WD 2008/ 017704 PCT/ EP2007/ 058263 1 METHOD OF
PRODUCTI ON OF TRANSGENI C AVI AN USI NG EMBRYONI C STEM
W@EERRSB1B0he present invention relates to avi aPCT/EP2007/058263
bi ot echnol ogy and in particular to a nethod of
produci ng transgeni c birds. Thé invention is
particularly useful to generate transgenic birds
expressi ng hi gh amount of a reconbi nant protein of
interest in egg. 10 Wth over 400 bi onpl ecules in
ol i cal dSWETHORBRPRARYGTION O IRANSGIE AYANYSINGons
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produced in an egg, a small flock of 1000 hens woul d
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Such an approach is expensive and does not guarantee against national sanitary decisions



enforcing the preventive elimnation of all [|ocal
poultry to check viral infection, as in the
wokddserizands i n 2003. The engi neeri ng of a nodpET/&E2007/058263
animal inplies first the stable introduction of the
transgene 5 into the genone of the aninal. The
different technol ogies to introduce DNA investi gated
since 25 years are : (i) the DNA micro-injection, (ii)
the viral transduction, (i ||a t he sPerm nmedi ated gene
t r AHQFiY thy Pr@yerﬁ%e'ﬁme&rt@apfta &53'f Raultry th ehek| Yirahéestipn, as in the
t r Raséinddisi2ngs. (v) prinordial germcells, or (vi)
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o5 and today, somatic and germline chinera had been
obt ai ned by injection of freshly isol ated
bl lsthe destmadnytipingtsiweet mredsitof qvgiepma thendiffdsent éasheiptd hyigles at each
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to 7 days of culture (Pain et al, 1996). Etches et



WD 2008/ 017704 PCT/ EP2007/ 058263 3 al, 1996, had

denonstrated that significantly nore somatic chineras
wowss/ootrser ved follow ng the injection of cel PGI/EP2007/058263

co-cultured with nouse fibroblasts. Pain et al (1996)

seeded avian bl astodermal cel Ps on STO nouse

fibroblast cell line. The ES status of cells

maintained in culture relied on the expression of the

ECMA-7 and SSEA-1 epitopes and the tel onerase 5

ac®li VPP, hadgpemenstraipd thajoggnificpptly] mpeer aeMalia ¢hmerae were observed

absvary Bt ifkdibresedlid ad-tukireafwith InRuib® bromEdts. Falnl & al W886) seeded

St é\vrlréjnl bq;ﬁﬂ kr)1¥al ﬁ%ls o) E?éenogjg lgt{,robl'l' sr feqlTTg 'Ijhg%éb ebtﬁécells maintained
| Gn cmlttaﬁdelleld o1f e enprpssianh thaeCNIAR b BSEA Byeriéoppo 8Lt e tafpmerase

5 ?gg%tmfﬁbblﬂ Qt &1, fsdlesl Prcfmarr‘éii%h Qﬂﬁé a@d’éh&eb&dﬁffe(et) ﬁétBn %f biddtodermal cells

R e B B e o e RSB 3o 1L agh g actors. 111
t h8CF e bff §ff, el - e rbd yifferagiatoo npaso imhibéel by expmisate ant-Gtinoic acid
t Ombﬁcfcﬁaﬂélaatnh&@y pidlrpét al 9996?1 I%ﬁ'b@& Q‘fowh lﬂ%t Q&Matl&p(%f ltr% embryo by

Car si ence et However, bl ast oder nal
A HCEFFEC Feis Wt faﬁ'Ptéte9 MEPRIDA rEARGaE SRRy rERRomPrRARIsed by exposure
10 extoiifpadiation pribi e djection bf théddricotsls {Carsevatet 4, 19935 UES 1 N
conparison to the frequency and extent of somatic
chi meri sm observed follow ng injection of freshly
pr @g@ﬁ«V@a @@tngrmq{/mekl}co{;@mtairp\cﬁeiﬁ aurgnyiglded,fewer chimeras that exhibit
deréamsetjr@ine.duttohatto gamAticofisstidseinCampansnt topas tfr%qlﬂfncﬂi BBd extent of

somakt1 ﬁ]ergsvm %]se%vreg I1’”]osl1 eneﬁ'ﬁesctlon otf rfrgthggalr%pareé cc?lls q\/lor%ovar even so

escCri
15 { h@waméereons@@tﬁcathaé@aom ot mpEBERATS of thetnsbbbergyl aviap transgenesis

r eHRItY (ﬁ)uﬂe&g at;&fmpﬁiﬂ_}gﬁchgmant Boﬁrﬁnﬂz he@gg(%n?éétsﬁl%ed that were
e is is the objec 0 e
i n@?q%{ﬁ?dqw'%\f%‘?}%gfiﬁne%} ola®hi eve this object and in

accordance with the purpose of the invention, as
enﬁ?@ﬁeﬁr@ @ﬁ&d f&re‘ﬁ@%hymgﬁ&%rdf B@r%reﬂﬁ? @rbﬁbgeltu Q@hl&reﬁ§ &#ls is the object
i nvention provides a nethod of culturing enbryonic
20 gt g IRt EWENONGf  avi an, conprising the steps of: 25
a) suspending ES cells originating fromthe bl astoderm
di , [

‘?(% j‘uelv%ﬁgst%blééc? |n Fgcg{dgﬁc%g/l&&ﬁ lﬁrllr%n% uﬂogig gﬁg% ﬁ%geépnéé( a?]%mbodled and
| nRaRdhn descredgessif. th aeegt Jr!t’e('tIOGFP-@') ea@dm%tho%Pﬂ fuffyng embryonic
nesteM(ESNBIICof gieh, @bmprisMEfie stepadf: - optl onal ly, at

25 lcgﬁ;: i %Esd%ng \rl:q E? lc%%}( Q%ﬁ%t%? ir%%gf?edblast? n|$ dlglfr(?flrtgrglized, preferably un-
r eceptingubgted 8RN eggls)dimp badal CLﬂtar@tmﬁdl%TsePplemPntm ol ast

30 growt hlﬂ%@l!ﬁtll% r()\ﬁﬁﬂotorlﬁlé@ﬁrgna/of é?lmrﬁrhetuﬂftr}épﬁl@i@&@tr (CNTF); and
(LIF), int erI ey oncost

cardi ot r opi 'ﬂ”a % ileailtnP??alg”)@)éq JAgos) S8 ggggl Aot ? h@oup  comprising
suspensi oterefikiES (I6), Interlebitirab mesdption(lIiRpsten celhfagtol (HEED, fibroblast

30 of feedef (@l ksidN@GF U|E&r!é@ﬁnachhhibkk§ry rfgctcgrhﬁ_lFsslrﬁ&'ehlﬁn 1 (1),
for at |east bhetween to 10 passages prefera y

bet ween 2"¢ogtadpansradigierhinand ont i onal |y removi ng at
| east oneagmelstelunf;act ors sel ected SCF, FG-, 11-6,

{ L 6R, )ls!aér:dlng tﬁé’]gtgﬁéﬁgon%f ES§ @&g'ogﬂ;arngﬁ’mslﬂepaaﬂgn L\Ilayérjoffféeggp cells and
© Cufurtt%ﬂlereculturlng the ES cells for at least between 2 to 10 passages, preferably

35 between 2 to 20 passages;
c) optionally removing at least one growth factors selected SCF, FGF, II-6, 1I-6R, LIF,
oncostatin, cardiotrophin and 1I-11 from the culture medium;

d) further culturing the ES cells in the medium of step c¢) on a layer of feeder cells.



d) further culturing the ES cells in the nmedi um of

step ¢c) on a layer of feeder cells. W 2008/ 017704
wesBP2007/ 058263 4 In a preferred enbodi nene¢CT/EP®07/058263

met hod of culturing enbryonic stem (ES) cells of avian

of the invention, conprises t e steps of: a)

suspending ES cells originating fromthe bl astoderm

di sk of fertilized, preferably, 5 un-incubated avian

egg(s) in a basal culture medi um supplenmented with

insulin-like growh factor-1 (1G~1), ciliary

nemmtréfe@é& émboamiedt, tHeGheHd, of EwtuBrd @nbeyomicttdnd (£ Lells of avian of the

te%FU|anS§mséo&(H-6m stemcell factor (SCF)

and R IR RS F 7% act or (FGF) and ani mal serum

b) seedlisugpentiag %@éﬁgilmtm frerg teee blagfodsiymn adiskend férilized, egpeferably,
5a) on g@h-hawsled @liah @ f S)rmt‘eﬁbés& @nﬁlre i JnU%thﬂ'ﬂ)%rmented with insulin-like

culturing,t for at |east betwe
pass i o BERET oy 1) e BR3P, GG RS gjein 6 (16

opt i onatletlgukmeimvepltrg (laﬁR)I, garstcelbiaetog(SOR) andf fibodbtast growth factor (FGF)

sel ect gd JinRind s 9roup conprising SCF, FG-, 11-6 and
I1-6R fromthe culture medium and preferabl renovi ng

the grweeiingtigtuspensspel Egegls optaingd lystpr) op ¥"’fy%%f%eﬁér cells and
10 cul t urfertrrmobulnmng ltbe S telstfbrent eatt hatwarn 2 he 1BSaseddes, preferably

inth I <sC) on a layer of feeder cells.

In ang?eﬁr %%?6 ngsg embodi ment, the method of

cul t urq)r?@t'%ﬁﬂyr '3?6\‘?1"69 8t laggt @E‘S)NOE’EH fegforotelegled diem e gfaye comprising

i Nnvent $Cr) FGFOMP bh® BSR i@ tisd @mﬁre(})rfedluéh) asdispRRABIyRgmeing the growth

cel s BEhdisRat £ag (LA 1% AR aEr gl o

fertil e 20" "R avi an egg(s)
15in a bca@alhetwltwmgéhm%%jpeﬂmren&)m@wenffé@o Qion la layer of feeder cells.
insulinlike growh factor-1 (1G--1), ciliary

%]?‘%)tr@% hl?fg%ef & orﬂwgq\l}\@m%fﬁ? O?rltltgﬁql(ggceénqry(}&uég"s%eg% (ES) cells of avian
(S@FFDQ infénbioro bdragrisegthewtehs éfact or (FGF) and  ani nal

serum a)l%hsp%ﬁﬁgd @9 celg%rlgﬁHﬁﬁ& Freih e Mstdeerm® nglt of erQI‘z@H rb‘f"é:flerably un-
in step a) l ayer of feeder cells and 25

f
20 cul t ur'P?‘r’@a‘Fﬁé‘VE@ 9(98159 dn Aopasat CLI'"é%?st“eﬂfé’Pm%‘@H'e'?e‘Et%d Mh linsulin-ke
passaggswthciactopt i(BFal)| yiliarg nmurdigplac feh@rast((}NTE) ginevigdkin 6 (1I-6),

factor, l‘éﬁeu‘f{ t6ergc p?(r)ggl éFI{}] st% Pfagt htﬂgblas‘?‘gvﬂﬂgctE%GF) and

from the cuture pre era y reno
gr owt PRI EBPE; SCF and FGF fromthe culture rredl um
d) f urli)héédlr@l.thé WSbé}@othEgSeIE@bia&edj h stdpen) BRdildydn dFfeeder cells and

25 step C}lrﬂ?e][r] L?err%?/m? Eggels ?reas(i% 0010Th§sa%$§ I onal

step c nven or med .
when st @rtionslly ieovoving at lgast an@m@wtfdfe@tpresie@@tqddtomﬂwe @foupSomprising

cel | s gerearPser wed thé"&!ﬂur@%édﬂfnﬁ andEprIEphRSrembvifd B6th @fowth factors

differ | at e nor phol ogi cal changes
of Cel?@‘—[ fﬁ°£?@8€%'ﬁ"%‘f’?‘?¢ﬁm phol ogi cal type, such
as f ord)éwtmnmu@urepltmeh?e& ¢k inded inediymp ef sep ¢)iob mddykeadftfeeclel dells.

3o type. Another exanple of differentiation 35 may be the

absence or the decrease of expression of ES cells
na'll'@eepglon'%d Star caé)f tha raﬁtg?%gf the 'invention is performed when signs of mortality

and/or differentiation of ES cells are observed into culture. Examples of sign of differentiation
are for example morphological changes of cells to a characteristic morphological type, such
as for example epithelial cell type or fibroblast cell type. Another example of differentiation
35 may be the absence or the decrease of expression of ES cells markers, such as telomerase,

alkaline phosphatase, SSEA-1 antigen which are ES cells markers.



al kal i ne phosphat ase, SSEA-1 antigen which are ES

cells markers. WD 2008/ 017704 PCT/ EP2007/ 058263 5 In
wae2omsne77ps ef erred enbodi nent, the nethod of cubP¢TEPIIG7/058263

enbryonic stem (ES) cells of avian, of the invention

conprises the steps of: a) susBendi ng ES cells

originating fromthe bl astodermdi sk of fertilized,

preferably un- incubated, avian egg(s) in a basal

cul ture medi um suppl enented with at |east insulin-

| i lee gererisferted @mppdiment, t@mfshod efi uitying emelYPEE PIEPHFS) Ce"s of avian,

f asitted in(<pbiBJomplisdsand Q@wdﬂ (11-6), interl gukl n 6

grez\?wp:]% fsu%c{endln% S or|%|naq|nﬂ fror%%eoléars&%gf%?islgéfg%ﬁlﬁzé&ﬁ[‘eeferably un-

suspenisfubatedfaviag egels) is adigsalicHiéte madigmesprrigmentedawitheaf ¢gast insulin-
5 ?L feagsfgr&/ﬂh|f§cté}ﬂd(|GﬁJ4§tch|§¥y %F&Mbhu@%cﬁdﬁ%ﬁ&)cﬂitér%uknﬂ 6 (11-6),

e nedi

t
o HENUKAHBC TR Ao 67 CaRPHIS CENDY R ot eagtor (FGF) anc
(ES) caJilrhaserhm avian, of the invention conprises the
steps see t§éj§}%§é}g;|oﬂg)f @c&@lobém% |ngslté'baat) bﬁ]g Iefygméea@r cells and

bl asto erm sk of fertilized un-incub avi an
egg(s) ”W?ré”“b'éi%tf‘e Eﬁl%'ﬁr‘%thﬁﬁﬁf’wmﬁa‘ﬁb%mnt ed with at
10 | emsdnotharstidre preffdrice egibadimbnt, thaoietivd af dultdEng Bnbryonit st@myES) cells of

neyl; tBﬂE@?nQ%ﬁ@r‘i%%an&'\ﬂ—@t sl(%?terl eukin 6 (11-6),

i nter tor 6R) and ani mal serum
b) seedlisHgPentiag Eﬁscﬁ%ﬁmg@ﬁt'r@ffroasthe@!qsgﬁd@mcﬂ?%dert"ﬁe%#@wcubated
a) on @.dnaa,gg(rs) pfa bREICKRIRUE aiebsjmadmapbffnemédwmth @tuéafsurnmg like growth

the E%agt eﬁgkg cnla{y n%uhol‘llroi;re% fac ggﬁ'?lal {nperletljkl E%l’ 6)rmnterleuk|n 6

preferre
15 enbr y onteptas (IefRR)(@ESpnivel egmf  avi an, of the invention

conpr i t%%s,edﬂbqhé&%@&s% of 2§ cﬂ&s oglég@@ Eﬂa‘t gﬁﬁ%@'é ot feeder cells and
origina oderm di.sk of fertilized

un- | ncﬂ‘:ﬁrﬁrgﬂt”r'%%ﬁﬁg§ag(%§1 SMeAUMPESIEP Ak Ul t ure medi um

s ujpEnetreha@d prefdaried @mbbdimsnt, the sathp off quk@ing reoNatylnic stem (ES) cells of

f aglhi® ofknd hi@rtida GO[&JFILéSE}Hé/StQ&%Ot rophic factor ( CNTF)
and ani mal seru t he sus ensi on of

20 cel | s PISHSReADRY F °§@ e?f'gﬁ')at"@%méf‘ ihﬁ)?@s 6?m‘f(i’é%b‘grfer@@?‘? gn-incubated
and favanhegy(stl & hesaingitdrh encESmesebplsmenied Wigh amaekstimsifh-like growth

step a‘)ago = (Id-lhﬁ) Elﬁgr{%eur&%‘gﬁ@facto@&)l\is’\'ﬁzgnMrﬁélQerjur%

i nt en %: specl es oOr race
of or garPedddhe syseensipnohBRells epigingd in %RP&?‘)@” adqyerpf fagder cells and

but nofurthdr Bulfuash the ESEBIIsak BB mediumke® ¥tep affuck, goose,
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famlies: the Anhim dae (the screamers), Anseranatida
(t ﬁféhe taxonomix order:

- “Anseriformes” (i.e duck, goose, swan and allies). The order Anseriformes contains about
150 species of birds in three families: the Anhimidae (the screamers), Anseranatidae (the
Magpie-goose), and the Anatidae, which includes over 140 species of waterfowl, among
35  them the ducks, geese, and swans. All species in the order are highly adapted for an aquatic
existence at the water surface. All are web-footed for efficient swimming (although some
have subsequently become mainly terrestrial). The term includes the various strains of

ducks, for example Pekin duck and Muscovy duck.
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and can easily be performed by one skilled in the art (See, e.g. JP924997 published sept. 7,
1993 Pub. N° 05-227947; Chang et al. 1992. Cell Biol. Int. 19(2): 143-149 ; Naito et al. 1994
Mol. Reprod. Dev. 39: 153-161 ; Yasuda et al. 1992. J. Reprod. Fert. 96: 521-528 ; Chang et
al. 1992 Cell Biol. Int. Reporter 16(9): 853-857). According to an embodiment, PGCs are
collected from embryonic blood collected from the dorsal aorta of a chicken embryo at stage

12-14 of Hamburger & Hamilton’s classification (Hamburger & Hamilton 1951 A series of
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| Lingrntagicmith fhefeedel matrix Fhe feeder cells preferably comprises mouse fibroblast

cells. STO fibroblasts are preferred, but primary fibroblasts are also suitable. Also while the



the basal nmediumor in the conditioned culture nmedi um
is conprised between about 0.01 to 10 ng/m,

woee@Berabiy, 0.1 to 5 ng/m, and nore preferabbgr/abmot/058263
1 ng/m. 25 The avian enbryonic stemcells of the
i nvention are cultured on a Ia’;per of feeder cells.
Feeder cells can either be cells or cell Iines
cultured for the purpose of obtaining ES cells.
Alternatively, the feeder cells could be substituted _
wi Presesk inventiee hasresp dagaiPedwip) ragrepida e usgobmpysefcat fegpy matrices,
Fer@daontambliey thit féedérhfﬁtﬁ%ﬁ tc@mprrse]t;&éws lizety) @thérhﬁrnné EEStRE (e.g. rat);

cells or extra-cell qq A feed
other, mammallan specles P%U e, bovme POI; |ne
us@d  herern g sPeohst I’'n accordanc

pr Gelérmwmchl@hejwwrm dnckt bBeosar guail Asheasantidmab alpe be jused. dn another
5 pr %&fd‘rﬁéj‘nttfeéﬂer tc@l% 6fetﬁg@r¥veﬁﬁﬁnrrh§y B@ trﬁﬁﬁ&ft’é’bdbvftﬂ @ﬂﬁgsswﬁyvector(s)

hat
RIS G PEGOTTI T BIAERRRE O O REHIS] B Ser i STO
pecallodrho$, this treedpr ipaxdutes thefectoepe sarmiwhgh @ sofplel amd/or attached in the
Or blgérﬁ]éatﬂe&graké %‘mtﬁehn%llpl'l‘%ﬁg QH@ rcﬁﬂuﬂhgf brocés@ rde 'tt#el Er%geng\ﬂv@rﬂlon may

ggs. 1 n cont act W th the feeder riXx,

S UPRPERFOMPEe AN & APIORET SHITSH (HReEoTpInpre mictaly
10 f oihaeixatag Ligng syair@mtdhecfharqm:sr BorGxaraplb.ahe fieadsr osls nizly bk leeposed to X or
f e 5 ri i . . .

gcon A Iagé]ﬁe(c(?qg %088 ?{jj;r%ﬁ: ﬁgmpﬁergcﬁgtloﬂ?ér rhn%tﬂreistg(eagg with Mitomycin C
i t &ed- 110 figiml fong- 3t*l9uts\)\x5’f0¢§él§f§s for méeticelly indetvaging erdlp eferpisopdetailed in
celhEsnf&ma%m@&bang sérnwihtca% chm'J‘ﬁnE QelRrimaBK dukiir Idongc@@h (ATCC),

i@@ %g@[ers@’ %qugq?/grfd ?@?S%a(?rr%? 5@0 %@g é g%tl'g)r S%qeégﬁ?ls are available

15 c ebidsr ABTOaé¢debriahiuades 1598 k Monefagers ewy oblishalfyrbierraityyed to about 80%
fi EHnﬂpérégt §re%rrﬁ)lyaltc§cbb§&{' @%’l @onfl@én%? W ln%ré h&efg\ley about 100%
2008/ 017704 PCT/'EP2007/ 058263 10 present inventi on
haSerHeRY-d Wals icBilguRiieh oF dagdeedet Ge'{sh%S §s 810B¢la%ep j§ dhe preferred
c etdnfifeatibarfomtierdut@s, anyi duithtde @onﬁigerrafpd;ratsecd)ntehmtate‘detedm within the
mgaobgsfsthgsaapgm ﬁ\/&%oﬁe'llhlu ST NEerd Hoh By SOGGISES, aggregates

. 0. er mamual’i an speci 9

20 pooh Qhfer af)c@p@ql%é og@ygléqlrw)of fegger&gljsaﬁﬁe ed(tg qj within the scope of
Ga{hblpfb’%ﬁﬁanveﬁlh:lnc‘dfﬂ lare pati dﬁ%\)’ly c&wé‘tkplatg@@sf@ll WW(UEhb|mean|ng of the term
ph £a zf\nt) may al so be used. In another 5 enbodi nent,

feeder cells of the invention may be transfected w t h
expression vector(s) allowi ng for exanple the

cofmgd étﬂtUk'nYthlﬁ”?(&rtl%SW/é?ﬂorpﬂcs s%&é’ﬁﬁéﬁté‘daﬁﬁ@nﬁnﬁ b'é‘rh'm afhe animal serum

25 ¢ o Pelgd s FAT o tatiret L bR b saie S AP APt e present
I nintdngon laastreen netasbrited ewitf respectcl the. uskhob fetélhiovine serum, it is

CULJ&HM&%%&%%| Qéruhh:%m ﬁs@r%eé'étfurﬁ ﬂéfrﬁﬁmepéhlrﬂg ecies (eg chicken,
optional | rise estab |S|ng?a nmonol a ]p f eedér

ceP‘Prée PR Se‘f” lale} &tcay BaNAE PP ¥5%9 ;7 he fingl f ’ﬂt(f%l?’ég animal serum
usinnige csjltamdrmdtdmt|ecdsrmrqeue13etwé'amrapamamatee/ 1 tb R6%f wrefdembly between 5%
cell di.at i .
30 40{(())0§0Fggr¥orgepr%r%8rlg%%tv$cﬁ n it on?d 9?*7"% ﬁ‘% 6r@1{erlr&f] rggocﬁ’m%nt the final
M SR e 3{‘@‘3@ serym "bﬁ‘ﬁrﬁ"tlﬂ%ﬁ‘eé'l’@ 'ﬁéQﬁr%’ﬁ'matF‘V dB%dhseyling to a
f opremrb@temscmudweht it tire ateldm@ (bﬁiphé‘es ab@roﬂdnSt@|yd etaif fefll calf serum.

inf romth
! Tt}e EQWr%m%d'n&?fttﬁ? ér){\/%e)tf | %ﬁmérl&%&)adgﬁ ?}Tlogcs, sugn as for
UnExpemmis rteylcﬂoeu a@i/%tﬁeatommmmgsragvenwctemmmamme@n( e.g.
35 STO feeder cells are avail abl e 15 under ATCC accessi on

nunber 1503).. Mono-layers na tional | e

r oRBITE B aben e GrPYEHE, Be TR psRle: s My il moditing
c oafidrnuranieyonicatedh ¢rds, sopprisirgrtagdstgpsaiiout 100%

confluency. Wile configuration of the feeder cells as

a nonol ayer is the preferred configuration for the
culture, any suitable configuration is contenplated to

be within the

er as
SeDeCI-e% or aV|an speC|es (e g.



scope of the present invention. Thus, for exanple,
| ayers, nono-layers, clusters, aggregates 20 or other
WwW@s®soiEDd ons or groupi ngs of feeder cells ar ePCI/EP2007/058263
contenplated to fall within the scope of the present
invention and are particul arl y 1conten‘pl ated to fall
wth the neaning of the term "matrix". The culture
medi um of the invention is suppl enent ed with aninal
serum The animal serum 25 preferably used is fetal
ani mal 2d@pgfesting-EBellnehiaings apd cuHrecsagspiengie Bg. mefpagiabove, with a
whi | e (g@er:present i nventl on has been described with
(r:grS]tp:Ct ste ectd1getha tsf%cted E "f}s pregera ﬁﬁ?e%g%n gfte?, sae?tlon r%gent in the
ot her ramlmlsustp@cfpwa@ele@ntmﬂp%La@mo ackgrhosmonger ci ne,
5 ungul %)%cre&ﬁrﬁ; and)anWalﬂJnSﬁre@ﬁtaH@clor@%eﬁéh@éﬂlly modlfled

Icgnggpé) |§8 Bglfl \géréql]lrcg% ﬁo%&#%?&eyols%poé&?gur Igyer og eeder cells in a
pref ertalltwry nizgtuneasprédoBl descrip@oAcemding foreefirgreatbbgiment, said culture
bet Ve Ehe A @pger;l-g)%omb&ets I&ﬁmﬁr ?efrtﬁﬁ Eﬁcﬁjatqgg%fjgﬁe'@akth f:S(JiB? selected in

final concentration of | ture
medi unf'? S"UBPTFRTiTHRE PR fd%F A‘céo%ﬁﬁnd‘ 1t1 Léf FﬁFefS&Fr @gcostatin,
10 enbodi caedidtrophiheAculding rte aneefervet @otipinehe Saidpjpitox inmaatuel §f step d)

10% Of F?és a‘ﬁ%al setirh 4Ry IGF-qga%d Q‘Nﬂ:u,&c%o g t(ygﬁo(t)rfer gmg%diment said

|nvent|o npri se dirtion antl otics,
as forcult@rﬁmﬁluen qﬁéwpé qunﬁ'éew%ﬁ?rérﬁta@ﬁﬁ%@d GNGF and optionally
pr evenit Idascdnegralth ﬁ&ﬁt@mcwatun megroaﬁcd}«ﬁmrnglu_ng Iit- eR || 11, LIF, FGF,

anot he nbaodi t he n.LoR of
genet I%%ITeloncost gefand cardlotro c%dlngli thlr%eon—%“err?qI embodlment said

15 conpr i ®itwg rmeﬁiemg@fab&:p (ﬁfcomMeg@(ygl,aOg@'rum)and IGF1, CNTF, 'IL-6 and IL-6R.
PCT/ Epﬂ&g%i(ng@;@%rth ArbfeRkd Bﬁ]@&ﬁtﬁ&ﬁtéa[&lg:uﬁﬁe &Rl of step d) comprises

i th anmydaryhen {SSEeREEE (e St s Cerrs,

preferably by addition of a selection agent in the

ﬁ?'ﬁgnn%ss sl fas §tep r:)oefre Smlﬁ m%@ﬁléob 'G%hétﬁ%odﬁﬂét[&ﬁ a?e%eq%rmed either

20 | gly Lengignt E’SS%P'SHE*@S@@H@P’Y'@&P? y eﬁ?fd'l”f'?%&e”sd)’*c‘tﬂﬂ"f%ﬁ fgreferred
s aerdbagigmet itieaES yarerstibly i tetlsfESed @lith tief veta@ pacegrdiog ta techniques well
! a¥flvn gtﬁ gr? Ekllfegllrll the &mt Rcc ?dngI ", %ﬁ%ﬂib%ﬂn@ﬁt the vector is inserted
previ ou I bed. Fdi enbodi
S araceny i @e "SRR c@'@e/bccaodm@dﬂﬁrnr@%rseda%wh?aime@bm?mector is
anmséted! BAFHLMOBGOLGY Qa‘dbrhblﬁa’iﬁﬁ Ghtosmbe@drﬁﬁhel o EBhecligr \igm3/043414

25 o src}lbseldn tocgg and 6preSS|o ve tbrs t?”ggne’n%é% é’fleé'ég ceII:Cg):/ ’homologous

onc car
pr@$@ﬁ@@ﬂwénbod|nent, sald culture nedlun1of step d)
conprises animal serumand | GF1 and CNTF. According to
anot he

conpr i %%ge gr?g gg‘?}jﬁ? IRy ufg&'ljl_arngﬁgﬁé\#g rl]%p% pepoéjzaf time in vitro

opDriiomtcamnylntrmucm@astb regipiengeobwd Thsdergrpesed efdimedhllpws tolgenetically
30 9" PR 'c§||sn9\cclolrd ﬁg to &- ;ﬁé’?errédl er{lrl;odlnl'én'(: thg %Iis h§%een in vitro

oncostatin and di ot rophin. Accord a
pr e4terer dey %F?Bﬁtcﬁ ‘i‘?é(ﬁtat 1 deys @l I'ﬁaa‘r%‘ %I|%|‘ﬁ36tf25sci3<¥?) at least 50
d) dayspidasteyrs dayd, aelkass ¢d0udayand | GF1, CNTF, |1L-6 and

I'L-6R e%ﬁ&r %ggr ag eé (ﬂglretnh ofXt G(g grr{aﬁgalm%#th&%rgmgle or double
saldc ture mediumo 5 rises
stranded plasmid or viral nuclelc aC|d molecule hat can be transfected into cells and

35 replicate independently of, or within, the host cell genome. A circular double stranded
plasmid can be linearized by treatment with an appropriate restriction enzyme based on the
nucleotide sequence of the plasmid vector. A nucleic acid can be inserted into a vector by

cutting the vector with restriction enzymes and ligating the pieces together. The nucleic acid



ani mal serum and | GF1, CNTF, I1L-6, IL-6R SCF and FGF.

ES cells of step c) are genetically nodified. Cenetic
wonashiTati on are perforned either 20 by tranBCERP2007/058263

stable transfection with the vector in ES cells.

According to a preferred enbotfi ment the ES are st ably

transfected with the vector according to techni ques

well  known by the nman skilled in the Art. According

to a first enbodi nent, the vector is inserted _

r afase!s canecRAer ghitvoihe term "Pissigl assuseddersindriges te @ sapall, circular

pr BRNANVeedr ezmaaldidrmuepertdbﬁt r‘ésurataﬁHn Wighin iarbaetémae@r lwast host cell. The

C\gg%l ed)(%%cﬁl %?H@ggﬁcl dc, at e{st on rsegtgﬂtary seauence 08era!)Iy linked to a
v etddsotide geagentetcodiag %V arTBQlVFpr@‘U? @@t@@;ﬂ Regylateonssiaoeses are well
5 rere%gw.z@at.h qne aESarfaelnla§ taf seﬁécee@ @) erﬂEﬂbé Q@odrra*daésaionecﬁ the linked

£ oficraide Tereptsa e feurone exedenbuin Bomprs Shlorin A gigps vsec
pehereid, toé term riregadtbry\sequencage meltidasgirbryoter3 Oentmartiefs, et etbgrclements
Celhhﬁma%ﬁ&@xﬂ@s&& @taﬁéeﬁé %re@garedm&;@t%ks §J&ﬁ ak %bllnﬁrook et al.

have been in vitro culture for at |'éas
| eSSt MplsCianfdoning: Allaptory Mapggls2ndgd. P@Q&V'W%‘g@fesat“%g) and
10 | easlishod) al. daly.s ' Maléculag Lzt B?dﬁoggi,ayfmer’rah (be@smay®e abayudted to design
Th?uﬂt’aﬁ% H@épres\é%ﬁtvggti)rsa&orldgtgg X (ﬁhé? e&&%&rd)n ﬁ%nl?ol Q%Fnlérﬂ@l It should be
Vi feé‘Pg”l'?l%l f‘@WéVeéctg%i t?ﬁ)?*‘@@@loéaFW@P'e@éWeE%)”tV@éﬁé?%ﬂ@d’pon multiple
| ntaetor:sehduﬁm@m@b chdfee beuab héat&l tb Be eém@ftﬂlﬁae& larw/cﬁfthe tPse of protein to be

t hi h
W1 EXpr S%ot e usetfulcfgr v%r%u? Iaﬁgllcaf%ns dar%l‘llls%ue se@gtlve (i.e.. %5ﬁue specific)

st ran plfasmd can
15 anprappietspr-¢- artrem@temfnomo/vhImxewzywqga@@ebf@ﬁnttahem cells of a particular

nuﬁhcﬁ@ﬁtls% S,&ﬁbé@ébcl@ oﬂg of RBreldtds Wp@s Mﬂ%&&g An/e\,xéHq';Qér?'tlgsue -specific
acid

RO er PR S SRR g Byl e i th proten
pi efcamntaggethiter inclidiey enatbluaine lyacdyche\\YoRDO84,:bAgIOmIn and ovomucin
Pqﬁcﬁﬁgqgg / @gé%%?bmo]és %l) Qﬁaﬂjd@ &%n@@sl%c@({le |BMﬁ1ote-@‘:)l'hese are

term asm d" as used herein refers to a snm
20 ci Premp%rs thWn %étfrgcled %MS?F@n%ﬁ to A 6é?ggﬂ%}1é.h{tsupplled agent or stimulus,
r ephiciciatgeeaaliginbianengdodeacisanétabiolieror pyeaidte. Basiplesaidude hentibiotic-

nufﬁlﬂﬁ% E\%}ngtey %ﬁ&pgs g%t&g&gt mé-lﬁg‘dc Qee&orﬂgte %%‘é\ﬁ |R(m:r‘;lb C? promoter, a

Yy Ssequence oper nuc
héwg@pl dqrquoteprororaa Iﬁ@r y%ﬁp|ed@rogptqr nf%g eé—{aﬂoran et al., 2000,
Regbk}eaipﬁfeyt szagg)ef%esgw esanelrlet al. rzmogmt Zedypdithédita ag(R): 171-81;

25 anaﬁ%}dygncp%Vﬁ { q\ﬂjc e% R rR%sg eﬁeyslﬁag%araﬁet tali]e 1999, Cell

nuc I'de S€q uence Wt
ex pensniash t8t)i 6%14by|uwmo§ealsk999l é’@l |M?dt R&):al2p-37 ABorpise @t al., 1999,

heN@élé?e AtBEREEIIN2): rm@uloa&rﬂf Mu %eglueleg@SB.otédhﬁhu&eﬁ@) 624-8, 630-2

ﬁ?g v Skﬁ?@@%?lﬁﬁﬁe §{rgn%%¥p8 z Hﬁqgs:} & 8r|ogea’yofn'at¥rest refer to a

t emlbwloﬁarsluc hcidssof Baedorauke el.mnalaCIds @@&seﬁmrrey: lihkged through peptide

30 %%Hg?gfgre/é\esréﬁag&gﬁgﬂfeym%%%[%elﬁé; rogét% fga%‘?rle%ssﬂ'f)t'em%nalogues oligo-

VETAOESR ESSt 157 B OBy, TR Ear RAYRR) cRiggelies polvpepiides as

c odfinkd aebve thatlars iegevded by hualgiceacielx preiisedthrougit teosrshinant technology,
pr QHF%grﬁ"om a(,&d aB;BrB&ra Cja ﬁur@é Sdroglrecﬂ}ﬁt{eg keoeI ROF qltn“i‘im? I éxamples of

recogni ze owever e choice o
suPQ'%P&P@eéxﬁf%ssrowH‘ v'é%f%’?esde@é%? u peralepkine i mt%“fefon enzymes,
35f amtnﬁlrn‘o’glbﬂilmhzudi ﬂ@nﬁdme; BBRbLT aheftermb etriitdctisheldr “frahsteeted” as used

t ﬁergl 9ef%qgme g(!cgss ?f i %er# ngg nt?cleltpac?(} |ﬁto a] hogt ct%ﬁ(() i.e the aV|an ES). Many

t i @gtm@,ug@ pr@dr(qll\k@ovm toghose ﬁlglgagen tj;lp@ct |tqi aglytate transfectlon of a nucleic acid
into a prokaryotic or eukaryotic organism. These methods involve a variety of techniques



15 pronoters, i.e., pronoters from which expression
occurs preferentially in cells of a particular kind
wobkoosiossue, conpared to one or nore ot her typeBCDEP2007/058263

tissue. An exenplary tissue-specific pronoter is a
chi cken ovi duct-specific pr onoter that is naturall y
associated with the proteins of avian egg whites

i ncl udi ng oval bum n, |ysozyne, ovorucoid, conal bum n
and ovonucin and the |ike. Useful pronoters also

i nEFlugies. eXaweiaies 13/ treaftrd desieds %Mﬁl@ﬁ@e”tfﬂ?@éé‘c SRt eugp@s, but not
pr eﬂptaebac.uﬂnadr rﬁagmehem dauty B@@Ie@l’ﬁlc field (resaea.egortanbnarmtergent or

ex enous e
P sorpe meé(la gpr%nsfec @ r]lpo Cth{] a%t ; ,t[loer‘egcljerct’het h(kel cell competent for

Exﬁi!mybtels,e @frﬁhﬁl Melcanldaﬁwchﬁ@tl c- i ndu0| bl e pr onot er
5such as a tetracycline-inducible pr onot er,
heat - i pduci bl.e pronot er i nduci bIe r
or o 1 TEaPaPYEL BB E anaeipd O eDghnd LG ek spprising te
2086ps of Devel opnent 127(9): 1953-1960; Gener et al.

2,000 Aﬁmwodt;cmg@(/%ﬁ fésfh%ﬁ%@alﬂe@(a%b cuIEIcJ?eE” t?/]the %éthgg?&ghealﬂgentlon into
Wil I, , Nucl el c 5; Hagi hara

et al. ei‘mrm'@@lcﬁv'tyﬁ%F%ﬁfeﬁmv'a”§myo @14: Huang et
10al ., m%ubd‘t{b@ the athryo b jned h2ep3f to Hetehsdserchickt al .

1 9 99, C£3 ggfél;t@@ gstafegc %e”{é}:cﬁmé é{rﬁ%’srng }%ééo]z%ggsaﬂgls HB@% gnlzed said

As usedKerein the term " pol ypeptide of interest" or

" PTIeS teini“chitk’iaB usddarikein meéreé ybithgabird Ml WtifRIuded ycaiRg Bricken. The term
a01 dg of . t

e%"{"ﬂal cawg{ mear?o{he sgzafe etw?e%ln Q#ﬁ]tl)lg toadersr’negnqa!he yO|{(a'VHIS space is

15 p@‘ﬁ?‘p‘ép@ﬁ@é‘e blamqgaeeelbrahsenbrf@d fpm)ﬂ@l aibtfrmaglneﬁe@?te it between
prgp,g,egave@@aggg%ﬁ, ol i go- pept| des, peptides and the
i ke. The term "pol ypeptide" cont errpl ates pol ypeptides
as defined above that are encoded by nucleic acids,
pr b dudsdart bhjextighthe éwemtion i@ priovitle e madhadgpf obtainmolaeaeedtica"y modified

fr&%éﬁcﬂﬁ?ﬁ@%ﬂsﬂb%e%%&%@ or are synthesized. Non
limting exanp es are

20 por rmrf'@§”"°6’9‘f'?ﬂ<pﬂ?t'Cﬁ"ht'Té“P)ﬁ%%ﬁlsn@ta'”%‘ﬂt%Pf%‘FHﬁd by {38, mgthod of the
35 i Mmitvedtidnabtd therssib-@ernfitich gavitndfsa retigierd @fian dineryd;@nds

“transfegl b H% th‘é'rembh/r LB ngghes%rﬁ)ua?%o At s a ZLWCE' n refer

to the ‘proce i C aci I'nto a host
ceI I ("?) S@'GF‘H‘@ s ﬁff'imES) Ch'%wnp”t"ég:lﬁlﬁ”%'a%'g ragdifiedgieterologous  cells
known He@ing Belsmzeslisakilcaidk.i n the art to facilitate

25 transf e?ﬁe ge]ec?gn %f gggfﬁfm%rlg%hlg%ol(?gtb%nso rn(?ek e%% l.bgtpﬂenotyplc or

eukaryotlc org ve a var
of gqreb/hmaqeié%s mcmmsromtm@zre¢>enbmm7th@5@me® chicg is selected by

I Ny g andsls dﬂgmmlagem ted to, treati ng the cell s with
hi gh
el i unt PPt cubtimert 7 o opBiipo Fitstic i of the

el emntlgrpmaammmse trbedditigmah step of detérimrirgche sereafirediseht embryo prior

3otrﬁgg$,ft,gg5(jt,9,nof(é3(gﬂslipof ection, etc...), to render the
host cel npetent for the uptake of the nucl eic

aci d mﬁ@@[ﬂ"@sto agote{LRRegiEehh 8]‘? "SHRIBN SR ETESHAThB feshly laid
of uehtwiated regg and bommise< bathiearkarcuona i, 008 te grobi e 70,800eqesls. Preferably,

Cufaldf’l}ec éﬁé'h{ qugrgb @alﬁ&%&n?ﬁhgg !)ectwge?lt élédle%%ael?\g )ﬂl of Eyal-Giladi &

ture e invention into
su chﬁ‘éY?rF'ﬁ%'f'C"t‘%’m Rrfe@Plya reci pi ent avi an enbryo; and

35 10 b)- arordhpd stage Khe oPBY-Bladd Bl IAICRACH ¢iassBitaiPn &heit the embryo is a
hat ch, as 2 chi ck;
- around the stage VIl of of Eyal-Giladi & Kochav’s classification when the embryo is a

Muscovy duck;



c) selecting said chinmeric chick conprising
het er ol ogous cells having col oni zed said chick. The
wo esosi0iTid ck” as used herein neant a_young bi r BCT/BPEDOT/058263
i ncl udes young chi cken. The term "subgerm nal cavity"
meant the space between the bl ¥st oder m and t he yol k.
This space is 15 created when the blastodermcells
absorb fluid fromthe al bum n and secrete it between
t hensel ves and the yolk. It is also an object of the
i nventdrenditee Paga Yl @f o Fvet@isdl HRogsY auctaﬁﬁ*flga%s)n when the embryo is a
genetpegialduyk: nodi fied chineric chick conprising the
gttegis-na(e)rf nd%ig g%gﬂl Itcgfo Eyal?%%cg%gt%chg\?sl %IX%Shcgloln ﬁ/v\%grﬁ F%Oeﬁnbryo is a
i nto@b@esmmwgermme cavity of a recipient avian

5 e”br ¥%ro@ﬂdh@§tadeﬂﬂ“\hﬁbf &A@ BKERaPE s RESioh Ih&T B embryo is
s a,chick; c) selecting said chineric

ch| cl{"‘%ﬂ?ﬁ?r‘i"’% °hg et i cal Iy nodified heterol ogous
cell s Refaratly, e0bash il COEScEllsl at leastkl 0,006 ESlvellss &l least 1 HO00 ES cells,

of .Sighstl 36 DHdTEE] & 1Ghi %od@&’s '@@nspﬁtr IEQ% BB o] IE!; Q@F s, QV least 85,000 ES

phenot ypi'c or cﬂ%enot pi c anal ysis. Acco

rdi
D 181 B SO ecE e TERRIReR ko B sikoT @ heLiuf e recivint
10 byavighentoyoy Bb@r(ﬂmgaﬂoyaajr@‘emefd pitoteget, atieasd8a00UES cells are introduced
anfﬂlor}ﬁé ?d?o'-'%ﬂﬂ'uhsﬂ%% %&Te'ﬂpgna?\fen% ai ning chimeric

i nventi on rise the additional
st ep oES el tinflyren ¢ite e ngés&er@fn winpefdin regipBRlRyiap eMpryo may be
30a trfigedi ;mpn@ﬁhmc&ﬂ f@rraa@fanE&aIeeEBSoensA@c;ecBrd.h@go bifbtidn Ghibediment, the

embodi cipi ent_enbryo deri
remﬁ\ent ﬁmb’r)a) ang donorqCuba S ade 8rev¥usr¥dsexea/b<§ore m?ro%uc{lon Accordlng toa

15 ar er@heredé embgdlmentafemiedES @en}aoered@trngcedpﬂ@f tee &bwermlr@ap@vlty of a

r ef‘eh\@eer@&l iSRTRN %A ehﬁr tA&bﬁﬁ}@ t6 %ﬁ&ﬁér%&er@té’iﬁﬁﬂmﬁ%ﬁg{% ES cells
classification,

or 8F Aty ¥ S Gl vl SR eSS AVR) STEE | o
& Koc hthe' reeticddat obthinma tchiowricvtésk of the imvatitiopgomgrisas the optional step of

Chél@h@\rradlatﬂb mmf) Qﬁ eﬂb%e\mw)t opéanm‘\a |ﬁ¥é\£\tloﬁ' dn@ldl’o tl&e mtroductlon

Kochav' s cl assification Ois a
20 quefEs 9@52"6@5?790%*?'964“'%??‘@5?68&77’ W emiryo. Acﬁ?rglﬁ‘ﬂdo ¥ preferred
t hansddageﬁlt \hd thickkn edcipiepaémiGyd adiradiatddogittahvetgeen 3 to 6 gray of X rays,

Cl 6\%@ Cg ycg}gun%n4 Q@i@)f })(pgyosf EEJOY(ﬁn f‘gre? Egé(%mﬁ&ﬁ#iént' around 15,000

roun
o] Siken FO geiRoT RHOHCRHELCHDPEITENg covit oEe SHRTESICkgR embryo
a peuswly BiraddfedWwitl drdimd St gge A‘ébdrdl?t@ td ar@fhe@f)referred embodiment, at

25 .Eyl%!':\s_t%&o%glchf&‘g V\F ceIIsSargll ﬁosdlucf,eldg to tﬂe sv\$' erm r}a?f;a%r[g o¥91e a non-
is a Qnea refe
100gdigted ras|piest Cfmkefl' @B@VO 10 OOO ES ceI l's, at | east
15, 000 E&oﬁﬁﬂg' t8a first embodiment, the recipient chicken embryo is of White Leghorn
strain and the donor chicken ES cells derived from a strain selected in the group composed
of barred rock strain, Marans strain, S86N strain. According to second embodiment, the
30 recipient chicken embryo is of a chicken strain selected in the group comprising barred rock
strain, Marans strain and S86N strain and the donor chicken ES cells derived from White

Leghorn strain.

The selection of the chimeric chick of the invention comprising heterologous cells comprises
35  the steps of:
a) obtaining a sample of genetic material from said chimeric chick;
b) assaying for the presence of a polymorphism in a sequence of avian leucosis

virus integrated in the avian genome, and wherein the polymorphism is identifiable



at least 30,000 ES, at |east 45,000 ES cells, at |east

65,000 ES cells, at least 85,000 ES cells or at |east
waodsOI0oES cells are introduced into the sub-per/mPralt/ss263

cavity of the recipient 10 avi an enbryo. According to

a preferred enbodi nent, at | eas* 30,000 ES cells are

introduced into the sub-germnal cavity of the

reci pient avian enbryo. ES cells introduced into the

sub- germ nal cavity of the recipient avian enbry ¥

be nPwTPpipeien Pohseb el Frisier wlegied imias éfOESC%'@!SI'QQ of the set of a

Accor di gvdr® pamet B&;GmchNTmoAAAAmTcm GSEQ @Dtn° @EHAY @ reverse

and donormer% 8%% g t@%&r%ﬁ%bx gefi‘:cg Dbﬁ‘fZ nd the set, of a forward

i nt r oduRT TSR, ed e Nt
femal e E8nerSl- %AEGA;GQ?A@TTM&‘@@GTIQ@ (PHe IBNE) ge¢ fmeNarlse primer 5'-

5 cavity 66GACCARORGECTACTOT®BL (QP!@aIID e ymcce‘é@ﬁ@rel RY preferred
to anothetgodpre erre cells

ot FoquBBEP T PHENCRBT B8R i CRROT AT RS Hagt 3hScies and sai
reci pi ercipgui embrearisrof gVhit€hegmed hoxtiesf Salst anpiificagon is performed by
chi mer | Olm&s!% &'fal J'egctloﬂv(ﬁ@h} anreQQrg@[rér%%%tats@@C@pgﬁoo\'ﬂﬁerem said

step of  slig ylrradlatln erelcﬁ
with X W'V@ﬁﬁﬁepf'ﬁeﬁmﬁdﬁqsw et i iech R i e et onesme
10 20 of ESincel s into the sub-germ nal cavity of said

recipie I

the chi ngﬁ(eeﬁgiflé% 81‘p ldéﬁ%{é;%ggreggncg o? F\E%&%Ee Siga S&?ﬂ%%ﬂﬁs selected
betrdeh 9pup §°BS'§W&)PfofeSNCW°&y§agmeﬁP Engthapaiymospiih gRELP) analysis,
gr aetereaﬁup}éxrams.sAaﬁ@é dtrag E@f@m@ﬁcﬁhﬁﬁbdlﬁﬁbrﬁl{mqssw denaturating
?Lgrgglgrg %e*l e?ectr%pf%orems @G%:%f)ct?h%eratﬁrree rlaglterﬁto%eh e?e(ctr(r)]prhoress (TGGE),

ent
15 enﬂIeieospeCIfmrcéwrwgle@tydeX<’=\$®)r%vdil®pedﬁn@prlphntm EleRd 4 gray.

Accor di ngs $t&p &REIHRE P ﬂ%fp@és%ﬁtge #ohe gblmbhlsrﬁlﬁorgﬁlse #aSteps of:

30, 000 chj. kenE cells d.into the

S ub gor M T s s e R TS oo By P e pi ent
chi ckenb)sebargiing ticfgnentsgbeedfrém sait digedtiodi ment, t he
reci pi e@)tdel:elahr%ktﬁ@regtmro){ %at'te?‘n ?éne}émottﬁ/ sgﬁgrgeﬁl@nts %Hﬁ a' n

and t he donor "chi cken derived froma stra
20 sel ect et) GPHOTAHE CYPRAIP A PRICELVILNA! l955 PEdeFIiERn Eﬁtﬁeéﬂ ‘?Pta'”ed by
Mar ans 8igestiom of B8G& Leghican, MViarAe @actedi (Rotlg SIBBIOgshetic material using
enmbodi ”ﬁfﬂtn retspgtlo%QenE;?ﬁe Whgtgn r%gm %QRE%R aﬁerﬁgbdé’fect%j in step
chicken strain group c
rock seraafA) is igicaivs %?W@?rf‘? Cﬁﬁﬁ ce%wn@b?tarowgweﬂ%e
donor ch| cken ES cells derived fromWite Leghorn
25 Is’f’]\r/::ﬁpl '(I;tl]]e |§\6esr'1? eg‘l;o Baﬁéjes tﬁehrlggtﬁ%du%%gﬁmg;he{ grﬁ%e%f 0 !HS cgigleric chick
t hehgeigsad Ufethoé)ﬁommfﬁ% the MO\M”@@IP@# e of genetic
mat er i B anfaw.ﬁgnueaééveccelal dRRhdrie chltk GKiainBd b HsAMeMBd P thetiRRention to
presence of 8 I%qngr phismin a sequence of avian
I eucos'f'%”re\ﬂslaf]§ 'M"Egrated in the avian genonme, and
wher ei ) brdedinp shig mdulpbiidshraving hetdeingpls celi$ berdi@ thereby producing a bird
30 2008/ %ZJ&? ;’g:T/ EP2007/ 058263 15 by an anpl i fication
prinmers selected in the gn consi sting
Of t he' )§§'[eCt6‘9 the birdg,i R}\/H}ecPrﬁEﬁ”}‘rﬁPmp”S'”g eterologous cells. The selection of
5' - GGTEHANAT ABCASAATIAECHB phérBlQiclabalpdy ofarhanagerog wiers possible by

rimer T |
Bt o DY o e et el RERY QAN g in o
( SEQ | 159nEre ainyien |QU§9%? s fiqorated ig the bird genome.

35 The method may comprise the additional step of expressing the heterologous polypeptide
encoded by the vector comprised in genetically modified heterologous cells. Preferably, the

heterologous polypeptide is delivered into biological fluids of the bird, such as blood, sperm,



5 CGGACCAACAGCCTAGICTC-3' (SEQ ID M). According to a
preferred enbodinent, said chicken ES cells are

waolesoswertos r om barred rock species and said reECPERI7/058263

enbryo is of Wiite Leghorn species. Said anplification

is perforned by polynerase ch¥ n reaction (PCR) or
reverse-transci ptase PCR and wherein said analysis
conprises the digestion of PCR anplified DNA with the
restriction enzyne 10 Hincll. The nethod of _

i deiei Py thegWiitgeofpt €8vinplng giviegrggneredused &Y pofeyiatsr pfhing enetically
I sme@fiedied froma group consisting of: restriction
fragnent | ength pol ynorphi sm (RFLP) anal ysi s,

het er odupl ex anal ysis, single strand conformati onal

pol yror P grsgnEETMtion dalseatelateat to reg culigreatiedinm fgregenetically and non-

5 el @&feﬁéaﬂlﬂﬁf)&ﬁécﬁavﬁaﬁ%}yohi@ ISRaT ?%V Eélls Q{frél‘gﬂaﬁlgﬂtchlg@n and duck ES cells,
0]

el ect or es

ol FHEBIRTEN 8%%8”'%@653%” PgRERYE 7 '%%b?qﬁqrﬂw fRgiorifigeted in the
Therosit esifingasfsiasulindikel gpwihHeactprie@@RdE ciifryswuatrophic factor (CNTF),
PO|rydRY mhtss(mesrqmeném 6'?@0eFtB?H§GF8f inter@lkifl 1 9€8fhNEISEEEr (SCF),

enetlc materl a restriction enzy

S g Tader BGhb lsbkeegy B R f@ﬁ&h@@.%%ﬁb@@@ﬁ% giciotrophin

10 ¢) whketiechid mngadtuhes sefBdidrit &t tremapate e ofgeitechickederbyryartd slem cells

f r ﬁ\gﬁ&%r@ fo aﬁg agpeaﬁp{o I 95'a r%lsyat Q&gp%Felf{ggolf%k %(gé‘é;lsea'i fbast and

['east e restricti atter t al ned
d| gestAreSeragly foninfivite Pedeshor n, I\/ar ans, Barred Rock, S86N

genet | CAwatdefgitab prsTb e enln.lioam{elnt I‘tr%sﬂrééeﬁt .haumwnaycrrﬁ*e:ates to a basal

mhereln dj nrestricti rns d tected
Iture ryedlum %rj;ene?call}(lar nontqenetlca@)y ﬁ ed aV|an eH] re/ﬁnlc stem (ES) cells,

15 confsfera;biyr@lchm andolusly E§scetie Isuwlen%tevmthuanmmhw@m aat sepplemented

20

30

35

i E@hw.ﬂﬁﬁmmk@grmh lﬂ&ﬂ)r-Qf(IGFbﬁ)%h@blf&y ﬁ’euﬂftr‘%ﬁlﬂ@ﬁécl@f (dl\h'?)
cnineri chj ck

ol I ow eoLirEpe & 35000 PisliTig PREGErcRONeT spiin reltes to a
c hbaskl @btraineddinbipr gdneticalt trowngkndtiaalyinmdiiad Boan erobryonic stem (ES)

m&éﬁlgep%%rﬁﬂl %qk'lketn QhJ quclp)ESbrc@Ifsd'sU Iéﬁ‘érﬁedaq}ﬂhtarmhél serum and
hav |n% het er'ol ogous her ei n pr oduci

bi FpPrEAENtSS &@Bﬁfgﬁu"ra'ﬁﬂa Q’E?thé?cé‘?fﬂ (e ﬂhé'"wrfﬁgrorr?m%%ctor (CNTF),
pr mgpeaykirc® () asd Ingriedred ebagoyiserel | s. The sel ection

of  sai g\cc@)h}r n?;sto gq%rcp&ei‘aﬁ%{ Qrﬁtg@%m tﬁ@@%gény Pnk/é?r]n@ﬁ‘ ?JI:X% t a basal

of pluna (OS] enot I C aha
as gl&tyieﬁ@eCM‘? fof E%ﬂeﬁ?%'é eheen- Q?Pet&?ab'én m%qlfred ey ﬁﬁlybkyﬁillg ﬁﬁemr{ES) cells,
a paReg ke arvduak ESeldlSihlementéd withtaRBiadb&dmiand tsh@lemented

bl ! ‘31 %gﬂgwﬁe %r%g)/th-wc%?rn:? ﬁpqén’ﬁ%rg%g%{r%% ¢ f}act}gr (Bgﬁi#)t In?erlaeukln 6 (-

en@btﬂ@cﬂ'ew & W@eﬁf@dl‘ BRR). Stsmpeeil &ster (%Fg,é:ﬂfé@m@égm‘yth factor (FGF).
nodi f i ega@@rﬁe@fa%r@@@ﬂﬂ&erﬁ%r' the nBTrﬁécn@ﬁ@b&f)éaldt:ﬂ%n embryonlc stem (ES)

h I
f F%ﬁ Iragprgfgggﬁecﬂﬁk% er%scly |F1E§ cell |8£5)V% tlgrgéérn )% ?or at least 14
20085 007 BAstRUTHaERPRO 078D 80 6%/s, A6 praferaldy fooat ledse10tvay e

of a deyg thrlégmén\(dn@'af ﬁ\ggn\f%%urﬁ%ﬁfugueraco%ﬂ@ @ptlgf‘nallgl he least one

enetlcallg/ bird.
compound s ected |n the group comprising Interleukin-11, cardiotrophin, oncostatin and/or

LIF. The culture medium of the invention may further comprise a layer (i.e lawn) of feeder
cells.

The invention also provides a method of genetic polymorphism analysis to
distinguish between White Leghorn chicken strain from another chicken strain, wherein said
method comprises the steps of:

a) obtaining a sample of genetic material from said White Leghorn chicken strain,

and a sample of genetic material from said other chicken strain;



The present invention also relates to a culture nedium

for genetically and non- 5 genetically nodified avian
wendmsyporine stem (ES) cells, preferably chi ckenperndprriorbss263

ES cells, supplenented with an| mal serum and

conprising at | east one grovvth %actors selected in the

group consisting of insulin-like gromh factor-1

(1G--1), ciliary neurotrophic factor (CNTF),

Interleukin 6 (11-6), Interleukin 6 receptor (11-6R),

i nt er | eBkassaving, fosstheppresenpe Plag PeyMPrBliEy in afsepyesise gEgvian leucosis

growt h YiaetimégratbdSnthe dhﬁﬂ&a@iﬁbﬁheldﬂhlv\b@e@ﬂye fx&l}@ﬁcﬁﬁhlsm is identifiable

LIF ncost n_and cargdiotr 0. whe
Ered| ?Jm P r?’%canon ?y 3 E rimers s%ll']etc{éd |nnt(f:1% gro]up consgﬁng of the set of a

chi Ckenfoé':"lf‘ﬁl.f)"iI }WUW?VC5§@T@WT§TCAM@TT¢\]-QEU HSEQJP nfh) engys reverse
5 at | easprimdr@r- Cé@TﬁMT&k}dAﬁﬁﬁéAGﬂrﬁ;ﬁ@@ ¥°2h B thQet of a forward

et i od. P arar MPATAS TRCR B i i) spfgroverse prmer -

pr esent CGGAEARACAGELIHGTRTGBESEQD d*Hhasal culture
meﬁjl' tHéTPnEl‘HBd %%ﬁ&t‘c%bh%rgﬂfsm%ﬁfygg Q&%Po‘ﬁ%l tJ) memmdneﬁi\e amplification

avl an enbryoni c st em [_pre erab

e G FoGRTERT B8 PR Ese SiispieartBne S\ R e pgpoase POR
10 seThastena asspipy emeetpeebenss df baid paiyrhorphisr k@n;grses/mh steps of:

factor- I

( CNTF) . g‘) A(\)gdcorn(?]aCRaMplﬁéJ Iblg% n MY i—?r{cﬁ %%glcﬁorpo&gg? rrent

the pr e@eﬁ‘??arﬁtﬁ‘géfﬂﬂ frasmepts|cateingd r@“ &aid gigegienicul t ur e

medi um &yafetegiriy@hd @atitton @mtda@gkargwwtuy@aidlfmgmm, fahed

g\rgldaguggb %g}lrf:gl ssaldepatt(ern gbtaln ! l deﬁeg on o éfl{]orr?rpgn%dc material
15 20 supptsireeHineld reﬁirwpnl wme ramqi isRie pgtt@mqbtafnaétbmmqestlon of genetic

I( | tGF- Il) maf@tidliof&ald &ﬁéfrcﬂfcké?lmﬂiai‘ﬁ WG9 the (pfd¥EHRok of Hincll restriction site is
nterl eukKl

in 6 t
(11-6R) '.”h'ﬁél%r fﬁj"gﬁ@‘e loeggorf‘hﬁr‘]rﬁﬁ BP‘g:ﬁIﬁ ?%Sﬁa‘gefrg Bl”ﬁ’éﬁ?s”'c“"” site is
t he pr emdindtive thatihisinotra WheitedtegBortnstrainbasal cul ture
”Eﬁhéimbﬂ‘heé oﬂﬁ@ﬁwnﬁ%é Ere@énc@% aggé?ﬁé 'opglpl)MmHBﬁ%rfn'@gelected from a

aV| an enbryoni c stem Ly, ch
0 an@ropRiEs B9 Qs rprictigy ?ﬂ”@?ﬁﬁ?@@pwmwpﬁﬂf‘ﬁ%ﬂ éé?ﬂﬁ' Hﬂe“’d”p'ex

suamilystxeehgld andvicbifointasicral pelyink@high OWISICPH, adxnaturaling gradient gel

( I ggct (Lr&éé %(%/I]:')n ?egﬁp%k{ttﬂg grﬁ%lenﬁpélo%ec&r%@sgr (TESGE) G%Sele specific
St %‘WP@@!el"t'Cfea(é{S ?a’(‘g‘éﬂl’fy'f"lgem“@‘lﬁlgé@i':)gr owt h factor

(FGF). Said nedia are sufficient for the mai ntenance
2};?’@ e)%\m Ye %%b?v%é%ntlhigllr%/teﬁlrg S)lrl1E Culr% uér?t%" ?’8? Qolﬁwﬁé%g%p\ér?tions and
dapempfegrarqgivere s enable theseyskilled dr thet arl ivargereJdeain pgderstand and to
at pﬂa&%@"theﬁ@eé@ﬁt\’ﬁvenﬁd’iﬁ TR @rfe&inﬁ*ﬁl/éhtl&p howdvel @Asdt i in scope by the

OTh um of . the inventio
o imaleg s b TR g Bess g RBonso B BB gspects of the
selneentlerd only, andemedinasia pvhichrae ifictirgallyneqeivialeotkara -within the scope of the

30 Cafndérf%r'i %b(ﬁ‘ wa%@%ﬁ&éhen@&%e%venwnﬁn aa_chtﬁ)n%‘lht)ég &scribed herein
medi um of the invention may further conprlse a

(i Wl besmg appaeRkifefhosg fied inpihe AR\ it f%{F%Odi‘g %’/esc”pt'on and
pr mcmhemymgrma\blmgis @Ucrgera)eu_flcamorpsohrynmepﬂud_stmfaihwltryrs itte: $cope of the
P oS PP MR Do SREMEDE, SR B} B th logens
co%??@é’éestbﬁ@wsteps of : a) obtaining a sanple of
35 genetic material from said Wite Leghorn chicken
strain, and a sanple of genetic material from said
ot her chicken strain; W 2008/ 017704 PCT/ EP2007/ 058263



17 b) assaying for the presence of a polynorphismin a
sequence of avian leucosis virus integrated in the

wa bioshoerrogenone, and wherei n the pol ynor phi sm PGT/EP2007/058263
identifiable by an anplificatjon by a set of priners
selected in the group consistilr?g of the set of a
forward priner 5' -GGTGTAAATATCAAAATTATC-3' (SEQ I D nl)
and a reverse 5 priner 5 -CGGTTAAAATACGAATAGAGA- 3
(SEQ ID N2) and the set of a forward primer
5' - CTATGAGCAGTTACGAGGGTC- 3' HIGURES D N3) and a reverse
prlrrer 5' - CGGACCAACAGCGCTAGICTC-3' (SEQ ID N4). In the

f_genetic nor. anal ysi s according to
t he'gll"hev1(e3nctefiilcu e ‘H‘ep 0¥I"’“/"'1€"P|l::]é f?mon is preferably

Pe&ﬁ.@l(e'ﬁ%% c%\fs Q&E%FB%%%% rﬁ(ngle ﬂee[j@rqg};elr Pﬁrbuﬁtﬁgﬁ\)edlglrrl suppl?mented with

reverse-transci ptase assayl ng

5thé0°/pfeé%é<'f‘iﬁ,‘°@r%‘fa@a‘4" 'EBT Wl‘:p'll’rﬁéhqpcéﬁ:ﬁr'f% es the steps

a I)I\IAf i ncl |, .
¢ N BBy B 2L BT AEPHG F TPk Rb TS ovtained at oz
obdlaﬁonetnbrfwemera@ad tb dhitgyeineitiencunuilatickedogtiitiem@f praeration
restriction pattern generated by said fragnents; and
d) conparing said pattern obt ai ned by digestion of

Whit | 15 [ Hi ncl |
r egpﬁfetf%??rhglﬁ%y#@h%e& Sat ter nuglbtngi nlegcby
10 di QI‘BESHJIQ%SO& bgg@g%;ngl Ceﬁgat erl al of said other chicken

e presence of Hincll restriction
S' 148 BRS2p2 %G'(IQYJERZQEB QbundBhiRd eBBRAh BigsiubRidandaRRi Efiéplasm.
absence of Hincll restriction site is indicative that
i t(CHBREIL1A d)ébérke&i viggdueemBostidcadrs.blabtvaemmt tuasl of
identifying the presence or absence of a pol ynorphi sm
Is selected froma 20 group consisting of:
restriction fragnent |ength mor phi sm ( RFLP)
anbloyes ¥ EXW@%SQ“&&&%'rSQQC'f'%F%fé%A' 'single str and

15 ;ro )qurésant‘%%éggg ¥chrﬁg(g?ré?§éﬁﬁ%s% (gh% Bn?aécells maintained

gr adiitenfor giffereet ettttmecxwlnmt deft pa(dGaEmphaseatdnghe- BigeichaneicB: antibody
ol gtglgmblcl eotide (ASO an dideoxy-fingerprinting (ddF).
25 The exanpl es bel ow explain the invention in nore
detail. The follow ng preparations and exanples are
given to enable those skilled in the art to nore
c| Eigntey: Aivdireghasrtiatasedadticity gbE&cellsce t he present
i nvention. The present invention, however, is not
20 | | Ridogenaup aetijsepiinpriatese ackiatyptfi hlasiesleana cglisnrelly were stained for
Whhicdling pRospitt@ReeEitpfor biffbrdstculé péipaof singl e aspects
of the invention only, and methods which are
functionally equivalent are within the scope of the 30
| D0 @ ol NS bk idn QMR &fiR1dnfEn SashiPrY 1. BRACHYURY
invéntion In a ion to those escrl herei n
beWB‘I?éeﬁspapﬁ%F‘@Wfa"leé IR HWEYE skilled in the art fromthe

fo oi n de cript c any draw ngs. Such
oA R B Bt ke o5 RAPROYPER o MeLnaB! §f emonvo
t hestadappendeetiec (HOEA : Beder (31); T eBRi4riclér. BRH-6 Be BR 5-2; 10 : BR 8-7;
de$PrBFPB'80{b B’F\eé gr@n@@ aMd.- 4 be oiBdes teR 1536 1%‘39@0@1 170 BR152

|F9ur es bel ow. WD 2008/ 017704 PCT/ EP2007/Q
15-3; 19 : BR 15-5; 20 BR156 21 :BR 15-7; 22 : BR 15-8; 23 : BR158 24 : BR
15-9; 25 : BR 15-10; 26 : BR 15-11; 27 : BR 18-2; 28 : BR 18-3; 29 : BR 18-4; 30 : BR 18-5;
30 31:BR19-1;32: BR 19-2; 33 : BR 19-3; 34 : BR 19-4; 35 : BR 20-2; 36 : BR 20-3; 37 : S1
p20; 38 : gDNA Barred Rock; 39 : water; 40 : water.



18 FIGURES Figure 1: cell culture kinetics of avian
ES cells Chicken ES cells were grown on a nouse feeder

wb 2908017704 cul t ure nmedi um suppl enented with 5 BOMEPBOAD58263
calf serumand with I1GF1, CNTF, |L6, |IL6R, SCF, FG.
Nurmber of cells was determ nedI at each di ssoci ation.
Nunbers of cells obtained at each dissociation were
added to determ ne the cunul ati ve coefficient of
proliferation Figure 2: Morphol ogy of chicken ES cells
10EXR58551981 B gyass. hv-blaaét%ra@ww‘w (Tg@qr@fs dwjngpiifereyyt @gre period.
( BGABBQ Zararm mam&d eswsaméimaﬁialnsd W dulturb kg sélléi‘dl e/lgéksaoa pellets were
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EXAMPLES

30 EXAMPLE 1 : Materials and methods

Blastodermal cells

Embryos were collected from freshly laid un-incubated eggs. A sterile filter paper ring was
laid over the embryo with blastodisc in center of cutout area. The yolk membrane was cut

around outside of the disk. The disk was flipped over and transfer to a petri dish of PBS at
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penistreptomycine (Biowhittaker).

Preparation of feeder cells

The mouse fibroblast STO cell line (ATCC) was maintained at 37.5°C, 7.5 % CO, in DMEM
(Cambrex) supplemented with 4% foetal calf serum (JRH) and 1% glutamine (Biowhittaker).
At sub-confluence STO cells were dissociated with pronase (Roche) 1X, washed with PBS
and irradiated with a gamma source at 45 grays. Feeder cells were seeded at 1.5x10° to

2x10° cells in fresh medium in 100-mm dishes.
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Transfection STO cell lines: pGPARa and pMEHCS were
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E"nrg%%ﬂ”ﬁ[ﬁsf?qc&ﬂ'ﬂﬁﬂs For transfection, cells were
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PCR RFLP:

DNAs from tissues of embryos incubated for 18 days were purified according to the
instructions of QIAamp DNA mini-kit. A fragment of avian leucosis virus integrated in the

genome was amplified by PCR using the following couples of primers:

Oligos (157-158):
Forward : 5- GGTGTAAATATCAAAATTATC (SEQ ID N°1)
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gecer TACGAATAGAGA (SEQ ID N2) OLi _gos (78-81):
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TR IRAAR ol S iy r s

Forward 2: TGAAGTCCTCTCCAAAACCATT (SEQ ID N°8)
Brachyury reverse: CATAAGTTCGGGTACTGACTGG (SEQ ID N°9)
Reverse 2. CACAAAATCATTCTGCGGTAAA (SEQ ID N°10)

25
Oligos GAPDH :
GAPDH forward : AGGTGCTGAGTATGTTGTGGAGTC (SEQ ID N°11)
GAPDH reverse : AGAACTGAGCGGTGGTGAAGA (SEQ ID N°12)

30 Oligos Thy-1:
Forward: AGGACAACAGGAAGCACATCAT (SEQ ID N°13)
Reverse: GTTCTGGATCAAGAGGCTGAAG (SEQ ID N°14)
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CACAAAATCATTCTGCGGTAAA ( SEQ | FN10) 25 O i gos GAPDH :
GAPDH forward : AGGTGCTGAGTATGITGTGGAGTIC (SEQ | D N11)
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Phenot ypi ¢ and somatic chinmerismwere evaluated in
enbryos after 18 days of incubation. Germline

copy hi I : eq by mati ng
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25 ce(Sl@Mwar @%g rmomessentidl hemimonphids e(Begwihittakee), médimiMn sodium  pyruvate
cofpReke, DMIMIGk8amine (Biowhittaker), 1 ng/ml IGF-1 (TEBU), 1 ng/ml CNTF
(Eurobio), 1 ng/ml IL-6 (Eurobio), 1 ng/ml IL-6R (TEBU), 1 ng/ml SCF (TEBU), 1 ng/ml
bovine FGF (Peprotech), 1 % penistreptomycine (Biowhittaker). Then after several
passages, some growth factors were removed and cells were grown in minimal culture

30 medium to avoid differentiation. The growth factors that were removed are either (SCF and

FGF), or (SCF, FGF, IL-6, IL-6R).

The culture medium to grow chicken ES cells to avoid differentiation, comprises basal
medium (i.e DMEM-F12) supplemented with 10% foetal calf serum (JRH), 0.16 mM beta-
mercaptoethanol (SIGMA), 1% non-essential amino acids (Biowhittaker), 1 mM sodium
35  pyruvate (Biowhittaker), 2 mM L-Glutamine (Biowhittaker), and supplemented with 1 ng/ml
IGF-1, 1 ng/ml CNTF, 1 ng/ml IL-6, 1 ng/ml IL-6R, 1 % penistreptomycine. Alternatively, the
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Table 1: Isolation of ES cells from vari ous chicken
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ES cells: the self-renewal property, the cell morphology, the expression of stem cells specific
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markers and the totipotency of the cells, ie. their ability to differentiate in vitro in different
lineages and in vivo to contribute to the constitution of an embryo. The growth characteristics
of most of the isolates were identical to the ones observed with chicken blastodermal cells
maintained for more than a year in culture (figure 1), indicating their potentiality of indefinite
self renewal. Blastodermal cells grew as colonies. They were round-shaped cells, with a big
nucleus and a small cytoplasm (figure 2, BR22p2 & BR22p3). Interestingly, it was observed
that the morphology of the blastodermal cells evolved during the culture period from tightly
connected cells (figure 2 BR22p2 & BR22p3) to more dispersed cells with looser
connections (figure 2, BR29p12). The cells with looser connections could be stabilized on
long term culture in the minimum medium. Cells of the different morphologies have been
further characterized for the expression of stem cells specific markers and for their ability to

contribute to the constitution of an embryo.
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t he expression of stemcells specific markers and the

toti potency of the cells, ie. heir ability to

differentiate in vitro in different 15 |ineages and in

vivo to contribute to the constitution of an enbryo.
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could be identified at hatch by the presence of black
waoloss/o1Never t hel ess, a PCR RFLP approach was deeEERPmeT058263
to discrimnate the genetic flngerprlnts from donor
cells and recipient enbryos (f%gure 6). The PCR RFLP
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pattern of the donor strain is a 3 bands profile.
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I hj ection of I 'arger amount of cells conpared
t“ﬁﬁﬁ@ﬁPmPé@Bﬁﬁﬁhded inthe prior art (i.e around 300 to
500 irradiated cells), does not inpact the viability
of the enbryos. Mreover, the percentage of phenotypic
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not shown). 15 Altogether the data support the notion
t hat t he Tiahle\a: extend of ohepptydic ghichedgmp pfi ifipated! IE8s ard fogsters e
true enbryonic stemcells. EXAMPLE 3: Germline
transm ssion by chicken ES cells Wth the best
Heme tilantial Vit Bzgred Rotingalis ive @matey eittopartbd Ffkofoostlre to assess the

coht‘?il)tﬁ%h %pthgldgr%ct‘ Iir\{@{;gtoctné H&H—Ifﬁe.‘ The germ-line transmission was assessed
through examination of the distribution of black and yellow offspring. The progeny of 221

hens have been examined. Of 16006 F1 birds, 5 chicks exhibited variable percentage of
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of the germline transmssion, a flock of 584 animals

reci pi ent enbryos according to the best methodol ogi es
shown to allow an optimal col ofl zation of the gonads.
The phenotypic chinmerismof the birds extended froma
few feathers at hatch, that were lost later on, to
nore than 95% at adul t hood (figure 7 and table 2). 25

. poténti@DRinber of PGC injected. was. estimated assLUdBQ thatZB RIQ (Eyal-Giladi et al,
9&%76?%@ :bregerﬁ |rpst9%4x érl@rgoéq ?hg ﬁ)nafntﬁnb%r qu:é’vc wésgéa(ﬁcuﬁ%d%@cordmg to
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r oastetutne B BellHamEnkion dEted tothé FeciBenteatbrfsock cel | s were
mated with Barred Rocks roosters to assess the

The gerrhll sm ssi Bas assesged throug
exam nafli on z¥ the¢ distribst4 on of blfack and yel | ow
of fsprinfg. The progeny of P21 hens Have beeno

exam ned. O370600¢ F1 birdst.65 chi ckg exhi bl ted

vari abl ¢ pergentage of WO 2§08/ 01770 1.3

PCT/ EP2(07/ 058263? 28 white feathers |(haae€ liwaSpl€ébaa@dnads)
before hatch) and 1 chick presented plunage

pi gment at i OPabld y:ghfteEncé bOES ot cudtureorBar vied cérogikation
(figure 8A)p; PSAEIBEIORAal AmBENS: BRANIC WA BloRENY

wi th plurrae [ ti on Barred- Rock e and
descri pti orfeﬁffeefﬁ/ﬁfé a6 Cfail’%)ﬁ'é’bré’PS i7h peganfabtpicsahignera: nb
present ed i dF ehidBok akinericin offeenssadst thsin 8 fahtrs/Mf of alive
culture, cej d able to colonize the 5
germline. éeéa%f?n% ransm ssion did not correl ate

W' Hﬂjr%)l'Bug% oﬂ%ﬁ&@fﬂi@&gg P (Rﬁ)@@%‘ré’ﬁ'sﬁrvw@&hmﬁ&ﬁlﬂb&f Tb@s% 4 hens

I'ndeed t her” o Barred Rock-1ike chi

g’er\ﬁﬁ'i‘steg"”a{ﬂq W'thp%rit foR) BafftReck gposise:s Tingj REegeay ofhg hen 5664-
esbéasaias @aascsamknuge {fib 3B abd taBE@).(Anyml tHa dragdhy eftthabther 3 hens were

19@%&6}:{0%@"&?3 Whitk 15 ﬂ&ﬁm%{% 8@5%9&4“9 final number

was ca ated dccording t e dilution
factor resulting fromthe successive passages of the
cells and the concentrat| on 10 and vol une of cell

suspenS| e
ua i > 6)66|4r5;§}55 EBaoed-Rhck)r| ew . 6. ... Barfed dRooff .
.eh. M. 14 230
5660 5661 13 5 Barred Rock
8 W hite Leghorn
5650-5651 8 3 Barred Rock
5 W hite Leghorn
5662-5663 13 7 Barred Rock

6 W hite Leghorn

Table 4. Progeny of F1 birds. Hens resulting from the
mating of injected chimera with Barred Rock birds were
inseminated with Barred Rock semen. Eggs were incubated

until hatch. The phenotype of the progeny was recorded.
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chi mera: nunber of enbryos with colored feathers/nb

alive 18 days enbryos; % of ge?r?( otypic chinmera: nb 15

of enbryos chineric in other tissues than the

feathers/nb of alive 18 days enbryos]. Four (4) out 5

chi cks of F1 progeny (16006 birds) survived until

adul t hood. These 4 hens were insem nated with senen

f r e Badntesl pk3viak ar ASRdE6Scultdrd ehiake;hgwye@f Ambm.cehieﬁ of blastodermal

566 s h\?cﬁbeen csumﬁe% r f%ﬂkyt%)%tlﬁll‘ r% @arregﬂ E%n sfpags (Pain et

RO@'kéQflﬁl D¢¢/e 1&2‘&) W912é48)e@¢tt§teret |a| k9§0 dﬁﬁ(dkb%(%abﬂ@ gf)al, 2005 Nat.
! BiorEhrR. rZBg) 1199:1b®): The Edithrs’ pr&fe@s déveloBed"ln’ﬂ'ﬂs study in particular the
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5 iWating dné ghwlifying 416 frord §i6BrebBehickBastrabd. ReckKfiddcy¥fiamglification was
'—e&FHﬂ{ dbpea—@am & résultpd'oﬁgﬁgr}f v&?tF tillzelstré'lr{ ﬂﬁered‘c‘@ﬁﬁ‘ egtgnﬁlgillrﬁérﬁ] gf ES cells

fromthe mating of i1njected chinera Barr ed
bi IS SRSPUPeds o nbE niAiee d<aNEEh Harh e@gﬁo'EkJ RerRif. 3@§@§85 390).
VVEYn&ardesitiﬁg,I;bﬁﬁcBﬁlldembude totiotdmcy difuhicp IESretisypaintained ndong term culture

pr g%ﬁ B;yqrt g %g&{vgﬁaq aof e?zg ?}E]\Nﬂ%‘fé&gé Pt%TtsEtg %Q}p ﬁl/ap%?&érs ES cells

nve%tors provi ure C
ESdQ: éweperve Nmt?ww@at'n%ﬁndfer@|oaﬁqredbmfm'ete cdiurasmpgigm, and also in
bemm@@ uﬁdnﬁqedpméb with gfowifatterslseghay In-6ancbRBa0Feashd RBFK Of note,

éCkaf%l%t rllgbagr%snof ?e elm r m?mtja_@Sd)lnqg%fuﬁrelcggg %%1@ estiallshe({ for mouse
aIESQQGS hbt. 5 Blotechnol 23(9):1159-1169). The
culture process developed in this study, in particular

Lfi h facto
oV ERILET Gh B THGoTefte P eUolE B BT BRLBTGEY™ 5 Lgra{agg then 160
andaya}:pllalgbym‘g"@ebf ssnfafl oealleli fiflly eprckechiic kreatss vitiai tpgical  “ES-like”

Th ﬁlot%m)lb&@aﬂ: Yeag.rresaQR‘lérftb Q@att IoP thot&ks ES %Elﬁsa 'BO cgﬁpe%p dan Rorpﬁology of
esul't consiste he strain erence

es?'&%‘?? g'ﬁﬁ%‘?ﬁrm%'fce'ﬁéh%éﬁq igventop W@@tad‘ég H‘r"i’%’etﬁm’f ?H““rtet‘?é’ not remain so

nostsigle G wEngedctronlcells V884 toid shape thaBiverde.tightly connected to cells with
38&)@& %géﬁeggo%.' This morphological evolution was consistent and independent of the
chicken strain. This change in morphology did not affect the self-renewal property specific of
ES cells. The potential commitment of the cells in different lineages was addressed by (i) the
biochemical characterization of the cells by immunofluorescence or RT PCR analysis; (ii) a
transgenesis methodology to access to the biological property of the cultured cells. Cells
have been characterized with respect to markers specific of all three germ layers, ectoderm,
mesoderm and endoderm. Markers indicative of a very early differentiation were selected.
None of the morphologies did present a specific combination of markers. Markers of
undifferentiated cells, markers of all three germ layers could be detected as well as a marker
of the germ-line like vasa. There was no evolution of markers expression specific of a
change of morphology. Even cells with the most differentiated morphology expressed

markers specific of ES cells and did not express markers of differentiation.

In vitro amplified cells suspensions were injected into recipient embryos. The feather
pigmentation results from a transfer of pigments from the melanocytes to the shaft of the
feathers. Melanocytes derived from neural crest cells of the trunk of the embryo. The

differentiation of neural crest cells happens very early in the development of an embryo.



10 Interestingly and unlike nouse, totipotency of

chick ES cells maintained in long termculture is
wao@porired by a deprivation of several grow h PEr/EPRI®7/058263

That is to say that chicken ES cells do preserve

toti potency during long term ture in conplete

culture nedium and also in conplete nedium deprived

with growh factors such as IL-6, IL-6R, SCF and FG-

O note, hunman ES cells cannot be either maintained
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35 O Recombinant Human soluble Interleukin 6 receptor (sIL6r) (Peprotech Inc, Cat n° 200-06
R)
O Recombinant Human Stem Cell Factor (SCF) (Peprotech Inc, Cat n° 300-07)

20



10 Batch nunber 1198713). Fresh feeder |ayers were
prepared twi ce a week. Exponentially cells were

wob@soci7zat ed and counted. A part of cells wer ePGREE®I7/058263

for maintenance of viable cultures and another part

was irradiated. For irradiatiotf we prepared a cell
suspension at 10x106 cells/nmL in tubes. Cells were

exposed to a 45 to 55 grey dose and were seeded on

plastic. After seeding, dishes or plates coated with

i naBtRepambigart Baeian basiy fikrohiast @f%'@ﬁa%r(hﬁ?g“) (Repragech Inc, Cat n® 100-
maxiggym of 5 days. Medium Medi um GTM 3 (Sl gma, Cat

R%?&'S%/%@%%ﬁ%&] FL% %ae n%roduced Ea tCorl} B 8 g)le IL26(r) is expressed

Anhit'@h%feqt@sHE@éﬁ@EHSI i n/ streptonycin (Canbrex, Cat n

5 BE17-602E)) Non essential Am no Acids (Canbrex, Cat n

BE’1_. 41%4%?&25 Sodi um pyruvate (Canbrex, Cat nBE13-115
PR nbrex, Cat n 13-607C) Beta Mercapto

Et Nam arad(a@cgfﬂial Boarin Serw{iEQS) (JRI¢ G5t of B2083)( SAFC, Cat n

58‘9&2@n no’tgdlg@Gtsglruﬁl @e& |F|“tt§ef Sr‘b&r%l;n \K/z?s,c&ﬂpét&flgﬁd [)t%gttjc%ﬁ Sn Australia.

were used: O Recanbi nant Human G liary Neurotroph

Faérel@'als CJENTfQI) cotlg@m, \Bf%mDﬁ’\r&Spe@ﬁq ar}q PR % or s@ughter It was added

10 Reinainddinadiinh didingeaviah se cels biltes. Fisis bateh wWag hdBsdhmitted to irradiation to

P t
|( nfg\g)ho g%ﬁ&ﬁhg&'?n %’g cnﬂ:sﬂ%?)éeﬂﬁé% %r f(ﬁ%‘%ﬂ é rﬂl@e{ﬂ %Ug%%s%egtl% for the
Re@éﬁﬁﬁ?f&ﬁpf%ﬁﬁﬁ"séfbw}lé'lee I nterl eukin 6 receptor

(R Slrl:ag%a)‘ec(é%emwmmal‘ ﬂmzéem?lt E 200-06 R) 7:;.)
{ L - . ,
e‘l:f?e Hla{j]lgt%d f}_%ﬂan?c§ %hﬁﬁ%rm%%%%%ﬁgﬁé%ﬁ% é%&%gghls irradiated

15 szmmee%ﬁwedmtsupmﬁ’awt tiya thie O NI mesigiuans wsedifovihe chituee of STO cells

20

25

30

35

g bh_’%aa)ar TPt iIRIse eBlisldB Grot i@éﬁlrerhs]s@@n cellg B)Sp&sllflc q‘hQIﬂ’;ﬁ&‘ serum for growth
acC

ball F‘F'Hte”%“k?ﬁdrblc%t“ﬁg{o ig! ”}é%?p'i’ %'ég%ﬂ?e”t %‘ior{ Pt ?Féﬁ"%d’i fig medium we
HEW2@ 3damtd e SHOEelisdd gBwovn preseBee ofih WohFBS erddi at ed
Fetal Bovin Serum (FBS) (JRH, Cat n 12003) The non
irradi ated serumused in the programwas coll ected and
produced in Australi a.

4.2 - Process of isolation and culture of duck ES cells

Around 360 Fertilized duck eggs were opened, the yolk were separated from the albumen
during the opening. The embryos were removed from the yolk with the aid of a small
absorbent filter paper (Whatmann 3M paper), cut out beforehand in the form of a perforated
ring with the aid of a punch. The diameter of the perforation is about 5 mm. These small
rings were sterilized using dry heat for about 30 minutes in an oven. In practice, during the
step of embryo collection, a small paper ring is deposited on the surface of the yolk and
centered on the embryo which is thus surrounded by the paper ring. The latter is then cut out
with the aid of small pairs of scissors and the whole removed is placed in a Petri dish, filled
with PBS. The embryos thus carried away by the ring were cleaned of the excess yolk in the
medium and the embryonic disk, thus free of the excess vitellin, were collected with a

Pasteur pipette.

The duck embryos were placed in 50 mL tubes containing PBS 1X The duck embryos were
then mechanically dissociated, washed with PBS, and seeded on an inactivated layer of
feeder STO cells into complete culture medium at 39°C, 7,5 % CO.,. The feeder cells were
seeded in 6 well plates or dishes at around 2,7 x10* cell/lcm®. The complete culture medium

is composed of serum free medium DMEM-Ham F12 supplemented with 10 % fetal bovine
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antibiotics is no |onger added to the nedium The duck
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the base nmediumis nodified and DVEM Ham F12 conpl ete
mediumis replaced either by: 34 the GTM 3 medi um
suppl enmented with 10 % fetal bovine serumand wth
IGF1 and OCNTF at a final concentration of 1 ng/m,
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1, C ad)biidiamgretrioeing hielpast ohe growth factor selected from the group comprising
SCF, FGF, II-6 and lI-6R from the culture medium;

30 d) further culturing the ES cells in the medium of step c¢) on a layer of feeder cells.

3- The method of culturing embryonic stem (ES) cells of avian according to claim 1,
comprising the steps of:
a) suspending ES cells originating from the blastoderm disk of fertilized un-incubated
35 avian egg(s) in a basal culture medium supplemented with insulin-like growth factor-1
(IGF-1), ciliary neurotrophic factor (CNTF), interleukin 6 (II-6), interleukin 6 receptor
(II-6R), stem cell factor (SCF), fibroblast growth factor (FGF) and animal serum;
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of 4- Tp nstivdendhirdioy BSlage wsereinitrgai avaniisgchiickem t he
bl ast oderm di sk of fertilized un-incubated 35 avian
eg in a basal culture medi um suppl errent ed with
[ ng 'ierﬁ“qt'?oﬁé‘ciﬁr%&tﬁ Claie { yhergin ”(q [anHa dugy ary
10 neurotroph| c factor (CNTF), interleukin 6 (11-6),

%ji& Jngll#g%& (?brét%gl@%o% npé%dién%ﬁ?bry @éﬁ_gl}ncc% dé cérﬁﬁ’kfﬁﬁ the steps of:

ser um a)\engenting 6&7@@@'%&@@%@0@7!@@5@%@ of gizinksy 1 tg Sevfih gy ector;
t he suu@rge@&lngﬂaﬁbﬁ”ec@‘aaseddl@ obtained in step a) on a

| ayer gfscrfegrlelnq and a{anfScte\t%n of saecttéd]’%clones‘ihali are%ene;ElcallE modified,

cells §
15 opt | oncﬁlouwneﬁ@d|gﬁrgetlaallylr@aélted Eﬁ@e@pfomm@foacet lgyer of feeder cells in a

sel eCt(ﬁﬂur@ﬁﬁ%@’luﬁ% FlQh@arﬁﬁMéﬂuﬁﬂ dMd at 94T irRDIFh- Iﬁ@ﬁro@vﬂﬁﬁ&tor-1 (IGF-

the cu e nmed | n
ol 1 o Dl Ml eeoRCbE DT S el S leapeqromtn factors
cel | s. selegted Thibe gelllhodnmsmgmﬂerlegklm 6 (leB)ainteridukiniereeéntort(kBR), stem
avi an def ffiof (B §BrobRist g-m/ﬁh FQ%Iongé;F?CCOle ng to claiml
wherein the avian is a A net hod of
genetical ly nodifying aV| an enbryoni c stemcells,
C oMpx instihodoftdbirtrigephinadric chiek) compeisisd HaebliepgofES cells
cultur

Sqntﬁ%ﬁﬁgryt@?elk%uﬁr%é%g%{ngéo ég@étﬁqﬁl cFaQS351 Y& é n1td”1the sub-
scr eerﬂerﬁ'@'”ﬁr?éV“er?f)P FGICIP@&HV&“I‘ P edElct ed ES cl ones t hat
are gematcumhb YhelgatbhyoioBthined I stp o) td fidtdh 283G BiRk;d

25 genet I I: ?,(tlng sga’d ch%gerl %h%l? com%{lsmﬁ:h%%ro(fgrgioes cg}ls hgylﬁ%fxgomzed said

feeder
serumm at Ieast |nsuI|n li ke grovvth factor-l (1 G-
1), ciliary neurotrophic factor (CNTF) and optionally

wh fa t ed t
coﬁrﬁe g %ﬂﬁgf e fenetiea Yot RSl b st Westeps of:
r ecepta@rintohicirgR)enetaiyrmodified |ESf @ttt ataifeB@F ptep 1) drcizinh 3tto the sub-

30 growt kE;efrrif’}ﬁzlglIQ:[éw(y'%)aa:}emp?egt zz/lanAerﬂE?r%chggd of obtaining a

chimeric chick r|S|n%t e s
b) incubating the embryo obtaihe

20

of :
d in step a) ?o hatch as a chick;
c) selecting said chimeric chick comprising genetically modified heterologous cells

having colonized said chick.

35 9- The method according to claims 7 and 8 wherein the selection of said chimeric chick is

performed by phenotypic analysis of plumage.



a) introducing ES cells cultured according to a nethod
of clains 1 to 5 into the sub- germnal cavity of a
woeaspiEnt avi an enbryo; and b) incubating theperiEry07/058263
obtained in step a) to hatch as a chick; 25 c)
sel ecting said chinmeric chick %%nprising het er ol ogous
cells having colonized said chick. 8- A nethod of
obtaining a genetically nodified chineric chick
cog?risin the steps of: a? I ntroduci ng geneticalky o
modi-fTine inefgd @erargndoiBtckintretl ioat costrapingiihe gRdidang| stersofidgtegmining the
t heexsdfi Recip@dt ety il the aibdyttied of ESr@md. pi ent  avi an
enbryo; and b) incubating the enbryo obtained in step
a) to hatch as a chick; c) selecting said chineric
chi'tkhe oefhed staerfingen elpimsal ang 1Awdiefeineyltured BP o¢lls gbtiep a) have been
5 Celnlvitro DRNedBr & MI8 &K sai d chick. 35 9- The net hod
according to clainms 7 and 8 wherein the sel ection of
said chineric chick is performed by phenotypic
ani2-yi$ie snetfiodpdogoreine to WEONRGD®/ V1wWhden BETEER2QEMDEBRBiI8ed from a
36frésq)l,ry Ia-lll—@ ﬁn-fﬁg&tﬂ%@ e@? QIQJ gﬂnﬂ)ﬂsés%e@e@h Qﬁ)ugd 5,@009to around 70,000 cells.
conpri'sing the additional step of determning the sex
of recipient enbryo prior the introduction of ES
10 celi3-sThe hiethodhaecardibd octlae damthereth dail retipietembryarisl afllage comprised
wh ' 0f.: , r: in
Vi e e )5 59 T bR ek JRUERGE Brorlgh around e
actiagedt plpl Fyaldliladi $gophaves clapsifigaéie®i n t he reci pi ent
enbryo derived froma freshly laid un-incubated egg
N0 SPIRG BB RS © 00 8 BLA 1, 2O rrray
15 whiepsdi 19.098i BB rcellsi g¢ énodeaedrigto thes su-gesminglecavityrpf theergcipient avian
betwegs stages VI and Xi| of Eyal-Gladi & Kochav's
classification, preferably around the stage X of of
Eyal -Gl adi & Kochav's classification. 14- The net hod
ac t®rTte megthod ac¢cedimgsto Zlaings 1® Ahdregdimatdeast BG10 BDGDs BS introduced
_Ce,n[osthe b eﬁﬁiﬁglcéfvi@tof théﬁec|p%ﬂ§$via11%%. ES cells are
i ntroduced into the sub-germ nal cavity of the
reci pient avian enbryo. 15- The nethod according to
cl a6-mhe7métbodl 4cantiiirigetonclaiins |7et@sts Bbqrli0 (EEELelie ehttcgluddeinto the sub-
in L . - i nal ' :
oM@y irHetebpeniatiin BRbgb oo AR pobyRlor Bleale and mal e
cléfllf’s 7 to 15 wherein ES cells introduced into the
sub- germ nal cavity of the recipient avian enbryo are

a m lLation of f e and nma cells.. .2 .

25 1178 R BB e BT R P Rl S, b puced o e
f esrpraermigal cayily of afemalerreeipient @dan ¢mbrge-t he  sub- ger i nal
cavity of a fenmale recipient avian enbryo. 18- The

gg:’ii?gl%gﬁﬁe%%%?eipg ﬁl‘ég [f%l%tipggtt% éIS %h%r%inmmgé E%ncel?éafls\rg in'%r%duced into the

sub-germinal cavity of a male recipient avian embryo.

20

30
19- The method according to claims 7 to 18 comprising the additional step of irradiating the
recipient embryo with X or gamma irradiation prior to the introduction of ES cells into the

sub-germinal cavity of said recipient embryo.

35  20- The method according to claim 19 wherein chicken recipient embryo is irradiated with

between 3 to 6 gray of X rays, preferably around 4 gray of X-rays.



sub-germnal cavity of a male recipient avian enbryo.
30 19- The nethod according to clains 7 to 18
weomppiEhag the additional step of irradiati ngp¢ther2007/058263
reci pient enbryo with X or ganma irradiation prior to
the introduction of ES cells iffto the sub- ger m nal
cavity of said recipient enbryo. 35 20- The nethod
according to claim19 wherein chicken recipient errbryo
is irradiated with between 3 to 6 gray of X ray
pr &éf-hanshash asaerding tqyplansoft toy0r wiegein \?\BUQ@G@P‘MWH ES cells are
POfﬁfr&BZ&Q?dt@W@@a gedindllcavith @f s RepicAC eRIEEh NgnBr, previously X-
IIrIra(r]rvste wutharou(]&"z’{]er ein around 15,000 chicken ES cells
are ModECEH TATS the sub- germnal cavity of the
reci p| ent chi cken enbryo, previously X- irradiated

5 W bh T&]@Qﬁ’éﬂl%d“aGGdSraMg t@clgl%'s 7“6@0%@5%@!@5‘5@@6'0@(9 chi€ken ES cells are
er e
C ol bt ety of R sl ey f?&p'eegﬁﬂm?@n &pbryo.

the a non-irradi ated recipi ent chicken enbryo. 23- The
m&@%e%&%ddéda&dhe t& lcl@fn{ys? %) ﬁé) \A%grelnv‘gé%r l%lolgleﬁtaéh‘ﬂ:ken embryo is of

recl pi ent chicken enbryo i Waite Leghorn strai

an i k3a8PT sEan @ WPYRE ﬁa'égh'ﬁ‘i?f‘l@ QT&%‘?‘?\P'é%d g Ahstain selocted in the
10 st graupcaglosst & darred rbtiestraibOMaotigirag 8parsechinof  bar r ed

rock strain, Marans strain, S86N strain. 24- The

met hod accor di ng to clainms 7 to 22, wherein said

r e@4-pihe Method | aerRading ipntigjms i 40 84, whereimsaid eipiept ghicken embryo is of a

s etiekb g erdiMsdidtd gf BY grotp a@ﬁ@gsd ffbakrad foeklstrai; k’laﬁiné atrdin and S86N
gtr%knnsan%rs__t\%%lrev aldd chlci%enNES c%lls %env&ﬁl H?m \O%ete %qrhor traln

derived rain. 15
1525 The net hod accordlng to clains 23 to 24 wherein

Lh?s Sﬂl:eQﬁéth&inach)rthQo eRinf¥es3 @tzﬁ]hhm?ekem ‘ﬂ%‘@%‘f iécﬁc;nn& the chimeric chick
et er ol ogpys ri.se e steps of: a
obETRE R et R SREEQT Al 11 om Bai ¢

chi mer i ) ahirddg, a Pmpkess gyiatig mbterialtflom seidesiprede cludk; a

p0| ynor Q)hééggllrlngﬁfo@ tt’%e;gé’s%'ﬂe@ ong p@l\ﬂn@r@hlgrﬁ Uge %Séeauen%Q of bwé‘r?’ leucosis
| ntegrated in the avian genone, and wherein the

poI ynor wmsgr?.p?qrgteg delfig ?Y'?%B?@mebﬁn%wheé% ither F?oéyﬁiqr%\‘?”bﬁ identifiable
set of pyamangifistibrelot £skt ofprintees Gicodtep irctba giogp cargistrdg df ke set of a

set of a., r@rwggﬁs%éf@fmm%ﬁwwscﬁé‘éwwﬁ dhd a reverse

(SEQ I D nl reverse ﬁ)_
5 - COGTAAATACEARYMATAR CAAT ABROADISES) DN pskihe gt o forward
a f or waprher Br-CTETGAGCAT A RCAAGAGTOACEKENBT K233 and SEQedsOprimer 5'-

can AR AR R R R BB 926. The mot hod

accor ding to claim25 wherein said nmethod of
I d@@tvhfthéwadtéa;eore.h@&eas.ﬁ] B whrbl§ 856 ncBrfodaof mhwmg i $&Bence or

| ect t
If ?g%%g%fof?\gﬁdp Bfaﬁi,?ﬁlﬁ%)cfﬁqqg)a a? %I&ttrgﬁongﬁtggég e§trlctlon?ragment length
hepayrouteliHne x(REhE] yeilgsis,s hetglodupdx andysonéioglerastieot atonB@mational

30 pobé{Wr @%é@ﬁppaenatg%ﬂ@é %Féﬂte’np%eg %I%g&d%ﬂ&egg(DGGE) temperature
el ectrophoresi s fé? nper at ure

el %r@flliarbt relecirep I‘F&é) GGEP | Alels- ng)%ftcl %penucleotlde (ASO) and dideoxy-
ol fl@erptuntirgcod!dFde (ASO) and di deoxy-

27- The method according to claims 25 and 26 wherein said step of assaying for the
35 presence of said polymorphism comprises the steps of:
a) digesting said genetic material with Hincll restriction enzyme;
b) separating the fragments obtained from said digestion;

c) detecting the restriction pattern generated by said fragments; and



fingerprinting (ddF). 27- The method according to
clains 25 and 26 wherein said step of assaying for the

w@2o0pnesence of said pol ynor phi sm conpri ses t hPCHERE®7/058263

5

10
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20
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35

of : a) digesting said genetic material with Hi ncll
restriction enzyne; b) separ atd ng the fragnents

obt ai ned from said digestion; c) detecting the

restriction pattern generated by said fragnents; and

WO 2008/ 017704 PCT/ EP2007/ 058263 38 d) opti onal |

conpar i APrEenally papragrhsald patert Withed daasiomie resdiiatien patiegnobtained by
patter ndl@&ﬂtlarh REWHIY Leghdd® Narams, Garr¥hiRoek, L%N%dhetlc material using
Mar ans, H|n I {i t%%ceiﬁz mse8§v e
H ncll res ¢ti°0
restriceliaond dplamd@ﬁlwg Oeﬂeftlreert@blck ﬁor@nrépg hetgiplogpit agls. i s

i ndi cative of chineric chick conprising heterologous

ce 5 28- The metho dj to cl

e aine el ST GRS & BoRPUPRSECHY PR edamed by
¢ hpdlymeracthenme4dBIRIPGER) ar esverssaranscipesy PORame WPERinased analysis
m@c!n‘?dn@esstﬁé Dﬂﬁ@éﬁ% é{ffF’cﬁh arfr RS DAt (A8 ré%'tr&ﬁé%én?ﬂn&ﬁmam

anpl the restriction enzyne H ncl

29 - The nmet hod of obtaining a progeny of the ch| msrl c
chexk Wiee rmethod sHi abteiririch @tbrogenpuf i tse shitrlegic fcbibk owereh said method

stg th@{’ IH&\M] Ie he sel ected chinmeric chick
Qﬁpns f st epdq F;of claims 7 or 8 to mature as an

adul t %l%"@’!"”%ﬁ‘eﬁﬁ'@@ﬂ‘i’ AYMeri eickphieinediak siem a\qf sigims 7 or 8 to mature
het er adsagaudsit 6iel, | S herein, ther eby pr oducing a bi rd_
E'Eep;)ﬂ%g)gé/ne’dmaggla%ﬂlﬁ& ngaEVﬁggetg%)Co ou ceﬁs ﬁ%rele1 t%ere bgrocljucmg a bird
wher ei piogeng asel ect i on of sai d bi rds | s perf or msd by

phenot yREiectiRg BleYhiSofiiterBltiMRE Broge®) .31- The met hod

according to claim29 wherein tﬁe sel ection of said

birds is performed by genotypic analysis by assaying

f 080-tThe rmatlesleavcardiog taclkimnzd Wheveih yheosefstignefisaidabirds is performed by
SeRRBGSic MalysRWF BllmbgHCOSi s virus integrated in the

bi ?gé%glgﬁ%mays g' T %e nmet hod according to clains 29

to 31 further conprising the step of expressing the
heserihkogisl quodrgipg pd tldien Zneladieinl theysddetorvechidrbirds is performed by

. h _ :
FYE%%Q%IESO%@;%%%;?@ oythggpésFﬁQ%q)f §£ﬁmﬁgggagﬁyﬁrgqﬂa séquence of

he?‘éﬁ“‘d?‘dﬁ@%ﬁ“%dﬁ%@ﬁ‘i i”d*&e hirg 998 T8/ered to 30 the white

of a devel opi ng avian egg produced by a genetically

j f I ,
Tlhgcrjne%od acco%él f?‘) c((_f:%rﬁ%?ig) gol %S%rtﬁer co rls ng tﬁg rc.t.eP]_of Ie)iPéeSSIng the

ryoni c stem Pnsull
gr b%ﬁtrhlogquacp@vpeptlc(el @Fcoﬁ)aq 5,1 ItW%WCtﬁ@@P@PFFS@Ebhinc9¢@@@Qﬂv modified
( ONEEbiogid cort 1 onal |y at | east one compound

r%m d%erence . r]e%trlc?on %gfterr% detected in steps

33- The method according to claim 32 wherein the heterologous polypeptide is delivered to

the white of a developing avian egg produced by a genetically modified bird.

34- A culture medium for avian embryonic stem cells comprising at least insulin-like growth
factor-1 (IGF-1), ciliary neurotrophic factor (CNTF) and optionally at least one compound
selected in the group comprising interleukin 6 (lI-6), interleukin 6 receptor (lI-6R), stem cell
factor (SCF), fibroblast growth factor (FGF) wherein said medium is sufficient for the
maintenance of said avian embryonic stem cells into culture for at least 7 days, preferably for

at least 100 days.



selected in the group conprising interleukin 6 (11-6),
interleukin 6 receptor (11-6R), stemcell 35 factor

w@ 30817704 br obl ast growth factor (FGF) wher ei nPGBEB2007/058263
mediumis sufficient for the pmaintenance of said
avi an enbryonic stemcells i nt¥ culture for at |east 7
days, preferably for at |east 100 days. WD
2008/ 017704 PCT/ EP2007/ 058263 39 35- The culture
medi um of claim 34 further conprising a | atyer of
f eddidne geiuresmedigo ofclaia B Bitheifcogerwd &lays Pl Reteh pellsm
anal ysi s to distinguish between Wite Leghorn chicken

hi cken strai.n

st ?%I A Ce{%'?"rg n%?éngf%gﬁ%r{]orgmsm analgss Yo \g%]ﬁg;iwsn beﬁ/veen Whlfe Leghorn

of cliekae stirain fm enqther chigkemstsain, dtherS@IdLr‘e&gmﬁrq@m@meg k@nsteps of:
5 strain, a) ap@infig LPERIpR &fgeg&ﬁeﬁdt&lanﬁ&rﬁrsélalwmtécp_@@;fﬁﬁh chken strain,

ot her chlcken tra rt resence of
St S e R e R B o v

I nt egr abjeabsaying foe trehpresepre giea poigmorahiemvim ersenvercf avian leucosis

pol yror anmdrﬁed ﬂ?ﬁg éhﬁdké}pé&]omgyan@r\)vh@m thé b&ﬁﬁdr&rﬁsfrmé idkntifiable

set of rinmers_selected In the group consi st ng

cot of B AATRIFGREPUDYA 198t PrEer S RE IO ATCARIRP IR e setof a

10 (SEQ | Dfonigrd @ricie5rFGYEERFAATRTCARKATTATC-3' (SEQ ID n°1) and a reverse

a for vvaaﬁéé%%r W&iﬁ?ﬁc@&@@é %gt O%g forward

N3) andPnsr &76?&@&9@%?TA§GAWWA @VS"SG primer 5'-

( SEQ | DethccARCREsCTheToRE-BadE@es argi ng to clai m 36
wherein said anplification is perforned by polynerase
chain reaction (PCR) or reverse-transcriptase PCR 38-

15 The7-nEhen orbthadc agagiding too clelnaidh Ferahesaid rampificatian ésp peformed by

as §(§%‘1é?§befdﬁélntréb%tld?lr(ﬁ@ﬁ)"&@e\%ﬁse&l%hg:npt@&i yORr phi sm
conprises the steps of: 20 a) digesting PCR anplified

DNA with the Hncll restriction enzyme; b) separating

t has-flihagrethot scadirai tn eldinf 37owhessin shidstgesftaseayjngdyr the presence of said

depseh drlg}gan Oﬁru@@éthé%bé)& pattern generated by said
fragments

(¥ arllﬁg saldkﬁnttern obt ai ned by
20 gj gest | @Hj'%ls“’\ﬂﬂo ReamRiferoP A Y& Beirinchegstrictioq enzyeging
H ncl | besparatirigitienfragnzyisebamndd 8an daipaigegion obt ai ned by

di gest | Q%e%ct|r%qﬁ§k5ﬁctloa%a gér{e@altedog s§@'ﬁ%f;rggrn$ and

chi cken ‘st resenc

restri c) GAPSIRGSIPtAH) Q%ﬁ'ﬁ%é’yd*geWﬂ”t(g Whitghgghprn genetic material
st rai n, uafydHinbie rabBBIRCenzohe HnMchil pattsh I‘dbtétrie@l’bySdldeetldnSof genetic

indicativ | h mstr -
25 The et WO rlz%algﬁgarlddtgtp]er c{ucl?en s?raln W%Zeln Fﬁ% gesence of |ncII relgglctlon site is

met hod 'uaﬂIC¢tuerﬁtf|WW'ienlgagh¢fé st@o phe dfeen alesenge afbsl@ﬁltéeséffcti@ site is

pol ynor phicaie trat $RIheCd weitd IgRdrh aMuUp consi sting of:
restriction fragnment |ength pol ynorphi sm ( RFLP)

anal ysi s, heterodupl ex analysis, single strand

c oBd-oFheatmethndlacpdingrtr phinsn8§ 8SGP) whedsm atidrragthergof identifying the

30 O pdi&pt ogglgseﬁtlseegftd‘ Sidn |s(slg@gé)j’fromt§ grReEh %&ﬁé‘sﬁng of restriction
gr adi ent e ectrop Or eS ecif

(ﬁg' el e-sp
ol {RERATEI %}9{"\ @glyr(lgg@ym RFLEY Fogigs £ hq{@r@?ttﬂqun? s smgle strand

( dcdRfarmational polymorphism (SSCP), denaturating gradient gel electrophoresis (DGGE),

temperature gradient gel electrophoresis (TGGE), allele-specific oligonucleotide (ASQO) an

dideoxy-fingerprinting (ddF).



