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WD 2007/ 124751 PCT/ DK2007/ 000204 1 An ani mal nodel
and a nethod for producing an ani mal nodel All patent

wananesspat ent references cited in the appli caRCTMK2007¢000204

hereby incorporated by reference in their entirety. 5
Field of invention The present invention relates to a
non- human ani mal nodel, such as a porci ne ani nal

el olel SRR o LI R AT Bl "

a genetic determ nant involved in a hereditary di sease

'ngrll g;@gggﬂdéé?nr?ﬁg%?t Feﬁeno(t%s%ﬁgcf i e %gPlgcr ﬂ%nal?ﬁ} Qe\é\{g@y Ncorporated by

drefergses lrtmelrno’tfretyunan ani mal m)del can be used for
studyi ng such hereditary di seases, such as autosonal
dom nant hereditary di seases, for exanple protein
c Gield pfrimvieptiodi seases, such as Anyotrophic Lateral
Sclerosis (ALS), 15 Al zhei mer’ s di sease, Parkinson's
di sease, diseases related to trinucleotide repeats,
Hahe pfﬁ?ﬁbhn‘serdllos gelstesiot nah<$womansoind dnaxsl, asich as a porcine animal
B r g

el S theods bl e A ARG el B BT B mecdited
soenf angéerd SMGT )t Weo argeostic détetmtiranttimlotvedrin adlereitdry disease is
t h&d e | vV
et B, T oA MR R Bkl b Riact aepgivpe for
| gaid heredifer yptisnaget the moofhumadeninal fmuadel cari bmssedj feesimdging such
Iﬁle H t
! g’%l l;fg?ggilns?ﬁgesmsu&f a?Q%t@eﬁ%\éghE%&gﬁgﬁeghg dgseglses for example
gRietain éonfe@nﬁtwnmaaﬂﬁ soth geAmyoteiciatbed Saletdsis (ALS),

s r
b e a Ty Der o na PR Tuplegld opeats
dHariingion’s dlﬁ%ﬁﬁe Rudlaise dyschamidreplasiendel s for many human

di seases is quite limted. Larger transgenic aninals

are nuch nore suitable than mce for the study of many
oPackureyad of fruendionnd treatments of nost human

di seases because of their greater simlarity to

humans in many aspects. For the past two decades, pigs
hH@Bsassig: ngadWan asirals ¢ai he Used tsaunslersiandhthie rctierasi mgingle gene
D SR B LSRRG SRR and e 80 B MR BRERE of dHactvation,
SPRTEstian: gnd higrastions Th@l&}bndﬂ@v Mﬂo @Iddo ¢heapratioctiooalf models

aBElvAOYE igRleast SRl hy }:4@ %Afgﬁﬂnﬁ%%gggt?rﬁggg%&%lﬁcgntly to an

characteristics su eart size
dﬂqegﬁﬁdowg}eystgm@@gj oggmlg mgkhaisms and of genes assomated with specific

diseases.

While smaller animals, such as mice, have proved to be suitable models for certain
diseases, their value as animal models for many human diseases is quite limited.
Larger transgenic animals are much more suitable than mice for the study of many of
the effects and treatments of most human diseases because of their greater similarity
to humans in many aspects.

For the past two decades, pigs have been used in biomedical research with increasing
frequency as replacements for dog and primates. This is due to the anatomical and
physiological similarity to humans. Pigs and human share anatomical and physiological
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have made pigs wi dely used in cardiac surgery,
pacemaker studies and heart transplantions.

w@Rerhiat7by, pig and hunmans share features in dPOEPKROZ/000204

physi ol ogy and pigs are therefgre wi dely used in

nutritional studies and subject$ in relations to this

5 including lipid netabolism gastric ulceration,
por ci ne nodel s

di .and al cohol | Fur t her nor e,

ar@ggécg%'sﬁﬁ S‘f%easg?%és% cRidas R, d garenask pleod supply which

O lyaesnafe igs widety wyelddn bardRic@uRjes pde&Hakdt s@!cﬂéétnar%d I'tleart
constitutes

tr t at i.on, researc However, the pig . S ]

o P SR S8 P nuialS Firask eeBuTeR Fasigoaing physiology and

r quigmare. thdrefavmideiuingea idinagigsns studRshakadibleatyin rdiBons to this
di sorders abnormalities, o

[ iy: f net i .

¢ NS5 R o8t SR SR dpiesn s aS e ermore,

whiceting medelatzne used fog eHecsti@ss drdrdars bPHRBRIN. @rgat?ﬁs)bf porcine origin
er

c and of the trait itself, i.e. whe _

¢ a8 FRRUEY 1n A Hante e tdlibstari Honmyet s piacansisutes an
deyotutioraryg iclagk én ckgdtipattd emageaed fodemsone par ent

(dom nant inheritance) or the trait can arise when two
copies of 15 the gene (one from each parent) are

d i@t hungan( disesses iavehérebitary t BeORNeritdMual dTaBhetic disorders,
ne from one

[ L1 CUrs en. an .abpo | g )
BBl G SBTBHER 3 R Buchty Pgiihe Beed Shichnasmotegtn whien the
Zmbominpsg ggee easﬁdersr(gmbeomfllhﬂ!%epalﬁr@ﬁfosbn?en @Pﬁ'@f the trait itself, i.e.

o abnor mal gene_doni pat e e outcone _
o e i B A B oo BTts” 758 B Ehe Baviaie & giie defective
; gehe ﬁDMnefgarerﬁ)(p%mmhbinh@ftarﬁd’w oﬂ%h@Qdel’tﬂianlféﬂil@@ gih)éﬁ%o {:opies of

C aracteristics aut osonal dom nan

i megé%ea@bétrdoﬁc%alfg'eqarﬁt?rﬁ d%gﬁcﬁ‘é%&%%ES?WSi"\‘neﬂ'ﬁﬁéﬂcehas an
af fected parent (except in cases of new nutations or
[ r e); males and fenn|les are equall
| PR o heRRE b0fE el B 2Bnfes sSR i tiowmstent dscapabe o
t haugiendiseasecevien it the matdhiraoge®. fropk thahbtadr p_%@ﬁrh(ié"ﬁérﬁ]al.
a e copies): and recurrence ris t he
S BREN o et SERE EB SIS iebmatonies Sestesstiand one copy
i af thepautarirgeneiis sufficentrfor expasseioher tnwam@rm@rfpﬁeh@tyge.
famly) for each child of an affected parent is %

(as only one copy of a gene is necessary for
deewrepdistinct ciaradteristids stastegomdlidomieanp diheAtants irdlude: Every

h rticul ar, gene,. their offspring
V\nglltf?&(g(f %’1&@ﬁdﬁgmé{sn%e%&%f%arggﬁgxcgpt PHEFeHPT TehBiatiRne Ar
elaicompletecprnetraqem) impldsidnelfgmalds any etjuagy Ykely fo iBRerit the allele and

a | Vi ‘s . Ssiblings are not _affected, they

350 SR Y B o Ll AR Bt S b e et e

i hasowoteppidsgiandaesuraints pisk (tae p%gﬁilﬁilwhétfa §dHREE disorder lthdat is

seases are de eri oys,. one wou

eSO e BB B o oo

t Ctﬁﬂﬂﬁ;amti Dtk (@8 @ntymnegigggé afa ggh@ﬁtﬁsasssdr@mwevel?MQnt of the

there are several . o

RG34k B0 00030 25LIEN BLE BT it

tinkeyd the geneey theynwillmet, pdiidagh ioattome equally likely. Accordingly, if an
affected individual’s siblings are not affected, they do not carry the mutation and cannot
therefore pass it on to their own offspring.

As many of these autosomal dominant diseases are deleterious, one would expect that

over time they would disappear from the population due to natural selection. However,
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Vari abl e expressivity: the variable severity of a
genetic trait. Different individuals with 5 the sane

woreioati2z4onm wi | | devel op different degrees of theCT/DK2007/000204

di sorder due to difference in nvi ronnent and the

nodi fying effects of other geneS. Because of this, a
mutation that leads to a relatively mld formof the

di S i ndi vi du chance of

e S A Ao &, bl afR 2D s i afte offeese alieles
samghempeatation. i n anot her individual may | ead to such

a severe nanifestation that the affected individual is
unabl e 10 to propagate the nutation to the next

geVarizhta e)(pres'Ehjlts trenmanableakesyity of ¥ guedtlc tidite Diferbnt lhdﬂﬁﬂuals with

S G B PRI BRL e G o i erc

hasvaonmeastetnd tlae erodifylng effects af dtﬁﬂwhes neeyhhdalf %lﬁ&i/m utation that
h S netteiro.s rete
evbies BV BuTP Rt EReadi B ot it asiced onance o

ofbeiry sassed ko rand medintained ¢h theawpulation. &1' e Qzﬁﬁ@tnutatlon in another

PSHS OGRS s LBl bl BRI B s

t Haprdpegdte the mumtmp to mqomeeok gersaamm fotis éraongiaitds/very well the fact

gﬁ}% oc%?\'ggcggég% §8W§n%r°&5“bg%ﬁ“r re1% 0e e lgﬁng%‘gfégrg’perrg@l influences.

dwarfism are the result of new nutatlons Sone

S0k 3 BADRTR RS M e e v
mwianseshirgenefto tHeef offdpmgatﬁonenhé)h@/epdmuhﬂlhépﬁarﬂ?@ﬂ triuefn]gselves
articul arl rue._o

b -nal ., Th
20 O R T, A bbb e
i Mﬁanpwhﬂw&bbﬂh adaceaue gengtic tegtiagr tHiedieoler, raapraokbedhatodads to

h ld Db
SR et S B BT BeR Pa e honomena

vvhere a portion of |nd| viduals with a di sease-

SIS AR b EREE o RerdtS a plgicade of
mqlwarf Ison ape theaesuyit @‘enewl roptatiores. dBcde@segménits bthe genome are subject

PR YoRRAAEE R, o TS 08 o Slgmenge o e
dd§éa§émabeaQQWemmneyénmuxmupmen&w&némahhm deiesik partichiarly true of

di Transgeni c s carr

'd%@gsc'én‘s a’cﬁ%ﬁ%‘f ggg%tg' gelﬂfglte disease] “%%{BP@QE gl ata 3{0[1'1@% agg, before
arenveducting keegosisibley tesorly sodroe st thd isehse wbelﬂaieyim/ mutations.
associated with said dom nant di sease gene if the
gene when expressed in the animal actually leads to

t soswiate gerelraneeaphénondhahvnaas. poﬁroalrwmmamwmbsnsease-

2T R B Aol e S5trehe ) Gl Lo chpo Vo have a

t Higeasea-ggsosiatdcempiatiouactially develop dhadiseadd, it |samt:d')Mﬁletely penetrant.
pﬂ@f&%‘é@ 'ﬂ]ia{t 9@7 % gmétfén?f c?rﬁei(ll&mqéqtr\/&m/s %E{/Pwloge L carry the disease-

have been
rra%aoglaltﬁcbmutamnn ef/ertttmyfdewelob |tmae@is@g;g Theeegtrdamut! ei  of

fertilized eggs are mcroinjected in

Transgenic animals carrying a dominant disease gene which is expressed in the animal
makes it possible to study the phenotype associated with said dominant disease gene
if the gene when expressed in the animal actually leads to the same disease as in

humans. Transgenic animals have traditionally been used for the improvement of
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vitro with foreign, i.e., xenogeneic or allogeneic DNA
or hybrid DNA nol ecules. The 5 m croinjected

wo envitk472ed eggs can then be transferred to thECTYBRRG0GI000204

tract of a pseudopregnant female. Only a few exanpl es
of success with sperm nedi ated gene transfer nethods
nonkeys and nice have been reported (revi evved e.g.

lilg%glil? kﬁ%ﬁ(fgrotgﬁﬁﬂﬁ? sc% B'EDSHCt'Ofgl 06 |b|o‘?c§1&?§¥ Iapﬁ.l]\@ pharr@ag@tlcals.
arfdislbylcaMl trans(g%ﬁ&amméﬂb e\eve)mmroqucedﬁmoéif’@cc%@%ly b95

gg{,‘n@ﬂo nﬁgct\/\gl I‘;en@ 8@% % 49 onl ﬁpfggg?%}é' ﬁpl?%end\ée:egrgsl eﬂ'e microinjected in
c ofited witle foreigati.<. heanbgehel@(ﬁr aﬂwgmBNV\Sor%/bhdi DR molecules. The

syf f war r ant t ed ene
C R TEe tisa 25 B8 pen 3R T aiarh i e Benseloao S

t lrseadapregidndésnal&mi th (2004): Int. J. Med. Sci.;
1(2):76-91; notes that sperm nedi ated gene transfer
has not yet becone established as a reliable form of

ge@niy iacfewreddarhbleabf etudnoewlvalltﬂn aperm&@edlatfw@ehédra%fee Matifods in
r i ate e transfer te

el S TR ) E e e A oy ocickad Byt . N

t d\CadrrSd;lhdd% 0161pT7tld coangzaonamlecm emrﬁrgmicﬁ?oﬂ@ :3d5and by Wall
i-0S culture nmedia for

8%‘?#3 ge'g‘%g@ é59t ?éﬁ%@ met hods. JP 2000- 316420
is rel at ed to transgene pi gs obt ai ned by nmet hods
[ r on and not s ted ene
t?\\aég‘ls¥ @y%ﬁ (%JCB CE_A)E e(\fva dd)esac%mlr@ sgﬁ? ene
agkpreesiah., Welb (rbldaiMndﬂJdSeeaiTthd-hnW\tﬁ I‘emdéﬁcepks@ﬁll not sufﬂCIent to
c utiona onpar i
CORR L kTPl AT SOl g PRI SRS L OB BOR, o o

diteeart metfanglsi ng nmut ati ons in specific genes in hunmans
cannot be expected to yield a desired phenotype in the
pi g nodel . WO 2007/ 124751 PCT/ DK2007/ 000204 5 There

| Smithr(@eer)f bt. J. MedoBeid 142)i76ed1; motdsltisatfspernhumaaiiated gene transfer
di 4 nformation o

on2E OBt bleahe Bhab el Pl oflagt HaaetBimerticaipe apg tht
dp@rmg@d anttampl’amcmrmhse $peBurmedisted hehatramdférosttddrisve preliced

| heb@Re shbelieved that the phenotypic display of an

aut sona don1nant di sease i s caused by the

conti nuous expression of an inherited nutated gene.

' di S§ | oses_t hat
s 2800513t B ek I Rl irp Sl Bars i Beiatea
by a sufficiently high expression of t he nut at ed gene
| 02005055818 pertains to cell culture media for sperm-mediated gene transfer
methods.

JP 2000-316420 is related to transgene pigs obtained by methods involving micro-
injection and not sperm-mediated gene transfer. The pig may carry a gene causing an
autosomal, dominant disease.

However, as pigs constitute a distinct evolutionary clade in comparison with humans
the introduction of mutations known as disease causing mutations in specific genes in
humans cannot be expected to yield a desired phenotype in the pig model.
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10 manner. Thus, the present invention discloses that
the expression of a gene involved in the devel opnent

wo@Rooanz4osomal dom nant di seases prinmarily has POI/DE2007/000204

expressed in sufficiently high_amounts at a specific
time point during the devel opneft of the enbryo of a
non- human ani mal nodel. The fact that the expression
articu enes ssocj ated wi th autosonal
dcHiFTaIRe Bebe? o redTgnt masoloahlioas dsssen order to gain more
prlﬁfd)uﬂéﬂlcﬁfbf@l’ﬁe d8setQitodreBEHN B FBAtmiERER) ﬁné&’oft%‘?edltary diseases in
%l on of gene products to for exarrpl e enbryos or
ot aarget cells (seeding effect). In a first aspect
the present invention relates to non-hunman ani mal
for edi tary autosomal dom nant di sease,

rm%iel he{
wh V'BPWWHE"WSH Y88 nan ani mal nodel 20 expresses at

| gl nowe: HakeReh HRRe\RIINARS Fiibrtiyipit @é&blgy Bﬁér?gutbéérﬁal dominant
aec{ osomal dom ﬁaghes di sease obt ai ned ??ene iC

IS6ASP [SpRuUsed By the.eariiRue USREssion R ﬁn mnﬁgl dRuiggd gene.

nﬂ%ﬁevfeﬂ r’[h@-pl@%éﬁtdh‘tl@ﬂlﬁn @lét:l%@sﬂmlat s eRditye ofCHnSﬁﬁés%mal dominant
i mal nodel resses at | east

th
Sre%lﬁg %?%gg ?’EQ Sgﬂg%éﬂéi‘t% Wﬁeﬁs'gapgth@éﬁ@étqdwe in a transient
auﬁmmalf hudotiie pPedent invemin ddlcsed Btht e SRPEIBIoN Y g?e[n%qnvolved in

g nsfer. Athird ect of the present invention
e dpYReHTeeTS of Roreyma) dorBran ofversen R hek tsdmapressed in
dmurfmmntly diga@mncdaétaa q&dmbym maeltisg Hl ®IVBIoRATRh of the embryo
rein.the p }3 lipr esses at | east one
pﬁi Mawn‘aa@s%@vmad% e fag thaiiae edresTion alRastiafengenes
diaseasated Aith @utdsbrr@S@c@rﬁﬁwaﬁtede@bg% ﬂféhs%nlpg%? E:Hﬁ\g% fdr ¥e ;S”Yoductlon of

heredi tary aut 0oso nt di sease

SR A RETHS by o Hog of GCeh Breddgs fafos exabpleiambryos or
Cc otffeptarget clis (begm@gseffecdp WO 2007/ 124751

PCT/ DK2007/ 000204 6. A fifth aspect concerns a pig

nodel for a hereditary neurodegenerative autosonal

d dmraifirs A pestit ﬁﬁﬂﬁés@hﬁ@eﬁw l@ét@s BETBLHUM LA RMB] MBI for a
Infuther asgﬁ?ts of tion is dlsclosedapl(geI

aiipg R uSEBR timen] dFessh WBoish be Gemstmensnanakho
Dlexﬁmsalms eff&%dstt (o]s2) ph@d@mH t@clatétblwm%éﬁhlﬁ&b@ﬁd?? abi®somal dominant

nucl e unti ngton's chorea or
dﬂ?@ﬁ%%‘i%swﬁi&wé 0886‘?&? Hel§MBpant- genet i ¢ det er ni nant ,
wherein the pig nodel expresses at |east one phenotype
associated wth trophic Lateral Sclerosis

AT REPRTE asP %Ffsae@%ﬁﬁ“'ﬁaﬁ RiREbmodelpisa hereditzyy aulasemal dominant
r ellsaamj wheréfi tkremdmimjmﬂearﬁ&@erabsel dxbl%b%éﬂéas‘l oﬁB?ﬁSﬁotype
res e presen

RO RISE T S8Rl el Berial mdinenCispssctiiaing egperm-
noeiatecCgaredrargfdro

A third aspect of the present invention pertains to a pig model for a hereditary
autosomal dominant disease obtained by a genetic determinant, wherein the pig model

expresses at least one phenotype associated with said hereditary autosomal disease.

A fourth aspect relates to a pig model for a hereditary autosomal dominant disease

obtained by a genetic determinant, wherein said disease is a protein conformation
disease.
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the present invention, said nethod conprising the
steps of i) providing senmen froma nale, non-hunman

w@mpiomak475i i) providing at | east one genetic  PCT/DK2007/000204

det ermi nant capabl e of establi sgi ng said at |east one
phenotype associated with said “15 hereditary disease
when the at | east one geneti c determ nant is expressed

[ i de con ctln said
st deRD o aRS £ Rl TRbash BB ticendly Seliedienp i adtosomai
i \,qonﬁaimaritIdlseasuegolaalnedbytaegénemaefrﬁlﬁahte, non- hurran

aninmal wth the senmen and the genetic material, and

v) incubating said fertilised oocyte under conditions

al Ih Gwithey aspedds bithe inviestiuh isdizgloeed a pcbemehanorr él’hﬁ)tfo@hﬁ: lateral

Q\C/Ea& erg%h "hy qtg?éeggg%sepgﬁ'%%ﬁrﬁﬁﬁ??éﬁt 'E%?Seﬁrr @|§{erﬁjEtﬂtT””U°'e°t'de
ofRepeatse Hediingtoys dharease dysetiomhdlmld?,tzdobi@lﬁpﬂ b§ia nbf@determmant,
e S O g B3 e B b oo
ndwatdranSaieranis pdlkzheimiet’ § Daieabe&sarklm Phiseass; disebs&d related to
PRSI STRENEIS, i Blp 5 e BR eV Enpadiorlh Baterbacivey.
di scl osed. Yet other aspects concern a non-hunan sperm
e U S B oA oo
oitiee presentiinwanjion,diagbasthodivempesipg eesstebd 6f a non- human
RS B Ao Py G R L e oot
std@]@gmmangcaqabtwcpf@sta@hsmngwmd btisast RHEN6EbE assbciated with said
D Bk SABh 5 9GS SISl DA X S e i o
e}apmgga@dnalmn@eh(ur)cbu’lalaﬂngasaldmémeﬂnlaxlsd said @gla@la§Mn§79netlc )
ggg{e%wgﬁg lé)aﬂggglgiﬁﬁ]a We\?\rﬁ e&eag%lngnj-&ma&qqnﬁ with the semen
r and Ithesgematlp materist, sod \Ofncuhailrrgmaiﬂ fietilided emm&atﬁder céhditions
R e L M —
also relates to a conposition conprising a non-hunan
SPEREA, J BebOIR RSPt kS 30 RS A o
f b@redttawmsar@dme@ddtcamprmlng;EMepm@‘na PrPAdHSS 8@ rioR-human
e RSPRS00l AR, o b OG5
owglyablegg/t mm’rmma@mtlaal@dn@eﬂ&on emmmgean ﬁﬁ@d&ﬁgnrﬁatofl%(ﬂeast one
cRE R 59,2105 L RESKLCHIS SeRREe e 1
i ntroduci ng sai d non- human sper m ceI | into the oocyte

tgelgcﬁh% &)bl:t%% ﬁ%era]— gg‘oﬁr@%ﬁ Iple: %Egﬂp@%ﬁ?gg (’ﬁoﬁg genetic

determinant exertlng at least one dommant phenotype for at least one hereditary

disease when expressed in a non-human animal host organism, and a method for
producing the non-human sperm cell, said method comprising the steps of a. providing
a non-human sperm cell, b. providing at least one genetic determinant exerting a
dominant phenotype for a hereditary disease when expressed in a non-human animal
host organism, c. contacting said non-human sperm cell and said at least one genetic

determinant, wherein said contacting results in the uptake of the genetic determinant
into the non-human sperm cell.
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t he non- human spermcell or with the conposition as
defined herein. 15 Yet a further aspect relates to a

woredohozk7sor the cul tivati on and devel opnent of PETIBK2007/000204

enbryo as described herein, saig nmethod conprising the
step of cultivating said enbryb under conditions
allowing the enbryo to develop into a non-human ani nal
of fspring expressing said genetic determ nant and
exerting a dom nant phenotype for a 20 hereditary

di sease. In a final aspect IS disclosed a nmet hod for

S t he efchac ceu
ccq)\/ln§r§5| %}g prg%ﬁna Ir'|¥8lt’l '%OOWE%] cqrﬂ%o%ttogﬁ@nmnsgg a non-human
pr&pverrd icatyint dvenioationuwiiarat sxistiee %éﬁyﬂe ldetlﬁrmtr\glﬁ’lc X t Ieast one
e ani na el sai

eas énqé)hﬁgo% gqr iFéagt?o@repﬂeﬁ%dﬁt?ryaﬂﬁeaesfé’Y SrRyPEssRd | i a non-
ddwinresreinimphblenst pranfsor, sai d hereditary di sease, c.
adm ni stering to said non-human ani mal the
phar maceutical conposition the efficacy of which is
t dn fethev abpextethe iaventioh pertahdiats mgthbb%lﬁ‘faﬂlﬁﬁhg ahfoo@¥ by sperm-

of tical osition heno

oS B UBRERER el SR o ERE R isiY GR et Pes Euds g non-human

t Ispermoaelhomtha coogesitiorB8s et Iabe@Qnd)fntrEUl/Qbilﬁ@%l@50EJthan sperm
rcine SOD1 cDNA. WO 2007/ 124751

P&?%W%%Z@%&%m%e 2: Sequence of the nutated

porcine SOD1 cDNA. Fi g 3: Conparison of t he deduced

a or Ci ne SOD1 crofa), wth .

oS Y ERMEIE Bla @@ Sords platiectidor Bing a oocyte wih

ndhe/eqi-bursin spatecslisk with therdorapdsitichrisdefiael Refeirsi dues

that are conserved anobng the sequences. Dots indicate

that the residues are non-conservative anong the
sé{@tle ioter aapebt selates td anmthodofbcmb&ultweﬁdrﬁwﬁsdéﬂléldbhweaf §f the

R A G B Aok, SR8 midhGy RN e Rh e D atina saic
( enbwi wideh aend;hmfst@ldwmg theekbd/oita db@éldp int®a lﬁbg~huﬁhan animal
PR b BB R d R Be Mo Sk A e tonenotype for a

shewditany diseaseon node where helices are red, strands

are yellow, and |oops are blue. Grey areas represent

regi ons which have been nutated in humans wth ALS.

Thea final @ispesids disgoshdsd miethotdor sdréerm‘\geﬁhetdff&:aby of @phlarmaceutlcal

Lt
A T8 D TS Ve e S o
ﬁ@d@lrm‘ylnmprexsntﬁn‘gﬁntlén bSEkprebsing ar safbahic@nsibtelcaid g eshst one
t Qefiit YeferiiinG gﬁ@b)?erﬁﬁggsc'alé) YoMRane pheno? I\;{g;or said hereditary disease,

¢. administering to said non-human animal the pharmaceutical composition the efficacy
of which is to be evaluated, and d. evaluating the effect, if any, of the pharmaceutical

composition on the phenotype exerted by the genetic determinant when expressed in
the non-human model.

Description of Figures

Fig. 1: Sequence of porcine SOD1 cDNA.
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The fragnent constitutes approxi mately 2100 bp and
i ncludes a CW pronoter, en enhancer region, the

w@orciteygSSOD1L cDNA, and the SVPol yA (sim an vi PCEDKR007/000204

poly A) fragnment. Furthernore, ,the 5° - and 3' -prine
end of the DNA fragnment include 20 additional bases
derived fromthe phCW vector to protect crucial

O SR OSBRSS NE® Dhne 1. Puc 10

rrar ker, lane 2: piglet 4905, |lane 3: piglet 4906,

! qflﬁ Cﬂ@Bg lgdrbi}%ﬁ% H%d\%% a?mrrd)%cgdlg%%]%%ggﬁgpgrgﬁﬁ%q%} (S. scrofa),

49/mh huram(m samena)s nioNae (Mamescllus) and et (Bl\worvégaﬁs)ldstensks

AL ASLER A 0o P R34 het e i
| ithatghe aQS@dLmsare nor-corspavalive gmohg the ssvpgeces; ahd 86MRBlons indicate

Fi ' of, [ di ff tiss

Frisiod B SUELRELA0 D Bl S gt oo

ergptignizel thaaligyménty Eng amanoeacitt (A) winish Haarshiffed i nthrgdd in bold.

| ane 6: heart, left wventricle, lane 7: jaw nuscle,

| ane 8: top round | ane 9: shoul der nuscle, |ane 10:

di FipH¥: Reorestionafenutdtions ér 868N lanin thbmtélztrubmmoma@numan SOD1

I f 4: ce v1 cal__nedul

et The FROBKS a8l seroBEogs g ERelcSF arrees staare vellow

DIWSId locpseare biuen et areas oeqmseot regloana evhidh hgveBieleh\weutated in humans

c r 7 7/ 0002
comls, 758 BRI AR 0 BRI i B oy

arir B Pf he@esiduemi the protd arkdmpartirerfor doaet Rincticef df the enzyme.

shoul der nuscle, |lane 3: right Spinacea ol eracea, | ane

4:  nmuscul us gloteus, lane 5: nusculus pectoralis

it 6; SORHdingarisesttanstrucisiseeio draate tr'énsgehlcapbs dgMeaans of SMGT.

I e 9. |u

r ?gﬁtf gﬁﬁ?&%nstl u‘Féstar%ﬁ?t(S}&ﬁéﬂy?ﬁO'O% 'n?IFQ/%r 5W@owter en

hueﬁb@mrrrﬁmon lthznieoreie &Ota_mclaNAmdteg S\ARme\ (&nianivinus40 poly A)

Dmlﬁgqngﬁf;?urtljrérmd% NHe sDNG, é’a%?n% endncggl Eﬁ%\efcontﬂ?fr@}yde

tive co r ol
oRAEH@03h hases @QJ’ ived dienmsibe PhCld \}'es:tcfrrt@ prcbec crutdH Blearetht from being

49r9§caté_<§1ﬁ3llo dnsigipurified both by nmeans of a standard
purification procedure and the mniprep 10

purification procedure. Lane 1: marker, |ane 2: 4905,

SF@"@""F‘S@R%I %h&%f ﬁhsgér% Sﬁlﬁf 4.%%21:39;U§38%’1arker, lane 2: piglet

standard puriftication proced
nt#0plane gwglﬁ@@ﬁ: lene 4ppiglet#Ri7e Jankdh pidiet 40083 ane 6: piglet 4909,

MRk BT BRIRUGHH1ISM & Ogi%emﬂﬁd%hgg Jnﬁ'@%e&\% 4%%0 minus DNA, lane

st and ar% purificatio rocedur e

s arfwaaqumﬂtwoi eadilane ‘ri?r oositive eontriohdi tee tes@QRiglets (animal 4905 —
MhoH NFRR fAEr] t 4908

m ni gr ep purlztt%nl %gtqogﬁvﬂe%%gﬁdﬂlﬁ@}e t*aﬁ%@erﬁ%ﬂaq@e% nus

DNA, lane 11: minus DNA, |ane 12: negative control,

| pige7:IRcR @0RLdtior GFISNA from diRsHbAt 166U Bhimal 4906. Lane 1: PUC
19 marker, lane 2: empty, lane 3: liver, lane 4: lung, lane 5: kidney, lane 6: heart, left
ventricle, lane 7: jaw muscle, lane 8: top round, lane 9: shoulder muscle, lane 10:
diaphragma, lane 11: cerebellum, lane 12: hippocampus, lane 13: frontal cortex, lane
14: cervical medulla spinallis from 4909, lane 15: minus DNA, lane 16 minus DNA, lane
17 negative control, lane 18: positive control.
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Fi g. 10: PCR eval uation of transgenic offspring. Lane
1: DNA | adder, lane 2: pig 4905, |lane 3: piglet 4908,

WO 20e/1475pi g 4909, | ane 5: pig 4906, |ane 6: pPQUI/DERN;7/000204

lane 7: pig 20 4911, lane 8: pig 4910, lane 9: wld

type animal, |ane 10: ninus DNA and | ane 11:

positive control. Fig. 11: Southern blot. Lane 1-3:

genom ¢ DNA from boar 4905, 4908, and wt-pig digested
wiFidh BpEGR ¢valuadia oRONA fwelﬁﬁ@nbmue? ERMyimal s, Lane 1: PUC

49@3}1arﬂ8td lafe-2P\edt SHotiRIS Riisclé daié B’fth Sginbcé’élgle%% Hhne 4:
| ane 7-9: undi % ested genomi c from boar 4905, 4908,

L LB OIp P Bne s: mSRPHIUY PagiFRBAt MaiEdaT MO Musdle, fane 7:
d'd%ﬁéiﬁné/‘"léﬂe Edatt! left 3/e|5tr|§l@,ﬂbﬁ§)3; Iuh%/ peﬂﬁght%@&llane 1? kidney,
u

fragnent used in SMGT digested with Il Barn H
1are Foprasipne ﬁﬁghlpa@canmai kag d3gfonicertae | We t‘tmnus DNA, lane

eXaer BFUsTINA aXRd $6:indgHfd o aRE Iahe 17t pe¢iR% dintroBO
quantitative real-time RI-PCR A) Detection of porcine

endogenous SOD1, showing both SOD1 standard dil ution
'ﬁ’g% i@ae@Reé/aida@Hh bheNavsuriaéd femapehn 86k fdte bokht 4005y 4908. The
con

rols, showing no difference. B) Detection of

miNA EcPysiGes peig by mganseT AiEtakad perficgliproripgedure and the miniprep

I RFif&RiBh p?dHéHhrfe' Eéﬂé @r}néﬂ(elt %e@ﬁ@b@%taci@ald bUlirfREEH procedure
in various i ons. green curves shows

| &Rne %f499ﬁpqt@rfci%w@‘wa8?n Prﬁ?P%‘i“é’l apHt: 1973 81MBER er'f'%t'on

t YpScenEb, aefnfees:ugds bRiglpPep Surificsidh m;ﬁa@kszmwm &XP08SSthifdard
anal sis. Each WO 2007/ 124751 PCI/ DK2007/ 000204 10

BHpTiEatiRe Sross ARG 288 7 A998, isfndad rur '?Wé’“e@(ﬁ?eé’é%? dne 8: 4908,

?Wﬁh%ﬁé@p%@atﬁﬂrﬁr@ééﬂtﬁe Odhe SAYD erﬁlnfd'r hvirtation lodd@)e, lane 10:
i ver

en nedullasmalls
{ o PN e i it it S megapiecsoyp e b e 14
I (y@gmsébwmdor si (M L. dorsi), musculus
sem tendi nosus, left side (Msemt. 1.), nusculus

sem_tendl nosus, right side 5 (Msemt. r.), nusculus
Gr-'ﬁ@ ho: avm@saamétﬂfntofwaaege(rh& Sfespng | L.ahe 1AMINAMAEEH, ldBe 2: pig 4905,

m br an left side senp. .r. romthe t ,
o TSk SUIBHI08. Bro dEPEASONIRES Dl SR g §3Y. tane 7: pig
c gt n Obndeasig 4014, farmngt wiidPoe arfiil e sih @ DNAY 8l dlane 11:
were nornelized against the 18S ribosonal gene. 10

FiRgSIiY8Codfgh activity in serum from synpt omatic
anlnals (4905 and 4908) and a healthy control (4368).

14: est [ i 0 f muscl
i gophre bt LanodToms Do Sant S5 5 fpop. pgart-pi
C AigestdbwitBBI1 aage 447 jenohhie DNAHEH bohar 4905 490811éiﬂ|vﬂ-p|g digested

s PR BV hiBe ot Simdiosisd rBor g AEY bfer 4905, 4908, and
M 1Anedes: SO Ragherstluged /T SMAT difisstdcPwith Poenqwr@pnes) lane

v SR BN St NGB st TIPS BrBNg! Wi saples).

dorsi from t he four boars.
Fig. 12: Analysis of porcine WT SOD1 expression levels in various porcine tissues by
quantitative real-time RT-PCR. A) Detection of porcine endogenous SOD1, showing
both SOD1 standard dilution and samples from the two affected boars and wild type
controls, showing no difference. B) Detection of mutated porcine SOD1. Pink and
yellow curves represent amplification of the mutated SOD1 fragment in various
dilutions. Blue and green curves shows the lack of amplification of mutated SOD1 in
both wild type and affected boars. C) SOD1 endogenous expression analysis. Each
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20 Fig. 15: Photom crographs of imunohi stochem stry
sections fromcervical spinal cord show ng

waoredoonewssr on from A) the affected boar (4908) BEIIDER00a/000204

unaffected wild type control (1 47) stained with the

100- 115 anti-SOD1 peptide anti body. Fig. 16: The

porcine SNCA cDNA sequence. 25 Fig. 17: Alignnent of

t hey %g@ BARYUR! r nucl eins frgm
i 0 J@Hﬁ trﬁih@at@ ?Iﬁeeé{bA%%sgh %@%lsa\ﬁﬁs RS aém

ot her eci es.
i rﬁﬁ%%aorﬂ;he%l@drmdw@ndmg ispledn, medullarspinals (M esphredie) frontal

b

" SYERIFEOF PRHIRICRRS (PPO) NGRS IO EMAEAGE Fordl B L corsi)
arﬁ‘ﬁ‘ﬁ?“ﬁ@ﬁ&”‘ﬁ@@@'ﬂ%@ el sided(Mesentih 4 &r medcdnnsemitdraird8us, right side
SQRLENGES.), rﬁﬁ‘@cuﬁf?s@%lﬁgh&ﬁl I@ﬁgldﬁx@?i&éﬁoﬁgjd rﬁ‘r’?’cb'bdo

in the nu SNCA sequence
F.ngl%m?wﬁyleﬂ@&@dt\/l Se‘fmﬁ éq froomthe dve difeciéd poarsi(4@05 and 4908) and

altRb g Yypecd e| n teins. ,
The treg msﬁgrgh%%cg? Z%% ussﬁhgr? Pﬂé}%ﬁ% Qr?elgﬁqﬁglf”éﬂ hormalized
mAOABAL e 185 rie@TalgenBgal i gn (DNASTAR Inc., Madison,
W) based on anino acid sinilarities of WD 2007/ 124751

/ DK2007/ 000204 11 the full sequences. The |ength

of 1% dShSPE activity ipsarshBemreymptareaticsanials ¢4 905aeR4908) and a

bﬁbg\mg,rbcﬁ]qg BES pairs, while the units at the bottom
of the treep(lqnd?)cat e the number of substitution

events. The foll ow ng abbreviations for species

AFTRIY Wﬁve%ﬁé‘atié%t%ﬁ muakie 'ﬁBe?@' h@e 5 dfenhdy tga%ﬁ%@gﬁ a0d 2gp8) and

sapi ens
tlﬂﬁ%lmyd’&”dﬁ&?@/@@ﬂt%(,37@ aad %T)l Uise guinbersof tyfle EFmdenofiess in each

| aRIstIR-cluBRE wWAECRBRIAN H'ngﬁﬂ{]sc'loﬂ IS% iRfis Péfe%%etﬁe yr%@%f@i

f or constructl on of th ogehe ree are:
( U526 788N In pacinetuste r\ﬁvrtrmeerm arearsmAn the histograms. The

St IS A B P o o

baasy porC|ne SNCA cDNA sequence. The
substltuted nucl eotide is shown as a bold underlined
E ?% .. 20: SNCA- phCWI li nearized construct used
t '9¢ ﬁ@tqm'ﬁf@wﬁ@f g enalysteghanistrylsectionSkem cefitoal spinal cord

hofd?ﬁélirbﬁ %I%SA JARP LAZERD 994

| ncI uE& rmt er, en enﬁg Xéer ?“é‘gu 3%ﬂq{nﬁgeded wild type
R 47 A%térﬂ)ed b*tbthéh%éo%ma@tbmmmtldaennwyo| yA

(siman virus 40 poly(A) fragnent. Furthernore, the

5F fﬁn% 3 - _rgeréi me end of the DNA fragnent include

A8 19° JhgIPoFiR SNEAGDNAISequUsAte-ne phCW vector to

protect crucial elenent from being truncated

Q o}M n,g SMGT. _ _

Ig. 17 Alignment of the porcine a-synuclein protein with a-synucleins from other
species. Human mutants: A30P, E46K and A53T are indicated by bold and underlined
letters. Differences between the human and the porcine sequences are indicated by old
blue letters. Asterisks indicate amino acid residues that are conserved among the

sequences. The amino acid Ala30 substituted by a Pro in the mutated SNCA sequence
is marked by an arrow.

Fig. 18: Phylogenetic tree (unrooted) of porcine alpha-synuclein, and other alpha-
synuclein proteins. The tree was constructed using the using the clustal method of
DNASTAR Megalign (DNASTAR Inc., Madison, WI) based on amino acid similarities of
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20 Fig. 21: PCR evaluation of transgenic offspring.
Lane 1: piglet 4363, lane 2: piglet 4364, |ane 3:

wWEr@ae474865, | ane 4: piglet 4366, |ane 5: pi gPEI/DKIG7/000204

| ane 6: piglet 4368, I|ane 7: p11gl et 4369, |ane 8:
piglet 4370, lane 9: piglet 4371, lanes 10 and 11:
positive control, lanes 12 and 13: mnus DNA | ane

t f ted 25 piglet.
e OB 0 el b SaRo b e bfanc
r ezpdvelmgedueacd pairss gaiié the drﬂtagil'rﬂ'tetbottEn”gofltllﬂe?tr?é’(ﬁalcgte the number
cell.s from boar

SRS ey PR o b RaB, B Bead o s
stalortawith: Bsr# Sus atrofen Her-oberdo sepiehs Bt =180Mri80Mm = Mus

| ane 4363, l.ane ane, 4: 4365, | ane
Cohlihus: RRE Raniiatvedi 3061 7 G2l agh ) %1 5 roRas gels.
| affes Mcced§30 nLimbersld thelStLientssnesed Tor qunsinsctiohldf tHeatggenetic

o TP SRNGRIR 4R Pshn BBt 358, oo

Ni (b$4_0AMES 4044l ); MImGNGIA (ARMA6 T yRNSNBAINM 9191897 GgSNCA

IR 2R 2o BNEAlRRRPD) o ocence of oyt opl asmat ¢

vacuol es and shrlnklng of cells. Lemy bodi es are not

vigl bl ni.n

{HT TS 780 S oSl 10 oA ShquEice, g SYPUGURT nficreotice s
43H8wWn arSIeQOgndeerchletherken and wi th nunerous | acunae.

Fig. 25: TH staining of thin-layer sections from

substantia nigra of boar # 4363 (A) and a mnipig

c a1id-r28F S(MEYA-PITH Vi linesized Conlipehiisast tgicoeate Irassganie pigs by means

I QR GRRSIT |

R The et Dol ko AR 2R i hbBedl omy
paienaler, gn gphapeer reFing the aiutated (AFOR) moroinea§ HCATERNA, @nd the
fraPpOEiRBh VAU 4E 'b@h/g{) frggﬂfen# F?'Jﬁﬁg’rmorkl%g %Sea%é‘B prime end of

staining I's seen In
adhe BB\ Teagmgnd inciusleddiiena! biagels dmwedérom thahG}\éV vector to protect

[ SR,
arég%/nucl elégﬂggﬂ%é;ﬁ%‘ﬁ%%&é%&% S?ayer sectl ons from

substantia nigra of boar # 4363 20 Fig. 28: Miltiple
AFig1013p LRk SARKABS 8 RAsIBAE BireHno BN ot . P8t A3839RRED! pigiet

perforned usin ces are

3613611 daneeprigiat 6365, 47 piglat 436§, melﬁfmqt)él%mohne 6: piglet 4368,
S@d?ieef‘indlé\ﬂ'\ﬂ%@olggéh plgl‘éfiﬂ'ﬂ‘bs s g gi’eg 46N IQrQé}gﬂﬁnd 11: positive

Ast eri sk é% I ndi cat és am no acl onserve
t feniEganes &4 andp3veinup ONde tpneride Unfa@ﬂs@rmdtogn'awleAlby\e tested

( blglets dhriAbEAb 634 PO FrbhiARe ﬁﬁer%‘?‘é E@%ﬁ% @g&o@ﬁeﬁéﬂansgemc

nmutations 25 identified in human
pd3P¥EBh of human ni ssense SNPs are i ndicated

Fig. 22: PCR evaluation of DNA purified from sperm cells from boars 4363-4371. The
DNA is purified both by means of a standard purification procedure. Lane 1: DNA
marker, lane 2: 4363, lane 3: 4364, lane 4: 4365, lane 5; 4366, lane 6: 4367, lane 7:
4368, lane 8: 4369, lane 9: 4370 lane 10: 4371, lane 11: minus DNA, lanes 12 and 13:
negative control, lane 14: positive control.
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above the sequence alignnments with the alternative
amno acids in bold. Fig. 29: Miltiple am no acid

waegaamosl al i gnment of PSEN2. The al i gnment waBCT/DK2007/000204

performed using Custal W The sequences are Sus
scrofa (D@53415), Bos Taurus (NM 174440), Hono
sapi ens (NM 000447), and Mius nusculus (NM 011183).

DS K a8 A SRR, ARSIl s

| NNewaneih dubstaptic fnigrambrufrwpablmgem of dﬁmﬂ&alc vacuoles and
{,at { . 1
kSRR P AT A B P R RSB apove

the sequence alignnments with the alternative am no

acik.d in l.d. .35 007/1 4751 PCT/ 7/.000

718 3 g o W 6 e e keRis o pspiebs of boar # 4363
exie@sss ame dhewrdden and withenutlerabsdpeurgeepi g brai n by
quantitative real-time RT-PCR Quantitative results

are presented as normalized nmean ( SD). For
quiEigt 25 iTtkdtaioimganf thistaaer sddtiond framaupstastisssigrawttoear #4363 (A) and

e Ao 8P T8F R RurRRE R FRER R Sef froPdtsb B es.

Trﬁemalpmgmpaumlrwr@b yelissandaree upapiifappezdnore reagiphes ufidroghed (lower

f;ﬂhggg cortex, cerebellum hippocanpus, basal
ngl'ra, and brain stemderived from enbryonic days
60, 80, 100, and 115 (E60, E80, E100, and E115). Fig.

3 I iLcal | ysi f PSENL.and PSEN2
o TR QLR ey Rl ool R P RE S BErL S topn 4363
sdoteme@§FWBr$talnm|gums¢érsmcbhﬂ1mHt®wepBalam Méumérous Bk tesrare

S resh R 61 i DBl ol Bl el O i ng

patterns in hlppocanpus (Ao cortex (B), and
oni ¢ day El 00.,
e B S R DB ey b ool Bl Bl SloStante tigra of boar #
re4@68sent ati ve for each of the three regions are
shown in the right part of each panel. 15 Fig. 32:
Sequence al i gnnent of non-coding TNRs from hunman, pig,
arfdg. rﬁsuMmltnpl%oammb@cid"sﬁqaenceeaigan@amﬂFP%NpsrtheCaﬁgﬁment was

of oS fife G vl Tt ahPanbeare SPR st i Bl BSE Taurs
oqblivr t747@ 1) ity salﬁenS'RMRBOG)(K)ZSNW Musohasdunat NMJU@SQ43) Asterisk
r c a
ot B BEFR.RidSteRoeEd sl st SukBR %sve i sauence
Ecalighments @R B{I g’SSHGIMG(ﬁtHerOBgIOﬂ f)lfemizgg:earﬁs msen@mmtlbrﬁb
ack: r e iden .
¢ BEHRedn SRR atpe RSN o bl iesing ShBaae indicated

s etpoen the segtiensaligrineatstaith the aattemmaiNEBiminbracidsndlbeldt es
the nunber of repeats present mninmal in disease
causi ng human alleles. 25 Fig. 33: Sequence alignnent

ofFigp @9y Mgltiptesarhine aeidcseduagceTaNBamient ¢fi RBENIRI ke, alignment was
performed using Clustal W. The sequences are Sus scrofa (DQ853415), Bos Taurus
(NM 174440), Homo sapiens (NM 000447), and Mus musculus (NM 011183). Asterisk

(*) indicates conserved amino acids among the sequences. Above the sequence

alignments are by (+) indicated the position of pathogenic missense mutations
identified in human PSEN2. Also the position of a human missense SNP is indicated

above the sequence alignments with the alternative amino acid in bold.
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chi npanzee (chinp), dog, opossum rat, and nouse. For
t he human sequences the nost common alleles are shown

woRao/ 124781 vari abl e nunber of TNRs i ndi cated. TheT/DE2G07/000204

conmon nunber of TNRs are sho jn brackets. Note that
human and chi npanzee alleles are highly polynorphic
and only one representatlve sequence is shown. For the

ORISR RS S0P SSER BbIELER et IR ayponing i
eabfﬁ'naim qua@htatye iegi-tme &T-PAR. Quahtﬁatwfreghltstaampmntebl as

or o AR pin (4056} el ech SRRl R ap pep meterets anc
Wi mﬁthogeﬁecﬁ'phalfaqhﬁamm@ms tun lmth irbthped iolgbictlcaridntagee technical
mﬁg'fdaq‘%gtﬁgé F?%g%%or?g@ﬂﬁ%\jvag %@Med Oonas'e[gréoéeeaﬁ%rp ?rgntal cortex,

c orarekaiymd hingocpsnris basabgaagia/ AxuEin M/meﬂﬂbmmgomc days
o R e B, B B 8 i mml
di sease causing human alleles. Fig. 34: COL1 QAL
LL@%?%%QIU@%BEWIC#%%Q%Q of Egﬁi\ﬁ a{n&?ﬁ?@ﬁ@ Qprgss%n inYembryonic
apptaaareine biairge Berim pecatwas neod thesndbiisteahen®tal ptainee for PSEN1 or

p'lf@éfxlz’ sﬁ%%cl%:cglgﬁg%%gd @%\ﬁﬁé’tﬂ%uﬁr ﬁe&@{}g%&%ﬁ&%@ PSEN1 and
( %Stﬁwrlgspal'@"ﬁdh)h%pocﬂngus (39; caBeart), @sd (cérelB@RJm (C) are shown
aqg,l ﬁ;ﬁ}?%lg QES/ E@@O bﬂé}r FHE#]HBE?@?@[H _)n?ls EP'Q%@ RS egﬁeesgntatlve for
2 efsh chtnedhiee rwi@nswepﬁhgvvatnrstrbcrmt part aheschp&nab: no
DNA added, | ane 16; negative control (wild type pig),
| ane 17; positive control. Fig. 36: Southern Bl ot
arad-y32; Sequense alignreeit of nowcgdiny ENIRgdrmanhemaN/pid, rammnnd&ee For the
aﬂwﬁﬁ%ﬁ%@qué&e@ % m%%n%n n%gjlenglegdéllgﬁﬁta?gslgo%}f n]éh i N\ariable
fromw pi | ane ?

gEHBYREEC $ ingipated: lé\lﬂ%édbrpt@ts thermeost cBglrndnl ocandinBamber of

grré\mgssgs gﬁ@\gn 9\?619 ’t'ﬂa"? hijrqélﬁ atwé gtH 'rr‘ﬁg'apgeegﬁﬁi&{ ars! Jighly pelymorphic and
d@Qh/é@e(rﬁarﬁéentqtlwquncq Iarséovsn dred tmeaporsheweamces thesdllele

b#agSerdied 18 sHb\ﬁﬁ ﬁ?‘tﬁgd@é?é” furﬂb‘i’r‘ﬁé%g E‘fé\%@t&%g Rn' r%g%"aled N.P.

is integrated into the genome

cihdigtes Bainr e%eseﬁndlng qamwwegmmnet was sumctaMarrem NCBI. En
1nh?catésetﬁé%§%5§'oﬁrgﬁe%é?ﬁ%%ﬁfjmﬁ %@8@5%3_&%&% :gmaq%ealleles

12-16 represent a w | ype pig ane
I ane 2; musculus triceps brachii (left), lane 3;
”Fﬁg: GB@edd’eh@@QFbrWé?‘ﬁ Bf bOIY grultzg\t_}r}he 'enlzc?cpr?g f'NRnggBIX} hdrjﬁgn
ney, | ane 6; ane
| SWE‘F’Q“Z%(CHWM% Opewgmwatu@ncumpgfse Hoatre HBpan sequences the
MHREHEIHEMSER Hllé]@é’@rreaéﬁ%%%ﬁ' tﬁf; (/Qmaﬂiéaﬁt?rp E'J%r H’?\ﬁfst mdlc%tgg ©The most

12; liver, lane_ 13; spleen, [ane
| mmop&wgpbfgof 'H\élge gre sheme in prackets. Note that human and chimpanzee

alleles are highly polymorphic and only one representative sequence is shown. For the

porcine sequences the different alleles are shown and the number in brackets indicates

the frequency of each allele. Q indicates the number of glutamines, H the number of
histidines, and P the number of prolines. For the Huntingtin gene additional alleles with
potential to encode 14 or 15 poly-glutamines were identified in a larger Yorkshire and
Landrace sample cohort (see table 1). N.P. indicates that a corresponding genomic
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18; - DNA, lane 19; positive control, |ane 20; DNA
| adder. Fig. 38: Histopathol ogical investigation of

wor®7nt47she affected forelegs. A) Distal 30 hupe€r/mak2007/000204

physis. An area of hypertropihic, non-ossified

chondrocytes of the growth plaflé is retained within

t he et aphysi c area. Safranin 0, obj. x 1. B) Distal

hurrer al (%SI s. At the mar(gi ns of the t%r owt h pl ates

nGRAG ROt Was myirGtatie FamdNERb Failisaies sﬁwmber of repeats present

| Q%A Bruiso4R8 c@uﬁﬁ?ﬂum@ﬁ]allelés 2. Q

Articul ar-epi physial junction fromthe el bow joint.

Wthin the retained cartilage cavitations with

C@(}%%ﬁt 8oRhohl Pr’iédﬁs@& @orﬂfcr@%ﬁurged tblErea®iransge M pigs by means of

2007/ 124751 PCT/ DK20 000204 15 10. D

AﬁMQEJ'Eh&féﬁ‘ﬂ'mﬂi§Pa$t'tlj't9$1é?@@ﬁ”ﬁ%@%b%ﬁ%wc]ugﬁﬁﬁ and 3’ prime
iy fddorafigtmita EMOTRSISter San dHHRRBE  re¥ioh 'th8 pbftthe SOD1

chondr oid tissue of the articul ar-epiphysral junction.
HEDNSbjand thegYPolpg (simasige SOMBlon of the invention
5 Definitions For purposes of the present invention,

the following terns are defined below. The term
+ &35 EXamplss o PoRranplipes. ¢GR Wap @eagrmdeorte@nonaﬁ BNA extracted

| R dRSe bddnPEke 1 POE RS DRA Ladeee 1&%&% Qgindicaterth&8L Yiglets born,
and secondary permatocytes, sperma

dildresr ¥nts: mw\féd%dp&n@aﬁ aegatwe&ﬁatr%w%@ﬁ@@ Igpg17; positive

SRGKiyEt 0zoa. The term "oocyte" is used to refer to a
femal e ganete cell, and includes primary oocytes,
secondary oocytes, and mature, unfertilized ovum 15

| Fig PR SEaHem Blbfeaﬂawsm tsﬁ@nysg/ Il igeksefigdribnsle BBIA fasi @he affected
fer |I|zed oocyte after | antation in th
urhig.lans %l digestad gedpmig Sﬁétfwoahw};\egmiﬁneﬁ 59'6{5@14' Bam Hi
b@g{l—:‘%ﬁeﬁ FenohfIE DM frohe 6fESEMPBigt RNk B Byl dlefndBdnh PINdigBsted genomic
er

f /lélﬂlféfvlgtoqcig %ﬁrégses()f L ﬁ%’niy%gﬁfé%ﬁ@eqr@&é %Emgeé degree (lane

aplpéﬁd?@)t i2RB Vhdol $havsSIdRidPaPEEHREE in B disddsb@Bo®f sHdng that the
termenbryo, which includes the pre-enbryo phase It

tﬁ@@swee'ﬁ%ﬁgfé@égtodh? 9% -opnent al stages fromthe
fertilization of the oocyte through norula,
bl ast ocyst stages hatching and inplantatjon

i Sigpidr Brrlyeis OF COLIBALRYRIGFSIME o O%wsgledlsawesoﬁ%n%¥11

NRESreSEHtS $hel &Is@éﬁe@ 'Tl‘éh nicGPHiG raﬁbl'lhﬁ%m D¥6 eepresent a wild type pig. Lane
gelatlne | i ke shell, e acel | ul ngtrlx known as

zon&Nfelerdes (pas ZTH@'S%H%W&@W @t 'Pf‘%?’n%’“éc%%ﬁﬂe?gﬁ brachii

of(néhtmédeomavugt idnetRIdRER 3R d1akiphRBe 7amdbr] Ian@SQIQﬂ@ Iane 9;
| andmar k enbryo Ois

WHBHSCH IS %qﬁwssd%r'ewe i 253“ ?Lfsu%emﬂ’??egﬁgr ﬂor?f'%@?fﬁﬁe 11 heart,
Oflarfe $DGIVER, Rl 13( §@eémr@zmk;dn$inearﬁ@w tliidg, 5@ 180 BF4E lane 17-
gk B et oS ol e 3 B ot St al

mej or organs have been formed) it is called a foetus.

e Ll S 2 DA S e B Ao 00 L et
denmiPRIPRYEis. An area of hypertropihic, non-ossified chondrocytes of the growth plate
is retained within the metaphysic area. Safranin O, obj. x 1. B) Distal humeral physis.

At the margins of the growth plates non-ossified, hypertrophic chondrocytes are
localized. Van Gieson, obj. x 2. C) Articular-epiphysial junction from the elbow joint.
Within the retained cartilage cavitations with contents of fibrin are present. HE, obj. x



10

15

20

25

30

30 bl astonere nunbers increase geonetrically
(1-2-4-8-16- etc.). Synchronous cell division is

w@eoenz47fy mai ntai ned to the 16-cell stage in BOODKR®7/000204

After that, cell division becomes asynchronous and
finally individual cells possess their own cell cycle.
At about the 32-cell stage (norula stage), enbryos

untieiDy @\rtmlm&!fatdh%‘ial j@fctioRtiRh ﬁl@lél Wg@g% %@54%% Jacen? Bbrosis is

adhesi are expressed
P@F?ﬁ(‘g%g'ﬁgé 2'@‘2!1 raig tigguehl dnggitigular-eripthysiatjunction. ¢18, ©bj. x 20.
used in the follow ng to denote each of the stages

t|JI| d ooc te zygote 2-cell, 4-cell, 8-cell,
125%@” SRTIRtON ofi the dpyapdion expanded bl ast ocyst and
ha:veflhmdnbl ast ocyst as well as all st ages in between
( gﬂ 3 -ceI or 5- cell). 5 The term "non-human
aﬁ:io anogeﬂ%o Hae gressnt 'HM?ﬁi'ﬁnpthP fellowingetetms arerdediped below.

m)nkey, and a farmani mal, such as an ani mal sel ected
Tg'f’ the,(,#rou,p consi stin of cattle, sw ne; sheep;
demMh SPER’ is Hsed Hbfﬁlﬁeégea mede gameiegiell and resluttes; \mthmnnllmltatlon,
ampmat@@mla @Jn@war)bﬁ?]cﬁsé&Wdar? p@%étocﬁe%’ sﬁgﬂﬂ%t%sb&iﬁ% {jﬁ{'”g

horn sheep, a eer
el® E 'g'}:?t'aﬁ Nc, BRETAIRYGS, @aéépe@qmoen y the non-human
ani rral can be a rodent, such as a nouse or rat. The
term " nan- n ani mal nodel" refers to any non-human
aﬁf]ﬁ‘éﬁm\ ﬁ%)#ggﬁ USRe (bieferipaderpaleigamstmpeli, ebd geheles primary
debeytes, Bacﬂrsiarﬁds&yr&nahwﬁﬁmrélfur@rhnz%e'HQ/DI'nS' ng genetic
15 determ nants may for exanple be the result of
i ntroduction of the genetic detern nant by

s pemnmmmheaﬁl@éitegﬁ ﬁ@mbfy@” f&f Rk td’@éﬁ?c\‘@% a f&rtﬁﬁzegiecfb%g/{e after

ant .na i ntroduced for exa
| nj pZ%r{q%tb e r‘i’?eoM‘@&ﬁ L§1tlb§ weplssseftar feréikzation at Whleh B@gmlt becomes a
hust Accattding tarihieddfinitid V!
et s S5 Ly

o?”pgag‘ ftion?c}reg '@oPO\é’(ﬁH‘?r ofhreuahngl thisingtant aBPI@éU@I wea\nll psEr 4 broader
t tefindioh of trat tero efrdiyd, MBichi SR thé F%ﬁn@{yo;ﬂﬂége_ It thus
fgr%toﬁ{ gs of {){een@t ﬁPe%HOf aut osomal  dom nant
herediPParsy i vgiopttenig) siages fﬁo@dh%feéﬁ*iﬁ@mﬂﬁﬁheoodme through
tremmia blasatcyst st@bia‘s&faﬂﬂff@ﬁnd lhl%léh%fanh,@ﬁ @ r oois ragén%&l ately
I ngt raon ded ar doubl e- st rande
g‘% &MY Gy COPRASEEICL 0B’ PMOtEFAE K@@ﬂgma@ surmumdau by a
g}ﬁiaimefhke Bhelr ¢isd acellbir ARtrixd@RehiE tﬁ@E@ﬁe{‘bcﬂ@Euﬁa %C?O%%Spellumda
I d
ThePohE n el o REEhETe o Pe@mmrigRlbnes. aad éx argephbndsark for

alnswyusealudtionr ah embirg i f@riﬁe@ﬂvﬂTe‘htér%&%fe i9 erﬁl%‘a'bg fu3|on or
RNA ex&)lr esSed from a

b
@E@%tg' er g;stoe%lﬁ%@ Fspeage]t@;qa() Thedetliser gaeye is ﬁﬁ@ﬁlm“y called an
renttirgd for tte fitst Svveelks. After mat (i, er st @idnk WebRUAH lRed Qlfamajor

g)‘?ma% bteen formed) it is called a foetus. However the distinction between

embryo and foetus is not generally well defined. During embryonic development,
blastomere numbers increase geometrically (1-2-4-8-16- etc.). Synchronous cell
division is generally maintained to the 16-cell stage in embryos. After that, cell division
becomes asynchronous and finally individual cells possess their own cell cycle. At

about the 32-cell stage (morula stage), embryos undergo compaction, as inter-cell
adhesion occur when adhesion proteins are expressed.
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30 target cell. "Cenetic determ nants” al so include
nucl eic acids which are ordinarily found wthin the

w@enwonst76f the target cell, but is in a form wiiTNK2007/000204

allows for the expression of pypteins which are not
ordinarily expressed in the target cells in
appreci abl e anounts. Alternatively, "genetic

b GrPPgD oB8 P HEPEPA Lrae s Blna Basepte 8ebithe Siages
S sed herar D Lo oter Lo g brot Shnor parl i her ar o
or DI35{83gt g raicte Bk st 25 wE B S0 fufvenn (4. 3cel or -

I nt@nest, wherein the gene or pol ynucl eotide encoding

said protein or RNA is not present in the target cell.

Thr oughout the description and clains either the three

| eThetersodten-bumaheaning” ¢t heea nowtiaman fpimatetely. dn apd oraa monkey;

2 pBEY AT FAL SUg A AR S78a0 PREE BESLRrAeAG I ¢f catle,

I NsWinessheap; fams; tHoesasatind abnkey$.oXoaprdirfgly, B eor&hdipah animal can

Chae- PRE Bt PULe PSP il 50 eGPt LTIERP ot Py Adnule. a deer,

acadelkot ldmd, @nthanlpavansintilari treeatpremararofnimak esh be a rodent, such
ms and D forns. 10 Where nothing is specified it

for
i s3% 8 "BASERGEH st ood that the C-terminal amino acid of
a peptide for use according to the invention exists

o o b e SRR 5 LB Db rmg oo o
of mareeqlisicdenplies gasetic detarovrdinteg The nbhdéumavneniimalrcomgyising genetic
be .the am dat edf pleri v

tiyv which.is indicated as .. .
° R B AT R o i b B MBI B RE Bl agterminant
anbyeperai-thedibteal gemkeytEepier.ddovesvepthes genadic deteeminant may also be
an no-,gr o t hi .al.so.he specified as."H'. A
ot Beetaide BRYdkuas IS RIS S Sredle
according to the invention can also conprise one or
unnat.ur amn ids. 2

i i St BPR SrerR ot B (R s ol g

anthmecﬂcﬁaispripthgvmod_mitsw, paartsethgr@né@rmtéorettansjamgvmbdmﬂs or part

TR PR AT 5m S e 351 B LA b Burosoma

nodemastheraditarg dasases. Thes, th sarhs embodiments. tHizGtefn "denetic

7 oo g 18 dsBonel R e oS AP e Ror S sfondto

ba%iatynuEleotife Mblchyldi opinableic,acel’ comprigifg a structural gene of interest. The
“genetic determinant” encodes a protein not ordinarily made in appreciable amounts in
the target cells.
The term genetic determinant is also used to refer to a single-stranded or double
stranded ribonucleic acid, RNA expressed from a gene of interest. Thus, “genetic
determinants” include nucleic acids which are not ordinarily found in the genome of the
target cell. “Genetic determinants” also include nucleic acids which are ordinarily found
within the genome of the target cell, but is in a form which allows for the expression of
proteins which are not ordinarily expressed in the target cells in appreciable amounts.
Alternatively, “genetic determinants” may encode a variant or mutant form of a
naturally-occurring protein.
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L, I, V, M (hydrophobic) 30 C (cross-link formng) In
one enbodi nent the genetic determnant is in the form

w@boomiize76RNAs (m RNA) that are singl e- st randeplCRBIK2007/000204

nol ecul es of about 21-23 nucle H des in length. m RNAs
are typically encoded by genes 'that are transcribed
fromDNA but not translated into 35 protein

éWﬁ%@%{@%&?%ﬁ@%ﬁE@ﬁls&,@se%@eﬁe@%%g? oa pro¥e|n or part thereof or
PCT RH200EC018 @2 Part tHBeaff argenmofwlerést, whereln thé @ené 6pp

o G g S EL T el L ne L st
C oTfpbagret &fe_\/dets@rlptim 2 dhaime eithertse ﬂgeeé leli{cht:odBNShe one letter code
the ta

t cell
B ol Batea Ty e Loyl HEE tag o B o penbR Genararied tis o
t obé bredesitobd édht fheraino abidrin questiphéias tHehrsatgtenEfdrm cf. Pure & Appl.

det.er mpan r Qi cts of ai ns

o ST IRl D PR O SRR B <Binati PehcpR Brmed may
prl%emﬂstntuhademftarmno aGdb st temt Dyforns,air @ detasmcel of hsided L forms and D
in 1{(?roduced into a target cell of the present

éRti on. The target cell may be a spermcell, an
oocyte, a ferti lized oocyte, an enbryo, which 10

[ udes re- Yo, phase, e
o TP i SRR T T B ERTTRT Bt isimie pipo acd ofa
oqm@mlde fdrrnxsagiacor'dmgltathdlhmnon yex"stsﬁsﬁge&eb ahdoky ] this may

derived fr. tissu
or e hEE Shodibe e Rltrrettn o EemiBRlafang 07 o neSBith for use
pramerdlng ﬁm\itbmnventldrfmay be et amidblediderigdgtivegdwhich &nindlhted as “-NH,”.
R B3 e RPSoE OB o5 55 L boBse compries
| rfrm:ammnn;grou,ts this may-aeheasedificd ansHer or sim | ar
nmet hods known to the skilled person. The genetic

determinant may in the formof RNA or protein be
i nA peplideg iagment, htveologae getarizat for ige Few@rdingtonthe -ifvgftidn can also

an&d@dsg%%lor gverglg}nsgmlanglgoméggnt di seases, such as

neur egenera rve eases Tribed el sewhere
hereln for exanple proteln 20 conformation disorders.

d t i . .
SRR RO bR B0 AL AL R0 @ i i
emowshelltgv are bmmc_ler%eonqehaﬂ? yipeocessbsubatietiond. tSubstitutions
Al P L Nson ase, . .
AT 8 e R SRS Bl kLT ols B R Riroramnrine amine
rematm@stl@rtmms arly, in one particular enbodinent a
t | t

PHeS e T BeBd e BRRRI) < Chondr opl asi a. The
geRd,i i, Rid, ér(ﬂwdmphlhmldlamlpa)tl cul ar enbodi nents be
i r]_q!rlgq%ln@gg otb?ﬂlhﬁp:?efs medi ated gene transfer to produce
apid el

or autosomal dom nant di seases, such as
ndunoéJerermiobiccadimaéases as descri bed el sewhere

hq_r’ ‘F,i\ﬂ’M Elﬂfdrfﬁﬁ%gﬂ e protein

C (cross-link forming)

In one embodiment the genetic determinant is in the form of microRNAs (miRNA) that
are single-stranded RNA molecules of about 21-23 nucleotides in length. miRNAs are
typically encoded by genes that are transcribed from DNA but not translated into

protein (non-coding RNA); instead they are processed from primary transcripts known
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30 conformation disorders. In preferred enbodi nents
the genetic determnant is introduced by sperm

wore@7az4el gene transfer to produce a pi g nodel PCT/DK2007/000204

expressing at |east one phenotype associated wth
ALS, Al zheinmer's disease, Parkifison's disease, _
Huntington's chorea, diseases related to trinucleotide

o 8 RsRURRdb St demoaR BB gold MR A et function
p heiRNA.JdatuRbmiRiéa mo%o?(é(s)\dré Earﬁ%l&p&umﬁrd_rh érﬁéthttéﬁﬁ t@-on¥ar more
DK20Q7/ 0 e genetjc

SR TSP 0 o s o o
neietlodurtediieto al tatgeg tell dariynhethbd en?am e akilléd persah &3 example
L e S S R T TN
exguobssaulinansan aaimanbf the lpfefs:emi ievéntibgrsmb’sieg@ﬂiyggai@ brain tissue is

X ] I t .t he onset an
gﬁﬁg?@%&?é’ﬂggfet\é%% ﬁ%‘ %fﬁgeggrégeqtﬁnv&ﬁgg@.i on. This is in
particul ar the case for autosonal diseases ?f the

' ki nd h L. ormati o .

e HEARRTRS AL Y8 ARt 3RS Gl RIS TRk o, i
ALigsludésztheipneembryidl sheae encdtapdssinga’ devdiop@i@sel stages from the
o RS RS o P Aol MiGp 8 et Gofsh BEg S ahing anliraplantaton
genfets, of anhledgii\@drfmtetissumetmmgeminggetofs. Ihiv@e@eitdmhent of the
[ . t_10 npt be cgnti nuous
o rat pghybe R eELOE prgo R walen BHERE R T he
gn‘ﬁwrleﬁc détetramantSnay b_ah'itr%odumi]ltdgt? r:ih&f%rmimteﬂ Ibsrz1 fo\;ﬁé?rgple injection,

: resent . in e :
¢ nos PRk han kST i he e Babiap SRt RSPTEY e n
conformation di seases the protein need to be present
BTSRRI 508 8L o oBlERE Prosuood o e
ddargehteidntyieihe mophesantanimal nfiwlel for supbodPdamingiWseases, such
ool Sk Sene SRR G5 B9 YRl AR VABR o ) evmbl protein
s egnonmetomaigordersp iroprefegres eorbodinnams em@ené’m@détefmipant is

: ' .efer to a group,o
P RARABE e IneBrdt Bol o Mo 8.9 el Pt (it 1t one
arbenctypd es@iated witthAL8nAlzheimef o disBle, [Rakkinsonasdisddse,

, £, di t unctional. . .
ORhe 2 LIRS Bl ATEELROA B S0 Sipiggy p oo
Divarticalad edatiaient agigomedeliis produesd eqogssirtg aifessit bes phidiotype
L IROSGAER WALk, Protel ns. At |east one
nodul e 1 pro

n eac er ‘functions to position the
start site for RNA synthesis. The best known exanple

ol Ce e e oAk R vafRuRE b Bl Raisdis PR fies oy sperm-

i meadiaied gene transfer to produce a pig model for autosomal dominant diseases, such
as neurodegenerative diseases as described elsewhere herein, for example protein
conformation disorders. In preferred embodiments the genetic determinant is
introduced by sperm mediated gene transfer to produce a pig model expressing at
least one phenotype associated with ALS, Alzheimer’s disease, Parkinson’s disease,
Huntington’s chorea, diseases related to trinucleotide repeats. Similarly, in one
particular embodiment a pig model is produced expressing at least one phenotype
associated with dyschondroplasia.
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Typically, these are located in the region 30-110 bp
upstream of the start site, although a nunber of

wWEe@mne4rs have recently been shown to contai nPCT/DK2007/000204

functional elenents downstreampf the start site as

wel | . The spaci ng between el enents is flexible, so

that 30 pronoter function is preserved when el enents
relative to one

27 Pnd BURIL SR ERY e PoRhinS A gy R Ebrint messig be
t hiategrated & thd genoaTesaf theptargen céll, dentikselrovrplesmbaGatel S or tissue.

t i {
ikt b ¥roBiEhe o8 BEPNAER ST RReRCiS 1R aresid b an amoun
[ sswﬂmeratfmrdn@genngm casphdelihet evepgialin ret‘altﬁml‘th@oﬂséﬂé‘iﬁ dﬁ@gress.on of

ool dideSe Y eRbSn T R et Bt oo ToF coscibaldhtsmsas of the
(Fe)l mmodegggfmgt/@mndtsh&h dsapﬂngt{alen?:o%nﬁaﬂﬂ"l digdeded. Thus, the genetic
ol eigneef yRERGR fo oS, REBFREF 5 TR se Yk EpRoe doesan,cipeases

p aretateddodrinwiléctidamebeaats ancpaumtir@tdnaer choréenéad mcﬂmo be integrated in

| h
rr e e B8 S BBTHS miedEl TheBRTeeBRS! briahe B iR f DNA constuct
pr mewstret be ao&tlnueuy bushasd tbaakespiadd diethg tHdayvdispreeritbethe embryo to

R SRR i SRl R R Bt Lt ot gislin where

ofthe pratein s mgolt/@d matte davdwmerﬁldﬁpkﬁém comfdtthation diseases the protein

o BB G S ASLYRSL 81 i By e

simgualodel. or pl ural generally refers to any

pol yri bonucl eoti de or 10 pol ydeoxri bonucl eoti de, which
may be unnodified RNA or DNA or nodified RNA or DNA
Thils, genefic tetstrainast, wigsl praseit édothedersn alsDM&Tor BBNANRAEIURher

I i t.ljmtati - d
b (IO ol MR B SRS g o, sue
do“abluletom seanideces regy ba:prqmmlansgjrenhargxérsd laluabltemsprro&ml@dmill be used
ngle- a 0 st rande

regl s, eﬁ[t\!g?lgd&l r?ocﬁtecuFe@ntlggﬁﬁf)r@ﬁqﬁ@o%%&etgﬁbarﬁﬁﬁﬂsgeﬁ%q around the
galyltl@i@nﬁltﬁ @tbrd?Nlt\ palydedase ). PlSmnteream}thtmbg(lj/ of discrete func’uonal

S u stran
- il b eigfistho SRS ldlPy 2 PR G Ph i aantegdra one or
udeerehegaginition eftes for tran$ar|ppd>rm4 sttihvatuteuoteidg) Arsast one module in each

S : T

 BahbRHRAalle 8ol e gt Sid e B Rbcsisar be Bre(RPe
diwﬁ@P@mftmi@isetbalTéé'A Bidxe regi ons may include all of
one or nore of the nolecules, but nore typically

invol ve only a region of some of the 20 nol ecul es. One
ofAddienaluirersalee sleofents ltegutateethbMequerhcyroég‘ansnrmﬁbm iriittation.

an- lynucl eot i d

sn g@flc?l ég‘rél%le%?% |é>|g§t d n:,— %lom?ﬁplqo PerSﬁ'S?’U zéhe[ﬁ@g site, although

( iarfwm_lhﬁr ﬁ@P'@W@} hami reRiARY béeat shoamttaicontamefundtionar élements

gy t h backb

mg?’b%‘g%”?gﬁﬂétﬁ%pﬂ%t@% TRE SB&%@&’? Wween clemen gs % Ylexible, so that
" perngetaciusetidndes preseaedtvien etl@nemts srd inventeteet rhevegl relative to one

MahERYE Enh NS s Wer%né%@%{ec’?edna% Johdgd YRR Rt increased
transcription from a promoter located at a distant position on the same molecule of
DNA. The basic distinction between enhancers and promoters is operational. An
enhancer region as a whole must be able to stimulate transcription at a distance; this

need not be true of a promoter region or its component elements. On the other hand, a
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25 such as inosine, or nodified_bases, such as
tritiated bases, are included within the term

wO po7gem1sl eot i des” as defined herein. | n genereCT/DKh@7/000204

n H n ' | | y
term "pol ynucl eoti de" enbraces | chem ca ,
enzymaltoi cally and/or netabolically nodified fornms of
unnodi fied polynucleotides, as well as the chem cal

E g;:srlﬁrg;oﬁal‘r r?ghli‘éﬁglé%@or%\ﬁ rﬁ@r%ré?%%gﬁté ﬁfdtgﬂlr&gt lnltYét{o ﬁggﬁyﬁllthe&s ata

Yaf 8 76717 & RaREwer aRenidisn Woerens enlafhmess Iack theye
nﬁd@@ﬁcm@@ rARide florh BHis oﬁé’rgﬁéh(a?&%mtloﬁ d&{ gel :ap%i %ﬁm 6% are very

det nt ene) un
r e%’m‘]l'?r %%3 eﬁtn IT{%ﬁéﬁ@‘zqrngﬁgg"@ae@eml fumatiorbef avgvéihgttﬂ*ﬁ&lmlbn in the

b)beﬂlhﬁwéijﬂﬂé 7612 blisriadhin® Hrid dd'o %o@é of%)ﬁtsre%ﬁwlhr P aggl a\1ery similar

as stably integrate t'he gene
(d@?@i@)or%@'%'%oured by the sperm ceII and 3)
optionally expressed in said spermcell. Once WO
24751 PCT/ DK2007/ 000204 21 taken up by the
O@\e APER TPOlyPHeleqfisdee aN¢ "iteleis acid” qrg eined intexohdrgyeably, and, when
t medfremﬁ@ﬂart& P phur0Bend BBty IEBbn e 3! OV

one to S X ess| on
dEONPRDH ﬁf‘ ‘F'?Pt{dﬁew i5B sray Qj?elﬁélntbdtflaﬁldﬁmgroomm orfmodified RNA or

e
d."“;‘e”ﬁég‘zga' i Ch o eRUBeURRE e hetehThBlos dytroutimiation

chlg 8“*('%& rded 'P’HAO'QE}H "Z:‘Zl)dmgl' begleeamd deutti@siearled regions,

n fi -
S°ﬂ‘8'¢aﬁ§ﬁ;§§%€§ﬁﬁﬂdn%q§?’ﬁ PRORNEudi Sndb i spuble-strandes

( OTF°bt Plpcyled0omprising BNA andRiwh tatrewy b‘ersnmgle stranded or,
emdn@typ[maﬂ)e@bu%lsﬁ’éné‘&ﬂorqwt?@e &ﬁél@aérﬁb ddlipreas ndgd rﬁ%ons In
p §WI|| usually h thedsease?

g%ﬂ‘i‘ 1 %?fo"r‘?f'ﬂ aPRlynycteotige’t 3 léseﬁ‘d@ée"@fefenshe ltnpie&stlzmdefmégions
omm@RNmDNﬁaMﬁbcﬂﬂ R@W%d@NAgﬁq@sﬂr%a‘gwgﬂchf r%E;uons may be

F to inherit the disease

ﬁ%ﬁé? 8%“? giolgay ?rdtrozﬁ’hFi#ﬁfenﬁﬁ'@lﬂcgleﬁoThdqr@g@athmwnclude all of one
amtmemrmlth@lmmeaalag buﬁlrrﬁﬁé\%?caﬂ? M%IVQGﬁﬂy} o%rb‘? §Pmg ) the

e
eS8 b T Subaeli ofadaeie e gl UL A

Ammrm ﬂp@iﬁh&lé‘o‘ﬂﬁe R AicAliyS ﬁg?@egom e g?érﬂl .'néélg&é‘soﬁﬁAs

as the autoso i seas
?@Tﬂg{} agg&iNAs th ghePnirin el obmore mdlflha\bam} dhus, DNAs or

I %NAS oits @hckionks frioddied fredtabily BF 1ok olHar rdd: ﬁé afe 'ﬁ)é&pucleotldes"
tion on.the onset, progression and tteat

gtﬁﬁgag’? IS REeNged erien- Moredver. NAT eroRiNAS) chnplqug ofiusual bases,
dausb as érasinkt o mo@ﬂ@d Badcat 8bH LxtitidiDg b?ﬁé{g e lﬂgﬂﬁﬁ \gﬁﬁiﬁ the term

BB AL, AL st somra. o rato omtraces o
heinicatl, ahzgeasal SndlorPReboNHAy ﬁ%dalfiemoﬂ%”of%%%med

not
BB e Rehs LA Torbetuna e ol Dbiscand RNAsharatsisto of
irsssmsandadelis, ineadily sifdpld BabtorRhlex 8REL i ¢ det erni nant .
I n anot her aspect of

“Sperm mediated gene transfer” as used herein refers to any method wherein a non-
human animal sperm cell is mixed with a genetic determinant (gene) under conditions
resulting in the genetic determinant being 1) taken up by the sperm cell, 2) occurring as

extrachromosomal DNA or as stably integrated into the genetic material (genome)

harboured by the sperm cell, and 3) optionally expressed in said sperm cell. Once
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the invention the non-human ani mal nodel for a
hereditary autosomal dom nant 25 di sease is a nodel

wab@rae415t he non- human ani mal nodel expresses BECT/DE2a®U/000204

one phenotype associated with said hereditary

aut osonal doni nant di sease obt at'hed by sperm nedi at ed
gene transfer. It is appreciated that the non-human

anj [(m m)del may be obtained by the use of at |east

on@ken 1B by the %,R,@m*f%ﬂfthe PeQRlic ragtgrial{gens) cap pgiansiqrrae to a non-

Or hdrRgh SRIRRI odERVIREMBIARche td BRIdy I 888ddidh of the genetic
determ nants of a given autosomal dom nant di seasé

wheRieEinay in fie ghesan genatRackax@ungt protein as

descrl bed herein may be conbined in one aninal nodel

order to obtain a strong phenotype of an autosomnal
doAURSRMalFiSeases’ A 3G SIoRIIN HiotardPisersas yduah arednbgiited through

deehohedx %hﬁﬂYﬁs@h\%sféﬁél@ Nthed RIS STHeBEM edfosdtii Hﬁllnhrﬁént is

i nherited throu% non-sex chronosones from one of

t hesed1e8eip o retey A@t%%mbnamﬁ' H5A¢ carse aEibe aunfemasehromosomes

dl A8 D thekMEID "ABNRER BIrdmEIM &) Fafn ifheVEAréR0MHidr ddiPdause certain
'/ DK2007/ 000204 22 dj seases, neur odegener ative

qi deises. Qe e PRFRTSR Wl iRl v the disedser(as ihe gemedy dominant) in

Al aRahb®S ofSnitbriSaze On%ﬁé&é‘i&ﬂ nfust h&RAGCabfbrm8PSER in order for the
rﬁ?{%ped to, Trinucleotide Repeats for exanple

Qe Ehingerdibe diseasfut al so conditions related to
dyschondropl asia. 5 Protein conformation di seases are

Sy n bt RS hareabiautisomalcorinant
M @i$edsdb Mhedhos#Ie of fheGréedt BvEtionAN DR useBSEMYRIE! fof hereditary
Pr ot ei n. conf ornati on

o TSR BETURN Hig o85S Ao 0BT e AT B3| MRcelsoshuman

Al diwise® én& eSpsuray @hodBaliddaBE9BUch 4H 1hE ABRsoMaP@RAIRENt diseases
assaci 8e with trinucleotide repeat zatand Hunt i ngton's

c hgRIEyC PApver 3 Ing Reriod 4§ fmenBaYIng A date gRse wuwﬁ@re very useful in

andre@d togafteihfoepati &S@r@ﬂle&inséteéﬁigréﬁé%n@h@ﬂ@a}fﬁ@t regime of individuals
assoc | at rticul ar 3s ect

he
S o e gisepSed s aStioaeied 1Al dieeamalmagels are non-
: eaMamasremlatseMnmApﬁgtsmh@he@htrghEﬁe ﬁé@h?rﬁﬁn afﬁﬁ’ﬁéprrfda@hfor a
teral sclerosis S use rein to refer to
L e Rlard SR et giseSste & mate MeRET freqiardirgan animal
bO’hdS\deﬂ Bﬁms%%ﬁhé&wbn@phéﬂoty&@b s@B@iat@gdwlﬁaééﬁﬁl Iﬁ?eredltary autosomal
ener atj on t e brain and spinal cor
e RS BbRITI R et late) enscoqnanc e BRPMAR. K othgr aspect o
t hhe irfvieAtian ﬁblnuaoiu&(efn)arilrﬁaltrﬁ@jépfdr)é h&&lﬂfw&tb%almﬁnnant
roved DA f treat ment of ALS.

P E L I'n
cI ﬁaéglls 7 mogp \X/herﬁqt S 5P, |J|5a1aﬂ aninal made e)gqrqa@q,ts at least one
beghehotypé Bssoatired With shiamersiitay ditdsomertiomina®t Sfease obtained by
pat ients s,[uf eri Pg from ALS.
sperm-mediated gene transfer.
It is appreciated that the non-human animal model may be obtained by the use of at
least one, two, three, four, five, six, seven, eight, nine or ten genetic determinants. The
genetic determinants of a given autosomal dominant disease whether in the form of
DNA, RNA or protein as described herein may be combined in one animal model in
order to obtain a strong phenotype of an autosomal dominant disease.
Autosomal dominant diseases are as described elsewhere herein diseases that are
normally inherited through the non-sex chromosomes from one of the parents.

Autosomal dominant diseases comprise diseases known as protein conformation
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Anyotrophic |l ateral Sclerosis (ALS) is the nbst conmon
not or neur odegenerati ve disease characterised by a

w@e@gnassi ve | oss of notor neurons in the spi nBCT/DER@;/000204

brain 25 stem and notor corte causi ng weakness,
nmuscul ar wasting and paresis, imately leading to
death. Synptons of the disease constitute weakness,

S i PO GleptiiRiuel 3 ADRLORF Fepladlss (L)
of Alzheimer’s éizsase, Rakingon'ddisehskf diseddestrelattidag MoiaacisdtiieRepeats
A boRARIR oty it B oS Bl phtdrctse
hand, foot, armor |eg, which occurs in nore than
bRy BT R TaRRgE arerd RS ¥ v O GOy poases in which
nmeproten iding diabrdemmuAUBeqxrcﬂ:innhi;S{fowg ofadpleyific proteins can be

ALS is a.nmutation

oA HancS ERDENSRRYE el Gulilnh b5 dbning to he
i sp&eéht@mdti@ma%gl\sl?mg&er;d ddeeoarg%)??grzmszmag?essé,@cheeses

t J W0, 2007 ¢ nerve

+ ot Rl AR e ie tancat AT GUR e Eires s or omt y 1

or 2 percent of ALS cases, or 20 percent of the

faKr'Léi al (inherited) cases. Famlial ALS represents

between five to 10 percent of all cases - the

r elmeineientpociisers tise pon-rigimanaanimal rsadeh erpresses| at leaahdne phenotype

: ' Iy _heal dul.ts. 5 Th t . :
o BRERS A S AR AR e T B R e s @ pig model
an@xpadssingckd lledfsb pné\penotyidecadsetiated Tathl ALSL shows

tat. | ' , bated with ALS.in h . .

no CEMoREEn ER B e MBRB RS RUBRe iR i Y A T odagoperative
1 disssedhatwisasaliyoattacks bothsippst artdibwensiors nkaows ahd Cﬁmses
h : ' t toi tion. Thus,
oo R TS B Gy b b SePe R ool og. of i he
human SOD1 and/ or human SOD1 genes/ cDNA, RNA and/ or

' : . ' foth .
P OBir haBfthed PROER o PP B, AL AR B e Ris i the only
andrug thatrbéae be¢roappkb®damdthie iF Dfefiot treathvant af Alss.dn eirded! trials,

" i e SyAPHERL B4EL ' locBby LERS By B gt

of suffegndiomALSODL and/ or human SOD1 15 genes/ cDNA, RNA

P e ool B8 ot BB e

L otisgaise ch@admnisédi by ipovgridsiet Ipsmofiviidtat heurohdiinahé epinal cord, brain

Mjslté%' &Y Mﬁo?%r?& cgefs%]g V]Veélkﬁélsg,ﬁl?srcu@r %/%-g irqg .':1'A‘r|1c18l g'a\@lsis, ultimately
leading to death. Symptoms of the disease constitute weakness, stiffness, abnormal
reflexes, fasciculations, cramps and atrophy. However, especially in the early phases
of the disease, ALS can be difficult to diagnose since all symptoms are rarely present
at that stage [1].

A common first symptom is a painless weakness in a hand, foot, arm or leg, which
occurs in more than half of all cases. Other early symptoms include swallowing or
walking difficulty. The biological mechanisms that cause ALS are only partially

understood. One known cause of ALS is a mutation of a specific human gene: The

SOD1 gene. This mutation is believed to make a defective protein that is toxic to motor
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exon 1 6 Cys6Phe Cys6@y exon 1 7 Val7d u exon 1 8
Leu8Vval Leu8d n exon 1 10 GO Val exon 1 12 A v12Arg

wex@mn/134734 Val 14Met ValldQ@y exon 1 16 Gyl 6SeCT/DK2007/000204

G yl6Ala exon 1 19 Asnl 9Ser %nl 20 Phe20Cys exon 1
21 Gu2lLvs Gu21ldv exon 1 2Z°A n22Leu intron 1
319t >a exon 2 37 Ay37Arg exon 2 38 Leu38Vval Leu38Arg

2 41 GI 415
Sl oalR, DesOR n st Eettve Jepurt S Sha e ALS
2(60664,24 DB heRisht WBQ@ErﬁiDQQRﬁénteaﬂcasex G*‘arﬁllaéﬂlgﬂ_‘@rbﬁﬂe‘gbﬁts between
VS eX

exfon 2 §18 H s48 q

541veHp 4 RF@CG”ES’(&H' °§S‘3~°’/ §8“F‘E\F‘{j‘9 %%8?15%9%@ arigg ppantaneously
exand ditatks Preniobsiehealfyoatiuis67 Leu67Arg exon 3 72

A y72Cys G y72Ser exon 3 76 Asp76Tyr Asp76Val exon 4

80 Hi s80Ara exon 4 84 Leu84Val Leu84Phe exon 4 85

G Mibkegent invention relates to the production of a non-human animal model for ALS.

The below Table 1 shows mutations which are associated with ALS in humans.
According to the present invention any of the in table 1 listed mutations and
substitutions as known from humans are embodiments of the present invention. Thus,
the mutated forms of the porcine homolog of the human SOD1 and/or human SOD1
genes/cDNA, RNA and/or protein or parts thereof may comprise any of the listed
mutations in order to produce an non-human animal model for ALS and in particular a
pig model for ALS. It is appreciated that at least one or more mutations may be
introduced into the porcine homolog of the human SOD1 and/or human SOD1
genes/cDNA, RNA and/or protein or parts thereof. Any number of the listed mutations

may be used in combination.

Table 1

Location | Codon | Mutation Mutation Mutation Mutation Mutation | Mutation
exon 1 4 Ala4Ser Alad4Thr Ala4Val
exon 1 6 Cys6Phe Cys6Gly
exon 1 7 Val7Glu

exon 1 8 Leu8Val Leu8GIn
exon 1 10 Gly10val

exon 1 12 Gly12Arg

exon 1 14 Vali4Met | Val14Gly
exon 1 16 Gly16Ser | Gly16Ala
exon 1 19 Asn19Ser

exon 1 20 Phe20Cys

exon 1 21 Glu2iLys | Glu21Gly
exon 1 22 Gin22Leu

intron 1 319t>a

exon 2 37 Gly37Arg

exon 2 38 Leu38Val | Leu38Arg
exon 2 40 Glu40Gly

exon 2 41 Gly41Ser | Gly41Asp
exon 2 43 His43Arg

exon 2 45 Phe45Cys

exon 2 46 His46Arg




exon 4 86 Asn86Asp Asn86Ser exon 4 87 Val 87Met

Val 87Ala exon 4 89 Al a89Thr Al a89Vval exon 4 90
WAS@IAN781 As 90Val exon 4 93 G y93Cvs G y93Ar gp@/PRIABE1000204

G y93Asp G v93Ala G y93val ex 4 95 Al a95Thr exon 4

96 Asp96Asn exon 4 97 Val97Met” exon 4 100 d ul OOLys

G ul00E@y exon 4 101 AsplOlH AsplOlAs AsplO0ld s ny

eROEL & 1047 ter QAR exon4—195Ser+-65te—u—exen—+4
6 Eet-peyal qﬁ 108 o y108Val dxon4 112 Ilel
DRI L LS o HIsA8Ad P HISBEIY T ) adh e 11 el 1) aThr

ﬁ%(ﬂn%ll 1 ‘2[9(*?1\/ ClUPs dvon 4 115 Ar g115Glv__exon 4 116

hPPUBAr 38 xon| 4MP449\al 118lel Valll8leu TGlto TTG)

SPAPU G | YD 20072151 PCT/ DK2007/ 000204 2% 'y exan

ek@h3 AspéP5Hi | Aenss58xgn 5 126| Leul263T LeulZ6Se OP 1

1
|

e

T J

(IGreto [B7G i nipe¥An 1415t >g| exon 5 |124 Aspl24Va
A

5

€

xaon d 1867 Ser | 3453Arg

exon 3 72 Gly72Cys | Gly72Ser

exon 3 76 Asp76Tyr | Asp76Val

exon 4 80 His80Arg

exon 4 84 Leu84Val | Leu84Phe

exon 4 85 Gly85Arg

exon 4 86 Asn86Asp | Asn86Ser

exon 4 87 Val87Met Val87Ala

exon 4 89 Ala89Thr Ala89Val

exon 4 90 Asp90Ala | Asp90Val

exon 4 93 Glya3Cys | Gly93Arg Gly93Ser | Gly93Asp | GIy93Ala | Gly93val

exon 4 95 Ala95Thr

exon 4 96 Asp96Asn

exon 4 97 Val97Met

exon 4 100 Glu100Lys | Glu100Giy

exon 4 101 Asp101Hi | Asp101As | Asp101GI
8 n y

exon 4 104 lle104Phe

exon 4 105 Seri0ble
u

exon 4 106 Leui06Val

exon 4 108 Gly108Val

exon 4 112 lle112Thr | lle112Met

exon 4 113 lle113Phe | lle113Thr

exon 4 114 Gly114Ala

exon 4 115 Arg115Gly

exon 4 116 Thri16Arg

exon 4 118 Val118lLeu | Val118Leu
TGt TTG) { (GTG o
CTG)
intron 4 1415t>g

exon 5 124 Asp124Va | Asp124Gi
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n exon 5 139 Asnl39H Asnl1l39LV s s exon 5 140

Al al403y exon 5 141 GO 41 ST Gyl4l Ju OP exon 5
waZed7haarin4Se Leuld44Ph Leuld4d4Ph r e TTG to e THCA/DE2007/000204

TTC TTT exon 5 145 Al al45Thr Al al45d3y exon5 146

Cysl 46Ar g exon 5 147 Gyl 47/4% exon 5 148 Vall48lle

Vall483 exon 5 149 11e149Thr exon 5 151 |1e151 Thr

lel 51 Ser Furth itations in ALS 2
| ad6del A and 1911673513 c¥) and thred nutations in

| %590 5 SEI@S (Thrsai2etl |Leu389Ser, and |Arg2136Hi s) are
ssociated with % ALS. Thus.|in one |aspect of the
regeht | Mfent | 68168 \nkeniZeBernn ani mel nodel
Xpressi ng at | €8st ane Bhenot ype as|soci ated with ALS
ot t h#d4i nt [ Gduld4dson of at || east dne genétic
det ermi nant, wherkin the at | ¢ast ong geneti¢
dedxerim nami9 | s| Asgend [OAsnEy pr fragnment thereof,
and/ or RNA or fragnent| t hereof and/or| protein or parft
t et  Dlaot he| ARidvgan SODI gene, NRNA and/ ¢r protgimn
see SEQ ID NO 1, SEQ| D NG 2 conpr|i ses at ||l east one

<o 3 O Y4l O a1 4138 [e&idiapt at T ommsjas desciibed—i
able 1,|or as @descrilbed aboye for ALS 2 (Al ad6del A

HEP Al QA CETY
L | STe . papaure | my 4 v

I Ui 2

Th?SI l e LeUSS%%@an%f%@ L%%m%s@ all associ ated

h ALS| 15 Simlarly, IClone emppdijment the
oerHuman14ni nphlaidsdls| | Aadds@ssi ng at |l east one
henot ypg assogiated with ALS|due to |[the intfoduction
f at | epst one genetijc WO 2007/ 124751
CrBK200™6000R@4s14626 (det er m hant, wherei n the genet
eterm ngnt isja%ene jor DNA or fragmnment thereof,
nodncr RNW7or | caotrert| t hereof and/orf protei i or paj
hereof pf the|porcing SOD1 gene, nRNA and/ pr prot i
SRéh 5SEQ 149 a1 &5E) NE (& OT fragments o parts

QDT D P> —

~

~—+

o

~

c

~4

AT OO TOT S
=]

exon 5 149 lle149Thr
exon 5 151 lle151Thr | He151Ser

Furthermore two mutations in ALS 2 (Ala46delA and Leu623delCT) and three
mutations in ALS4, SETX, (Thr3lle, Leu389Ser, and Arg2136His) are associated with
ALS.

Thus, in one aspect of the present invention the non-human animal model expressing
at least one phenotype associated with ALS due to the introduction of at least one
genetic determinant, wherein the at least one genetic determinant is a gene or DNA or
fragment thereof, and/or RNA or fragment thereof and/or protein or part thereof of the
human SOD1 gene, mRNA and/or protein (see SEQ ID NO:1, SEQ ID NO:2)
comprises at least one mutation yielding the acid mutations as described in table 1, or
as described above for ALS 2 (Ala46delA and Leu623delCT) and three mutations in
ALS4, SETX, (Thr3lle, Leu389Ser, and Arg2136His), all associated with ALS.

Similarly, in one embodiment the non-human animal model expressing at least one
phenotype associated with ALS due to the introduction of at least one genetic
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thereof) conprising at | east one nutation yielding the
amno acid nutations as 5 described in table 1 or as

walemcni4ied above for ALS 2 (Al a46del A and Leu62GOBKENy/000204

and three nutations in AL$4, SETX (Thr3l1e,
Leu389Ser, and Arg2136Hi s), all 26 associated with ALS.
It is appreci ated that the at |least one nmutation is
present in the ghne fragnent or DNA fragnent

f rdgderavRanb wharein dieaengtic defesmpapt is @ feqe %‘J?%&"é%“ thereof,
pc&rﬂyd?@hmlfr%t%éréof%@/dr Brd¥eh op phs th&@& dfemepps&aln@ &0D1

a pig nodel for he non- human nod

f cﬁenAL@RWrt?éorg%ﬂf@rrhﬁsea SI%P akitorchicSel il o2 %fafr@"é&nts or parts
| afsieoh '%Smgﬁﬁﬁ@ b@leﬂ%ﬁe"ﬁwﬂl@f'@n j{ﬂ@lﬁm ahé amgRt adkﬁHutéﬁhSns as

method avail able to the skil
%%/ﬂ%'ﬂ@ddy takle & or s epsitosd ehave fé?F @é@ ?2@1'%4%8% Hyl Leu623delCT)
Vldda&hf@%dh@bﬁ&nstuﬁ@msﬁesew (am»sué&étwabsdr %HUW@@GB&% all
known ﬁéﬁt e skilled person. In

erASSaFiAEHWIDHY-Sh s ﬁBWﬁﬁ'aﬁf‘rﬂ thal th%HIQEStf%‘Ie %‘I’_@'?%'S present in the
g eguMedtRPhdY or @Rﬂrffﬁgmt Elir@/ﬂfrg@rﬂénttdr@ﬂﬁélﬂfparﬁ& Jd?ﬁ?cular the

present ‘i nvention discl oses a nopdel for Qi,

| AiREdseae FOR @%NAmBo‘ﬁ'f&er H& S esRc R Araguss ag%wode' for
trgnsfer of the nutated porcine SOD1 (SEQ ID NGO 5) as
descri bed el sewhere herein. However, the pig nodel for

ALS nay al so be produced by introducing the nutated

Pre mvh-Ridkdn &sHE@) Bd&iGor AlS ﬁfay%@eﬂéfétecﬁ%@fnﬂ@&@ﬂloﬁﬁf_:@ld at
ID NO 6) thereof into a tar%et c

aﬁgﬁ%angtggaqu]q,ﬁtergglnqrgag9 ag rgehgﬁ é{yla(gw "Wtb?%l py@laplﬁéo the skilled

a%éﬂ@orﬁ%rdexﬁmb{tt b)Diﬁje@f orRk3lthi Rargéttll heHBNiGeHedidted transfer or any
listed in table 1 Egg_@%%crlbed above for ALS 2
|

( APgthed sHibigas knL‘MRS #d BR¥Phree nutations in
ALS4, SETX, (Thr3lle, Leu389Ser, and Arg2136His), all
associated wwth ALS areh corrprl sed in

poPQNRE2BEEIR" SEPgEie S eIeR-NuyMeD @ymafrgpgqfﬂﬁgra @fé) {slggnerated by

pr@%ﬁﬁtmémgﬂlbé%ﬁraﬁygm as for exanple at least two
mut at i ons, | east three nutations, at |east four

mut at i ons, at | east five mutations, at |east six

Ut hraBént urwenh@raa‘sclsw piguh@del wamsaﬁmlcremsdneeerg&ﬁdnment is
mut at i ons, mut at.i o st fi

ea
RSB e TR G Oaps BT R LGP e oD H(SEQ ID
t ﬂgbfLs a% gggcrﬂb‘éd @%‘e@dhleféﬁﬁ’er@homt@wfaWr tﬁb%g?mbéilﬁéﬁdlﬁégq_?% also be
an eu el ree mutatl
( THPSY4ed Py RYRdEiEg ﬂegﬂﬁaﬂﬁamrﬁ)@@ Srb Tl arbipiein
W &lpréiisSd (SERIONG:E2thérdof T & RiKgOINHI000204 27 The

non- human ani mal nodel for ALS, in particular the pig
nodel for ALS, will typically develop at |east one of

t hleus%mpécm@d dﬁwrlbbﬁd:nabwetumétdnag thieeakimesrid mutation of SOD1 in
ff ness,

COr R inr B RAR LeTRl it Bhlet S A A 955 PABRsdela and

Leu623delCT) and three mutations in ALS4, SETX, (Thr3lle, Leu389Ser, and
Arg2136His), all associated with ALS are comprised in the human or porcine SOD1
gene or DNA, RNA or proteins of the present invention, such as for example at least
two mutations, at least three mutations, at least four mutations, at least five mutations,
at least six mutations, at least seven mutations, at least eight mutations, at least ten
mutations, at least fifteen mutations yielding the amino acid mutation of SOD1 of table
1 or as described above for ALS 2 (Ala46delA and Leu623delCT) and three mutations
in ALS4, SETX, (Thr3lle, Leu389Ser, and Arg2136His), all associated with ALS.
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5 painless weakness in a |leg, which occurs in nore
than half of all cases. Other early synptons include

waeaahommsng or wal king difficulty. Furthernor ePCT/DK2007/000204

hi st opat hol ogy perforned on a biopsy as described in
the exanpl es herein can be used’to di agnose the
animal nodel with ALS. The anal ysis of the notor
neurons for the presence aggregates, or even | oss of
the notor neurons are also characteristics of ALS. 10

ARG B uNSartAri®asRoddl réid) e pﬁﬁ&ﬂ&*th@bgﬁh@dé’ FSRIY, will typically
i nvention the non- human ani mal nodel expresses at

| slgyelop akleghicanst §fpiee %ﬁ@ematd@acrwewbml%l&WW%akneSS stiffness,

d'a@ﬁ?ﬁﬁal réflbxs, H’%&éLﬂ‘éﬂoﬁg R8MBS bind BRopHYOR-dOHTHEGh @i sPptom is a
pi g el expressing at | east one phenot Cztﬁerearly

aszecmesat\wkn%s W&'HQNQ‘%PWS '@ raeredhaiphalg ﬁ#éﬁaﬁ%?

ﬁ'@gﬁns ?n%luHé%q/anﬁMﬁd; Br %Qlkfngfoﬁ’f“ cJIt? Riilhermore, hlstopathology
neur enerative brain disorder characterized

prn@g‘per@@d o arhignsy s (deseibgd dn §ie\rxpIPRS kI 427 Re 2 1o diagnose

aC{Hﬁaﬁlﬁ%l RRRIBPwith ALE NBldBRialyBisHf fas8tdr ?ne@r%ﬁ@%rﬂﬁ@ﬁresence
certaln abnormalities in brain tissue, invol ﬁts

a ageEageiesy PaevasYlsseriihe Mot -neANSiae alfe ﬁBWC eﬁﬁ%ﬁsr

IS a necessary feature for the 20 diagnosis of this

:m‘ge of dementl a. Change in one of the follow ng areas
gheimes’sylisedi@sent : | anguage, deci si on- maki ng

ab, |ah5fﬁer haplarmenhe pAlskRthidlion M@t 'hQMaﬂraﬁhﬂﬁaIQﬁodel expresses at
mental function and personality. The rate

prieasit €88 |PBﬁn<Pt¥PQj??r%°§'|3€qﬁ’tW'Ffb/r\'z'é%i@ﬁr%QF@%?? “T F‘ particular aspect the

A hReiui®in snithabPags isi8 yrl medel e%é‘eéﬁﬁg gt iastidnel phehbtypé ¥ssociated
to continue to.progress rapidly. If it has been sl ow

M'&@éh%@@fsﬂtﬁe%ql likely continue on a slow

C%Iﬁr%i’meﬂ’- HalsBasd 8s LYY KerBiR%o %ferﬁbéh?h%@dég&iéﬁ@t&@&wam disorder
ear | onset and |l ate onset. |In ear

Al %équeg byiPEETesS I VesPRABOBNESS @r?dsﬁe Sispde{peyisrip advanggd cases.

60a1zHehbYs 8RESe Blag8%idted with bSAR SBndrinaiédinlbeSiA tissue, involving a
commpn, accounting for onl%9r -. 10% of cases

| tParkRs Prejefy Belreseyioidlemgry impaiEmptys G regsssanL gk for the

Cad?agdégls'dftﬁl@f?delcﬁaeﬁh@ﬁtlé HhYeHh @#&cﬁ&ﬁmﬁilloﬂm@aﬂ@é& must also be
|nher|ted rrutatlons t hat r%% be the cause, of
I

di Wesd. laagiaog, deqiyipnseakiap 3Pl idomgBhé eman%%ﬁr areas of

[ C}ﬂ@,ﬁtbfmﬁ@hon%%épgbﬁ@t,t Al zhei mer' s di sease, the nost
common form of the disease, develops in people 60 and

ol der and is thought to be less likely to occur in

f afd la@Sof pPegreadion RNERIreAt féNedoigyersond |f$5ﬂfz’h‘éﬁnéfaeyd|l§@éhd develops
sone famljes, but the role of

3O e iKehcie CRIDISP RIS BBV LIS HeRR Slow to progress, it wil

defkeRy dohiifue ngsmgamse TA¥re ¥E tWatpes bhAalzhsinky eMisease - early

itself, but SI % |ncree? thell ellhoodpg

£ cAeR #rshlals oeh h eanasipet AlGPERer silisRaser YRS it agpear before
age 60. Early onset Alzheimer’s disease is much less common, accounting for only 5-
10% of cases. However, it tends to progress rapidly.

Early onset disease can run in families and involves autosomal dominant, inherited
mutations that may be the cause of the disease. So far, three early onset genes have
been identified. Late onset Alzheimer’s disease, the most common form of the disease,
develops in people 60 and older and is thought to be less likely to occur in families.

Late onset Alzheimer’s disease may run in some families, but the role of genes is less
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20 balance of neurotransmitters is critical to the brain. By causing both structural and
chemical problems in the brain, Alzheimer’s disease appears to disconnect areas of

the brain that normally work together.

The following human genes are linked to Alzheimer’s disease:
25 Presenilin 1 (PSEN1, NM_000021),

Presenilin 2 (PSEN2, NM_000447),

Amyloid beta precursor protein (APP, NM_000484)

The below indicated substitutions are believed to be relevant regarding transgenic

30 porcine models for Alzheimer’s disease.

Table 2: Mutations causing Alzheimer’s disease in APP (NM_000484)

Mutation | Mutation
#
1 Duplication of APP

2 LysMet670/671AsnlLeu




7 du693d n

Al a713Thr

WA 200Vad4736Al a
19 Val717Phe

(NM _000447)

8 d u693GL
12 Ala713val

16 I1e716Thr
20 Val 717dy 21

Mut ati ons causi ng Al zheiner's _
Mutation # Mutation 1 Ar 62H s 2

9 Asp694Asn
13 Thr714Al a

Z—Asnl4l lle

8Nkt 239Vai

Thg 122Pr o] A6?8THSOLEU
1 p228Leu Aég@#%ﬁéﬁ?i e 81
A155 439AT a] Alab3PERy 4. Mt att
drgease TR yd 6000 )
B-SYLEU 1 Glu693Gly

9 Asp694Asn

10 Leu705Val

11 Ala713Thr

12 Ala713val

13 Thr714Ala

14 Thr714lle

15 Val715Ala

16 lle716Thr

17 Val717lle

18 Val717Leu

19 Val 717Phe

20 Val717Gly

21 Leu723Pro

10 Leu705Val

17 Val7171l e
u723Pro Tabl e 3:
| sease i n PSEN2

5 Val
9 Thr 430Met
ons causing Al zheiner's
Mut ati on Mutation 1
dehl | e83/ Met 84 4 Leu85Pro 5

11

14 Thr7141le
18 REN/BKZ0081000204

14811e 6
10

Table 3: Mutations causing Alzheimer’s disease in PSEN2 (NM_000447)

Mutation #

Mutation

Arg62His

Thr122Pro

Ser130Leu

Asn141lle

Val148lle

GIn228Leu

N[OOI WIN -

Met239lle

Met239Val

Thr430Met

=[O0
(]

Asp439Ala

Table 4: Mutations causing Alzheimer’s disease in PSEN1 (NM_000021)

Mutation

Mutation

Ala79Val

Val82Leu

dellle83/Met84

Leu85Pro

Val89Leu

Cys92Ser

~N|[o (o ne| o] |3

Val94Met

Val96Phe

Phe105lle

=100
(@]

Phe105Leu




6 Cys92Ser 7 Val 94Met 8 Val96Phe 9 PhelO5Ile 10
Phel O5Leu WD 2007/ 124751 PCT/ DK2007/ 000204 30 11
woewrhi3@n 12 Leul 13Pro 13 | ntron4; | nsTAC PAQEDK2007/000204
15Asp 15 T r115C s 16 T r115As,. 17 Thrl 16Asn 18
Thrl 161le 19 Prol 17Ser 20 V\Ar%O 21 Prol 17Leu 22
GQul20L s 23 Aul20Asp 24 Jul23L s 25 Asnl 35Asp
26 Asnt355er—27~Met+39Val 28 Metl39L s 29 Met 139Thr
SQL‘v‘et 1399 Lg:{ j“:g: el-43Phe 32 Ilel 43Asn 33 |lel
a 2A D 1 25

if’o e S R TN TAC ©° Met| 46Leu 36 Metl 46Val 37

1477777 Tyr115Asp

15 Tyr115Cys

16 Tyr115Asp

17 Thr116Asn

18 Thr116lle

19 Pro117Ser

20 Pro117Arg

21 Pro117Leu

22 Glu120Lys

23 Glu120Asp

24 Glu123Lys

25 Asn135Asp

26 Asn135Ser

27 Met139Val

28 Met139Lys

29 Met139Thr

30 Met139lle

31 lle143Phe

32 lle143Asn

33 lle143The

34 lle143Met

35 Met146Leu

36 Met146Val

37 Met146Leu

38 Met146lle

39 Thr147lle

40 Leu153Val

41 Tyr154Asn

42 Tyr154Cys

43 InsPhe/lle

44 His163Tyr

45 His163Arg

46 Trp165Gly

47 Trp165Cys

48 Leu166Pro

49 Leu166Arg

50 Del lle197

51 Ser169Pro

52 Ser170Phe

53 Leu171Pro

54 Leu173Trp

55 Leu174Met

56 Leu174Arg

57 Phe177Leu

58 Phe177Ser

59 Ser178Pro

60 Gly183Val




38 Metl146l1e 39 Thrl147l1le 40 Leul53Val 41 T rl54Asn
42 Tr154Cs 43 InsPhe/lle 44 H s163T r 45 Hi s163Ar

WA B00TH24166GL 47 Tr 165C s 48 Leul 66Pro 49 Lei/B82609/000204
50 Del 11e197 51 Serl 69Pro 52 Ser170Phe 53 Leul71
Pro 54 Leul 73Trp 55 Leul 74aMvet3! 56 Leul74Ar 57
Phel 77Leu 58 Phel 77Ser 59 Ser178Pro 60 G 183Val WO
20077124751 PCT/ DK2007/000204 31 61 dul 84As 62 G

AdHser  6RGIIBI0BAS) 64 G 206Ala 65 G 206Val 66
G620aval | Giy208Pemnoar | 68 G 209G u 69 |1 e2l 3Leu

63 Gly206Asp :
64 Gly206Ala
65 Gly206Val
66 Gly209Val
67 Gly209Arg
68 Gly209Glu
69 lle213Leu
70 lle213Phe
71 lle213Thr
72 His214Tyr
73 Gly217Asp
74 Leu219Phe
75 Leu219Pro
76 GIn222Arg
77 GIn222His
78 Leu226Arg
79 lle229Phe
80 Ala231Thr
81 Ala231Val
82 Met233Leu
83 Met233Val
84 Met233Thr
85 Leu235Val
86 Leu235Pro
87 Phe237Leu
88 Ala246Glu
89 Leu250Val
90 Leu250Ser
91 Tyr256Ser
92 Ala260Val
93 Val261Phe
94 Leu262Phe
95 Cys263Arg
96 Cys263Phe
97 Pro264Leu
98 Pro267Ser
99 Pro267Leu
100 Arg269Gly
101 Arg269His
102 Leu271Val
103 Val272Ala
104 Glu273Ala
105 Thr274Arg
106 Arg278Lys
107 Arg278Thr
108 Glu280Ala
109 Glu280Gly
110 Leu282Val




70 1'1e213Phe 71 11e213Thr 72 H s214T r 73 A y2l 7Asp
74 Leu2l 9Phe 75 Leu2l9Pro 76 d n222Arg 77 G n222H s

wQ dozez@226Arg 79 |1 e229Phe 80 Al a23|l Thr 81 PCERR2007/000204
Val 82 Met233Leu 83 Met233Val_, 84 Met233Thr 85
Leu235Val 86 Leu235Pro 87 Phe®B37Leu 88 Al a246Q u
89 Leu250Val 90 Leu250Ser 91 Tyr256Ser 92 Al a260Val

93 Mal-261 Phe 94 |l eu262Phe 95 C s263Ar 96 Cys263Phe

o1 B 02641 LEU2EAN S, 02678er 99 Pro267Leu 100 Ar.
208Gy 1H10%84kskaL s [ 102 Leu271 Val 103 Val 272Al a

113 7 Ala285Val

114 Leu286Val

115 Deletions in intron

8
116 InsArg(g63786_6
3787)

117 Thr354lle

118 Arg358Gin

119 Ser365Tyr

120 Arg377Met

121 Gly378Glu

122 Gly378Val

123 Leu381Val

124 Gly384Ala

125 Phe386Ser

126 Ser390lle

127 Val391Phe

128 Leu392Val

129 Leu392Pro

130 Gly394Val

131 Asn405Ser

132 Ala409The

133 Cys410Tyr

134 Leud418Phe

135 Leud24His

136 Leud424Arg

137 Alad426Pro

138 Ala431Glu

139 Ala431Val

140 Ala434Cys

141 Leud435Phe

142 Pro436Ser

143 Pro436Gin

144 lle439Val

145 DelThr440

Thus, in one embodiment the non-human animal model expressing at least one
phenotype associated with Alzheimer's disease due to the introduction of at least one
genetic determinant, wherein the at least one genetic determinant is a gene or DNA or
fragment thereof, and/or RNA or fragment thereof and/or protein or part thereof of the
human PSEN1 gene, mRNA and/or protein (see SEQ ID NO:7, SEQ ID NO:8),
comprises at least one mutation yielding the amino acid mutations as described in table
4,
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104 G u273Ala 105 Thr274Arg 106 Ar 278E s 107
Arg278Thr 108 d u280Ala 109 du280dy 110 Leu282Val

wO0200i761124751 PCT/ DK2007/ 000204 32 111 LeulSRBKQ007/000204

112 Pro284Leu 113 Al a285Val ]3’134 Leu286Val 115
Deletions in intron 8 116 InsArg(g63786_6 3787) 117
Thr3541le 118 Ar 358G n 119 Ser365Tyr 120 Arg377Met

Lt PSR N b e Bk t st o

Phighent®e lagaddated with ittheireer30dsease dudto EeyiBBdA@tion 84t least one

Asé‘e%%ﬁ(?’%terr%%%nMépe?J ﬁ% ge?'lgf’l)’c gétcseréln%rqgntris a gene or DNA or fragment
thereof, and/or RNA or fragment thereof and/or protein or part thereof of the porcine
PSEN1 gene, mRNA and/or protein (see SEQ ID NO:9, SEQ ID NO:10) or fragments
or parts thereof, respectively) comprising at least one mutation yielding the amino acid
mutations as described in table 4 It is appreciated that the at least one mutation is
present in the gene fragment or DNA fragment, RNA fragment or protein part. In
particular the mutated porcine PSEN1 protein with SEQ ID NO: 11 is used to produce a

pig model for Alzheimer’s disease.

The non-human animal model for ALS may be generated by introduction of said at
least one genetic determinant into a target cell by any method available to the skilled
person, for example by injection into the target cell, or by virus-mediated transfer or any
method suitable as known by the skilled person.

In one particular embodiment the non-human animal model for Alzheimer’s disease is

generated by sperm mediated gene transfer.

According to the present invention a pig model for Alzheimer’s disease is in one
embodiment produced by sperm mediated gene transfer of the mutated porcine
PSEN1 as described elsewhere herein. However, the pig model for Alzheimer's
disease may also be produced by introducing the mutated PSEN1 or protein expressed
thereof ((SEQ ID NO: 11) into a target cell.

Moreover, in one embodiment the non-human animal model expressing at least one
phenotype associated with Alzheimer’s disease due to the introduction of at least one
genetic determinant, wherein the genetic determinant is a gene or DNA or fragment
thereof, and/or RNA or fragment thereof and/or protein or part thereof of the human
PSEN2 gene, mRNA and/or protein (see SEQ ID NO:12, SEQ ID NO:13) comprises at
least one mutation yielding the amino acid mutations as described in table 3.

Similarly, in one embodiment the non-human animal model expressing at least one
phenotype associated with Alzheimer’s disease due to the introduction of at least one
genetic determinant, wherein the genetic determinant is a gene or DNA or fragment
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gi?%%gﬁ?”n%?%{eég rﬁ'gtﬁrmi@aﬂt intotretaegstt celf by hey m@trmdnaggﬁaﬂl?%@!ﬂae skilled
gpason, TENEaislé BY it @bR o ﬁfeetg %F?eelll ]Br {}I\? gig%@gglg@dﬂansfer or any
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acid nutations as described in table 4 It is t
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' %@H remhgisnent dre mahdmaryaminta) miahiy for ARSIRer O kisease is
,ﬁ”{r}?ep be tated porci ne PSEN1
py@ieeatsd PAkperm ﬁ]edﬂ?é@&%ltf’arnskpe m b 10
protein wth SEQ I D 1 1s used to produce a
pi g nodel for Al zheiner's disease. The non-:]urrgzcti o
cpmngtaie ey B i HEE ) Al P HSHE
. o .
?%(‘P%’Z“b“qﬁfgfﬁm%&%ae;rw Sﬁ@'tn% gedigied gerts! tearlsfertoh&]eahutb{eﬂcbolrclzine
RSEMNas ﬂ@écri@égE@%@g@%érﬂéé?ndéiﬁ.gﬁlé\gér\/e%ﬁbg nghr%o & rf(ggreﬁ{lzhce(iemer”s
[ - e
ocfisegge \l{r%aryua?sont?e }Jr%duced by introducing the mutated PSEN1 or protein expressed

thereof into a target cell (SEQ ID NO: 16).

Furthermore, in yet another embodiment the non-human animal mode| expressing at
least one phenotype associated with Alzheimer’s disease due to the introduction of at
least one genetic determinant, wherein the genetic determinant is a gene or DNA or
fragment thereof, and/or RNA or fragment thereof and/or protein or part thereof of the
human APP gene, mRNA and/or protein (SEQ ID NO:17, SEQ ID NO:18) comprises at
least one mutation yielding the amino acid mutations as described in table 2.
Similarly, in one embodiment the non-human animal model expressing at least one
phenotype associated with Alzheimer's disease due to the introduction of at least one
genetic determinant, wherein the genetic determinant is a gene or DNA or fragment
thereof, and/or RNA or fragment thereof and/or protein or part thereof of the porcine
APP gene, mRNA and/or protein corresponding to SEQ ID NO:19, SEQ ID NO:20, or
fragments or parts thereof,)comprising at least one mutation yielding the amino acid
mutations as described in table 2. It is appreciated that the at least one mutation is
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The non-human animal model for Alzhelmers disease, in particular the pig model for
Alzheimer’s disease, will typically develop at least one of the symptoms described
above such as progressive memory loss and severe dementia in advanced cases
which can be monitored by behavioural studies. Evidence also exists for the
impairment of olfactoric sense which can be monitored by behavioural changes.
Furthermore, scannings of the brain of the animal models by magnetic resonance
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| east one genetic determ nant, wherein the genetic

determinant is a gene or DNA or fragnent thereof,

anHénki‘ns‘ali% Grseégagmsnt t her eof and/or protein or part

t her eof Ié n APP NA and/ or protein

(SR Rrsbacien 2t BoAes FRFN it P nosa ke pual meRel expresses
Mudtdéasd bny pﬁér@btm éﬁé@cn@t@d%th&%rﬂm%ﬂ Abiceae. fba partlcular aspect the
descrij bed in Sim | , I n one enbodi nent the
TR SlreEinofeids e PP ad skhissand PLlest. Gieepheolype associated
pheitroPyimsass dizseated wWith Al zhei nmer's di sease due to

the introduction of at |east one genetic determ nant,
wherein the genetic determnant is a gene or DNA or

f regrinson ‘s dissgef is L&@dh@felﬂ}%eﬂ# td é@%@ﬂ&edtcbﬁauﬁ&i usually

and/or r,ot. rpart reof f the porcine

geng® 'tgﬁg? &JIOWI”& %"‘i‘ P %’g‘ffdﬂﬂ?mﬁst‘% r@E(ﬁ"? t953 of dopamine-

{\Iﬁhr&&cnﬁﬁ@aln&dﬂ@ tAPnor@r trefﬂbﬁn‘jﬁt Bithe atﬂﬁ? Ak tggs, Iagd facet ﬁtlffness or
er risi one nmutation yielding

arﬂ%‘ﬁ 'Hﬁg@o ‘{;tﬂfr%ngragg 'H%%%r?'B\é‘ﬂe?rsrPfﬂWe@e?t Rosturay

apmtemlntg,tmdmpbmd bdignct arldedvstdigtenmut ation is WO

2007/ 124751 PCT/ DK2007/ 000204 35 present in the gene
fragment or cDNA fragnent, RNA fragnent or protein

pa?arklnicm s maedSeC(EPDal‘s 4 bemmioh @?@ewecﬂ&u%d%ﬁen%é §|sease

nodel ier's dis
o ety RoR e BaRidlionaYGLe0 Poars Al S9fe THeImugteT SRS tected
wa}dlhéuajaermcaesad niaximiim tvaloe betwesh 132)‘::1r§?da?'93I @@Q@f ade with a mean

TR e A D AN Lo TS, SR o o
t mesthgrtmtorptmaﬂykmema)ngldn\ﬁiahd pblétatfal mﬁﬁ@ﬂitmﬁé phih@logical
s disease is 10

gener a%%go'bsydﬁ P %gaqcéetrgad g¥ ﬁ’sg?fﬁe&ﬁwf dopapieggis geurons in

t ¢het Siebspeméia eigra pansemmpmtaearm the Iﬂimi%hcé o sobd:aﬂB@ |L€ﬁ§/ b8dies in
n_one duced

dggat e%tlmé;e'ﬁeur?r} hg\?’gB %FS AireorRRRles p[s?g%/e. 'sjga angghe main
desustitired isethe evdiein e-$yaueiei. LeoyBy@Es arfeh@qlml’egi faPE ehthbRGical

R o B AT, P Lot oo
t Regendratiort of da)patrﬁrreggxt neetons (Sl IR ased productibs$ of dopamme

‘e kSRR RRRR edfarads Eeonahi s bekblnate s gigioiy.

hdheletigogis o oD ishlardelynanknBBRNLt is PEEESBIyedi@ 18 bodPiertsic and

! bﬁ\yl%ﬁrﬂeﬂtal factors. Impaired mitochondrial function, changes in protein sorting by
the ubiquitin-proteasome pathway and facilitated apoptosis may all represent factors
associated with development of PD (2). Environmental factors suggested are exposure
to pesticides and heavy metals (3).

Most cases of PD are sporadic but 5-10% of cases are caused by genetic mutations.



20 table 4, 3, and/or 2 is conprised in the human or

porci ne PSENL, PSEN2 and/ or APP gene or DNA, RNA or
w@e@ra24181 of the present invention, such as foOPCEREAW7©00204

at least two nutations, at leagt three nutations, at

| east four nutations, at |east five nutations, at

| east six nutations, at |east seven nutations, at

| esslerglitGinbgdRié ak
ol i frean nm'z?.‘“@ﬁgé"§.&éfaﬁav%ﬁz“ BB inpi fing nematodes

e(gﬁnﬁ)o PBCPS@QB'& ntige oy ktean ditferePIIRMIBSSRBEBE genes. Several

aﬂdflt:gzgg‘?dtﬂté nlgi:é gﬁgelg r‘?\a'{r/r%‘rgé&oébse%redafh@ u‘dfngztge Lbsdrie of loss of

%ﬁ"? PR BBErUReUsRNIB Bt thehrnOdeis anggestingriééh better
f cdniAlaABd wdUR 18 ché?ﬁbntégé reﬂa?dlw,rsstédaiﬂ%lezés’%%tdrsn Molved in PD

on#rmnanlma nodel for Alzhe
pa‘?ﬁiI QYN YKleHyigy MegBenis®s. 30 Al zhei mer' s di sease,
wi || typ| cally develop at |east one of the synptons

d rlllP above such asdyrogresswe menory | oss and
gIqydneaenes 3ra linkraindeikiospres disegtech can be

rmtnpha)iy&ﬂlch}h (oM iNredosasyidi es.  Evidence al so exists
ment of ol factoric sense which can be

ng‘ih'(ﬂ%?rbéqgﬂlm'B%'H‘ngoéﬁﬁeép%nﬂybommb,t her nor e,

s ¢@0tine ¢ish edpeahRinBsAILRRK2, NIE 1985 nodel s by

magnetic resonance WO 2007/ 12‘4751 CT/ DK2007/ 000204
36 and/ or positron em ssion tonography can al so be

e Ml bRl haicdRbasuBL it
i ndi cat | vg IC? rFAquhel rl%’#ré %tsr@g%“ségggéo Q%HF% 2 d"l‘gstranSQen'c
diPSEEMRAGIR Ty fearidnsnsgisiflishases t he present | nventi on

the non- human ani mal nodel expr esses at | east one

pﬂ.epgt%@a\ssom ated with Parkinson's disease. In a
paftecll aé?é‘ﬁ&@t's'f'%’arh'f@ﬁnﬁmsam ARCADIEI00084%) pi g
nﬁﬂﬂdno@@pr daghtgh at | east one phenotype associ at ed

th Par ki 23 % s di sease. 10 "Parkinson's disease" is
uged her ei 39 ®fer to an inherited condition usually
agsoci at ed Gmi4erythe fol l owi ng symptons - all of which
result frog! IES_ I oss of dopam ne- producing brain
célls: tre Ptrerrbllng of the arms, jaw, |egs, and
face; stiffness or rigidity of the linbs and trunk;
br adyki nesia - sl owness of novenent; postural
instability, or inpaired bal ance and coordination. 15

Paalké BSMuteﬁlods 8@y RéNdhsbs's AiseaSETRNUEHLYY r@?sb%ﬂ 81)
@{ﬂ? ?tJve di sease affecting 1-2%

p g &\Péro 60 years of age. The nunber of PD

af f ect ed Sedl8vy|dual s reaches a maxi mum val ue between

and 79 of age with a nean age of onset
b%tvveen Neg%d/feéS years (1). The cardinal clinical

synptons of PD are 20 resting trenor, bradykinesia,

rigidity and tural instability. The pathol ogi cal
Tabie' 7! PuidiVe ;?ac%ﬁogenlc muta%ons causm%; Parklnsoﬁ)w S d|seasge in LRRK2

(NM_198578)
Mutation # Mutation

1 Arg793Met
2 GIn930Arg
3 Arg1067GiIn
4 Ser1096Cys
S Ser1228Thr
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mani festations of PD are characterized by degeneration
of dopam nergic neurons in the substantia nigra pars

w@eowpazeral and the presence of so called Lewy bpdi/BK2001/000204

degenerati ng neurons. Lewy bodiﬁf are cytoplasmc

protein inclusions and the main™ constituent is the
protein a-synuclein. Lewy bodies are required for a

pag hol ogi ca i_agnosi s of PD but can al so be

obéer ved i nh%ﬁ?&g}aﬁeur odegenerati ve di seases.

De@ener at i oArgif44dBisam ner gi ¢ neurons results in

degreased pr, i of dopamine and the lack of this

Si %nal subsf‘ﬁ@?‘f@n} esponsi bl e for bradyki nesia and
rigidity. TNet¥®699hogy of PD is |largely unknown but is
probably du h genetic and environnental

fa@?ors. In%g@élgﬂlt‘?itochondri al function, changes in
protein sorThri2g56§e 30 the ubi quitin-proteasone

paihway and-f ackkhiated apoptosis may all represent
faﬁ:%lors assgglég?é}é'l%th devel opment of PD (2).

Envi ronnmental factors suggested are exposure to

pest.i i . I 3 Mbst_ cases of PD are
EPore ghted of 8 ABa BRI ettt Ban Vg e ne modl
mueXpressing. atWeas? 004 ph@dbiyike 42Co¢ialsd A0/ FDKIRSZh's digease due to the
S . ' i l.s of PD.have been . .
ool et 3P ARER G Bl B ard e i a5 eLE determinant o &
Dr ¢repiiiDNA onfragmenidheratfs aadidr BNAfoe fraginePDhas0 anddbestotein or

g | Aons t e nji.ce nod _
paretseREY B Bl nf afh BBl "RUE Rellof g S8R B 1022 sea 0
ni NO@S) compasesti peast nee giutatine yietdigy the asdneacll niigtions as described
nqg@%bqeguggesti ng that a better 5 ani nal nodel woul d

be of advantage regarding the study of the factors

i nviglilgdyd in anePBmbpdittent thgynoarddimendeimhylimederegressisgat least one

SO P A L G a0
C-geseti¢ deflerrhipdnio Waseeirn bEidebetididtOndiB1 s a gbeeior DRArdr éagment

' L The hel i ndi d .
| SRERbL SRR Rt T bS8y G RS S orene
t r¥Meg erne, mMBYAENIrmoeteinsofrespdPairigi to SEES |B5 NI 24 S5 1D NO:25 or

i I Hir e .
Gam_eqygid'nztata{:bw asEBEhribeTabltabled 5. IMstappremiested tias tiegat least one
Pan bt PR predlint RARE gbRe H%jh&nt(owmoﬁ‘&gsi%gnt RNA fragment or protein

part. In particular the mutated porcine SNCA cDNA with SEQ ID NO: 26 is used to
produce a pig model for Parkinson’s disease.

The non-human animal model for ALS may be generated by introduction of said at
least one genetic determinant into a target cell by any method available to the skilled
person, for example by injection into the target cell, or by virus-mediated transfer or any
method suitable as known by the skilled person.

In one particular embodiment the non-human animal model for Parkinson’s disease is
generated by sperm mediated gene transfer.
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Mitation # Miutation 25 1 Ser18Tyr 2 || e93Met T'abl e 7:
Put ati ve pat hogeni c mutations causi ng Parki nson's

walz®easssi n LRRK2  (NM 198578) 30 Mutation # MCEDKoW7000204

1096Cys 35
Arg793Met 2 A n930Arg 3 Arg 167G n 4 Ser

5 %er1228Thr WD 2007/ 124751 PCT/ DK2007/ 000204 38 6
I1e1371 Val 7 Argl44l His 8 Argl 1514Gn 9 Metl

68 ordi ikl i ; 12 G y2385Ar,
Cne- gspets. of ihe orosent \esCeon LRI PLF Easeh one
noeﬁ?l?(fﬂﬁlﬂﬁntaq{f’%ed PP ;neghiaiedgeienitansfer|of tet motaged porcine SNCA
PRl VPHORE®) as ik atbeticldbRBIdA AN Sl g e L0,
t introduction of at |east one genetic ,
mﬂ%}f KIPFOT i iSERsfTAY alsetbermiedieat by intodugien theomuliNdl SKCA DNA

f ((SEMBIDk Noha@)eﬁfprotaﬁcax?res%h%ofg Wﬁ?ﬁaﬂ%ﬁ%ﬁ@ NO: 27).

and/or protein or part thereof
gene, nMRNA and/or protein (SEQ ID NO 22, SEQ ID

L | i ing the
T D i e B BT st o
Si rl?]eﬁc‘}ityﬁ)?/’asqqg Wi BtiNsen'ts diseasedue teuheintariuotidn of at least one

' ] SOCi d
D ol e o Y B BT S0 pament
| é'geg?"fgﬁ'éd/ °b‘gﬂéﬂr g’aa'é‘teeﬂﬁ?rﬁaﬁ@nd/ma@irrprtmt tgeref dfthe human
de1GHL] guamt miRNRaaeDeBlerYEPID NbRTaR | N%F%g‘}fcggppses at
a(;/ RI\IAt r fragment thereof and/of pro el'nor
t RserS g% €3¢ a?'ﬂ'é yﬁ@’?‘?ﬂ the aptinasagid mudations mRNAsGribstdn table 6,
protein corresponding to SEQ ID NO 24, SEQ ID NO 25 or

. r rts thereof, respectively) conprjsing
;? %ﬁg‘gg{'%ﬁ% o Il e Raruihuvean arimakmiodel expiadsing at least one

bl pessasciaed aithFestihSort P Sase: duktto ifs ARBEGSLALES: least one

t Sé”rjf'etiﬁ tEJS’ce‘F?‘rtninla(?lfe,‘ S\?\}he?eqr(l3 the genetic determinant is a gene or DNA or fragment
thereof, and/or RNA or fragment thereof and/or protein or part thereof of the porcine
UCHL1 gene, mRNA and/or protein or fragments or parts thereof comprising at least
one mutation yielding the amino acid mutations as described in table 6. It is
appreciated that the at least one mutation is present in the gene fragment or DNA
fragment, RNA fragment or protein part. In particular the mutated porcine UCHL1 DNA
is used to produce a pig model for Parkinson’s disease.

The non-human animal model for Parkinson’s disease may be generated by
introduction of said genetic determinant into a target cell by any method available to the
skilled person, for example by injection into the target cell.

In one particular embodiment the non-human animal model for Parkinson’s disease is
generated by sperm mediated gene transfer.

According to the present invention a pig model for Parkinson’s disease is in one
embodiment produced by sperm mediated gene transfer of the mutated porcine
UCHL1 as described elsewhere herein, However, the pig model for Parkinson'’s

disease may also be produced by introducing the mutated UCHL1 or protein expressed
thereof into a target cell.
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mutation is present in the gene fragnment or DNA
fragment, RNA fragnent or protein part. In particular

wao b@7meu7at ed porci ne SNCA cDNA with SEQ | D NO P@BDKS2007/000204

used to 25 produce a pig nodel for Parkinson's

di sease. The non-human ani mal fddel for ALS may be
generated by introduction of said at |east one
genetic determnant into a target cell by any method
avai lable to the skilled person, for exanple by

| NF@termaorel mtyéttah@théﬂérgﬂédnﬁﬁéh’d the Bbn-BYMaEh ratm&nmcw: exaloressmg at

transfer ab e as known
C ERstone sDradbe ArepRte iy PR aP & AsGara ank (e Miroduction of at
nqeaétt@mia@eaémm@étemd@tt \t/@ére|ﬁahé<gmn d‘étéi‘trﬁfam% d §ene or DNA or

er at %!ﬁg(ﬁ C%e%gﬁg;og ggr@gr?tqg @ s %ﬂ atetrbortpﬁ)ét thereof of the

prmﬁ LRRKR gEh®mRNAI 6hdrop @edteih QBERADMND:B0NSEQUDIMN@:3E) comprises

d d ted
| PSP e e MRS Ret R R GBS Bagble 7.

as descri bed el sewhere herel n. However, the p| g rmdel
k|nson |se y al so bhe pro
| ARG S A OROE Lo SO PR 2 T B eRgies Yy appast one
p I sSHe@lbtype xps®sated with ﬂaﬂ@fﬁsdn%tdﬁse’asé Auged Lt@ﬁhﬂrocﬁﬁ@)h b¥ at least one
nent the non

rsieht el naRl Pkt den g e Gt B 118 4804 BRDNA br fragment
_aStﬁéltéoafaa_d/o‘ﬂRNA aardgmw thesedtiap@@s prdﬂélﬁ ot partt Frereof of the porcine
T e L
f r\gi/gfmtﬂéaslﬁné heutatiadh, yléldidg e ﬁNAo?bldL rhagtieid ad Mcﬁbéd in table 7. It
and/ or n rttereoote

qdnePrrBRiEhe B <bRBHLTF T SRteT b Aeheshin BE eI Rensgyor DNA
cofraynna&sRm frabm@at orq:netemm Iropariicigdrthe gnutdted ddtdire LRRK2 DNA
acid nsasdesrb i.n table 6. Simlarly, in
ok Ul AN £ Rig o e B Shen e 88l e pr ass! g
at | east one 15 phenotype assom at ed with Parkinson's

d| ase due to th Qtrod at Ieasb one
fQn-tiipa) ﬁ’i"ﬁ‘é‘ﬁtﬂo '”?‘H?ss 8'3?1%%‘1 D2y 8e GERPTRIRT bY
| Sntaocgmﬂen ofsdﬁhﬁerm‘tlcfdemjmﬂtaht intde taegdt,celbg aay ntdfododvailable to the
nt _the eof and/ or. .pr.ot ei,n or, part hhereof of the
%ﬁrﬁ@er SURRIS bYARCUR IS S B iCR or fr agnent s

or parts thereof conpri si ng at | east one nutation
|edn am nQ. aci ons_as_describ pnoo .
y IB|086 & I’t‘C{JE\{ gm?aglgwl’t ghe rqarpaqnlqtﬁpmgﬁellf%rggqulgﬁ@ s disease is
mgem‘emeld by speras@ptiated dene tigasfer.f r agnent or DNA
fragnent, RNA fragment or protein part. In particular
the nmutated porcine UCHL1 DNA is used to produce a
pi Accontired tofte pResekt insantios adiig ewsel foilRarkmsor’s disease is in one
anl nmal

oy B R e ieg 0 st o8 PRt By f o leiesoine LRRK2
t aersgcﬁscnlﬁd elbgwitary heetirh dtbvavar, trapie nicalet foe Alzbkindrediisease may
P&l &PDs pifo(aﬁceecf(g\/n}?\trgdtpéfng tWe%Jtat%Q L'R%& otrhperotte%r&%tres%gd thereof into

a target cell.

It is within the scope of the present invention that at least one mutation yielding the
amino acid mutation homologous to the human SNCA, UCHL1 and/or LRRK2 as listed
in table 5, 6 and/or 7 is comprised in the human or porcine SNCA, UCHL1 and/or
LRRK2 gene or DNA, RNA or proteins of the present invention, such as for example at
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In one particul ar enbodi nent the non-human ani nal
nodel for Parkinson's disease is generated by sperm

wored7az4el gene transfer. 30 According to the pPEFBKR007/000204

i nvention a pig nodel for Parki1son's_disease isin
one enbodi nent produced by sper'm nedi ated gene
transfer of the nutated porcine UCHL1 as descri bed
else ere herein. However, e pig nodel for
BRTGR i Dstcica B RSe inbalonk 4 istiasamiyations, atfeast ve
i nhumdum:s raglebb’tesm‘fh‘mait@ds (SPtdadt SdveRnRIteidhsCHNELS SRt ARitations, at

2007/ 124751
p@f?%?&’b 5 '66% 'e%ggf'f%ﬁ“tfﬂl&%&e@'ﬂgyaarawetae@rmutatlon
erﬂmbln@cms t?] e monarhSNEA, @®m|an%Q§R¢QMk nsggsﬁéd;‘lﬁ t&le 5, 6 and/or
associ a W ar ki
ot E s B BR ES  as ol ot na rusatene dogeof may be
gesvetbimediataaranimalihodeMie e plelepig eitRlel or Safi@iddhRaMease.

is a gene or DNA or 5 fragnment thereof, and/or RNA or
fragnent thereof and/or protein or part t hereof of the

huftemdoRRKRargerismal mobiél falfPHrQIhscﬁ}f@Hi@éé‘se( 55%&1&15\@1@9@ model for
one nutation

TR FBbas D! SRy AivaloD ohloagbonsi dhs Bdptoms descrbed
t adiloge duch & ﬂympabiny, all if Wﬁ@h @é@@md#om?fﬁfe Iéé&%f%ﬁaﬁﬁ%’roducmg

t one
BT G e S o ooy o
t Hienbisrendaolunk bredyloﬁesai él@ﬂﬁéssQﬂmov@ﬁﬁﬂf |p©st@%lgfl\slgﬁld'l%mor impaired

V\’fbgfa%cg aihg P@_@%I c determnant is a gene or

f ragnent N-and/ or RNA or fragment thereof
and/ or proteln or part thereof of the porcine LRRK2

gdrinuctddiitieangé st ( TNRY dRididérs fragnents or parts
thereof, respectively) fitted wth at |east one
tatlon yi el di the am no acid nutations as

deékepe BE’&OF'WG%B‘Ig tge presept imgention dpnestihamen arfimel rodel axpresses
| @@fdlasOoR rbﬂétn@fygﬁﬁsééclé}é@ﬁ/ﬁﬂtdls'egsésn%laggdqﬁ tﬁlﬁ@ﬁ%ﬁﬂg r&feat

ment %rrent or proteln
DE@PF ‘&%ﬁ? gP aREicHA” AFRRF ﬁmwm@mmmmodelss apigimpdel
pfeQd‘éﬁﬁn@ aplegstmedheﬁ% & @Eéﬂcﬂﬁé’c{‘wﬁh Qi'sé%é?eéerela-tr&eto trlrbucleotlde

non- human ani mal nodel or Par ki nson™ s ease
gEFRGBAPISATASYS- 20 i ntroduction of said genetic _
determ nant into a target cell by any nmethod avail abI e

: quﬁlrﬂé?eotﬁ%'r%%q d%%Fo%%‘or éﬁﬁpﬁéﬁpﬂb%ep a grgngl%%él E% gfre A% of DNA

he target I cu
néa aariﬁwaammn tlmnwe frtﬁluclpaivde sesuAhGe wipset@denary times. Unstable

gﬁ{"&f)@étglﬂteQEpéﬁ§ bFA GAY %?\gw {]QI %Jn%ﬂﬁé Sédm)eﬁg?s and TNRs

According to the present
PaPNstifEe A" Sé'b%ﬁ@éﬁ@@ ynstable mpeatsenbodi ment produced by
sperm nedi ated gene transfer of the rrut at ed por ci ne

Lﬁgﬁ%otg&bsregfgt%étgﬁﬁty% %s%\é’glg{eg VEE{/nore than |n e‘rl’cedhe Pi g

Inervs
neurodegenerative, neuromuscular, and mental retardation disorders in humans [2,3].

The nucleotide repeat instability process is a dynamic process, where mutations
continue to recur during meiosis and in mitotic tissue [3]. Long stretches of repeats are
more likely to expand than short stretches of repeats and the length is correlated with
age of onset and the severity of disease, a phenomen called anticipitation [3]. Diseases
caused by trinucleotide repeat (TNR) instability can be divided into two groups. In the
first group the TNRs reside in the untranslated part of the affected genes. The
untranslated TNR expansions, constituting either CTGs, CAGs, GAAs, or CGGs, result
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al so be produced by introducing the nutated LRRK2 or
protein expressed thereof into 30 a target cell. It

WO 2008124750 t he scope of the present invention PCEDK2G07/000204

| east one nutation yielding the amno acid nutation

honol ogous to the human SNCA, UBHL1 and/or LRRK2 as

listed in table 5 6 and/or 7 is conprised in the
gene or

human por c UCHL1 and/or 35 LRRK2
DNR, a“F?KD!A 8?’%9“3%9“99 it mayealigr ecaneiexpiessios sonisal ohthesaffected
f ogeresampbee ok aH‘@tr&QQ@ffécﬁé%ﬁ $plat 5?{@2&91%/@8@3% at‘the chromatin
I elast %gﬁﬁm i ons, at [east three nutations,
| 5% [ XRaRdgd nansoding TNRshave bgen idepiitiad Qﬁm‘éausaﬂ‘!ve mutations in
I edisdrdsisndluding F%&encﬁ%tdx@%blné@éf%lelﬁlﬂb@&ia@@SC@B% SCA-12,
| east, ei %JS/ % lréﬂorn %ast ten nutations
| R¥QIORICHYRIEIPTHY @ ?ﬂt'§‘§|s¥“ PR§s{He anino acid
mut ation honol ogous to the human SNCA, UCHL1 and/ or
LRR'ﬂQe 38cdnb B & the Thak e?re%caﬁedqﬁ%é)éoo@n reg’o% cjﬂf?he transcript. This

grem ated that one or nore he genes
m} &% PHOHYR ﬁ@r%ﬁ'ﬂﬁ%@lnﬁem%@ﬁb@ ﬁ@@lng Fegian em:l expansiotieinclude GAC

f Oéncﬁalﬂﬁ'ﬁﬂo@/ a%p@tgﬂ'\é"”@}@ eﬁé’ddl agataéﬂl BRAMeS 3% ﬁl%arﬁgst cgptﬁnonly

- hyman_ ani_nal™ nod for P I hson' s

pdij?”tlf'ﬁﬂ &G hiRg %C%@QPOIV@MEWGI{%EW@%|C9°éé§ HRS are identified

Wi dd celugat Bt GHAVR! L -
d:%gi{ be(lj\léiftéu a%%%eﬁgabgﬁd%ss lﬁ@tﬁlné’Q@AOf #CP?Z ER! 3°§EA6 SCA-7,

ﬁ%ﬁwtﬁ%ﬂd&@gsefsptt@bwﬁ héb@frr@@ﬁwlaﬁ gtrommSBMA) and

CQidnﬁato@b%‘ﬁﬁélln&flu}sﬁa@fﬁltdfpﬂ? (@ﬁPUﬂ? Ih fWse H%Bﬁie&?gﬁoéléfe?al and
sUffnesg@or ri nmbs and

br"ESW'iaﬁ chions %P @ﬁﬁ%@@ aéfNeH@§ é'h%tﬂgulati@%@m@ular gene expression
| RRleabithd $8queSterihdTBRtdrieri ﬁﬁ%b%@@law ploRghdi nati on.

Trinucl eotide repeat (TNR) di sorders 15 In one
enbodi nrent of the present invention the non- human
aniReNolppifal meshsnisssagspensitiefes TNGhestphiityatry pet completely

aseﬁRﬁdaQécPd‘thteBre@'cﬁ%@éfessﬁeﬂﬂ@taﬁﬁ lrlil‘%rltéd Wﬁl rﬁs?éﬂllﬁ)'? is determined by

repeat di sord ers In a par I CU
&Htfhh ReReelfi faisearrnses withia the gffmi@régen@mtde‘wsﬁgnmmng

| eRsthbaeHrRBRLIAL Y&%)@ﬁ%@&cbﬂh@g;ﬂ Hate%gs[?f%ﬁ\ﬁ?c & a?ﬁ @g:)robably

to trinucleotid repeat di sor
r dpehes 4 %@rraéw Ffrspesifia RMAcTIrugiuses digring RiXA repdiosti, bpair and

Stréndiesion 81 MbpalgB darifg BRIA rlegﬁca‘ﬁBMSaﬁtQ bbBE %?%E?eﬁﬂzgd

trinucl eoti e sequence rep eate
nitghaaieet Mhe direciipa of BNAY r@plﬂqaunrm thmugiu@a&htR ittt also affects the

ge%m;ﬁ[gsmuﬁ 'é@@i%oﬁ&ﬂth-emﬁﬁ? ﬁ%‘lsfHetééhﬁeﬁce egplfrgﬁmgﬁt FHE! repeat

unst abl e re&;ats Nucl eot | de rep eat nst
a§piEpyesdp tmﬁqiaen@ntcpfamﬁtamhtvmr@; fqr@damsle SImllar CAG tract lengths

NEHEW ARFBPEHE SRl Lde JeRHNG TRSAL b&Rom R al

retardation di sgfd erjrés [ % g r5| % n{&% ﬂu@ltre%t'u'ggn

r BpRARIGBE danath efyT R métra@s is Wﬁmmhlcmubeteeb' trankmitied [13].

”Bb%ho%‘%ertéi@‘ﬂ\lméﬁgth%ﬁl@ﬁ Wppclits td t X e% fl@nﬂe TrNR tract

nLtotlctlssueéA Lon stretc of re

ecomes unstable [ n unstable TNR tract that has not yet expanded to a size

sufficient for the full disease phenotype is called a premutation [2]. However, TNR
expansions of the premutation size in for example FMR7 have been shown to result in
a specific disease phenotype of late onset. The genetic instability of TNRs is related to
the repeat tract length and expanded tracts have increased risk of being affected by a
subsequent expanding mutation than the original tract [2, 3, 14]. Also TNR
interruptions, as for example CAA triplets in CAG TNRs, play an important role
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nore likely to expand than short stretches of repeats
and the length is correlated with age of onset and

wo b@7aemer ity of di sease, a phenomen called  PCT/DK2007/000204

anticipitation [3]. D seases 30 %aused by
trinucl eotide repeat (TNR) inst & ility can be divided
into two groups In the first group the TNRs reside

in f the affected genes.
e TG AR SN AR e s ehfi nlsPloes e iniuarde restabilty and
CARgiholCiss, expanDBEs(15]. eslaide 18I 30bMatiR4A kransmitted mstablllty is

R0, BBl 2 D BRI 256 0 0 b panc anc

gedﬂegawrcamarmg Tch%tracntsI cam basombbsuet of approxphatly MeRPINRs as

e chro t|n
L e SO e e IR, alopsetii forareimgle myotonic
C aﬁiwﬁpbme{a“rﬁ]; interentingly) it \mbssebdﬂu&hbﬁm lthediaRGndudes MRl 6

2 i OO oA PR o S B STaT Fiptnormore,

t hféamemn@nmai udetseof TINRS inatawilitystsd @cﬂntb ut e iePeHAEe for specific

Rl B e T bl G

expansi ons i ncI ude GAC encodi ng pol y-aspargi ne, GCG
er@rwemgoqﬁoieylt ofl ta@ brenBinteritibe rélﬁt%h t& 8 WBRMuYhan animal model

S 5 AP R o LA oty 0 ot

mﬂsaectdhs nom-hdinanaaRma mdderis \big thodePexbressfry Ieat%?@hé3 henotype
tington s disease, “spinal ~and

S%%Bg?'atrgrug@'étﬁlny&%m? 816%%&7’95%5% and dentat orubral

pal I'i dol uysi an atrophy (DRPLA). In these disorders
C\Miyasidred @ystopBy @ cauesd BYITAIR ih lt'rﬁlacﬁ LR o Iﬁfrﬁaerp%gcgjtoﬁﬁ dystrophy

vvelcl) sl?the regg@gg on of cellular gene expressi
dPEOE e dEq Wgersra e gnid¥r isgwaimhﬂ S il et marpnal size of
prtlm!; FNRSvariks bétveeciits 6B AIEXRBRSIGHY $dR abSRPHNE] Qelv%hafl Housand

nst a are nqot conpletely elucidated
degr e pg?g rF%@%'Q Tayokeni¢ AYStRRAY-i nherited TNR
instability is determined by both the specific

CiChesRBEENS &% Mﬂe&é\«\tm\lehﬁo@fhfu‘é‘ 4186l 480 R8n

trans-functioning netabolic proteins as%pﬂ]an ané'ﬂ?)'l"é()de'
Dﬁﬁprﬁéﬁ'&g At lﬁﬁ%}togprp},lep@lype FHIRCIatest with mwot}bnprdylsamlw due to the

| mrekvéem tdwt feEBHel c
dur i n%&é}A l'i cat |%é:1h69§ é’étgﬁf'hé'lﬁt v reco | na(i(?%?\rm'”am Isa

[BFC 9 amﬁr'ht@e'mﬁx e\né@r RO ordragiment Herdfsind/or protein or

o o me R 4544 0,018 g o

P RrOlRIN 635 | D ?acﬁﬁq I NCG:33)t WeergiNrhée nsmber oft CEG repeats is

seljussiae, ES\BU&W%%’[@@_ the repeat contributes to the
mechani smof instability, and, for exanple, simlar

CAG tract lengths show different stability dependi ng
oSinfilafly g8 ORELMBEEAMEA thel - thithan dflmb Vol TRBre28ing at least one

p tion the |l ength of TNR repeat trac
%F%/nﬁg' PHRASEOHRIE ¥t WPXPthH%ﬁ)éﬁiﬁOPgbdu? tohe intBeluotimh &f a genetic
cagteminant Nghéreifghd geMbticCdbtaRemnt F ?j Qe or%{llﬁ ogﬁs&#ﬂfﬁhereof

becones unstabl e

t?’}%?f%pr ﬁ%@“ﬁ'ﬁtth%tﬁ el rielgint ey partéhezreof of the porcine homolog of

the human DMPK gene, mRNA and/or protein or fragments or parts thereof,

respectively), wherein the number of CTG repeats in the DNA is at least 40, 45, 50 or
at least 60.
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sufficient for the full disease phenotype is called a
premutation [2]. However, TNR expansions of the

w@e@me4si on size in for exanple FMRI have beePCEHDEMV7/000204

to result in 30 a specific di se%}se phenotype of late
onset. The genetic instability TNRs is related to
the repeat tract |ength and expanded tracts have
i ncreased risk of being affected by a subsequent
expandi ng nutation than the original tract [2, 3, 14].

Al Sloe MdIRNUInan enimap tricalesfor myotonic C@’FWMW‘? gém@b@dgb
t ant 07/12
PRS00 POt TR iy See el e e avatasle to e

t heliilledatessome éargw?nhpkpneajecmri lelloetBe tang@troéa cbrlrb:}'tv@rlbsin?cdch’ated transfer
an ansi g arge evel o
so%a%r&?%%ﬁégg ll#'ga%é n% ?%odv q Wﬁgg%ﬁ%‘? E;ersg observed for
prenmutati on and full y expanded TNR tracts [2, 3]. The
ful.l e causi ng TNR tr cts can,
c o sheBHARE Cedmet BROERNS Srlmel Hove YiiZusiona Sharopny i
S@ererated by eperai meulatmiagums tmsf@bser ved in for exanple
ny Interestin
st 68 AR ko g o3t matobie dysiie inore

premmmenfcmodlwldlhyrspefm Mddidtedigeree tramsl’nmmmecmjfm@q or porcine

h r ic.ani mal of TNR )
| 2 aglgi‘ér S r%glm\ gnd/o ﬁr%ﬁﬁwﬂ{arﬁén %W&F}b&ﬁ 8@&?grrepeats in the DNA is
saidgdst 40, 45|\I50f0r ahlleastgﬁOs Elqwevm'ethetrggg groealthr r’ﬁbﬁomc dystrophy may
[ One enbodi
ot biddtoacey thoaddla & R, RO EA ace. T ancror
expieleirs wWhgrein thegnsiben néCﬂiGerapdze;t@F ths DINA atﬁdaaﬁt 4 45, 50 or at least

j . . particul a aspect the

2})@1{’ Eﬂh@ﬁg%%grg?g%aée%oﬁg%aa tﬁr l%r?sliiel expressi ng at
| east one phenotype associated with nyotonic

gyTe‘rterr(anwn:dt:fym:]lmlal wodyiSor rﬁ}?ﬂwnlt: Syﬁﬂipﬁ? dn b)ért-EhBtr ke gi§ ghodel for
e, hu rotein
TGS OB R i O lort el ¥ i Simpioros g oo
Tlg@namhmxl wsaknesofind h’russeula'tf\iﬁ’astmgltl@ alﬁébt\é/@@é]fa'ée %ﬂd nd¢k; difficulty
rom ahove S ous
L R N i
t laeNq{Htles @fthel musids (trmsbhlasdys;a’oplﬁ)?SortaEltﬁoﬂthﬁ &G Nhe eyes
SSi N east._an eno
ééeg%{ag 31 cﬁﬁﬁ% S?BH ge geyaﬁdrre%q{gma Z@ﬁpglt){ lﬁéglgélng muscles).

|ntroduct| on of at |east one genetic determ nant,
vaFeaigélietXtynﬂrcgﬁ@eti c deterrri nant is a gene or DNA or
nent dt(.g?ler <¥ and/ RNA or fragnent thereof
trP (Tﬁe

SRt PgSPH InRafiabfelases PrnehumaRpBims mode
dﬁspressphg apleasteing ghienaype gostiatddMulth 8861 X S¥fomaNH/ 88 articular

gé) ﬂbegsc&%él]DI\I0321 SE(?IDI\IOSS%i vvherelnth
PAHBAME! nodelds apigiapdel @xprressing @t ipaskgne phenotype

Ieasdcueﬁ@d wiib fregitd X 8yhgromen one enbodi nent the

non- human ani mal nodel expressing at | east one

Fragile X syndrome is caused by repeats in the promoter region of the human FMR1
gene, 6 to 52 CGG repeats are normally present [24, 25]. Expansions in the range of
55 to 200 repeats result in the pre- mutation while the full mutation ranges from 200 to
several thousand repeats resulting in fragile X syndrome. Fragile X syndrome may also
be by caused by CCG repeats in the TNR of the 5’end of the human FMR2 gene,
wherein the number of repeats varies from 6 to 35 [26]. Expansions containing from 61
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phenot ype associ ated with myotoni c dystrophy due to
the introduction of a genetic determ nant, wherein

W b@7g2418t i ¢ determ nant is a gene or DNA or fPEODERG07/000204

thereof, and/or RNA or fragnent_ thereof and/or

protein or part thereof of the rci ne honol og of 30

t he human DMPK gene, nRNA and/or protein or fragnents

or reo respectivel wher ei n t he nunber

o o BRtdE IS tin 1 BRok 3 onabiceRSheionts abs 286 repects rosult i

at thleékailsmuﬁilﬂonm OVl K7dyhdRiald. DK2007/ 000204 44 The

non- human ani mal nodel for nyotonic dystrophy may be
generated by introduction of said genetic determ nant

i nDoe aspemt gﬂhe (peéslenbiy\v@mbt)nnﬁﬁd‘k@%t@s\/téld @H-Burh&n éll?i?rlal model
injection into

t a‘lf’lé’e SSLg ?t 0’6?9'0/‘?@%:?@8?%?*@8 With d5agilerX Swdcﬁtheldye to the

rreminoxdijc$um bﬁazhtl l@ashsn Qew‘tlcbietérhﬁ\aﬁhll( iHeRéln W §lqgast 'OP g@ﬁetlc
ar embodi human_ani mal_ nod

st o e DA of Bniraridhermy. 2peionriumrtasment thereor
§ §'- 8p
geaml/c!rrpawteherr pakcticaredi gighd mmé}emmwb/dw& %Rl‘m aftd/or protein

f r tro is 1n one
BN P SENb oL B ncwar sERG G eamats ds atgsast 55, 60,
t he® mmhmsbzo(pand/lon of th@MBh’nageﬁmz ga%%[am/ ARNA éﬁo%r'brotem (SEQ

B t e n_the
I'dBfo 6, S5 T8I 7 e Bbe Rebo el cpaeistipast o1, 65, 7,
mﬁ@eiratdﬂasr@(aﬂom c dystrophy may also be produced by
i ntroduci ng the human or porci ne DVPK gene, nRNA
and/or protein, wherein the nunber of CTG repeats in

t KEMIAY, bse embbéiamnt Asted, ths Aoshuian|Rassl ﬂ&e@@xpr@ésmg at least

9& hrgrrﬁ(ﬁtﬁ% Ss:r‘sa%? %ﬂ@ eﬁ%gue:},{@ff%fér’gé ;éfo;:tglﬁh@;roaugtlon of at least

p@ﬂe Igeue’rmdettérmmnrg winsteih tho st lea3t@he @'eﬁet‘iiy@été@rﬂﬁynt lé"é g!me or
t . one of the synptons such

t

R AR R STV -

tS gﬁg&mmkjomelog of me;r;ugﬁnidvgmram YehélcDRA, FENA hﬁ@&r protein ,

S IR iR o 85, AR S e B b ot b et palor o e

((jpgmq@'agftwr)qlogapfabe hyr:aﬁ RMIR2 @a@cmﬂ% :@RN%é?ﬁlogtpg%tem wherein the
(ABERG o e R R BBl o0 arn e 2 sy ome

One enbodi rrent of the present i nvent ion relates to a

N®Rs RY i X at | east one

ol e% o %gmgg sag@aellﬁ éi%v\EO( ﬁaé) [e?é g{ngmrtgﬁ@eneﬁ{eg by introduction

pa;&a;aerﬂmﬂc deeragpetintd mmrgm?etggyan% giralalg{%i:oae\fémé td fheBkilled

s s eﬁﬁflnge%t@i @Vﬁ%‘ﬁgS “Fragil e X syndrone

i's caused by repeats in the pronDter region of the

h eat are nor nal
FFH(';BSE J)@ fr%ﬁ%ﬂl ntt %nesqo(gh:g uman IH@a 98%' fej fragile >3’ syndrome is
generated y sperm medlated gene transfer.
According to the present invention a pig model for fragile X syndrome is in one
embodiment produced by sperm mediated gene transfer of the human or the porcine
homolog of the human FMR1 gene/cDNA, mRNA and/or protein, fragments or part
thereof, wherein the number of CGG repeats is at least 55, 60, 70 or at least 200,
and/or the human or the porcine homolog of the human FMR2 gene/cDNA, mRNA
and/or protein, fragment or part thereof, wherein the number of CCG repeats is at least
61, 65, 70, 80 or at least 200, However, the pig model for myotonic dystrophy may also
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30 55 to 200 repeats result in the pre- nutation while
the full nutation ranges from 200 to several thousand

WO epeatesresulting in fragile X syndrone. FragPCEDK2007/000204

syndrone may al so be by caused by CCG repeats in the
TNR of the 5"end of the human gene, wherein the
nunber of repeats varies from6 to 35 [26]. Expansions

ini 2007/.124751 PCT/ DK2007/ 000204

<54 BB B e PR 3(5ie HHIRA GPORCEN. MRNA andio

exmraie&n (ﬁnasm&b’:s\m p%ﬁﬂhéreofe;/ﬂ&rélg?ehlé ﬁurhkﬁc%r Flosd \vhtl;deats is ﬁt least 55,
e nar one C of

o8 20 B 00 20 B STREETHP Boreon PGS & nman FMR2
mogksie/ DN pnRNA iang/oabrdteinstagamnt phemtr%p@é aﬁ!fé?@ﬂn%?ﬂumber of
W roauction o
B LT i S AR AT A

oreetaggetetli.c determinant is a gene or DNA or fragnent
thereof, and/or RNA or fragnment thereof and/or
protein or part thereof of the human FMRL gene/ cDNA,

nRNoR Wﬂelﬁtmmar'pmmmel modél $Qrdgile MRyAdroni@ Qt:&?&;gtgé p 6q model for
eas

V‘Agﬁd;;gé syt ro as t @Bal%aﬁaﬁseag ealsL&qicta‘ e]sy:rmgms associated with
g eatidis o DN - limfHiNg, exachpes qﬁsxahﬁtloms(o‘SElem i3 & mpISEPetife

eﬁé@ M‘%{dqhgaﬁmgn ”ﬁfg‘gg@ g'[(‘)te G repeats is at [|east

Slmlarly, one
enbodl ment relates to the non- human ani mal nodel

t 15 one phenotype associated with
ng;ﬁeéa ?ﬁeslﬂutrglta%‘g P yp

rone due to the introduction of at | east
or%\eg%hfeqdlmeMGif renpraaenit invshésreiamatéd® fhod-Bé&shn @Rhal model

ene. or fragment
Carisornd SHERS Bheln s e WER Sifoesin prsedne
opaigtiar amcemfe noofhunies apmhali mectidflmb@g}m]@del bh@r‘eﬁéhl‘@at least one
rotein erein the
Efﬁ%'ér of éé% r@g& egelbe Y%L 60 70 or at
I east 200, and/or of the 20 porcine honol og of the
erei
R0 b AR P T QSR ferBal a8e il b U of e
I éﬁ@ﬁn f@(ﬁ’ZR?B@memnH llllnmmaragenmICAG)C@Jeafsﬂorﬁné?@#ér%s% size from 7
S C sai d
g%%ﬂeget er%ﬁggg?lrﬁ}ﬁo% ¥3Ye éfrf %dé fN§§ [ZJEy nmet hod
avail able to the skilled 25 person for exanple by
[ g%iﬁséére&ll'apéﬁxﬁaqgctﬁ\aﬁgg E% ﬁc,e%y éqnpeela ai%}:tr:)egén(é psptein. The
ts?tﬁﬂﬁgfb FEANSTNR) eaginreis fdamvteapm by thediredetide @€ M2 CAG repeats followed
0
n@gel AT r?bﬁéagli?jénﬂ§gsay%é r{@ f@sf ﬁh%ﬁéﬂ%héﬁeﬁwwd Is
phasaigde aorbposes@f Peiveding el Serepetisangfies eqfandBe vBrdBRAtonsists of
041 e legEgsne honol og of the human FMRL gene/ cDNA,

NMRNA and/ or protein, fragnents or part thereof,
whRiReGeRehatiar afaxin SCAR) GGausep b THIR @(p@h&bﬁ@éﬁecﬁlﬁg tHeDATX2

T8tofin. %IS'WEOI%%W consists of 15 to 30 CAG repeats and the expanded form
ranges from 35 to 59 triplets [29].

Spinocerebellar ataxia (SCA 3) is caused by a CAG TNR expansion in the human
ataxin-3 gene, wherein the presence of above 54 repeats results in ataxia whereas the
normal number of CAG repeats varies between 12 and 36 [30-32].
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and/or the human or the porcine honolog of the human
FMR2 gene/ cDNA, nmRNA and/or protein, fragnent or part

wao beraaf7s1 wherei n the nunber of CCG repeats i SPEI/DKe@31000204

35 61, 65, 70, 80 or at |least 200, However, the pig
nmodel for nyotonic dystrophy may al so WO 2007/124751
PCT/ DK2007/ 000204 46 be produced by introducing the

hug&ﬂ%%rglpéglr'ép b{é‘?( ia (%62 RNEl %%%T Mgggﬁdjéﬁ?{grthgrc%t&e&gf A voltage
r egmngemtg:aanum ebamneﬂiﬁesultﬁml ati)@a {83].athel m:?}blt ﬁﬂﬁ%er of ;l]_NRS is

e huma
e Reeh Al R o ot oF 4t &7 PR B s rousaive.
t her eof wherein the nunber of 5 CCGr epeat s [ _snat

|
ex%?h%%i%beﬁare athfa (889 153 P%‘?“Z@f TR B SERZ o in the N-
anterrainaladiedf th@ataﬂmﬁgpdo&anx \Aﬂ‘%ﬁhds OUBnallymop‘@bbed? tii Afo 3NEAG
(e B Mesage ShehG SpRig e Ebmart Bab epdats

10 autism Non-limting exarrpl es of synptons of aut!sm

i SSS'ﬁ’cfce‘?é%qB ?[ £IS Kgékgivn 89 \é)é(louéAand | ggal r eTAITrA box

nt er ac
erhjlafangmmel@fTEFh)egqmemdrrésulils\neﬂrtel$®AT76;l>lfdn©8yprre§UItlng in ataxia [35].

ress
Bhenot assg% at e Ol%g Bfﬁ“é’c"éP‘é%s-g?faéﬁé éepcgatsdseqafetgd by
pgwltuajm%A Auheas tnhletsn BRpdTisions narmamyl progress from the lar@er of the
associ a
i CARB RIS TG e BB B OB P eS ldcbetween 20
( SOATR)Wheseampledlutgmine siratches o i@ twist hane bben RientfER in SCA17
ofpatibfts. 20 human PPP2R2B gene and the nunber of CAG

repeats normally varies in size from7 to 28 and in
thg expanded form from above 65 to 78 TNRs [27].

4R es |t }lnéa{)rg%@)?h\?eng Mu% Igtsesﬁaus edg@ﬁfnﬁ(ﬁnal model

repeats In the
r SYPIGRSING at;lﬁgqstameeqheme’@peysmuatepﬂ w&leﬁpaooéreﬂxélla@é@ma due to the

r I epeats flankin
| IRl N o B L EREEL, oot o 69 ie
ﬁ%ﬁ@é@nbﬂs argenRes PNA anfriagd@ent Gmedfsaraiﬂdr RNA oeFagmeethereof

v

a@g;ﬁ;/:ogﬁro@é?ﬁ‘ﬁrt ?ér‘?th%ﬁeof%?‘th%%uﬁ%q% |98ﬁ§P @f\l&gﬁ%and/or

t RO KSEQIP N @38, SHRIID NINRO )y suhireslin ’gheomlnﬁdetBbSCAG r&pedt is at

3 I 30 r
SRG068, 1004 B s, S UARRAEH AL 90 el IPE R T

i Brodein $2EQHY N'Q 6@@ TR NOpHnsiimereinrihg hemberrmnlz CAG repeats

e.5

a

r*e%?é“;?ﬁ ARSPATHPREAL fodiy REASERBH & ot Rkl . Zougepo. 0 orat

ofeasid. r Qgégtegsme ganelie teleeminadt ramdal836 be 3Qyehd]or DNA or fragment
thereof, and/or RNA or fragment thereof and/or protein or part thereof of the human
ATX2 gene/cDNA, mRNA and/or protein (SEQ ID NO:42, SEQ ID NO:43), wherein the
number of CAG repeats is at least 35, 40, 45, 50 or at least 55, and/or the at least one
genetic determinant is a gene or DNA or fragment thereof, and/or RNA or fragment
thereof and/or protein or part thereof of the human ataxin- 3 gene/cDNA, mRNA and/or
protein (SEQ ID NO:44, SEQ ID NO:45), wherein the number of CAG repeats is at
least 54 and/or the at least one genetic determinant is a gene or DNA or fragment
thereof, and/or RNA or fragment thereof and/or protein or part thereof of the human

CACNA1A gene/cDNA, mRNA and/or protein (SEQ ID NO:46, SEQ ID NO:47),
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WO 2007/124751 PCT/ DK2007/ 000204 47 Spi nocer ebel | ar
ataxia (SCA6) is caused by TNR expansion in the

WEAOAL4sVol t age dependent cal ci um channel r eBCI/DK200/000204

ataxia [33]. The normal nunber &g TNRs is between 4
and 18 and expansions from21 to 27 TNRs are di sease
causative. 5 Spinocerebellar ataxia (SCA7) is caused

bywﬂ'éiﬁlrg?g ')iglhﬁtbaﬂaﬁg\llgl@%a Qsl’s atge%% ‘rir]r't;ﬁ )?%C g]ﬁ.%’ilg ’e?g opat least 27,

h
7 9rdn e r@nge of %b 7Sre[pgaqs al[d/@eﬁ@eatdmistsomﬁmmﬁmiﬁt@ﬂ%ant is a
[e ar _at axi
r agege drrmm 8?2%@;28&%&@9@9 c?/grx ngﬁ'so:?gr%&nﬁ therephand/grarotein or
1003:511 ‘i‘?&? p‘ﬁst‘émn(grm ingbered @frttle AT pratein teheocﬁ%gne/cDNA
phaRmtc\ya)ﬂ/drwbw (BEQ 0 RbSI §Eb315]I}IO éﬁg%fhgegggﬂée number of CAG

re ion.is conposed of two gfoups
POSIARP ipt 98t 37, JPeSTAR, et 1€AG100;i anidédrshe at least one genetic

qumrmm iSGER bYDMA %gfrﬁgc’rﬁeﬁtrtﬁ%gpgné/ﬁr ﬂgléoor fragment thereof

G groups. The norma

pcﬂ'&‘? P am% 88rtihgreelsof aa irean PATA aoxibitdingheoess(TBP)

o e Ly SRR e

pr SIRSE of hRlsAlufasming ﬁtﬁ%’fch%ﬂ 21 @efined ahoveois-i therangd bMrbm 47 to 55
mbefedats. expr essi ng at | east one phenotype associ ated

wi th Spinocerebellar ataxia due to the introduction

of at |east one genetic determ nant, wherein the at

I Saaﬂarwr‘@‘leg@rﬁﬁbdlﬁtegprega%setrom@ trertaﬁea ?n I[]’réng ?xpressmg at least

fra nt .t her eof
aﬁt}? gﬁ 'ﬂﬂ%‘tee?ﬁtoslﬁte&awth fmmcg@ﬂoethr atédnga HuertnthPRRAZBion of at least
genejende, defdriNal ddirein Wé)at%%&g§ggellig cl\pt%rg‘gqasggeadg@ne or

n t he nunber of

vvher
E@N%?%f f@gnﬁn t’@é%q argl/or fxNf oF fragmem&draofmndkﬂ’)plotem or part thereof

ke 4
ottt Mg bl R 18050 o
M? 8@0&8 ”?’ﬁbo CAACraprads 5 at ieaskén ganr@A@ast YEpIaeti/olr 8f the

| aporbnea&nbm@lbg dtthe RUMa® ATX 1 GeRE/cBNA }n a

| east tic deternm nant ma S0 be %rﬁ rblw erein the
oA ﬁagi‘?gﬁfép%?ttg‘%med kyrioSFATRemeats ffanmggarmAG triplet is at

tlha)zte@fe r?g/ndﬂ) @0, IZD oF ai I@aﬁysgfﬁlgér gl: lggﬁ%?ég%t]?%hiﬁ%nargmy also
% i@gqﬁ)’?r B% ér@gmpﬂbthe@gﬁ@@ﬁ/obm\% fregesit ﬂwelreofahd/or protein
| e et tBéreoﬂcﬁ theétporchid Mg H8RS human A%@/ @érbellc rBBNA and/or

e enet| c determnant 1s
fpﬁgtél&k}t’g diumb&ﬁ 8f 6ACrRpeals ISfaté@aseas 4q, Mérm)ér at least 55,

zand/co rthqoaitdéeﬁét 0negoRatd dtIRTIRR is :{tb‘rﬂg& t

d/ t S5 Mag'§36 P%GOf
%ﬂ%%t Fagment ﬂ-@r%]’,%géro? gsoltg;%@'%p émtreofiof that portia@fbmolog of
i’olztle hlu'rdarm atab(ime3agerte¢c§:[SNA QHRNQ%‘?I@Hr Srdt ﬁ%ﬁ&%? ntmber of CAG

t f
r ag F%'ﬁt ET 8%‘6?@%’5"%@ @t I@ﬁéf?%l%?ge@ehcpdetermmemtesa gehe bhBNA or
frageenB3Ge@ACNALAr Wﬁeéﬁ%en@%@%qéf& pFtSh Bt palft §1e9eof of the

H?rct}g homoloSgE8 tLe human 8ACNA1A gene/cDNA, mRNA and/or protein, wherein
the number of TNR expansions is at least 21, 22, 23, 24, 25, 26 or at least 27, orin the
range of 21 to 27 repeats; and/or the at least one genetic determinant is a gene or
DNA or fragment thereof, and/or RNA or fragment thereof and/or protein or part thereof
of the porcine homolog of the human N-terminal end of the ataxin-7 protein encoding
gene/cDNA, mRNA and/or protein, wherein the number of CAG expansions is at least
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WD 2007/ 124751 PCT/ DK2007/ 000204 48 wherein the
nunmber of TNR expansions is at |east 21, 22, 23, 24,

wQ@20728476r at | east 27, or in the range of 21PE€DDRZ007/000204

repeats; and/or the at | east gpe genetic determ nant
is a gene or DNA or fragnent thereof, and/or RNA or
fragnent thereof and/or protein or part thereof of

t3reshumRBs, I\Jsrte@ réﬂsﬂﬁbo @ﬂel/opfhetah %@t éﬁfé ?er?et'@rd@le@mihant is a gene or
encodi ng gene ein

A r frmqt@q@:&gnyd/ogﬁ@Agr ,f{agwgn /om@tem or part thereof
QJ?F Hﬁﬂ%r@ﬁé hbfoRlg df &RStiundahn TAPA bR bm@ﬁg O‘gétefﬂ (TBPR§Ene/cDNA,

and/or the at |east one genetic termnant is a

@R@A@ﬂd/@mrqs@mfwwﬁ@ﬁhe PH@P%‘?f Polyrglnigmingpireishes as defined

fdb@ﬁ@%ﬂﬁtﬁ%hg@f)f AR 5¥ @beats, or part thereof of
t he human TATA box bi nding protein (TBP) gene/ cDNA,

MRNA and/or protein (SEQ ID NGO 50, SEQ I D NG 51),

W Rinthunit diimBLAbEd! f@fspn@haregbwr@tameméy 'b@?@h@n%tei‘ﬁby
deflned above is in the range of from

iRchibton o Sgid GANaYE IBRETBABIIGIo LGS GF kDL anY Bisieg avaliable to the

rsqzme@ F%Gn aot %md@ﬁ?ﬁnj@é@ﬁ GRS tGtarfet LERSF by ORG-mediated transfer
pheno pe associ ated with sp |nocere el | ar ataxia due

toéaﬂhé‘q M%@E?l%ﬁ‘”@‘f"”&b’“ﬁ% fed pESSUhe genetic
determ nant, wherein the at | east one genetic
determinant is a gene or DNA or fragnent thereof,

é‘hBP%Pa'ﬁéﬁb&ab?mP?@@\?ﬁWPetﬂﬁﬁT‘%’W“aﬂW MRS SiSRIngFerghgliar ataxia is

tfeperfdd bpdpdrinenddstetidendaamireg of the human PPP2R2B
ene/ ¢cDNA, nRNA and/ or, protein, wherein the numher of

rdiseigitee presght inventien gPig medelforgpinasgeqbelay ataxiajsdp one

@mBdaene Préduaed By Bpélﬁgm@fjlatémﬁ% @ﬁwﬁsﬁTXﬁth@QﬂLﬁ{a@%e porcine
nRNA and/ or proteln wherein the 2% nunber of 12

MOpRIRsOTiibe NYmar PRT2RAE eote/criapBNA agdigr rpéotglnda(@ereln the
triuitee bf CAG&Epeét@%Sét &bkt 69,570 &{bt ket 75, Qan@for@ﬁe %)&@iﬁb homolog of

AR Ben b R BIan A Dy PaTe S BRNA S P TRKA, Bherein the number
Idf agIoNG rddé@ﬁ&@ﬂcivéﬁﬂiﬁﬂwtoﬁﬂ,@th @p@atsgr?ggagta @?@Eﬂ%& i9ht least 41,
(0] ne onol O unman ene/ Cc
LR R S AR %?&eﬂehpgw@&ﬁmhuman
a%Txlze @@ﬁe/aSNA4|QRNt4\5anoﬁ&tp?6teﬁi wheasii themundfer aNGAT repédts is at
ene er an IS a ene Qr or

Toagh S0, AR @1 S 16et 35 AR RS hur s B itPorgias Aaolo of the

md{amrat@rmtelgen@/bomr mRNYeasgbr ;ﬂbtéirh ammm the nbma@d STTAG

Seonals & 2Nl 56 R LR OWEER a5 e pee é\ﬁ@*&?@ gldheypuman
|C§$GNA54 JENE/cONA, RERNA ah@/asprow@ v@fbfﬂﬁh itie d@hﬁéﬁbfrmm expansions

nt ere and/

i AR, Pl Bof cnaB " B GRIAR. B e oTER Y 2410 8f raPgets

%(adm ree namaarasaltn@ p@ﬁcnrfehem’fwmgmf tRARDIARA r\g@ﬁa{rféD% of the ataxin-7
and/ pr ot eb& % t he nunber of
é’k S'ﬁ‘sﬁ”&ﬂ ”9 geng/chiasn a'ﬂor prgteiny wherain "hfe"%?beéf’f CAG
Ie&p@rtsuca% is @t lehst 37heés, 596@30@ léél‘t 10©0; 2Adfoe ﬂ%aﬁlﬁnara&ddc%me
Sf one eter

SPoianpraRt Pyl ST A B oI SRt P GRBR/EDNRe FERYA BNo),
aneran thy ureher o@bolp@ldtamh\%rsn@fches as defined above is in the range of
from 47 to 55 repeats.
However, the pig model for spinocerebellar ataxia may also be produced by introducing
the human or porcine homolog of PPP2R2B, ATX1, ATX2, ataxin- 3, CACNA1A,
ataxin-7 and/or TATA box binding protein (TBP) in any combination.
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of the porcine honolog of the human N-term nal end of
the ataxin-7 protein encodi ng 35 gene/ cDNA, nRNA

Wapw702478r ot ei n, wherein the nunber of CAG expREiEDER®7/000204

is at |east WD 2007/124751 PCEnDK2007/000204 49 37,

45, 55, 65, or at |east 100; and/or the at | east one
genetic determnant is a gene or DNA or fragnent

thereof, and/or RNA or fragnment thereof and/or protein

or part thereof of the porcine honolog of the hunman

TR deungmanimg! medeldorspinrePiebglaratamNA) pamirmar thadlgmodel for
p{ %o%b%’beffg}%rta?e{ v&ﬂh@p@ﬁ%@éveﬂfp AL Eﬁé‘&atﬁb '%9m]pt0{ns such as

Hrerehes as ove I's in the range’ o

Zatrapby 86the epeedeum THvchheam-iausash bdﬂhmetlﬁmﬁanamﬁ imaging and/or
may be generated by
f%o?ggﬁgﬁggéﬁ g‘?mg\?ae?ﬁt%rgenetl c determ nant into a target
cell by any nethod available to the skilled person,
f ﬁﬁggé_ MolUsiES b gq—\qbl_%e target cell, or by
vllﬁ?%nl}%% %aﬁﬂgolupgﬁr‘é rQﬁh))( Zny nmet hod sui tabl e as
kammbydlmeet efiche Pwep@ﬂmon refatehéo papbiheniagranimal model
r%le{allg?oﬁ@ @ a%@bé@tled WRFI@RIfLQ{ Ina r5[31elrtlcgla1r aspect the

spl noce e ar a aX| enerate % sper I at ed
gemenumamertieel madeldy aupmgﬂp@e tenerepsiag ahieastranerniepplyae associated
Rhn% AREEA for spinocerebellar ataxia is in one 15

odi nent produced by sperm nmedi ated gene transfer of
the human or the porcine honolog of the human PPP2R2B

9?%@[& D TELAN A '@?éﬁfan@iroﬁé Wltﬂm tM\é1 ﬁurﬁéﬁ‘ a¥r8;?mn-ﬁ Lﬁ@ﬁ@ rre&flts in

repeats 1s” at east east

drozfonbrarealidelaysiay SrophyKERALARACD TheBTalraRGATN epetiive CAG

Q%BSétQQ%m ARDSs Rl | mepaﬁ%r% Qith DFWVL o Sidke §ibés Iﬁ‘é%t@épan&gd to 49 to
CAG repeats foll T repeats flankin

G Girppeats. J@eapoﬁ@ggmmnatggl ch:urrgwg husmn glgleggncy es a stretch

|<ﬁ3157tpoﬁﬂgluéﬂﬁa4 the human or the porcine honol og of

t hurfan  ATX2 gene/ cDNA, nRNA and/ or protein,

wherei n the nunber of CAG repeats is at |[|east 35, 40,

4’ﬁ1us59né3£sp'é'bt J)fQF}é bre%@nt lﬁM'(h@ﬁ tﬁd%ereﬁmﬂ aorfontllilﬁ‘né’rpérﬁmaﬁmodel
hormol og o human at axi n- 3 gene/ cDNA, nRNA and/

PPErRSShY axmsbwe Pwomﬁ@éﬁomtew DR} gue t%thaﬂnfroducﬂon of at
| |§§s°{ton5‘beﬁé‘tﬂ:/ Rredrlifarh? qﬂﬁé}eiﬁr’ché Eﬂe%r&b%ngﬂ@t@@m%nt is a gene

the human 25 CACNAI A gene/ cDNA, nRNA and/ or protein,
VHENA AT FragmeniriprrpolopNRIERNAWE fraomRst thp@Oéﬁnqi/@ra@rptemor part

Z@ere%a%f t#é hurdan ag‘épi% 1Q’EDNﬂa§PNa\7ano%r drBtetHR%EC?IFQﬂO@Z SEQID

7 repeats; nd/ or the huma
H&@tﬁ%gwmretr'ri@e ﬁluml?ﬁ" o GRAP Feppals @r?él le@ﬁf {Kh @5a§%x70r9r‘ﬁt least 80
Reptfsn encodi ng gene/ cDNA, mRNA and/or protein,
wherei n the nunber of CAG expansions is at Ieast 37,
45, 55, 65, or at least 100; and/or the human or

PORREME 0RE chdoBINRGht Adlate & thaFRA- h-[rﬁ\-%‘r\ aﬂ%alhhﬁ@’él Rpressing at least
protein (TBP) gene/ cDNA,_ nRNA and wherein the

et PR abSaLAIed Wil DRALA Liecih des Inodetton eh algeyéne genetc
| dbtdfitndranaeersh thd BOBRG bnk QeRtid ®ERiSant is a gene or DNA or

fragment thereof, and/or RNA or fragment thereof and/or protein or part thereof of the
porcine homolog of the human atrophin-1 gene/cDNA, mRNA and/or protein, wherein
the number of CAG repeats is at least 49, 55, 60, 70 or at least 80 repeats.

The non-human animal model for DRPLA may be generated by introduction of said
genetic determinant into a target cell by any method available to the skilled person, for
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However, the pig nodel for spinocerebellar ataxia may
al so be produced by introducing the human or porcine

woereoiiagsof PPP2R2B, ATX1, ATX2, ataxin- 3, CABNADK2003500204

at axi n-7 and/ or TATA box bindispg protein (TBP) in any
conbi nation. WD 2007/ 124751 PCT/ DK2007/ 000204 50 The
non- human ani mal nodel for spinocerebellar ataxia, in
r
AP bybichioh BIANTRASL: S o BRI AR N herS) & method
wdwlags kaow pyiyheoskiliedeessanebel | um \Nhl ch can be seen
by magnetic resonance imagi ng and/ or 5 poor
coordi nati on of novenent.
De phapartigieaempadimenbihgyondwmanrasiyng! neIRPIOK)DRINEA is generated by
%ﬁgﬁﬂhﬂﬁﬂﬁap§eﬁ Eai&sent invention relates to a

uman an nmodel expressing at |east one
pesamsingde the peseatiedniipe B ARmede! foDRPRA is inAmegmbodiment

Gc‘ﬁﬂéd tbg% erh? rr{égfé’téw sF@?lof RIRImdrSordné bSrcm%drﬁJmolog of the

xpreSS| st o notype assocl at ed
DRFMaA, atm inAl Q@%Mé@ﬁ&“@(@%@ﬂéﬁ@b Hagments e ﬁartt H@reof)

70
HEREn Bd AL alC%@Fﬁ Sgéﬂg Bflehit 49,550, 70 or af lgast 80.repeats.

nor mal range of repetitive CAG 15 repeats is from3

(However, 375@ l'gr?n&fgl \‘cﬁ'rﬁF@Plﬁl 8y BRELA ;ﬁ‘{)] (Re8 b@'v&?&iu’&ﬁ%%e human or

expan to749 t CAG r epeats. e nost

rmr@m%lhorn@l@g of thedu«mra@trcmhlra genraiedNAsMRNE Q%VQJ’IPFO@FL fragments

bf pQFlltlYerSJ)fUGvﬁQf'eﬂ? e n-ﬁmb%r oP@ﬁGQé;E&% st Iéa@f%@ regs @6t70 or at least

invention thus relates non- human ani mal nodel 20

Sogereas MYy Pé@telne%ﬁfeséﬁ‘é”&%q{mt? pdargsbesth at ed with

DRPLA due to the introduction of at |east one genetic

determ nant, wherein the at | east one genetic .

déedonttman amal Hea! ford?RBMY b particdghiatrig Megdelder ALS, wil

é}g&éé}l& dBNQoB bt feéé{ngPefo tﬁ@@fn@&f)méﬁgﬁéﬂuc %E%Fés[‘mgl’)cl@ﬁist, ataxia,
ereof of the human atrophin-1 nMRNA and/ or

FENgtdeMenisEQ | D NO 52, SEQ I D I\IO 53) wherein the

nunmber of CAG repeats is at |east 49, 55, 60, 70 or at

| east 80 25 repeats. Simlarl one enbodi ment rel ates

tPinghane BRLALMBRCWST &]’f@lph)‘rbcéi%mxiexpr essing at |east one
@%‘%M&@m@ﬁﬁ&f%@?%@em iEnEER katdy & 4 ﬁoﬁjﬂﬁman animal model

i ntroduction of | east one genet i c_determ nant,

VPeresSPiRg ehieagk oneckivinob/Rg agesridtee Wik SBMA-a Aparticulgr gepret the

HNon AW ha andBal hegeTaNs plghBE@I bxpraBdh@ht IBMNA Rk dheASB M bssociated
thereof and/or protein or part thereof of the porcine

WathoPRMAof t he hunan atrophin-1 gene/ cDNA, nRNA and/ or
protein, wherein the nunber of CAG repeats is at

| east 49, 55, 60, 70 or at |east 80 repeats.

RAA imeaysas PHOAGERPeRt PaNERRE IR ey 1gd t%a@gg%rewptor (AR)

ifahE @A uied )(Qihr&ﬁo%@re%ﬁlté?iﬁ%tdaﬁa&ﬁ&%éﬂ rﬂ@éHuldr %ir@plgl (Kennedy's
target ce by any net hod avail abl e to the skil
?]O;rhe normal length of the human CAG TNR is between 11 and 33 CAG

copies and in diseased individuals the expansion ranges from 38 to 62.

Thus, one aspect of the present invention thus relates to a non-human animal model
expressing at least one phenotype associated with SBMA due to the introduction of at
least one genetic determinant, wherein the at least one genetic determinant is a gene
or DNA or fragment thereof, and/or RNA or fragment thereof and/or protein or part
thereof of the human AR gene/cDNA, mRNA and/or protein (SEQ ID NO:54, SEQ ID
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WO 2007/ 124751 PCT/ DK2007/ 000204 51 exanpl e by
injection into the target cell, or by virus-nedi ated

W e@ngt4sl or any met hod suitable as known by PEEDK2007/000204

skilled person. In one parti cul enbodi nent the
non- human ani mal nodel for DRPLA is generated by 5
sperm nedi at ed gene transfer. According to the present

| NMExts) owhardm the'M@fler bPEABRE t% B z;trll?ags? 5%,?1%) %gl %gr;q{ least 60

prgrqu ed bg sggrm nmedi at ed gene trans
or t'HEGEPE? RESH ENGR gea- t he human atrophin-1
gene/ cDNA, nRNA and/or protein, fragnments or part

th§r qof%, V\hqt{?gi, n the nunmber of CAG repeats is at

| 3Y120% Onggmbsgiment rejateg to theanon-t8Mnanearemtismodd) expressing at least
Howeveenotype absdtidtBd fhth Pl l.sa. be produced .
by, intr odgci n%% t rl1e hum%ﬁp&iﬁ%@ctﬁ%}e’m'ﬁgﬁﬁf%&fﬂ Petaﬁteone genetic
hUIRA MR MeRein thraldeashione grmelis datetinamisd 66ms or DNA or

f ricegymesnit theraf, aardr FUWS Bﬁf?%g?m%’efﬁ%%& 4 aqrrhlﬁ%wggl[or%%g%?eof of the

ats, 1 s at , O or

r | east 4
] ?%E%Q%hora?log PBﬁ@i the BYpRR SGegenefeENA MRNA@NA/Or @Fdi6h, wherein the

celumbel 6f GhE regskts ' 1 A
pasticular t hrep)%bitg wn’%?l%ﬁ%?? %EJSA@,%%IV\? rIfelCE lee@%&cgﬁ 'I”;}he range of 38 to

deveF%eﬁ?t%t | east one of the synptons epileptic

sei zures, myocl onus, ataxia, and denentia. 20 Spi nal

a ul bar muscul ar atrophy (SBMA) One enbodi nent of

t ﬁge g’?@%&ﬁ?”imﬂtm%' f%lsﬁ@s mey ba geoardtechByingdii@bn of said
moelestic dexpmarssi Mo atarh8ARN b gsogi at ed
V"bH}n;ﬁeBMA L0 a parti gul ar g?@%ﬁﬁmg‘%ﬁ%ﬂ?ﬁ% Kied person, for
aniGra'e i dnipctioq info theytargsiepll, ox by wisss-medited teargfer@n@ny method

phigtadteyamekraemas tk efilledpéBopBVA. 25 SBMA is caused by
CAG repeat expansions in exon | of the androgen

receptor (AR) gene on the X-chronbsone results in

spi anel pastivtildp ehibaklinga i g r%n—l%rﬁé’rﬁg‘ﬁ(i %tﬂeﬂ%%ﬁﬁgﬁs i

dj [.37]. The normal |ength of the MAds gRierated by
iﬁ@?ﬁm%dé%e‘ﬁe% aRHeICAG copi es and in di seased

| Actiowdintutl the brescAKiP A&t i 8 to 62. 30,
THSuccqe aztoecte olf a?ﬁgﬂ%rrggg%t% §l|f%f/§n |o'ﬁtiq ﬂ'&%emgi"?ﬁ“@@

to a

el bV ish rrmlq{zﬁ gwsf%%ﬂ@smrm@ artthe @a&iéndiﬂtﬁnolog of the

fhveTant fymearasR e@halcef Av B 3 1 ntroductign
o{gp&[_ts islazzfxst gge@genet ic determ ;?]i'g%eﬁr?’ Vw%}z?lgit ?%b%{tO?CAG
' SREds IS s egfg}] i 40: 3Bt Bt oh A danst 6@ i inytheerange o3No@2 repeats.
fragnent thereof, and/or RNA or fragnment thereof

/ of.ein or_part
%e%r, e pig modoel for %BMA may also be produced by introducing the human or
porcine homolog of the human human AR gene/cDNA, mRNA and/or, wherein the
number of CAG repeats is at least 38, 45, 50, 55 or at least 60, or in the range of 38 to

62 repeats, or protein expressed thereof into a target cell.

The non-human animal model for SBMA, in particular the pig model for SBMA, will
typically develop at least one of the symptoms: uncontrollable twitching (fasciculations)
followed by weakness and wasting of the muscles becomes apparent sometime after

the age of fifteen. The muscles of the face, lips, tongue, mouth, throat, vocal chords
trunk and limbs may be affected. |

Huntington’s disease (HD)
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35 thereof of the human AR gene/ cDNA, nRNA and/ or
protein (SEQ I D NO 54, SEQ | D WD 2007/124751

weRD/mKAe07/ 000204 52 NO 55), wherein the nunBE&r/DER007/000204

CAG repeats is at |east 38, 43 50, 55 or at |east 60,
or in the range of 38 to 62 repeats. Simlarly, one
enbodi nent relates to the non-human ani mal nodel

VIR BB dMAeRl of i8R Blese™ INRLIER ﬁan&by REa ASS-AGAh %ﬂlMIHbdel
SBMA due to the introduction, of | east one

ene
FEPEERNG Fhteasipner RNeRobRe aﬁ%"Q'aé%W'tBﬁ@ e @pm@ular asPeCt the non-

dRhRIEMAAtmbdel & HEBn&el BhifeSing t18aHTRRE phBRsIASYS assocnated with
and/or RNA or fragnent thereof and/or protein or part

téreof of the porcine honol og of the the human AR

gene/ cDNA, nRNA and/or protein, wherein the nunber of

CAG repeats is at |least 38, 45, 50, 55 or at | east 60,
oFUNiNGteEs digprre” GAlsasignaw G%UU'@E‘QFM‘?{" isruzedfagrein devigfer to any
mditdd cBdRioncRBracBMPedBY ab@ors@nawéﬁmobmowéw bmbvaﬁbnts

of said genetic determnant into tar?et cell by any
feeHal@ng\ematiopalkprelemg eanddesy %fdhﬁlélf\e&tz'" EPINES RN e
by injection into the target ceII or by

virus-nmedi ated transfer or any hod 15 sujtable

Kisbirons gt Ryndinglan dissgspethe ipst F‘?F’ES‘HE forat f; thig digorder, ustally begins
e RAcHIEBE. S@@s AW syMpPTBRs 8ah MludBRalbiitye deHRB¥Eioh Ssmall

gener at ed by erm medi at ed gene transfer. Accordin
t”&VQ'WEa%Méme” 1 PBPHt GASFIRatoN ganbiRMblg lsarmispgpew Sfprpation or
QR&KIREUH i GRN IAs 28k @ié@@héfﬁg%ﬂéyse%p RIVBIUAREY RYesY %O@ments (chorea)

transfer of the human or t orci ne honpl oq t he
HEREMS MATE RTANRUGES e AEBRIRT | '?ﬂ’éﬂ&'%@% hays Bew ﬁwa@)ﬂ‘f& gpgaking,

tdne s{walnmhg Obedpawith ﬂﬂetecﬁécﬁdérsal@ﬁ tyPi%aﬁ‘aI eﬁv%neﬂé_e crﬁatgeéﬁn
or a ea n era repeats. .
IRTRAPEItY apfl @ %C&‘%d@r‘k% P"@B@%ﬂ&%‘&g’ aﬁ,n Bs- @d'wﬁﬁmm this form of

Iuritingto A diseadg g e allusiiveabalh 1886 05 Realiemet egsedf t he
human human AR gene/ cDNA, nRNA and/or, wherein the

nunber of CAG repeats is at |east 38, 45, 50, 55 or at

ITeRed is@liso 4 edrly-drizet fodi @f Hohtingfort @isedsd th@ﬂ%yirﬁ; in @hildhood or
pro}eln eXx ress h re

0] I nto
R eR et Smasy DeBioar artuggd s Hlshase flen G thnse e adult
St ol SiGMNG 4yrhdio9 obi Fickiabl o] dimahedse AGHRSSs of
. uncontrollable twtc
oSBT BEN ] iR G AREIORY SHLKHEY SPaRk AR Cranng Seizures

to][ae?rn? SQ'p@Ecehemﬁera@rﬂ@f ﬁﬂtvucm@rmmutmnsaédnamontﬂ% &@f@dse of early-
of fifte

face
BB TP oA eraE ZievcmaTager fep gt anestHuA SORR isgase; affocted
andiaeliRsgedraljusiiniitg 1O $5 g aRer driss). WO 2007/ 124751

PCT/ DK2007/ 000204 53

Huntington’s disease in humans is linked to the Huntingtin gene (HD gene, accession
number: NM_002111). The function of the corresponding protein is not yet known, but
it likely plays an important role in nerve cells. The disease causing mutation in
Huntington’s disease is an extension of a CAG repeat, to a length above 35 CAG units.
The number of repeats can to a certain extent be correlated with disease onset.

The expanded repeat leads to the production of a huntingtin protein that contains a
long stretch of the amino acid glutamine. The elongated protein disrupts the normal
function of nerve cells in certain parts of the brain, and ultimately leads to the death of
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One enbodi nent of the present invention relates to a
non- human ani mal nodel expressing at |east one

w@b@not47pe associated with HD. I n a parti cul arPEEPERE07/000204

t he non- human ani mal nodel is pi g nodel expressing
at | east one phenotype associated with HD. 5
"Huntington's disease"” (al so known as Hunti ngton

- chiwweaelissThis agsitagfioh Bnt fss o Rbnt Qo oy shELL Led
an

colggri'thigpnréhar acteri zed by abnorna SANHELHAR pyaptoms of
body VETE®Se nental and enoti onal probl ens, and
| oss of thinking ability (cognition). 10 Adult-onset

t he nost common formof this

Hunt j.ngt on di sease, _
d%ﬂfsdgr?e’ a§P§ﬁg1>f|at§e BESgERLINVeiioRithit relatageo aSioprsun@drianimal model

S yaxptesaing G feasNeha st oty akh did i sion, .smal |
i ol ypt ar o rreﬁfés ,O[%goa?_ Qé():é(')%t% ?”Hgmﬁﬁe {e?ntgéf’ﬁ@lﬁ’HFt@” of at
| ear nirng ORIRYS st ovhasein Ui leapt doe genetivsdetd¥indi is a gene

dics Edeonfrapiern ¥RHeof m&&mﬂﬂ%}’gjﬁrﬁ%@t@g eata nrtﬂﬁa@g] o part

(q,qec}%&a() ; becorreHerrieﬁpr onounces _
may avé.qer%%‘?% Halnatin gene/sBAIk MRNALSndiodbrstt {SEE YNO:56,
P&} B NOt3Y) vdierbie edfimisd: %PC%?@JF?@Q% ¥ a%%%rﬁ égnzgﬁe SRS or at

c%rg in personality and a ne in-t
reasoni'ng abilities. Individuals with this form of
Hunti ngton di sease generally survive about 15 to 25

ysﬂﬁ%r@f ter og?sfft . There is also an early-onset form
of "Hunt i 5t GH°WBeaEla{erdp threpembuman ehinlalhodel expréing at least
adioe plsareipe. asSoagted withgD elib ﬁ@lintﬁﬁ%ﬁgngﬁfsagﬁea;sg%)rﬁﬁ genetic

dj iffer.fromthose of the a
SP%%@Q%%’ ‘é’b‘fﬁ?{rb at 1935t 9na qrnetie Helrrminant is bigrae BEBRIA or

r frgdroéntyherbafs andybr RNA\R k@ﬁﬁ%gﬁ {gérgr'&]ééﬁc%rgﬂg%gf §’rubn§:aggt%3reof of the

ills sl ow speec ol ng.
g%’%rglpe ?’ﬁh@ B’ ngdé rﬂEee‘%F Wg‘%‘d*%iﬂﬁ@hgeWCDMi raRNkadre/oripkdiein,
t Wihereiodimel ntiinber. of TG 250 Hunt i ngt on
0 eapaieis ot le%?tré_f%% wﬁtgn iaﬂ%?aﬁéo,

di sease may be shorter than adult-onse
di sease; affected 25 individuals generally survive 10

ther®nyteman afitnar moasiesr. HbMWK, L Sedhsease i.n _ _
B RS dnPinkd Dked rtno Wer Hum%ynggé%ég{%%%@bﬁﬁi%oggﬁgn of said genetic
accessiOn " h art celby 6oy method avadabie te theckilled peksen, for example

duyrinjestioorintonige frestein, drbyWRtis Wl ut it Likel
Rha¥s b&thd {@{)eat aﬁ rol e VW&%WS’%S@% agy Diefhad sultable as

causi ng Imu AW 30 Hunt i ngton' s di sease i s an
extension of a CAG repeat, to a | ength above 35 CAG

Wi : nunber of repeats can to a certain extent

be 'ﬁ:eZ‘?arr%gd; reed"'%ﬁcﬁfHe'&*itQ%a N3 enimen encsteplon diéxis eperated by
Beeldsmediatedegepeaduster.on of a huntingtin protein that

| | ong,stretch of the am no acid gl utam ne.
s_ar\gggr g’f‘@ﬁ%g‘teé’égsp‘?%&{“é@ﬂ“% & Pigpnedel fos Hidisrimbne 8mbbdineint pidduced

BY spremvieedialelyens traAsfeRbMhE Al b0, gnd
hﬁ%é%ﬁ%}é ih@ads bRt he deat hﬁ%P %g%d% §helpsor the human
PCT7 DRIGU PIBEG58/E0 NG M n/ar prsteint ndecsis thenatriles oA CAG
eggats if atrleast 85c45,159, 68UB4t (b4 68 gns and synpt oms of

However, the pig model for HD may also be produced by introducing the human or
porcine homolog of the human human huntingtin gene/cDNA, mRNA and/or, wherein

the number of CAG repeats is at least 35, 45, 50, 55 or at least 60; or protein
expressed thereof into a target cell.



10

15

20

25

30

[ [ t of the present
Hunt i ngt on di sease. Thus, one aspec _
i nvention thus relates to a non-human ani mal nodel 5

wepresgsng at | east one phenotype associ at ed RET/DKRID7/000204

due to the introduction of at ast one genetic
determ nant, wherein the at |eaSt one genetic
determnant is a gene or DNA or fragnent thereof,

an’db‘)é)horRNﬁ‘mQﬁ aﬁﬁr%@%@%l ﬂ)hﬁbeﬁ’ifpa?trbq/agﬂé 2% ecl?f%(& 5@1 Mg} typically

man Huntingtin
pr qvgrf e?t];}_@tét S@a g\@qg@ympgg@ dasch@cﬁa?r)o,ve\&hehi s BloWR8ss, clumsiness,

nuidigity, fss %Jeﬂb%?érﬁal 'nﬁle@fonlaﬁgﬁ%h 3R, mo"f? kaigé §?qvbsqqﬁ;@h and

10 Ieast 60, Simlarly, one e

ncHORKGeH SaHFRSt nodel expressing at |east one _
phenot ype associated with HD due to the introduction
of . at .| east one 8enet| ¢ determ nant, wherein the at

| RychgRdroplasiai(Colirgen Xiyredt is a gene or DNA or 15
frla@ﬁéfétntfohﬁ»ﬂéﬁ%f thB < t EhiRh t@é AgSRy e}tnh?erh,gg({am, sipresses
an /or rotein or part t er eo C

of2 {578t PMePhRTRhReAsReGiatge With gysehonidp/asizRNAa pad/coler aspect the
oot g YR8 % B TRel Sieresthd SHERSSRe bRRsivpe associated

a\ﬁ‘eﬂ YSERRISIOniasia. HD may be generat ed by introduction

ofcmadmbdgﬁ‘ﬂ@lésp ar@@ Q?Ju%r EFdIe Qéﬂ’e&p&%h%e q‘fleton ar%j are often

vai |l able"to t
g laete lpﬁp@gﬂs, @fnthe rqo&agemesumfgemy cc:ehi;tltutmg Byleast 19 different

VItyples ﬁﬁdﬂoﬂ’ég%lﬂl tthé@f@ngormé}&yc %)Qﬁ)gn lﬁ:?glfages throughout the

known the skilled person. e pa
e 55T tOFQEH?éSfHdeIW@ reies mthe ptmtebse‘soo*f ddlalflcstlon and ossification

r@ieethird\of thedestingEns (::f‘ﬁ%%qtl?qllg\?n%dtl&g oted fibriliey collagens
o) ding to the prgsen nvertion A pi g%n by collag
é h) {&?E tigsis) sfatesas lﬂngdhléblﬁ orggnlade‘rharsrélmeabﬁtélrﬁt@ﬁvo thirds of
tthansél@fgeﬁé drbendHiBRIMbarosnd I'b?? %&PW@%& tlwo groups the fibril
d“ n. Hunti ngtin gene
p SeSkRIe ‘&ﬁ‘éﬁn@rwp(qqghq{lg%gladme@A@rkrfemagsoila@eaé 189]. Collagen X
IMMQSB&J tl@grcﬁ@ oﬁﬁe@\forl@tfor#ﬁrﬁtcgﬁa% en 0.4 ﬁ% (ep&&e rﬁgorted to be
D qr al so by '
‘%%%r ?ﬁ?ﬁgﬁ“%? y "E@P&yﬁ%ﬁﬂqemlr@@omf wmwtmpiamrdnﬁuﬁ@m[élolnggg has only
e nu
hrarely begri teteetbe ey RBHARE e 1
of CAG repeats is at nggg@o g rﬂé N%?{g@é‘glr at | eialst
60; or protein expressed thereof into a target ce
3B/ PRX 2:6ﬂh7deh2fﬂa-é5ﬂeeﬂ@dd8@@9% Q)%Ogtgﬂ;t%QIE/ Fgo ﬁféag'n ﬁsrextracellular
mgfd in particul ar
&%tnmbyl el {pg rpglemd@rv@ﬂlgh egsentiabfor eod@:fmhdldheone formation [40].
ﬁuntptammeﬁﬁsh‘afsl besh aROW tRHCDp@X ShAYRRSSistS i r[)Bs’cecﬁondro’uc and
osteoarthritic porcine articular cartilage and it may be a product of the cell population
trying to repair the breakdown [41]. However, in osteochondrosis the endochondral
ossification is impaired regardless of the unaltered collagen X levels in the growth plate
and the increase of said collagen in articular cartilage. This could indicate that type X
collagen alone is not able to cause ossification of cartilage [41]. Moreover, it has
previously been shown, in a naturally occurring porcine model, that a mutation in the
porcine noncollagenous domain 1 (NC1) of collagen X causes a phenotype similar to
the human dwarfism Schmid metaphyseal chondrodysplasia (SCMD) [42]. Said
cartilage disorder is an autosomal dominant disease which characteristics are short
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rigidity, |oss of devel opnental mlestones (such as
motor skills), slow speech, and drooling or seizures.

wG20yaz416ndr opl asi a (Col l agen X type) In one ePGDUK@M1000204

of the present invention the mgn- human ani mal node
expresses at |east one phenotype associated with
dyschondroplasia. In a particular aspect the

Ngdtufy BRa daia1Bhd ASHdING ditP bBd 'ﬁ%@cﬁiat%&?%xﬁﬂur@hons show an
| east ?y oo henot e associ at ed

10
RYEmSH ‘l"é"s‘?rga iBgoR R Hlﬁ/%rﬁ}"’g‘sﬁ"ﬁ? lai%‘gebog\?’édk? Hl-
di sorders affecting the skel eton and are often
associated with eg)rotel ns o{ the coll agen superfamly

cIRRIgeN(f3NgRsErs ERArtansiogisasdresR Orqayﬁ&s 'Bﬂoae'sr?%e@&h as well

taﬁﬁﬁ @pbl%cﬂ?]:ndiﬁﬂ@ére@@ BRe W@v@fnoﬁ/&febhkﬁg@%rtsaf/&!ég%% to study
t he manmal |

a ani sm licating roles in t
gPoBRleneR Igje E‘HP@ %@aﬁ‘i"@?‘%{?ﬁﬁ%% s‘%fIr elatign R‘;?ﬂfai‘sg?%eé’js collagen X
@terd Auhi u@ﬁ)pbé}ﬁjrﬁgkégw@ﬁgtﬂetdéﬂ@cﬁloh of trhnsdehk exMes@iBﬁ' since wild
oted fibril]ar collagens due to the

1L.X) are
%’%%%{Pgé@ i3, 8Imest peJfy 'Ve&.eqme)ﬁs @aﬁ?PE%@CYtPB’éPék‘”Q‘H@ detection

fcﬂ! Fahsgdne dxbféstsfcbhl"rﬁiﬁth@f tissuB€ uBEINhFRERS aMdGhence easy to ascribe to
qonrlbrlllar are further divided into two groups;

pns,gﬁn’cprgg $-ated with interrupted helices and
the network form ng collagens [39]. Collagen X

TS Bt b B e e S g
takpwssmg@lﬂ igast @ga ;mn@fyp@ re¥bdiatbd Akt d9§dHohH|®?%s[a4@Je. to the
%c@:? a% ? g%r}f&en detectedln cal c g '
PR {eastpPag oenglicidelagineny jwh eﬁ%}%‘%%ﬂ? glerminant is a

s e ONAsoIgERFIE tHePedTCaril/6rURNA bRt ymémRREreaMdind/d grb@in or
yofferl the nol ecular_mlieu

é’éétéﬁ?rﬁa% Sty h%’ﬂé%&ﬁﬁﬂgrﬁsﬂ S BT ﬁ%‘i/%?f Ofesb{SEC #3 NO:58, SEQ
FOMNdeoBding pretsentas abrest Shavdierit anreype X col I agen

ists I n oste ndroti ¢ and osteparthr orcin
ity W ome TR raBEnOha Ao e M man oA sl BorBFeid least one
@peehotpop absictatad witt dystgohdroplagiaidue tid telineedidavm of 4 dbnetic
ros s t he, .endochon

t eoch
SRt ihe it e e Geleig bRt 1S Se0r of MR prracgpest hereof,
@obloR GAA fragr@édrs thelmeladflwdgﬁ' PVdtdin pk paie theﬁ’étﬁtdf fi® porcine COL10A1
I NCrea of al cO en | e
B TTRA teia TRER i BeParchs Bara RN R B N &
dlalgments rguaste tiessoff ibeigi wesalt ircatnédst agenkiéadl manner.

Moreover, it has previously been shown, in a
naturally occurring porcine nodel, that a nutation in

mme nopmmmambdammu@mnmamalm(awﬁé)gegéracefd thaig@sduction
ses a enat ype  si n ism

SN SRl B0 R S Adrodl adibucind Tyl 4 bl 0 % eled

mrﬁoﬂl faﬁex@lhslelwemjed:t&namoah!é mgﬁﬂalb)ll g:ggg}%ilga %mﬁansfer or any
| C cteristics are short

ﬁ@f’ﬁ %E?%(ﬂfgﬂ? b?(éh‘%ts'fﬁl?fr%ers%xa vara, and a

waddl i ng gait, and hi stopathol ogi cal exam nati ons show

Hone particular embodiment the non-human animal model for dyschondroplasia is

generated by sperm mediated gene transfer.

According to the present invention a pig model for dyschondroplasia is in one
embodiment produced by sperm mediated gene transfer of the constitutively expressed
porcine COL10A1 of porcine or human origin as described elsewhere herein. However,
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extrenmely irregular organisation of the growth plate
in long bones [43,44]. Transgenic animals are

WO pone4nt tools as nodel organi sms in basic rBGERKEIN7/000204

as well 5 as in applied sciegyific areas and they
have now been used for several years to study for
i nstance gene function and human di seases. In relation

s bif Wf&ﬁ%‘y&hoﬁe}dpﬁa@%ﬂﬂg}é ?lg{): :ols Eoc%nfc@dti‘ Pg ﬁgggﬁce;mg the COL10A1

ortunity régardin
&E\E@@%@P&ﬁ*ﬂ e’é‘?"ﬁ%&?dvﬂ‘?rGOf intpetaggsiticalen X is al nost
sel ectively expressed in chondrocytes, making the

detection of t rans&ﬁene expression in other tissues
Jﬁé(ﬂ?ﬁ‘rh%”e%f“'ﬁﬁbmﬁ & ddé@?“@fppﬁ@r inpkarfigularthe pigamodel for

tdﬂlé’éh%aﬁﬂipfasfg %?@Fk@ﬂy JRI0p R Gkt &e éMRe Qxyrﬁ?l%ms described above
i nvention thus rélates to a non-human ani mal nodel

SKEh e%gisﬁ@iea% inveluisg tehpdar braeD BPp Ehaeststized by awepplasmiike

FYSiFraisH Slafiade AUBe Hétatp'\ihgses' tRAf QAYE bistiHedligrabinlif &Hgth or

one genetic determ nant erein the genetic

dathelagiGrafiectieesa 15 gene or DNA or fragnment thereof,

and/ or RNA or fragnent thereof and/or protein or part

t hereof of the hunman COL10 Al gene, nRNA and/or
Rymangpimals NO 58, SEQ I D NO 59) being present in

Fhelppastint mvbhRMTeRMs tﬁ%rﬁb?l[hun%r{%ﬂl@él dbrvihd) a8 BRiisease model for
enbodi ment the non-human ani mal nodel expressing at

paiosemMghdominaatHssraRrsaioE Bxaranle aewwﬂg%rﬁ%t%r%ﬁe@sﬁ?awc@ as

BeReih @ohfdembiidr GiSekEek @lciPhs Ast&eBBENerd hiefighh er M nant,
wherein the genetic determnant is a gene or DNA or

fragnent thereof, and/or RNA or fragnent thereof

Wéﬁ@émﬁb&h@nﬂth@rndﬁaﬂméﬂ"@f Refm&del Wit HROAR/ rﬂ@dmﬁﬂi%prowso
%@tﬁﬁe nRNA and/ or rot ei n correspondi ng to SEQ

anifpe) i HORDIAEN suCh sighnBuse oF hpmpies Thechagghuman animal

ReddMLted R6RNhe bibuptcohSisiily F dpbaMBhIRIY cABENSS,- shgép e, horse,
non- human ani mal nodel for dyschondropla5|a may be

§eAE&Yat ed by introduction of said genetic deterninant

inhe @cnél&inﬁkﬁidnﬁ@*nt'of e @B%rﬂ@iv@ﬁﬁbrﬁfﬁé'nbﬁ@iu%a‘n‘hrﬁrﬁﬁ model is a pig.
for exanp ection into the

Ki | erson,
?fa?@%?megg imenpiheipig efeﬁﬁ%tmﬁétﬁ a@éaociql SrsWig pigr Inappther
BRibBarhet tHeahh & B8 deRvtic By, Siesdbial $ % Res, %esﬁ&s‘ th yet
onehgarthgﬂlar %géodlnent the non- human ani mal nod

£BPIELSPRBHEEbINg d7\entian relptgR o IBHPIES: %’h@%@dﬂ%@a@s The
RNt Peasd diéd e@Cﬁ@ﬂhdh@ group cbhgistigest € Bhdriabe eVdrksHve@Hampshire,
scho lasia is in one enbodi nent
@Pg%ﬂ?gaﬁeﬁﬁ%g?éﬁy RN Ea TR Bistin, sHRba ihe Sratpgonsising of
coangrhtd, Otdriiing, BAPHESiRSshd @@o@qbﬁéwéiqh%%@u@fzon&stmg of

descri bed el sewhere herein.

D856, Sie) S00r Bohdhbibin, Gibit reiporpsorswnars spghre.

M%in Landrdys ahe OpimeRE MeishaRBitr 8kaApl8 thdgrody eBikistig of Landrace
CE)pgolucl the COL10A1 DNA or protein expressed

bse Meishany Esﬂr%ere%qq'meﬁfh@em'smﬁamaww model
for dyschondropl asia, in particular the pig nodel for
In another embodiment of the present invention the pig is a mini-pig and the mini-pig is
preferably selected from the group consisting of Goettingen, Yucatan, Bama Xiang

Zhu, Wuzhishan and Xi Shuang Banna.

One aspect of the present invention relates to a non-human animal mode! produced by
sperm-mediated gene transfer. The method of sperm mediated gene transfer of the
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[ i [ t | east
hondropl asia, will typically develop at |
gngyg? t he ssnptons descri bed above such as disorders

w0 pwoliz478g t ubul ar bones, and characterized byP@I/DK2007/000204

[ [ [ ilage in the
oplasmike proliferation of garti _
zgtgphyses that cause distorted growth in Ienth or
pat hol ogi cal fractures. 10 Non-human ani mals The

prFssent inventon fop ghe; gbﬁgtgglntofg ?oﬁﬁﬁgg(ﬁgpég@aﬁ&h for studying a
3?@%&@%rr2§ut§8c?%§@%p@tmp§@ agdadonthevisodiiction o648 piitebdel for
asstugyirg amnyotophlcleterdiseRrabiss ABREMEP Y Wb eBSe | Pk disease,
Zlnoﬁma Sﬁﬁ%Faﬁé@wg%?r%le%%pwtg,ﬁﬂmnﬁ@g@n@@@ea aivsbr
t Hysehindedplasia carhprises QRS Blep$ HPinr%%idf tsenﬁ%uifc? ey #g, non-human
on- hunan animal "1s sel‘ecte I o THE

hradcf)ﬁﬁrﬁg I';%R;sal@gjﬂ%n% gg@qurg@,’(erwg%pa@@[ Qf|e§ta_b|b$igmg séid @preditary
g@@gegswhse,the glarreitie YietehindntiB @&braSs AW TR L Phart B8 model
gsbie; 3P vy

, hjvent Lon the non- human ani mal model i ' U
ggsl%ﬁﬁ‘%ﬁfé@e%%a?rﬂg%@nq faid e petis-daterminang iv) fertilising arodedyte from a
i derpalai nah-ipingan aninanatth gfe s@ﬁ%?@@bg%%@sﬂt%ﬂﬁﬁaq& Hﬁd V)
deEesit ts%'é?feg@%%%?” % a@qlpz'%gﬂq,ig@ﬂsi allawing sicktertilisedbodyte to
ySt lc?pgigtqmw nas-hummah ipimesl niddgs. The pig can be
IEs)elg‘geé:t ed e.g. fromthe group consisting of Landrace,
Yor kshire, Hanpshire, Duroc, Chinese Mi shan,

: ; LStin .
BERk semer fantink lﬁle?grtlﬁsé E?Orvziﬁﬁ Elgﬁﬁpas h‘li'éfeéggﬁ%ﬁgﬂ%ﬁg&éﬁ?Iolln%artlcular a

gg%%bﬁt@%%ée&%rﬁ SU B CHIRED HOPPIPSYS Is\cavial diehe Duicomeartithe
QritAedise. NEiesthomns okatoltease tgélect% gﬁ @%ﬁ%ﬁ@fgl %&r@‘;{%ﬁmy is 290 %.
. . - o :
Egiekezgﬂgmeeseﬁ]eg lra?rlggb alég EQ',%%%qu@ s@rilq_ﬂ}@ﬂ.éu@s amkransported
CHdieled akeiterhperature nonselehed semts wi;I IESHQ:J @a%g‘%enn{%tthg sperm
M. lfﬂn anot her en‘gct)dl nﬁnt or the tﬁ_f esent diated
i nvent .931%""‘?’ &eo pig R AR Mpisdhaaticie hey o t esper%m-n& ated gene
preaster asiopdgrelig affeded bpruhbRuS 'fé&ﬁz?'ﬁ SQ&%% %%%%g%)f ¥ea/. gellection
g%ﬁg%ﬁ@ygg%ﬁggﬂg%tgggog ngg&ark??l “E? g%% fechaese itheyeartdcbdonor cells, the
SEEEN g@lstfm@iwﬁmmwé@%xawg%h%r@%gg Wg@qgigéorsprspse. The sperm
ﬁgg{ cgﬁ (ie %QE@Q} ﬁgﬁgﬁé{ig@fg ﬁ%@ig@s%@mmﬂf?@mity after the washing
PLOFREKEGIT CHAEROAeXS epsTRaRRbld ROHE i 584 TP Ehc%i@egarencgougted. Itis
P helrof ARRApER an el moder For Yuagt |
ﬁﬁe‘(r%g*déﬂ E’?E/h RE o%o?ﬁh enﬁ?ﬂrphﬁg saPge aglematiiy #rméiotairedefollowing
Blegamevalef semiral fiiid. model for  studyi ng amyot r ophi ¢
| ateral sclerosis, Al zheinmer's gli sease, Par ki nson's
di sease, diseases associated with trinucleotide

Nefeankodinentithe boar rascivetaaedabitd & 1Pqshss Q?OJ}% pp_%gjl%iggor na
Wlérstﬁﬁb&dﬂﬁe&to‘?@?e i%f/er%ti)onl?ro i ding senen froma

he donor boar has abstained for 2 days prior to
non- human _
collecting the semen to be employed in the procedure.

The mechanism of internalization of foreign DNA involves specific proteins capable of

binding DNA in a CD4-like manner to sperm heads. The proteins of 30-35 kDa have

been identified in a variety of species such as mice, cattle, pig and humans. However,
under normal conditions the seminal fluid strongly protects the sperm cells from foreign
DNA by antagonizing the binding of the DNA to be internalized. The main antagonist is
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animal ii1) providing a genetic determ nant capabl e of
establishing said hereditary disease when the genetic

waelegienm7aant i s expressed in said non-hunan anP@EDK2007/000204

nodel iii) contacting said sggen and said genetic
determnant iv) fertilising an oocyte froma fenale,
non- human animal wth the senmen and the genetic

Grailsitony PR 131K yhcé&din@@umtanwoﬁ@t ﬁlaJ R'8d deh®REd or neutralised

oocyte under conditions lowng said fertilised

6’8&7‘? £ tperyds BssNisRED §1ﬁ t?t%gﬁ”rﬁ}ﬁiﬁf%ﬂ PREdUFRSd Enerefore, in

Bag epRimRIimdA lof fh'é%r@ﬁn'ﬁ Qﬂeht&nﬂﬁ@\ééﬂﬁ{él fisi@rs r@n’(m&@ from the
non- human ani nal , particular a boar. The sel ection

SPERMRIOZIFIPR PRSP bM@’@ﬁB'”Qs crucial for the outcome of
the 15 procedure. The boars of choice are selected so
that the initial spermnotility is > 90 % Prefe

{HRCUAIAR APGEI2{208 H""b'l‘ﬂijeé PRl P@W‘PW%‘?@PP'F%G yy@lql?Lmeansythat the

syb@satanth il y‘s%gldéﬂéﬁhdﬂgbg%@(enﬁg HRIGRAS AblNs fdHkse.
bel ow 15C as t wi | |” cause damage to the sperm

J@m%orem@re@qu;m%t of flie RIBRSHNVENoNnthE SPAMR-Mesiated gene

efahbfel RRMbAGHe trh%tnéﬁ @r fﬁe@@trﬂf—@w ARG actidnhDURI be started shortly
procedure is af rous factors such

@ﬁ%@ﬁ‘%ﬁ' 9iehe 39’8&5‘?‘| féﬁ‘i %Brnexﬁﬁ‘ﬂi? eginerby washise éteé)?ﬁf tBgye

@frodeld@réj Olﬂ%rnoth'eﬂ e@ubg@ih‘ne‘hﬂ nﬁbr@i@ﬁﬁ) fb&lﬁtaié%dp@@"cat@ﬁ A8 correct
cells sperm cel s fromthe different boars are

SRS RO iR t'megme “3RPUFH RIS i Ceitamdiserdh A sinder normal

@bhdtidraf prorofdsUaphERILBA. a&dd'tﬁiﬁbmg tﬁ&@oslélnaél eﬁéa@@mrm%vents
cel | tili after the wash |n%6ogroce ure are chose

RBSEnUT§Rses FERACUED P8 the BFRIghBRBoARUBN & Rerticuas pRbodiment of the

Qﬂ/éﬂﬁcﬁﬂthe'slpefrﬁ is waghHettiR A thuffer dvBR dTcBRRIM. 1h BYEMdr@Brticular
rmcell potili is mai ntained foll owi n

f he e
S toglrans IR uregro Rufhr famprites e TvsgsosoBaN e B
[BedosB S 5EhBA (B405, 5 § So@mﬂa@mﬁ‘éﬂéﬂ 1%’§odi@¥i5blcalb&1ate (for 1 liter

artlcu he i nvent

ERKral b Stitia P Riaterheithe RRRIR SBriisgthiTchre figr. Bfors the
oafféras bdded tohRe sgsmNcdlle, &R EBbvirie $&anPABGREHY. Eraction V,

The nismof internalization of foreign DNA
%%%%ng%dﬁc. fic proteins capable of binding DNA in
a CD4-1ike manner to sperm heads The proteins of
0- 35 #(Da have been |dent|f@ in a variety of
g’ﬁ@cnr%@&eaﬂﬁ*sa@gﬁr%é dugeA%eP 'ngptpdh%H@Sﬁreﬁmv@ﬂowemphshed
taam ad @bQQI;bIe @eMelictis0B $nit é}%rrﬁ&éﬁréﬁéfeﬁédiﬂo(b 50 FRNObY and 5 mL
the

ﬁ‘? agﬁpﬁ?r@ eﬁ%ﬁ%}qﬁ °|F}35 %%igﬁrqqf@%%ﬁm vgrtlﬁg ?lL\IeAtu%%s The solution is
ﬁrfd:tJBﬁtﬁde)rZEBm‘un %fgiorﬁg%rﬂ p@ﬁtdﬂ@ t(ﬁppsdxnmétemzzﬁf\a%/na%%ﬁﬂ buffer (room
in or

FF‘&%Q‘?‘?% UpAp ﬁﬁBtHFugla R 8t08 goi‘?r@rm\/@c‘] Zng the
B&pﬁrhatbhﬂedembﬁdwrﬁi thé @e&él@ééﬂspénd&iﬁd 50ML buffer (room
RS ebE e e alRaedh SRiEAtbE At sdES BRI gin a7

thdithe supetrestant édrefiovsn t Tres pelipEis matmwaeéwpeﬁmltﬁe Fafnaining

Waf?er in gwe tube.

When the genetic determinant has been provided the semen is contacted with the
genetic determinant. Sperm cells are diluted in buffer as described above for the
washing of sperm cells. In one embodiment the buffer temperature is in the range of
15°C to 25°C, and in particular the temperature is 17°C. The genetic determinant in the
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5 Ej acul ated spermatozoa wi |l under normal conditions
capacitate which neans that the spernatozoa undergo

w@koogiiod76gi cal changes rendering the cell s abl BCT/DK2007/000204

fertilise. Therefore, in oneggnbodi nent of the
present invention the sperm nedi ated gene transfer
met hod the initiation of the sperm- DNA interaction

sdwbpbnﬁ |§§@déoet@ tﬁ@dméysﬁé?maa‘eh@ rTh%%ﬁ&éHtra%n e genetlc

sem nal d (for exanple during the wash |n§; step
0!

m&emmacs\& @dume) rangp ohGd e 1 Hﬁiﬁ’éﬁ“‘?ré?@rm iRl arpaft@u'ar

feaiddirh&iiané é&@&icto%iérﬁﬁhaﬁf‘ﬁ hﬁ@éﬁs%@tDNﬁ B8dSH M xoncentration of 0.4
incubation time, the applied buffer is calciumfree as

49 liearisashRNA 195 spem CE&'éﬂdl tions pronotes
capacitation. Additionally, the absence of cal cium
prevents endonucl eases from acting on the foreign

Bane PRGisUlar gmiogigient helfellowdneoRraremine isotsethe 15

Imvgaéﬂnpéurs%eamﬁémm&wﬁmeﬁ @'PouﬁerbUffer devm d of
calcium In further artl cul ar enbod

b H H@ewﬁfi &N%ﬁ?rpsﬂeérwewé aﬂ@i?qi ghatisy %f@rﬁb @ﬁ@?ﬂ K9 Hearised
NA) 9 GI ucose, 3.5 g EDTA (2H20), 3.5 g Sodi um
C|trate 1gSod|umb|carbonate(for I liter of
HﬂﬁLfbé‘F%Wﬁ BULAEACi n water and the solution is

Sltoeé\}okd ZRAMENRASIF the Eélist FhR/ert B@@b@ eb&Z@:Obﬂﬁnf er is

added to the sperm cel Bovi ne Serum

AlianLﬁW"ntEe tyheetrPyn tgmper lergag\%én)anfsgorg@ doonmigmperature) to animal

Moek&d beslama sdiltigs Paredybenireef di ng to the present
invention is acconplished as fast as possible as

follows: 5 nL spermis transferred to a 50 nL tube and

ShlincuRseY sHdridWell€BreicRNRatigth Bapblied irfardfisigdnsdmhiXatin

inverting the tubes. The solution is 25 incubated for

eAdSt room tenperature (approxi mately 22 C) and 40

nmL buffer (room tenperature) is added. Upon

Q'_entrlfu ation at 800 % for 1On}1 Zggthe . .
N aimabmegeldnd P THeH g P@tg Pe §BEW&é’de§e|ﬁ‘t invention

5@6)’"&6 M)ﬁtl@éd By @etAodt BFRE fiihbpeim mBafRitEd gény l@ads‘ﬁer for example

ected tao centrifugati.on '% TIor 10 m n
%Yér AN LGP IR Matie C?'@ﬂ‘ﬂfi‘@dt RIET, 98 FPLERVIrig Mediated gene
ganefer! | y resuspended in the remaining 30 buffer in

the tube. When the genetic determ nant has been
provi ded the senmen is contacted with the genetic

grefuahat é@iébt of3he fss@ﬁﬂ ihgerlb® ﬁéﬂélhé &k hon-Bumbespasn cell
descr.i bed above tor E

r m cells. In
SREPHRIPE & 1F88t Oneheenslf %‘Pr '{"Qﬁ% lﬁ‘lgéQ S Ang H@nmaﬂfg@enotype

Gbr A3 Peabdbné Aerddftary Ababd whah biSiebsyd ih Iaewdha{mﬁraémmal hdst
17C. .Th enetic determnant in, th 2007/ 12475

BESENS O RIPHTAAN BPT MAY PGS ?% rory @Ry of e(qx{gmals listed
@ideineft BereinMhe dlebcribede dstamerBivh@tireeif thd dehelie @eteh@inant is of

SERFRPLA P i e Sl S ST b o spem
@ef ﬁfaywwtlom Buiinepémns el HAIngdaeditdsontal aomiRAt prdrodpe for a
%eredltary disease such as any of the diseases according to the present invention. The
non-human host organism is any of the animals presented herein, and in particular a
pig.

The non-human sperm cell according to the present invention may be produced by a
method comprising the steps of a) providing a non-human sperm cell, b) providing at
least one genetic determinant exerting a dominant phenotype for a hereditary disease
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pg linearised DNA/ 106 spermcells. 5 In one particul ar
enbodi nent the follow ng procedure is used: 109 sperm

w@elors2416e diluted into 120 nL 17C buffer 0.4 PQGI/DK2007/000204

| i neari sed DNA/ 106 sperm cel |l g4is added (that is, a

total of 400 pg linearised DNA) 10 Incubate 100 mn

at 17C To avoid sedinentation of the cells, invert the

LiHRR Y RIs¥ed érhéh hLRBS bR REstiomid®, d)@8Atkacting sau} non- human

tenperature, and transport It (at room tenperature

Saemmeell m%%@ablpagttqﬂg|gganptg&qiqteqml@@ﬁt(\glp@'pt_r,\)@aldl@ntactmg results in

'ﬁ'\é‘h‘ét@ﬁe e>f the gzh@ud m&%aﬂ .rﬁ&ﬁ{emdha%dnwé&rmg ur eady
be applied in artificial 1nsemnation The

non human ani mal nodel and in particular the pig

MORRhS ekt R R9&Rtonl r@l‘é?é%ttb greon{mxmeﬁ c@r’nBFJélﬁ§9 nB¥-human

met hods ot her than sgerm nmedi ated gene transfe

Sramb el inZomBNaYPD Mith 186 leastndrasnglie detesninariegrting ai@ast one

@Bﬁln%@l’t pﬁérﬁft‘féeeﬁ)r aObadt¥nk Pérdditary Brlaak Gfhel @ Bressed in a non-
transfer urther aspect of the present invention

peregangnal dost W@ﬁﬂlﬁlﬁ‘ﬁmr@i@gﬁ%eﬁ&oﬁ'm%rﬁ\el agingtc determinant is of

Ihgﬁ,%ha@,ag,r%gwé&,gc}eterm nant exerting at |east one
dom nant phenotype 25 for at |east one hereditary

di sease when expressed in a non-human ani mal host

%a%s%m Inwﬁ.dwrsdwa@aase%%ﬁh%e Iedr fgﬁ}{sﬁé bH'oBé;PtS b/ 5P&Rm-
of the animals listed elsewhere herein

RESiaTPhgEa (Tl e B RPTRES %ﬁerﬁtwseofgvéwé@m@ the non-human
@Qérﬂ{ Bainadarhyingdthe af'@%ﬁ%def’g?sn@ﬁé 8bBrmihakt 16XA PR tRe assocnated

human and/ or "porcine orig The non-human sperm’ cel

MY ay@sanﬁbﬁorﬁlﬁlﬁﬂhd@%emaééiﬁfmw?m@@daw%mgdmmn fuman

dgeann@émmﬁhﬁa obRe td Bé reilided. f@dr%eq&émw %&ﬁ&%pé&w tHS
rﬁ%}@?ﬂﬂ di seases accordi ng pr esent

SHtesriges magipd Harnfﬁﬁl"ﬁa%@n @P@éﬁ by sPen-aIegiated gene transfer,

WherE theHhEH 68 tBMpHESEhB stepd &f br'a)vi@ﬂfgt th6 YbboditioPiSdescribed
The non-human sperm cel |l according to the present

hﬁ(ﬁ@h@ﬂ%ﬁ"ﬁ%ﬁwﬁﬁr@w@é@%wcathena@phf@do berigiisedng t he
steps of a) providing a non-human sperm cel |, b)
35 | east one genetic determ nan

di
%O\I‘/&%‘?réggﬁ PERFHAMENORERS RPN 28 WP?@WC’ iy derflising an
w&ﬁ@Q/ﬁﬁ WAL h G h BEeRPIAB#Ading @héé@%h e @Sférrhﬂant

a ngn- human ani mal, host or gani sm C cont ac |ng sai d

REFTIIRRI ARSI REdAMRANt PAGPNER @ &t o0 herrditgahdisease of the
@RIseATThVEHlbn WHRAIRpFesSEd fh &£ ASH-RGhamM BnikR$ HbdtDrddhisnh.Bmilarly an
ake of the gene tic determ nant into the non-human

B%pm Qbigaiped by fertilising an oocyte with the composition as disclosed herein is
within the scope of the present invention. Furthermore, as an embryo has been
established the present invention offers a method for the cultivation and development
of the embryo comprising the step of cultivating the embryo under conditions allowing
the embryo to develop into a non-human animal offspring expressing said genetic

determinant and exerting a dominant phenotype for a hereditary disease.

The presence of a non-human animal model of autosomal dominant diseases provides
the opportunity of evaluating whether a given pharmaceutical composisiton, compound,
treatment and/or drug has an effect on the phenotype of the given non-human animal.
Therefore, it is within the scope of the present invention to provide for a method for
evaluating the response of a therapeutical treatment of a hereditary disease, said
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5 A further aspect of the invention relates to a
conposition conprising a non-human spermcell in

w@oviizvasi on with at | east and genetic det er mi PENDK2007/000204

exerting at |east one dom nagb phenotype for at | east
one hereditary di sease when expressed in a non- human
ani mal host organism In preferred enbodi nents the

GRS &rﬁ&ﬁs‘ﬁfﬂh@%@ps‘ of aPhrovidiHiRRe ﬁarqfhgfnaﬁ%{nﬁhé\%odel according to
ori gi present invention also discloses

R waantmrb)ft@ﬁtmg Faifl AENAHMEB @pineal Mith o ieast onrehasmegeutical
%H‘%o&nﬁéﬁ‘ éf(&fmg ahereR LRQEICATRst 888 phdHdtylCBAd ef e\ﬁlluatlng the

provi ding the non-hunman spermcell as carrying t
Ie@‘QthO@ﬁ@’e@eﬁ@i'ﬁ‘@aﬂbt@? metastal§oaliows dereh Birtigestep of advising on

FSERE| Fb8hentof for BxRRe Eﬂ{urr%rﬂe"l@gufﬂhﬁ ﬁf@ﬁ\sarﬁ@tosomal dominant
defined herein and introduci ng the non-human sperm

Giepse fee an@ newedeesarRllye disepses. pEden Ceawgr@awlsgases such as

A G AphepsR@iscdbe 18, PL“JVtﬂHtﬁélé&”ﬂdé%;?éa@%sé&nétecﬁ'@k@@éés but also
for fertilising an oocyte by sperm nedi ated gene

dyseiendroplasigheased en the eﬁ%qthefaﬁ%mﬁﬂlqr@eéhq ﬁ@ﬂsqdeﬁ@awahon
provi ding the conposition as described herein and
introduci ng the conposition into the oocyte to be
frpdditionsihg. aVE@abﬂﬁﬁéP pershupaR apimad gede} experrsingr agrdeplar

@Jﬂéﬁ&y;ﬁ@ aés‘bc%'fbcﬁmﬂ{ ¥ @oSbthA OB dfs@ééés' df@r@gweaefblhty of providing
oocyt e t he non-human spermcel | conpri sing

|aera§th°6m sg@@@ﬂgdh@ effisaci qfaaﬂharf@ﬁmlpwgsompqs@a@t wlamem the
AThSREEmPHRE e/ BiBpd 8f a)@roli@AS thediish- ﬁlﬁﬁﬁ%r‘ilﬁ{a)/nﬂhél‘%ﬁ%?e

of the present invention when expressed in a
REFESALIMYPNTORT PgXPRRSSINgdR ga'ﬁua@rma@qﬁei saifl @t least enegepgtic
QbtedinHRft HYa é)@,frﬁﬁd s H&nﬁ@n@&@ﬁbﬁtp%&r‘%aﬁ'ﬁe@&@gélshéﬁ" c

as disclosed hereln is he scope of
GREEHMernGiPsA] Ben-hinaR ABIMAbINS, phagﬂ%qeb@ﬁ@wmma@orbé*@neﬁlcacy of

%‘icﬁ\h‘s kS b&vdiifted reﬁﬁﬁiﬁevblﬂ&@r@ fhe réff@étf 3 E\ﬁy,ébf 'Wé ;B}Qa(i'mfaeéutlcal

he cul tivation and devel (fmsnt of

GBWBW'E%@” theePhenayre exerlg bw@?.%@ett%et@maw V{h@ﬂeﬁxpressed in

ebi-h@nsn aloddgew ng the enbryo to develop into a
non- human ani mal of fspring expressing said genetic

determ nant and exerting a dom nant phenotype for a

Iwaﬁﬁ&rﬁoﬁ\é yth@I pfe%aﬁﬁnv&ﬁnom%oné@&%rtéa rRéth8d s AreBtHAEHI of a human
gn j mal of autosomal dom nant di seases provide

ﬁ'é’géﬂﬁéﬁ"i% TR PR iqspIaldemingniiaaser waerginbp method comprisies

pesinacsybd 6rd) peevid tHial ﬁ@mum&@waﬂnodélww&em invention,
e o0

d/or drug has an e ct on the phenoty
EV ﬁmf@%@hﬁp S?Heqeélﬁ%%etewm@@ anceaxeringsaid
ﬁ@mﬂ%nﬁbhédb@yp@ffﬁﬁﬁrd hér@dﬁé}’wd%aé@ omr@aﬂ.r@esa‘@ho@hm%ﬁgﬁ.mal
t he res onse of _a therapeuti cal

o eval uati n
i 2 e SRR OPIBFRUER TGS a8 670 47 o 00 Hpeod)Ryeluating

teTérfAcR OB N dRd e) HatimgtsarrthumRiPbdind BEfdriRg rohEAd ﬂéredltary
3%@ FOVI di n Og_ﬁhhe non- human_ anj nal nopdel accordin

FhRRATC BHNB PTIB R QPPHYCS B toe ROMDHITARANKRA! A
at | east one pharmaceuti cal
Moreover, a method for linking a genetic determinant with the occurrence of a
hereditary disease in a human being is also disclosed, said method comprising the
steps of a) cultivating and developing an embryo obtained by fertilising an oocyte with a
nan-human sperm cell and a genetic determinant potentially constituting an autosomal
dominant disease gene, for example a porcine gene exerting a dominant phenotype for
a disease, such as a neurodegenerative disease when expressed in a non-human
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conposition exerting an effect on said at | east one
phenotype, and c) evaluating the effect observed.

wodwine4gmal |y, the method al so allows for a fuP€hBK2007/000204

step of advising on 5 nedical ggreat nent of for exanple
a human being suffering froman autosomal dom nant
di sease such as a neurodegenarative di seases, protein

d@ﬂmﬁ@ hﬁBﬁd}_ﬁ@DingﬂBS@?@%ﬁ\ éﬂ@&lﬁ?tloﬁbﬁj dél/ddi]ﬁhémfre@lt in the

| Sease rlnuc lde r assocC

PR 2064 b NG BUNEh PO BTG ARE L DAL BT T agiger said genetic
efeferirtinpbsiaensadidhlitbdttndl Bemihti@ides¥e if ¥alduRinluMan difimal

In addition the availability of a non-human ani nmal

8@1MN%xpressing a particular phenotype associ at ed
wi th autosomal dom nant di seases offers the ability of
F’H‘al ng a nethod for screening the efficacy of a
gﬂ‘é B®utical conposition, wherein the nethod
|eses t he steps of a) providing the non-human

del i nve t ressin
eSS Hrrins MasCe By ontic|alech Stogelat 12> M
Cﬂ@bgf%ﬁtd@dgé?l&ﬁdraﬂﬁ@rﬁd pigs fdice cdaidi seanrt agphrrestay aﬁinfammodels for
al er edi | Sease, r
N T R R e Shsr e LS A o8 SN EP AR Hab firoduced info
aiid ?@r&félnc@fi{nﬁvﬂvrfﬂf% St@mcbybﬂea?ﬁé&if?ﬂé Gﬁectﬁcﬂl d'luﬂ—igentems The choice
eva I N e ec ny, O ar eutl Cc
o FrstiRiop s et Rl PRHIERGITy BtL Ree A1 OBD e HE HaisTA structure of
ﬁeh?ﬂm@mntev@b%mmmﬁ@ge@bt nh@nsterdrwua@me fs\hﬁwmtgffﬁéit%l subdftution of
ur e r e, sen | NV 1 Q at e
A T ey aSi GV af TSR WAL Brad F1eo e g St fikely to
@ﬁuwimwaﬂterﬁmﬁ lﬂa}itﬂet pr;éteﬁr? Fretheitiee edavetdn Ggfféfﬁrltﬂ 8abstitutions at
Q ES nitl a [ O I N
TR Bhsifierh Caise S Riaingin kaﬁingp%%&?* o v ig order to
Gmpéc@@chsrsﬂale frursaition aﬂmmhanma@g%mamdt_hg@mt kénstruct following the
m na n Sa om nan
RS B lneaRe oS fregadhy 8o heReats sBBF WNDEontains

mdﬂmbmu‘rmnclantIWS —\dntlls’ apmhamme@mv@&im@teﬂmsvwm fragment.
an effect o

rtin sai d eval uat |
T e Botin B e e ey BRsl Gl tiaSHE s S fonstivtes
applozimatglyf210mbpai d her edi tary di sease based on the
ef fects observed in the non-human ani nal nodel. 30
Moreover, a method for linking a genetic detern nant
WNAisbldowandicDNACyntbksia hereditary disease in a

bei dis t hod
PRI BE508 eyt idte R o SRR it Ry
dlhhdr'an@d’obgshfre sbwvé (B X1Y) algnd mﬂm_ﬂata\y frbzem in mqmd hmr@@n and stored
c enet etermn enti.a
ZRET0T i mE B BROE Bl R R R B T on s sotatee
asiagmlheaNacipospim idig€ihieoraMadherey-Nagdhm nant phenot ype
for 35 a disease, such as a neurodegenerative di sease

when expressed in a non-human WO 2007/ 124751
BWB@O@EYSOMMOWBSMi byerhixing sit pg)ofgauai RNA witret @i of oligo

?dalL ‘?2%'(’566’ r)1 aan%dDéifgc\f?rle %%”ﬂb‘o t[) nas volume o$12 pL. The mixture
was incubated at 70°C for 10 min, after which 4 pL of 5 x first-strand buffer, 2 yL of 0.1
mM DTT, 1uL of 10 mM dNTP mix and 1 uL (200 U/uL) of Superscript Il (Invitrogen)
was added and the sample was further incubated at 42°C for 1 hour followed by an
inactivation step at 70°C for 15 min.
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generation of an non-human ani mal offspring, and b)
observi ng whet her said genetic determ nant confers

waa0od1zagspsonmal dom nant di sease i n sai d non- heGERK2007/000204

animal  offspring. 5 Exanpl esggExanple | Transgenic
Por ci ne Model of Anyotrophic Lateral Sclerosis (ALS)
In order to establish transgenic pigs which could

e g%%lﬁe §epy 10 the human

neur odegener ati ve di sease a nutation, dy93Arg,

Rased ar Peaglogy SeAch betwrenden burspe SATHgIeNS: ¥idan BOmIUE) porcine
EeAtass] § BifelE@cIs BHRGRNSODLY. CORFWEROUEEIndror

nmut at 1 on MBS ased on pToteln structur ecu atlons
smpliicatine of heaA for thecpaiiae SOD TraanenT BARER reaatiah svagperformed

e S
TR [RARlunfi BRI orRigt bH2% WRHOW Debablig biffer, 4 L of anT
5.3 U QL8P OO Wer AR s RPRer b sl Faohe LAV
mn&@n@ﬂﬁ§m§%\é@;rngﬁé ko fs?tz ANcHRALSRPRILEREAS 5 L H20.

Fart her nore, sev erent substitutions at
position cause ALS in humans including the B3R

FHE %dcﬂﬂo&ﬁf@d@e@cﬁ& \%éjﬁérférﬁ’ted 'lﬁ@@é‘ﬁeﬂﬁ%mfbbﬂ S stem 9700

truncation I nportant elenments in

mm@m@yﬁws) anvisr the tdewing songisosmitat agn@tmatlon at 95°C for 3
ﬁﬂr’ﬂto@nﬁtdﬂﬁldnrb? 9""3(‘5 ?dr@@ s%@%u%%nqw @3‘@’[0 Hgi \ﬁ/lihoé‘@écrement

nucl eoti des 5' pri me CW/ pronoter and
sf\,‘e)éf@fwﬁoa@nf@mwedzl@v Tat"zapﬂ g}on@éw@. nbm G perfaygleaFurthgsmore 35
tyae o é&%nﬁ&ré@ﬁ%tb%%‘%es@c%f Qﬁhé‘ﬁi‘ihg af 98} ighHY&Sin of

proxi mately 2100 i solation an
f}ﬁ%@é\ & gy |"\(§’t§§”¢d@ﬂ%@| tagetherandtiea; fingd re@nsa&@te%t@eet 72°&nfor 7 min.
sl aught ered pigs (Duroc boars and 25
Landr ace- Yor kshire_ sows X LY) and i medi ately
P pEmersussddaicmativthe § 1a¢RN%W§F9ed at -80C. 100 ngy

SODNEDR: SSURTAECENTCAABBEERST bYSERND NepsA! | on.

RNA was isolated usin the Nucl eos di Kit from
RREHe FER: RagETACTERNET. @e@@ $ERLE Nfy:63)
m xing 1 pg of total RNAWIthlpL of oligo 30

&dTblZ 18 (500 pg/nlL), and DEPC treated H2Oto a fi nal
B® GR Riedyst vyastpur fiip@ Uping IARX® |l2elFadaptianddt (Riagerg from a 1 %

Beskeh? aghdse @kt er which 4 pL of 5 x first-strand
buffer, 2 pL of 0.1 nMDTT, 1pL of 10 nM dNTP m x and

1 pL (200 U pL) of Superscript Il (lnvitrogen) was
Ad@ﬁ@br@wwerb%r@armbw\@@R@gﬁtwOIv@&t@behﬁﬁo@én gugm

hour followed by an inactivation step at

Pﬁaﬁufag%#r%eﬁe@meféam qﬂ@ﬁmwﬁﬁo@am@aoce@mes clones were

subsequently sequenced to ensure that they contained the SOD1 amplicon.

The porcine SOD1 cDNA sequence is shown in Fig. 1

Cycle sequencing reactions were accomplished in a GeneAmp® PCR System 9700
(Applied Biosystems) where an initial denaturation step at 95°C for 2 min, 99 cycles of
10 sec denaturation and 4 min elongation at 60°C, was applied to the sample mixture
consisting of: 1.5 ulL of Big Dye Terminator mix version 3.1, 1 uL of primer (5 pmol), 2
L of a § x reaction buffer, 2 plL of the purified PCR product and 3.5 uL H20.
Sequencing product were precipitated with 2.5 volumes of ethanol and 1/10 volume of
3 M NaAc, air dried and resuspended in 10 pL formamide (sequencing grade). The
samples were run on a 3730xlI DNA Analyzer (Applied Biosystems).
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Sequenci ng genes of interest, including porcine SOD1
Based on honol ogy search between the human SOD1 gene

w@ee7aeM75i n house" porcine EST database, 2 prP@EDE2007/000204

(SOD1_CDF and SOD1_CDR) were ggsigned for

anplification of the cDNA for the porcine SODI

gene. The PCR reaction was perforned 5 in a total

vol une of 25 pL consi sti ng of 2.5 pL of 10 x reaction
buffer, 4 pL of dNTP (2.5 mM, 1 pL of both forward

e diregler sautagenests Qf poraiio$OB4ch) , | pL 1 U/ pL

[W B%Y fﬂemf?@él}’déecﬁé%ﬁyg@ﬂr@ Eﬁ%ﬁ%ﬁ)nto 30 Q%&%%Sene&s was

CR reaction was

;p@rfpme?fée@smgwﬂv@ Qwﬂ@hmee@ AhcRtegyiseaied bintrenesis K iiretdgene)
%‘n@%%é&ﬁﬂi%%eél’ W&écpo%cE Wlth Qd ﬂ%n&@%k&r‘sqgéomh@héégt@hs as

denat urati on denat urati on at

fdgpcrinpddiseein tBl@c*ﬁ@B\maqtlpe m%@@ﬁpﬁnesﬂsvc aptah veluaies SRwiht
%B%Qstﬁﬁ Jf%ruL?’Q’QO % @ah@dﬁﬂ)f@y 21 l["bf"bo(?rﬁ fcﬁ\llvﬁféﬂéﬂd @Uer@& primer (10

er  cycle. Furthernore cycl es

mﬁawat ah datTF’gB@, 38 %S@fuuaﬂ,n%alp Pﬁg wﬁi@o@ @UA Relymarase (2.5

ogether with a
phy SCSIAST o0t bists edenet Lol

prinmers used to anplify the SODI cDNA were: SOD1_CDF:

Forwdl sha Jor tﬁ§§6&de@>é@ fedueplre COR
5 -TTACTGGGTGA CCCAAT TACACCAG- 3 1D NG 63) 20

Forfoduct was purified using QAEX(r) I Gel
@@m@m&mﬁmsféewd@?eﬁ@%ﬁ@aﬁ@@w NO:64)
I licons were cloned into the pCR(r)?2
\%@?Yﬁ%ﬁl trogen, CA) using nanufactures
5 CATEMEHC A TGBOEACHDEXT 0T RERRARICh BT C2eMBEE D NO:65)

cl ones were 25 subsequently sequenced to ensure that
they contained the SOD1 anplicon. The porcine SOD1

TR Gre ARG EwWhS aSkMBlishéd Tl PeedeAMSdPCTes éi@ﬁ\' mO (Apphed
reacti ons were acconplished in a Gene

stem&bHpqigdh%fqygvggéqqggltlwﬁe,lrgheéﬁep%%gn at 95°C t>c/>r1 min, 18
@g&lé‘é o 59 $MethlPatitin eﬂ@@ ¢H0 %crﬂf%nn@aqm@é‘f b6<C, ¥nd 63rgm of

sec denaturation and mn el ongation at 60C,
glopeRERn #1658 ﬁ@ngmaéeiﬁn&at@ﬂét%@ SEfolg BN 1.5 pL of
Big Dye Termnator mix version 3.1, 1 pL of primer (5
X reaction buffer, 2 pL of the

1), 2 pL of
%@Bﬁgqt’@atlxp&tﬁf Q%Udt“%HﬂJLi wgs gdegty the S@'@?Q@d@lxh{ﬁe in order to
Brg‘gétitflilz n%@lata@é&ﬁérehttaabm twnbiate? Tﬁe\fé%dﬂleﬁ%va%fm&tba@a%r 1 hour
an Vv

ALSTt, Matdosaions' e paspranoia teruesieNc tolRsdncompRiont

3ﬁll§ﬁl‘mfr@§e Wl trafsfarm7ea3iih thEdnARRIaYENAAR Blel 8bwing
Bi oS é@qs (g% 007/ 124751 PCT/ DK2007/ 000204 65 Site
HIAPBEE ok Prsiol

gé}cgn}pp %P@‘ swergdpavn on ice and 45 pL were
aliquoted to a prechilled Eppendorf tube and 2 pL of B-mercaptoethanol was added

followed by a gentle swirling of the tube. The tube was now left on ice for 10 min. After
incubation, 2 uL of the Dpn | treated DNA was added, the sample was swirled and
incubated on ice for another 30 min and then exposed to a heat pulse of 42°C for 30
sec. Subsequently, the sample was put on ice for 2 min followed by an addition of 0.5
mL 42°C NZY+ broth. The mix was plated onto LB-amp plates and incubated overnight
at 37°C.To ensure that the mutation of interest was integrated in the porcine SOD1
gene, 16 colonies were picked and grown overnight in liquid LB-Amp media and
plasmids were purified using the QlAprep® Spin Miniprep kit (Qiagen) according to
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In order to introduce the A y93Arg nutation into SOD1
site directed nutagenesis was perforned using the

wexiochedtange(r) XL Site-Directed Mit agenesi s KPET/DK2007/000204

(Stratagene) 5 and acconplishggl in accordance with the
manuf acturer's recommendati ons as described herein.
The PCR reaction was perfornmed in a total volunme of 50

ﬁjrenuf‘a%ﬂﬁésg'r'écﬁ&nigndgtldﬂs @?clé@eéuén%ﬁ‘\@trbé’éhohé'f/\fe% acc%rriﬁhshed ina
both forward and reverse é)lrl mer pnol_each

BenaATPEHGR Sysish SACIAGBIs BlaREam ST o 70 i A hastion step
@PbB"’@%@Q @mﬁ 29950%0@3%)1 0 sé@ Beﬂ%ﬁﬁ’r@ﬂoﬁ%ﬂﬁﬁ@o@abﬁhd#& 60°C, was

ng For war d reverse priners
a@@@dft@ rthﬁt W@BW’@UW%%@%%F@ er‘?feBlg Dygerdermiyater mix version

- T
51\36 g %Wéﬁlf 5 ﬁ@f‘p%ﬂéT SlElAeS Qr&chér?g@fér!.}] uL of the
suuf@&%m@ma@ﬁ@dem&o‘éw@wm@ﬁ@ehwg pecipitgtes! with 2.5

MRLRRS of EManbiERd B RELdiGhe WRS MRERE i @rté%daridﬁeguspended in 10 uL
GeneAnp(r) PCR System 9700 (Applied Bi osgsterrs under

fas@amide (SppHeNIsheIRES)ohRE S?’HP'?F Wergiemana afsGho &A Rywtyzer

g/gﬂplléd 'Elcfbysﬂa%s @/édu@ﬁcééfwé:rg cﬁ@&e@%@téwé&mi@rboﬂfanﬂ he mutation
sec of anneal ing at 60C, and 6 mn of 20 el ongation

#es GBesahes EMmaiafor disiRen RNt slassduies 6Bt esuercphihe mutated
PURARSEDY |HNI Blsh&n Ppnglz (10 U pL) was added to the

sanpl e m xture in order di gest the nonnut at ed
parental DNA tenpl ate. The reaction was incubated for

blé}mg f Gf infdrb & SOPEM BB RprelshB %&t@ﬂ CARNA
Ia?e XL?% Glolorl (r) Utraconp et'érnt Zg Cel tpﬁ

o TBGR g pon g s XA B U R S5 1 s the gene was
tloRad fflo EPMApHGM‘V’ﬂ Qecftéﬂ (b@%ﬂ%erd@@%fems%@&‘r@@b@é 6f)the mutated

U traconpet e on |ce and

AR{uBNEP pr'ésﬁfde%ﬂﬁlwaécﬂ‘%ff&wg}? SHreroith &2028649 ta tota

POIﬁﬁxl’ec‘cﬂl@bQﬂ;hh%GQIItloN\@fSS gd @%eRl fok FetoBsh biffer. w&éaetlon was
ling. 0 be was now | eft on ice for

muﬁ?tﬁd aAfS( é" for ?9 G?J'E)éf‘?’ il °f23 B2 oeakem Gihagarppegeledhe
%&Pedﬁ@%uz@@dﬁﬁd v&aiaescﬁag@ lrr@mvmé a§éMoéé gel @ﬁ@oﬁﬁg brmmEa@:eIdGel

f or anot her 30 osed tao a heat
B radiopilisiagen onnaseoked Bl LIt Eh AR EsEeR!

El@bst@ﬁ d“gs(scfl%éd Zof eﬂO Bok I5eursh @T@Qgé\ﬁ% bélQithfls&Iv'éd in 30 L
+ brot

Eﬁt‘at Burthareiors, é'h?f&%‘i? %QQrSrﬁﬁd'H?“g)rh?f f@@r te%r ér&&ﬂfgﬁt fliggsted

bhenmtaictap ﬂ/a@fdebﬁ%ﬁjhggﬂe&eé?@ d E@Eaggglagﬁgbﬂza UL pRE B&L CIP
0 |

&Pe'r'/rh‘l 2 £ 2,5 H?H 33% &1 Eeagon bufthr ol hensame &aaéfaﬁt@ét%@ﬁéﬂm at

BRYC.f ERg)nisinagtiviabien Gbcwpica Rt BD°CoRY 15 MiRi prep kit
(Q agen) according to WO 2007/ 124751 PCT/ DK2007/ 000204

66 nmanufactures recomendations. Cycle sequencing
Leatdn onaulageriséssomlihdhesiEtdRIadigested and dephosphorylated phCMV1

was performed in a total volume of 15 pL in the addition of 3 uL dephosphorylated
phCMV1, 8 pL EcoRI linked mutagenised SOD1, 1.5 pL. T4 DNA ligase (400 U/pL), 1.5
pl 10 x T4 DNA ligase buffer, and 1 uL H,O. The reaction was incubated at 16°C
overnight. X.10-Gold® Ultracompetent Cells were thawn on ice and 45 uL were
aliquoted to a prechilled ependorf tube and 2 uL of B-mercaptoethanol was added
followed by a gentle swirling of the tube. The sample was now left on ice for 10 min.
After incubation, 3 yL of the ligation mix was added, the sample was swirled and
incubated on ice for another 30 min and then exposed fo a heat pulse of 42°C for 30
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GeneAnp(r) PCR System 9700 (Applied Biosystens) where
an initial denaturation step at 95C for 2 mn, 99

W@ yoass76f 10 sec denaturation and 4 m n el onge€T/DR2@T/000204

60C, was applied to the sanpgg m xture consi sting of:
1.5 pL of Big Dye Term nator mx version 5 3.1, 1 pL
of either T7 or SP6 primer (5 pmol), 2 pL of a 5 x
66@EUbe Jéehfuil ethe sdmple v@efs suten idor P ingd f&lb@émbsé aﬂ%@di‘boﬁ of 0.5
8151%\% equenm(%% product were preci pltate Wit h

No¥+ BiaAF aixdag Pirieq BNiare- %ﬁpﬁﬁtﬁmln%md overnight
dr 3¢, and resuspended in 10 pL formam de (sequencing
grade). The sanples were run on a 3730x1 DNA Anal yzer
(Applied Biosystens). Sequences were checked and a

nrb@&amr@ tR@h&iReAhat iRedriicatldonBcthOnteaie BRACHRA @Rtor 16 colonies
gke for the subsequent CProcedures The sequence

sra FawnyeEight indieid NP edin Ghd pilqﬁsrrpqisgwer@ purified
@klﬁ@ tROQpresd SpH M@lfprépﬂkl?g(_ﬁég%err ) in&dddrddiice with@nanufactures

expr essi on vector, acilitate a continuqus

FRAGRsdjsiadens- &C&S%H@nqwﬁé Ve pResRRiished fna Ggaemp®
RER sﬂ&erﬁlme@xpmka B:Js@s@hﬁwmew nﬁﬂla(@ﬁﬁ;rﬂtﬁfﬁwat 95°C for

For rel ease he nutated SOD1

§|”a§n-‘? ¥sieR U9 S&Pg’@g?@@tw #Rd £ rgjn slongatiey af(%owvmpphed to
tHe sanipé alixtunecdoneieting of89.5RIL dfBiBgé tre@Ringfor ﬁmp#erE@ﬁ@' 1, 1 pL of

@_@ eactl on_ buffer. The reaction was | ncubated

e 7 Sl e o purific
glabmidlaed 4. scqurem I9eqaéddeh @@a@cﬂo@% ﬁré@;b@ﬁ&ﬂwftlﬁ o8 Jolifnes of

arose e yi 20 Extraction
R&@n%'can&g@m “ahmedr 336 R0 s g d SR Wl formamide
paibcivggradep fhe sdh@%%tVMe aliton & al7ade HNA Aﬁ@lﬁze@ Roifed

ar ose and di ssol ved in 30
BRSBTS aTRTESe ChaPkGY 6T SR R gTE P SI! consiruct
nethé ebrred directihn Wiectibsgest ed  phCWI vector was
dephosphoryl ated in a total volune of 25 pL applying
1.5 pL AP (10 UpL) and 2.5 pL 10 x CIP reaction

batfgfe%bale'ﬂﬂ@paﬂ;aﬁmi@‘[ym i ncubated 60 mn at 25 37C.

E'in‘?ffé?ri lgieree fj’g nmcgé%%éé%gp% e ﬁ%&?é%anaq@regtsgae plasmid

pregadtipho splosedradrasloplCWI  was performed in a total
volunme of 15 pL in the addition of 3 pL

dephosphoryl ated phCwIl, 8 pL EcoRI i nked
Thg RGRTeaetibnSESlperformepin d GchBAMbEIIGR Sy4M &F pHedd

Wik
Sostonn e Mndoaund BuliarSciol Py ahB x Siuandr Bpifar. 2 uL

NTP 4z.6mpidicanh) @68 Lk foveael aftbreneres prif@r 8pihdl20. IDI]JL\WIEJ@lon DNA

B, B SRR 48 R e o

?M:Mdn csizted dsff@mmlﬁel de’ﬁEﬁlra}@ﬁpﬁt 08 ¥R for 130Wet @cflbw@ti bly@® cycles of
or.10 Afte ubat i.on

e TR B 0 5ef RLot S B et (a-Ei a0 et s HRuamin der 95 sec
atrv 2° Céolfonvedabycd fiveal eRDgation sagslat 7r2Q fexpamed to a heat

pul se of 42C for 30 V\D 2007/ 124751 PCT/ DK2007/ 000204

67

The following primers were used to amplify the mutagenised SOD1 construct plus the

flanking (fgr var termen matching) CMV promoter, intron sequence, and SVpolyA,
generating a fragment of 1643 bp + the mutagenised SOD1 fragment, generating a
fragment of approximately 2100 bp:
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sec. Subsequently, the sanple was put on ice for 2 mn
followed by an addition of 0.5 nL 42C NZY+ broth. The

woro7Maesspl ated onto LB-anp pl at es and i ncubat BGI/DK2007/000204

overnight at 37C. 5 To ensurggthat the insert had
integrated correctly into the phCw1 vector 16
colonies were picked and grown overnight in liquid

?O‘MW nmedy: %N@GM@%@%M‘GC@MGAG@@ 3YSERIID : :66)

(r) i n_Mni pr QB g c)@ n_accor dance

AR 15 G T8 AT FETT AR TATHRO s (P B ng
reactions were acconplished in a GeneAnp(r) PCR

System9700$ plied Biogsystens) where an initial
6 REt T s Gameatod BGRIRipaut 23 High ura i Braskictpuriigation

34€ ( ﬂ@dh%? %@taﬁﬁﬁboal‘rﬂe dupplierse|neitdctions Wepd fcﬁl@ﬁed Yl'ﬁéughout the
applied | e m xture consisting o pL

cﬁur'@‘i’%'oDPéOC?é’Pfﬁ A B? SCRPyifigd frapmgnts, visre feﬂ"ﬁe%d t% pl@qurfor errars

Tﬁt@se%ﬁ@nﬁéé’@éscﬁ@e@ﬂ@b\k 2 pL of a 5 x reaction
buffer,” 1 pL of the purified plasmd and 4.5 pL H2O

Sequenm ng product was precipitated with 2.5 vol unes

CLfargeeédawgbsrarddpréddr@umdd@c@fnpﬂsdém s BeF Edédnedén %Ul@hres

resuspend in 10 pL formam de 15 se ncin

ORI E PRI WhPepTEod #3058 TR AP R (GageM cprer o

BBhesnset £ bleaSE SHENGREI v@@ﬂeﬁthﬁﬁ#&@ @%rathelvaétm #as digested
cont ai ni ng the SOD1 construct

A¥iihRssSdifngdaradihBsibg folloingavay ér’éeulpﬁgi)%lr(éwdld &P Hbralll (20

rl)nsqmdmrx BSACS QEHQ XN fiffdr 31 B D LI s rﬁmﬁvﬂé added to 19
|'s both | ar scal e plasm preparati

DM P Gem e e SBRaPS HBE JP RIBDGR 0. et Gigested
ar. @Wér@)seBQBtéiV@i e m& T ApBkdrR @gal%ls@ %;)éﬁérﬂf%k cbﬂrectly

ﬁviesﬁﬂé\ﬁ'%lr%u'SB@?edz@%&# Conséﬁdu%%&& ) %qwﬁ @dk@gfedﬂon Kit

a\??rdtob@l\(elia‘fg%npralcﬁ@rﬁln@ t@ mdnufa@tuledaﬂecahd’@naauw
Pol ynmerase (2 UpL), 1 pL SOD1-phCW1 tenplate, and

15.6 pL H2O. The PCR reaction consisted of an initial
(BbﬂatHéTR‘IL‘R PUrifdd Pafmdrg ardtheqsashfill brsprediyagiferdty We%ssequenced
r)fat urati 0@ for 10 s(e:c at 98C, anneai n%pat 74C
PR A S A L R e
kdyedwefAmra@ Pejmsmém@?oem@énag B‘r’o%?stlﬁaﬁwlfrs) Wthﬁ?fenan r;ﬁQlaTdi@latudratlon
were use 0, a ify e mut ageni se
SR ST A POSVeIRRO! 10 SSRGS 476k T fargaton at 60°C,
m&tscddpr@ to%sampmwure bdi\’%s;sglﬁ LU L of B@lwyesmﬁgd%r mix
ener eni se

178 LU e % et S0
2)1% ﬂl@lfle@ﬁla‘éﬁo%}ﬁhu 524 15D, B\ ENCH Y0008 e phitipitated with 2.5
volumes of ethanol and 1/10 volume of 3 M NaAc, air dried and resuspended in 10 pL
formamide (sequencing grade). The samples were run on a 3730xI DNA Analyzer
(Applied Biosystems).

Fig. 3 illustrates a comparison of the deduced amino acid sequence of porcine SOD1
with human, mouse and rat. The amino acid (G) which is mutated is marked in bold.

Fig. 4 shows projection of mutations in SOD1 onto the crystal structure of the human
SOD1 dimer. The mutations are distributed all over the protein, illustrating that all
residues of the protein are important for correct function of the enzyme.
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PphCWF: 5' - GTCGGAACAGGAGAGCGCACGAGESG 3" (SEQ I D NO 66)
PhCWR: 5' - GGGTGATGGTTCACGTAGTGECEC- 3" (SEQ I D NO 67)

wo pooon2issito purify the generated PCR product BCT/BKI07/000204

Pure PCR Product Purificationgg5 Kit" (Roche) was

applied. The suppliers' instructions were foll owed

t hroughout the purification procedure. The PCR

purified fragments were sequenced to check for errors

i n the sequence as described bel ow. Large scale
pireRarRdpeieparaend PNfriak onpl i shed from1/2 liter E
@,éctlgﬁb#sggmgéﬁcﬁ Boatd Purification of pl asm ds was
performed using a Plasm d Mega Kit E%Qa gen). In order

tiee selagtien plstbe gpernt @%@eaﬁsr?ée 6@@!6\1 the QiAIAE of therarocedure. A
tb'd@r é’tg%@(‘Ha‘rﬁd@Pr(g “?/?Ho‘?é) MR tﬂét%?o?ré %gen %ﬁtacl;@a Sd lth@{%iars of

Phgnc9 @regpgqacpt@d §c2that %E&' al sgeml nrmlllt)y 1585&() Y3 The s;pgrm( lsN@llected in
*%Hafrﬁfﬁcl) L 85k gn@#ari%'p@ﬁ&] Qndﬂ%d%% t@%@ﬁét&r@ n%?bel&kf 152&as this

a total volume of L and was
wlé?wsgrﬁanmgeéq@em%mdae&%st ed 15 fragments vvere
separated on a 0.8 % GIG Seakem agarose gel and the
correctly si zed band were isolated and extracted from

et 3 sqpend gempngliaceivtenseresqliesiedifion &difergst fpaigotielding 16

(sEhRe eRktiorRGR Widl ﬂﬁl fnﬁ@tnd@%‘ﬂ&@é}hﬁ’f&%a rh%@%fmﬁiﬂéi%btm@sof 90 prior to
Both the PCR purified fragnents and thqulp asm d

Hhepasideo P'ioﬁa‘i’#é’ﬁ@em;@ﬁbﬂ yae ALisky remoyes Rheenkifugation and
WAy th@s;sém A $aRARSMRN @f@k m%ugig@g@ 5eeﬁ§teuw>%e 3.5 g EDTA

were acco stem 9

(25D 2@ %%t@ﬁ%‘? (%@% 286 1 hgﬁpdpmd%%mnea? p@ﬁolved in 1 liter

oF SterifttedInster FDrtl?erﬂid?‘e 6%/&VBSR5(F|%Et|érQVS§i@ma) was added Brleﬂy, 5
denat ur ati on and m n elongation

- ofed/ §§ﬁ«r_nrgwmaddpé7c% M@ﬁ@fiﬁ?@tqﬁ leomeELut% sgr\gn r.t);uéed by

Trwemrrgath@ 'Eub@ @nd\rﬁfﬁir@rﬂmautés alrodkn @fnp%kétar%r(aaaroseha%?mz"o)
primer 1), X reaction buffe

Bl YA Blaoh teARraiSi ihesanied 16 S MIAPGCCTE]igsA brp mintes

R an@rﬁu@ﬁ@oggt&t%rd&ﬁ&y 8t S00gVieH YR &f 2s2EhaRel
and 1/ 10 vol ume of M NaAc, alir dried and resdl%é)ended

iSHPargalEnt weg F%Rﬁed@”és%m‘f@ﬂ@sr@slgﬁpﬁa@?d in3femb £RIPLA at room
W& Serbhiife BRd mn&éﬁ@eﬁn@% Aoz 7 *CABMrivch, the supernatant was

Bi osystens). 30 Fig illustrates a conpari son 0

t he
dRIBavEAAaR @élsde%%f%‘??c‘@a%ﬁsld%?e@idﬁ@ N5 %FtBI"]BSA Next, in

okt clﬁ%é;é@h@ﬁﬁnrﬁéltdondﬂ”&l@rfh@ @p@%a@oz(o@)frdmtﬁélmﬁéent boars and
nmutated i s marked in bol d. shows EgOJECtIOﬂO

iR WG S5naTate elgepptes rese AHiEKY ﬁygmmed 4Npgca (ighd mpyeropeppe. The

Bbmcelﬁ%lrﬁtuﬁ@ﬁom-lfh@ tWBIbGHrs aaving Id?ﬁés& s.bvéﬁre@buahém.ty after
over the Srot illustrati n%@th t all 35 residues of

VR R PTR O ‘gel"‘f?ﬁ%Flﬂ%ﬁ?ﬂ Byehiclss irdhe pUPRAIUER! tHInsgRic
BRFETBres VIEUrHEA0A? thedshenhdio L AArE SRt 69

Preparation of sperm and DNA uptake Sel ection of Sperm
Donor Boars

Generation of Transgene Pigs

1 x 10° sperm cells washed spermatozoa from each of the two chosen donor boars
were incubated for 100 minutes at 17 °C with the linearized SOD1 DNA fragment (Fig.
5) in a concentration of 0.4 pg DNA/106 spermatozoa in a suspension of 120 mL
FB/BSA. Containers were inverted every 20 minutes to prevent sedimentation of
spermatozoa. Finally, the mixture was incubated 10 minutes at room temperature and
employed in artificial insemination of two sows in natural heat.



10

15

20

25

30

35

The sel ection of the sperm donor boars are crucial for
the outcone of the procedure. A 5 boar station

w@ 24161 KS Vi borg), have therefore been contBCI/BE2@NMH00204

the boars of choice are selegphed so that the initial
spermnmotility is >90 % The spermis collected in
sterile 10 nL tubes and transported undiluted at a
tenperature not below 15C as this w |l cause danage
to the spermcells. 10 First and second senen
&edBate, were collected from8 different boars

W\Aﬁi dicipient Sows (ﬁﬂﬂ"shf L@@Fé&ﬁ&’drﬁsﬂu@? at app%%mfafe%ﬂ % r were

er mat 0zoa an initial motifity o .
tsﬁ@CE%@Neﬁ@ ﬂﬁ'b‘&%@l‘@f leeatigg pered and Uﬁ%j %grtlagp@m%;mnatlon {(1x10

TN Heskel s éﬁﬁ(‘sbérfﬂé@r%la &v@nﬁeet}f@%lfhrf&ﬂrd mgerﬁﬁ’\%ﬂm bfdcedures.
Fertlllzatlon Buf f er Z consi sti ng of

dnsfEya@tiongvas @COEDPAS*’GGZ loca] sipbp 2fg@s ahPh&ﬁ %men(vzes collected
i traif8d DhnibhALah@dics! Bodrs Giadthava bbstdings %r\@&bysn%émen was

liter 15 of sterilized water. Furthernore 6

(treriad acsArding g ipraimenbined Rircpdupss; Beihsows were g Gyamined for
PR dPRNCP e vRE @@a&@a@&@wé@ﬁn@tme%dmﬁnét%oﬂ? oHB &F {Héts%d/s was
fo

senen,  m xed i nverti ng%t he tube, and r

PeANAEE Aller prdsH 9esiRiion RElPS 2 basss 8 ﬁépwgl@tmere bom naturally.
Mewhal daké Bffeierintal gﬁfmanr@b Wic? 106a8 natisled ah® Edfbpdhn Union

d centrifuged for 10 m nutes at roomterrperature at
%@‘ﬁe"”@? alternatively at 800g for 10 min at 25C. The
20 supernatant was renoved and senmen was resuspended

c%ﬁ'? rr!%_f Q%BSA at room tenperature and further

VS[SriQEPeiSt 5009 at 17 C, after which, the

TepefoR eefinsyBse renmoved again and the spermat ozoa was
or der

resu ded FB/ BSA ,
50 125 TR ghiherahoBl Rommal iioks RGBS yser Bal 26K teeg ere boar
tplrgaetd lahfl &Nvedte sbadigletdNBlood BEMPS M@ﬁ@@él@bﬁéd&t@ﬁ? tHeﬁﬁlgiéts in 6 mL

under a | i
2l B et finds. Friherore Heok Teisomi UG anistel e collected
IasWsdndmar@uqe@éthwuhl théy r??kﬁrlbmﬁantfldriwtag@ﬁalb BNA was purlﬁed
rocC ur.e S venl Cl es or Se
BREHEGENS stmRet T mu ot nosiirss I sheCefiRaebs Bleries, in
wede? t6 ausil %dy pGedilsie abmtamireiodr ansgene Pigs 30 1 x 109
sperm cel | s washed spernmat ozoa from each of the two

chosen donor boars were incubated for 100 m nutes at
The POR tdactibe wab pedsiedn SGhk! WNMné bRYIBN ok Ftig of F)uL 10 x

oncen f 0 e toz
Mz FR ESRPR bR B ligtuaRPMBEf, 1 R BOlpiva f dof fetpree
@vigley (BZ0pmblrazich Olt?plpdlﬂﬁle miix, E8l LDyNakyrae Eg(ﬁ' D(Ij\lAl%olymerase

0 na i ncubat e

mggiooive%@m %ée % P '}wa% év'\%ﬁ)pl oyed in
artifi CI al insemnation of two sows in natural heat .
)@D 8 24751 PCT/DK2 7/ 800 04 P%@ Is Two

&Rt TSY5ARS rﬁ&ﬁ“éﬁ‘? P 2RRV&T YO KFH é% at
@pm\mmatzeﬁ yGI@DC@QC@@O&ATTGACGTC 3’ (SEQ ID NO:68)
PhCMV_646R: 5-GGATCGGTCCCGGTGTCTTC-3' (SEQ ID NO:69)

The touchdown PCR reaction was accomplished in a GeneAmp® PCR System 9700
(Applied Biosystems) under the following conditions: Initial denaturation at 95 °C for 3
min, denaturation at 95 °C for 30 sec, touchdown from 62 °C to 57 °C with a decrement
of 0.5 °C for 20 sec, followed by 1 min of elongation at 72 °C pr cycle. Furthermore 35
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selected due to their natural heating period and used
for artificial insemnation (1 x 109 5 DNA treated

WG p@rit4aper mat ozoa) / sow) neeting standard i nsePCTRKR@NM/000204

procedures. Insem nation was acgpnplished in the |ocal
stabl e areas at DIAS. Senen was collected from
trai ned Dani sh Landrace boars that have abstai ned for

2 ciwles.of SerseD densturdtibh at 86 @CKRPLL af or tioned.
pr%&i%lﬁr es 72@{:h so,\Alrs wer e e’xam%e@gpéé)a“nﬂvaégzg c?“dzhmm of
an 8% 7af b dasiindwdadiagetber wisha final glangatiormstsy 2072 °C for 7
ofminhe sows was 10 pregnant. After ended gestation

period, 2 boars and 5 sow piglets were born naturally.
Ani mal care and experinental procedures net |ocal,

nathiocebtedrRCRGEgREARR Jibi del | Anal ysi s of
piglets 15 Test ?or thdggggg%ggﬂelrt]% '{?\%@girg Sf%’nd%/\f)% 6.
(20.06.2005) 7 nornal |ooking piglets were born, 2 of
ot o oo | e SR P B8 Yo S s wmsmanc D
b?%%’ cB}%&’&V% AISGISER. canutof he ruted eyt risitbercth oBsiBIliiok the various
t yApinais hawihg dierep® b hand! ed e _

t ggg%ge%go%ta h %t Le 7 %E%@ibn%ﬁﬁh\gﬁéé%m%%ﬁ&%%wma%@é (pig 4906
purifie aBCLBTH i§syes werarraanptedtanoiouhap diroizéh FeltguRiitrogen and
o oA, ARSI PRI B2 B o e
pg%]oFn?fe%agﬂg%"et‘%?Sape%m@%h%mw&ﬁfmemrmﬁmg fhapthefarbunt of DNA
pwad gotnoralCisy. f r ee reaction buffer, 0.4 pL 50 nmM

MyCl2, | fiL of both forward and reverse 25 priner
(10 pnol each), 0.5 pL dNTP m x, 0.5 pL DyNazyme EXT

DR rssbily obthad2CR (ol abdinid late (50 ng),
dodibagl H20 For war d 228@?'2‘3,2?%@%{1?@&”5’” ks e e
above procedure: PhCW 430F:

5' - GTCTCCACCCCATTGACGTC- 3" (SEQ I D NO 68) 30 PhCWwW

- o I CCCGGIGICTTC-3' (SEQ I D NO 69) The
%@%ﬁ@&%&’ ﬁg@gf}?qr%a”v%@ insthe dPGRcentrol harbor the
Ceanegeni¢ fragRER. BystamoRy O&h ] Losystens) under _
tH&?néﬁPAén%\éP condi t | ons: | ﬁi&ﬁ% Hog%nﬁ%g%tqegﬂ tegiglage DNA is
%?%m m n, %@ﬁcg?qug{}qeaﬁat&n. §8)l, thef lock BODNAdTagtraneiHMMR 9 in fig.

i6 Zar@st3oarkl’5 @ fity, BlrodlgdRM i =2, C for 2
$Bfnald pé#gpa?ﬁd b 1ﬁgm' n of el o%%%é%%ag%%oaa'ﬁmg% gt_he
EUr ther morang NS@eRg- Thowesar, IIBKE06 BP0 4he ffdnsgene is
Oirseatinaf lag@ weietydgmiasussat i on at 95 C, 20 sec of
annealing at 57 C, and 1 mn of elongation at 72 C
was i ncluded together with a final elongation step at

Tranggény inthe gem c&isThi s created PCR fragments of 218
is shown in fig. 6

ul t :
ppor@@rdtothté%s{e?%e transgene to next generation it is important to ensure that the
transgene is present in the germ cells. Therefore, DNA has been extracted from sperm
cells from the two boars (4905 and 4908). The purification of DNA was accomplished

using two different procedures, standard purification procedure and miniprep
purification procedure:

Standard purification procedure

300 pL of semen was washed in 1 mL 0.9 % NaCl, followed by centrifugation for 5 min
at 3000 rpm where after the Supernatant was discarded. This step was repeated twice
and 20 uL Pronase (20 mg/mL), 20 uL 1 M DTT, and 300 ML buffer S was added to
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Fig. 6 shows that all animals (4905-4911) are positive
regardi ng the transgenic DNA fragnent. However,

wore®aiizem can not be rul ed out neither the posBCDHDKRGY/000204

of the various animals having,different copy nunbers.
Therefore 2 animals were sacr|¥|ced (pig 4906 10 and
pi g 4909) and various tissues were sanpled and snap

fe%g%sé}nka Jvhé’rlé'aﬁef‘gw% o oA mgb@g%%ﬂ bénipte?étﬁr% Might.

was puri rom erent tilssues an

Shibseqenty, FER 1D Mﬁﬂﬂﬁé weasadded toeaghdsamite aoe slaken vigorously for
h {
Sbp 106 2035BgE" She BBy MUN o Mol 000

srd and dee we@?ﬁﬁm was themyearefully taesferred foes pew eppendprt tube where
ﬁﬁﬁmﬂ@%ﬁ&ﬁﬁdﬂ% RS G Y oftie & ﬁ@gﬁét% gba €hnthifliged at

the PCR control or"the transgenic

FOPehenmior 40 mip. SHhsendemly thoelbanel s remeve@aadine DNA was air
rdi ng
gﬁ%éﬁ% feg%do%g ??@BE ﬂfd%fbg%gt\sgl\ﬁ&?r agnents in
lane 9 in fig. 6 and in lanes 3 and 5 in fig. 8 could
nosai ¢ nature of the animals
Wﬁ'hbre?epﬁﬁ%t@htrbr?%ﬁgg%fe However, for pigs 4906 and
thqﬁéemelawgg@f%he%m e dehio NﬁC'aquQWQ by geqntdtugatign for 5 min

ta{ 56LPm @ﬁer@ra@t@?'%% étrha’éé?\?wg§ 6@0&%@5 STHi sféb@\%l's rbPeated twice
transfer the tr agmgene next %gner ation

PR 8P tthritropasedBE ML h 20 HLheM BT hifwig 398 H'—sb%fﬁé%h‘ﬁs gdgled to
thén Qé‘rﬁﬂb C\ﬁl‘)éré afty‘ﬂe@é RER 1ePNINRESD 8B RO fehgfe?ﬁgref(f\/gmlght In

sperm cel fromthe two boars (4905 an

per 9 @rytthﬁ@CBﬁaw r@a%rda@d@wmql%q% DNf pigy obtm a more pure
@'l\fﬁf &680& tihe Hlﬁﬁﬁ’déb SfocedliRARM @Iéﬁéﬁlv&ds%plh@@ Wg@l@dﬁ Wak eluted in

m ni prep 30 purification procedure: Stan
BQI‘PPFlOéHE'Q'%eﬁW@?e 300 pL of senmen was washed in 1
nm. 0.9 % NaCl, followed by centrifugation for 5 mn
at 3000 r mvvhere after the supernatant was discarded.
PHifer %p@ﬁpmfsow dB @Y dais ! R 885 HRAMMINZE!; 10 sHAERTAZpH 8.0);
0% wlgps:4QapL 1 M DIT, and 300 pL buffer S was added
to WO 200 /124751 PCT/ DK2007/ 000204 72 each sanpl e,
where after these were left to incubate at room

DﬂmrﬁthfheprQH&{u?éQ\k}és em%@@@%%ﬁ@kéﬁﬁe P@@té%'t—a@ aﬁ/éé}ﬁ‘/%entloned

was added to each sanpl e and shaken vi gorously
QE)(E)FWWE@ISDO‘QO‘@&@MS The sanpl es were now
centrifuged for 15 mn. at 10000 rpm and the

supernatant was then carefully transferred to a new
EigpBrsaeys hahBe Wanseensisiresephin thsPereeslisi hawaver B myified

vith @rﬁa %hﬂaré‘@ buma%n §l‘d>§€dhﬁ§'bfé@ﬁ¥ §MN§I%GEFI Hdr'@ @Qtlﬁ’& bands that
000 Subsequen t he et hanol

V@r%’%@gﬂfﬂf@ W'H“ethw@nféagd glopedls. .Téus lérnﬂob%&.\u@tﬁewﬁ@d therPNA
B8Rg Por®buRlstt€ aREDNARINGArESent as extra chromosomal fragments. Still, as

the two boars harbor the transgene, these will used in the production of the next

transgene SOD1 generation.

Veterinary declaration
Extracts from Veterinary Declarations dated 9th of February 2006 and 9th of March
2006, respectively, concerning transgenic animals are disclosed below.
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M niprep purification procedure 10 300 pL of senen was
washed in 1 nL 0.9 % NaCl, followed by centrifugation

wo 200782415 at 3000 rpm where after the super nBE€ERK208600204

di scarded. This step was repeaged twice and 20 pL
Pronase (20 ng/m.), 20 pL 1 MDITT, and 300 pL buffer S
was added to each sanple, where after these were |eft

tPhd BEAHRRI08 h@fs A RPbE KRR £t€a@%%@kg httralsbé‘ an@ra@@ rdown with
to enrich each sanpl e regar ow nol ecul ar

SHfficity and ﬁb&@smﬁh@nfs&m 'ﬁﬂfww ROREOTABRP? élpghtly ataxnc A

Féfd?ﬁ%QHtr SotbiRandd H&%uﬂ@é a@BQJnFQr‘éd td Rt MRS drebf é?g%s of
L of nucl ease free wa . Buffer S

@erﬁﬁ@wﬁ%ﬁ"r@@ mM Tris HCl (pH 8.0); 100 mM Nad ; 10

NS EPa_éar( iPiHe®atie is iR e 191/@ ﬁ@?ﬁs atth8-badl a%‘?gl‘;/{sqg%igﬁbpthe nerve

procedures was enployed in the same

Sy steak NeHiedica ympigns thﬁ@nee@ e back pawitnefinigss grg nognally
Ris8um&d &i"ﬁé"’éads@@tbytdaﬁngAﬁﬂﬁﬁS BBnd %%Wndt%é BY&in. Ataxia can

sperm cel | however urified

Reriusrie 8 Iaeiing mrea'pp%woprlcﬁa&ﬁm@ otiheosijioging wé theuienbs.
Metembmiidhibs mﬁéiax;téwentmwewéqg%mfd ed with the
standard procedure. This is probably due either the

DNA being nore pure or to the DNA being present as

Rk B0CE EOFTROPGTR hrah§IAEHFESH R exBhbt df a \?e‘ienﬁé?ﬁ De¥ardteadated oth of
har bor the transgene, these will used

peBFEY 280F-of the next transgene SODI generation. 30
Veterinary declaration Extracts from Veterinary

Decl arati ons dated 9th of February 2006 and 9t h of

VAhite 4999idRpar insrRgyee sQnsition angvibieHt signs ofaxdgsealidamages. It stands

JRIVHH ForzMdFeSab&s et |§%| IR inYRUPORREA RAViRd to move and if pushed.
PCT/ DK2007/ 000204 73 "The boar 4905 has a bent back
dREE 15 élegr bomaghathtt g vementeProssesifent legpanddiae wpeled angles
%ﬁf i kd ¥mandd %iaﬂﬁ@'&ntﬁﬁrézh wﬁ%éw% fehé didd. BroPg Gtkhing reflex can
rtion, seems slig % ni fi cant

BERIPRIHLRY GHONES t@&ﬂc @ee Tty aﬂsbgw@ RGPl Norgignsr! imping.
No direct signs of soreness inthe linbs. 51t is

clear if the cause is in the big joints at the back
S{}Z*a 0% BogradgingHNgy copdjtionand, withal siggsof Ridaingl egjneggs. It stands
Wﬁﬁin@%o@ﬂnoﬁécﬁ?‘hrﬂjérﬂlllé&@') R legBOK Is! MBhBS atBkie vhah %rnmg and

nor nmal | assuned be caused by danmges in the bone
HH?WW%HH“%%@G thbS'%'?sa‘Pfﬂ‘mptham a can be due to a
| acki ng proploceptlon i.e. feeling of the positioning

f the |i The remai ni n igs. in the experinment
?M\\)f@ zfgrog ﬁ?ﬂs T AQIN P sows movegfrgelyg They show som% signs of slight ataxic
movements which can be provoked when pushing them around.”

The above section is a translation of an extract of a Veterinary Declaration dated 9th of
March 2006.

Analysis of transgenic piglets

Biological Samples

Blood samples were withdrawn 3 days after birth and when the piglets reached 115
days blood samples were withdrawn every third week in 6 mL EDTA tubes and 6 mL
serum tubes. Two sows were sacrificed at the age of 5 month, and before any
phenotypic changes could be observed. One 1 boar, 4908 was sacrificed at the age of
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10 The above section is a translation of an extract of
a Veterinary Declaration dated 9th of February 2006.

WO Woruz474005: Boar in normal condition and w t PGUDK2007/000204

signs of external damages. Itygtands 15 on both front
and rear legs, but is alittle insecure when having to
nmove and if pushed. This is clear fromslight ataxic

MAVESRALARY akbBEsEsarf 4305 wb@gécrﬂlﬁdd bame a@@@feé nﬂﬁﬂ% %th boars
fromtine to tinme and stands with rear gsvvl del

{'RE SEYYE, pth‘?'%H‘ﬁ Chergasn o afaassficed @“"B@S M T"éﬁ“‘st@éu‘iﬁ/ha"e been

tsﬁé'ﬁ ftbdh hhlﬁui@&ﬁt'@de@%nd%@b&@@ﬂtlﬁétbfé@sat gy P& FuftheMore, various
igns of Ijinmping. 20 Wite 4908:. Boar in nornmnal

é'é?H:ﬁSt inswd@ﬁ&qm%mﬂ%?agﬁ?esrﬁ fixsd igderataliganages. 1t
stands wth underp03|t| oned ("understillede") rear

% is sli %k? | y ataxi ¢ when turning and pushes
%8"%\%“@‘1'9 FYRRIISNEPYS pi ng. White 4907, 4911,
HNOwas pEePafed ™o HD@estibiliZEIN oS SO BN S freMSnap frozen tails.
|[sﬁlg\ly}%ht ataxi ¢ 25 novements whi ch g\en be proyvoked whe

WAg PIaReFRLTgNfaaP TerRD UssHeRem F‘Bnk'?j%eya“ver lung, Sp|een

infctBh 8pinams 4. s@maﬁegt fr&ﬂél c@ﬁeﬁt(ﬁ@@}e rpbﬂétévch@&I(at:@t) I Alsculus
gqate 9th of, March sis of transgenic

ngissinaus ggrsi iy |Lc§?r3§dﬁﬁcé‘§13§e%t8¥§'8ﬁ%se? tiide(M.semit. 1),

mdsbdlnawmaeﬁcw@s@f fight shiel(Mseniid r WiRlscURE sehbrBhssus, left side
reach 115 days bl ood sanpl es were w thdrawn every

éMﬁea* él@”ﬁﬁm@CH‘ES EBTRrANSES AHANG and RNA samples mese eX"r acted
TYEpRNBIcHR ﬂébo‘iét@fyl fhtimRd uatiet Hngh19gﬁm?ént%xgenmema%&dmons
bef or%{%’? §%genotym ¢ changes could be observed

ARB9 F1EWEHd PREE8!Swas” sacrificed at the age of WD

2007/ 124751 PCT/ DK2007/ 000204 74 14 nonth and anot her

%&?{]EB%QOS was sacrificed at the age of 15 nonth.
UAUON had severe phenot ypi ¢ changes. For all

?ﬂtﬂgl cfflg@ﬁdrmmhéblét@d frw?oldddsééuﬁﬁeshf&)fﬁtelba@ 61; th8 %g@ent pigs were
ro nln ni trogen gntly stored a

d g5ipg h%%ﬁqu"\é‘”g 9 ?@ugggtéé%@%q% i ncl udi ng
mmmmcoA@mA@aecceem {$2@JD IND: foy arRd SOD1Bxd/MR: and

e ic e S SRR e o b e e

tapplogimatENB00RS vwfeara&mﬂﬂmfg mmeﬁaa@ﬁou@ ZeNorhicSSOB$ ahd OM

Bl 255 oo AR 8 2o o oSy Bk o
¢&H6®ng smsm@ hriibswad eh@wws iU xIMgEi2 fdd relactucdﬂmfe) 0.4 uL 50

RIRBHICIZ TSRS IRE R o REESh bRy e Exc o
pulyeigrase. $Bméa“oaa@wus pei‘f@fﬁedﬂh deotal volume of 10 pL and accomplished
as a touchdown PCR in a GeneAmp® PCR system 9700 (Applied Biosystems) under
the following conditions: Initial denaturation at 95 °C for 3 min, denaturation at 95 °C for
30 sec, touchdown from 62 °C to 57 °C with a decrement of 0.5 °C for sec, followed by
1 min of elongation at 72 °C pr cycle. Furthermore, 35 cycles of 30 sec denaturation at
95 °C, 20 sec of annealing at 57 °C, and 1 min of elongation at 72 °C was included
together with a final elongation step at 72 °C for 7 min.

Expression Analysis
Of the total RNA, 2 ug was reverse transcribed from the various tissues, employing a
SuperScript lll kit (Invitrogen, USA) according to manufactures recommendation using
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(Msenb. I.), and nuscul us sem branosus. Al DNA and
RNA sanpl es were extracted in special clean

wo awon2da76ry facilities under highly stringent PCT/DK2007/000204

experimental conditions usinggstandard protocols. 15
PCR Eval uation 50 ng of genom c DNA isolated from
bl ood sanples from each of the seven pigs were

B R L LR o TRES oo bty The sk

Bk amaitying 'gepomcEAYA @r d?swsE@ SR MONgXoN
Zdrﬁ:} 9¢§Qﬂe@l Jut 8 g@rgﬁ ggot‘\e P@Wﬁt‘?&?'t&%\%@é %&h&lo\méﬂantltatlve real

nous genom cC

am@rli’ﬁ( N@ﬁaeyfom@d upnaven” aaMﬂnF@fqﬁSﬁg apth ECR@npiication in an ABI-
PEOStisth ?%é‘qru@%@ tect-gﬁes.fystfem 1#@%;5&& fystemsﬁ Fv\ﬁﬁerﬁ

oye ree reaction

L RS 5 -CLA TG BRAGRTAGET TR RS §SHRIIDINETA) and
%Q§0945 %4@!5”@@6@%&0%%&@@ F\‘%iQS(SEQTlg)er%§téﬁ’d“MGB

was per %OTHE in a total volunme o

RERhsRYre Hegloneshusing hedTimakrExPERSiSoTyatE ABARB AnPIFR
o%g%}rgf%d(tﬁé’ Rid Srgﬁbé’%gﬁaﬁ Jo Mg%ﬁrthe BH@oJeﬂbbé)%cP&utated

irtions: lnitia enat ur at 1 on

@éf?ﬂiﬁﬁﬁm o\fvierétde%ln@d with Vigand &“M @%(ﬁm&@wﬂb’qsr(&ﬁl_é@%_WT
%VCQAWGAT@G%?GGMC Q'féS@QSIDq\IéoM) SFfeh %é ‘%cb@’r\%'utb#AM 5'-

mn of el ongatl on Furt her nor €7

%@AWGE@T &QW{) lﬁ$5@l|@I‘NQtt7 \éB(EUEIBe@OFQ@GS‘&S mosomal RNA
@@ﬂ@ @vlaé '&Boﬁn a%7th§ené5q€n'ou£rb5ht@l ugrﬁ ﬂ%h&ﬂiné?n%r&rﬁp&obes

I ha ati on
BBt BrCRGT AT AAOT BACAAGC o ESTER 15 RO-ToK APSRNA-
moo@sc/(@a@mm@f@&@sb@std [PROFS, é{rﬁf ﬂ@yﬁr&b'eswsﬁa%-

SuperScript 111 kit § nvi trogen
LTRSS oA BcT Y S bhito Mkl oHEER DR WIG type
rtafakh Ja%éﬁ@é \APéFJ b@ﬁ%?é?ﬂér%%%%teﬂo’? EBEW%F%Wﬁlversal PCR

rlners RT- experinents were cond

MEISEﬁr iM%t Q3 UkFIﬁ’ée?CthFkﬂm%fo%h'M)a 9-9% b pgéwdﬁ L&\/')DRIML\N&§ 10 fold

amed chmbnaFlaf@ or ﬂﬁﬁb ¢asslof 18339@111 o%qrorcﬁmmd dlluted cDNA
junctions ru out runni nqﬁt e PCR prior

.t%méﬁ%eeam Hefdéa 2 ﬁﬂ@'dﬁ untgRfntG HlaRegktima ZICR waﬁ@cmmhﬁb%d under
B@%%Vﬁﬁ@ cosdititthst Penid ﬁ%@ﬁﬁ r1)0 ARAY520d46CHRles of 95 °C for 15 sec

nplification in an ABI rlsm7900 sequenc
aa@ 8Bt Cder Lpdt SSRGS wersi F?%@"B%Wﬁ?‘&%% Thprcw.le rtfyeshold (Ct)
$§l§@éﬂr@%5n@in%té¥éw Tieen3t o(*él:e@n&epemlssnon in real
NO 72) and OD1 EX4R - GGCGATCACAGAATCTTCGA

('@E@?fd?eﬁl@ tbwholar?@osteﬁn% sggs%r\féere@giegmdu@ .thegsoftware
sbs Pripe rApEPféH B@§ %NBE% %o%pQre(é:’x%re@%QJn' 18¢Els of wﬂdhtypeh SOD1 in

Bi osyst ens), es, designed to nat
QT?O‘@@‘@H%U%SU% GG'WBHA template concentrations were calculated using the

standard curve method.

Southern Blot Analysis

Transgene integration was determined by Southern blot analysis of DNA from
musculus longissimus dorsi from the two affected boars. 15 ug of genomic DNA,
undigested, Pvu Il —digested, and double digested with Pvu Il and Bam HI were
separated on a 0.9% agarose gel, blotted to a nylon membrane and probed with [32P}-
labelled SOD1 cDNA fragment constituting approximately 450 bp spanning the entire
porcine SOD1 coding region derived from PCR ampilification followed by nick
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10 porcine SODI, were designed wwth VIC and FAM as
reporter dyes (SS _SOD1 W

WO/LMB752478AAAGATGCGTGTGGCCAC- 3" (SEQ I D NGO 74) apdI/DK2007/000204

SS_SOD1_Mut: FAM S - CAAAGATCGISTGECCAC-3') (SEQ ID
NO 75). Furthermore the 18S ribosomal RNA gene was
chosen as the endogenous control using the foll ow ng

pr iranslatioanGenooib&NA frd$S: I!Féaét'ﬁi/ W@%@%ﬁé&é@‘%he same
C?’t&‘lﬂég 3 éré%&é_ 8§_bg§;§@qd[b\qq@e¢rz)'qcllmm as8SnpoloBghridization
SYBR 8CconGURIGEATOG R/bridiSFan @f@pcgr%ining%igggb\ﬁarr@’sxéo%t%% and 6 x

f ed . SQDI,, wild type SOD1, an _
p?%%gréégéagéorﬁdyuﬁ'ed of 5pL 2x TagMan(r) Uni ver sal

PCR Master Mx, 0.3 pL of each primer (10 pM, 0.25

, 2 pL of a 10 fold diluted cDNA
??ﬁ%?%?gl,yggrpimn the case of 18s, 2 pL of a 10,000 fold

di Thet @D ety 2ast dutgrhiviel wigGhe 'ﬂ%@sefng(i ulfr)]iicsj@r@{as%é %lggan)? kit (fCayman
£ & ftmicae A AfB: R 488 S oty of S@b e imhibit 186 re@uction of
4tetegroliwy saft i@ bpkarﬁﬁiné&ﬁnth%@%xﬁﬁsgagS/jreisérikﬁq:[%gﬁ%?lddwas

[ i pli . Th cle

(BB B L ol REiss e meRseasb esimarbeam fom the two
“”"S@;S;;,; oo boa NNl 7 SO e ddih il s HALAFRu of onzyme

e . . .
: ﬂégso O%gl(?@R;@%s%%nE{_aﬁore Pﬁh?\ﬁ_fﬂp‘?r@&'dgir &dgalt @Bs)andTosolution of
Comtie envboss SO duemelves ateded dahufis. S ot Fave boen
weRERHS] o PRUER ofSs iy A Rerth ytokliamp iotel o esmedhisam boar 4905, 17
SbemHGI0R, B9 Roraltys cont@Ppi§l RACE SN %P@?@%ﬁﬁ& ;nftggn‘%’%éay. The

n bl ot analysis o

ﬁﬁﬁsﬁz ;J@gﬁ%ér%fegg %ﬁ@r%@ingﬁ@ﬂtﬁﬂ prderwbheasdremtpedtein content was
bériprninad willy actargierbprotiDhésay bdsst gﬁﬁk%h?mlﬂ glclg (BCA)ising
-Abagakelks 2R, dauble digested with Pvu T and "Bar

were - Separ a?‘ga gﬂ Aiops olercgaReddorgell) emplsyingdbavineaserum
n%JP'éminmrmenmmebﬁﬂin@ﬁtﬁé]alﬁmncé%@%b%gﬁbswl

cDNA fragnment constituting approximtely 4 p

anning the entire 35 porcine SOD1 coding region
ﬁﬁﬁoﬂ’é@%mwm PCR anplification followed by nick WO

%@?ﬁﬁégﬁgﬁﬁp% %USOS%% iwég@éﬁg‘% t@{@?%@tetr@?t%hmgigsimus

Sior abpyestereniatias oDINA IsteiBIioRetHeWio \%gg&gg ?2%{1?29152%16&”4908)
R SRR A8 Sl i Somlmaat o 5 5
$81- Gt pygisiam theGsampl&STeratfrd38n & %@ﬁer&éqehé%&ﬁ% itnﬁ'lq%itrogen to
gﬂﬁ@zoﬁ;(ilﬁt gﬁ%ﬁg% %ﬁ%‘ééé;ﬁ'?%vfé(sde?%%%mhﬁ%%ons (10 ym) were cutin a
crygstat at -20 °C and collected on lysine coated cover slips. The sections were

immunohistochemically stained for slow myosin heavy chain (MHC) isoform (Catalogue
no. CRL-2043, American Type Culture Collection) to identify type | fibres. A description
of the methods used for the immunohistochemical stainings is given in Pedersen et al.
(2001) [48]. The architecture of fibre types in pig muscles is unique as type | and 1A
fibres are located in clusters. For the analysis we have counted the number of fibres
within clusters as this is less affected by growth or differences in size of animals and

compared the distributional characteristics of fibres within clusters. In the analysis
clusters of type I fibres have been included.
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Chem cals, Ann Arbor, M), based on the ability of
SOD1 to inhibit the reduction of tetrazoliumsalt

w0 paazdsby xant hi ne- xant hi ne oxi dase as descrP@BEUK2007/000204

[47], and was 10 acconplishedsaccording to

manuf act ures recomendati ons using serumfromthe two
di seased pigs and one control. One unit of SOD is
defined as the anobunt of enzyne needed to exhibit 50%

di smutation of the superoxide radical, 02-, and a
Een histopathelogicauveréigation af mrdile soBis il 2festad borre 4905 and

ELTG:) %@r I ag%H%lﬁqg@ %:ai\ﬂ? éﬁﬁ%ﬁ%%g@ﬁfﬁ?@t@@ the Fame age

reg u ar asl| s
wemrnglavem@d@ |n1mer§5>nffv<@mm@c;@m%ah detalla spinalisHe 4 %

s%%ar%u%hyde Wi E&u@é bvevz@érﬁbéauad ﬁjggra'ffﬁ‘] WA RPS %moné&ﬁto

bsor bance” was read nm usi n ate rea
$1|¢§S§éf5m &astl@"mwwmémﬁd WS 7 ag perdidgiantibegies. However,

éﬁl@ﬁﬁ’@i@b -PIDLEH 80P SRV tRASRHAY \A}éké?éﬁé‘cm%%é gerd.rfé SOD1, and

usi ng manufactures recomendat| ons
Rdbwpfqr@l, th¢ one shed Bythisgrasiovi he?emgmnehwstogh@mmrm wgs parformed
Dﬁﬁ?fﬂ&t%@n%@%ﬁﬁét&%e&%rﬁg% )ance at 562 nm 20
Hi st opat hol ogy For exam nat nmuscl e tissue
sanpl es were taken fromthe center of I ongissinus
defiisticsabove the curvature of the last rib fromthe two
affected boars (4905 and 4908) and two wild type
Yaiatiog|is ngrper efiigeegimrggcle fipass 81 meseius ipegissimps domshletween the
SRPaffetel Bhard (4905 4%8% &Jn%sg@ﬁ AP wwé ?ested with

frozen in |so?entane cool nitro
TASAeShte statipica ﬂﬁﬂ'ﬂﬁ‘f@éf@%ﬁmﬁ Hudents ﬁe@hmdsa@ng elrre@ual

RO B £ @QJSP”Qndéﬁfa@a Sprohdhe’ th&ﬁlyd?e?*ﬁ/ﬁ‘lb %Eumﬁ@or%f%ﬂnallty

coll ected on I'ysine coated cover slips. e sectlions
were i mmunohi stochem cally stained for slow nyosin

b@%fbbtl@ﬁ@fﬂhemey?ﬁ%&ﬁ@(cat al ogue no. CRL-2043,
Anmerican Type Cul ture Ilection) to identify type

nitigtw 4he firshsigns piirhepatyRs alieratings wetearpeatiag i Q’f@rOftﬂh%boarS
hoosy apthbosaﬂ@cd? 88V Ahomthl THa Whr Wais gharﬁ@ dtékn@&r‘i’c?él’?t%éd%duced

al . The architecture
lefioamﬁﬁ%taﬂne@du lgprefﬁr@déo Ha deypelhe %\/ﬁwwm%\b%arw @@adaalé/ worse and
AtQRAEEE of fén%é’rﬁﬁ@fh% boEPéhdvﬁe%i a8t Ston wwer{?éfﬁwgcwéﬁoegymg

t he nunber of bres hin clusters as iIss

%quré EuEherRorgy fBﬁnbﬁab*Faddﬁ“Pf‘%W@ﬁée%bﬂoﬁ“éﬁ itcgingfrefigrerand at the age
@\Wl‘i m§ﬂﬁ§ﬂ{eeﬁoérb\%s@a§ﬁﬂde§ lé?ric@ Wa%l?%h%lb% b@ﬁJrP\K/lthout help.

fibres within clusters. In anal ysis 35 clusters

tRRRIner p9asr $08Q; slightly ﬁymﬁtq"aﬁdlé@t hasasor AppmEiBASly & month,
Aeee AR Qrfd Q@i@?@&ar \ZZS E@htl!ﬂ b@&%m%b%ﬂ 9@éuced probploceptlon One

i nvest| ation of RI nalis fected

Mo lalAET shoes fog@ovigiansawhiehd.ied aradya'é/ werse end ghithe age of 12

lﬂﬂﬂth3t_hé§e fa%bnc@ﬁﬂél@(\hlé@t'&kl)ée@é@ ah@EBnBiRusiMr&sent when the boar
After immersion fjxation of cervical nedulla

e .
‘gir? qigg imanuegaht pasitgn Hﬁh%f@??y@éh'stmé_r shayqadeabngemal tongue
rﬂﬁhﬁﬁ’@rﬂg Athh@ ag@bf 1 amvaths Ao S GdsQRBHidaat Both of the boars were

all the time able to accomplish basic necessities of life such as eating, drinking, and
urinating without any help.

Southern Blot Analysis
To establish whether integration of the transgene had occurred Southern blot analysis
was performed on tissue from musculus logissimus dorsi from the two affected boars
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slices of 5 pm Sections were stained with 7 anti-SODI
pepti de anti bodi es. However, only the 100-115 anti

wW@EADY/1pEpt | de anti body were specific for the pPCTDE007/000204

SOD1, and is therefore, the gne used in this work.
The i munohi st ocheni stry was performed using the
Vent ana i nmunohi st ochem stry system 10 Statistics

XRd b@Wﬂ@ R/ peboRHBPEhe B6ed YRBe bpatsshit @nlicshiS1 | 'chmg region,
muscul us 'l ongi ssi mus dorsi between the two affected

BRElIRIting 9pBroxinptely 989 Panidowenar s detpeahlg baRds ¢arrhe graren any
besk %Q:n\ﬁdetsrbonﬁﬁé‘rﬁ}%%no‘idés?édaphﬂl Igfglstedtl £Ha WLPI@B&?BAM H! double

students test considerin uneq ual
dlaeastaﬁ&é\g‘\ {ram-bogr 6835 anrd 4R08 angithe ¥ip Padtie §thw@g that genomic

WAt oA B rﬁﬁ%HéWFédOPUMerR@FéT@hﬂér)’the sQﬁ%Q:Bh&héMh@fvﬂve copy
the Porcine Phenoty nitial , first sig

pagnertgentolarkering tgﬁ §%r@%p¥@i? M?@rlv He@ﬁ@ddfanﬁﬁé and 12, in
ﬁ? a1roz isugé@&ﬁlg tRAt th&'SORAIEINA BENERHD BhBSTeptBSiQfih tN@§enome

ataxi ¢ and showed reduced " 20 propioception
éﬂdcqu&re%w@d to lie down. The synptons becane
gradual ly worse and at the age of ten nonths the boar
showed fascicul ati on when getting up and | aying down.
PGyt e, the boar had pronounced, abnornal itching

T8 briee 8s@bisat theh@indgehe éUuldlb':e ﬂegérhsmtr h\%té?n@éras\éﬁs

sacrificed since it was near| X unabl e to get
ARARHIAMQROIT SNHiyavRiEihBaS besiy demengiaiseiin Sifpeait Bydy [49], both the
SWTIRIRE bdarsbnd tHR RESIHEIMASPIEE d!‘@b!@éd’fogtﬁé%?é%ce %5transgene

where it |ike the other boar, was slightly ataxic

nd
UFBREAA rRiyilied dropy '?JB‘P%E%Btt?reﬂateoﬁémefﬁﬁﬁ%‘?“'l‘%%tﬁ the amp"flcaﬂon of
%Wdy;ﬁ@é@rh&hib@OMﬁagrﬁ‘éﬁt%BaﬁMﬁd‘Sﬁbrﬂ@ flbhadinl 4/ yIeRtiss

and at the_age of t hese fascicul ations was

gRRrpxiE@iRlY B0G Rer %rﬂ"‘? Hl}@ﬂéqi §O;9r1e‘2'84’\tf ragment, pigiding approximately

E@@bﬁb\/@l‘éﬂérﬂglog@d ¥y, uunrsrgwfs tiRASbhi Gom tﬁurpbbmwecsrﬂron by $he 800
boar showed abnor nal §g€?$ novenent s.

90 Dh¥niagmerH arigipg r %@e qnode FOHoY RS B’F‘p{'ff?é’ Eg'ér”éd'cates that

WericCofdRe ablent zhﬁ’mblls R ehel ilagAeeh@ Bed Slvirane SMGT procedure.
EeceSS| ties of life such as eatin dri nki n

WilhEAiTORRy alac AR EXERRIeh EP InSElE AT SBvER & '%Ssbepa
Sj@dibd B PORINBRES] ;f'lél@@\@%ils!oqfég@flvé Reultd ARSEREthBaEcurrence of

ccurred Sout hern ot analysis 35 was performed on
freduyfated P huscul us | ogi ssinmus dorsi fromthe two
affect ed boars WO 2007/ 124751 PCT/ DK2007/ 000204 78

t cont r ol e use ro spans the

gﬂ'f 'trcé‘”%bﬁe E‘ﬁg‘f Ry "F%‘g'ﬂ Bior E@ﬂlﬁ’é‘tchtﬂﬁﬁ '§ hg &ﬁ‘ﬁﬁf’@f’tgﬂc"
458lieln thucwmwrpromufbetpe@énmp k®répagisn eaadhforiGRInAdl nragment
g of th Ieseg stlt n undlg sted, Pvu

?‘é“é y@(} oy delp ‘OBA UIHEIHrE Qﬁ S %l(‘iﬂ”sge”e in
Bﬁh@m|§$Qé£ lrﬂ@&ﬁnoatmdcﬁ&{)& thé Belishialedioutleithapendiicyep §iAYd POR
thaf,g{enomc. . - . . L .
amplification in various tissues of the sacrificed pigs did not give rise to any consistent
amplification of the DNA fragment used in the SMGT procedure only a minor fraction of
the total number of cells include said fragment.

SOD1 Expression Analysis

Expression of the SOD1 construct harbouring the Gly93Arg substitution was
accomplished by quantitative RT-PCR using TagMan probes spanning the DNA region
harbouring the substitution, and hence separate RT-PCR'’s were conducted regarding
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5 integration has not occurred. Furthernore, under the
sane conditions the -five copy fragnment control

wha00boe478y t he SOD1 cDNA, were clearly detect eRCT/DER®7/000204

11 and 12, in fig. 10), suggegting that the SOD1 cDNA

IS narkedly underrepresented in the genome (<1 copy

per genone). 10 PCR Analysis To further establish if

tewdd §pS 8t mwAdar#bethernmsggmseﬁ% DI FFBI& foRtheh, Kdney, liver,

extrachronosomal entit een denonstrat e

.ltmgasm@%me%iil@agﬂnﬁuﬁgfron@b@qﬂ%h@aneﬁa/b@oa%@w%aluams'mus |

aa.ds,. tnhxfscwug%emtéﬁ&ﬁ&gikeéﬁ Y8e, em‘&E @ndt SuPhigReNe
transgene usin pur i |ed ron1 ood as a

t’@ﬁﬁﬂ'ﬂ% eeMipFanesKEs 'egtrﬁafﬂﬁ iang Miseulus ﬁ@m&mﬂqsﬂﬁ &ram tha twe affected

%éaﬁs%d‘ﬂdﬁdth@%@ wIRNHE GniellankrAd foﬁi%rﬁ?éé&cé %Pihe3
to exon @ﬁi di ng appr oxi mat el

mitagesised btwsqnag@rewﬁmayv@v ah:rgd @ﬂﬁ@éﬁnomatséw lepels
ROrMEHRrE T ﬁ%%en%'eg Sd‘lﬁ ﬁ%%ﬁ‘@nttv\%%tm@@@éot lnftl‘ié)é&ﬂrg@slonganalysm

positive control fragnent arisin

¢ ersuwe tabigozfeRd Qéobsm‘rcmag t%@uiagev@laed frﬂ@r@entnreﬁw%ﬂy
Ehl?éd oA Qiﬁ%&éws ?tV 1. @QB SRbws Q%mﬂéﬁoﬁ BEthb rnﬂﬂéq'éhﬁsed

used urln rocedur e. Furt her nmore

fR@MERt i aewas qomsﬁmtfaﬁ@nﬁ ampbawn@ Hbafsté% BFPbgrs Aeilablengs detection

BERDtageHREE %ﬁéi;nb& RivABRIHRE So LR s@ér? Between the
negatlve results regardln t he occurrence of

ARUPHicetorsemves, seprepenting of Hie aftactadebqars arp tmtconﬁalﬁ imany of the
FIQ W9suds!iBs '&:br%]ucfé‘d thQﬁnG@béﬁsé@fr@r%ﬁﬁtstatﬂ@ nStOd}ééédﬂﬁ the affected

lied procedure, possibly stored

Qﬂaréx? ipath ﬁbthe%mwwqer \éfgwté/rﬁf “SSW@ rbeﬁmrsclq@db'éyemaot be

AMEd dettBatdxBroskiofiof thedtkrsheRdTBEfd p&éb@ol@b@%ﬁé’é@ﬁt iRfother tlssues or
transgene in other tissués in a mnor fraction of t

akyary Towleuels uihicheqoukiiot br dréaptad faithie assagr
anplification in various tissues of the sacrificed
igs_did not give rise to any, consistent
isb 12 S0a¥s £16 BFPIRRI BT aPAiRGrne LS detedtine haBRD1 wild type

HEMIFU MRisGBYAIStHAL ﬂ\@rS®Dﬁ9de@rHe@éct§@let§@1 fhAdcript! Bh&K though
I s i nclude _said %rrent Fre55| on

ﬁ?f&?%i’@r%%ﬁ@lf@ﬁ“%‘fwﬁ R S e R gnutant
trafs by, SR An SrtbHticdtiehi cOFeVB BresBRIGRTRY the sb Piutagenised

quant Itative RT-PCR usi ng TagMan probes spanni ng the
RAMERIGPIHE curys it EidotaAY; 'H@W?\f?é %’Dﬁ?s'ﬂq mutqgsﬂlse%ﬁanwﬁt:%owd be

gé6teated! Bishd nHBiERnSidwRIEn G actRd ahﬁ%@li& i Ifig 1‘92@ The real time
2007/, 124751 PCT/ DK2007/ 000204 79 the w |
i3, FRYeelR @oAifesgReRsdR eRngPIRRauL Sf@@?rﬁh@&?%w“ kqvalﬁ@)@tween

tHew®6 wildl tiiOhoa¥9 bR the tWRGHeLRd %Bb!%ah lafy of ﬂw@@n@lysed tlssues
cortex, parietal cortex muscul us | ongi ssi nus

Roweverulerdsier Essient&igionsare regsgat. daplge the case bativeen

fsuiet eTHl mgﬁé@ eXprobdiors icl8ls ardTbSdiiih WeerSeidl KidryOowHieh idito in

si de, ul us seni osus fromthe two affected
agreemenp with stugles performecP onahuman tissues [50].

AN

SOD Analysis in Serum

SOD1 activity was detected spectrophotometrically in serum as a measurement for the
SOD1 to inhibit the reduction of tetrazolium salt induced by xanthine-xanthine oxidase

[47] and was not corrected for Mn-SOD, meaning that the activities in Fig.13 represent
the total SOD activity in serum. However, since Mn-SOD accounts for a minor fraction

of the total SOD activity in serum [51] it is not likely that it would mask possible
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5 boars and fromthe two wild type controls and
assayed for the presence of the nutagenised SOD1

W@ e@nsz47spt or alternatively altered endogenouBCBORL007/000204

|l evels. Furthernore, the nutggeni sed SOD1 fragnent

was included in the expression analysis to ensure

that the SOD1 probe nmatching the nutageni sed fragnment

Hﬁéreﬁ%@éé B&ine¥n afbtibSHosR aqgtﬂ%éorﬁ%y The 55 "ablgﬁt]y Ié:\)e% in serum of
12B shows anplification of the nutageni sed

the twartiapegenioaitentad kaarpwas appeaisiatelyi gt thetsgmet Ineel gs émfecontrol

béaﬁﬁrlhém&lrﬁg Eo&’r@é ?é‘t{o‘rdﬁ?j afd n%bﬁﬂ@é‘ﬁt%ﬂaﬁ&r@éﬁ&&' the tfrom Oct

However, since no ference Is Seen between
afPﬂﬁ1M&&@Q@@'dé@p%@wﬁ'@ﬁr@geﬁ| ng of the affected
boars and the controls in any of the 12 tissues it is
concl uded that nutagenised transcripts are not present
Frrtheieoss. Perieeme apalysis empiqyingiprotely @xiiggighraan iyeg@nd musculus
bb%?s?ﬁ%sqoré Wﬁ%H?&d&@&%r@%ﬁlab&%éﬁd@@m IorotEfRMIn ﬂ@‘v]vxgehansgemc

out that expression of the tra sgene co

B@%{%K‘Hﬁt?nﬁbsment in other tissues or at very |ow
| evel s which could not be detected in this assay. Fig.
12A shows the anplification curves using the probe
Histepathairgieah dnveskmatians d type transcript. This reveal s
Sl?,@é tﬁehﬁatm nmsel%%@ﬁé r%ﬁi: Be b'él@d t%%seéé 8i8845dd ;ﬁB%regé’Sﬁ‘ of ALS

20 sone kground anplification woul

%ﬁ@@ﬁﬁfs mlt@a@getyw v posde Bb@ssmusww%m18§w$lmere examined
RlgBFAnPihedlIteh bPMIdrOM CHéh \CRistes. ﬂ{@ﬁﬁgéhg}éﬁbﬁ%\fegl‘éd dtdhe

mut ageni sed fragnment (pink curve in

irequansies of fyped ﬂh%rsnw@gtwmaifeateﬂ PaASEP stgn&flsamtw desreased in
é’&ﬁ@éﬂs@ﬂ to E&‘ltﬁolé Fi 2«;1@4 Sionsibsl @ sdalidh fel8alk @AalldsB? 3 x 10 and 2

C{ysls In 11,9% he real tinme analysis reveals
PF 1 0%erdk %thhée@ﬁ%@éhﬁ;e@t@tmare . @8yihgpizing highly

él?MﬁJ:a‘ht BRfor&RBs. %%Qﬁn&‘éﬁé thl@etoYQ@SkP@@éa‘fs @B dthtRRo ¥ RXrols are
fected boars in anr)‘/tS the anal ysed tissues.
j

pehvRsisHcally dftpgentviie s alsqiberape &tntmwwa@f@cfﬁdé%@m P=0.11.

"mé §@inirysaF @‘JI 4 fRthePRighIRBtY®.Targd Hﬁfék@fces W@rﬁﬂ)é}rb?ﬁlpe | fibers,
RreSS|on Fevel s are seen in |iver an

afh gegsding thegjreeibn clupiernang thaiabsolyter AR e reduced

hlt§§w&§tr£r%]gmc%a§® Anal ysis in Serum SOD1 activity
was detected spectrophotonetrically in serumas a
nmeasurenent for the SODLl to inhibit the reduction of

$6dtionE AbEBracd spinBdstee df e t%@mmeaﬁé%fgdmdé?s d §R5%e
%ﬁ@]ﬂg@nd was not corrected for SOD, neani ng t hat

Wilg tpedparwerestained Wik waTinis Poplide paibaribaopeed against
Rehary SOD1I Hoﬁz@f/éf”bnlgm‘l 154Mcsoh Og@@ﬁh@éﬁ%ay $rdvel to be

a m_nor fraction he total activity In

%O@ﬁu'ﬁ]\ﬂ['@ffsr?qct fospigipe SARA- frig: Hashpws AcUMaMeka from the spinal
96 of ot aweﬁa@@a/bbaﬂm@@za%a t%%@@%&&%%ntr%pooar (147) In Fig.

f erences between affected boars and the control
%1”@ 5%@13”‘8& metar peyrapdioa 1hy alferigmhbgpr, StQRﬂ $talpings are seen in the

M’Jﬁ)ﬂé%ﬂInﬁos@fﬂf&ﬁé%@@@\ﬁ%d@ﬁm@ﬂ@bﬁ%' Iﬁ%bﬁipﬁnﬁin dd'&ainings are
sanme | evel a he contr ol boar durlgg the time course

$eE04R hepxon fh?ocogstrgh.FertE%fmor%ra Fig (180 lafee Jueressant

ddnfigmn{atts are seen in the neuropil which are not present in the control either.

Example 2
A transgenic pig model for Parkinson’s disease
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2005 - Aug 2006) has been revealed, Fig. 13. 5
Furt hernore, proteone anal ysis enploying protein

wezioraze’st from | i ver and nuscul us | ongi ssi musP@DDER007/000204

failed to detect any nutageni ggd SODI protein in the
two transgenic boars (data not shown). 10
Hi st opat hol ogi cal Investigations Since the nature of

@!b%mgeoffth@s&%lrﬁ%@&cléﬁlﬂd to assess disease
Eﬁ ression of the clusters including t
3

"éefﬁgtbé’PéC"P%uﬁM@@iﬁ"h‘s'SN%@) N ivas ipglated Wém@erebe"um by a
@&ﬁﬂh@ﬁa&n of FREPICH Q¢ RREENWTRAY, tMst Eéz?r@ﬁés uéhgeﬁ\%rhuman SNCA

cluster. This investigation reveal ed
ﬁP%‘&lﬁ@ﬁé?'@?@ weretoppied out Wil GenBank he tvvo affect ed boars

Bt /Rl hf:blmtrﬁly gS\PEERRRFRANdEX. %I)%ﬁmﬁtﬁ'tﬁé’ Bok@xe EST data bank

controls Statistical evaluation reveals

5 Th Gaastnsgtio abAG Calh abSoes IDIAR). SGUInanaaacH,search was
ﬁ@ﬁ&ﬁeﬁwmap@d tah?nrﬁé’rﬂ%ﬁlg w@mranaswwuﬁeptk@@b%w minimum

significant differéences., Furthernore a P-val ue
zﬁ'w@ 15@ TBe earcne HAY thes idgatiteshvers| used te deriygt oligonucleotide

Fﬁrﬂér‘sﬁbl‘ &aﬂnhg aFlH 513 %D@ﬂés! foW&Hﬁ@r ée%rcﬂe%% Mé%é‘é‘?%@nérﬁfc DIAS
he two affected boars, estalnlngs Fig

§equenge ga@Pask-ghl i ght s the I arge di fferences in nunber
‘Pf’\e bhgpc%rébétllUﬁecfs%ue ageob@fr hT[F%ﬁ'bQ)hrh% df BSrcﬁié@N@A wWdbtained

clusters and the absol ute nunb whi is al so

fredafultinig. t/W@" feReovEH é'ﬁglgeewa%d@@%ﬁt%d a@b@ﬂ'i’%ﬁ’@dm gyid nitrogen.

F6RVRNA wés%éléled%rtﬂe RfNetaBFm'é‘l’Hbdt(@%gTeY\P T%flﬁe@ﬁtf; ob%rﬁNA
and two age mat ch boars were st ai ned

%%mplsagvaﬁéfﬁﬂﬂqﬁebsaﬁtmdm P@W%ﬁf@wgaﬁéh%@osoz@l RMB?P 1%
S5ddse foever, only the 100-115 anti-SOD1 peptide
anti body proved to be specific with respect to_ﬁ’porm ne

morcrﬂegg @A cORYVRregeHed Bersarasdsriaied rsingendpl &R cloning
s83r8ac. FyptsBHf @bf\lﬂ%éédcd%@éteé Q\ﬁ)cﬂ%)pg%ﬂottahﬁNﬁgﬁ)lated from pig

mat ched control boar 47). In Fig 5A): showi ng

FRIEBR!IURLUS B SEPYRCTR BNF‘%HEE?VBB?‘QNE‘”SQME‘%% @f“ﬁfrqe@g) The

BDRASHEReS vJaB@mtlé!EB @5/ haX%Hy of W&l RNAkﬁlg)é(cﬁf)ﬂzlﬂg%nﬁ%P ANTP at
gggqfo' ncl u I ons. arison no stainings are

[ B i Bolgad ba@dfiwg Eo1G nits rﬁtﬁfﬁ%er?mﬁnetasmn#.ﬂgen

hc%tﬂoﬂfagﬂzf(i WE@W&%”O@@WW@MFS’]5%ﬁ seen in t he
h’% g&av\hl ch are not present control eith

reaqtipn Ay ePR RN o %&QI"W 6r5"viAMaC‘r\% dh2eM dNTP 0.5uM
off SRAPEMS SNOA- 20@7¢@M@GAT8¢MW&@M@Q§@MTT‘6@AA-3 (SEQID

0|n The full-len

% Ao NG P T BBRB ToATRE Tee T P ASAGEESOHEBR D NO:80)
L ﬂb@ihbsnah mmpolymmseqrnhmnﬁs) Rﬁé’@%l@ﬁ@nwﬁs ul. PCR
I niti a{ r}/ bl ast sear% Lll % SNCA
amphﬂca jort was carned out in the tota volume usmg the followmg program:
Denaturation at 94°C for 2 min., 10 cycles of 94°C for 15 s, 55°C for 30 s, 72°C for 40
s, followed by 25 cycles of 94°C for 15 s, 60°C for 30 s, 72°C for 40 s. The PCR
program was concluded by an extension at 72°C for 7 min. Twentyfive microlitres of the
amplification product was applied to a 1% agarose gel and visualized after
electrophoresis by ethidium bromide staining. A fluorescent band of approx. 400 bp
was cut out and eluted using the Qiaquick Gel Extraction kit from Qiagen. The eluted
PCR product was cloned directly into the pCR TOPO 2.1 vector (Invitrogen) and

sequenced in both directions.
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cDNA sequence were carried out with GenBank 5
(http://ww. ncbi.nl mnih.gov/ Gnbank/index. htnml) and

Wa\Ra0n/124181 por ci ne EST data bank at The Dani shPCT/DK2007/000204

Institute of Agricultural Sciepces (D AS). Sequence
simlarity search was performed with gapped alignnment
using NCBI Blastall with options blastn, m ninmum

1% H@caﬂa% Bul-1driyen @@chﬁg BSJGAQWA tdeHse bﬁ’@aﬁﬁsfehg@' WRER derived from

used to derive oligonucleotid ﬁélners or c

P8 eala e SNCATS G HerseckiB s el TACE N@picCRrap cstion of cONA

0EHRTeLpdAnfEptsl A\ SSBEENCEA SadcrRasiher R sk .m@drﬁ&ﬁéﬁdmuh a kit
tissue used for RT-PCR clonin

oBRcEPhivimet (Rogha Aolgrylar Bipcgem gae{% 'ﬁor %\f&s@ RACst @e oligedT
d#e%é@@&r%ﬂs&%oﬁ%h%&fdclé@ﬁdé '\gmhe.qw d nitrogen. Tot al

d
B G S Ao ARG T RRb 49 AL T VLT T T84 Vet A Gu) (SEQ
bipoNDdg1 Sk dedidn afretdiSe framﬁm reBMRMOThE rdéultBnt SNCA cDNA

agarose gels. The porcine S resented here
i U8} HEtP A farp'alg f@é‘r"%ﬁ”&“&?ﬂ“ﬁ@ w,!f[fﬁrwa f Pragiriearig NA

Oanlﬁ%#asw@%u@@ﬁ @Hﬁﬁzwlné@ iR cembinatied wﬁr?éiklt P@@emcﬁr@k phiger: 5-

r @Wﬁ@%@éﬁéﬁ@%& &dd %S(f% ﬂﬁ%@éﬁﬁb%% and Ebpq,&ne—sgémﬁc primer

Ssm:lz\asIsaomsrc;@AT@aAWcmGhmt;Gmnfmm-ai(sEMD NO:83). PCR
0|I80 (dT) 12- 183$” nmer, dNTP at 20 65

S et resauTes g5 dspBe8 GG Seg dntade CR TOPO2 1 vector

t s SeefueRERE @naFER AR ||cdnrtﬁlé b(OEKD(ﬂS 4ottaihed a INArigment that
foIIovved by 70C for 1 RT- P reacti on

dogrclogibiE SNEAART Fhishialsgesisher e SRURAES ofghapfial SNCA
OEDNAWheR:! th@RJeq @él%s%verlagped For 5-RACE a reverse transcription

51 SCATCLATGTAT T ACILIEAR 3o GREQ | 8/(\%&807 b3 (SEQ ID

afligoapgiectige psim
l\g)ﬁ.ﬁ% was2Be@ffla ﬂe\)érﬁltr@"lsgmﬁgﬁgmhbi MEfieagmithesized SNCA cDNA was
LA 2 st JorP e APUtCAER S oo Pisian Whup apymerase
Uéﬁll’ﬂﬁyltnbg) frodd ranih &t nLiaod ﬂlﬂPCR%@ﬁbMﬁr&hdfzrg? gg 24(: for

7 efadpoc AT ERIE HEOAS ok RO aR 2 SpaSispdgiprimer,

f SNCRB-it: STQQDCGCT@CBTCT@ECRCRCWBE(SE@EJ OrBs). LRI products

an exten

b at,_72C for we
eigPRoveEe o1 Sesitiogh st FPnEh o HERkREbPGzG vector and
aﬂﬂiu'eﬁded @na PLR p@duessngiiedanDNifiagaidnt tat siidvidd homology to

roph reS| by .ethi di um brom d
r b PetBeo mass e ALERcs F00e Y TereC RGPy theradhe
egem@dcemu@gap;b@ Q aquick Gel Extraction kit from
e The eluted ,PCR od ct oned ct

Qﬁ*e% Pl BeRoHbE bt BEGTOrPhOT DA GEER A g 8- and SRACE

sspiieneatwaichitired by ®OR wmsthe\wn%BQENmes?l-Bls -

I ST e S
CTATAGTTAATATTTATAGGTGCATAGTTCC-3' (SEQ ID NO:88). PCR amplification
was carried out in the total volume using the following program: Denaturation at 95°C
for 2 min., 10 cycles of touchdown (-0.50C per cycle) 95°C for 20 s, 60°C for 30 s,
72°C for 45 s, followed by 25 cycles of 95°C for 20 s, 55°C for 30 s, 72°C for 45 s. The
PCR program was concluded by an extension at 72°C for 5 min.

DNA sequencing was performed employing the dideoxy chain termination method
using BigDye terminator cycle sequencing kit with AmpliTaq DNA polymerase FS (PE
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the isolated SNCA fragnent were used in 5 and 3' RACE
(rapid anplification of cDNA ends) experinments. A

W@ w3a288CA specific primer was used in conbi NBCT/DR2007/000204

with a kit anchor priner (Rocé\se Mol ecul ar
Bi ochem cals). In brief, for 3"-RACE, an oligodT 5
reverse transcription ollgonucleotlde pri mer,

s T. - -3 AV =
SRR R GRARI T e A¥adiofes o
t segvedesrdABbRRIFAIM GrnetithinalastuModelit37SRKEAPE BRlied\Bipsystems).
U‘Fr%@ &weft Al dé @@%%k& vfsB%llee@r%g@gmﬁ%éE&@fE%mE%Yd o %*?Sr

proo rea usi on nnzymnes
cﬂhiﬂ%t(ﬁ@ﬁe\ﬁwﬁsﬁomqram anchor priner: 5 10
GAAAACGCGTATCGATGTITCGAC-3' (SEQ I D NO 82) and a
gene-specific prinmer SNCA-F:

5ChaiepECE PG PATHRGAOF CinA ABIGKCTINEAA- 3' (SEQ | D NO: 83).
PER S gl d&mﬁv\)é@r %nghﬁ&d)tégfh%%@e?séjﬁérgdr@%ge gggﬁ%rase chain reaction
cloned into th vect or an nced. one

PET-BRR) veibg ob@ormﬁl@pb&e pEpersisieriveshremir ailico spenences. Partial

' Lgaem@gg c% B5T s%aemswﬁh@@m theoﬁkﬁsfm@réwwb %e%oto derive

e sequence of arti al

t hréﬂ@réd@relﬁt-é@%%r@phf@@b@uof the SWA m@& /%142@0@ rf@sment was obtained
t\R/Fh@ﬁ %hb@éd 2R 1ghQH/e@l %FH%SI@@/ #Ep UM uéWQé%f" SNéN%guéﬁdes Sense and

u@ré@enw aﬂm@r@éfvege designedtfremithis ﬁe@%@? i2Bfl user%@r 5 and 3-RACE
SYHRBRNES ViR r%%of"laéR d@l@éA%ﬁ)m écﬁx@ﬁh@&% dRingPE 3 UTR

anplification enp g Phusi on %53 YIMEer ase

(FRAVR2GESY obﬁameéoﬁt.mlﬁ Yi e raunhofP @R gepertagbn orissing SUTR

p§é ﬁce To %fl%@%ﬂ%ﬁ%% ﬁag&éﬁ@ wdrs interconnected,
and a gene-specific prinmer,

5a cAcTEing the ne@ﬁql-lqngmmg sqogrnce of was

D;Bé’rﬂﬂﬁm‘éa TM@ F&uﬁ@& Fthﬁé od2 8 cﬁ)&&\%éq*&@ﬁ’cea@r%\o\ﬁv in Cﬁ@ﬁ‘@d

into th .1 vector and sequenced. one

pm@ iy @ﬁth@. ﬁﬁ’é@”%SNﬁA LRy M@ﬁ@smb%hegmn%ﬁa ltfaﬁﬁ/educed
gou%p'ﬂﬂ&?&e 38gLicio8 Q\ntﬂﬁiﬂ@é"r%lét@@ a%ﬁglé%‘l?c?elﬁf)rdt@iﬁs G doiine SNCA

where the %uences over | ap

i HONA dGARBRTCANESS: Pﬂfétm 3Phkis §82 apﬁaienetbw&ﬂbﬂhsﬁ@naﬁaonal start
L6 & rucRbiioedl (3G N’(Ch%e(m&GS%od@ﬁat%@febfld@gzbyrhe%en reading

e (o S BAETCRNient o( @@@apgltmcgqgs & pelypeptide of
Si\l@amtn% acﬁisWuHﬁT&@R%TABEEﬁiEA@@I@NME%a a ;il%EQe The

I D NO PCR anplification 30 was carried out in

t @rﬂ@ldev @pw@ %§VW@CIQ'H eratein|caniping the ehprasiprighicdnetils at @taw 0-

a} n%@l@ln 5@fem% méumpehgcmégé% with ol HE BslReRs (s &&@ﬁc@ﬂweev
95C for 20 s or 30 s, 72C for 45

I
%gﬂngwl@d figpn e amging tegmmusé@ e gntrapagt Oféﬁ%tpfoé?'” s for other O-

73}@uf:l%fnsde'§ev%n c@ﬁ@al HyeRpRb B8 raﬁ‘ﬁhd/\@éd§%%|§§|iﬁ§ cBpafed to the
ext ensi on at for 5 min. DNA sequenci ng was

pReTeIPaRus %ﬁiﬁ?”&iﬂ"ﬁ@nq KEYRIBXy chai n termi nation
NRinfHCackPsdtRicRge BB be®ldBnrahe a;s%@c@ﬁ%a RN Published
with Anpli Tag DNA pol ynerase FS
mammalian a -synuclein protéins was determmed by the Clustal method. Multiple
alignment of a -synuclein amino acids sequences from pig, human, mouse and rat,
cow, chicken and Xenopus (Fig. 17) revealed a very high overall homology.
Interestingly, it was found that the amino acid in position 53 which is an alanine in
human is a threonine residue in all other species. This particular alanine residue is

found substituted to a threonine (Ala53Thr) in familial Parkinsonism.
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WO 2007/ 124751 PCT/ DK2007/ 000204 83 Applied
Bi osystens). The sequenci ng anal ysis was perforned on

wa@pooaz4aat ed DNA sequencer (ABI PRI SM TM GenkCT/DK2007/000204

Anal yzer Model 3730x1, PE Appldsed Biosystems). Traces
were aligned and visualized using the SEQUENCHER
version 4.0.5 for Wndows (CGene Codes Corporati on). 5

%%@%gﬁh’ di&j‘éé Qﬂd M]{B%% @\%&ﬁms Mg@éﬁ ot ngo@?d%er alpha-
Wﬂyﬂ@'ﬂﬁ@eﬁﬁa{v% fplents tTiheencedRr RCR)-s\micleln polypeptide exhibits
alid &%HFé&ﬁfehg&d%fwhm S Bush ldvﬁ%& 9'85}0 Sédw& synuclein (96%) and

sequences Par or ci ne se ue
i raekRe dndgat pnsiinyeled (nghgto)l The Wsm@ow@bﬁdemltﬂ betwgen pig a -

@neaélﬁearnarcﬁpér REyRiRiRBR)dihS g@g mg f¥ %K%PM

ment "~ was obt al ne

[ eHnUHIn KEAG) o0 eKapaBHs S9EnENE e e flg s lopBSHogeneti
?g%u gﬁg tgrgsﬁtgs\ﬁgg g?&?@?tﬁ SIWv@ane%%&/ QH@EOS‘CI’(EQ Wéatrsrur?%d to analyze the 140
RO @RlE RoseiRe aoqsyrwderhorstosQ;mme:wbﬁaneﬁ@tqchaerr\@@@uhgwetgh‘t of
aﬂﬁs RDYERd |o%$ﬂﬁ'€d‘6&et‘ﬂ@a? p@&’cﬁr%'n&%ﬁon@lrﬁ@dlf@éﬂndﬁs @n@ser iRYZEE one

of PCR gener at ed m ssing 5 UR 15 sequence.

cEeeinknasedt Pft%é“%'ﬁﬁ@%é’éﬁ 9B6¢ &iresineskicase p ﬂW@t‘% site and five
|mﬁ\@qm%@5ﬁéi,on sfledCR reaction using primers covering

the near” ful'l -1 ength coding sequence of was

performed. This resulted in the 982 bp cDNA sequence

SQWrécfboﬁtha@y@nesﬂ"&‘do?@ﬁ‘é ’SN}CAOf t he por C' ne SNCA cDNA
was est abl i shed aring the deduced % pepti de

ée@u&ﬁé%'r\mow%wﬁe%aﬁ P &t 'oaurpiﬁéh%we@p refeslirsted
Hhgta Qﬁéé'lé\ﬁasgg%m%g ol gf@i@ B Ner§S® X1LNOlte-Directed

73395) is wth the transl ati onal
latﬁge%qStSeKla{Stfﬁmeé@a a%aqupaﬁ'aﬁq iR&cqAartitl B@pHfagures

ﬂ’é&érﬁﬁbh&iﬁtoﬁ?aéfl Tﬁ@rh@ﬁ%mﬁr@a&lnﬁ&s frame (oRF) of

Ss SNCA 0% and it encodes a
pNGPAFOPde BHECALGT RS AP EACHAGE MY\ GALAMNGAG -3 (SEQ ID
nebegyyl ar mass of 14.5 kDa and a pl of 4.6. The

encoded porcine ° 134_ rotein_contains
&M@’éﬁ@?’r%t?&%ﬂ f §T&TTJQ€2¢GGT§§T§ @%%CCC -3’ (SEQID
motgd)ns: five inperfect repeats with a core consensus
sequence KTKEGY distributed fromthe amno termn

CEh PieR CERAaTS Waiet DBRatIIREOn ALY CHOr ATIR-0fS Gygles 05°C for 50's,

BOBGHBNS afdl BEEN F BHih AThd WORPHGFEGN R EIHRILRBH BF 28/Rtension at
m_ssing conpared to the honol ogous f3-synuclein and

)5859ﬁ B¥h. Amino acid sequence simlarity between
DFUé?rhsﬁllﬁe BrabiHRUBLEtch anﬁke&,tsh%s Pﬁ@ré@ﬁ%the%r&ﬁmdﬁ%bne

a nucl ei ny\}érotel ns was determnm ned %lthe Cl ust al
2

acolwp§ [epickad @Wr@ﬂ‘ﬂ’n Qf/erﬁlg_h§9% gmﬁisawﬁrﬁ @arvested and
%éhd§néé@@¢@6:@ﬁﬁg tb s @MdBIddproBetTREs. AIESTRId At ik theQﬁLWatlon was
Chl cken and Xenopus (Fig. 17) revealed a very high
Shesey) gs Wtsé the subsequent procedures. Next, the plasmid Tontaining the
mutated SNCA cDNA was digested with Kpnl and EcoRYV releasing the SNCA
fragment, which was now cloned into the Kpnl and Smal digested phCMV1 expression
vector using standard protocols. XL10-Gold® Ultracompetent Cells (Invitrogen, CA)
were transformed with the phCMV1 vector preparation and to ensure that the SNCA
insert had integrated correctly into the phCMV1 vector colonies were grown in liquid

LB-Amp and plasmids were purified and sequenced according to standard procedures.
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Interestingly, it was found that the amno acid in
position 53 which is an alanine in human is a

W@ boozozd7fe resi due in all other species. This PCT/DK2007/000204

particular al anine residue is g535 found substituted to

a threonine (Al a53Thr) in famlial Parkinsonism WO

2007/ 124751 PCT/ DK2007/ 000204 84 A very hi gh degree
Wedt&%héﬂrn){ct@§$%ﬁmg%ﬁ%bﬁlﬁn@gra‘§é@h‘@a§ leRi-8A SNESfrag ergs were
ot her al pha- synucl eéin protelns was é The encrg
pﬁeée%d@yfﬂjewmgrprmﬁdy&spu de exhibits significant

sequence identity to human a -synuclein (98%, cow a

- synucl ei nl\&%go/%l and nmouse and rat a -synuclein (both
darge-sqe SNSveBNADRPPRaERN d i dentity between pig a 5

SM 'E)P&ir% Bre%ﬂ,ﬂDNWf@F mé‘uba‘-‘tl)éﬁ‘ GFép%rﬁ‘\ ﬁl@b@éé‘&d{@ﬁcméﬁéﬂbﬁg were

h the chicken -synucl ein (84% Xenop
sf@*j@érﬁ@‘é TreddgR r@%féloms yerelgarfigst oy Wpﬁﬁ%@éﬁ@@ ECRtfiyé&%m 9700
T(%%pl%ﬁlb&ﬁté’?ﬁ@) §1 é ﬁne{l '%ﬁjﬁre/ Jf‘Q’ﬁ"NL%H@@an:&/ 08 ixtrH{ubion HF

used anal am no acid porcine a

@Wﬁu@ I ﬁNEP&? éurﬂM@abb%% uhMWﬁfde@?dc&eé@rsa PRIENSE S 0.1 WL
vl @hn oA Ple‘ﬂyn%?erﬁ@ 208iLh dgnt sﬂc&%ﬁmwwn@dlate%d 15.6 pL H,0.

transl ati onal™ nodi f| cati ons. These includ

CHOPRRIPFRISE CONSIERESH B IS PRRuSTioRat G fpy%%%f@"owed by 30

kiyRRS @ f BERIDRAbYN FHI00Rc St 9@"@%ﬂnéél¥\§ at W‘t@fdr e se and elongation
rlstoylatlon sites. Site directed _&qeneas

bt 45 et SR astadaiy & 1 GOPBekrEtem el 74 adory i, The following
MBHnRdrk QRrd D& folRn By FlefutRidiedddB1 dbhdtticEBlus R flanking CMV

mut agenesi s was perforned enpl oyi ng the Qui ckChange(r)
)MO@P%L'W%%%{?“CWF%%Y@%‘V 9@”@"%‘89%&%%?1‘ %F?RHOX'mate'y
azeompl i shed in accor dance wi t h manuf act ures

recomendat i on l yin he foll own rimers:

AT 0p- - Eed EASEANRIE: 9%

5&&%\!@ l\@e@@)rs&ﬁcﬁtﬁ%ﬁ@@ﬁ@‘reeeo 3 %SEQ ID NO 92)
CICITTTGICTTT

CCCGGIGCT
dperderie Prid e genaaisA s %Pr@d“%@n éﬁ'Qﬂ Reredt né%lp r %@t P Br,:fucahon
ﬂ(lm(Roeheé&la%)‘éﬁpﬁéd IfheXEpfeds ifBrustionstife Fallowad tlﬁro@@ﬁbut the

68C f or he PCR_program was concl uded by

A icrtioprPragedugs hﬁd’rc'? PHsiffed f?@mﬁé‘tse‘ﬁgrﬁrséqf‘ﬁ%qedttﬂ éheCK for
rattcré antHe%EquéHc@fS%ﬁg\ﬂﬁQ érﬂﬁm}f ated in the porcine

SNCA gene, several colonies were picked and grown

over ni ght and plasnm ds were harvested and sequenced

assRmthediated gehamaas®r BmaTedur es. A pl asnid contai ni ng
t he rrut%ﬁil on was _chosen as tenplate for the

seRsEBVetiten RNedABYer AWET t he pl asmid cont ai ni ng
tIR@rddiu aaeH tHa\atciaOBPemmseldiga sieate Wnidvekpd bpahidliquid, the

RV rel easi he S 30 fragnent, which was now
EfP 'éﬁf’ﬁtfrﬁ'z?%g“}f@d? agA§9Smal  di gest ed phCW1

expr essi on

For 1 liter:
56.1¢g Glucose
3.5¢ EDTA (2 H,0)
35¢ Sodium citrate

119 Sodium bicarbonate
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vector using standard protocols. XL10-Gol d(r)
U traconpetent Cells (lnvitrogen, CA) were

wae e@nstosmed with the phCW1 vector preparati oOPCEHRE2G03/000204

ensure that the SNCA insert gad integrated correctly
into the phCW1 vector colonies were grown in liquid
LB- Arrp and plasm ds were purified and sequenced

gf(i%_? 4 07} O%% dg&@f\%q iPHBRP IHE 8% sooR G0 g{eﬁl?z%éﬁljrrough a filter.

5 Vector constructs cont

Beftorethelbyffehis agdad tuthmspage Aelised m(l@oBSAa@wm §emém Albumine,
Fﬁ&ﬁ&{ 9d81 H{a foldfwi ng procedures. Large-scal e SNCA

prepa atlon 5 1n order to create DNA for
i ncubation of spermcells |arge scale PCR reactions

g@ et,orp&frsf eshnof B8aRCR reactions were carried out |n
(dr& PCR System 9700 (Applied Bi osystens)

5h¢ Selastongl mmswmz@anb%ﬁ aresqripigl fe¥ ths gutcomeofithe Shagsdure. A
J s@é{foﬁﬁﬂam%? 'K‘ﬁ-VI%\FEﬁ I{a%e %éFMo?@EéBn &n@é’bté&—D?\rli\d)fh\é@fogrs of

reverse I ner husi on

pimlwpégéec(@ 19 heyt the 1n|§|5:ﬂ smmghlm| 290c%pi lag spergg collected in
derife mmt%e%%nghr%ngﬁﬁtéde&ﬁﬁlhtgﬂ a@Qﬁ@hﬁérﬁﬁxr@ﬁoﬁféIOW 15°C as this

Initial denaturation at for 30 sec foll owed by 30
wiflcqasge 6ﬁma%ﬁﬂh‘ﬁﬁ)?6ﬂ°¢'l§r 10 sec at 98C, annealing at
74C for 30 sec and elongation for 95 sec at 72C
followed by a final elongation step at 72C for 7 mn.
YashingIresgidHee: priners were used to anplify the

THé AUBRINGSHocedle RARESMPIhed |a§$astt be pBésﬁ!SlE' Refeedas indicated

promoter, 'intron sequence, and SV pol yA, generatl ng a
gbM§¥ent of approxi mately 15 2100 bp. phCWF:

RARARACETAETH EQ 1D NG 91
§ i et Rl W3 (SEQID?\'O 92)

Eﬁ'b?mpf%eﬁtﬂdltf’fﬂt(ﬁés 8dr at ed PCR product a "High
W@}/.R@lﬁr’%mgbe@urlflcatlon Kit" (Roche) was

E e supp pliers' instructions werejollowed
f Ae selyliRsis inavkateddor it aldapmdpmpergiia (it é2°Ghe PCR

@@'Hl_fbtﬂ@r(rb@rﬁ@ﬂbéra‘ﬂﬁéfis%@@é@nced to check for errors
he seguence See 19 and 20. Sperm nedi at ed

Séﬂfé’fl{glee?ﬁ PRe @N@m'gﬁé?%%dl ated Gene Transfer,

ﬁgfnt)eé thg@pbma@gﬁjer to wash the porcine sperm ceI l's
hence renove the spermliquid, the follow ng

Bswwa%heo?ﬁ"ﬁbm ﬁosmhsaffwe(aoonrtﬁmner@weér 56.1 g
ELHERRR 23808 gdfod 16HTiRaf 274d20) 3.5 g Sodiumcitrate

Remove the supernatant
Carefully resuspend the pellet in the remaining buffer in the bottom of the Falcon tube.

Examination of the sperm cells:

In order to choose the correct donor cells, the sperm cells from the different boars are
examined under a light microscope. The sperm cells originating from the boar having
the highest sperm cell motility after the washing procedure are chosen. Next, the sperm

cells from the boar of choice are counted.

DNA uptake/incubation:
10° sperm cells are diluted into 120 mL 17°C buffer
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1.1 g Sodi um bi carbonate WO 2007/ 124751
PCT/ DK2007/ 000204 86 The conponents are dissolved in

wowrioen24nad the solution is sterilized through BCT/DKR@7/000204

Before the buffer is added to d;he spermcells, 6 ng/m
BSA (Bovi ne Serum Al bum ne, raction V, Sigma) is
added. 5 Sel ection of Sperm Donor Boars: The sel ection

o, 4?1%@1@9@26@ SIROT0eRBEMS cAlss SHUH ( ?{atfso 5 téﬁﬁomﬁomeanzed

e procedure. A boar station ting KS Viborg),
hla'b'é)therefore been contacted and the boars of choice

AhBuISRe 960 Bfn go17°kat the initial spermmotility is ?90
% The spermis collected in sterile 10 nL tubes and

t FaAsd pedicneniaden ot g catls, nved e ke @veryt misel ow 15C
aﬁrah%ﬁthe]tgbé"'td r’ooﬁﬁéﬁ@e%ﬂ@%o‘ tParlsP&rt ﬁpﬁﬂl@t ¢&rh femperature to

Wash |n roce ure: OWIng roce ure is
a%e*e)ﬁ&qﬂglﬁédﬂa%t%%ﬁp%\rgxp&@mbﬂ e [supated spermygells are now ready to

|5@émgg% afiBe@MBhserdiRatoriTL spermis transferred to a
Fal con tube 5 nlL buffer preheated to 37Cis

added M x by inverting the tubes The solution is
| RepRRt ed for 5 min at roomtenperature (- 22C) 40 nL
buffer (roomtenperature) is added 20 Centrifuge at

gbie gecinient sews kPanigh Lomiracek XeRkehinat §9?f@?"ﬁéﬁtﬁﬁt1 40 kg were

Resetiaeate Beil hiufdl hleBtn%Opéiﬁed @Hﬁfugéd fdr‘éﬂmmm msemmatnon (1x10°
tenperature) Centrifuge at fo mn at 17C

dawﬁc@afqvesw@iowémﬁfm@sta@ﬁrémﬁehyn%ﬂ@@ @é?f‘&‘#drﬁtsh gsemination was
p&icbﬁtpnsﬂbahh end u@aalsmm@a&% BEDIAD Jehfenbpdd uMeetkd il tramed

Fal con tube. Exam nation of the spermcells: In orde

t RS ROA hibat bR vecrbistalabier 2 8pYS Sepen "ﬁ%‘i’?ﬁt%‘éPP%ordmg to

f srorenidtBioréd @r RcEdire WIS sé\h@we@%ﬁ?v%ﬂ fonPRIgnandy Band 42 days
m croscope. The spermcells originating fromthe boar

raftar ingermertioReshavib et ek PRe ebiNe SRYs Walst%/e%ﬁaf‘é (ANl care and

V@RHMEn PRREMIES Ac I0eap RefibnaNed EuloPBars DRI Giaddimes.
fromthe boar of choice are counted. DNA

upt ake/ i ncubation: 109 spermcells are diluted into
178t fdr pddenbe bf @it tRsgéie// 124751 PCT/ DK2007/ 000204

After 115 days (17.06.2005) 10 normal looking piglets were born, 5 of these were boar
piglets and 5 were sow piglets. One of the boar piglets died the following day
(17.06.2005). Blood samples were collected from the piglets in 6 mL EDTA blood
collection tubes. Furthermore, blood from a wild type animal was collected as well and
handled together with the 9 aforementioned animals. At a later stage semen was
collected from selected animals and genomic DNA was isolated. DNA was purified
according to standard blood purification procedures in special clean laboratories, in

order to avoid any possible contamination.

The PCR reaction was performed in a total volume of 10 uL consisting of 1 uL 10 x
MgCl2 free reaction buffer, 0.4 pL. 50 mM MgCI2, 1 uL of both forward and reverse
primer (10 pmol each), 0.5 uL dNTP mix, 0.5 uL DyNazyme EXT DNA polymerase
(1U/uL), 0.5 pL DNA template (50 ng), and 5.1 pL H,O.

Forward and reverse primer used for the above PCR procedure:
PHCMV_682F: 5-GATTCCCCGTGCCAAGAGTG-3’ (SEQ ID NO:93)
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87 0.4 pg linearized DNA/ 106 spermcells is added
(that is, a total of 400 pg linearized DNA) |ncubate

wao®7m41snat 17C To avoi d sedi mentati on of the PEl/DK2007/000204

invert the tube every 20 min 5 ggansfer the tube to
roomtenperature, and transport it, still at room

teS eql;\ature to stable facilities. This takes approx.
10 -4RNE-TTROOGASE TERaOB Toe TS S A A8 T '
applied in artificial insemnation. Anina égéé}{@ %&9%5
reci pi ent sows (Danish Landrace x Yorkshire) at

heidushdairy PCROekgti i '
A RO T T o b o i
i NSErA RAtIo Iy Wip@ serditianselnitial devaturation AIP5°C for 3

st Aitd dedaturadioniah85i®for BO 866 Al i@t o,
acGY r st abdlﬁgovzglb Eﬁé@r%ajtaé[*%g. %@H@rﬁecr ement

' iLn.the |lqca
was ;gljégg? gaégrfglpﬂ"\ferd yn1le'?5"” Y 2iNgaten BIoR°E rrivwtle Heurthermore, 35
ab¥/Cigt fsec d2nataystion SE98C, : N :
1%,@}#&@8%{1%095 d Bﬁ?gg edur esx.aa%%% ?‘efg‘té‘%g“'ﬁ%gg@?a%ﬁia‘m of
for pregnancy aguge Enggyer #ith arfinahelengatianistep, at 72°C for 7 min.

showi ng that only one of the sows was pregnant. Ani nmal

C H|So P, | nent al procedures net |ocal, national
and Eur op%l%%&/%h \g’ﬁh VR &rmRedentialis ransgieniorrigiets @ad ¢TCR reactions

t Here caiied ebon ROrifAfdt BNA 23 Jestdibsd Gbdvd @I%%%O%lg éhag gli animals

' iglets ) b , 5 of t
TR Ao BaE e Vansdenie T trmemeobor 500 bp- However
mfisetcsMdiamchat be riiled Iheim & ibili ... Bl ,
gg%pﬁ Céﬁ ﬁurﬁgfrlregt g g fe{rﬁ ?m ﬁég Ibg%lofgtﬁ 3 3?%)?% arﬁ'_m%%%ﬂvmg

blood ¢ ectt®n tubes. Furthernor e, blood froma
wild type animal was collected as well and handl ed

t PRRkhSte Wfﬁ‘ggw@g& aforenentioned animals. At a later
S

st age senen Esbl | ected fromsel ected ani nal s and

gBYRIfeCloDRAsTRathd tsarisgemslto MANCgMRSat il i ordi n
t@a,%tggﬁg ﬂ'e?érﬂ‘?u‘? urifi gﬁlti ?)n pr%t?gdtéérﬁg?rﬁ%ggoe%rilséﬁrgthat the
Ctlgﬁ?,lagr l'a @grta ct))ri &8 49M cgiRidretedrraniBNg hasbepo esirated from sperm
cHWE HRidieitan boditse 4BERaNE48US) OThe\RFiHBRI QS T Whs Bocompli
t @4 I -10. pL_consi sting of 1 pL { A Wap Gccomplished
lgzQﬁcr?jzafgfr%'é’gg']:ra aé'tf'ij”%'r%’%ﬁ’lﬂ?‘%eéif’feio. 4 pL 50 mM MyCl2, 1 pL

tapgard pugfisediod peomdueyer se  primer (10 prnol each),

i 5 pL me EXT DNA pol yner ase

?31@ L;ﬁéﬁf%!&ﬁ@@éﬁw%mdﬁ% ﬁlﬁé@e g@qu?l!ommgoy&yentrtﬁmdﬂaﬁ for 5 min
ESPRBY trramteresftardiee pudeneian SR &ﬁar&é&?%@\@% eated twice
P e PO T o s v

CSEG 1D NGBS 142475 VM BEY) aneo¥9ml0betn £ wasadded to
each sample, where after these were left to incubate at room temperature overnight

Subsequently, 180 pL 6 M NaCl was added to each sample and shaken vigorously for

approximately 20 seconds. The samples were now centrifuged for 15 min. at 10000
rom and the supernatant was then carefully transferred to a new Eppendorf tube where
the DNA was precipitated adding twice the volume of Supernatant and centrifuged at
10000 rpm for 10 min. Subsequently the ethanol was removed and the DNA was air
dried and resuspended in 300 L of nuclease free water.

Buffer S composition: 10 mM Tris HCJ (

pH 8.0); 100 mM NaCl; 10 mM EDTA (pH 8.0);
0.5 % SDS; H,0. Feo
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SNCA- 4R 5' - TTGCCCAGCTGATCCTTTTTGCCAAAG 3" (SEQ I D
NG 94) The touchdown PCR reaction was acconplished in

w@2@zn2Bap(r) PCR System 9700 (Applied Bi 0sysPENBK2007/000204

under the follow ng conditionsgg Initial denaturation
at 95C for 3 5 min, denaturation at 95C for 30 sec,
t ouchdown from 62C to 57C with a decrenent of 0.5C for

2ﬁre§§r€0e cﬁleHé ﬁ%ﬁleB)SI\ﬂCAﬁan@fené lw% @ﬂéﬂnﬂféd@ﬁ DR o lHfied from sperm
ycle. Further nor denat ur ati on

gel fiom brprs ééﬁ%rﬁ%h rf‘éaﬂhowg '%Flgs%a" BR@rS DamkQredine transgene in
@G 0152 FEona dpskisdstle bags b taihs Bodorlbdidlor a

el ongation step at 72C mn. 10 Bl ood sanpl es
\/\%W'@a{ﬁnat”ﬁaﬁ‘%ﬁ'/\ﬁt q‘%‘?rﬁ’i‘%tag}%’mél ly transgenic piglets and
PCR reactions were carried out on purified DNA as
descri bed above. Fig ows that all animals

. S
(EI@QI@IWT)”%@@”@%P{Q%arrf’bdg?@dl ng the transgeni c DNA

f hla@ g?rﬂbtoﬁqu WER dhigervEaWeiHede boaﬁ@gﬁh@ S GRN7 AIntHe The pigs were
rul e nel er

L SAHERPY KB keroehapd aletiEstan Keid DepLinySHBenishirat. One boar

024393¢ Bhd e rbstPrétefunted &yra;stafn@rvwwbﬁ starnam@gﬁ@ BoArsho®sl a
generatlon it is i ort nt to ensure that

t PG ERVAT CHVEd EFRNVEY) RATK: ISP 7 BEUFFIE tlSﬁ'cheW%% BPSerVasNA

hagsQAtNloRibSimTE &rdi IeMBiGPRRIM thé Bbhtssidd A% Uhﬁfdm During activity
boar s %490 and 4908). The rJg{urlfl cati on of

AR BIRPPISFRIger Oiéh%?i' N@Se?bé% Rerdfiere AreRqunesy EIB\I'?‘OF was seen in the
pﬁ&fk%%pé@auysx/mrdﬂhédneau wa‘slrénaécu qmembmg@l un@@ wsﬁﬂ)é)mFthe il and in
washed in % NaCl WE %

c%?fttipﬁv\ﬁbeair%ﬂf Yt '“@erm'tf?”f ared d5RRPR] whep {115 baay was at rest.
f'ﬂlﬁ’@fré}ﬁblalgthe‘é@%ﬂd lFr;%@larN@lg torsEnks whikh Mwe/\aéarrvw@esiﬁmed by visitors

W Cce .an ronase

e Bor ofihe Rt ieoas deearEe Wb s skt by et iheres very
aélb@r ahhemcenwum arefitd Wher psspraivereadirclin alouRBTRET 66 wmt a normal

NsEiine CoRESHDRGH TR B RO Y BPr el as e My vaments

ZQe&&WQEW The ge il Rste Wt healthovaTiariely insdfedieticind 1Be boar did not
mn. at 10000 @m and the supernatant was then
cSHU AM SIS ARS"Er red to a new Eppendorf tube where

t Dae AtV RSer PoarH# m’eﬁ@wfed eRaldingg. Trw'n@eot ey alfamdotfan had

supernatant._and centrifu at 0000 r, m or

i’ r.ea%%Fi)%'ga' %?{%'lyf e %Pﬁ‘é{r%‘?s %a LABIRY %H&”PHIHSM’AO”OU“C“

V\&émati dympisrne tadd Aot msnspeaded in any30ligldeséribadclyad®ees in pigs

ee wat er ogposi ti,on H

slr5s: 260" KalRen. Wik hineBear Pavaelts wee ettt

FE’(Q&déféchﬂﬁthdr&ébE&b kAT ISR RS/ (20PRppréEhPiges encll ofas seen. A

pr&qrm%? g%alﬁhy&xﬂ gﬁgp%%%d%?é?& tuvr\nla%wa c?s an a%vmg p%n Since the latest
examination one month earlier the muscular atrophy had increased and spread to both
sides of the back. The backline had become more visible and the neural spines were
more protruding.

Sixteen days later the boar # 4363 was sacrificed and dissected for further analyses.

Pathological examination of boar # 4363

Boar # 4363 was sacrificed and dissected. Samples from different organs such as
heart, liver, kidney, lung, spleen were collected together with samples from testis and
selected muscles (musculus longissimus dorsi). Also the brain was taken out and
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cells fromboars 4363-4371. As shown in Fig. 22 all
boars harbored the transgene in the spermcells. A

WEgR702478he expected size of 800 bp can be obseCT/BE200/000204

for all aninmals although at djffferential anounts. 5
Phenot ypi ¢ characterization of boar # 4363 First
synptons were observed in three boars at the age of 17

r@ﬂ&é’ssrntoTﬁ%dW&Gsdeﬁ Were Qﬁ%ﬁté@ﬂté’&‘ sé?@fédreér%ﬁ %Hd @ﬁﬁjer snap-frozen
veterinari an Kel d Dani sh t).

#rdzey "‘h@ﬁ“@'ﬁ@hwﬁ%f\ﬁ@rﬂbfﬂ?wﬁ%ﬁ 'é@/tr?@tcbfﬁ%’enWéW sgmﬁﬁ W@e
té}ﬁb&%ﬁ i% BQr\éﬁﬁ% §hcl:@ vﬁﬁqraomir&ome%a @uﬁj'éﬁt‘é@% G%Fafﬁét)ammgs

back. Loss of nuscle tissue was observed nmuscul us

| NiRgfiAMGrAiRinige P& fhin-leyer sactiensiem subsientia rg@ﬂa rgvepledprgsence of

URRr R0 & ProsPef t'h@%e@%b%etré/ shre BkFRRB N fachif B d 5 cIEQresegregatlon
tail was observed. Mire pronounced trenbr was seen in

t braweere e nusious; fwcﬁesplqmﬁm virplasendiges) rimdady, asskewn in Fig. 24,

Was-siifiAg YisdidehnkPatbd 8hfudkén ﬁélﬂohé"wm?ﬁﬁmbio% Iacmge (holes)
tremor was intermttent and di sappeared partly whe

t WMiich s cleaindipationcaf neyeal dpgeneralioBr i n head and neck

vwgtavmﬁgs swan%gdlyre%r t%rlagme ‘P\%ro%é (M) WA 8188 chﬁe\'ﬂ'oil't b@&% thin layer
nd by Tl sing boar appeared wit

r$Q§F‘@P%J&9 r %‘é&tﬁ @P%WG%% @Hst{'ﬁé?@/m ELEI y‘aéﬂbTEﬁf auwa?fao“

tdﬁﬁ%nﬂﬁé}gﬁ%ew%bnﬁ)&ﬂ@'b% r‘é’&uc%doér{dci)'mg rér"n@h*\ﬂﬁ; dc%pamTrﬁBr@nc cells
is not a normal behaviour. The coordi nation

| anereureRl! yagmey tabemegre r@%ﬁﬂeﬂf@runof%e%venent s were

ViEdr¥eoflp@Wson A 8rae 8ah Ak rhph ﬂurﬂfp@ﬁéé EBo\éﬁém‘n%Hg@rl H staining.
unaf fected and the boar did not =20 show any signs of

p'%i‘l"ﬂem@ﬁé“’%‘ﬁmﬁ@l‘%?%\s V58 PbeerMeb3 was exani ned. Trenor
oA dradstainfgeditied & IntdiRe stdiMfg RARE %e%baé@a‘ria%mfl y

and were now present partly as resting

RGHF ARG dRN indisabion QhnipRQmseh BB OR a6 SUBRREIo) n

awms@bl; la@frod)RSECArk PREEISHAEEIRNERS abtiveRhB@mmARST &nd r%@@ime gliosis.
Kel d Dahl Wnter). The boar's novenents were Ve,”égs ow

aYRIY eresiigy érspgcifin RMERQS{AIBET RS SrHPIRY: HeAg A ggaised against

PRMRArEa aRRUSBRNIEVEalal phithed of Ilarg}@s?rﬁﬁﬂbm éggr’@@ét@g|throughout the
heal t hy t%‘%&!@uld|m’red|ateliturntovvar an arrivin

pEPSRSITeP 19l 1 ruYCIeiR gApRatRgt in dhe eplkbagtif and extraceliutar

egtrlouBdingde nuscul ar atrophy had increased and spread
to both sides of the back. The backline had becone
nore visible and the neural spines were nore

PhQ@bh&idsibg, all%tfﬁilé@n@ BxAlanatiordt @ hohhe 4Q®:§ére#blée3@3ndﬂ@éﬂlve for PD.
sacrificed an g ssected for further anal

PRI SRo5ah ke PrdifS 816 AhsEred. Leyabastin are aggsgnal symptom

VWSPBQM btfelséﬁéb cﬁ'rL@ i€l héé@‘dt@‘ﬂeca@ﬂﬁlﬁfe&ﬁe fdé@éfbﬂ’héﬁtfﬁrﬂrﬁrogressmn
ver

R, R S DIeBRIar R RPISHINg hBS SRR 2SI i eLaar & Aaog wes

HachfdeRitbe @anymche prdghksionl of diskasd iAxhausaitlRaSh the AbS of 18
t he g ain vvas taken out and WO 2007/ 124751
t @@W b %@Q@ arge row of the clinical symptoms of PD but without complete

resting tremor it was what could be expected at this particular stage.

Fig. 23 shows a Nissl staining of substantia nigra isolated from boar # 4363. The
figures clearly demonstrate that there are fewer cells present than expected from a
normal healthy individual. Furthermore, neurons in substantia nigra look abnormal and
also presence of cytoplasmatic vacuoles and shrinking of celis is indicative of an
abnormal condition. Lewy bodies are not visible in this staining.



10

15

20

25

30

35

90 divides into to halves, both were dissected into
di screte regions and either snap-frozen or fixed in

w0 ororat4iehyde. After three weeks fixation di ffRCERK2007/000204

brai n sanpl es were enbedded Id(ﬂ paraffin, sliced with
a mcrotone and subjected to different st ai ni ngs.

Ni ssl AMG staining of thin-layer sections from

substantia nigra reveal ed presence of 5 neurons but

nost of the neurons were shrunken with | acunae and no
dP@aiRégr egati on  between the nucl eus, nucl eol us and
cytoplasm (Fig. 23). Simlarly, as shown in Fig. 24,

HE- st ai ni ng al so denonstrated shrunken neurons wth
rfuHBREISSIq Rig Mlede! amBREYfAIzhaimerts Disezsec| ear i ndi cati on

of neural degeneratl on. A staining procedure for

tF}%osi ne drolase (TH) was also carried out on the

N1 39@ EN? Iselationoaigd sephen¢iRgul t s showed as

' Fl’lb Bedif %rﬁghéd"yté: laBd liver RNW as olat&®wity méeleorféaagent (Sigma). For

dopam nergic cells seened to be reduced and
Eﬁqﬁ Pl 2fiNh thenfeliqyving pdmprs wegn &s%(ﬁ%@ﬂ‘lfogv@éﬁeﬁ to

bﬁG@ﬂG@K@MQ@Aéﬂ@*M@@(@B ('_SE"Q FB)N@%S)SP@E@H%EMM EcoR1 5'-
rom a ni - ? was_ al so _exani ne

SabeA Cieren TorAREANAA-E (BRI DNG Y e.
]@E-&N%e&s@ﬁié’dm @d@@ﬁ)\?ﬁC@CTG%@ﬁ?@W@M%GNCﬁ\@% (SEQ

nesencegha on of boar # 4363, an indication of

chhhfa@ﬁ ddnei RE-PSRvsartinn \ﬁ@fdm@qltpaé%q at @,:{:éorﬁg min with the reverse

Wﬁ‘?‘?ér%lﬁm@élttfyqfdlﬁQﬁth%@PBEN@%M&\GL%ﬁ?W&ld@S@Q’(HeV@rse-EcoR1
i nfl ammati on "and reacti ve

RTS8 FoTSHianS 04500t  1in R VBB RULPri5 88 672°C, 30 sec; 63°C, 2

aniﬁy%%\lvé’dl By aliﬁbr@or@%tlbﬁls@%@t @933 159 &7 iRy 'ﬂ?ﬁblﬁed DNA fragments
-synucl ei n, reveal atches of |arge ~-synuclein

RSP BRSO ARG eI aNS SDerUERshY. SpHNERO PREGPR boipned into

BHCHRYARI EJIiBivEd %ylmwb@mchfbri AR %'ulen&ﬁéjlﬁﬁ RanndCR of PSEN2 the
extracel lLul ar “sorroundi ngs I n caoncl usi on

PHNENGBIRENS W arHSRA (o2 frrWBta P’ %C&?éé'?%ﬁ%(&ﬂ%@ﬂﬁ@c -3
| PEE g2t veesd GEPD Ndﬂgwsemom@w@m@hetr@mmdos@ ID NO:

are observed. Lewy bodies are a cardj nal nE)tom 25
¢

%) Peeierse dappetptign r%?t'?%wﬁééa%?ﬂnﬁl'éh‘?%ﬁ%lﬁ N layigogeereverse

dRnetRRsR %S/st@ﬁ'd(lrw t%eﬂ?ﬁhd)ﬁ u@fof Ria-_e a@@ﬁ?blﬂg@é treMmaflfacturer's
the m ssing I'd easil be that boar 363 was

§%%§N°F"PQ%§“P6‘%9L@§F'Y yhe R Cﬁf@%ﬂ"@@'&‘@s@”&? ot & thedqiawing\g

tdaadineas: (Wasc fdr 3 hm, eg@y@és éﬁgﬂ@%@éc 2BCsBOBVEABSEC, 2 min,
Iar e row of t;we cl.i ni cal sg:&grrrs of PD _but_wi t hout

doltrvesiky 2 firal siangatioresiap af (AR)- émw'féedo'%Né{i?@me@EF were
eﬁurméw ﬁromasrgtamsél s Shdither a@edﬂy@eqae%céb @%loﬂeadirﬁcstR@) 2.1-

sta ol a d from boar
53%5 B hctor(RitiReenibBaraahialiE Rut e PRAEST HsRoaTRe Porcine
PBEN1 &8 bSEIﬂQ eBRIA séqhaﬁbe@wméts@@knﬁtéam &enBah cceSSIon numbers

AL L g eurans 0 SUbst a3

cytopl asmatic vacuol es and shrinking of cells is
Ié]Adé—ﬁgbnd\{seatlgfn an

Radioactive probes were generated employing the nick transiation kit from Invitrogen
which incorporated [0-32P]dCTP into the PCR generated PSEN1-exon8 fragment.
High-density colony BAC filters (a generous gift from Dr. P. D. Jong) of the porcine
genome were screened with the PSEN1-exon8 probe. The filters were pre-hybridized,
hybridized, washed and autoradiographed according to standard methods. Positive
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35 abnormal condition. Lewy bodies are not visible in
this staining. WO 2007/ 124751 PCT/ DK2007/ 000204 91

wE@MPL4EsSB8 A transgenic pig Mddel ani mal of Al RCIEDReE07600204

Di sease 5 PSEN1 and PSEN2 |sqjpation and sequenci ng
Pig brain, |ynphocyte, and |iver RNA was isolated with
the TR -reagent (Sigm). For RT-PCR of PSENL the

f%%r%goéﬁ'h‘sé@éﬁd BRCDNA %ﬂp&ﬁ@%@lérfé"s%ﬂs Ited using the alkaline

Aesipmethnd fasgtipedimy Z@nglqj al. (S 996). BAC clone 388G9 contained the PSEN1
%éﬁ@%@@&[@ﬁé@%@%%&‘é&' fopidiehAEgdendeeddeldoNO 96) |

ENI reverseEcoR
5' - GGCGGAATTCCCTGACTTTGITAGATGTGGACAC- 3" (SEQ ID

'\@e@eﬂhon-r&f‘?nt%ﬁ edeh&2fmtdrPatids | ncubated at 50C for
mn wt he reverse prinmer followed by PCRWlth

tﬂa@ %@N@mr&ﬁéﬁ@ VERSoTROUaReedNENANnARrS decsteddB srpns S, 7, 8 and 9 and
pﬁdlﬁ(ﬁ@%\%rdg Win&rbﬁle%eél%@eg Olfab?e @bﬁbws?’ﬁne%h&sp%ers All exon

5 sec 30 sec; 68C f ol
fandaflan&ne m@&tnl%wwaae%weresﬂgp%tedﬁsm @ﬁppewpmsm ’tm@enBank

f (rREERMrSunBErOdsE24E).ed from agarose gels and either
directly sequenced or ECoRl cloned into pCDNA3

foll oned by DNA purification and sequencing. For

Rﬁab?&éis%aué’&%lél%fghﬁersféﬂd @4 116 PURMRbBegCr € Used

98) SEQ ID NO: Application

I MGEGTH RO 20 98, The BAC
fr%ﬁeﬁﬁﬁ 5 aRser istcAtcheR/IA e MR RS CONDl | ghed usi BEC
td’mme\h nvitr ogen reverse tr anscri pt ion system sequencing

(Frﬁﬂvﬁxmoge’nr)varand -GCTAAGAGRTTEEEATCARIM G cor dit9g to théACllJ ;

Gfacturer's r quently, the PCRSEE encin
n,%%;gﬁ)foanyv\%\'sersgarsr ?éé &%%AQN%AWS”H?&?I oW ng 1é)z‘}'andl ti ose%iencmg
(RHACEfar 8 o, sBECTYEITEAAMTAGCIGAGGAE sec; ©dC, 30 Bac

seioprt68C, 2 min, followed by a final elongation st eguencing
Egizplg%@nf%rrevp% ﬁij CCATRANF PP TBRRCE ARG FENt s Wére 25 Eg%encmg
d, f a %@;ﬁ r direc
,gg,e%oged fgr?/g']g I %ﬁ‘é tg % %&?ﬁ%{ﬁ? TOPQ( r Vect or Sé\q%encmg
(FI‘S"IVEiohogerB\)eréeolsf emmmiwwamwatl on arnd BAC
i%@énm ng. The porcine CFSENl and SEI\I2 cDNA sequencing

¥eeS IRPd SUBMTATIAC T&Gééﬁﬁwﬁ? CAccessi®Bn nunb &g screening

B24165 2Nk DBESALTAAESPRALAYEAMRCER 100 SNP screening
BAehybri di sati on Radi oactive probes were generated

etfdl Bxonng foriverdniSCRCTACGASTAIGABACKEECATADEB] nvitdr ogen SNP screening

L oRRRL ARSI L 01 1o PORGENE! 1 Gl

(Bs10eRar QU‘Srwgﬂdf ts-EcauvaAETcRTACRTGEPRE) Of thA2pOr Ci NENP screening
geimerde were screened with the PSENL-exon8 probe. The

Rt gpg heperssr S-AGEPATEATBEATCTCTTTG-3 113 SNP screening
primer2
PS1 Exon 9 forward 5-GGTGACATTAAGAAGTTTGGTGACTTG- 114 SNP screening
primer2 3
PS1 Exon 9 reverse 5-GGGTGTTACCACAGCTTGGAG-3' 115 SNP screening
primer2
PS1 forward primer 5'- 116 Real Time PCR

GTGATTTCAGTATACGATTTAGTGGCTG-3’

PS1 reverse primer 5'-CACCAACCACACCATTGTTGAC-3' 117 Real Time PCR
PS1 MGB probe 5-VIC-TTGTGTCCAAATGGC-3' 118 Real Time PCR
PS2 forward primer 5'-GGAGGAAAGGGGCGTGAAG-3' 119 Real Time PCR
PS2 reverse primer 5°-CACAAACCGATGAGGATGGC-3' 120 Real Time PCR
PS2 MGB probe 5-VIC-CTGGAACACCACGCTGG-3' 121 Real Time PCR
GAPDH forward primer  5'-GACTCATGACCACGGTCCATG-3' 122 Real Time PCR
GAPDH reverse primer  5-GTCAGATCCACAACCGACACG-3' 123 Real Time PCR

GAPDH MGB probe 5'-VIC-CATCACTGCCACCCAGA-3' 124 Real Time PCR
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35 hybridi zed, washed and aut oradi ographed accordi ng
to standard nethods. Positive WO 2007/ 124751

weam/mxae07/ 000204 92 spots were | ocal i sed aneiCBRE2MRA00204

of positive clones was isol ateg using the al kaline

| ysis nmet hod descri bed by Zhang et al. (1996). BAC

cl one 388& contained the PSEN1 genom c sequence and
was used for intronic sequence generation. 5
CGeneration of intron sequence information The BAC
PNRECEEBY was sequenced with priners |ocated in

eXQIAe 507,  an@ 9nd ﬂgnﬁﬁg lntri%ﬁ's%ué?ﬁ:eg Wé@é S phifR by PCRMbrimers
seq uences. Tabl e shows t he prinmers. Al exon

dﬁt—fdfln &#hle BYNFAK $HHTS§W§@&1§@?@&3*'\‘R}@} Exaféﬁé’é‘ﬂtﬂé‘ak'ﬁg ingron
%Q; éqpél:b%%irmﬂed Qt @i\@ﬁ@ﬁi‘w ('@@N?\S T for 3SR and 35 cycles;

%246) 10 Tab Sequences of _priners and real
PEReR; r6<9b%52q3$5i°m§? %rﬁdﬂ\@r Brs? se‘a flantdrg iskren sesygnRces were
Aé?ﬁﬂ)llfl%éta't Qéhdlt%'ﬁls RAT S1°0F6E3 min and 35 cycles; 94°C, 20 sec; 58°C,

GCGAGGTGGTAA TGG- 3" 100 BAC prinerl sequencin
p’élse&aa G 1r’@\?e|5é‘én 8§ angfamdirshniansegyencseerssampiiipdgagonditions

r('i?é_ltr)msgm@fw'snﬂm an8l3skxeBs; 4 or YREst: 64°C 30 sec; 72°C, 1 min.
CGTTGCCATGGATTAC- 3" 102' BAG

S@w&gn%@e flagking yronBenueRaes avere almphfledIO t condmons 50 ng DNA;

59&@&@“@@%&%3@6«%@43@ ztﬁé’eCBéééc ROISEEI72°6EuaN AINRCR
PSI Exon 8 forward 5'- GAAACAGCTCAGGAG

@duiﬁ WRES qnc%t@d%wgh ﬁﬁozapgt 3EXQ|{or81 pw@r‘géquenc:ggd\fmth the
HorddrAGAMMETBOA AR TsE (e rces Wahe BASIyzdd iisiy PolyBace and

sequenci n PSI Exon 9 forward
5eh dTEeMeSTG 3' 106 BAC prinmerl sequencing
PSI Exon 9 reverse 5 - GGATACCTTCCTTTGGECCTTC- 3" 107 BAC

prinmerl sequencing PSI Exon 5 forward

S'HY@@&‘FW%@@QGCISGCTTTGTG 3' 108 SNP screeni ng

PA 'pHﬁ;Er% iB3kntfeaiatio cERM@riipanel was used for physical mapping (Yerle et al.,

p}qgﬁépﬁbotﬁéﬁh ﬁ%s%%%s%m t Se)e%oer\D Sﬁor(zvea(;3 Iar%;1 reverse primers
2 were used for amplification of the probe fragment. For PSEN2 the PCR primers
(PSEN2exon12F; 5-GTTTGTGTCTGACCCTCCTGCTGC-3’ (SEQ ID NO: 125) and
PSEN2exon12R; 5'-CAGATGTAGAGCTGGTGGGGAGG-3'(SEQ ID NO: 126)) were
used for amplification of the probe fragment. PCR’s were performed in a total volume of
10 uL containing 10 ng DNA, 1 x PCR buffer, 2.5 mM of each dNTP, 5 pmol of each
primer, and 0.5 U of Taq polymerase (Bioline) under the following conditions: 94°C for
3 min; 35 cycles of 94°C for 20 s, 65°C for 20 s and 72°C for 20 s, and a final
elongation step for 5 min at 72°C.

immunohistochemistry

Fetal pig brains were immersion fixed in formalin and paraffin-embedded tissue blocks
were produced from various brain regions. 10 micrometer coronal sections were then
obtained on coated glass slides. The sections were deparaffinized and pretreated with
proteinase K for 6 min. The slides were blocked with BSA (1 mg/ml) for 10 min.
Immunohistochemical demonstration of PSEN1 and PSEN2 was performed using the
EnVision+ System-HRP-DAB (DAKO). The anti-PSEN1 antibody was a rabbit
polyclonal antiserum 520 (a generous gift from Dr. Poul Fraser, Toronto, Canada) used
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PSI Exon 7 forward 5' - GCTACGAGTATGAAGGTGGGATATG 3' 110
SNP screening priner2 PSI exon 7 reverse

WG 2000CANEIAGT CAAGATAACTGG 3" 111 SNP screeni ng PEF/DREe¢02/000204

PSI Exon 8 forward 5'- CCACCATQLGTTTACCTGCTA- 3" 112 SNP
screening prinmer2 PSI Exon 8 reverse
5' - GGCCATCATTACATGIGITTG 3' 113 SNP screening priner2

Re4 . footdiufiord wrtHVﬁfcdbénoh%%ﬁl%@%@ﬁér%%ﬁﬁ&wés%e mouse

SNP screening priner2 3 Exon 9 reverse
ENORFGIONGT

?@G@@dsn 1 ﬁ@si"sw with erbatign tigrg #rbeyrs

g_grbcérﬁ WRER: Wéié@fun?érsta%é@wﬁ%ma-[b)gfeno tion. The slides were finally
CAGTATACGATTTAGTG G CIG 3 reverse priner

FoversteReerithaeneraiierous Mouptinggriun (RAKZR  ps|
MGB probe 5'-VI G- TTGTGTCCAAATGGC-3' 118 Real Time PCR
PS2 forward prinmer 5' - GGAGGAAAGGGGCGTGAAG 3' 119 Real
TReR-tiperavapiEtive PERsESSAY i ner

St mm%%%Tmmﬁlluﬂaz@oﬁﬁﬂoﬂgknﬁpﬁ’&%mpﬂ&brﬁtﬁ@tem and
probe 5'-VIC CT Real Tine

esploanshiaden o, .%ﬂo% wé&é&éﬂ@l@@ﬂ@ﬁt}r@w@%mg ifzezTR'

R@@é@gﬁk’“ﬁS@@&Wd&& Wgﬁ @hléé@'agggftu%r rsrénsér&%hons Three separate

NiSBURS WBEe apRlicd far GARTTAEPEDERRIEERGAIMS ingeAtateR) qu*ﬁilﬁ’é a total of 60
REmpEe. 208 févetdd ﬁén%ﬁmg@tﬂnqm%onﬁﬁsh@%mg an Invitrogen

screeni ng Exons 5, and flanking intrao
SEYeIEn érégsw&t'en éwﬁﬁmf(lrwarosyn)mﬁ e PhRNG acp?f@tr@éo ithe

tAbh@adurerd %st@wor&,c CRaRitae 3B Al tInQ@PCRW)aS med aBiflg the
f1 anki r&% i ntron sequences were a

ctafan ﬁ%sas@nﬁfwmpbfzp%@ fign %B\rar?p% PH?g 7980 S§aygwe detection
%@enﬁg@?@ﬁ\ﬁphe@(@osﬁ%rﬁﬁcﬂnﬁ&g andl GB.prébedwete Madigned using the
CBHEP PO SOO M DR (NEAPRIGH Lo AMsh Pod8a e fogwerd and
%Gersg Qnﬁ%ﬁi spantHed arddkoh&Kon jfifitionl TﬁbeG BXpesbeBrvad§ynthesized with
SYCr EXeR0T % &Y SR ki G P SLeresh eontey deaes GAPDH
aﬁléé citfdchee ,the7 Sﬁaogbn%@conl@ @@meﬁm@mbrwwéé ayﬁshésqzed with VIC
(6 (OGRS H 15 AT BBIOBSR Fledetdift I IR g Somsits mixtures
20r PSEN17RSEN2, SAdGAPDH WS/ prepared and consisted of 5 uL 2X TagMan®
Universal PCR Master Mix, 0.3 uL of each primer (10 pM), 0.25 uL probe (5 uM), 2 L
of a 5-fold diluted cDNA template, and H,O to a final volume of 10 pL. Real-time PCR
was done under the following conditions: 2 min at 50°C, 10 min at 95°C, 40 cycles of
95°C for 15 sec and 60°C for 1 min. For both PSEN1, PSEN2, and GAPDH PCRs were
performed in triplicate. The cycle threshold (Ct) values corresponding to the PCR cycle
number at which fluorescence emission in real time reaches a threshold above
baseline emission were determined in SDS 2.2 (PE Applied Biosystems). To compare
expression patterns in the various brain tissues at different developmental stages
MRNA template concentrations for GAPDH, PSEN1, and PSENZ2 were calculated using
the standard curve method. Standard curves were constructed using 8 fold dilution of
day 115 frontal cortex cDNA (4, 2, 1, 0.5, 0.25, 0.125, and 0.0625 uL). The mRNA
quantity of each amplicon was calculated for each standard and experimental sample.

Statistical analysis
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products were incubated with exozap at 37 C for 1 hour
and sequenced with the forward anplification priner.

wab@7aaeences were anal yzed usi ng Pol yBace aneCT/DK2007/000204

checked manual ly in Consed. 1gygHybrid cell mapping A
por ci ne-rodent somatic cell hybrid panel was used for

physi cal mapping (Yerle et al. 1996) of both PSENL
2y &g of 'as“er\ﬂsﬁmlpséﬁz %mes&orf @b&@%@t@é@% a.ﬁé/réﬁ@ﬁne of
primers were used for anplification o

f@e@mﬁt\fv'fhpfbﬂwe PSEPletisspeRwerq teeled f@'cﬁt@tpsgmmm:e using the

%é%%loﬁﬁt%g@ﬁ@ggﬁ%? @st%tlst{cg—:@olié? %ledlﬁég th%r]ﬂalr Wise

1559 ReliosatiarsRandasrisatiap Telst J@ﬁ.aéﬁurepthmeg@ndweﬂormal distribution

f SrageRk waDsqv"oﬁieWeéﬁ‘d &ﬁérfeﬁéé'@ﬁ ekgreé‘SIBHB@{we\éﬂ Zdr'H@psqxlere assessed
10 pL cont ai ni .

ey RmrBans f n%@tl%ﬁalessgﬂflcamq Pefandamization Thedevet ggprobability

p\l\?éé’sf@ ra@ﬁ& é B5 ‘é's'sthbstlém? §fgnﬁn@§ntfaﬂhl5@%@ Qarfa‘éﬁ'ﬁiiétlbﬁ @%’eps were
4C f 25 5 cycl es of for 20 s, 65

zmwmmedzmacbrcomagsorand a fi naI el ongati on step
for 5 mn at 72C. | nmunohi stochem stry Fetal pig
brains were imersion fixed in formalin and

pR#AFi n- enbedded tissue bl ocks 30 were produced from

VI%EIQU%@P@'E‘NZ&Q{WB% pidifseqmeEer coronal sections
were then obtai ned on coated gl ass_slides. The

sE Seteimanadiecclohlh spavanchios BercRR P SNEt we slesigned aset of primers

BREE Ioﬁaﬁ@céﬁsfewedﬁs %h& 3 Jmﬁa@ﬂatéé%gwﬁé Schlcef Kﬁ‘éirdﬁ'ehh bovine, and
BSA (1?g%N | mmunohi st ochem cal
|

o‘#.s'm Rﬁéﬁ@ﬁ taﬁ&DﬂégﬂEre\ﬁ,a@tmethfs@nH@oo'@E§ﬁaﬂ open
t la8dinE Y el Paktarmifife@ MGty B dqRAKSAd. TREBoriHd cOifek-Was

anti body was a rabbit 35 pol ycl onal antiserum

gtBF?é‘GB% thg ¢ @Q%neﬁhwomeuﬁ tophuaay PSENT 6902 &) b@h%ﬂéymologous to
usReaEs2Q0 7 QJj?cﬂ'V@&pé?gd %%Q@H%@iﬂe P%‘ENmprlatelrQQas a length of

dilution with incubation tinme The anti-P

21R7i BOAG aGids WhiEh FeIRe eswﬁﬂaetha%ﬂ%ﬁwws oliee b‘ﬁma” and

Un6ekd dbuﬂate‘ﬁ&arﬁa gt 28nMuitible dnfise BaE |s@&uédc€%h§nrh@h’tro? PSEN1
abcam) . Nucl wer e count er st ai ned haemat oxy

SV LA 91 hacayase S B aR, Pig ang GBS (15 780 yfihgrmore, 34
FeMaRgBsNEre SHe RIS H¥BMEEH thE t»b@@*équéhe&m@)of trfesa%tngtdoﬁservanve

dantitative PCR assay Tot al was | sol at ed

CeQTBIRREISPO p'ﬂr%ﬂt'ﬁ?us@d’ﬂ’%&i{ed ﬁﬁ%%&ﬁﬁﬂ%‘t'tykﬂféﬁr{%%@ﬂﬁ of 50 amino
aermh chingas war@hrisanfatioen 9@, coRr SEIP had8 tenbiliPofdengsarfthé acids and

GBI PaFEoTY Y DR e (8 0EES & HTHSe Rt GREdvaeeand
SRP3E,adow PSEN1 is the PSEN1 variant that shows the highest degree of identity to
the porcine counterpart. Mutations in human PSEN1 can be cause Alzheimer’s disease
and it is noteworthy that none of the amino acid changes between pig and human are
located in positions known to cause Alzheimer's disease. (fig. 28)
(www.molgen.ua.ac.be/ADMutations). By contrast, at position 318 where human
PSEN1 contains a non-pathogenic polymorphism, E318G, a Q residue is present at the
equivalent position in pig, cow, and mouse PSEN1 [53]. Two other non-pathogenic
polymorphisms R35Q and F1758S present in human PSEN1 are in the porcine PSEN1
R and F, respectively (fig. 28) [54,55].

The human PSEN2 cDNA sequence was used to blast NCBI porcine databases as well

as an in house porcine database allowing the design of primers carresponding to the
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10 tissues were applied for each type of tissue and
time in gestation, yielding a total of 60 sanples.

WIb@7/124781 se transcription reaction was acconpPCERERA07/000204

using an Invitrogen reverse fgganscription system
(I'nvitrogen) and 5 pg of RNA according to the
manufacturer's instructions. Quantitative real time

Fg:@nWtH@QToG%WE@#oH%hH%é @fhonRG % ibn ®F 8RR PERine
a i_.cation in an_ ABI prism uence

g‘zp%é% i 151§ PI@‘%?§F@IW%%P%W?|CQ&‘P§W@%§PPFOWM%@Y§ 4 kb and
edudhdd AHBRAScVEA I8 ARAIsE ce%ﬁ%glwwthﬂmn%{ PEEHQ @55%) but
Software 2.0 (PE Applied Biosystens)

fYXRATBOIgSHRHS tPé\vmaﬁﬁﬁNh%[PNéﬁhﬁﬁeujdlaﬁeréﬁ@ ff«’%@(lﬁn demonstratmg
jtHaxGhé gamnmmhw@éogg BPPSERS wa¥ MdMaftid %aWsIsrbf thd Sordhe PSEN2

reporter fter an initial screeni ng w

(PR araiES Fae Fopvob RS Negsrsne BRENG faSin Gansiiag of 448 amino

eRADGSIIAES, ¥ the humRd dnh%&@@woﬁh@ﬂagou@@.gsmt RRfiveshino acid
with VIC 20 as apgﬁlf)orter d prinmers and probes

SeaueeAlioBmenhof Rt @Veﬁi@%ﬁ&t% Sﬁﬂ%‘f’!ﬁeé%e”%PetWSéNﬂ?'g and

oA, aﬁ@d ﬁ%%swee 1@@@@@@«@@@0@@%&'% g@ 08). @ompanson of
2X Ta éer B*M) Uni versal PCR Ma each

9 ﬁ% weda seaysncy w@agty(of, 9% 8 oﬁtqﬂ_zo Q{'fanges being
@oﬁ@éﬁa@l}d Th&dow %Nzem aaleﬂ%RQﬂ‘ GMQ"%Fﬂlﬁ&atﬁdsf hdh sequence

vol ume of 10 Real -ti me done under. the
SN HEORT Lmbercher s GRwnge: 6! comsaraiva Tiseas gbserved for

e
g%ﬁﬁ’g SaﬂéécNoltﬂ B%ﬁﬁe P@ENhﬁ)rSfeih ﬁf&sﬁﬂ&hfgﬂéstlde@rée of"_rééntlty to the

nmed
tprqrcﬁrpe E%Hrgerquﬁ é\Agr)egy%r it ﬁpggqi] BP @oteéttbmatmngéag the observed changes

HAWESTBB Seferices bhmemr§M@p601e§H@86at% iPSER2 positions
fl uore cence em(isn on in real tine reaches t hr eshol d

é%%V'Be ReMuitedin Algheimerrfiseine Ratipntsdtio.id9) sps 2. 2
((M@lgeﬁ @al %c%%YHDMUﬁ}Io%SFOAthléh B34 4 lf\ég’emct polymorphism,
various brain ti S a eren
2R B v 10GetiGaas BamaRRAENE 31 A5 a0 Hausioing 1gidue was
f(@hséaé}&ﬂmhé’gﬁmine@mPSEl\IZ were cal culated using the
andard C

d.

JoRdne a6H r%ﬁvﬂ"?eg&f mfgtng %W%%%%%Vem t¢ peyiing PSEN2
(Eﬁﬁtp%ﬁ?u% ﬁ(&’ﬂﬂo ﬁcgcri]stl:n tAe ﬁfeanée}gi’rﬁbrgﬂe lli?ﬁmg;}r&%scﬂh@@?@rmmus are
RahseIr e e 67t DRBH)- Ash et Some B FnER o hine.
gr%_lr_w/ﬁﬁ'@Mb%neCc&ima&n 8|(g§53 inESR03hd DQ@@ Jhpl;SENZ a?]%d téeg\Esmembrane

IR0 L1 BTN LB fHSEMEN e inePM Sqsiengr B42o.
Wl4‘3i4] M35ia FFSEI‘HB"@]ECEH414 MUBSLmtﬁ@ PSE$\.'2€?dre;l <|§t{)nserved in both porcine
ni nc n

TsEaned BaeReCSonels i e tskente g of Risde resgusetaine

wastehdeecdtalytic Mhston d?ltb@ﬂre@@rﬂlu{sqsa,sv,@e]. Randoni sat i on
Test. The assunption regarding nornmal distribution 5
of the data was avoi ded, and differences in expression

dppirerof poedifs PBENE aagFesEed  using the nmeans for
PRI RGeS T ORI NS -
pogmid PSENY aad P SEMNIOfLeadstaINdB$HoWh) FBR IStakéical evaluation
applying the “Interpreting PCR data” program
(http://www.toulouse.inra.fr/lgc/pig/pcr/per.htm) showed a chromosomal localization for
the PSEN1 gene to chromosome 7q12-q26 with a probability of 0.4494 and a
correlation of 1, and for the PSEN2 gene to chromosome 10p11-p16 with a prc;bability
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i npl enented in each conparison. 10 Results PSEN and
PSEN2 cDNA and protein sequence To determ ne the cDNA

waewaazwosl of porcine PSENL we designed a set OPCPDKR@E7500204

based on the conserved 5 andg3' untranslated regions
bet ween the rodent, bovine, and human PSEN1. Usi ng
RT-PCR, the cDNA representing the entire pig PSEN

QPBR9ES ah&%%g%la%ﬁﬁ?@ %ﬁ*ﬂ@' g&b,ﬁgd re§'ac1<gae%¢ p?ﬁ%e chromosomes 7

seguence orcine c

ad@r’f@ée ﬁwnt@nbyﬁbl SumenighreamosPoEsIT 4(29d %eap@t:twm yhis is in
PR R gn T ey POERRERe ) P72 45 ot £ i%an Poen
@@h@§31%ﬁh@4ﬂconpares well with the 467 amino aC|ds of
the human and nouse counterparts (fig. 28). Miltiple
am no acid sequence alignnment of PSENl 20 revealed a

$ingls seejeriifiecrdldeqrphisy sseaapinsrof sogsineidShan (fig.
a'%)exaﬁhﬁé R HERER vaﬁﬂtlorplp %Bﬁ;‘?r% Fﬁﬁﬁm QPs I8 HeREHRSRS 5, 7, 8, and
two sequences ese pbelng conservati ve.

@jﬁpdanggmmal mpatgrial wanstelingeof 980 éan@acwgﬂﬁh% gigssbreed sows and
458 bidey gaheBRHRENy a&yLaréQ%c%nanbc '?e.lk@h.?@éﬁw DRBMBRIIR breeds.

consServative. The cow PSENL has a | engt am no

dEPER X WeleshgsRnioe seatenee apalpsis ba%l@@ ”ﬁﬁYrQﬂnﬁ'étUtel hotspots” for

%utg&n%hﬁmﬁﬁamtmms,@m@éé@ Hmevé}nﬁ’o é&npfgewsr% idéififed in the 4

PSEN1 is the PSENL variant that sh ows

@xefie eeaions (@aka natghewn). Negt, w@re@ste@ée@ mﬁﬁ%yrp@rmsm analysis to

M&Lﬁfe' lﬁl‘i‘&wlb @ecﬁ]&@i‘?@@s RvpleN |d§ﬁﬁ‘|e9% EREINP Al gRRIJFBIS if intron 8

di sease i'sS noteworth }/ t hat none of the am no

émaﬁl%\huﬁéé@ th:ﬁe%%éﬂcepq’%j)oﬁ RBRBE24PLas welk as dwo CAT

S G O ohfortry a1
R

antrqs'om &Ppélﬁomsf)% P65, AR08 M theBNAS gegotyping data are

RORMRALBOFERbR PR Y ‘i@rﬁﬁlrﬁrééﬁs %&&@arﬁps@n@%r@ ‘f')%lyhrﬁ)rphlc in intron
present at the equival ent 805|t| on in go COow,

meat PSERRNg g%]and §dn iptree A 0.n¥ierers erdy Hie rkshire breed was

Fb@ly)ﬂHP;ﬂﬂ@ 'aﬁﬁ@snt%?ﬁ@?%‘ ﬂwtl%ﬁﬁ@SGBﬁ gﬁé‘ﬁehlﬁb%‘é@%rg %ENcordance
are in por ci ne. PSEN1 respectively

26 Pﬂam s“éqmbem SNlifral frastirging rﬂmnges&lf@m%d'ﬁa%vau %o

RlsasdiatdERith e Shpg. dat abases as well 35 as an in
house porci ne database allow ng the design of priners

corresponding to the WD 2007/ 124751 PCT/ DK2007/ 000204
FSEN eﬁﬂgséi’cﬁn inhBe 9@\?8!(5}:%9’ 688 badld the 3' -non-codi ng

| ative porcine PSEN2. The priners
é’r?%w@%F’ﬁEH@rh@m@e@bﬁmvx‘wtad)@éwﬁe'&sﬁxarﬁsmﬁmmbmomc
I@jbv@@ﬂneﬁt@é}@%@c@mﬂw I\Breeswgrcmté iRIECNSAY f @haracterized [60-

honol ogy with human PSE but onl horol ogous

531 RV PRIERTEBRS mﬁf\%%pre%@ﬁ%v%af RSN bAgS PSENZ In
AppeBsthpay, 'c@@ab’éll&rﬁaﬁoﬁtél%oﬂéi G288 g%brwla@a%n QfenPEMissected
was i dentified. Analy of the porci ne PSEN2

porcine foetus brains at days 60, 80 100 and 115 of gestation using three biological
samples for each of the time points. Day E115 corresponds to the normal day of birth.
The PCR analyses were performed in triplicates. The requirement for a proper internal
control gene was met by normalization to the GAPDH expression level to compensate
for inter-PCR variation with respect to RNA integrity and sample loading. Although
housekeeping gene expression has been reported to vary considerably within different
tissues or treatments, we did not find any significant differential expression of GAPDH

within the 5 different porcine brain tissues at the various developmental stages. The
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open reading frane showed that the porci ne PSEN2
protein consisted of 448 am no acid residues, as do

W@ b@7hetah and nouse orthol ogous (fig. 29). MPECT/PKe07/000204

am no acid sequence alignnmentggof PSEN2 reveal ed 97.8
% sequence identity between pig and human, and 1 of
t he observed 10 changes was conservative (fig. 29).

Casmaird §@Ne%r théQomcg @mbwgﬁc ho @Bpw@tm @wgg)e and PSEN2 (R?

identity of anges bein

coRS8) WS‘E‘% Wer‘#ﬁ@ b% GWﬁFS‘S@@’aW% Vﬁrsluérlﬂﬁ - 6ff cDMA. Tl siepe of the

%bﬁ&ss@ﬁ fn8 we8 UdeA EScalb iRBid é{m@unt%& c@N%ad&ﬁﬁﬁ@rﬁﬁNﬂ in each
es are of conservative. as observed

f%ﬁmp'@ééﬁ@r:gl’?ﬂs@%é oBRR/Aiee W%ﬁl@%'&wagwémthtwch type of

hisahe adatsl aef %V\@If) ahd QBédrélMglg%et MRNAD&(p%ééﬂ)n levels of PSEN1 and
count erpart. reover, it s be noted that none of

teERB iers, er ”@#é%&thﬁﬁf‘:?é?'ﬁ\éécﬁe%w @é%fu%ﬂ%%m@r orpigg-staining

Chiffel P& fineTROR IcBAfirAeR Jpa6ifié aifnfr&a{?&%ﬂhe P8bVdrRPER products (data
|dent|f|ed to be nmutated in zhei nmer's di sease

R SBAWR)- (fig. 29)  (www. nol gen. ua. ac. be/ ADMut at i ons) .
Abs@m ahé @@M&e%ré%@é&@gﬂrﬁ trssn@é ¥0BE mh|n$é1bom{s’?e?eéiaated

has been identif %@ % and th
praveves i ehquid e wafgd f@aﬁ%waa’%ﬁl}ﬂt 2 {ie WeRAStapgard
Tdt&na@qﬁh r@ccﬂ%idérélﬂé{&@ﬂ&ﬁ @Wd@ﬂ‘éﬁérﬁ@e@?%cﬁﬁ%ﬁ%% basal
i dent.i ty or ci ne PSEé{ﬁ'é and particularly am no

9aNg4 fte '?%%'8@ FARSHERD d&jo'?*ﬁil"ﬁg’ Sé%f'(i%gy BeseRithg different

Airfes GFRSRAIYE tid. daY.an 6hHtabdbAeR) cerddeiiont BRd hwo@e&ﬁ@ustthé PSEN1
aci d residues Iocate in transpenbrane domai n

RORSERR 1SYR S G PRI BA0Y1115 Fe BRI T RASRL A ey 60 (P

7= (0885p k. WH&dWO@@Q%eb PedivEN2 Yieldiifa Fé&nc’ucﬁ%f 5,2, and 3
SEN1 and P41

s 4 L435 in

e %Lﬁ‘fesﬁ'qwt'ﬁ:sé@% L PRIV ORI 1B Nipexpression in
Rl canex B%Eé\&?mgmﬁmt st wswdnhpatréwtcﬁ@@ea’dqf orgaR Shf'nlarly
%@f resi duyes, for the rotease catal ytjc function of

t h‘S? EXRIRPFPMS graduatly f%‘ﬁiced a‘ﬂBWPg" (SOFIRg H tprgRgriod of
ag&téﬁSEN?g 30). M@@b@érnmefs@ﬁﬁﬂéncﬁhﬂ?tsl é‘ee‘hﬁh ber'@;]éblldrﬁi however the

P aBio e RaEREoy el i Saly S5RY garglqsm%’e%[cgag]mo a8 (B 0.015)
Sar@{tda‘glteoc@ﬂd ﬂ@dmaologe) applying the "Interpreting PCR

(i B e mngaupression s aGep e i Epnigksoric hippocampus
Sth@m@ siyriftanREREBh Wadeabn Z8an PRRrda8E in émewvgemfveen day

e SRRl P 510 013010 A i P bl oy BRER B

Zooa;gtgtgggiﬂxvg@plldsﬁzﬂg@ma&f g@siﬁf@b&?tgt%@g% téﬁ@ 30). In cerebellum
P a2 R PP o RS s T D cgHia ) botween day 80

rmrdclomqpmo Q0BSAES =0, o:armb B0). vetveh sombRing thié blerbM B®dression
SBIERASSE, o Bk, gh SPBE Rt i ge ke exorssio
Jlé‘@iik cbsanadt mecdmah®ion PREMNZal time PCR analysis showed significant, albeit
small, alterations in the expression levels of PSEN1 and PSEN2 mRNA in different
brain compartments during embryonic brain development, which likely reflect biological
importance.

To examine the localization of the PSEN1 and PSEN2 proteins in situ we utilized
immunohistochemical stainings at embryonic day 100 brain slides with antibodies for
PSEN1 and PSEN2. PSENT1 staining was more intense and diffusible outside cell
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25

gene to 1g31-9g42. 5 Single nucleotide pol ynorphism
screeni ng of porcine PSENI To exam ne for genetic

W@ 2007424760 i n porci ne PSENL, we resequenced exPCEDE2007/000204

8 and 9 in a large animl nwjgerial consisting of 900
Land race/ Yorksh ire crossbreed sows and a pig breed
panel consisting of 55 Landrace, Duroc, Yorkshire and

Heg s thia € oBE S @8t for @rQs Abese s%m{bs(ﬁ@/eﬁﬂ W@&ﬂé‘ tHa@Bll PSEN2 stained

sequence anal ysi s because nstitute "hotspots”
B0 OnaRaTeaR HoP RS R FERY! SR bRa NI o1h N clgailieratons i

H@&‘Q‘égf on &Qnt\%h? tySofWESEN 1 WPSENQQtdlmng{ W@re‘ldetéé‘t@@irpanalyms of
ﬁl ons (data not shown) we extended

%%’f'?fbf?@?n“ﬁ\%ﬂ%ﬁ 8r pigin regiong édatq REL - é@?ﬁ?&%‘éé
wmmwds%ﬂmg %b@@oﬁm@a?o BNy B pI A ivtth ara.e'ilacﬂ s!ba'nﬂ% bPfhethuclel. The

(position 1163 in th esequence deposited in 46)
dggostaiing was epserver WAAREE Shi f@rf%N%tesfﬁsglﬁw priguspns but also to

adHin® xtBRdlindasiFoby s kﬂg'TQﬂ eha amaatot Bﬁ’&hﬁ) mncol:tbz bbfh pyramidal and

intron 10 (positions 153 75, a

mm'dalm&s yerfotiyippe glgd at )aAéﬁoé"anﬁ?ﬁF‘lplk'%@A $Hbfiglgp gnd the

YraRde tBHs Wede M@Q%suﬁ%&?@t 3&%%@@«@&@@@%&%@1 £i§ supports
inintron 8 and ositions 52 and 92 in _intron

et BaE SN proiaies s REPd B (e BBl had nobal S o Moreover,

PASPSERD stkined déll't;‘iBers%ré %lso%@iﬂ%’ R ﬁsmugamir@% WBESRdance with
in accordance 20 with ,e; i nbergll‘ﬂ qui | i brium

m*?auo(?a?wﬁ@rqqﬁlaﬁa%e%wpe%ﬁh‘ P SEY Avitchiges f63.64].
associated with the SNPs. PSEN expression in the
devel Opl ng porcine brain PSEN and PSEN2 hav

sFRRIA Ot GeRIYRE-UeRypreies ot 8 ST inmgsEap A Joh( ‘%0%246) in PSEN1
digireh 8RB NJig Brsddasapeci al |y the expression profile in
the CNS is well characterized [60- 62]. Here, we
nmeasured the nRNA expression |evels of PSEN1L and PSEN2
in__hippocanpus, cerebellum frontal corfex, basal
gaBgeda, and bNai of st dserfotypenfatiossedessd porci ne foetus
brai ns at daysasal80, 100 and 115 of gestation using
t hree biol ogi cal samdN3pésilioretl®3 of the tine points.
Day El 15 corresponds to the normal day of birth. 30
The PCR anal yses were p&/€orned Wh tripl CBtes. The

r elcaridrageent f or d4proper Oi nter Maf1 cont r@k9gene was
meburdog nor mal i zattbon to fhe GARDED expr es84bn | evel to
corpmepstatee for At er- PCR variat®on with Oespect to
RNYorkshiegri t y and4sanpl e0l oadi iy62 Al t houg38
housekeepi ng gene expression has been reported to vary
considerably within different tissues or treatnents,
vve did not fi nd any significant differenti aI

SFHE 93] ohripesteqiinncies fordhie sl 18 Ben it 48 0086854) in = pig

Pe28p7Endi24751 PCT/ DK2007/ 000204 98 st andard curve
for the control GAPDH (R2 = 0.98), PSENl (R2 = 0.98),
and PSEN2 (R2

Breed No. of Genotype frequencies
animals
SNP position 1535/1575 SNP position 1600
C/IC T/T CIT G/IG A/A

Landrace 14 0.71 0 0.29 1 0
Duroc 14 0.57 0.07 0.36 1 0
Hampshire 11 0 1 0 1 0
Yorkshire 16 0.63 0 0.37 0.69 0
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= 0.98) were generated by plotting & val ues versus
| og pL of cDNA. The sl ope of the regression Iine was

waoiged/12495cal cul ate t he amount of cDNA and t husPGIRBIK2G0r1/000204

each sanple. Al GAPDH cDNA' gpgener ated al nost
identical & values within each type of 5 tissue (data
not shown) and accordingly the nRNA expression |evels
of PSEN1 and PSEN2 were normalized to the GAPDH
expression | evel. Ethidiumbronm de-staining after

real time PCR confirmed specific anplification of the
rexeymely PCR products (data not shown). PSENL and
PSEN2 were expressed in all 5 tissues at the 4 tine
pYpde! @nia|af étséases relgtadoRaviBHCleptidedRRARRE SpRUSTISER d,

that for both PSEN1 and PSEN2 t he nmean standard
Ag\hak TRIR diSe4RNSLERE ?éﬁl@ns ér@fﬂ ﬁl%Et' %e@ al?sbg{bntlfla?]e in the primate

het erogeneity anong ani nal s. basa an
F@Ei\md@&tpqeé@me@rﬁ% {leHgwaya, lﬁd@d%fi ShesT@ﬁ Fegiengniniggneral are
%dtolf‘g Hiﬁf::‘;rﬁPWéWer fNIﬂ%ﬁltéjéncgﬁétléés' rﬁﬂlrﬁ&bﬁlc &Q)I'NR
ront al ortex cerebel 'um and ocanp
P@@lufm@@rfeé@@wmvwwg|anMsaysfp@¢ﬁ<>ﬂalb/aﬁ @CBé%aﬁ%mecﬂwes
ggs gwesﬁkﬂtré&l?né:ﬁévé%g ofeRtidl Y éf@c&gtelﬁ func@or%? YiveFsifitation
0. 03 nd P =0.003, re eCtIVEé%{ ?
r166.&8)i Bham'yise how therisese cawirg THR reiens eﬁea liqddg ligmans have
(&yolredIPine ;Ed%&h@ %EH@%@ wé Q@al&&@%ﬁ'élﬁé‘TNﬁs RefeMWere describe that in
expression in frontal cortex is also significant at
dtﬁgm% of tirrackigngths éra/pcsen? PNRsdn gergral reprasegkanyintermediate
Pﬁ%’éeﬁ?ﬁ&eﬁﬁ%d’ﬂum%&érﬁﬁ?@ﬂ dNefLHURE TN Qb%@%ﬁif‘mé in the pig.

duri 8 period of gestation (fi

NBrasigiiienp, th? H@%@%Tm%ﬁwaﬁ fysquerad e‘éﬁheumr%@ leBitompgrable to the
h@M‘@tH@hoFrﬁ‘éllyZ@erﬁnﬂg& irPfatbd) expression levels is only
significant "between day 100 and 115 (P = 0.015) and

day 60 and 115 (P = 0. 036). For PSEN2 no differenti al
exXpraBisisempléss observed in frontal cortex. In

I DROFIR NS wab '&feﬁ?éd’fr&h %ﬂ*éiét?@(ﬂo RirhEh E%Q dﬁﬁﬁh&grents)

as an increase expressi on [evel betwe
gouret, lssirage;, biampehite, (Y ogshire (aridgzosdngenanispid mateh@ccordmg to
bétéﬁc?ar&ggl?g{jﬁ%%“zné éNK%ééH%&?tgh %ﬁ%@%‘é’?&dﬂ lgrggitég@ﬁ dﬁrﬁ% a
awdilngawépr@éﬁgneu[ 9% he expression |evels of PSEN2 are
up regul at ed bet ween day 80 and 100 (P = 0.003, and P

0.03) (fig. 30). When conparing the overall
e&%ﬁi@géusgﬁuenw@e@pmmm and PSEN2, an

I

| ) o ser vegb%lﬁﬁgml'(ﬁ@?%ﬁ%seﬁﬁgmé s%ﬁeé g?%rl/@ds’lﬁéstween
SRevRaARd ynanscwere idertified anda@ormpndm@l’tf?& mm@ﬁsieisaned 50 ng of
Do %R O DN Suly ifr PENLANCorfdRichiE 987830t The°C 307, 72°C 1
differe brai n conpartments during embryonic ‘brain
ﬁ,@c@@@dam}mg ﬁolyméasyz RGR p@@dltlcmsoqlejg.@gd except for the inclusion
[ UG
o LR e 2 S OMASTS At el S BlecOpiredi BndfSibrva o
i wasisHisgearcrrrtial and spatiangsd.dt the indenaiiyiof bargs argbe sequencing
%ijlf‘w% b GSa 10l H’éd@ﬁoét@ RelirGehdr %alxﬂé ggﬁf us‘? gpﬂe%ﬁﬁ@@ ddes;lgned

PSENL st ai ni ng re rntense a e outs

c&ifher based on the evolutionary approach or nested according to determined
sequences. By this scheme the following optimized primer sets were used to amplify
genomic TNR regions (all PCR reactions run for 35 cycles with 50 ng genomic DNA as

input): SCA1: SCA1+, CAGCGCTCCCAGCTGGAGG (SEQ ID NO: 127); SCA1-,
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WO 2007/ 124751 PCT/ DK2007/ 000204 99 bodi es t han
observed for the PSEN2 staining (fig. 31). W note

w0 bar/1247561 PSEN2 st ai ned regions al so were posPCT/DE2G031000204

PSEN1 staining (fig. 31). No gjiear alterations in
| ocalization or intensity of PSENL and PSEN2 stai ni ng
were detected in analysis of other enbryonic tine

@@MéT&CTéWT@QF@@@E@@ ROMS) Sdﬁ@w@o 58°C 30", 72°C 1’ with
I ntracel | ul ar i mmunost ai ni ';gcwas confined to the

egiatsl ansPMSOn Sé%‘& SCARRY TR QQCQGEA@A%&G@AG@%G(SEQ D
Nmmssemmmmc@mm@m@md@sté 13 Nbﬁ%oﬁ@@?c 307,

ggpem ally i n neurons but al so sone extend

G B3¢y 78sC (1 wigh b%'@'"&ﬁ@d@\ﬂ%on%@% hefefh$-174.n cort ex
@@NTGWGW ﬂ@ITT ?‘W‘CT@Q‘T‘@Y(SE@ IWOG]%H %O’ﬁ@fe?oﬂ(ﬁc?ned

S0 a fields and the

GO ETToAGaS TS b I B 1472 54 S0 TaeC 30 720G 1
wmemesérqmm@ adc/s@;1 @b)A%h?TﬁNP@@@GCA@A@&%T@@AﬁS@{SEQ ID

&rotelns are |l ocated in ma or|t not al

Re13RUPenENYIBI e@@&CGCKﬁGG Qﬁw@?% & NQ Wé§5°0 307,

W(%@' 3’9 @QS\WH M&afn‘éranﬁmo %@\7” ISTEAATI (Aaccor dance
W th t e observed redundancies in PSENl and PSEN2

UG TCOSAG(SEQ BB 138-3¢AHUENCi es of a

%E@&Aﬁ@@ﬁbﬁmdﬁ@%é@@ﬁ%ﬂﬁ%)' '95%3553 5838 AP 2B 1’ with
in a pllgMSree - panel . Breed 0

bolaligans NS0 Sy Lo TRREC AGASGRS Te6 AT 43 SEQHD NO:137),

anpE @ﬁAﬁéCﬂT@T'?éGQ\G@AG@NGQS%@ﬁDQ\l@ 1@@6%4@ 3y, 58°0 30", 72°C

S ctins GBS TSR RRTA H N GEARBCGAS FRRARTGOTOAC (SEQ
|mNO@TBgl)ODKpMW@GA@A@AWG@CM@@GG&@%SECB@R@B 799 95°C 307,

frequenci es ani nal 6%OSItIO

Seg s P Tt BetBing ard D05 Q) SNBATARI TG ART TR, 3 2°C 45,
5@@3@*0?24@201-1?31 &@NQQR%OC@G(:I@NT@G%A@@N%MAQS% ID

%100140) pHLrJTlBNYRE- (%CliTge%XgGCT(gAGGAGGCTG (SEQ ID NO:141); 95°C 307,
65°C 30", 72°C 1’ with betaine and DMSO. FMR1: FMR1(Ny+1),
CGTTTCGGTTTCACTTCCGGTG (SEQ ID NO:142); FMR1Zoo-,
CCGCACTTCCACCACCAGCTC (SEQ ID NO:143); 95°C 30”, 60°C 307, 72°C 1’ with
betaine and DMSO. FMR2: FMR2-Ny-, TGCGGCGGCAGCAGCCGCTAC (SEQ ID
NO:1444), FMR2(Ny+2), CCCCTGTGAGTGTGTAAGTGTG (SEQ ID NO:145); 95°C
307, 58°C 30", 72°C 1’ with betaine and DMSo. SCA12: SCA12TRI(+),
GGGAGGAGCCTCGCCTTTAATG (SEQ ID NO:146); SCA12Tri(-),
CGCGACAAAATGGTGCCTTTC (SEQ ID NO:147), 95°C 30", 58°C, 30", 72°C1’ with
betaine and DMSO. DMPK: gDMPKpoly+, GCCCTGCTGCCTTCTCTAGGTC (SEQ ID
NO:148); gDMPKpoly-, CCCCAGCTCTAGCCCTGTGATC (SEQ ID NO:149), 94°C
307, 64°C 307, 72°C 2'. DNA fragments were purified from agarose gels using GFX
columns (Amersham Biosciences) and sequenced according to standard procedures.
DNA fragments were amplified from Duroc, Landrace, Hampshire, Yorkshire, and
Goettingen minipig male genomic DNA.

Sequence information for TNRs in Homo sapiens (human), Pan troglodytes
(chimpanzee), Canis familiaris (dog), Rattus norvegicus (rat), Mus musculus (mouse),
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Yorkshire 16 0.63 0 0.37 0.69 0 0.31 WO 2007/124751
PCT/ DK2007/ 000204 100 Exanple 4 Model ani mal of

walt@®easesirel ated to Trinucl eoti de Repeat SequeCiyBE2H7/000204

Human TNR di sease causing regi@ns are in nbost cases
also identifiable in the primate and rodent genones
[ 65-67]. However, in rodents the TNR regions in

GG od@iphis @&M@@@op@;&s@hméé bardttddyrdre WehorhBIBrdictSat NCBI
nd ar(g) | ess hic. As TNR sequences are

B%P‘\Vr‘%‘?d ¥ functional l'y influence the
affected genes, changes in such regions have the
pat en at e | funct.i onal fd| versification

t |
Mcroggte?%%?na'par ar'rn%%@%anqh Prifg OfipISatG T bepfrywifended

regrons identified in humans have evolved in the

rcine anal. yse orcine TN

SR gty RPa SielerRROTS 486 HoBRER TRy misrosatelite
EaR/AsiRen EMBﬁcnitmé]nﬂgd?ﬂ%f &nslsaRy esembltn@a matselemedaﬁ&race and

I an ns an at_several 0O
R R ossDHE Sas Bl MO RHEP AT GRS 180 Gyt Rf the Duros
tcﬁanFsI\m e SiforBmeaNEHeal sodk. Tﬂiwfon@nlﬁ? rpﬁn'Ie%JWeﬁeQEHétar R BAM-
nor ma In prinmates.

é%é&E@TW'@gE& éggv@@'%p?%a ¥d from
meeewecﬂeAeﬁm@@C}i\J(@r ﬁsreth@ IBND: ﬁ:’gé)ggﬂb’iérﬂﬁﬁo%}] wddHrRlified in a
anar ce, Ire or I re, an en mnlpl

IFPB E %BF%WB in g Mixtpreconsigling ofc ading é’g W& C% of each
l;m;n{eatzss niv @MTEST Aus lopho kirgRtoh bast, 05 mgoms@ 29@11 it WIBetaine,
ou re n sequenci n

oD HoREVE abimhinssdomies SiRweIadn biads PaRiampfoaton was as

sglwwen Cﬁﬁal@@ﬁgﬁxfa\tbﬂ fored mgeét 95!;@ CLR@rw @mdydmégar% Wr%o sec, 64°C

€ correspondi .n [ es

o R oo R 0 R DLl B e e g the
gmenbdytleo PS)%GdG&s weEe%ér%@Jred &R fdrmand8e QN@ bl@&tro horesis was

{ an ar rase use

ob BB ONR AR Grer BpSR s EkTm Usal W8Tt

Aéécﬁﬁme:g@a"meto@el s&leemtary@worrmxwagm@hwere B¥oraplished with the

%‘#@%W? 8%\5\,\?% Vi | ({ g%ggqg IS CL?%@L |lf [’1 S}\r,ggrnal size standard

SerleSahedA ﬁmu@cmaéceefoeystéms LUSA) wanéyploged RValtsiR sizing.
prinmers were designed 30 either based on the

evol utionary approach or nested according to
oheicetsmmtaﬁnb@requences By this scheme the follow ng

TR LS nehe R eERES po Bonkih Fenedydpetbutiey t
Fg@nelgarg@mﬂrhave [BAn assighatte Yollowied acc8§#drt numbers: SCA1
%W%&@%&@?% é&Zg (DSSA:JQ55 %915256 SCAb6
(DQ915259, DQY15260, DQY15261), SCAT (DQY15262), SCA17 (DQY15258), DRPLA
(DQ915263, DQY15264), SMBA (DQ915257), HD (DQ915274, DQY15275, DQY15276,
DQ915277, DQY915278, DQY15279, DQY15280, DQY15281, DQY15282), FMR1
(DQ915269, DQY15270, DQY15271, DQY15272, DQI15273), FMR2 (DQY15268),
SCA12 (DQ915265, DQ915266, DQY15267), DMPK (DQ915253).

Results

To sequence porcine genomic regions homologous to human disease causing TNRs
we first identified flanking sequences showing highly conserved regions between
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101 GGAYGTACTGGITCTGCTGH SEQ I D NO 128); 95C 30", 58C
30", 72C 1' with betaine and DMSO SCA2: SCA2NyTRI -,

WOBOATATAGAGCGAGGAGGAAG SEQ | D NO 129); SCA2TIRIT/BK2007/000204

CTCACCATGTCCCTGAAGC( SEQ | D NO1a30) ; 95C 30", 58C 30",
72C 1' with betai ne and DMSO. SCA3: SCA3-17+, 5
CCATGGGAATAGITTTTCTCATG ( SEQ | D NO 131);

NO. 132) ; 953“9,30E%T§c§3 PC 7zc 7 Folci derimic oo

CMtESPesteies todipsy dregase Hﬂeewf@eemﬂadﬁ@smmﬁpd TNRs

%r@%te%%%glonmm% —ﬁﬁE@l’ NR was amplified
NO, 134); 95C 30 58C 30", 72C 1' with betaine and

D) Pty Dasesho ES{-eouanses AN alat A AR 0RPOI g HROTNR
'\%lm %ﬁ@ns |§%@Wéﬁt goacme &%%ED@QAW@J@&%@An%sme

2C 1' with betaine and

@K’ABE srefgdeedsgymper of animals

'%re?eﬁ)alysecﬂﬁ&?rhng @N&@&Bﬁﬁ@@ﬁ%ﬁ@é@s (St #r&juency > 10%).
NO 138); 95C 30", 58C 30", 72C 1' with betaine and

DMSo. DRPLA: Drpl a- Ny+, GGAGGCCAGTCCACTGCTCAC (SEQ 15

I
D e e e fows

Dgions- B Arst Afdiessed sorcingpenomicgeqyanseshromolaggs phuman non-
T3 TNF‘dD pHUNNYRE+ CCGCCATGGCGACCCTGGAAA (SEQ I D
NEON UNNY GG CGECCECTGAGGAGECTG ( SEQ

Thy th@@cUi@ -of thes Bema Myotppis dySirapBhPTe rak'nesea@ﬁfe DMPK, a

EleE@Tl\lﬁ\Bloca@ﬂh@mT]the r%@mﬁﬂ@%ﬁwclgrm&n(% 37.
FMRI Z CTTCCACCACCAGCTC ( SEQ |

I NG 142
I\@Pfﬁeyns %@@ apgve 5B drsapral thossand GG tepepsraguidn awefomc

pHMBLCTENIRR SdhsistihGfHCPER ﬁ:e@dé Q[udled
B e O R R e

R 0S8 8sn AR Ba_rBlr&e'*DMPlZ5N $HaAatdHed DMPH BNR was
CAAAATGGTGCCTTTC

( gggﬂeg ffqosgh%ﬂe repgat gmeé@%@ﬂd @d)elowyﬁélmqurﬂ number of CTG
b@b@dtﬁ@i emndsPbiarvdVRicunabPYRKER Mbuse the TNR sequence of DMPK is

d@é@&%m%@née@ IRGTETPRE6AED. 9 Gagend rat

Hhgle T2G i predahwlénkeam@trerwee oPVUNREi(ff 3pj.om ag ar ose

SR Tb8 S RN Wi eeas 0 PR G tra s e

frich@EBMNBicwa Siz& P T {ceZB e Bl Qﬁtheldpﬁnﬁc%heform from above 65 to
TR e SlRutrior B AR oA 49 ChigRtcbetsnitrg identiied in
$Bp pemthe(théew?()‘ng 3BnTh¢ Mebiadyhesnt allele in Duroc contained 8 CAG
repeats, whereas the most abundant allele in Hampshire contained 10 CAG repeats
(fig. 32). An allele containing 9 CAG repeats was the only allele observed in Landrace,
Yorkshire and Minipigs (fig. 32). The presence of long uninterrupted CAG TNRs in the
porcine SCA12 locus is distinct from the mouse and rat SCA12 locus which is
composed of CAG TNRs interrupted with CAC and GAG triplets (fig. 32). Notably, the
lengths of the porcine SCA12 alleles are comparable and even higher than SCA12
allele lengths identified in some humans (fig. 32).

FMR1/FRAXA: In the promoter region of the human FMR1 gene, 6 to 52 CGG repeats
are normally present [24, 25]. Expansions in the range of 55 to 200 repeats result in the
pre- mutation while the full mutation ranges from 200 to several thousand repeats
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35 (chi npanzee), Canis familiaris (dog), Rattus
norvegi cus (rat), Mius nusculus (nouse), WO 2007/124751

wen/mKe07/ 000204 102 and Monodel phis donest PCEHDK2007/000204

(opossun) was extracted from ggmpone browsers at NCBI
(www. ncbi . nl m ni h. gov/ Genones). Mcrosatellite
anal ysis on sows and offspring originating from boars

We‘étﬁltnﬁ’@%&l‘h@ﬁélx s@n&?&ﬁ‘-ﬁe PRB QLY IS o@fhechl\?lﬁ‘?"r@m region in Duroc

Huntingtin allele t hs was perforned
A Bsad0e PIESERE® Gt b OGS A OB epre Al frequency of 90%

CAH¥SA $5 0Tl ﬂafpeét"al@lé” Wih Q%ﬁﬁenc@%ﬁ 169N Hg da&jg@&?)ence analysis of the

Landrace x Yorkshire crossbred sows an fsprin

g AR A9 pioRT RoTsineieedSahawed Biglk dagrge PREMRT TNR length

gﬁ rﬁ&ﬁlﬂkh@m%m@ regdif afl Wawlidihtinsd m@ow&nwﬁe and
FA CCCTGGAAA (SEQ I D NO 150

18EH3 BORerEIN ntfkirg) w%emam@ CAG

@@Eéétfdllélé vl/el“s eﬂso fﬁ@ﬁtﬁled\hﬁ’ Har®shite éﬁh !33”2 GKG ?ed@aKél!éﬂ@m Duroc and
consi sting of genam ¢

pViniRigs. N %GWWEWST VA efsengdyin L@%‘Hf"?% r‘?‘"kﬂ]? p@rycme FMR1
OalfeleBlw e?th@nl@ﬁe HobIBES & r’ﬂ@use WN s@&%n&@v@ﬂs composed of

pol émarase i ed Bi osystens

G fepse S@tﬁ‘d\ﬁa‘gGg’s’e%atF é?ﬁ’%ﬁEd byl %??‘Mﬁg dathedag GRT TNR
fHHs #sifé Bindtbr %ﬁﬁé p@”ﬁ\l@?ﬂgﬁ‘.@) %tk@tmgéi@oﬁﬁ{onf?’@pé Sphun%ﬂcMm

for 30 sec, 72C for mn. An extension ste

£ OWR gllgfitwo geaups @f g@%fqp@@tstq{% separated Ryyan %GgFt@IPiet (fig. 32). Also
Rhe @Hm;ﬁnﬂ@é BMEa NN R FsBil gy bblyﬁﬁfﬂl‘ﬁ’d@ﬁtﬁm@lﬂdes DﬁﬁG triplet

el ectrophaore Il ed out on_a

AW&FWE ns([A?;plqt%rastggéyS)t}gq Ragine 5% 'UgR,l@gttm@xceeds the minimal
resRATHRSYEALin AR O hGRah Fwﬁtﬁ@emﬁhamﬁweq& eP¥hd.ragment s

VR EOKE o Smarh et e arepsality o TRIE f1ibe bisatl ot g uman

stmngl e vARRERGAB1b BE [mOEip%ﬁ@bh@do@bmﬁ\)gSimi tcum repeats
| e sizi ngbg Accessi on nunh

|
desu S aa Glio e R B oBR SbaVETd e RGeSl Gl mutation
}Mﬁd&hé :ﬂ’légﬂéI(@%dr@m625hegﬁ6}ﬁbrrlg§&$usﬂ@%giélwQ]@Qﬁﬁ?g@?iﬁﬂﬂﬂmhe was
0 (0] essl| n ers
g o AR EE Frseiin l BrseR anabhen € g2 B baming) TNR
heﬁ(mﬁﬂé@n B 1266 o BEELESR 5@@6T@@9Jﬁlc(fﬂ@% 5§édof4

S(%fg% & 5&5@%&@5}3 % %‘7‘% %%@%6 Ris longerthan

RSO khAmal CD@él@%ﬂgngtD@éﬁH&Qm HoRRHs 266 §3Q915281
DQ15282), FMRL 30 (DQ15269, DQ15270, DQ15271,

DQP15272, DQ15273), FMR2 (DQO15268), SCAl12
(R¥Bih5 36homio RGeS iR hoRRIRAES Yo hiMRKpdiIGRSRME)coding TNR

Result.s To sequence porcine genom c regions
HERBI VYO IFE'YE- human di sease causing TNRs
Next we addressed the sequence of poly-glutamine coding TNR sequences of nine

porcine loci. SCA1: In the human SCA1 locus CAG TNR expansions in the ATX1
protein causes spinocerebellar ataxia [71, 73]. The human SCA1 TNR region is
characterized by the presence of 12 CAG repeats followed by two CAT repeats
flanking a CAG triplet [28]. The CAG TNR prone to expand is normally composed of
between 6 and 39 repeats and the expanded version consists of 41 to 81 repeats. The
porcine SCA1 TNR is composed of two CAG repeats separated by eight proline
encoding friplets (fig. 33). However, in Minipigs a variant was detected; the most
common allele having a CAG TNR duplication (fig. 33). The dog SCA1 region includes
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this PCR approach 12 porcine ggsnom c | oci
correspondi ng to human di sease causi ng TNRs were
anplified. The identified TNRs were |ocated in coding
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I
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dfomaiegquisdruprasctdR Hign aabéio\m@fleradwrtq the m@ee@canﬁhwerous proline

relepace | &5
fr egﬁig&ktﬁi%%&g %g)?ll ﬁ]\lgc geno'qrr]cl;rgééseglquen[ﬁ é!ltb%bﬁnpared tothe TNR
Homﬁe(ﬂ@?ous to human non-codi ng TNR expansi on 10

r ces

e N s ST
$p1r191:ﬁzre@fellarreéa>h@f7@ﬂw Trh;ﬁoTl&fﬁm@rrawtqooplﬁSs ristte B G4 eppeats and

I f

glﬁg %xp%ﬁlf%%_rﬁ%\%a rﬁ{ﬂgsdsgtg 5@@%1@@ [ﬁ%%@éﬂ)crcfﬁ@%@u@ lé@émposed of
7 efCdBBoals sep@r@teﬁé:wéwalc%tﬁwéﬁw@@ca% Aé‘b’é@'ﬂgl)’r ias mlon encodes
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LRreip@ SEA2YONR segiore Thﬂé’ﬁﬂ A2eTNIZ hgd mr Qilinsl"@fgf)f urqtfqng in the poly-
FHtad@e étl%@&t flkb?ﬂ T"fﬁe ﬁ&ﬁoloé&ﬁ?robé’&%dﬂ?ﬁ'f\lﬂﬁs t '\E&%d of CAG

por ci ne varration in
|f§@‘?ﬂt§ﬁ13l@1’a@ﬂ hy.a B’Qb‘ne deéﬁ@dﬁt (ﬁgm%’éf f ound i s bel ow
té@Afgnlﬁ”tHBJﬁUrﬁmgﬁ\S @JCUQE%AG Wéfpaﬁélom@ﬁ‘)e aﬁg’)ﬁﬁ @‘(féﬂe above 54
in humans. In the nouse the TNR sequence
JBRRASS ERBUHS lrzat@q@w*@r%ﬁttbe oL @umbyr @ %@éer@ﬁ@ varis between
rERe 56 @fok@ Iﬁ%) sd ﬁl/eC@gGW él@ﬂe @as ﬂe?gﬁé%i lgfﬁréc?' Hampshire,

pr esent flan ot her t
soAlEndmese VQ@A@@ CARGHINR GXEhTNR ﬁ“@e%we'@w?'ﬁfﬂeﬂ e Yorkshire and

hUiRRRYsRE: § 243 Blnggﬂ?r?s ofril‘?é H@r%bé/r d‘f%ﬁb&%d‘ ﬁblﬁblﬁ%rﬁnﬁ@é’@hg ﬂoﬂ:me SCA3

28 repeats and i n the expanded formfrom above

7Ts§\lPrmor[ B hpmoiegass tafhrdn@isecimd SHR1ggien (fig. 38) arequelioelow the
%él%ﬁ‘jﬁ‘;eﬁlnvﬁé Quhidf '&Bhrfltbﬁﬁrt' '@hczéoé BEeAROMNR Bﬁcﬁe@qgﬁlutammes

. The npbst abundant all el in Duroc contal ned
@M@Udﬁéﬁé‘éﬂ@' CM&‘F@&@“P%“W&“‘%@%dam allele in

s Mine s AN TAR aﬂ@orﬁﬁcﬁwé eREANAIA (ditage dégéndeﬁf‘calcnum channel

all el e cont ai ni n% repeats was the onl

dpadieveataxia Bahdi a@ermalvamgh?fr@l%w BetHe %@nq ﬂﬁ@nd expansions

3.?@)11 272 PrRRRNGE dBEaéé’MsHWenir%le 215G @ TE NS |d'th|f|ed
the porcine SCA12 |ocus is distinct fromthe nous

SRPesed aCaend AEAR repsrtseSParaterd Bvasdeliplst tf@p@yﬁ@gdmg a poly-
%ﬁt&ﬁnfﬁé@tt‘é@c%ﬁm (ﬁ%‘\ @ﬂﬁ I\ﬂ?‘ﬁﬁlg& “ér@eﬁ%@A@fdllg}es %89nposed of 7or9

porci ne SCA12 | eles are
%a?%?@itsef%l%e%%werﬁ% Ertplﬁtt R 4<eAG sepasls 6n9e3$)é4fﬁjﬁ fentified.
IThRBé biidigsehdbdeasiRidhEEBNE2 Ahd 84 pdigdglutamines, respectively. The poly-

- glutamine stretches encoded by the porcine SCA8 TNR region were comparable in

length to the normal range encoded by the human SCA6 sequence, and the 14 poly-
glutamine stretch identified in Minipigs matches the upper range of the more common
human alleles (fig. 33). In dog a 10 CAG SCA6 TNR was present (fig. 33). We note the
absence of a SCA6 TNR in rodents and a high degree of divergence in the CACNA1A
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FMRL/ FRAXA: In the pronoter region of the human FMR1
gene, 6 to 52 CGG repeats are normally present [24,

wWQ32jo7/1Eepansi ons in the range of 55 to 200 r epREI/BK2007/000204

result in the 35 pre- nutatiqg while the full
mut ation ranges from 200 to several thousand repeats
WO 2007/ 124751 PCT/ DK2007/ 000204 104 resulting in
fsé@@éric@ b¥tviasndb@dis andl BigS 86 emaritfatdd & tﬁé@éﬂnlﬁb‘i‘ﬁ"r genomic
gl on in Duroc showed the presence of two leles: a
' repeat allele with a frequency of 90% and a 13
@@ﬁm afﬁ@arNFad)fltﬁé Buiah BCAT IbE&BUR WNQérr‘rﬁrQQ(oeﬁB'ogthe:&éﬁxm 7 protein
e analysis_of the FMRL TNR in the other
bSdP f“ﬁ' BYERRSIH SR FOLAR &Peaksdﬁé]e%eamuwxp@ﬁgpﬂs range
Fropd A IFH00e s, Thel ENRSEhegReite SCAR IGusadniafy Cf\GG‘ereats

41 8P GORnoTE T ete SEAFRGH 1 ieP RS2SR lgi, e GNR of the
GRfase ISERTAbod dRitAnd\8 & A8 Fe@eét@%ﬂé 33, QHtePé%tIHBVPaSQCﬂ¢ allele with 5

N oSS ARt geah S EUP RIS Hodal e SCAT SAGHapeats aro
Ranlidsy SPERE-alatideitRIchiice hloRaRke éﬁ@ﬁrcﬂnh@ na@a@étag RigAly

TNR sequence which i s conposed
VR, eOlRan BtE B R alS8 ar S (el CRANOTTY.
BQ)PLATMGjQ@aEMBH:s TR th@Buas b#Eptfh-MdeRk réSuits h?d&itﬁtorubral-

. 3 t_common type of human
?’?ﬁié{ n w#hgxﬁﬁé’gibg%f:é@gmaeﬁk@x& ef rgewwat%ﬁ fRpeats is
#omAG 23 lapa &t pe(tfehgr, WIG‘ZDJRPH\%QeIe tshes GaleB ed IFdVE@to 88 CAG

TNR c and i ncl ude trip
(erp(e@isf B? ?’H’ﬁi ‘F"? n nla %lrogglgrrlﬂ%ﬂyrpap ﬁ'@e'ﬁﬁf‘ﬁ‘?% q:?\?F?iCh of 17
ENRgilquﬁérgtrhs exale d@rctjr_ﬁgtrfébﬁmnﬁl' NR18ix bﬂ!@ﬁégeﬁfsﬂ‘%ﬂkﬁd by'multiple
ro 0 ex
B B e e B g e SR ol smiga . 39 wes
td@etlﬂuﬂi[TMred'?/NRZn yRilgigy an Iaﬂ@lg fwith fﬁaﬁeﬁ QA@@ ré%’tﬁﬁng in a 15 poly-
n ning from eat s

aiRRe BPeadHE SRS A aseile: o i Eans 6t s ighet of the
pers:lmletatnophhhﬁpélw-lglutemihatstrémheﬁﬁdabbh?’ﬂ’ferrﬂ@limﬁ Iéﬁgglwv%%served in

us region in ar cj ne
e aTEe T8 R P RE GioRiH kel BiRb ek Glarainge with an
bllte&&qbﬂn@ﬁﬁihms afd fr‘bmghe 3&)gené7 hﬁerwwédi ne gmnu%hﬁé A@hlY mterrupted
PR riskfiestia Sudhergatotho L ENR $3008A PrFhe 2 POl
ghmm:@maﬂb 8d). Hﬁﬁa@ﬁaﬂ&ﬁhﬁth@?@o?’lﬁ?ﬂ“ﬁﬂﬂ%@%&me& Ibﬁllﬁustlalhé rich

th identified in humans

AR epabPhie BeBiesh e SXIBA B A A GE es 4 e darshown).
BOAY7:.0A mremnemdummemm BONIBINGIhG Prdt€igi(PBB) gdiRXié ciisative of

B 7a PR TR o e gt Thebiin Ta TR Frodhasmposed o

ﬁﬁ@rohmo&;@@eﬂd&% So{fzadted onmultipld OAA:%TMJCA(B ltm;tlﬁls rE ansions
%’S:ﬁs sooi nocer ehel | ar atﬁXi a E? 732). he hunma I ]f
RHRTE R0t Y DY bl B et The ek
SAGdee pelytguthmireswadedbpetiveon CAENE @padisseas poly-glutamine stretches
from 47 to 55 have been identified in SCA17 patients. The porcine SCA17 TNR region
encodes 26 poly-glutamines and thus is the largest poly-glutamine encoding TNR
identified in pigs (fig. 33). The pig SCA17 sequence is composed of four groups of
CAG TNRs intervened by CAA triplets (fig. 33). The longest CAG group consists of 10
CAGs. No allele polymorphism was identified in porcine SCA17. In comparison, mouse
SCA17 TNR encodes 13 poly-glutamines and a maximum of three CAG triplets in one
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flanking a CAGtriplet [28]. The CAG TNR prone to
expand is normally conposed of between 6 and 39

wo gpeatesand t he expanded version consi sts of BAT/DE2@1/000204

repeats. The porcine SCAl TNR7 s conposed of two CAG
repeats separated by eight proline encoding triplets
(fig. 33). However, in Mnipigs a variant was

e ) U S ol b G
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SBVA: Tres F@gééﬁeﬂi%sfoﬂ‘é iRl DEAHS ah@BHENrdcep fE)P We on the
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ewfmsd iANhe pangtmmuagtame&e@@rm GigaBoy ErhféﬂdrleJ[f)drérﬁ&ahés due both to a
unmber of

Its in at a nor n
Vabia SurBh e LA isheals DUl 218 0y SR ASDIE OnTeRSS oha CAA
frlp‘Veﬁt wWhbith sEbE=8dd Bk %omoUS@NG fheg @ ihtd tho émes (fig. 33). Alleles with
Landr ace eas five

ire,
e P s P patir o e in der e eaiipo. Fgfignisecsing, in
Dﬁlrd@, ailﬁagele bdimb@f{e[]diﬁof@fstﬁelt‘@l dfgl’mﬁ—’ﬁnt@furﬂé@ cAeld, a CAA triplet, and
0 ut am nes i ne region is

Mﬁ%@éﬁ%’%@ i e SRs %éotgﬁﬁ 2?‘&@ 36&‘“@"%@93 &gy 3rveps
I&%hilf{édeﬂ'mwtallélé re@éééﬂt@?g laﬂg@’@ﬁ{umb@a&bhﬁqgwﬁlb?d CAGs identified in

oun ar encodes u

el R bk VR, TBRATo ol et PhRp AN K Eag Buroc and
Bﬁél ?n &@%fred’tiﬁhcﬁ?ﬂﬁo%mémmg ll-@xlfitlmglmtd%?i\te%@%wtﬁwrph(sms

a cal ci channe ults in atax

e AR Rl brefiRSh o TR Mpterh 6f yelRIuitanaS ghebded by
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usat i ve allele i dentifled
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stretch polymorphic between the examined mammalian genomes (data not shown).

The porcine Huntingtin TNR length is meiotic stable
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ydog ftrophitfitZs TNREAtodestd34st r tLE‘riWof 1|2=1|5QJI y-| L=143 L=161
fgl B i neg eLf ] 33}, | N NE Ii So hi n R |
E | s3f | by'*%l stidife rjich Et ¢ poI %ﬁorph':ilo R | F=o.003
bet wg CRECIR T %513"1‘7 'ﬁﬂi@ﬁ? (PEEFA7O0Y a=18,17 | Q=24,17
sho 2% SCAl 7| A CAG |expansi on in the TATA box

bi nd hg14b GEEBA4Y TIBPY1, Y8 nel 5134, ¥y L at37 40 0f=140,140 | L=143,140 | L=161,140

N=24 N=0 N=11 N=2 N=88 N=49 N=0
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t he SCA17 phenotype resulting in ataxia [35]. The
human TNR region i s conposed of two groups of CAG

WO gpeatessepar ated by nultipl e CAA and CAG tr i PCUEDEK2007/000204

Expansions normally progress{ppomthe |arger of the
two CAG groups. The normal stretch of encoded
pol y-gl utam nes vari es between 29 and 42 whereas

pol'y- pheisa G30r edi:elhﬁs JE16ROM| €416 22 OPQHAee Dasms,24 | Q=24,24

i dent {fied}in SCAl Eatl ents. The¢ porcine SCAL7 |{TNR
r egi op =8¢ bT12819% BUPYIY| A 19es Lakid 1 Ehuls1py 1

| ar gept pol yw ut amoe enco,g.lmg TNR=q | dent fdygd i VN—31 N=0
pigs {fig. |33). The pig SCAL7 sequence i s| conpos of

=143,161 | L=161,161

four roups or CAG ITNRS ITntervened DY LJ—V—\[I'Iple S

(fi'\é??atéﬁ»\ai gémydqu&em/%“ﬁme QR r@grbg)p%%%r@fndﬂe@ted%gﬁher with

hi smwas identif I N porcine

Mmquempydﬁwawném] bregging €ohort. Sonall PRI gepbeerguld be
pé’és‘f/%r%'d 4h Q&&@%@Wtkﬁtr%ﬁhm d?fbofmﬁzﬁsrn%d i@ 211diSs not
one 2007/ 124751 PCT/ DK2007/ 000204 107 stretch
(subiecteble exprasigRyOrIeRaGtions R Kid 6 §§9 offspyingtveare gesotypad- The
S@@%&%%% FEVRIA|zed 2BEHIRE to me%ﬁgmmczﬂ%e(énemysea?raagmems Q

G repeat expansi 0ns I n exon andr ogen

r @d@@teé ithe ppnbeegf@lsamings enw@ﬁﬁm%@ﬁ @Hﬁl@% N inﬁlcates the

r?@ér RRfts ARG IR G4 (Kennedy' s di sease)
[37 The normal Iength of the human CAG TNR is
between 11 and 33 CAG copies and in diseased
i ndi vidual s the expansion ranges from38 to 62. In the
pig an AR allele encoding 7 poly-glutam nes
i FXaPRladt ed by a single CTG leucine triplet was

| A§iRtd FoBl of(chbBdrodydplash® TNR vari ation was observed
bet ween the different porcine breeds. In nouse and

@ﬂ'Yt%‘@rAWW@@HG@fd‘QO‘@ﬁé% lssavgiiahieitegmrdiag the presence of
| &g éNRﬁﬁQeﬁNar%n?bM'a@eé—Qu&% ﬁfééﬁéé' Wﬁccﬁﬁda@ﬂs@ﬁ t&@ro@%late

arg |n|ne trip res ecti vel i he dog
THaRinges. Visoisier bP 1ol 06 AN usRsasin el ggerag romestane traches
' muﬁﬁdma'tha%%uédéﬂ X i¥Rot §o|§lk§>?é’s%ﬂt MhyPotr&dHid tihdedtdtes of

glutamne rich stretch nor phi ¢ bet ween t he
e@ﬁ{yﬁ@dﬂammw'aﬁrwﬁbﬁg@q nes. RS GhJnRymappcokagen X have,
C@-@w-'ébﬁy ipBef BRoH M thardikh ’és;ﬁ]&féﬂl{||r$eIH@ﬂyaﬁ1§ﬂ'ldualst\M%re ossification

5'-end of the coding region Y, ene
c@?ﬂuami@eﬁrﬁem% 0?6"3339 %eﬁwbeféhg PERICSSHIGRAG FH%’E“%IH‘%e in
% SRy RAtrbeTde$ carge t dbiigetPX %@cbﬁm}%’é{tté thed Qermhéﬁeﬂ? ohcalcmed

arge degree of variati served in
pfﬁg'%ﬁﬁth%@qrﬁ”ﬁ%“ %F@] fncigadng ¢ hat 60"3935‘ X nmggplav Pf’%‘?é’ﬁé’@e providing
Wis rﬁ&@cMﬁ%ruﬁ:@xrﬁ enVi%rtn@éHtﬂw REBR o @ﬁd&ﬁ&dr@p@s%ﬁfﬁ:aﬁbﬁ however

al so due tg the absence_ogr presence of a CAA triplet

whiScR ngte‘ipoﬂf‘ﬁf‘%%"ﬂ”rén%@r{?ﬂnuous CAG thene into two

groups (fig. 33). Alleles with 20 sizes encoding 13 to
%? glutamnesfromwere identified. Hi ghly

i8lstandgViethads puroc, an al l el e conposed of a :

SRNga\t@aamfn 21 uninterrupted CAGs, a CAA triplet, and

two CAGs resulting in the \?\553? ngg Etotal of 24

pgh%pv@tmcgﬁzia H%saue(qspa forﬁ'gP cloning of COLA was obtained from an adult

pig. Tissue was dissected and pulverized in liquid nitrogen after removal. Total RNA
was isolated by RNeasy method (Qiagen). The integrity of RNA samples was verified
by ethidium bromide staining of the ribosomal RNA on 1.5 % agarose gels.

DNA Constructs
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identified. This allele represents the | argest nunber
of uninterrupted CAGs identified in the analysis of

w@erociiewssTTNRs. The | ong al | el e was speci fi cal | PCT/DK2007/000204

identified in Duroc and 25 has g al l el e frequency of
20% The M nipig Huntingtin gene and pol ynor phi sns
therein were described previously [75]. The nunbers of

polGengtativmni & percEROOOE DAY cloMOwS Q&&g@g@é@ﬁgﬂ%&yg\?@p way: RNA

i ble to the h
f‘rhger‘n%gefgogl? ;é/g"g{) %{rglﬁg ﬁ'@clge;q \gg%ergpng;eébm@mhsynmhaﬁe s conditions
powhersl Aiigof ot RASHad Fre@dsnty Vp% %gédﬁg 6{3,@1 Ellj[]é?(fé%yg/m_), and

HuRti ' l,leles, I n contrast
TN?:FQ%E&%@W@L&%B%@ VORKRNEPISI M- dhemixtireesas intesateng7o°C for
by 1&mizA&fter whitie ¢ 5thrsel i

y pitlets |Ansf Shbfrs QEnEVTEee r%tncl)fjﬂc.)irw PIT, 1 4L of 10 mM

o) i ne ' 3). n
P I gg}ggﬁé%a? Hf’é%%gl “&5‘282 QURASGHiPhE (NVingemtwast adtied and the sample
pow B oot st 20 G oA MERWER BTN RAGRIERONES, ot 700

a . e porcine HuntiAgtin ngﬁQﬁt7OCfor15

PR PR ool S aromescvoniconaoamons
1 esegub AtOESHIEH d was ..
Prif#R e kD Firp]mna(ungi ngﬁji nm%ﬁéA%ﬁ8a%®e%g§§$&a@eag'}'iers (Bgl i
eXI%II-TB?Xng' PP t%r g EaR E‘efhgégf'%aﬁpymeﬁﬁmswoedqmt cloning. The

r eactdnrmaiz icontaedr2. s IAOR S r [ u
y 2 PHOSDRAOTS mitdliot 8 5 2BHIBRAE. 10 pmo

gﬁ:élf)\yi/%@g‘fg? <fhes & &s*&ggggié.?g&:scyn%or g&ér , gzgé;g%] ??ngti?in%hi 22R
t #apifiatian prodadtivess apblisde 24 deliaaiLal SBmRILSERE) b0able e and o

d Yorkshire breeds. Furthernore;
ﬁﬂy\,‘f ?—%ﬁ%ﬁ %"%{a ?Or]; agprloé‘iné%e'éé 29@% PRYasdsolated using gtantiand presedures

RSt gonsskinto the pCRE2DUTEPE RS (WokBghS L) Ad&Rali e both

bl. 1). Also the 24 pol y-‘gl uta
L %dﬁf bl EAifheton sauidhg Siehdasresmiutmsrialeapioriat they
¢

herfPol 18A 1 amplivof. IMeeUEDIC 9 1), .

IR RG89 eh ‘35}- 7 d}vg:l\@\lli 6& e;m@ r eL?OéIAg%tl%ni@dd @m&)% %Sé'g)féted with Eco

si.ze | €ss than ol VYUt EherYelyséems Insolexpgisaibavicter pre-

igasead wih H@ RRThe 2licce22ful ObniAg of CoRabAY iR SRR D ctor was
S

bR ed ver . since the popul ation of sows "Wa
conpl et ebl’g% H%a " ‘ed, the allele frequency

calculations are only indicative. The group of

e f j consi sted of 349 pigs. Al these
348}@3%{6%?%% i?z\%{ {gp g‘é i g?%eo'cisﬁer NhERSr @Eaececald PBRtrbactions were

PRfiMedafbePER reackuneweak camied Bat iAGendAMS® BYH

: TNR i t] §¥]s§em 9700
;?g‘;gf;g B&“gﬁ.*%%bﬁ?a AR 35 e Hlcrameitigg ah§ b Gcieiaton HF
t4H '

TEYR SrmMresichbd BB Y. fevakiBhd REbIR pTN%%'S pmol, 0.1 L
Phusion DNA Polymerase (2 U/uL), 1 uL COL10A1-CMV1 template, and 15.6 uL H,0
The PCR reaction consisted of an initial dnaturation at 98°C for 30 sec followed by 30

cycles of denaturation for 10 sec at 98°C, annealing at 74°C for 30 sec and elongation

for 95 sec at 72°C followed by a final elongation step at 72°C for 7 min. The following
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Table 11. Meiotic stability of porcine Huntingtin
(CAGQ 24 and (CAQ 17 alleles. Fenale haplotypes r Q=13

wW@QeI4/19736 Q=16 Q=17 Q=18 Q=24 L=128 L=131 L=-AGHDK2®3/h00204

L=140 L=143 L=161 F=0.18 F=0;Q2 F=0.05 F=0.025 F=0.51
F=0.21 F=0.003 c~ Q=17 Q=13,17 0=14, 17 Q=15, 17
Q=16, 17 Q=17,17 Q=18,17 Q=24,17 L=140 L=128, 140

ﬁﬁh%ﬂs wée Used 3¢ amplry il 8OLIGA1 bcﬁﬁt@xcﬂ&@s {he]fﬂa%klﬂaélQJMV promoter,
} 140 N=24 NFO N=11 N=2

e[ARes S%ﬁ@ﬁz%ﬁﬁ@@%@e@mn@@i@g@q@ obgpproximately 3600
9514 24 (=15, 24 (16,24 Q=17, 24 Q:18 24 Q:24 24 L=161

=128 161 | =131/, 161 L=134, 161 1 =137 161 =140 161
Eh@W 161 ACTELAMCARCIEACEC QAE@AP@@GP&@%QNQ?‘PRE@

Phema:er rmbml\m@wmcm&(dﬁieebhﬁ (Sewy |bawd>qssﬁes

re |nd| cated toget her _w uenc
’h%" 518 E’e%rﬁ!gthécﬂ?g?iateq:%?Reﬂf?dl{%P 'Ei'lgh §reP é&%ﬁogb%t Purification

u{rbdpe) was SpﬂﬁadTh@sW@ﬁsdiﬂQ@@t%$ Wetd f@n&n@cﬁw hefit the
bot aterna al IIeI es not 5 subje to

|, and rn
BRERUo ALSCER LR o PR C R ETeTPGRNS TS AT PSR A ftgok for rrors

weihe segoericgped. The genotypes are visualized
according to the length (L) of the analysed fragnents.

Q indicates the nunber of glutam nes encoded fromthe
%aaétioenlcﬁSpehhiaﬂdiM%takbe nunber of offsprl ng wth

he i ndi cat enot 10 Ex 5 Ani nodel of
S AT RO S Sirbiate. Yore g\ Paet SammeRerbpoars yiaking 16
kemweh @relgiforisSn &)tﬁl Alaﬁhcﬁtlohegﬁé;ﬂalrmgtdzbé hBd ﬁﬁ @rﬂﬁ? nﬂiftlhty of 90 prior to
such as tra

%ﬁlﬁfgﬂ ﬁ>’<§|8%d %{%‘tﬁmc \g@%qwg@y femaved é/gashm the sperm in
Fenilizdtion Buter (RB)'cohﬁﬂtgfdbf(B@Nﬁg eNRosE, M5 gcﬂdm@mé) 3 ®ESodium

gﬁrag? %bé %ngf ?1 St ! gérﬁgeétg%gﬁsrgp/% g‘zgtebpf steﬂlzed water.

eahmmwr@g gt BsAt(mCa@i Vys|grn@$ @At atded. m@ﬂfo cmma of FB/BSA

RRITP 1 Pahibae 2 BTRD of Wb ieg, e it agmnutes at

vduer engssature dlei) FB/BSA Wl roof tbh@etartmml adaaa ttd 5§ 2R
are

f _th ess , in 20
GelVEREES A5 oty B R leiherdidiseat Sobpt HeRvoRrigit was removed
andh éemelﬁi wiae réehspaafsdph GDahL BBEH/CAtfrbed temhp@iatite @hd Flter

Ca BB Sl P B SRS i aiecPhdth Sh e
spurimatoree Masi rasuspeadiedin 1t5amE BEPBBIA] Nakt, rssidbl adelaenthe
Iagt\ll\n’%/l%’onor cells, the spermatozoa from the different boars were quickly examined
under a light microscope. The sperm cells originating from the boar having the highest
sperm cell motility after the washing procedure were chosen as vehicles for the
subsequent transgenic procedures. Furthermore, the atozoa were counted.

1 x 10° sperm cells from the chosen donor boar were incubated for 100 minutes at
17°C with the linear CoL10A1 DNA fragment in a concentration of 0.4 ug DNA/10°
spermatozoa in a suspension of 120 mL FB/BSA. The container was inverted every 20
minutes to prevent sedimentation of spermatozoa. Finally, the mixture was incubated
10 minutes at room temperature and employed in artificial insemination of a sow in
natural heat.



10

15

20

25

30

35

this is not confirmed in humans [77]. 25 Materials and
Met hods RNA Isolation The pig trachea tissue used for

WGOIWRPCR761 oni ng of COLA was obtai ned from an apil/DK2007/000204

pig. Tissue was dissected and1mveri zed in liquid
nitrogen after renoval. Tot al was i sol ated by
RNeasy nmethod (Q agen). The integrity of RNA sanpl es
mygrified 30 by ethidium brom de staining of the
osomal RNA on 1.5 % agarose gels. DNA Constructs WO
Z0T¢n w4y sallepEr fone 0eined (ppEh Land@cabnaisdhatdradafostained for 2
P
&{y%ovvl n@pk@l&%@éﬁsﬁ%o@&%@@bﬂkgﬂﬁs a't Q?ﬁtja%matelyémo kg were

errved froma
\/v@éec@ﬁmlw@dt& natlaaﬁmam@pﬁmmdsua@gufwgammnmaeonlsatlon (1x10°

(95 52 e Bl Gl s Yt ot el BlogRles

flhmhinetjﬂm\rvt@s atcoppliphed Mitke lpcktsipbie areasiah DINSt e sow was

(i %'%gﬂ?ﬁ%’ 2 ﬁﬁgﬁt}ift‘é[%?m%ﬁ% bl b Y

mce‘—ssﬁ”y(mﬂ]‘am Aiter ondesi gristafionipptiod 8 boRnand  sgepjollavere
aral wf\tal?l@ a?nrplg@\ﬁerfe%fhla?é'wd RGHRH 6 ? Sggééhf&%éf/g after birth -

|'owe I'nactivation step
EDTé’i argbwuﬂnéubeaj Eyie g eepronTCcIRTFRCORS, cﬂ animaty were sacrificed and

g SR SRR 20550

1@criicedrad thaoagreoipf inpeih sinee sswemhenntypﬁ@ltamhpe%wg@ present.

i t
AT S 0, A o
1@uigefises. of each prinmer (COL-F:
5' - AACAGATCTATGCTGCCACAAACAGCCCTTTTCECT - 3' (SEQ ID

NO 152) and COL-R
BDN@@AG&NW&@R@ATTGGAGCCACTAGGAATCCT 3'(SEQ ID

NSUA D3 pr e&frgm%wgﬂag ﬁ@bd Eé(rpﬁgg‘frgm t}‘ngqﬁgﬁg?%ts RNA was

(Finnzynes), 1n a usi n
fRﬁPH’Qf@ﬂ HQW%lfNZ@ﬂ§SSl&§érﬁ@ﬁUﬂ1§tS|a9rﬂf'C§tj SQW@$@T kiingy river, lung,

féRln' 9\’)&9 mﬁs@t}%sc%ﬁé §ﬁm9§ d98E b RCukO s8mim&Rbra PB%Jesgggé musculus

rogram was conc
ftnms %@&h@hsT Ooewo& Y eentapgizatarys alb DNAwandTlﬁléAFS@mme@sNere extracted

%%%I'c@%ﬁqabd}aﬁrﬁ%eﬁm&k{ (ﬁ;ﬁﬁg rg'@% %s a%ﬁf&%égﬁﬂlons

Bi osyst ens he “anplificat

ysm@ﬁt@tdﬁr@pmﬁ@qﬂs@m de stai ned agarose gel and a 20
fluorescent band of approximately 2000 bp was i sol ated
usi ng standard procedures and cloned into the
&R AR RI-AERO vect or (Invitrogen, CA) and sequenced

1o dabk thta,cyra@n@e JNtheltRAVEHSR, @brn‘é%‘ PQﬁbrﬁ@@N’A f8m e each animal

standard procedures to ensSure th har bour e
mqtemromm%aamplw@/emmemdmsa@ﬁh@fqmwwmﬁr@@@@/ 430F:
) UTcﬁmAéitc@meAqﬁ@ 3 @o@omﬁ%@) driggIHe M §J4BRY 5'-

stens | nc. ression vecto (S)

GATCGGTCC GGT TCTTC-3' (SEQ ID NO:157) yielding a fragment of 217 bp
using the following sample mix 1 pL 10 x MgCl, free reaction buffer, 0.4 L 50 mM
MgClz, 10 pmol of each primer, 5 mM dNTP-mix, and 0.5 U Dynazyme Ext DNA
polymerase. The reaction was performed in a total volume of 10 uL and accomplished
as a touchdown PCR in a GeneAmp® PCR system 9700 (Applied Biosystems) under
the following conditions: Initial denaturation at 95°C for 3 min, denaturation at 95°C for
30 sec, touchdown from 62 °C to 57 oC with a decrement of 0.5 °C for 20 sec, followed

by 1 min of elongation at 72°C pr cycle. Furthermore, 35 cycles of 30 sec denaturation
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25 digested wwth Eco RI. The successful cloning of
COL10Al into the phCw1l vector was confirnmed by

waeegaemosng. In order to create DNA for |ncuba1’¢nDKMO7/000204

spermcells, large scale PCR repgtions were
performed. The PCR reactions were carried out in a
GeneAnmp(r) PCR System 9700 30 (Applied Biosyst errB) i n

a Rl 9RAC, ¥BIsanef afne2Binght $DT(SIaﬁH|1ﬂﬁanff eﬁ)ngé’u(?\ & 7@3
HF  Qiatree Wlth% %églsﬂg?tfon(f?qp ?;Lfé @mfs? 9. oF vvar

reverse pri DNA Pol ymer ase
(2 UpL), 1 pL CO.10Al-CW1 tenplate, and 15.6 pL H20-

Thg Lgn.gonsi sted of an initial dnaturation
8@@%@%’5 )ésésfol | oned by 30 cycles of

deiﬁ@na@%na iotegfation Whssiteratind¥ay: SARNSA!
30mas r(]Jr 95 sec atb!dﬂgna%'g%%m%%/m

t 35
a fi n&f'jmﬁ § rqlog‘{'] gBmaIEe abectedpow. 13 g of gemomic DNA from the
f of @Wd@wmﬁﬂ/aﬁﬂw@ﬁe B@MM@&%&QQ# @él I érr'lro1L T double digested with

pr t he COL onst
pl %@q{ﬁ‘d\% r'ﬂl'1 S ‘i‘ﬂﬁ{ﬂy prated op ?QFQ/eﬁlaﬁ%elel blotted to a
s etplmmembeang éﬂdgnblye.‘kj Wm [wpﬁtdbgmeﬁccf“émrNCPfragment derived from

amﬁé@@&@%& 2 p@@@-”@‘er? '§E@g_'f 5 NO 154) 5
p HEMI/RT AGAGGIEICRA GGTRCEUET AT r oduct g}l,g A;}éer 5.

oA st atsd SRR

applied. The suppliers' instructions were foll owed
tnﬁgg 5&? §he purification procedure. The PCR
purifie ?agnents wer e sequenced to check for errors

i TTeM éheskighidoreteg tﬂs@ué%rfecpﬁltlﬁi gr@Wtfﬂélat@B‘?;SH?s%‘)‘Qn%taphyses of

U n | at'e,
oo el = oA B Eulcd aaer it s 1icider sreampaluding the
f @H@viafrﬁelphysqabcmnagmcbmbrem tRnsoakioB PabeR! %ﬁ&%a.'?;%ﬂomts From

t t
Spnoéctg/g Jirlrgl le%?gfnﬂ fg?ﬁ%& Sénw%gl "g‘?rj'? egﬁl%pt%fﬁq\ggzhp Bp and knee joints,
wa Hioaytherfemorsd end tibiallSorfeer Alisb ltﬂeaddt&flcr%ﬁdfr@r ih gf tgree ribs was

EDTA
Cg&ﬁ%@n& If%g\tlér%éloé)ﬁ (aé!'_tgaéyes ‘%{?{8%6 iy (i%apuﬁﬁql ugarf;gcfwmad;n followed
dPy desalaifivation in 4 seletiorodontdiming BIBZ@ﬂ)rM@Fdﬁﬁyde iy 17% ?ngceac.d for 2

6 r was added. Briefl
w@@(s”*l‘h% Aﬁeg \A?eg%\g aSe(d%g)y@?\ weaded saBeentimtigns of ajq&ohol and
u)gy&ﬁqeug@@e@@ﬁédﬁchmqbaraa‘ﬁm who blodkgT gL Be@lons 0P 2 > HLwere stained by

t IRt r.oom t enper at ure
added %W'ggn%%%hék'gg gljﬂ ?‘?‘?‘%}a‘gaasfeérby1\@rhﬁ5ﬁa@@§>raollagen and
rEHRNINEHiPE Eaitilage neattrib8¢79]. The super natant was renoved
and senmen was resuspended in 50 nL FB/BSA at room
tenperature and further centrifuged at 500g at 17C,

§s8HS whi ch, the supernatant was renoved again and the

dncluded

Sperm Mediated Gene Transfer and Genetically Modified Pigs

In order to establish transgenic pigs which could shed light on the functional role of
collagen X a COL10A1 cDNA wild type construct was generated. Interestingly, the
porcine COL10A1 cDNA was isolated from trachea using primers generated from the
previously known COL10A1 sequence [80]. The cDNA fragment was initially cloned
into the pCR®2.1-TOPO vector and subsequently successfully removed to the
phCMV1 expression vector facilitating constitutive expression qua the CMV promoter.

In order to impede possible truncation of important elements following SMGT, the
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sper mat ozoa was resuspended in 15 nL of FB/ BSA. Next,

in order to select the optiml donor cells, the
wapermedroa fromthe different boars were quiBRI/PK2007/000204

exam ned 25 under a |light m cregcope. The spermcells

originating fromthe boar having the highest sperm

cell notility after the washing procedure were chosen

agoV et T bR ffaymetrh @mpﬁdyba ﬁqth@nwantsgémsmae@ureruﬁ@la@wé@&nonal
Furt hernore, (e cou

RPN BHBEaR it ASGRP RGN Ma RQLA rad pghich,

18¥nstiutétLRagrhent 3P agproximatdly BEGD bp metdtal, Gglsu0AL DNA
fragnent in a concentration of 0.4 pg DNA/ 106

spermat ozoa in a suspension of 120 nL FB/ BSA. The
CIaRiaAY, ReJht BaRish N¥Adiaed beyrerweraosedraswsﬁ@m dohoRy VEiRk sperm

sedl ment atio 0z the m xture
S FAER SEaVINg dhe ia AR SO A e U AsG PAEaLt miyhekioed to
I ﬁérrﬁfvb 'f%g@}aﬂﬂ? g\ﬁ@é;bcrfrh/%bh Qﬂti’?jsggséécg}fnt ?TAHML}%%n P@_kdure. After
'8'6!0!9%‘1‘{’l ”?W%%O?QW BT %Hatea?ﬁ!g.bamea% RFR
t%?lysibﬁ@f BRatisdIaed frf\?ﬁf ?(IB%d céay;ﬁlfytlrcy@zmbp mmmra@ﬁaht located in the
ni.s ce X aor Kksni r a a
R Brme L Ao amEnt 3 e Coreiiet ShovRRLPRL A trapblsls tiraslred the

UgRtbgbag, sabligfase iHbwevas el n@biaidntidal Xedkdfs oni¥iglets were kept
t]g' a}éed S er mat Oéﬁ?/ sow) neeting standard insem nation
piebRNAtcal VRGN | on was acconplished in the

Iocal st abI e areas at DIAS. The sow was exam ned for

pregnancy_24 apnd 42 days after insem nation, show ng
t%@%%égljgi%'eg%fully pregnant. After ended gestation

pRtfdthéldgé gb@r@ffm)lamdt&y smvmmtﬁ lgaé of theltieree mrﬁhggeahcb snibRIsNa sow,

an .Sa es, e WMt amwn romthe

SRR P G P Bl R o o s e AP DisBe infige

Lmommmngla@ fn’bﬁ*ﬂﬁrﬁﬁ@;ly Blff&nltlﬁﬁl\/\ﬁihwliﬁﬁ@@gs’ hbd @&dd(ﬂmd gait, a
ence oa wer e

TS Bk ThEn Pofeve S e ErnpSpud R e fracglige afising
nfipsth hesfore iR gS.ENHRY @grm”tﬁa:@gwmhghw wesabho ﬁSth‘éﬁefg% of approximately
present n ex

LR Mt (131 w0 BB VeS8 LR KR e TRl bent
aﬁtdv%%thgtekﬁbv%arﬂ%alm& thss2p Bibedvdr fometHiZbAradisahs thezoth was

Fﬁd Iesf omthe 12 piglets. RNA was prepared
%ﬁﬁja%‘%ﬁg%' ti ssues fromthe sacrificed sow

(heart kldney, liver, lung, skin, ovary, nuscul us
rfg ‘gh g@g\ rsi, rruscul us sem rrenbr anosus, and

LEUFU SEseps brachii). To avoid any
cBnithemddtianalysia) sholANAn fig BBERINAfsamgY @stissas groaxihusaied
longissimus dorsi from the diseased sow and a normal wild type pig reveals additional
bands in the affected pig, when digested with Bgl Il and Bam Hl in comparison to the
control using the entire collagen NC1 domain as a radiolabelled probe. This therefore,
led us to conclude that the transgene has become integrated into the genome of the
affected pig. Unfortunately, Bgl Il did only digest the genomic DNA to a limited degree
and hence no difference is seen regarding additional bands in the unidigestion using
this enzyme alone (lane 1 and 2).

Expression Analysis
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in special clean | aboratory facilities under highly
stringent experinental conditions using standard

weearozobs. PCR and RT-PCR 25 To ensure the prBGERER00G/000204

the transgene, 50 ng of genomnigsDNA from each ani mal,
i solated from bl ood sanples were anplified using the
follow ng prinmers: phCwW_430F:

%ﬁg&%@%@&ﬁ@&@%&m&t w§§g&o|n¥5hmdl%ﬁbﬂfﬁt§h BEEYMrimers

CGGTCCCEETGT
JpeAtes RCRLIPALMEAN2 810 SOF TBAT exan hign fhiel RUAIsithgmuscuis
StABEN SO raEAi évé}%j I@f@néf Mae I@etf 'iLﬁfé ﬁr@@&flu@ﬂn&%%% dori, fusculus
pL 50 v 30 0 each pri mer,
S 18T A BBk ORA oot b AL Bom il ype

r @aGbl. The &S FmRE@Jlﬁﬁre'v@al@dte&%r@ksté!@bﬁé@la@é xX%R k@heé‘ﬂﬁhg and
acconplished as a touc in a ( PCR

SYeat Bhihe AHECteASpYi %’H’OBQB@?%’t@%‘)’“'Wﬁ?OUm%éﬂP%SPM% presentin
Gadvetvt fi@ B3 Hdwdr %lndéecﬁéiPWRil%'oﬁW qhalidfbe, fieg Juagéihént OCf: expression

denat uration at 95C for 30 sec, touchdown from 62
tlgvaly witinipe ﬁa'BP'ﬁééP@% Re takenyvity %e%’tﬂo'?(? EE‘@HQ“ the same amount

f glibtarRNAIRs DBk uawmqﬁe @b&iﬂ%fhfh@@lsal:urﬁ%@ml@fe &Y @kBression of
Furt hernore, 35 cycl es of sec denaturati on WD

2@@-7/()&4378@59@1*7‘@@@@7%’9969@@ lgqueSat 95C, 20 sec of
annealing at 57 C, and 1 mn of elongation at 72C was
i ncluded together with a final elongation step at 72C
fldstopaiieledysout hern Bl ot Anal ysis 5 Transgene

Imeemuajla.oéplm@%eal&ér@é BT thethulératarabines BomdtRltingNiRé P@ixfnal portion
muscul us | O%SSI mus daorsi. fromt

aqfft%%?@awww reMgalsy SEergEETRIENDINAS fig oy Tﬂ%ca"ggﬁéé‘{eéde"a'“ed

SOtk edterits @ﬂhﬁaéﬂrcbmetw&@nam@yw@a/vdm esdRbM \ethimeBehrtiage
d double est ed

Byl
gﬁ)@@ﬂ C{f@ ] regul yy;;p@@ q-_ml Igﬂ‘ﬁe &%ﬂétﬁﬁgg\gé cgations filled with
kﬂb@hb@sﬂmta@aral wai ;Qasém ahfngmﬁthammpbmb@sitrdakts hMoreover the distal

32P abel | col en X NCL fr ved fro
R pIR B o8 RO AT o et TR Bt el e 2 Ahines
5cartn @mmm%@@ct&nsﬁﬁmm[ﬁbbl%é%cumd
5' - AGATS:@ T CGAAS (SEQ ID
I@'%@?al ar?—i‘ss? Vb C@ l@? Sright foreleg
ti ssues fromthe growt h pl ates (phyS| s) and met aphyses
?ﬁ‘éJSdrrl f:?riqﬁ:s&qn glpeeggeglr%dph%p\%w%g%%!f t%e CE&?‘F (%Aﬁetranvggene gave

aisel t6 &l Bk cltgidpdissa bhartpel dgetinpeapeeilipihetthe fore limbs of a sow.
olnts

oul . der,-, el bo nd car al
ni e feBgions presegt in P Gaisoehagisbt. (RepinblesGPtasendpamsmicn s
tkm@WhI tp affaet onRGer MiM4lS, ahd B.chif#emrisbé bf enmilaalesnd of the

P 5 e s oA PR leg 13 erTe Rt g prcen

veane fi xed in 10% neutral buffered formalin foll owed
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by decalcification in a solution containing 3.3%
formal dehyde and 17% formc acid for 2 weeks. The

W@ e@3neEgswer e processed through graded concentPEI/DERE7/000204

of al cohol and xylene, and egpgdded in paraffin wax
bl ocks. Tissue sections of 4-5 p were stained by
haemat oxyl in and eosin (HE), and in selected cases by

\éarEvQ&ﬁ evf fq K wes@ ﬁmclg&u%%béé’é Bn@ nfe rrode%ea‘:eée’uve

cartil ege mat ri x . Sperm Me
THisaase eBraiin 40k ek K%ta'ﬂl)yp RB8%-FP2d Pigs In order to
establish transgeni c pigs which could shed |ight on

ti‘@e@%ﬁt canak. ighs Efamudd a%@'J'I@@QaPﬁ Re%%bllﬁ%chamsms

ype construct was generated. Interestingly,
pﬁﬂ&nwco@mm E‘@i\ﬁe\i\@@“ﬂsgp%‘i S DR PrdRehea usi ng
prinmers generated fromthe previously known COL10Al
se uence gnent was initially cloned

6‘ Phet ﬁbFé'N’)\?“qd'qt@@W@éﬁgﬁ”%@”ﬁﬁ%@h%%@lfl;ﬁgl'e X premutation
&@G@l%‘i)febl{shb{ Dr&sBpnRsl Nurd 20081 p e7daL£6Si on vect or
facilitating constitutive expression qua the CW
pronoter. 35 In order to inpede possible truncation of
| 5TRALEIRNT ACleARMTINA hip)idte C«g_é’é% mbEihie ﬁé?&o%ommp@é%ﬁlsensmve
PCT/ DK2007/ 000204 114 grrent enpl oyed
i Rriegriod pane glamcigpNater) £083. 43?@9{3”&% pa8 Pt!Bonal
nucl eoti des 5 and 3 prlrre to the CW prom)ter and
t he pol yA fragnment wh constitutes a fragne
FpHhexPriht @3- Aptensg traﬂsqr@f'@n‘ ang peferpehramatin;at |”%ﬁ DW CTG
Gb@dtts BRNdonRtrbinBE b T AP Mo cwrz@ogsm:a% gpepm donor s
and the sperm fraction showi ng the highest notility
after the initial washing procedure, introduced to

e @awaosRINienal., Tripit depass m%nﬂé‘rytsﬂ@ctﬁk@m%@tga%
i ncubat i on rocedure After _ended 4%393t ation period 12

faRaHaD Mgt "REPRINgeRiesiswBrain Rat Bk T00THef(A-4r 1BERO1.
anal ysis, of DNA isolated from bl ood anpl | fy| ng a 217

Efxgmg% nment, |located in the 10

f Dhf Mpiggliap pasis chqe“e%@ﬁfé‘e‘“fyfﬂ.ftt”%?tl re&%atﬁ ngﬁ'e{ Ghem,
hi@obozimiesh:. pheg7stg.ansgene, see fig 35. However, due to
econoni cal reasons only 3 piglets were kept for
phenot ypi cal investigations. Phenotypic Description 15

AL Mili, 89@. £fd BNp BeNinGRd, FHagitiphEd M@p@n@ﬁ@at@eﬁdﬂ@%br?m ): p. 5-
transgenic aninmals, a sow, devel oped clinical

Pani festations of |anmeness. The sow was oppressed in
its rmverrents rising fromprimarily difficulties with

or eI todd in ait, a,  curved back,
pingee 4t Lobviend G REPALRSn fepiicatiqe-mediated
ayhrmremsabe tep@at mBiaBIlifdn ptiframs édNe. KA Gened P02 THR15ipdBE-46.
becane slightly worse and at the age of approximtely

20 seven nonth the sow would only wal k when forced to,
andNetgurelT d et amestnaidate/DRAREplication initiation regions at human

trinucleotide repeat disease loci. Hum Mol Genet, 2003. 12(9): p. 1021-8.
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down on the el bows and wal k on these. However, for
et hical reasons the sow was sacrificed at this point.

w@Gowrhae7al Bl ot Anal ysis 25 Sout hern bl ot anal yRBEEPK2007/000204

shown in fig. 36, performed onitissue from nuscul us

| ongi ssi mus dorsi fromthe di seased sow and a nor nal
wldtype pig reveals additional bands in the
affected pi g, when digested with Bgl Il and Barn H in

arjson to th nt r ol the enti eco
A BkRA . & o MUEATioh Ente Ja hii et Brcrahte SR Pl Ge f the
| @flictife BAd EPQE dfdBe tdhabmirBpedt! ARIJeNE derrt,DGOBNE2(6): p. 1408-15.
integrated into the genone of the 30 af f ect ed pi g.

Unfortunately, Bgl Il did only digest the genom c DNA

t 5. MUNifl LR, gl eect FTANENAEGNAtefHupicPsRMIECHE nfed@tion on
addi tj onal bands .in the unidigesti o usi

AR dnd 2dd L onah ante D Rg U GP ol g dye 1 and

Vﬂg?l@@(%yha%@ JASIdT EMetR DO0BOLENG): p l449sEsum. essi on of
the COL10AlI construct was acconpl i shed by RT- PCR usi ng

primers located in COL10Al1 exon 2 and COL10Al exon 3
ofe. Lat, A, \Rithon, spat . AVIREE ThanScrigtioh @egitotes ashtkdction of CAG repeat

ovar ki dney, ski ljver.. cuI ongi ssmnus
dtg,qcé%’ W?&f?let% ﬁ@%ﬂ%&a%ﬂ[%‘ﬁLga& 1 1u7§n ‘I'iver,
spl een, ki dney, lung, and heart from a wldtype 5
c rol, T PCR an Sis r veaI ssi on_of
Ei Latitan, B agen racC s Caa: TinclRiSs faraeised
S(mc;)alzrd;@g@e@a@%@meejmﬁidnedwearagu@MSgemfe_rtamam;]ﬁtblgt&
re present i ne ver, since the
@Eﬁvcﬂﬂ%ﬁ "[]Ugf E\‘?Ea Xﬁ%-’t @Bé LHEHT ’f%xpr essi on

level s within the sanples should be taken with
pr.e h the sa t ot al R g
LS M T e Seatnlc Sy nBRLE BT S, G et melpbity, it
é.egﬁtrfﬁlsd SCATf cmﬁbl%ﬂg;nﬁraﬁbﬁ?@_?ﬁglsbnﬁﬂealw dtablé ¥ Pansgenic
dppeclgyrg SJTJ 3@8#’ if?g e huneral trochlea
constitut| ng t he proxi mal portl on of the el bow joint,

er ons 8. .The cartil age
W By TE o o e BE bt i BV enin fylfmnpreageion of g
?Hmlitﬂbdwyst(e$6) }Miebt at tas ea@cbéflar tﬁlrabm@nemm% b_fpjjﬁenr? kinase family
ornpt i ) regularly seen, and in the
dBBTRS i Cel {ﬂggrgé(giip\t/\g%?ons filled with fibrinous
mat er i aI were present along with eosinophilic streaks.

er,,khe. distal agrowh plate bot h u| na and. -

PR FRYE a6 e Bl hapstin 2o uBsRbE TuPh resti st M fisariaion
danyotaxfredystrephy Natuve| €9920B5568S®ND. 345tdi n secti ons
fromthe ribs, the articular 20 epi physeal areas or

the growth plates of the hind |egs. Thus in
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rise to a dyschondropl asi a phenotype affecting
especially the two fore linbs of a sow. The

wW@kignat7sons present in the transgenei c sow, rRCEDER@3/000204

ost eochondrosis which is 254kgown to affect younger
animals, and is characterised by simlar |esions of
the articul ar-epi physeal cartilage conplex [41] as

obsey a4, bﬂalt N@rléﬁﬁrﬁéfﬁtﬂé o@‘e Fé’pb@aMtQﬁ@fﬂégneS)OWte results in geneuc
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7. The model according to claim 1 or 2, wherein the autosomal dominant hereditary

disease is diseases related to Trinucleotide Repeats.

The model according to claim 7, wherein the autosomal dominant hereditary
disease is Huntington’s Chorea.

The model according to claim 1 or 2, wherein the autosomal dominant hereditary
disease is dyschondroplasia.

10. A pig model for a hereditary autosomal dominant disease, wherein the pig model

eXxpresses at least one phenotype associated with said hereditary autosomal
disease obtained by a genetic determinant.
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phenotype associated with 5 sai¢sdereditary autosonal
dom nant di sease obtained by a genetic determ nant.

2. A non-human animal nodel for a hereditary autosonal
dom nant di sease, wherein the non-human ani nal nodel
expr.esses at | east one phenotype associated with said
herddh Pig rodelfeia haredietiantasemal deraisentalineaise adhdryin said disease is
sper ny BRAéIALS i :

accor d?ﬁg to Fgﬁogﬁgnﬁ‘oln]@?édzs,@% agrﬁeéi. lﬁ, T ﬁé%él%g%mant.
dom nant disease is a protein conformation di sease.
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Lat er Mit2i8gq By 3gepefipdedprmigantThe nodel according to

claim1 or 2, wherein the autosomal dom nant

hergdAtar di sease is Al zheiner's D sease. 20 6. The
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aut osgﬁﬁ?tr%m#?é?r@' Repedistary 25 disease i s di seases
related to Trinucl eotide Repeats. 8. The nodel

ac&gr di n tc? claim7, wherein the autosomal dom nant
her &di Pligrodel iy ddzheimers-iseasepbirined bha gensticdetermifiare, wherein

nodelth@pigahedd) @xpressdLatakt Bfe Bhe & ?égﬁgg\ﬂ@?ﬁ%@%er’s

dom nant hereditary disease 1s dyschon
A pi g 'Fft%€l for a hereditary autosomal domi nant
di sease, wherein the pig nodel expresses at |east one

phenagt ype associated with said hereditary autosomal 35

di zégg%,égm%?%é&’aﬂy”%né&ma% aéaieethbnagenetigieterminant, wherein
2007 t3e28ig PAodCe kK264 it QR7 : ' f.or

a heredi tary autosomal dom %ﬂg%ﬁ?@%gg@b%’(ggQﬁﬂeﬁggf%sons

di seXi¥3E "a protein conformation di sease obtai ned by
a genetic determnant. 5 12. A pig nodel for a

he 662‘;%& neyr odegener at i ve _aut osomal donai nant
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genef ic ddet ermnant, .
with a disease related'to Trinucleotide Repeats.

17. A pig model for Huntington’s chorea obtained by a genetic determinant, wherein the

pig model expresses at least one phenotype associated with Huntington’s chorea.

18. A pig model for dyschondroplasia obtained by a genetic determinant, wherein the
pig model expresses at least one phenotype associated with chondrodysplasia.

19. The non-human animal model according to claim 1, wherein the non-human animal
is a pig.

20. The model according to any of claims 10 to 18, wherein the pig is not a mini-pig.
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one phenotype associated with chondrodyspl asia. 30 19.
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non-human animal model,

iii) contacting said semen and said genetic material,

iv) “ fertilising an oocyte from a female, non-human animal with
the semen and the genetic determinant, and

) incubating said fertilised oocyte under conditions allowing

said fertilised oocyte to develop into said non-human animal
model.

27. A method for producing the model according to any of claims 1 to 25, said method
comprising the steps of

i) providing semen from a male, non-human animal
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: i ' [ t osomal dom nant.
uBS BldmbiiBaELEN ba', qﬁdr'ggf?ﬁ;ﬁ@gém%;‘ diveasrmisenlitdsomal dominant.

aut osormal di sease is as defined in any of clains

13d.8rhe method of claim 28, wherein the hereditary autosomal disease s as defined in
any of claims 1-18.

31. The method of claim 24, wherein the non-human animal is a pig.

32. The method of claim 31, wherein the pig is not a mini-pig.

33. The method of claim 32, wherein the pig belongs to the species of S. domesticus.

34. The method of claim 32, wherein the pig is selected from the group consisting of

Landrace, Yorkshire, Hampshire, Duroc, Chinese Meishan, Berkshire and Piétrain,
including any combination thereof.

35. The method of claim 31, wherein the pig is an inbred pig.

36. The method of claim 31, wherein the pig is a mini-pig.
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[ [ - human
. The method of claim 24, wherein _the non _
ggi ?nil is apig. 32. The nethod of claim31l, wherein

W0 b@7p24g5is not a mini-pig. 25 33. The met hod PET/DK200mi000204

[ [ [ f S
wherein the pig belongs to ke species of !
%ﬁesti cus. 34. The nethod of cefzju m 32, wherein the

pig is selected fromthe group consisting of

Laﬂﬁrﬁ&emefi‘@EHﬁbia‘rﬁ 36%#&?&@@"@%@% isﬁgg{‘?gef%’%/ the group consisting
Mei sh erkshjre an ) y .
conbi Oﬁarlfqe g@ﬁe}fgfzﬁtan,ﬁ;nﬁxlaméhmggds%eaﬁggtnhmohg&g? Banna,
wher éncludihg apy Borningflol MBfeBf P 9. WO
claim 31, wherein the pig is a m6gl 3? gll'he et hod of
2007/ 124751 PCT/ DK2007/ 000204 1 _he et hod ©
cl a8.Mhétmethbe bEEIBIN fb?, (\égﬂee{ﬂétzl? ﬁﬁ%dn%a%ﬁﬁé?%ﬂ Segiahang; sg}pggenetic
%LSUD %’Eﬁﬁ Igﬁél:l{ggha%xﬁers}@mgi iganmaprisinhg}t)lgﬁd:b@@ag@m a citrate sait
conbiandior G\rbiddﬂl%r%!i’% sal ps?éz?rgﬁggﬁédg\ﬁg s%@#%elr%é‘?%qtio@ally in
i n e :
\Arrgtere #'E'PF”(%@%@}%’E% m a;co%lpppm capabfrosfichelating dWErehEmB&tl lohs, such a
C . ' e
gl ucegeERTA, dmbc? fuﬂ?ﬁﬂ 6@25?%@%2{1?@?@{&?\&@? ivf Eé%g%&?w Albumine
| t ef e e sodl. :
i‘c’ﬁ ((:%% ng[q%gpy I qprqqlrpa)tlpa otdapd u{]ndltrcm);arbk/)éD$fA and
Ut Ror ot} onal Ly i o conbinat i on wi th | ) Bovi ne
[ona inc _ _ : _
fgﬁ%&%ﬁﬁﬂ% @@'G%W@ﬂ? respRpsof m@emﬁpﬁgaém‘]?‘g?miér@ Bf &hereditary
) _adidease) suiihothod v\,org%riég}@ﬂaweg%gﬁéggﬁti cal treatnent
eval uating the respon . P
of a hereditary disease, said nethod Cog'p:nlaISI ﬂgdélhe
steps of 15 aa. pr OV'ﬁb\ﬂﬁinﬁlﬂ%mﬁwgnir%@lggg?l@cgrgjr@ to any of
according to any of ?l al1r{5gé © ’ h;ar maceut i cal
non- human ani nal yvltqlﬁ'ﬁ? I'éa8t one p t east one
conposi tion exertingreapn &Ii@%n-ﬂtﬂwéﬁ'gﬂ@%twitbgﬁqa@gwe
phenot ype. anc 20 C ey it ngtpmscbsi@)rté)ertfngrém@feciibﬁﬁaid at
40. The nethod of clPARIMZPEUEesp d ot
of advising on nedi WStoﬁéﬁ%rL&%Fa,%@f

' - human
-mentioned observed effe 41. A non _
gggﬁsn (r:nél | “conpri si MPldatingdhe efferiobsmmed.i ¢ det er mi nan:
exerting at |east one dom nant phenotype for at |eas

j [ when expressed in a non-human
O‘R?Tﬂigmﬁegé‘%ca%f&%l sease e p

an' ma m ngfq:omprising the further step of advising on medical
treatment based on the afore-mentioned observed effects.

41. A non-human sperm cell comprising at least one genetic determinant exerting at

least one dominant phenotype for at least one hereditary disease when expressed
in a non-human animal host organism.

42. The non-human sperm cell according to claim 41, wherein the hereditary disease is
an autosomal dominant disease.

43. The non-human sperm cell according to claim 41, wherein the hereditary autosomal
disease is as defined in any of claims 1-18
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42. The non-human sperm cell according to claim 41,
wherein the hereditary disease is 30 an autosonal

walorwrnz4151 di sease. 43. The non- human sper m cel PCT/DK2007/000204

according to claim4l, wherein §&e hereditary
aut osomal disease is as defined in any of clains 1-18
WO 2007/ 124751 PCT/ DK2007/ 000204 163 44. The

nod4hTinmnorshemean epéim a8Iccdid chplip, 41 to :
43, whgrein. the aneti , det,ggﬁb%ahztwggfn% h%ﬁ%ﬂl"‘{%ﬂ?m the genetic
ori gi m o ReridY RiynATmaien P rindvdipg henae odgingirmorot origin.

The non-human sperm cell according to any of clains 41

to in said nodel 5 is genetically nodified

46.46'% hee? 6@”%’? S%‘?rﬁb?fji%q@orf’ws tp8ny Alelaimsstietormas ahkrein said model
accorigigageticallyampdifitdcl ai ns 41 to 44, said nethod

conprising the steps of 10 a. providing a non-human
spermcell, b. providing at |east one genetic

def@rninethod fexentiiclay thedRRIHAHN s or . a .

her egjjt ﬁéiéﬂ eir?e se when expr essedpglhﬁ%&glﬁ%gcgqrglﬁ%ﬁ%ﬁ”yo’cc'a'ms 41to
ani mal” host G %Cgﬁ?@?ﬁs'@.th%éwpﬁéfi ng sai d non-human
spermcell and said at | east one 15 genetic

det er m nant, wher ei.a. said contacting results in the

uptake of The JERYEING aNumatspermeet, t he non- hurman

sperm cel | .b.47. pFrbedingabrdstfhededi ein_the .

non- human sperm i@l I ﬁigs a pig sgperfr%é:légtﬂmg g rtingjgedominant
met hod of cl ai mPA§NCWRRfEifereditanedisetiseavhendpeased irsa non-
an autosomal domunaimtanifalsRasGgassel i ned in any of

clains 1 to, 18. 49 {A conposi tion conprising a

non- human sper mCeBECIRGSHY AP-Raman Apett teliend sds At 16 one
genetic det er m manéticaeérmiingt abhdr&ASLi(Q | nant. .
phenotype for at h}east on(gﬁ{ZS,herregi %gré&%@%grgggegu&ﬁ@ﬁhe uptake
expressed in a RbIerchatic deieminan dne ther nemheman ss@m cell.

The conposition according to claim49, wherein the

hay eglid i se .S an . autosomal dom nant disease

as gFeH‘ i lﬂé%]olg r?? g%&,m 61%5 ‘Mpeg?l@qnq?rbhqrgan sperpilcelliba pig sperm cell.
conposition according to any of clains 49 to 50,

Wag 64 i etermnant is of human origin or

por ci ggn %@?%lgﬁag'gé%’ﬁ("q}%‘?'ﬂ hespditagy dispass ingnaitasomal @ominant
by $iseese aedetitetingeper tiaanrsf &r4g sai d net hod

conprising the steps of providing the non-human sperm

cell according to any of WO 2007/124751 _

PO ADKPUBEIi00 CaMprisitg ok fartshohl oA AL

219
sai - ) sperm.cel| into the oocyte to atleast ond
geﬁ’é{f& Jbll‘émnnarf% exerting ag least one dominant );;henotype for at least one

hereditary disease when expressed in a non-human animal host organism

50. The composition according to claim 49, wherein the hereditary disease is an
autosomal dominant disease as defined in any of claims 1 to 18.

51. The composition according to any of claims 49 to 50, wherein the genetic
determinant is of human origin or porcine origin,

52. A method for fertilising an oocyte by sperm-mediated gene transfer, said method
comprising the steps of providing the non-human sperm cell according to any of



fertilised. 53. A method for fertilising an oocyte by
sperm nedi ated gene transfer, said nethod 5

w@owpn24sng the steps of providing the conposi PCDDK2007/000204
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according to any of clainms 50 tgsg 51 and introducing
sai d conposition into the oocyte to be fertilised. 54.
An enbryo obtained by fertilising an oocyte with the

) : ; i 0
o om0 6] R A0, L e o e
44, f[% ﬁtg y

with IS8$nposi tion according to any of clainms 49 to
50. 56. A nethod for the cultivation and devel opnent

ccording to any of 15 clains 54 or 55,
g;?g-h &@?eﬁqb%@'gé?ﬁsﬁlisglgy@nge&yej@eaﬂ—mmate@ genaassiend said method
enbr yeorusifig the @Rgbistor BR%idHd tﬁé"‘c@&ﬁp@ﬁorﬁ@o}[&%% a1 9] glaims 50 to
devel P i nto a non-human ani nel offspring e ressi
sai d %eﬁr@{]ﬁng OgiRig $A1% sermpesitipndrierthe ageyie tobe featitised.
phenotype for a hereditary di sease. 20 57. A nethod

[ the efficacy of a pharnmaceuti cal
28%‘6‘3&'{ gri% IW,rc]’g%bé"T‘iﬂe"f'rBX f%tHiS')r/‘é GRmockiervgthtthe nendpmaofsparm cell

r oviabcodint bf B AR 4l nodel according to any
gf cl giﬁjéd;@tdowz& 25 b. expressing in said ani mal

nmodel said at |east one genetic determ nant and

eXBS {ArTigmbiyo bLURR B erthIAY 8h ey E Aitn AL omBELEH S@h¥ing to any

di sease, .c. 9m nistering to said non-human™ani mal”

phar ﬁ)i(?@m‘? 6§I°5Q:onposi tion the efficacy of which is

to be evaluated, and 30 d. eval uating t he ef;ect, i f

an of th har maceuti cal conposition on the .

ph%%ébt Wﬁ&‘og)f&rtg%&u@vattoﬁe?”ﬁé*%?lpﬁmeﬂ*eqfélﬂ&rﬁmér}{o ageenling to any of

expr etdas 54 r 65 et ArethedRBnRSRL the step of cultivating said embryo under
conditions allowing the embryo to develop into a non-human animal offspring
expressing said genetic determinant and exerting a dominant phenotype for a

hereditary disease.

57. A method for screening the efficacy of a pharmaceutical composition, said method
comprising the steps of

a. providing the non-human animal model according to any of
claims 1 to 25,

b. expressing in said animal model said at least one genetic
determinant and exerting said dominant phenotype for said
hereditary disease,

C. administering to said non-human animal the pharmacedutical
composition the efficacy of which is to be evaluated, and
d. evaluating the effect, if any, of the pharmaceutical

composition on the phenotype exerted by the genetic
determinant when expressed in the non-human model.



