfectant IOFEC-
20®, and 3% hydrogen peroxide. The surface of the egg at the intended penetration sits
may be wiped ar sprayed with the disinfectant, or the egg may be immersed in a vessel
containing the dismfectant of choice.

As is described above, an opening in the shell can be made with a tool such as a
knife or a needle. Preferably, the tool will be sterile. For exampls, in a two-step’
procedure, an opening in the shell can first be made with a Imife or other sharp
instrument. In a second step, a needle attached to a syringe containing a sperm sample
can be passed through the opening to deliver the sperm sample into the egg.
Introduction of the sperm sample into the opening in the shell may also be accomplished
by other means, including, but not limited to, the use of a pipette, suchasa
micropipettor. Alternatively, in one itep, a needle attached to a syringe containing the
sperm sample can be used to penetrate and thus create the opening in the shell and
deliver by injection the spesm sample into the egg. Thus, "opening™ can include a hole
created by a needle. Of course, one of ordinary sldll in the art will be able to choose a
needle whose gauge will be large enough to allow the sperm sample to be moved
through the needle. In one embodiment, the needle will be of the smallest gauge that
anddivuht;umimothesheﬂandnhobemdymxghmmmﬂmulcium
eggshell.  Alternatively, a separate needls or other device could be used to make the

opening in the eggshell. Typically, needles varying from 30-gauge to 16-gauge can be
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used. In one embodiment a 22-gauge needle is used. A sperm is approximately 0.5 um
at its widest point and 100um in length. Therefore, any needle with an inner diameter of
at least 10 um can be used for injections. In one embodiment the needle can remain in

The opening can be made anywhere in the ahell that effects visble fertilization,
but is preferably made in an area of the shell that is near the germinal disc. While an egg
may be manipulated so a8 to place the germinal disc at different regions of the egg, the
germinal disc in » newly oviposited egg is located at the large end of the shell, which
overlies the air cell adjacent to the yolk. Once an opening has been created in the shell,
the sperm sample is preferable delivered by introducing the needle, pipette, etc., through
the air call and beyond a membrane lying below the air cell. In a further preferred
embf:dimmt,thupummuplo'uddiv«edintotheeggusinsumedh.

Preferably, the needle, pipette, etc., is advanced through the shell at an angle of
approximately 15°, penetrating the membrane lining the shell. In a preferred method of
practicing the methods of the invention, the needle, pipette, etc., is advanced through the
air cell, until it meets a membrane which encloses the yolk and germinal disc. A person
practicing the method of the invention will know that the tip of the needle, pipette, etc.,
has encountered the membrane when slight resistance to further advancement of the tip

is felt. As the tip is gently advanced, the resistance from the membrane gives way and
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the tip is allowed to barely penetrate the membrane. Preferably, the sperm sample is
then delivered into the egg, adjacent to & region of the mombrane and that is adjacent to
the germinal disc. Typical volumes of the sperm sample sro as small 25 0.005 mloras
large 28 0,10 ml. A preferred votume of injested sperm samgle is about 0,01 ml

Preferably, to prevent contamination of the egg and death of an ambryo, the
opening in the shell is scaled. A non-taxic adhesive can be applied directly to the
opening in the shell to seal it. Alternatively, a piece of eggshell can be used as a patch to
close the opening and may be attached to the shall with a non-toxic adhesive. In ons
embodiment, the non-toxic adhesive is Elmer’s® glus. Moreover, any “tissue glue” can
also be used to seal the shell. A “tissue glue” is a sterile, nop-toxic adhesive used during
surgical, operative procedures to bind tissues together.

The method of the present invention can be used to fertilize oviposited eggs from
avian species selected from the group consisting of chicken, quail, duck, turkey,
pheasant, ostrich, emu, goose, peafowl, grouse, thea, parrot, cockatiel, cockatoo,
parakeots, and other commercially valuable birds.

The present invention also provides a method of fertilizing an avian egg in a
shell, wherein the egg comprises a yolk enclosed by a membrane, and hatching a live

chick, comprising obtaining & sperm sample corprising avian sperm in a physiologically
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acceptable carrier, delivesing the sperm sanple into the egg, 50 as 1o fertilize the egg,
incubating the egg, and hatching the live chick from the egg.

After the sperm sample has been delivered into the egg according to the
methods of the present invention as described above, the egg is incubated until the live
chick is hatched. One of ordinary skill will be gwure of the amount of time and the
preferred conditions for incubating a fertilized egg belonging to a particular species. The
following are incubation periods for various species of birds: Chicken 21 days, Quail-
23 days, Corunix quail- 17 to 18 days, Pheasant-23days, Turkey-28 days, Duck-28 to 33
days, Goose-28 to 30 days, Parakeet-18 days, Parrots-28 days, Dove-14 dsys, Mynah-
14 days, Finch-14 days, Button Quail-16 days, Valley Quail-21 to 22 days, Swu.:-:!o to
37 days. Incubation of eggs fertilized by the methods of the present invention as
compared to naturally fertilized eggs need differ only in that the length of incubation
time must be lengthened to include the amount of time that the fertilized egg would have
spent within the body of the female prior to oviposition. In a preferred embodiment, the
incubation period lasts from 21 to 23 days for chicken eggs. While one of ordinary skilt
in the art will readily be able to determine the optimal temperature for incubation of an
egg from a particular species of bird, typically the incubation temperature is between 95°
Fand 100° F. A chicken egg will be incubated at about 99.5° F. In a more preferred
mbodi:nm;thotunpummuwﬁchﬂ:echidmeggiumpmdwﬂlbelowmdn
the egg nears the point of hatching. Thus, in & preferred embodiment, a chicken egg is

gla
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incubated at 99.5° F from day 1 of incubation to ebout day 18 of incubation, and at
98.5° F from day 19 of incubation to hatching.

As is well known in the art, the bumidity level at which an egg is incubated can
be important for bringing the egg to hatch. Thus, typically the egg is incubated at
between 75% and 90% humidity. Preferably, the egg is incubated at about 80%
humidity. Moro preferably, the humidity level at which the egg is incubated will be
raised as the egg nears the point of hatching. Tus, in a preferred embodiment, &
chicken egg is incubated at 80% bumidity from day 1 of incubation to about day 18 of
incubation, and at 85% bumidity from day 19 of incubation to hatching. In a specific
preferred embodiment, an egg is incubated at 99.5° F and 80% humidity from day 1 of
inmbll:iontoubmnd.ayISofhmbnﬁmanduGB.PFmdss%hlmidityﬁmdlyw
of incubation to hatching. As is well known in the art, turning the eggs during

incubation is useful for promoting growth of the embryo.

It is further preferred that the incubation of the eggs take place in a commercial
incubator. Commercial hatchers and setters are produced by many compenies including
PAS Reform, Jamesway, Chickmaster, Buckeye, Cumberiand, Petersime, Humidaire
Incubator Co., etc. Preforably, the eggs are moved from a setter incubator to a hatcher
incubator at about 3days prior to hatch. The hatcher basket allows the egg to fie on its

side where the chick can more essily pip out. This basket also allows the chick to walk
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sbout immediately after hatch, which is necessary for the chicks development and
iability.

In another embodiment, the present invention provides an ovipoaited avian egg
comprising a native embryo having fewer than 40,000 cells, wherein the embryo can
develop into & live chick. “Native” means growing, living or produced in its place of
origin Thus, & native embryo is an embryo that develops and hatches the same shell in
which the female promucleus was formed. By the time an ovum which has been
fertilized naturally has been ovipotited, the developing embryo has between 40,000 and
70,000 cells. However, the egg of the presant invention is fertifized after it has been
oviposited in its shell; thus, an embryo developing in the egg of the present invention
will at some time during incubsation have fewer than 40,000 cells. In fact, st the moment
of fertilization, the embryo in the egg of the present invention will have one cell and is a
Zygote. As the embryo grows within the egg, normal cell division will occur and the
number of cells will increase. Thus, the fertilized, oviposited egg of the present
invention will at some time during incubation comprise en embryo having, for example,
10,000, 20,000 or 30,000 cells, including less than and between thege numbers of cells.

In another embodiment, the present invention provides an avian egg in a shell
comprising an embryo having fewer than 40,000 cells, wherein the embryo can develop

into a live chick, and wherein the sheil has an opening of less than 4 centimeters. In
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enother embodiment, the opening in the shell is less than 2 centimeters. In another
embodiment, the opening in the sheil is less than 1 centimeter. In one embodiment, the
opening in the shell is only Jarge enough to accommodate a 22-gauge needle. The

embryo can be either aative or non-native to the egg.

An egg of the present invention may, for example, be derived from avian species
selected from the group consisting of chicken, quail, duck, turkey, pheasant, ostrich,
emu, goose, peafowl, grouse, rhea, parrot, cockatiel, cockatoo, parakeets, swan, dave,
and other commercislly valusble birds. In a commercially preferred embodiment, the
ogg is derived from avian specics used in the methods of the present invention and is
selected from the group consisting of chicken, turkey, goose, duck, quail, and pheasant.
In a more preferred commercial embodiment, the egg is derived from a chicken. The
method can also be effectively utilized on avian species in zoos, e.g., to help presarve

endangered species, including but not limited to those found in McGrew’s zoo.

The methods of the present invention can also be used for in ovo fertilization of
reptilian eggs. Reptilien eggs, similar to avian eggs, comprise a yolk and female
pronucleus and are protected by a shell when they are laid. An unfertilized, oviposited
reptilian egg can be fertilized in the shell according to the methods of the present
invention. In particular, a sperm sample, comprising sperm from one or more reptiles of

the same species, is delivered into the unfertilized, oviposited egg through an opening

~gs-
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created in the shell and onto the yolk adjacest to the famale promcleus where
fertiltzation occurs.

The presant invention also provides a method for producing an avian embryo
containing heterologous micleic ucid comprising, fertilizing an avian egg by the method
of the present invention disclosed herein, snd introducing heterologous nucleic acid into
the avian egg. As used haremn, nucleic acids include, but are not limited to, DNA and
RNA. The mcleic acids may be single, double, or multiple-stranded.

Afler an avian egg has been fertilized by IOF, the developing embryo can be
accessed st any stage of development to manipulate the genetic makeup of some or all
of its cells. Of greatest interest for creating transgenic birds is the early embryo. IOF
allows for germ line transmission of the heterologous mucleic acid as it allows the
This genetic manipulation of the developing embryo can, for example, produce
transgenic birds comprising genetic material which can be used to modulate endogenous
DNA and its expression and to create cells which can manufacture commercially

valuable proteins for commercial use.

Tranafer of mcleic acid into the avian genome can be performed by a person
skilled in the art according to several known methods. (Harlow and Lane, Antibodies:
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A Labaratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York, 1988; Lennetts et al., Mamual of Clinical Microbiology, 14th Ed., Amer. Soc.
for Microbiology, Washington, D.C., 1985; Sambrook et al., Molecular Cloning: A
Laboratory Manual, 20d Ed., Cold Spring Harbor Laborstory, Cold Spring Harbor,
New York, 1989, Antisense RNA and DNA, D. A. Melton, Ed,, Cold Spring Harbor
‘Laboratory, Cold Spring Herbor, NY (1988))Freshney, Culfire of Animal Cells, A
Manual gf Basic Technigue, 20d Ed. Alan R Liss, Inc., New York (1987);Ceaters for
Disease Control Laboratory Mamal, U.S. Department of Health, Education, and
Welfizre Pub. No. 79-8375, p. 75, Centers for Disease Control, Atlanta, GA;
Fundamsntal Virology, 2nd Ed Bemard N. Fields and David M. Knipe, Chief Eds.,
Raven Pross:New York, 1990). Bxamples of methods of transferring genetic material
into the avian genome include, but are not limited to, avian leukosis virus (ALV )
transduction medisted transgenesis, transposon mediated transgenesis, blastodermal cell
mediated transgenesis, primordial germ cell mediated transgenesis and nuclear transfer.
The heterologous nucleic acid may be introduced into the embryo at the same time that
thelpummnpleishnroduuedhtédmeg-s.orunlmm.ofmbryonic
development.

A standard method now in use for producing transgenic birds is to produce

replication deficient AL'V-derived transducing particles cornprisiog a DNA insert.

Because the particles are not capable of replicating in the bird, there is no risk of causmg

3
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viremia and illness in the bird or bumans. A window can be generated just above the
embryo and transducing particles introduced into the subgerminal cavity of the embryo.
The window is then scaled, and the eggs aro placed into incubators for development.

Another method used to transfer heterologous mucleic acid into the avian
genome is transposon-mediated transgenesis. Transposons are genetic elements that are
able to transiocate or move about within the genome of their host specios. There are no
known transposons that occur in avian species. However, it has been shown that certain
transposons, reconstructed from other sourcea, are able to function within the avian
genome. These transposons can be engineered 1o serve as useful nucleic acid vector

Further, another method for introducing heterologous DNA into an avian
embryo is blastodermal cell transgenesis. Blastodermal or other early cells can be taken
from stage X embryos (the embryonic stage at which a fertilized egg is Inid) can be
injected back into recipient embryos where they colonize and grow, giving rise to
chimeric chickens. A “chimeric” chicken is composed of cells from two different genetic
lincages. Blastodermal cells injected into irradiated host embryos soon after they are
isolated have the ability to contribute to all tissues of the resuiting bird including the

germline (cells that give rise to sperm and eggs and thus to ell following generutions).
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Blastodermal cells have been cultured and transfected with DNA by various methods

imown to persons skdlled in the art in an attempt to generate transgenic poultry.

Thus, blastodermal cells or embryonic stem (ES) cells can be injected into sn in
ovo fertilized embryo to creste chimeric poultry. These chimeric pouliry can then be
croased and, assuming they have germ line transmission of the blastodermsl or ES cells,
one can create a clone of the original injected cell.

Moreover, primordial germ cell mediated transgenesis may be used to create
transgeaic birds. As the developing embryo grows, certain cells are committed to the
germline to give rise to the sperm and eggs. These primordial germ cetls (PGCs)
migrate to the genital ridge of the developing gonad where they lie dormant until the
bird reaches sexual matusity. One approach to avian transgenesis is to isolate these
PGCs, genetically manipulate them and place them back into 2 developing embryo for
continued development. This technical approach is comparsble to the blastodermal cell
approach in both the extent to which it is developed and its potential applications.
Primordial germ cells have beea shown to contribute to the germline when injected into
recipient embryos just &8s blastodermal cells have.

Nuclear transfer is another techmique by which a person skilled in the art can

produce a transgenic bird. Nuclear transfer invoives the transfer of a nucleus from a

IU{?
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donor cell (nucleoplast) into an enucleated cytoplasm (cytoplast) to form a reconstituted
coll with the genstic makeup of the donor mucleuas. Nuclear transfir has many scientific
applications; however, the most widely publicized application is for the cloning of
animals. Initially miclear transfer was performed to derive clones from a single embryo
5 to produce several identical cloned animals. Typically nuclei from an embryo at the 8 to
64-cell stage are introduced into emcleated aocytes to produce new single-cell embryos
capable of development to form cloned animals. Clearly, the fertiliztion methods and
fertilized avian eggs having less than 40,0000 cells would make such work much easier,
as the 8-64 cell embryo could easily be accessed without the necessity of sacrificing the
10  female bird giving rise to the ovum. Nuclei from somatic cells such as fibroblasts and
mammary epithelial cells can be combined with an emicleated oocyte where they are
reprogrammed by cytoplasmic factors to become a new viable embryo capable of giving
rise to a healthy animal,

15 The in ovo fertilization methods described herein can also be utilized in
conjunction with other in ove procedures. For example, the embryo can be vaccinated
after fertilization. Alternatively, such vaccination could occur simultaneous with in ovo
fertilization providing however that the vaccine did not prevent development of the
embryo.

20
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Additionally, in ovo fertilization can be sutomated such that multiple eggs are

simultaneously fertilized by, for example, injection techniques.

It will be clear to those of ordinary skill in the art that the methods of the present
ﬁwmﬁonnnyuil;rbeappﬁedmlhrsualeindlmillopuaﬁon,ushgmm:ﬁonm
ﬁeruhnnewlyludeggs Accordingly, an apparatus which has previously been used, for
eample, to immmnize newly fertilized eggs can be adapted ta instead introduce & sperm

sample.

The following Example is set forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how the methods claimed herein
performed, and is intended to be purely exemplary of the invention and is not intended
to fimit the scope of what the inventors regard as their invention. Efforts have been
mada to engure accuracy with respect to numbers (e.g., amounts, temperature, efc.) but
same errors and deviations should be accounted for. Unless indicated otherwise, parts

are parts by weight, temperature is in °F and pressure is at or near atmospheric.

1.  Forty-three freshly Isid unfertilized chicken eggs were disinfiscted by wiping the

shells with 3% hydrogen peroxide and placed in racks.

W
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Sperm was obtained from 4 barred rock roosters on the same morning and
collected in Vacutainer® vials less than 1 hour before the fertilization procedure
was performed.
Sperm was pooled from the 4 roosters and mixed with 1 mi of Avidiluent®.
Sperm mixed with Avidiluent® was drawn into a 1 ml syringe through a 1”, 22
gauge needle to form a sperm sample.
The neadle croated an opening in the Iarge, blunt end of the eggshell and passed
through the opening at & 15° angle 1o the surfice of the shell.
The needle was passed through the air cell until the tip just penetrated the
membrane enclosing the yolk and germinsl disc.
One drop, 0.05 ml, of the sperm sample was injected onto the surface of the yolk
adjacent to the membrane.
The needle attached to the syrings was withdrawn from the egg.
The opening created in the shell by the needle was paiched with a small piece of
shell, and the patch was secured to the shell with an adhesive such as Elmer's
Slue®.
The eggs were placed in commercial grade settlers maintsined st 99.5°F and
80% humidity from dey 1 to about day 18 of incubation. The eggs were turned
according to methods known in the art and used in commercial settlers,
On day 19, the eggs were transferred to commercial batchers and maintained at

98.5°F and 80% humidity until hatching.

&
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Ten days after the fertilization method of the present invention was performed on
43 egggz, routine candling of the eggs was performed to determine which eggs
had been successfully fertilized. Thirty-five eggs of the 43 eggs had been
fertilized. Of the 35 fertilized eggs, 32 were successfully brought to hatching,
and all but one of the chicks were healthy. Thus, 72% of the 43 oviposited eggs
treated by the fertilization method of the present invention produced a healthy
live chick.

Throughout this application, various publications are referenced. The
disclosures of these publications, and the references cited therein, in their entireties are
hereby incorporated by refereace into this application in order to more fully describe the

state of the art to which this invention pertains.

It will be apparent to those skilled in the art thet various modifications and
variations can be made in the present invention without departing from the scope or
spirit of the invention. Other embodiments of the invention will be apperent to those
skilled in the art from consideration of the specificstion and practice of the invention
disclosed herein. It is intended that the specification and example be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the

claims.
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What is claimed is:
1.  Amethod of fertilizing an avian egg in a shell, wherein the egg comprises a yolk
enclosed by a membrane, comprising:
2) obtaining a sperm sample comprising avian sperm in a physiologically
acceptable carrier; and

b) delivering the sperm sample into the egg, 30 as to fertilize the egg.

2. Theméthodofdniml,whem'ntheegguﬂthespumueduivedﬁ'om

members of a same species.

3. The method of claim 1, wherein the carrier is diluted seminal fluid.

DG0STE0" SEh328709

4 The method of claim 3, wherein the diluted seminsl fluid comprises Avidiluent.

5. The method of claim 1, wherein the sperm sample is delivered adjacent to a
membrane enclosing the yolk.

6. The method of claim 5, wherein the sperm sample is delivered adjacent to a
region of the membrans that is adjacent to the germinal disc.

b
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7. Tho method of claim 2, wherein the avian species is selected from the group

consisting of chicken, quail, duck, turkey, pheasant, ostrich, goose, and shea.
8. The method of claim 7, wherein the avian species is chicken.

9. The method of claim 1, wherein the sperm sample comprises a mixture of sperm
obtained from more than one bird.

10.  The method of claim 1, wherein the delivery of the sperm sample is achieved by
creating an opening in the shell by penetrating the shell and introducing the sperm
sample into the egg.

11.  The method of claim 10, wherein the opening is sealed.
12.  The method of claim 11, wherein the opening is sealed with an adhesive.

13. A method of fertilizing an avian egg in a shell, wherein the egg comprises a yolk
enclosed by a membrans, and hatching a live chick, comprising:
a) obtaining a sparm ssmple comprising avian sperm in a physiologically
acceptable carrier;

b) delivering the sperm sample into the egg, %0 as to fertilize the egg;
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c) incubating the egg of step b); and
d) hatching the live chick from the egg.

14.  The method of claim 13, wherein the egg and the sperm are derived from

members of a same species.
15.  The method of claim 13, wherein the carrier is diluted seminal fluid.
16.  The method of claim 15, wherein the diluted seminal fluid comprises Avidiluent.

17.  The method of claim 13, wherein the sperm sample is delivered adjacent to a

membrane enclosing the yolk.

18.  The method of claim 17, wherein the sperm sample is delivered adjacent to a

region of the membrane that is adjacent to a germinal disc.

19. The method of claim 13, wherein the avian species is selected from the group

consisting of chicken, quail, duck, turkey, pheasant, ostrich, goose, and rhea.

20. The method of claim 19, wherein tha avian species is chicken.
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21.  The method of claim 13, wherein the sperm sample comprises a mixture of

sperm obtained from more than one bird.

22.  The method of claim 13, wherein the delivery of the sperm sample is achieved by
creating an opening in the shell by penctrating the shell and introducing the sperm
sample into the egg.

23.  The method of claim 22, wherein the opening is sealed.

24.  The method of claim 23, wherein the opening is sealed with an adhesive.

25.  The method of claim 13, wharein the egg is a chicken egg, and incubation of the
egg lasts from 21 to 23 days.

26.  The method of claim 25, wherein incubation is performed at a temperature of
about 99.5°F from day | to about day 18 of incubation and a temperature of about

98.5°F from sbout day 19 of mcubation to hawching.

27.  Tho method of claim 25, wherein incubation is performed at 80% humidity from
dzy 1 to hatching.

W\
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The method of claim 13, firther comprising vaccinating the embryo during step
(c).

An oviposited avian egg comprising a native embryo having fewer than 40,000

cells, wherein the embryo can develop into a live chick.

30.

31

32,

3.

34.

35.

36.

The egg of claim 29, wherein the embryo has fewer than 30,000 cells.

The egg of claim 29, wherein the embryo is a zygote.

The egg of claim 29, further comprising a heterologous mucleic acid.

The egg of claim 29 which is a chicken egg.

An oviposited avian egg comprising an embryo having fewer than 40,000 cells,

wherein the egg shell has an opening less than 4 centimeters.

The egg of claim 34, wherein the embryo has fewer than 30,000 cells.

The egg of claim 34, wherein the embryo is a Zygote.

O
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The cgg of claim 34, wherein the opening is sealed.

The egg of claim 34, wherein the opening is less than 1 centimeter.

The egg of claim 34, wharein the opening is less than 5 millimeters.

40.  An egg produced by the method of claim 1, wherein the egg comprises a zygote.
41. A method for producing an avian embryo containing heterologous nucleic acid
comprising:

42,

a) fertilizing an avian egg by the method of claim 1; and

b) introducing heterologous nucleic acid into the avian egg.

The method of claim 41, wherein the heterologous nucleic acid encodes a

pharmaceutical protein, an antigen, a hormone or an antibody.

43.

The method of claim 41, wherein the heterologous nucleic acid comprises Avian

Leukemia Virus-derived transducing particles.

1§
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Abstract of the Invention

The present invention relates to the field of avian egg fertilization. In particular,
the present invention provides a method of fertilizing an egg in a shell. The invention
also provides a method of fertilizing an egg in a shell, whercby a live chick is hatched.
The invention also provides an oviposited avian sgg comprising a native embryo having
fewer than 40,000 cells, wherein the embryo can develop into a live chick.

s
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REIVINDICACIONES
1. Un método para fertilizar un huevo de ave en su céscara, donde el

huevo comprende un vitelo recubierto por una membrana y comprende:
a) obterner una muestra de esperma que comrende un esperma de ave en un
s portador fisiolégicamente aceptable y
b) administra la muestra de esperma dentro del évulo, para asl fertilizar el
huevo.
2. El método de la reivindicacién 1, donde el huevo y el esperma se derivan
de miembros de la misma aspecie..
10 3. El método de la reivindicacion 1, donde el portador es un liquido seminal
diluido.
4, El método de la reivindicacién 1, en donde el liquido seminal diluido
incluye Avidifuent.
5 Ei métado de la reivindicacién 1, en donde la muestra de esperma se
15 administra en forma adyacente a una membrana que encierra el vitelo.
6. El método de la reivindicacién 5, an el que la muestra de esperma se
administra en forma adyacente a una membrana adyacente a un disco
germinal.
7. El método de la reivindicacibn 2, en donde la especie de ave es
20 seleccionada de! grupo que consiste en gallinas, codomices, patos, pavos,
faisanes, avestruces, gansos y fiandues.
8. El método de la reivindicacidn 7, en donde la especie avicola es |a
gallina.
9. El método de la reivindicacibn 1, donde la muestra de esperma

25 comprende una mezcla de asperma obtenido de 'més de un ave.
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10. El método de la reivindicacién 1, en donde la introduccién de la muestra
de esperma se efectlia practicando un orifico en la céscara penetrando la

misma e introduciendo la muestra de esperma en el huevo.

- 11.  El método de la reivindicacién 10, en el que el orificio es sellado.

12. El método de la reivindicacion 11, en el que el orificio es sellado con un
adhesivo.
13. Un método de fertilizacién un huevo puesto de ave dentro de su céscara,
en el que el huevo comprende un vitelo recubierto por una membrana, e
incubar un pollo que comprende:

B) ja obtencién de una muestra de esperma que incluye esperma

avicola en un vehlculo fisiolégicamente aceptable; y
b) la administracién de la muestra de esperma al interior del huevo, a
fin de fertilizar el mismo.

c) incubar el huevo de la etapa b) y

d) sacar del cascardn el polio
14  El método de la reivindicacion 13, donde el huevo y el esperma se
derivan de miembros de la misma especia.
15. El método de la reivindicacién 13, donde el vehiculo es liquido seminal
diluido.
16. El método de la reivindicacién 15, donde el fluido seminal diluido
comprende Avidiluent.
17. El método de la reivindicacidn 13, en el que la muestra de esperma es
administrada en forma adyacente a una membrana que encierra el vitelo.
18. El método de la reivindicacién 17, en el que la muestra de esperma es
administrada en forma adyacente a un sector de la membrana que es

adyacents al disco germinal.

e
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19. El método de la reivindicacién 13, en el que la especie de ave es
seleccionada del grupo que consiste en gallinas, codomices, patos, pavos,
faisanes, avestruces, gansos y fiandues.

20. EIl método de la reivindicacién 19, en el que la especie avicola es la
galling.

21. El método de la reivindicacion 13, en el que la muestra de esperma
comprende una mezcla de esperma obtenido de mas de un ave.

22. El método de la reivindicacién 13, en el que la introduccién de la
muestra de esperma se efectua practicando un orifico en la cascara penetrando
la misma e introduciendo la muesira de asperma en el huevo.

23. El método de la reivindicacién 22, en el que el orificio es sellado.

24. E| método de la reivindicacién 23, en el que el orificio es sellado con un
adhesivo.

25. El método de la reivindicacién 13, donde el huevo es un huevo de
gallina, y la incubacion del huevo dura de 21 a 23 dias.

26. El método de la reivindicacién 25, donde la incubacién se lleva a cabo a
una temperatura de 99.5°F desde el primer dla de incubacioén hasta el dia 18 y
una temperatura alrededor de 98.5°F desde el dia 19 de incubacion hasta el
nacimiento.

27. El método de la reivindicacién 25, donde la incubacion se lleva a cabo a
una humedad de 80% desde el primer dla hasta el nacimiento.

28. El método de la reivindicacion 13, que adicionalmente comprende
vacunacion del embrién durante el paso (C).

29. Un huevo de ave puesto que comprende un embrion nativo con menos

de 40.000 células, en el que el embrién puedse convertirse en un poliuelo.

&%
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.30. El huevo de la reivindicacion 29, en el que el embribn presenta menos

de 30.000 células.

31. Elhuevo de la reivindicacién 29, donde el embrién es un zigoto.

32. El huevo de la reivindicacion 29, que ademéds comprende un écido
nucleico heterélogo.

33. El huevo de la reivindicacién 29, el cual es un huevo de_ gallina.

34. Un huevo de ave puesto que comprende un embrién que tiene menos de
40000 células, donde la cascara del huevo tiene un orificio de menos de 4
centimetros.

35. El huevo de la reivindicacién 34, donde el embrién tiene menos de
30,000 células.

36. E! huevo de la reivindicacion 34, donde el embrién es un zigoto.

37. El huevo de la reivindicacidn 34, donde el orificio esta sellado.

38. El huevo de la reivindicacion 34, donde el orificio es menos de 1
centimetro.

39. El huevo de la reivindicacion 34, donde el orificio es menos de 5
milimetros.

40. Un huevo producido por el método de la reivindicacién 1, donde el huevo
comprende un zigoto.

41. Un método para producir un embribn de ave que contenga &cido
nucleico heterblogo que comprende:

a) fertilizar un huevo de ave por el método de la reivindicacion 1; y

b) introducir el éc;ido nucleico heterélogo dentro de un huevo de ave.

42. El método de la reivindicacién 41, en el que el &cido nucleico heterdlogo

codifica una proteina farmacéutica, un antigeno, una hormona o un anticuerpo.

23
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43. El método de la reivindicacion 41, en el que el acido nucleico heterdlogo

incluye el Avian Leukemia Virus derivado de particulas transducing.
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Automated System for the Fertillzation and Genetic Analysis of Avian Eggz
BACKGROUND OF THE INVENTION

Fleld of the Invention
The present invention relates to an automated system for fertilization and

genetic analyysis of avian eggs, as well as epparatuses and processos associated
therewith,

Backgrouad Art

The poultry industry is organized into & hierarchical breeding pyramid from
primary breeders at the top to broiler, turkey, and egg producers at the bottom. Primary
breeders perform genetic selections on pure lines of poultry in a continning effort to
provido the industry with improved breeding stocks. Pure lines of poultry are then
crogsed to obtain commercial birds with heterosis and superior agrinomic performsmee,
The birds are multiplied numerically at sach subsoquent level of the pyramid to supply
the final commercial product to producers.

Both natural breeding and artificial insemination are practiced at various levels
within this hierarchy dspending on the particular segment in question. Geneticists at
the top of the breeding pyramid in broiler, layer, and turkey segments prefer artificial
insemination to track pedigreed matings. Thus far, the layer scgment has derived all
subsequent generations in the pyramid from natural matings due to high reprodnctive
efficiency in layers. By contrast, harkeys have been selected for broad breast size and
are now unsble to perform efficicat natural matings. Thus, it becomes necessary to
perform artificial insemination for the breeding of turkeys at ail levels of the breeding
pyramid. '

Artificial insemination has been only partially adopted in the broiler industry.
There exists a fine balance between the demaad for large-breasted, fast-growing
broilers and the need for fertile eggs. In an eifort to facilitate natoral matings the
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current practice ig to restrict the diet of today’s broiler breeders. Even so, the large size
of the broiler breeder has compromised fertility end mating ability and it is predicted
that fertility will continue to decline as body size continues to increase.

Sovem! factors have limited the application of artificial insemination in poultry
breeding schemes, particularly in broiler breeders. First, there is the high lovel of
sophistication that is required in farm operations and its attendant cost. Another
limitation has been the rapid deterioration of the fertilizing ability of semen stored in
cither liquid or frozen states. Accordingly, to date, artificial insemination has not been
practical on a large scale. The present invention overcomes thego limitations existing in
tho art.

As one skilled in the srt appreciates, awtomated egg handling technologies have
been developed simultansously by many independent inventors worldwide. The
technologies existing today involve high-throughput systems for injecting Liquid
substances into avisn embryonsted eggs. Examples include the injection of vaccines to
improve the immune state of resulting chicks, injection of viruses for the production of
human and animal vaccines, and injection of proteing to influence chick hewlth, growth,
and the like. Another usefhl automated system for poultry production allows detection
of live versus dead chick embryos based on cither candling with verious light sources
or temperature differentials between neighboring eggs in an egg fiat. These
technologies, taken together, represent the current state of development in this field.
However, there exists a need for a more advanced platform adapted specifically to the
needs of avian brooders, a need that the present invention addresses and satisfies.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is more particularly described in the following disclosure

that is intended as illustrative only since numerous modifications and variations therein
will be apparent to those skilled in the art. As used herein, “2,” “an,” and “the” can
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mean one or more, depending upon the context in which it is used. The presently
preferred embodiment is now described.

Recent progress in the arca of sperm preservation, taken together with the
advent of In Ovo Fertilization technology, have made it possible to move towards a
much more efficient management model for poultry breeding operations. Several of the
important genetic technologies described below will be linked together to create & truly
verzatile platform for the automation of poultry breeding technologies.

The present invention incorporates a new technology called “In Ovo
Fertilization (IOF),” which is addressed in a provisional patent application attached
hereto as an Appendix. The IOF technique allows for avisn oocytes to be fertilized
inside the egg shell after the egg hag been laid. This requires ths injection of various
formulations of avian sperm into the unfertilized egg. In order to perform this
procedure in an sutomated fashion, it is contemplated using two steps. The first step
involves calculating the oumber of sperm cells in the sperm sample that is loaded onto
the machine. This task can be accomplished through the use of an integrated
spectrophotometer unit (sometimes called a densimeter) similar to those marketed by
Animal Reproduction Systems of Chino Califomia and others. The information
obtained from this analysis is commmicated to a central processing umit or other
analyzing system, in which optimal volumes of sperm and semen extender (diloent) are
determined. This information is then communicated to a fluid dispensing mechanism,
resulting in the correct fluid volumes to be dispensed into a central fluid reservoir of an
egg injection mechanism or similar system.

For the second step, the central processing unit activates the egg injection
mechanism, which delivers the proper amount of the diluted sperm sample formulation
into the unfertilized egg to the specific depth and at the appropriato angie to accomplish
IOF as described in the Appendix attached hereto. The process of injection includes
perforation of the cgg shell by a tubular punch and insertion of an injection needle
through the vitelline membraae for delivery of the dihuted sparm sample formulation,
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The egg injection mechanism may be of & design similar to those manufactured
and sold by Embrex, Inc., Merck Inc., and others in the industry. As an example, one
dewign is disclosed in U.S. Patent No. 4,903,635, entitled “High Speed Antomation
Injection System for Avian Embryos,” which is incorporated herein by reference. As
described in the patent, the disclosed device is a high-spoed automated injection system
for avian embryos, which can inject eggs with fluid substances, specifically an
inoculating fluid. The machine includes suction devices which lift eggs out of
engagement with surfaces, rather then pushing them, before injecting them. Thus, the
machine provides separate mechanisms and devices for first forming an opening in the
cgg shell and then injecting the avian embryo or the surrounding enviromment with &
fluid substance, avoiding uss of a singie needle or punch to both puncture the shelt of
an egg and deliver finid substances to the interior of the egg. As is slso known in the
art, the present invention here also contemplates using a single needle both to puncture
the shell and to deliver fluid substances. Other relevant patents that disclose injection
of fluids into egges include U.S. Patent Nos. 5,900,929, entitled “Method and Apparatus
for Salectively Injecting Poultry Eggs™; 5,722,342, entitled “Ovo Antibiotic and
Microbial Treatment to Diminish Salmoneliae Populations in Avians™; 5,699,751,
entitied “Method and Apparatus for in Ovo Injection™; 5,438,954, entitled “Method end
Apparetus for Barly Embryonic in Ovo Injection™; 5339766, “Method of Introducing
Material into Bggs During Early Embryonic Development™; 5,176,101, “Modular
Injection System for Avian Embryos™; 5158038, “Egg Injection Method, Apparatus end
Carrier Solution for Improving Hatchability and Disease™; and 5,136,979, “Modular
injection system for avian embryos,” all of which are incorporated by reference.

The process of [OF makes it possible to design systems capable of high-
throughput operation for the fertilization of avien eggs after thoy reach the batchery.
Advantageously, the present invention requires much smaller quantities of sperm for
this direct fextilization approach, making it possible to streamline operations by
reducing drematically the aumber of males in the breeding scheme. The remaining
males could be centrally housed with enough fresh sperm being delivered directly to
the hatchery to fectilize the billions of eggs hatched in the industry every year. The use

4
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of foewer males would allow breeders to make moro rapid genetic progress in improving
their lines by using only the very elite pexformars for inseminations. In addition, the
induatry’s infrastructure could be re-rationalized based on the climination or significant
reduction of males. For instance, a much more efficient commercial egg laying
operation could be directly substituted for the existing hatching egg facilitics since only
represent from approximately ninety-five to ninety-cight percent (95-98%) of the flock,
it will be possible to eliminste the need for manual insemination, snd thus remove
spproximately over ninety-five percent (95%) of the current labor requirement
associated with these programs.

In addition to fertilization, it is coniemplated that the present invention also
includes the processes of genetic analysis, manipulation, and propagation. As one
skilled in the art appreciates, these tools are currently designed for laboratory usage
requiring highly-skilled technicians and, accordingly, have been impractical to date for
routine usage in the Jow-margin pouliry industry. As implemented in the present
invention, many of these technologies are amenable to incorporation into a totally

aatomated platform for use by production personnel, as well as geneticists and other
rescarchers.

The present invention can be designed to include additional mechanisms and
steps to deliver various liquid formulations intended to (a) impact gene expression in
the avian embryo concurrently with and/or subsequent to In Ovo Fertilization and/or (b)
to provide vital information as to the genotypic status of the embryo. The delivery
spparatns may be similar to the cgg injection mechanisms for sperm delivery discussed
above. The present invention may employ a common fluid reservoir with the sperm or
a scparate reservoir independent of the sperm, in which separate needlos aro inserted
into the egg for each fluid, or the fluids are injected sequentially through a single needle
inserted into the egg.
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The liquid formulations may include nucleic acids and/or nueleic acid vectors to
be used to transfect the avian genome for the production of transgenic poultry. IOF, as
described in the Appendix, allows one to obtain access to single-celled avian cocytes
and early embryos.

In contrast to the present invention, current systems allow access only to later
stages of embryanic development. For instance, the typical chicken embryo is at the
60,000-cell stage when the egg is laid. Transformation of the avian embryo with
exogenous DNA st this and later stages generatos mosaic animals expressing the
desirable product only in a small portion of thair cells.

Use of the present invention incorporutes mucleic acids into single-celled
oocytes and exrly embryos allows for the incorparation of exogenoua DNA into all or
most of the cells of the resulting bind. However, in an altamative embodiment, the
present invention may be adapted to deliver these nucleic acids and nucleic acid vectors
to later stage embryos. One current protocol for the production of transgenic poultry
involves the injection of viral particles into the sub-germinal cavity of developing avian
embryos. Another epplication would be for the transient expression of a particular gene
prodnct in the avian embryo. Nucleic acid formulations could be delivered with the
specific intent of generating egg and/or animal based bioreactor systems. Proteins,
antigens and antibodies could also be delivered to the embryo in order to affect geno
expresgion.

In another aspect of the present invention, Liquid formulations can also include
cells and/or cellular muclei in suspension to be used in the generation of chimeric
enimals snd/or cloned animals. Celis, such as avian blastodermal cells, have been
injected into avian embryos for the express purpose of generating chimeric birds. This
method has many research applications, such as the gencration of transgenic animals,
but could also find applications in production operations.
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A sepamte contempiated embodiment of the present invention involves the
delivery of fluid suspensious containing cellular nuclei or “micleoplasts.” Nucleoplasts
can be gencrated on & large scale using certain advanced centrifugation procedures. In
many epecies such as sheep, cow, and mice it has been determined that a nucleoplast
isolated from one cell can be insested into another eouclented cell for the purpose of
genonating an identical cloned individual. If this procedure can be performed on an
induatrial scale, it would be very attractive to the poultry industry.

Although cloning or nuclear transfer has yet to be achieved in & poultry species,
it is realistic to assume that it is will be only a short timo until this gozl is achieved. At
that time, a high-throughput industrial platform will bo needed. A separate mechanism
such as a flow cytometric detector will probably be naceasary in this embodirnent to
regulate the number of nucleoplasts (ideally one) that is delivered from the flnid
reservoir to the avian cgg.

Still another aspect of the present invention involves delivering liquid
formulations to the avian egg that provide vital information about the genotypic status
or constitution of the individual bird. For instance, DNA and/or RNA probes could be
delivered into the avian egg for the purpose of sorting embryos by sex or any other
grootype. These probes bind specifically to their target sequences and provide specific
information about the genetic makeup of the bird. Labeling the probes with various
fluorescent, radioactive, or chemiluminescent molecules provides highly-reliable
technology for determining genotypic status, Altematively, antibodies or other proteins
may be utilized in a similar fashion as reparter molecules.

The present invention is also contemplated to incorporute a detection
mechanigm to aid in various types of genetic and protein based analyses. One
embodiment of this mechaniem would involve the use of & light source of the
appropriate wavelength, such as, for example, a laser, and a comresponding dye set
differentially expressed in the avian egg as an indicator of certain genotypic or
physiologic states. For instance, this embodiment could sort eggs by sex utilizing



fluoresence-labeled sexing probes, sex-linked promoters and expression systems,
flncrescence-labeled sexing antibodies, and the lile.

The detection mechanism may, for example, use a CCD camera or other
5 suitable detector of fluorescent signals to activate a sorting and/or identifying
mechenism. In another embodiment, the detection mechenism could ufilize &
methods for the same genem! purposes described sbove. In yet another embodiment,
the system could utilize “gene-chip,” genetic micromray and/or genetic macroarray
10 technologies for detection purposcs, an example of which is that produced by the
tﬂ; campany Affymetrix.
-
(g

rl As one skilled in the art appreciates, classification of birds according to

\;' genotype may be used in production operations. Classification of birds by sex allows

Q' 15 the optimizstion of production capacity. That is, males sre desired in the broiler

. industry, while females are desired as Iayers. Also, the prescnt invention providing an

ful enhanced ability for geneticista to perform genetic selections based on the automated

o high-speed identification and genotyping of eges results in more rapid genstic progreas
20

Independent of which type of detection is utilized for genotypic classification,
another contemplated design involves classifying cach egg as “live” or “dead.” Simple
light and/or temperature mechanizms are also contemplated for this procedure as
incorporated in existing systems by PAS Reform, Breuil, and Embrex. For this aspect

25 of the present invention, U.S. Patent No. 5,900,929 assigned to Embrex is incorporated
herein by reference.

Coupled with the sorting devices described below, the present invention
injecting the liquid formulation that provides a predetermined indication and the
30 detection thereof provides a versatile platform for all msnner of molecular dstection
applications.
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Still another embodiment of the present invention incorporates a liquid
sampling device for obtaining liquid samples from the avian eggs. This design uses a
vacoum Jine in commumication with a sampling needle, the tip of which is recipicated
to be surrounded by the liquid portion of a respective avian egg and then removed
therefrom. Alternatively, the design may use an electro-osmotic gradient, similer to
that utilized in the PE Biosystems 310 genetic analyzer, to draw fluid samples into a

In order to utilize maximally the above-described detection mechanism(s), it
may be necessary at certain times to amplify the signal by various techniques. One
embodiment for the amplification of a detection signal could be the incorporation of an
integrated therma! cycling unit, such as those produced by PE Biosytems, Hybaid MJ
Research and othem, for DNA amplification. This device would be important—if not
essential-—for the use of gene chip, micro-army, and macro-array based genotyping

To abtain more detsiled information about the samples being analyzed, it is also
contemplated separating the semple molocules based on siza, molecular weight, electric
charge or other chemical/physical properties. One embodiment of this separations
mechanism is an electrophoresis unit. For example, an integrated capillary
electrophoresis unit such as or similar to the 310 Genetic Analyzer produced by PE
Biosystems could be utilized to separate both nucleic acids and proteins. This
embodiment of the present invention would, for instance, be useful for high-throughput
genotyping of eggs from a primery breeder’s pedigreed lines of poultry.

Ultimately, the data obtzined from the sbove embodiments, either singularly or
collectively, can be processed by software in a central processing unit or other device to
cvaluate the value and status of eggs as they come off the processing line. The
evaluated eggs can be labeled, sorted, and transferred to hatching baskets or trays
accordingly. Labeling can be performed by an ink jet mechanjsm, similar to that
currently found in Hewlett Packard and Epson printers. Sorting and transfer of the eggs
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can be performed by automated suction cups and movable belts which transport trays of
eggs through the instrument body and to the weiting egg certs. Mechanisms for this
part of the instrument could use designs similar to systems manafactured and eold by

The ipstrument platform being described here would also benefit from certain
existing genetic/protein analysis capabilities. By directly incorporating the analysis
capabilities into the platform these procedures could be performed at high-speed and at
an industrial scale. Bxamples wheye these analyxis capabilities would be directly
applicable to the commercial poultry industry are described.

Compared to the prior art systems, the present invention more efficiently
manages poultry breeding operations. The present invention achieves this benefit by
relying, in part, on the advent of In Ovo Fertilization techmology along with linking
hm&cmutlimporﬂnlgmﬂiciecbmlo;iuloaﬂentnﬂyvmﬁlepmsmd
platform for the automation of poultry breeding technologies.

Although the present invention has been described with reference to specific
details of cartain embodiments thereof, it is not intended that such detsils should be
regaried as limitations upon the scope of the invention.
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ATTORNEY DOCKET NO. 23101.0001U1
METHOD OF FERTILIZING AN AYIAN EGG IN THE SHELL

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to the field of avian egg fertilization. In particular,
the present invention relates to 2 method of fertilizing an egg in a shell. The invention
also relates to a method of fertilizing an egg in a shell, whereby 2 live chick is hatched.
The invention also relates to an oviposited svian egg camprising a native embryo
having fewer than 40,000 cells, wherein the embryo can develop into a live chick.

BACKGROUND ART

It has long been a goal of avian geneticists to sapplement traditional selection
procodures by inserting desirable geaes directly into the avian germline. Substantial
progress along these lines has been made in mammalian species where early embryos
are accessible and where pronuclei can be visualized for the insertion of exogenous
DNA. The production of transgenic mice, caitle, sheep, and goats has become a routine
procedure in large commercial operations. In avian species, by contrast, the early
embryo has not been easily sccessed and the pronuclei are visually obscured, making

manipulation of the avian genome in carly embryos in owo an insurmountable goal.

APPENDIX
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ATTORNEY DOCKET -NO. 23101.0001U1
The difficulty involved in accessing an carly stage avian embryo is best

understood by understanding the snstomy of an avisn egg and its progression through
the female reproductive tract. At the time of ovulation, the avian oocyte comprises &
blastodisc, or germinsl disc, which contains the female pronucieus, and a yellow yolk
mass. The germinal disc and yolk mass are surrounded by the oocyte cell membrane,
called the colemma. Swrounding the oolemma is the perivitelline layer (PL), also
referred to as the inner perivitelline layer (IPL). The space between the oolemma snd
the IPL is termed the perivitelline space, which is traversed by granulosa cells. Once
the oocyte is released from its ovarian follicle, it is referred to as an ovum. The ovum
moves into the oviduct where it is engulfed by the infundibulum, where fertilization

occurs if sparm arc present.

Aas the ovum passes into the posterior infundibulum, another lxyer, the outer
perivitelline layer (OPL), surrounds the ovum. This membrane acta to prevent
polyspermy, which is a icthal condition that occurs when multiple sperm bind to and
penetrate the ovum at the region of the blastodisc. The cgg is then surmounded with
additional layers of chalaza and thick and thin layers of albumen, When the ovum
moves into the isthmus, two shell membranes are deposited, upon which small crystals
of calcium carbonate are deposited, thus beginning the formation of the shell.

APPENDIX
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The preceding eveats all occur within the first few hours following fertilization.
The ovum next moves into the uterus, where over the next 18-20 hours, the calcium
shell is completed. The egg them moves into the vagina for several mimites, and then
is extruded from the vagins, or oviposited (i.e., “laid™). At this point, if the egg has
5  been fertilized, the embryo contained therein will have 40,000 to 70,000 cells.
(Johnston (“In Vitro Sperm Binding, Penetration, and Fertilization of Recently

E:‘ Ovipoaited Chicken Bgga,” Decemnber 1988, Clemaon University ).; Olsen, M.W., J.
A
:a= Morph. 70: 413-533 (1942); Etches et al., in Methods in Molecular Biology, vol. 62
T
AN Recombinant Gene Expression Protocols, Ed. R. Tuan, Humana Press, Inc. Totowa, NJ,
! 10  pp. 433-450 (1997); Petitte et al., in Manipulation of the Avian Genome, Bd. Etches et
;i al., CRC Press, Boca Raton, FL, pp.81-101 (1993)).
-
]
q
& The development of genetically modified birds largely requires access to early

stage, pluripotent embryonic cells. As the earliest stages of embryo development occur
15  within the oviduct of the female, the introduction of heterologous DNA into the early

embryo has only been possible by removing the embryo from the fernale, requiring that

she be sacrificed. Furthermore, while culture of the carly stage embryo to hatch has

been accomplished, the method is extremely lsborious, and results in a post-hatch

survival rate of only about 10%. Sang et al., in Manipulation of the Avian Genome, Ed.
20 Etches et al,, CRC Press, Boca Raton, FL, pp.121-133 (1993).

APPENDIX
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ATTORNEY DOCKET NO. 23101.0001U1
In addition, a common technique employed by the pouitry industry is to
artificially inseminate females. While this technique can allow for an increase in
fertility and reduces the number of males required in the breeding program, it is

extremely labor intensive,

The present invention provides a ground-breaking improvement in avian
biology by making it possible to fertilize an egg in its shell, and to hatch a live bird
from the shell. The methods of the invention, therefore, make it possible to sccess an

cmbryo as carly as a zygote. The methods also allow for the automation of in ovo

fertilization.
SUMMARY OF THE INVENTION

The present invention provides a method of fertilizing an avian egg in a shell,
wherein the egg comprises a yolk enclosed by a membrane, comprising obtaining &
sperm sample comprising avian sperm in a physiologically acceptsble carrier, and

delivering the sperm sample into the cgg, 50 as to fertilize the egg.

The present invention also provides a method of fertilizing an avian egg ina
:hell.wheminﬂweggeompﬁs-unyo!kmlosedbynmmbme, snd hatching a live

chick, comprising obtaining a sperm sample comprising avian sperm in a
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physiologically acceptable carriex, delivering the sperm sample into the egg, so as to
fertilize the egg, incubating the egg, and hatching the live chick from the egg.

Also provided by the presant invention is sn oviposited avian egg comprising a
native embryo having fower than 40,000 cells, wherein the embryo can develop into a
live chick. Relatedly, an oviposited avian cgg comprising an embryo having fewer than
40,000 cells wherein the eggshell has an opening of less than 4 centimeters is also
provided.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, *'a,” “an” or “the” may mean one or more. For example, “a”™
c£g may mean one €gg or more than one egg. Moreover, “the” egg may mean one egg

or more than one cgg.

The present invention provides a method of fertilizing an avian egg in a ghell,
wherein the egg comprises a yolk enclosed by a membrane, comprising obtaining a
sperm sample comprising avian sperm in a physiologically acceptable carrier, and
delivering the sperm sample into the egg, 8o as to fertilize the egg. The present
invention relates to the unexpected and surprising discovery that an unfertilized,
oviposited avian egg can be fertilized in the shell. As used herein, reference to an gvian

cgg in a shell refers to an oviposited egg, that is, an egg with & calcium carbonate shell
APPENDIX
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that hag been extruded from the vagina of the bird. Extrugion of the egg is referred to
s “oviposition.” Accordingly, all references herein to an “egg in a shell” or to an
“oviposited egg” should be understood to be equivalent in mesning.
The process of fertilizing an oviposited egg in a shell is referred to herein as “in ovo
fertilization™ (TOF).

An avian egg comprises a hard, calcified shell at the time the egg is ovipositad.
Within the shell is a yolk that contains matrients for supporting growth and
development of an embryo. As used herein, an "embryo” is a developing organism
rosulting from the joining of a female pronnclieus snd & male pronucleus during the
process of egp fertilization. While a fertilized (singie cell) ovum may thus be called en
embryo, the single cell embryo is also specifically referred to herein as a zygote.

Although in ovo fertilization can be performed on eggs as old as 2 weeks if the
cggs are maintained at room temperature, ideally newly oviposited eggs ere used for the
best results. In a preferred embodiment, the spesm sample is delivered into the egg
between 0 and 96 hours following oviposition. In a more preferred embodiment, the
sperm sample is delivered into the egg between 0 and 72 hours following oviposition.
In an even more preferred embodiment, the sperm sample is delivered into the cgg
between ( and 48 hours following ovipasition. In a highly preferred embodiment, the

sperm sample is delivered into the egg between 0 and 24 hours following oviposition.
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ATTORNEY DOCKET NO. 23101.0001U1
Thus, it is preferred that the sperm sample be delivered into the egg as soon as possible
following oviposition. However, the precise timing of fertilization can depend on how
the oviposited egg is maintained, ¢.g., temperature, humidity, ete.

The sperm in the sperm sample may be obtained from a bird by methods known
to a pereon skilled in the art, such as the abdominal massage method which is well-
known to those of skill in the art. This method allows the collection of an cjaculate
comprising sperm, serninal fluid, snd transparent finid. Transparent fluid is a
lymphlike fluid that passes from the lymph channels to the surface of the phallus during
phallic tumescence. Avian sperm may also be obtained from commercial sources that
are well known to those of skill in the art.

In ons embodiment, the sperm in the sperm sample can be collected from &
single bird. In another embodiment, the sperm in the sperm sample is a mixture of
spam obtained from more than onie bird, When & mixture of sperm from more than
one bird is used in the methods of the invention, the probahility of succesafully
fertilizing the egg can increase, because if one of the birds from which the sperm has
been collected ia infertile, it is possible that the sperm collected from the other bird or
birds will be capable of fertilizing the egg.

In a prefared ambodiment, the sperm sample compriscs sperm from birds
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ATTORNEY DOCKET NO. 23101.0001U1
which are members of the same species, and the sperm sample is used to fertilize eggs
oviposited by heng which ere members of the same species as the sperm donors. As
one of ordinary skill is aware, individuals are classified as being from the same specics
if they are capable of mating to produce offspring. Moreover, the present invention
also contemplates the use of sperm from one species and an egg from another species, if

the sperm is capeable of fertilizing the egg.

While it is typically preferred that the sperm be used within 30 minutes of the
timo that it is collected, older sperm, and oven sperm which have previously been
frozen, may be used in the methods of the inveation, as long as the sperm retain their
ability to fertilize an ovam. Where the sparm are to be used more than 30 minutes after
collection, it is preferred that they be combined with a sperm extender, as is described
below.

As mentioned above, the sperm sample also compriees a physiologically
acceptable carrier. As used herein, a “physiologically acceptable carrier” is a fluid in
which sperm remain motile and viable. Examples of a physiologically acceptable
carrier include, but are not limited to, seminal fluid, transparent fluid, buffered saline
solution, sperm extender, and combinations thereof. Preferably, the carrier willbe a
sperm extender, also referred to in the art as a diluent. As mentioned above, the use of

a sperm extender is especially preferred where the collected sperm will not be used for
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fetilization within 30 minutes after collection. MLR. Bakst, In Manipulation of the
Avian Genome, R. J. Biches and AM. Vermrinder Gibbons, eds., CRC Press, Boca Raton,
FL, pp. 15-28 (1993). As used herzin, a “sperm extender” is a physiologically
acceptable carrier that is used to dilute a sperm sample to produce a sperm sample of
5 greater volume in which the sperm are less concentrated. Preferably, the composition

of the sperm extender will extend the shelf life of the sperm, as well as diluting the
4]

i sperm 80 &8 to increase the number of eggs which may be fertilized by the quantity of

‘l‘:; sperm which has been collected. Examples of sperm extender compositions, suggested
o> Igi dilution rates, optimal storage times and conditions, and commercial sources of

;J' 10 extender may be found in Bakst (“Preservation of Avian Cells: In: Poultry breeding

FE and Genetics, R.D. Crawford (ed.) Elsevier, New York, pp 91-108 (1990)). Another

IEF example of a sperm extender is the semen diluet described by Jokmston (“In Vitro

2 Sperm Binding, Penetration, and Pertilization of Recently Oviposited Chicken Bggs,”

Deceamber 1988, Clemson University ). Other diluents commeonly used in the poultry
15 industry are Lago Formulation Avian Semen Extender by Hygeia Biological
Laboratories, Semaid Turkey Extender by Poultry Health Laboratories in Davis
California, Beltsvills Poultry Semen Extender by Tri Bio Laboratories, Inc. in State
’ College, Pennaylvania In a preferred embodiment, the sperm extender is Avidiluent.
Avidiluent is produced by IMB, 10 rue Georges, Clemenceau, BP 81, 61302 I’Aigle,

20 France.
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ATTORNEY DOCKET NO. 23101.0001U1
Thus, in one embodiment, the sperm sample may comprise sperm and seminal
fluid, i.e., semen. Moreoves, the sparm semple may comprise sperm and seminal fluid
which is diluted with 2 physiologically acceptable carrier, including but not limited to
buffered saline solution and a sperm extender.

The sperm sample can also be prepared by methods which will be clear to one
of ordinary skill in the art, such as waghing semen from one or more birds with a
solution such as buffered saline solution or sperm extender, centrifuging the resulting
solution, removing the supernatant, and resuspending the washed sperm in a volume of
a solution such as buffered saline or semen extender. One of ordinary skill in the art
will readily understand how to achieve the desired concentration of sperm by
resuspending the sperm in the appropriate volume of solution. For example, following
centrifugation and removal of supernatant, the packed sperm may then bo weighed, and
the number of sperm then estimated by using known values for the weight of avian
sperm. The sperm may then be resuspended in the volume required to obtain the
desired sparm concentration. Alternatively, the centrifuged sperm may be resuspended
following removal of the supemnatant, and then recentrifuged, allowing the
determination of the packed sperm volume. (Johnston, 1998). Subsequently, the
concentration of the sperm may be calculated using the formula of Maeza snd Buss.

(Poultry Sci. 55:2059 (1976).)

APPENDIX



.
&
fa
{0
L

iy

At

ta
qu
b
o
£

3]

10

15

20

11
ATTORNEY DOCKET NO. 23101.0001U1
Typically, the concentration of sperm in chicken semen is from 300 million to
800 million per milliliter, in turkey semen from 800 million to 1.5 billion per milliliter,
in Guinea fowl semen from 400 million to 800 million per milliliter, in Pekin duck
semen from 20 million to 600 million per milliliter. The standard number of sperm
used for artificial insemination is 100 million in a total volume of 50 microliters. In the
methods of the present invention, because spenn are placed directly adjacent to the
female pronucleus, far fewer sperm are required to fertilize the egg. Thus, as few as
one sparm can be used in the methods of the present invention. In fact, a large range of
sperm concentrations can be used in the present invention. In one embodiment, chicken
semen is diluted with an equal volume of Avidiluent and approximately 0.01 milliliters
of this sperm sample is injected into an egg. Thus, approximately 1 million sperm are
deposited adjacent to the female pronucleus.

In the methods of the invention, fertilization of the avian egg in the shell is
accomplished by delivering the sperm sample into the egg. Delivery of the sperm
sample may be accomplished by any method which will allow the sperm to be
delivered inside the shell, including, but not limited to, dissolving an area of the shell
with, e.g., an acid solution, using electroporution, and creating an opening by
penetrating ar cracking an arca of the shell, for example using 2 tool such as a noedle or
a scalpel.
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Preferably, the surface of the area of the shell to be penctrated in order to deliver
the sperm sample is sanitized before the sperm is delivered inside, to prevent
contamination of the egg. Any method which is compatible with the delivery method
may be used 1o sanitize the shell, inclnding, but not limited to, the disinfectant IOFEC-
20®, and 3% hydrogen peroxide. The surface of the egg at the intended penetration aite
may be wiped or sprayed with tho disinfectant, or the cgg may be immersed in a vessel
containing the disinfectant of choice.

As ia described above, an opening in the shell can be made with a tool suches a
knife or a needle. Preferably, the tool will be eterile. For example, in a two-step
procedure, an opening in the shell can first be nade with a Imife or other sharp
instrument. In a second step, a needle attached to a syringe containing a sperm sample
can be passed through the opening to deliver the sperm sample into the egg.
Introduction of the sperm sample into the opening in the shell may also be
accomplished by other means, including, but not imited to, the use of a pipette, auch as
a micropipettor. Alternatively, in one step, a needle attached to a syringe containing the
sperm sample can be used to penetrate and thus create the opening in the shell and
deliver by injection the sperm sample into the cgg. Thus, “opening” can include a hole

. created by 2 noedle. Of course, one of ordinary ekill in the art will be able to choose &

necedle whose gauge will be large enough to allow the sperm sample to be moved
through the needle. In onc embodiment, the needle will be of the smallest gauge that
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can daliver iniact sperm into ths shell and also be sturdy enough to penctrate the
calcium cggahell. Alternatively, a separate needle or other device could be used to
make the opening in the eggshell. Typically, needles varying from 30-gmuge to 16-
gauge can be used. In one embodiment a 22-gauge needle is used. A sperm is
approximataly 0.5 um at its widest point and 100um in length. Therefore, any needle
with en mner diameter of at least 10 um can be used for injections. In one embodiment

the necdle can remain in the shell after injection.

The opening can be mads anywhere in the shell that effects viable fortilization,
but is preferably made in an area of the shell that is near the germinal disc. While an
cgg may be manipulated so as to place the germinal disc at different regions of the egg,
the germinal disc in & newly oviposited egg is located at the large end of the shell,
which overlies the air cell adjacent to the yolk. Once an opening has been created in
the ahell, the sperm sample is preferable delivered by introducing the needle, pipette,
etc., through the air cell and beyond a membrane lying below the air cell. In a further
preferred embodiment, the sperm sample is delivered into the cgg using a needle.

Preferably, the needle, pipette, etc., is advanced through the shell at an angic of
approximately 15°, penetrating the membrane lining the shell. In a preferred method of
practicing the methods of the invention, the needle, pipotte, etc., is advanced through

the air cell, until it meets a membrane which encloses the yolk and germinat disc. A
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ATTORNEY DOCKET NO. 23101.0001U1
person practicing the method of the invention will know that the tip of the needle,
pipette, etc., has encountered the membrane when slight resistance to further
advancement of the tip is felt. As the tip is gontly advanced, the resistance from the
membrane gives way and the tip is allowed (o barely penetrate the membrane.
Preferably, the spesm sample is then delivered into the egg, adjacent to a region of the
membrane and that is adjacent to the germinal disc. Typical volumes of the sperm
sample arc as small as 0.005 ml or as large as 0.10 ml. A proferred volume of injected

sperm sample is about 0.01 ml.

Preferably, to prevent contemination of the ogg and death of an embryo, the
opening in the shell in sealed. A non-toxic adhesive can be applied directly to the
opeuing in the shell to seal it. Allematively, a piccs of eggshell can be used a5 a patch
to close the opening and may be aitached to the shell with a non-toxic adhesive. In one
embodiment, the non-toxic adhesive is Elmer’s® glue. Moreover, sny “tissue glue” can
also be used to seal the shell. A “tissue gluc” is a sterile, non-toxic adhesive used

during surgical, operative procedures to bind tissucs together.

The masthod of the present invention can be used to fertilize oviposited cgga
from avian species selected from the group consisting of chicken, quail, duck, turkey,
pheasant, ostrich, emu, goose, peafowl, grouse, thea, parrot, cockatiel, cockatoo,
parakeets, and other commercially valuable birds.

APPENDIX



in
Y
bas
({1
i
Wil
o
Al
{3
fLi

ba-
tn

10

15

20

15

ATTORNEY DOCKET NO. 23101.0001U1

The present invention also provides a mcthod of fertilizing an avian eggina
shell, wherein the egg comprises a yolk enclosed by a membrape, and hatching a live
chick, comprising obtaining a sperm sample comprising avian sperm ina
physiologically acceptable carrier, delivering the sperm sample into the egg, 50 as to
fertilize the egg, incubating the egg, snd hatching the live chick from the egg.

After the sperm sample has been delivered into the egg according to the
methods of the present invention as described above, the egg is incubated umtil the live
chick is hatched. One of ordinary skill will be aware of the amoumt of time and the
preferred canditions for incubating a fextilized egg belonging to a particular species.
The following are incubsation periods for various species of birds: Chicken -21 days,
Quail- 23 days, Corunix quail- 17 to 18 days, Pheasant-23days, Turkey-28 days, Duck-
28 to 33 days, Goose-28 to 30 days, Parakeet-18 days, Parrots-28 days, Dove-14 days,
Mynah-14 days, Finch-14 days, Button Quail-16 days, Valley Quail-21 to 22 days,
Swan-30 to 37 days. Incubation of egga fertilized by the methods of the present
invention as compared to naturally festilized egga need differ only in that the length of
incabation time must be lengthened to include the amount of time that the fextilized egg
would have spent within the body of the female prior to oviposition. In a preferrod
cmbodiment, the incubation period lasts from 21 to 23 days for chicken eggs. While

one of ordinary skill in the art will readily be able to determine the optimal temperature
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ATTORNEY DOCKET NO. 23101.0001U1
for incubation of an egg from a particular species of bird, typically the incubation
temperature is between 95° F and 100° F. A chicken egg will be incubated at about
99.5° F. In a more preferred embodiment, the tamperature at which the chicken egg is
incubated will be lowered as the egg nears the point of hatching. Thus, in & prefered
embodiment, a chicken egg is incubated at 99.5* F from day 1 of incubation to about
day 18 of incubation, and at 98.5° F from day 19 of incubation to hatching.

As is well known in the art, the humidity level at which an egg is incubated can
be important for bringing the egg to hatch. Thas, typically the egg is incubated at
between 75% and 90% humidity. Preferably, the egg is incubated at about 80%
humidity. More preferably, the humidity level at which the egg is incubated will be
raised as the egg nears the point of hatching. Thus, in a preferred embodiment, a
chicken egg is incubated at 80% humidity from day 1 of incubation to about day 18 of
incubation, and at 85% humidity from day 19 of incubation to hatching. In a specific
proferred embodiment, sn egg is incubated at 99.5° F and 80% humidity from day 1 of
incubation to about day 18 of incubation, and at 93.5° F and 85% humidity from day 19
of incubation to hatching. As is well known in the art, tuming the eggs during

incubation is usefiil for promoting growth of the embryo.

It is further preferred that the incubation of the eggs take place in a commercial

incubator. Commercial hatchers and setters are produced by many companics including
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PAS Reform, Jamesway, Chiclkomaster, Buckeye, Cumberiand, Petersime, Homidaire
Incubator Co., etc. Prefersbly, the eggs are moved from a setter incubator to a hatcher
incubator at about 3days prior to hatch. The hatcher basket allows thie egg to lie on its
side where the chick can more casily pip out. This basket also allows the chick to walk
ebout immediately after hatch, which is necessary for the chicks development and
viability.

In another embodiment, the present invention pmvndeslnowpontedmanegg
comprising a native embryo having fewer than 40,000 cells, wherein the embryo can
develop into a live chick. “Native™ means growing, living or produced in its place of
origin. Thus, & pative embryo is an embryo that develops and hatches the same shell in
which the female pronnclcus was formed. By the time an ovam which has been
fertilized naturally has been oviposited, the developing embryo has between 40,000 and
70,000 cells. However, the egg of the present invention is fertilized after it has been
oviposited in its shell; thus, an embryo developing in the cgg of the present invention
will at some time during incubation have fewer than 40,000 cells. In fact, at the
moment of fertilization, the embryo in the egg of the present invention will have one
cell and is a zygote. Asd:;bryomw:withintheegg.normlloeﬂdivisionwiﬂ
occur and the number of cells will increase. Thus, the fertilized, oviposited ogg of the
present invention will at some time during incubation comprise an embryo having, for
example, 10,000, 20,000 or 30,000 cells, including less than and between these
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ATTORNEY DOCKET NO. 23101.0001U1
numbers of cells.

In another embodiment, the present invention provides an avian cgg in a ahell
comprising an embryo having fewer than 40,000 cells, wherein the embryo can develop
into a live chick, and whezein the hell has an opening of less than 4 centimeters. In
another embodiment, the opening in the ahell is less than 2 centimeters. In another
embodiment, the opening in the shell is less than 1 centimeter. In one embodiment, the
opening in the shell is only large enough to accommodate a 22-gauge needle. The

cmbryo can be either native or non-native to the egg.

An egg of the present invention may, for example, be derived from avian
specios selected from the group consisting of chicken, quail, duck, turkey, pheasant,
ostrich, eow, goose, peafowl, grouse, rhes, pmrot, cockatiel, coclmtoo, parakects, swan,
dove, and other commexciaily valuable birds. In & commercially preferred embodiment,
the egg is derived from avian species used in the methods of the present invention and
is selected from the group consisting of chicken, turkey, goose, duck, quail, and
pheasant In 1 more preferred commercial anbodiment, the ogy is derived fiom a
chicken. The method can also be effectively utilized on avian species in zocs, 8.8, to
help preserve endangered species, including but not limited to those found in
McGrew's zoo.
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ATTORNEY DOCKET NO. 23101.0001U1
The methods of the presant invention can also be used for in ovo fetilization of
reptilian eggs. Reptilian eggs, similar to avian egge, comprise a yolk and femnale
pronucicus and are protected by a shell when they are laid. An unfertilized, oviposited
reptilian egg can be fertilized in the shell according to the methods of the present
invention. In particular, a sperm semple, comprising sperm from one or more reptiles
of the same specics, is delivered into the unfertilized, oviposited egg through an
opening created in the shell and onto the yolk adjacent to the female pronuclens where

The present invention also provides a method for producing an avian embryo
containing heterologous nucleic acid comprising, fertilizing an avian egg by the method
of the present invention disclosed herein, and introducing heterologous nucleic acid
into the avian egg. As used herein, nucleic acids include, but are not limited to, DNA
and RNA. The nucleic acids may be single, double, or multiple-stranded.

After an avisn egg bas been fertilized by 10F, the developing embryo can be
accessed at any stage of development to manipulate the genetic makeup of some or all
of its cells. Of greatest interest for creating transgenic birds is the exrly embryo. IOF
allows for germ line transmission of the heterologous nucleic acid as it allows the
carliest possible introduction of heterologous nucleic acid into the early avian genome.
This genetic manipulation of the developing embryo can, for example, produce
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transgenic birds comprising genetic material which can be used to modulate
endogenous DNA and its expression and to create cells which can manufacture

commercially valuable proteins for commercial use.

5 Transfer of nucleic acid into the avian genome can be performed by a persan

skilled in the art acconding to several known methods. (Harlow and Lane, Antibodies:
ch

03 A Laboratory Mamual, Cold Spring Harbor Laborstory, Cold Spring Harbor, New
:E York, 1988; Lennette et al, Manual of Clinical Microbiology, 14th Ed., Amer. Soc. for
® {g: Microbiology, Washington, D.C., 1985; Sambrook et sl Molecular Cloning: A
;iii 10 Laboratory Manual, 2nd Ed., Cold Spring Harbor Labaratary, Cold Spring Harbor,
l‘.ﬁ} New York, 1989; Antisense RNA and DNA, D. A. Melton, E4., Cald Spring Harbor
t;] Laboratory, Cold Spring Harbor, NY (1988))Freshney, Cultire of Animal Cells, A

L
b

Manual of Basic Technique, 2nd Bd. Alan R. Liss, Inc., New York (1987);Centers for
Disease Control Laboratory Manual, U.S. Department of Health, Education, and

15 Welfare Pub. No. 79-8375, p. 75, Centers for Disease Control, Atlanta, GA;
Fundamental Virology, 2nd Ed. Bernard N, Fields and David M. Knipe, Chief Eds.,
Raven Press:New York, 1990). Bxamples of methods of transferring genetic material
into the avian genome include, but are not limited to, avien leukosis virus (ALV )

20 medisted transgenesis, primordial germ cell mediated transgenesis and nuclear transfex.

The heterologous nucleic acid may be introduced inlo the embryo at the same time that
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ATTORNEY DOCKET NO. 23101.0001U1
the sperm sample is introduced into the ogg, or at 2 later stage of embryonic
development,

A stamdard method now in nse for producing transgenic birds is to produce
replication deficient ALV-derived transducing particles comprising s DNA insext.
Because the particles are not capable of replicating in the bird, there is no risk of
causing viremia and illness in the bird or humans. A window can be generated just
above the embryo and transducing particles introduced into the subgerminal cavity of
the embryo. The window is then scaled, and the eggs are placed into incubators for
development.

Another method nsed to transfer heterologous nucleic acid into the avisn
genome is trapsposon-mediated transgenesis. Transposons are genetic elements that are
sble to translocate or move about within the genome of their host species. There are no
known transposouns that occur in avian species. However, it has been shown that certain
transposons, reconstructed from other sources, are able to function within the avian
genome. These transposons can be engineered to serve as useful nucleic acid vectar
systems for inserting genes into the avian genome.

Further, another method for introducing heterologous DNA into an avian
embryo is blastodermal cell transgencsis. Blastodermal or other early cells can be
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taken from stage X embryos (the embryonic stage at which a fertilized egg is laid) can
be injected back into recipient embryns where they colonize and grow, giving rise to
chimeric chickens. A “chimeric” chicken is composed of cells from two different
genetic lineages. Blastodermal cells injected into irradisted host embryos soon after
they are isolated have the ability to contribute to all tissues of the resulting bird
including the germline (cells that give rise to sperm and eggs and thus to all following
generations). Blastodermal cells have been cultured and transfected with DNA by
various methods known fo persons skilled in the art in an attempt to generate transgenic

poultry.

Thus, blastodermal cells or embryonic stem (ES) cells can be injected into an in
ovo fertilized embryo to create chimeric poultry. These chimeric poultry can then be
crossed and, assuming they have germ linc transmission of the blastodermal or ES cells,
one can creste a clone of the original injected cell.

Morcover, primordial germ cell mediated transgenesis may be used to create
trensgenic birds. As the developing embryo grows, certain cells are committed to the
germline to give rise to the sperm and eggs. Thess primordial germ cells (PGCs)
migrate to the genital ridge of the developing gonad where they lic dormant until the
bird reaches sexual maturity. One approech to avian transgenesis is to isolate these
PGCs, genetically manipulate them and place them back into a developing embryo for
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continued development. This technical approach is comparable to the blastodermal cell
approach in both the extent to which it is developed and its potential applications.
Primordial germ cells have been shown to contribute to the germline when injected into
recipient embryos just as blastodesmal cells have.

Nucloar transfer is another technique by which a person skilled in the art can
produce a transgenic bird. Nuclcar transfer involves the transfer of & mcleus from a
donor cell (nucleoplast) into an anucleated cytoplasm (cytoplast) to form a reconstituted
cell with the genetic makeup of the donor nucleus, Nuclear transfer has many scieatific
applications; however, the most widely publicized spplication is for the cloning of
animals. Initially nuclear transfer was performed to derive clones from a single embryo
to produce several identical cloned animals. Typically nuclei from an embryo at the 8
to 64-cell stage are introduced into enucleated oocytes to produce new single-cotl
embryos capable of development to form cloned animals. Clearly, the fertilization
methods and fertilized avian oggs having less than 40,0000 cells would make such
wurk much easier, as the 8-64 cell embryo could easily be accessed without the
necessity of sacrificing the femnale bird giving rise to the ovum. Nuclei from somatic
cells such as fibroblasts and mammary epithelial cells can be combined with an
emncleated oocyte where they are reprogrammed by cytoplasmic factors to become &
new viable embryo capable of giving rise to & healthy animal.
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ATTORNEY DOCKET NO. 23101.0001U1
The in ovo fertilization methods described hexein can also be utilized in
comjunction with other in ovo procedures. For example, the embryo can be vaccinated
after fertiliontion. Alternatively, such vaccination could occur simaltansous with in ovo
fertilization providing however that the vaccine did not prevent development of the
embryo.

Additionally, in ovo fertilization can be automated such that multiple eggs are
simultaneoualy fertilized by, for example, injection techniques.

It will be clear to those of ordinary skill in the ert that the methods of the present
invention may easily be applied to a Large-scale industrial opegation, using sutomation
to fertilize newly laid eggs. Accordingly, an apparatus which has previously been used,
for exampls, to innnunize newly fertilized eggs can be adapted to instead introduce a

sperm ssmple.

The following Example is set forth 50 as to provide those of ordinary skill in the
art with a complete disclosure and description of how the methods claimed herein
performed, and is intended to be purely exemplary of the invention and is not intended
to limit the scope of what the inventars regard as their invention. Efforts have been

made to ensure accuracy with respect to numbers (e.g., amouats, temperature, etc.) but
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ATTORNEY DOCKET NO. 23101.0001U1
some crrors and deviations should be accountec for. Unlcss indicated otherwise, parts

are parts by weight, temperature is in *F and prossure is at or near sitmospheric.

EXAMPLE

1. Forty-three freshly laid unfertilized chicken eggs were disinfected by wiping the
shells with 3% hydrogen peroxide and placed in racks.

2. Sperm was obtained from 4 barred rock roosters on the same moming and
collected in Vacutainer® vials less than 1 hour before the fertilization procedure
was performed.

3. Sperm was pooled from the 4 roosters and mixed with 1 ml of Avidiluent®.

4, SpﬂyamixaduﬁthAﬁdilumﬂdevnintnalmlsyxingethmughal".zz
gauge needle to form a sperm sample.

5. The needle created an opening in the large, blunt end of the eggshell and passed
through the opening at 2 15° angle to the surface of the shell.

6. The needle was passed through the air cell until the tip just penetrated the
membrane enclosing the yolk and germinal disc.

7. One drop, 0.05 ml, of the sperm sample was injected onto the surface of the
yolk adjacent to the membrane.

8. The needle attached to the syringe was withdrawn from the egg.

9. The opening created in the shell by the needle was patched with a small piece of
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shell, and the patch was secured to the shell with an adhesive such as Elmer’s
glue®.
10.  The eggs were placed in commaercial grade settlers maintained at 99.5°F and
80% humidity from day 1 to about day 18 of incubation. The eggs were turned
5 according to methods known in the art and used in commercial scttlers.

11.  Onday 19, the cggs were transferred to commercial hatchers and maintained at

fii

o 98.5°F and 80% hmidity untii hatching.
b2
(a2
i
%
s

Ten days afier the fertilization method of the present invention was performed

:-l‘ 10 on 43 cgga, routine candling of the eggs was performed to determine which eggs
ﬁ‘l‘. had boen succesafully fertilized. Thirty-five eggs of the 43 eggs had been

:;} fertilized. Of the 35 fextilized eggs, 32 were succassfully brought to hatching,
E?.: and all but one of the chicks were healthy. Thus, 72% of the 43 oviposited eggs

treated by the fertilization method of the present invention produced a healthy
15 live chick.

Throughout this application, various publications are referenced. The
disclomurea of these publicetions, and the refierences cited therein, in their entiretics are
hereby incorporated by reference into this application in arder to more fully describe

20  the state of the art to which this invention pertains.
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It will be apparent to those skilled in the art that various modifications and

variations can be made in the present invention without departing from the scope or
spirit of the invention. Other cmbodiments of the invention will be apparent to those
skilled in the art from consideration of the specification and practice of the invention
disclosed hercin. It is intended that the specification and example be considered as
exemplary cnly, with a true scope and spirit of the invention being indicated by the
claims.
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What is claimed is:

1. A method of fertilizing an avian egg in a shell, wherein the egg comprises a
yo&l;emlowdbyamembrlno.wmpﬁling:

o 8) obtaining a sperm semple comprising avisn sperm in a
physiologically acceptable carrier; and

b) delivering the sperm sample into the egg, so as to fertilize the egg.

2, The method of claim 1, wherein the egg and the sparm are derived from

mesnbers of a same specics.
3 The method of claim 1, wherein the carrier is diluted seminal fluid.
4, The method of claim 3, wheyein the diluted secminal fluid comprises Avidiluent.

5. The method of claim 1, wherein the sperm sample is delivered adjacent to 2
membrane enclosing the yolk.

6. The method of claim 5, wherein the sperm sample is delivered adjacent to a
region of the membrane that is adjacent to the germinal disc.
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7. :I‘hemdmdofchimz,whﬂuinlhcavianlpeciesisseleaedﬁumthegmup
consisting of chicken, quail, duck, turkey, pheasant, ostrich, goose, and rhea.

8. The method of claim 7, wherein the avian species is chicken.

9. The method of claim 1, wherein the sperm ssmple comprises a mixture of sperm
obtained from more than ons bird.

10.  The method of claim 1, wherein the delivery of the sperm sample is achieved by
creating an opening in the ghell by penetrating the shell and introducing the sperm
sample into the egg.

11.  The method of claim 10, wherein the opening is scaled
12.  The method of claim 11, wherein the opening is scaled with an adhesive.

13. A msthod of fertilizing an avian cgg in s shell, wherein the egg comprises &
yolk enclosed by & membrane, and hatching a live chick, comprising:
a) obtaining a sperm sample comprising avisn sperm in a
physiologically acceptable carrier;

b) delivering the sperm sample into the egg, 30 as to fertilize the egg;
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c) incubating the egg of step b); and
d) haiching thas live chick from the egg.

14.  The method of claim 13, wherein the egg and the sperm are derived from

meznbers of a same species.
15.  The method of claim 13, wherein the carrier is diluted seminal flaid

16.  The method of claim 15, wherein the diluted seminal fluid comprises
Avidiluent.

17.  The method of claim 13, wherein the sperm sample is delivered adjacentto s
membrane enclosing the yolk.

18. The method of claim 17, wherein the sperm sample is delivered adjacent to a

region of the membrans that is adjacent to a germinal disc.

19. The method of claim 13, wherein the avian species is selected from the group
consigting of chicken, quail, duck, turkey, phessant, ostrich, goose, snd rhea.

20. The method of claim 19, wherein the avian species is chicken.
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2l.  The method of claim 3, wherein the sperm sample comprises a mixture of

sperm obtained from more than one bird.

22.  The method of claim 13, wherein the delivery of the sperm sample is achieved
by creating an opening in the shell by penetrating the shell and introducing the sperm
sample into the egg.

23. The method of claim 22, wherein the opening is sealed.
24.  The method of claim 23, wherein the opening is scaled with an adhesive.

25.  The method of claim 13, wherein the egg is a chicken egg, and incubation of the
egg lasts from 21 to 23 days.

26. The method of claim 25, wherein incubation is performed at a temperature of
about 99.5°F from day 1 to about day 18 of incubation and s temperature of about
98.5°F from sbout day 19 of incubation to hatching.

27.  The method of claim 25, wherein incubation is performed at 80% humidity from
day 1 to hatching.
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The method of claim 13, further comprising vaccinating the embryo during step

An oviposited avian egg comprising a native embryo having fewer than 40,000

cells, wherein the embryo can develop into a live chick.

30.

31

32,

33.

35.

36.

The egg of claim 29, wherein the embryc has fewer than 30,000 cells.
The egg of claim 29, wherein the embrye is a zygote.

The egg of claim 29, further comprising a heterologous mucleic acid.
The egg of claim 29 which is a chicken ¢gg.

An oviposited avian egg comprising an embryo having fewer than 40,000 cells,

wherein the egg shell has an opening less than 4 centimeters.
The egg of claim 34, wherein the embryo has fewer than 30,000 cells.

The egg of claim 34, wherein the embryo is a zygote.
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37.  The egg of claim 34, wherein the opening is sealed.

38. Thecgg of claim 34, wherein the opening is less than 1 centimeter.

39. Theegg of ciaim 34, wherein the opening is less than 5 millimeters.

(-
L3

b 40.  An egg produced by the method of claim 1, wherein the egg comprises a zygpte.
A
vl

n 41.

i A method for producing an avian embryo containing heterologous nucleic acid

o comprising:
fu-

4 s) fertilizing an avian egg by the method of claim 1; and
{r

(] b) introducing heterologouns pucleic acid tnto the avian egg.
(¥

42, The method of claim 41, wherein the heterologous nucleic acid encodes a

pharmaceutical protein, an antigen, a hormone or an antibody.

43. The method of claim 41, wherein the heterologous nucleic acid comprises Avian

Leukemia Virus-derived transducing particles.
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Abstract of the Invention

The prescut invention relates to the field of avian egg fertilization. In particular,
the present invention provides a method of fertilizing en egg in a shell. The invention
aiso provides a method of fertilizing an egg in a shell, whereby a Iive chick is hatched.
The invention also provides an oviposited avian egg comprising a native embryo
having fewer than 40,000 cells, whercin the embryo can develop into a ive chick.
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REIVINDICACIONES

1. Un método para fertilizar un huevo de ave en su cascara, donde el

huevo comprende un vitelo recubierto por una membrana y comprende:

a) obterner una muestra de esperma que comrende un esperma de ave en un
portador fisiolégicamente aceptable y

b) administra la muestra de esperma dentro del 6vulo, para asl fertilizar el
huevo.

2. El método de ia reivindicacién 1, donde el huevo y el esperma se derivan

de miembros de la misma especie..

3. El método de la reivindicacion 1, donde el portador es un liquido seminal

diluido.

4, El método de la reivindicacién 1, en donde el liquido seminal diluido

incluye Avidiluent.

5 El método de la reivindicacién 1, en donde la muestra de esperma se

administra en forma adyacente a una membrana que encierra el vitelo.

6. El método de la reivindicacion 5, en el que la muestra de esperma se

administra en forma adyacente a una membrana adyacente a un disco

germinal.

7. El método de la reivindicacion 2, en donde la especie de ave es

seleccionada del grupo que consiste en gallinas, codomices, patos, pavos,

faisanes, avestruces, gansos y fianddes.

8. El método de la reivindicacién 7, en donde la especie avicola es la

gallina.

9. Ei método de la reivindicacibn 1, donde la muestra de esperma

comprende una mezcla de esperma obtenido de mas de un ave.
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10. El método de la reivindicacién 1, en donde la introduccién de la muestra
de esperma se efectUa practicando un orifico en la céscara penetrando la
misma e introduciendo la muestra de esperma en el huevo.

11. El método de la reivindicacién 10, en el que el orificio es sellado.

12. El método de la reivindicacion 11, en el que el orificio es sellado con un
adhesivo.

13. Un método de fertilizacion un huevo puesto de ave dentro de su céscara,

" en el que el huevo comprende un vitelo recubierto por una membrana, e

incubar un pollo que comprende:
a) la obtencion de una muesira de esperma que incluye esperma
avicola en un vehiculo fisiolégicamente aceptable; y
b) la administracion de la muesira de esperma al interior del huevo, a
fin de fertilizar el mismo.
c) incubar el huevo de la etapa b) y
d) sacar del cascaron el polio
14  El método de la reivindicacién 13, donde el huevo y el esperma se
derivan de miembros de la misma especie.
15. El método de la reivindicacion 13, donde el vehiculo es liquido seminal
diluido.
16. El método de la reivindicacién 15, donde el fluido seminal diluido
comprende Avidiluent,
17. El método de la reivindicacién 13, en el que la muestra de esperma es
administrada en forma adyacente a una membrana que encierra el vitelo.
18. El método de la reivindicacion 17, en el que la muesira de esperma es
administrada en forma adyacente a un sector de la membrana que es

adyacente al disco germinal.

v
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19. El método de la reivindicaciébn 13, en el que la especie de ave es
seleccionada del grupo que consiste en gallinas, codornices, patos, pavos,
faisanes, avestruces, gansos y flandues.

20. El meétodo de la reivindicacion 19, en el que |la especie avicola es la
gallina.

21. El método de la reivindicacion 13, en el que la muestra de esperma
comprende una mezcla de esperma obtenido de més de un ave.

22. El método de la reivindicacidn 13, en el que la introduccion de la
muestra de esperma se efectua practicando un orifico en la cascara penetrando
la misma e introduciendo la muestra de esperma en el huevo.

23. El método de la reivindicacion 22, en el que el orificio es sellado.

24. El método de la reivindicacién 23, en el que el orificio es sellado con un
adhesivo.

25. El método de la reivindicacion 13, donde el huevo es un huevo de
gallina, y la incubacién del huevo dura de 21 a 23 dlas.

26. El método de la reivindicacién 25, donde la incubacion se lleva a cabo a
una temperatura de 99.5°F desde el primer dia de incubacién hasta el dia 18 y
una temperatura alrededor de 98.5°F desde el dia 19 de incubacién hasta el
nacimiento.

27. El método de la reivindicacién 25, donde la incubacién se lleva a cabo a
una humedad de 80% desde el primer dia hasta el nacimiento.

28. El método de la reivindicacién 13, que adicionalmente comprende
vacunacion del embrién durante el paso (C).

29. Un huevo de ave puesto que comprende un embridn nativo con menos

de 40.000 céiulas, en el que el embridn puede convertirse en un polluelo.
g

P>
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30. El huevo de la reivindicacion 29, en el que el embrién presenta menos
de 30.000 céiulas.

31. Elhuevo de la reivindicacion 29, donde el embrién es un zigoto.

32. El huevo de la reivindicacion 29, que ademdas comprende un &cido
nucleico heterdlogo.

33. El huevo de la reivindicacién 29, el cual es un huevo de gallina.

34. Un huevo de ave puesto que comprende un embrién que tiene menos de
40000 células, donde la cdscara del huevo tiene un orificio de menos de 4
centimetros.

35. El huevo de la reivindicacion 34, donde el embrion tiene menos de
30,000 células.

36. El huevo de la reivindicaciéon 34, donde el embrién es un zigoto.

37. Elhuevo de la reivindicacion 34, donde el orificio esta sellado.

38. El huevo de la reivindicacion 34, donde el orificio es menos de 1
centimetro.

39. El huevo de la reivindicacién 34, donde el orificio es menos de 5
milimetros.

40. Un huevo producido por el método de la reivindicacién 1, donde el huevo
comprende un zigoto.

41. Un método para producir un embrién de ave que contenga &cido
nucleico heterdlogo que comprende;

a) fertilizar un huevo de ave por el método de la reivindicacion 1; y

b) introducir el 4cido nucleico heterélogo dentro de un huevo de ave.

42. El método de la reivindicacién 41, en el que el dcido nucleico heterdlogo

codifica una proteina farmacéutica, un antigeno, una hormona o un anticuerpo.

)

1
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43. El método de la reivindicacién 41, en el que el acido nucleico heterélogo

incluye el Avian Leukemia Virus derivado de particulas transducing.
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