; GABCDEe3er r s, Wwwx~6~T$! Title: Selecting animals for par ent ally
|rrpr|nted W i doRs14 3 5 The invention relates to nethods to s

breedi nget 1 ani mall S or animals destinedq for s haV| ng(fe5| red
genotypic or potential phenotypic properties, MH@M@M mﬂ rel ﬁﬁ' Itzl@
muscl e mass and/ or fat deposition. 10Breedi ng dorres la ?ral S
have so far focusedon farm performance traits andt¥¥tass quali ty. This
hasresul t ed bs t success,
mlk pr oductlrieltrlféj é%éﬁn%%ﬂ%aro r%folﬁ:cgértenglraol\\jat* K'g{rgig{at%gyf ee\é&S
efficiency. Relatively' 15sinple performance test data have been the basis

forthesegi nprovenents, and selected traits were assuned tobe influenced by
a |l arge nunber of genes, each of smalleffect (the infinitesiml gene

model ). There ar eThRwi R omgralatesc fien ges hadsaurte meliest hizeesias. First,

“t he20br eedi ng gl 5 Obr smﬂ@%g&r@cgaﬁuxsem@{w@@ RSO HbF el ude neat
quality attributes_in addition to the"traditiona production traits.

Secondly, eERHERY | SERL UM At PhP IR It RARD AN He P BRI P g o
traitsmay i Fp’@fuﬁcuBé.ﬁtre!BéUecﬂ azfcgm@‘dl%:tnsas@rmm/@ﬁ e Qiéiﬁg#ﬂﬂ?dn as
opposed.to f| ni t go 04 hasbeer}ﬁre}lll ed on ta ern
DRt echlol difssTipa F A TTE Sibaia TP dor GHES and
t hi s approadni Eamvpeymmmscmg:xramﬂse a‘m:'t detrecd spraueEelient. dfhiedtas

qual ity, 30esp %HQ% S slﬁ_@ tV| abl e for
potential br eeghﬂé%n?ﬁm&% '?rFOo ertral t% %ﬁc nctﬁ ean ratio,
growt h rat e aeprodedeive c$\e¢@gzss rrmiéﬂm SV Telte o) olge/arc/afratbera/@r%

effective. A'ﬁa?oﬁ'ﬁ@aé}?a' $EoE Fitle AMBYERADE £ L IBRSHN RdThd RIS 1 Vi ng
ani mal . a_The evidence Tor  several of the major genesoriginally obtained

using seé§r egkiTBhE APRTiRTEAN e &5 IRHA WV DS HRr kG Bafist nkQY on.

Aftervvards n&ﬂaegellﬁmprcouder@@nmer earerdeQiatmed @ el s twdhe dsmﬁﬁé&rtoof t hese
1 ~ ~u~. ggl 36143 2 PC~ / EP99110209 nes on the .ge t| C I n
practice, e% CHRFI HY F P rSE Yarde FFHEE € aﬁ{g are

required to elf Ssetct (tine geﬁ:aultoematalr g@egfe mmxlelt)ral'ﬂmm‘ aaceorrmsw csome

| mpor t ance. J?[,\igt &3@5 odaed- 4t cal S [Qr
responsi bl e qua‘lggt at fraits | :"%e 12103:,[1—!1%'%%'&? Pol &hey can aI so be
used t o28et R¥egeRS 9vahl Pkl eyraibneesima aqmaau%amm% haye Rl &t i ve

traits |ike ghevhde aéss @Mlﬁiy: atitithite £ase e @i eachtes referred to

as QIL (quantitative tr ppi n 10, wher conpri ses at

| east a part of® %Jnte ?EﬁfelQ:r% ‘f‘bélg?éh(’iﬁ@ aﬁeé?ﬁqfﬁy'\/\ﬁev Grfetit

i nfornati on aapabhkaoing nfthatenoimgreaiachdyueent idadedind rgoal (mm:smi d ani mal
or inits of r f i tDQ@ vel tonlyhelp
to fix a spec rﬁéfl %%}‘6% iée)ir:éé F{%l}) T plﬁf%{li‘lce%n A&f $o as in the

sel ecti 8R ofgengshnta$ aﬁ?@WQﬂi diq tm G-Iﬁlﬁlsﬁletleﬁea@yl gt efdlaffbrhaﬂVbl ecul ar

information paeRddbiion 4,0 shenntypi c data can increase the accuracy of
selection and therefore the sel ec i on response. \FS'}G'S npr ovi n meat quality

or carcass qual i tYPREhIANA tGChvdRe1eRaRFCd Ice Clﬁpotrrtéi iLY iHee

t ender ness ?srxpsmdsb&|ﬂgesé)uﬁaj6rd|9enaelssolaiihbm¢mllsﬁ@ma§dartgu lma:c feorvdty. The
exi stence o . genes excel | ent portunities f.ar_inproving
meat qual i tf%%‘lgjaffs i t°H '18“? o%/\% etzﬂggémﬁréjpf%’%t tf)é"%tde M3 %% desi r ed

di recti 8A. mdiqzllj'tsmd:dz dietgrtt oieréd gre iy s s smysmsEricel svenaxan fi x

rel evant ge 0. Qduet IS g for major
genes all omsr\?fda%?er%%t P%tl on J?‘301r %g%tg???lga%%q 1 A;L ud?gdsﬁge underway in
sever al specﬁlé%lt%aﬁ“ﬁ%Lﬁ%trl%/an/@f@tplrgéi105hge’|@Wtdeefatai‘1eﬁr¥§%é?eQ®t tle. In

particul ar, dffepsensel eddd fia FRahrRedNCHaD H@Svér%ﬁ@ftieéi:ﬂﬁrean' mal s
with extreme nuscul arity and | eanness i.n séveral |ivestock species. In

recent yearsAji%O thRge HocheS fass iNSlte 2Ly aygy SARY GO e 4in Jhe he genes
35 causagg thesendghanhapes, paving the vvay towards nore , efficient narker
assi sted sel ecti O’ﬂ% tar, ted ug devg:agp P%performance enhanci ng

products) and traens t oGNS afBdiGte F5EEEpt or (Fuj |

originally obtalned using segregatlon analysis, i.e.
without any DNA marker information. Afterwards molecular
studies were performed to detect the location of these

T lllﬂlllﬂllll

"'166166"‘




- WD 00/3643 ~ 6 Jlil 200 PCT/EP99110209 - 3 et al, 1991; MacLbfndh 2BRd
Phillips, 1993) and nyostatin (G obet et al, 1997; Kanmbadur et al, 1997,
McPherron and 0bB@431997) have been shoyn to cause nuscul ar hygemxEpsgices in
pigs and-cattle respectively, while 5 nes with major effects on

nmuscul ari ty @lﬁ@/sorori athelepasd 1 @iV erd Qrd st ddC eaR@ ek d@Rpegbt 0 pig ch

ronnsorne ersso et al 1994 nd sheep chroppsone 1 Cocket et al,
1996) 3, leg ¢ u‘@ﬁﬂfl‘ﬂe‘?]ég%a‘%feta%ten A eadies any reig ity QrLs,

the infor rratiu@rselc:t dhe epdnet o damitediistost thirai eonderetaohieedi ng
programes. .Many wor ker this field conclu that it.is necessary to
identify thér éj}/rtta St Sy SDgI\ié‘:erg Jﬁlﬁ%ﬁl rh ?h%secﬁslz'LtoT%?ga]szs% STt At al
t ask, asSthalQ'Eller&greBpmxssmlual fcyr r@h@llt@ﬁwdSti’ange hilde negatcont ai n many *
genes. |dent)fyi gt %&’ftﬁ%f §I Can Q&%&eé l?é” 58 AR fbat By be

i nvol ved t hus rendi ns urdle in farm ani nef s. hé i nvention
provi des a watledes oritlel eebshgnalab ebhests cormnarant{bat fiewi Proadlesi red

genot ypi ¢ on ;3Qt eitdaln PReRS! YPMﬁ @E@pefﬁ'%@oagééswg Lgstbagnsad d animal
for the preséence of_ a parental ?éﬁ‘é%lil“ nted qualitative or ‘quantitative

trait |ocus I(et?ﬁ_l)re%?‘élﬁs @THo Eibat#Ee T52dEf LAGES hsMaPPHRY mal bei ng
sel ecteggor v\hﬁ&*éhga b@e@erchﬁ@tngsfa@nléas@na nEJarEahS!E nghdeghcseiected for
havi ng desired enot%‘ﬁl g otenti henot ypi ¢ proB rties, Donestic

ani mal s proAde SFPCRE 850 c%nb‘f‘age €¥e IFehhEnd ?ﬁﬁ?a%éﬁ’i‘atl on,
traditional Iqapmjmétd:tainﬁmuenumhgegas&bl gohknhbgtaniaai pphkior (ihSseid spri ng
for having 3Q de eno p ntia h ty erties. This
sel ection pra&lé%% has {;l% pg]sfgp §Sb£%ﬁa§eaacﬁpﬁ?§ 2 189 %? oW ng
under st andi rigﬂarﬂobmllcsatnoh ofllyhbellav\soof1M9adepeamfmhﬁandmngene One of
the mi gy Priabl£iSohd bE £6H] NBuP' 8958MBs0lsBOMRSELE 2LEBLSohSOENE 35

negative genetic correlatioh between reproductive capacity and production
traits. Thi SUantiaeiuapreaihewbashk s shrepdy(aeheghedi ERTproduction

general |y YWééulaf ihférﬁq’ahoﬁ@ﬁ MU0k SR 148 BQEhEE’?ﬁi&OQQQa cdnin slim
cows and bul | g oultr broil er e ave. a | ow | e g roducti on
and | ayers %ae‘?l% ]IX‘FyaVEP’ﬁaFXV\PEUE‘E gchioWm ARd § §§e?9’é?y Bgol ific sows
are in genergélé@ﬁlcaxmdréayensenpar atively less neat) or sheep 5 (high

prol i fIE br eeds tw& g@s f\tl%}gyogngay ggs g{gﬂt Tyg %gtyentl on now

provi des t hat kno ge o i n aracter of various
traits allowsisto %@@@tclfl@ngengnbe@etaér@fl tn@stﬁoﬁmicygbasdenneasprarer nal |y

imprinted %fﬁlﬁ?amhé hkEnkgdawst hypusel ?n@%@gﬁcihboﬂnl@o%ug{/()%}'{'e t he
selection for such Traits can thus be less stringent in damlines in favour

of the repr c?d’cﬂc’i"r%cﬁuaﬁlW?JOTheeBﬁ%nBﬁ‘éﬁbﬂe%f eﬁ@ﬁéﬂPEtOPPBQFEHFé\“eS
inprinti ng itasr neweroPesy meati qadliﬂysbéeahségldom&&bwe aargel Stepd was

never c d fea ible hi.s_el S|ve enet i aracteristic
in prac cal Oor eeoﬂ‘ ep?’lagit’gﬁngg l\ll'ﬁ% “flﬁ’ﬁ%ﬁ i 8h %8\% gﬁy bﬁeeﬁ?rﬁ
programme, Weleitro knedbedgeavfiathenpaséntal we npanntfuptg rehavautegemés a

desired trai trblﬂ:& g;?PB&ﬁEEQt eﬂngﬁﬁgknasﬁvgiﬂ' 8 ERaR gggggggﬁgpwgram

exanple in a ograme, Wt Ifred animal no
i ncreases t MR IRE IYRSSoR L AEShAGEER RN ARLEOBSFPHREPER1ARE BRELESS up

sel ection copaiesdstereonmaptlvadalinbseediny ppegram epartibhlapoy, the
effect of a parentally inprinted trait in the estimation of a conventional

BLUP praaraﬁﬁﬁ%mss eép, deer and beef cattle.
In particular, intense selection for meat production

has resulted in animals with extreme muscularity and
leanness in several livestock species. In recent years it
has become feasible to map and clone several of the genes
35 causing these phenotypes, paving the way towards more
efficient marker assisted selection, targeted drug
development (performance enhancing products) and

transgenesis. Mutations in the ryanodine receptor (Fuji



25 negl ected; using and understandi ng the parental character of th%\ édesi red
trait, as provided by the invention, allows selecting on parenbdll 00

i nprinti ng)WeweRdeisdt hout DNA testing. Fgr exanpl e, sel ecti ngPGERRSN0209
characterised by paternal inprinting is°provided to help increase 30
uniformty; ea @lernm$fl)) MNaekenndormrsy gotusl figrs t HB 9Poaddomywasteedh al | el es

w1l pass themto.all_ offsprisg, Jeqardless of, t her parent's alleles,
and the offggrrio#geweﬁ % ’1%%’(%?@ a"%iaeéj s?tre%’p;ﬁregeﬁ" gchllplleglré@. i s
results in meke Uddprrhodé sipeémghodd el @scddmd mrses B nteresting or
favour abl e gromthe ternal sjde or, often the ones t hﬁt haye _opposite
effects to VP& T 91 ; %hjenp%{%sr A d s’?%%g?io‘?e%?ﬁlv +Yirn Yigat® ani mal s
such as i gge%|é§|v$§tﬂlxﬁﬁ< r Wt ted@AtomiUph sV dF Py Seryelr dad nta 1 b JUL
2UU3 WD 001 36143 PCTI EP991 10209- 5nuscul ar. fat or nuscle mass coul d be fixed
“in the dam PeResihiee havel Bar | IHRENH tPEIRAARREDACK PA&L coul d bef i xed
in the sirecingss&hdel deridallg eeniiinatioons angf %eefsagnkemég&aé lity
and/or mlk yield in the fenmale5line with growh rates and/or mnuscle nass
in the mal elliéne:aeket plefatr el bodi nent, the invention provides anethod
for selecting a donpsydE, i MRbudidt A% NEaHEeSidSHRNOLERIES QT POt enti al

phenot yfi C properties coanrl singlOtesting a nucleic acid sanple fromsaid
ani mal #or fEHesbRtRe R THS pabiht i Igr napiPmt ey Gurrantlat iofe Yimdtefocus
(QTL) . A nugi=Ri GyEh th SEHRher €241 im@&n\ﬁﬁﬁlpmmmé@.d Mah@Muiskie@dS parts
of the animgl's .body_b f&t hods ko{lm in the art. Traditional sam%l es f or
t hel5pur poseé bt R ’é’r% cFanFEY q\rlf\%‘%t? et bl B PEPEY &° Idstt PHucosal
surface sanplres,pdtt i sahpt egefhie® il 1535 udse @I berhised scasaa wel |, in
particul ar sper S yte_ aqr,_e o] | es_can used._.l.n ch a
sanpl e, t he ;%{lg%sgn%gtngéng/ %gggéq%segtchee g@f % gpglgﬂ? it nlbstlfag'ﬁ aci d”‘,%ﬁ?fji t DNA
or RNA lgan lzergketzndimeyl epnhabetiiots geoes. | hidrt bficatdpeh afs the
hybri di sati o 1ty AWE| §dke 8CEIGHPIR Ikl O ﬁ%ﬂ%‘é‘cﬁix{% heeDnifaes known
in the art.The invention provides testing such a sanple flor t hepresence of
nucl ei ¢ aci FSEYRP n? STERLEEcant dibobr sbii A ImEMEith i s associ at ed
with the phenonenon of parental inprinting, for exanple where it is
det er m nedwhet her,_.a paternal or maternal allele of sai L i scapabl e of
bei ng predom nant15F eXpFeRsea! i i YFidF AR n‘&?&% ’{ﬁfr pgc?ggg(grm@r &edi ng
progr ansoi n ddnwest DE kah Smi D30enhencind hite prddrammsesief canipdesithyl
i nproving their et ption, In essence t.his iInprovenent rueshby
i ncreasi ng Pﬁqeergjfr‘gﬁéjleﬁcé}?%g?%lee%cﬁm Ié“v%hr(r?%bﬁee%ﬂne? esrsTa.n ]ngra%%lgg(égs
i nf | uenci ng tiee Peeforemnetchapaicardid sty cinpf intr@rastlitiidse ganes are
referred todpamliac il i1 Lhe REAINNEELPT A0 NSl i®hestic aninal
geneti ci nprovenent was achieved via the use of ebl onetri cal nmet hods, but
Wi t hout ol dculdaf kmemM @8lgen ofnitmlufdeihyi selegiied ox havingl Heep003 WO
001 361435 PCHERIAI 40209, ' o 6 ShiRAL i, HRQI DAL O o ke et s gnd due to
recent developnents in genomcs, it Is conceivable to identify the QIL
under | yi ng dasired o3enet ¥pest or TRE grivient | Breniwproureesitd@ad-i f yi ng and
using parentally fohdti ot adifdls ol auare USsl WeddlrRelacldeirani mal s by
mappi ng quantitative trait loci. Again, the phenonenon of genetic or
pat er nal i n@richtpeneksp hevear bagirrut i t st ionaskl e cddneg tdeadsitdre ani mal s,
it was never; i der ipble ta. oy.. thi IV i :
characteri stllngpﬁ&éij% %?%‘%‘??%2? %} eag‘dll%r%)i p%%g@am%%gg%?pl%vkggacs and
Kl oti ng3¢Bi cgmwimedbdend®ippic| ot pbte389i 4D5har898)p i svpecpeparias.al
| Mprinting ing N0t SPOLE PRy BRLD1GHa & UOFEEAE Do d QUMM K, PT @ tralt in
femal e rats, 'but not 1n males, suggesting a possible sex-specificity |5
associ at ed Wiati ki eatefosynaroving omdens cinding aand aiteldlasddsrp@tent al
| Mprinting, chPhENQEEOpINGEELdL Lhihd MRLLALED didlds Qe pATEN 1S
preferably but genderaspecif_ically expressed in his or her "offspring. The
4 nvention prodllesns hinilreeaingd qualgrsms onf aforee A0l pandm@Edld yig rgpei nt ed
QTL on e genone. by i anal yisi.s. wi t.h genetic markers, and the actual
i denti fi%%at ?’oﬁgao?lY eg%olgésgg?a??xsr%lr%crlioﬁ? e%e*‘g“'eeneéqs)reaﬁlrc?c}é%&s}é’le mut at i ons
therein. Mlcmbattknond eslgedodt isurc it raa ipiag erttal 3 yid Moy rixachpQE takel ows f or
nore efficient 25, breedi esigns herew th provided. l.icatio of
mol ecul ar ki edye %?trpg‘geﬂ?ﬂjl‘%r}] MRt REPHSTLR rged\‘eéggilﬁ’g r;ﬁsdgﬁﬁms
i ncl ude: marker assisted segregation analysis to identify the segregation
of functionally distinct parentally inprinted QIL alleles in the 30
popul ations of interest, marker assisted selection (MAS) performed within
| ines to enhance genetic response by increasing sel ection accuracy,
selection intensity or by reducing the generation interval using the
—under.standi.ng..of..t.he.phenomnon_of _parental inprinting, marker assisted.35
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| i kel i hood of the data were conputed under a nodel of paternal (paternal
allele only expressed) and maternal 10 inprinting (maternal allele only
expressed) and conpared with the |ikelihood of the data undef )a| nmglel of a

convent i onakyg bfsdlgl | an” QTL. The results strikingly denonst rpgé@ghbobfighhe t he.
QIL was i-ndeed paternally expressed, tlge QTL allele (Pietrain or Large

Wiite) 15 inperiigd E50 iR E&ll%qwﬂb%\ﬂ'ﬂgr ng ffest MWdsogyeL amde
carcass quality and quantity of the F2 offspring. It was seen that very
si gni fi cant ledstorEscg@rieroduatined anterd avests Ay Yorganer ptbyenesdyof a

paternal Iy expr %%{i g}e;r ‘yéqs(h, C r the 20
segregation O? W lg‘%””ﬂd% ng t he r% sorr%g@t$%"r?1§sm§%% ggby the sows.
The sane tengieneya]zvaﬁa‘obaledvhaivé oronaah]rattmaaetls_/ sl nged thiat ot hehsape
inmprinte ne.is respo the fects observed, on t he dlfferent
traits, %abl ehigSe%B?&PJf‘ﬁe SmPr% keq i hooc?a(%i)cﬂé‘?ca}L brendt§pi e Freans for
the Fz of f speengasortied bxyvenh:edsn tresthy @ﬁ:tca;rmfds FHatal kedwel edigeacsetioand
experinment perforne W | d Boar Large Whjte intercros L

el yses of BBHEMLBApUEPH BRI S RE ST Al AT 5" Tl P oAAOBT 8505 vas
carried out 301¥kthfbheeghprosoOnE: 2 iR Uﬁn&&ﬁ;é&@tf@ﬂ&aﬁ:aﬁegﬁéll?ﬂ' ng
for the presence of an inprinting effect. C ear evidence for a Eaternal |y

expressed QUEMPiated @TLtﬁ%rv%’F%ij]l%t]eﬂm‘feidp WOt ygcl © P RPABAL LR . 2;
Tabl el ) . gTheg gl e%weﬁt emel s€xPEesH abOfswbrd st él tust£ahgdprby1Ehs 35

| east squares nmeans which fall into two classes follow ng the popul ation
origin of thatpapeendl iy daRetines Hl IO A &hy repFodugrédn paternal |y
i npri nt ed QTN%ua!LHPlée”’?Hé %h@ﬁor@énéﬂiré‘.ﬁe AR it %%&f&g@éi 05!m§9%¥§1‘1§

sel ection ( MAS) i ntrogressio , can be perforned

WO 00l 36143 Jeaecrremgbqelzogtaklr géheqqlce%n&r@omﬁe*elerenmﬁ&éd %6 the

QrL, genetlcwggrhe{rérteeﬁs@aeré@ fddsae dseald rwf@wams&k}e QrL, or
usi ng the actual causal mutations within the er st andi n t he

par ent - 9f- or PEPATEFf ERETBCLREF Bt rits iG G’ ’F% lﬁ‘%rp?’?gr PPffal use
in breeding 'phegmnentidmdepﬁlovm%esr assiGitref wesH egahé anhéﬁéyﬁl s under a
nodel of par nta dng Fthqg ar eId etter estﬁg’xaégt:s of g‘l’L allele

ef fects. l\/brere P¥- alt ows” £ BY ?rhe apppl At of spem?lc r 8edi ng
schenes 10 t@eepre@atrgfl‘expﬁelde@r@nratlaﬁ dmereenbodlrermnltefinhe i nventi on,
the nost favgprall gy Proglhkhes f"&?ﬂ-‘lé;{at?@ﬁé xed 4 rBIDLﬁleeﬁlf réﬁh@' whERes and

for exanple used _to generate commercial, crossbred males mar ker _assi st ed
sel ecti &9 (msmomh?ﬁ% anHeal meRe e Thds aié“sci"secae%le?n‘m%g?%g‘éFéﬁylg ( VA,

bet ween |ineshe bﬂee@m@evam@hmmmdrhenmr@e@é @bleéeecwuhd be fixed
in the animal lines.used tov\generate (of0) rcial crossbred I& flrées by MAS

(within li neg?mgﬂﬁe% O(‘E)%E1 2 l?rfar%eér)re% Y p?re?% FeF b nt°%f the
i nvention, sthd 20fent naf asparglt@.lﬂxbtmp‘mmt@chn@t@lt hzt the invention

provi des the ég%ggoﬁ h@%\hg 08'5’1¥vé}ﬁ:' n% tﬁ%#)féﬁﬁf%é reqycomrercial ly

popul ar Pietralrnx Large ite cr oss boars rit an unfavourabl e Large
Whi t e m2Scl en@aseciod; a%spm@va%diwrt%n%m% rRT Pyl ceharaetebl e

|l oss, 25 andofhehényesiion ey d orasewaazlﬁidawd@setmvme%hl lity to
sel ect the be ier hal f of . the o uI atiaqn .in that, respec

it is
al so possi bl @t8"8efe ‘FCEWE‘P |1ﬁ@§fl§’rﬁ'3i%$1eae\7\?1?hwi‘mgoilﬁ M2 boars
unf avour abl etéi;t&h@S)F@i”l@M&rhglé 0 qu@mi@m vwlﬁélréa’@t@rjnemabyel es nore
desirabl e for %or eg €. € roductlver % JISIQ referred enbodi nent
o5 ot hod BrEeFat DI THACEIS G e R B e 1 Th&HEHEE: °F pootti on
correspaddi mgnidoamiyy ; I@catednmaldhrp@mmmré‘xcmozygcbms B5r pthe Fgooéxanpl e,
it is known r ar ian n, including
v ( PCﬂéﬁé’é@ A{¥ee A ,1 ?qﬁeg%t gg 4 |s %%PH{’IQ

bi di rectiona onbsone paln
HSAI | pt er - q1B2daxsles$iSAf | prerotdiey payendis tadlrmk%ura@d the6 J U L 2003

WO 00136143 5%%@5%?3§L9§PP alf)express the desired parent's alleles.
This results in more uniform offspring. Alleles that are

35 interesting or favourable from the maternal side or often
the ones that have opposite effects to alleles from the
paternal side. For example, in meat animals such as pigs

alleles linked with meat quality traits such as inta-



cluster of inprinted genes: |1GF2, INS2, H19, MAH2, P57"I1P2, F-~ SleéL,
Tapal ,/CD81, Octl2, Inptl and Ipl. The cluster of i nprint ed b@nj Bcat ed
in HSAl | pter-ql3 is characterised by 8 maternal |y expressed genes H19,
MASH2, 5 P5WO 00436143 FC'LQTL1, TAPAl /CD81, ORCTL2 , | MPT1 an®HCI/EPH/10209d two
pat ernal |y expressed enes: | GF2 and | Nb. However, Johanson et al (Genom cs
25: 682- 690, MYFSPLaxd IRE RretﬂuaFl%W@ﬁjsc¢mﬂ@é¢%tfcsedlm3t3@e3®aﬂm 1997)

show that theinler alout 810E1E8CEaKOE Tyl i UARLSAPLER! £287 EolD DO
clear. For exanple, the HSAIl and MMJ/ |oci do not correspond anong each

other, the Sdnd I’ié‘esgéﬁel %Hleﬂo Qe esishipte opralpeRat iers HS&L1 and
SSC2 loci segat exeaplespendilany Aed g daeySeDHVEA YhEr BoQRE: OF nore of
for exarrp_J1 Ehe abogeltl den 1§f| ed parentally e pressed 15 i1 ndividual genes
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closely rel Qi&‘i’oﬁé’@f@&@d BRa 8 Uehe @rzquavng@ééar’spaaérmfwsatel ites and
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figures 4 t&XRFesdfdi npdet dht ?Heeleof 1?{?"2”?%}? OF eha¥ss WeveTopnent is

vel | - doggnentratefitsd kivekothe "'FLes@s W@ ingsndroffets wigassdéver ral e in

t he human 3 Beckw t h- Wede g %s)%gldrone ThIS |€}\~a{en}, % em)nstr?%es an
a
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usi ng the BAGGLONEHT: COOP! exe MEFRSAL bbbl fyd@Sohdenl i d t 800bp

downstream o e stop codon; a sequence conparison revea ed that this

m crosat el | iG%2iks. 1FRbHent | EAPOYES L£his dvaviEey Hekelikeer afhlnous

m crosapel | idiencpPfe nddss "BeKeiha\as BFedpr idesditidd @Hrerappang
experinments and its Iocatlfg fn t he genetl c map correspond with the nost
likely posi tRdredteY HeT ol b8t®-in the Pietrain X Large Wite and in the
Large Waite 20 x 1M lad Mn@GﬁMMen%aﬁ'yﬁf@rméd skel ehalwils aearanxd |iver
cDNA from 1Quweek d foet uses {Jet er goure ng4é cg}é(\‘;A% transyversion in
t he second r?eof % por TR T | glén% %1 - 2R RS TSl |
gene is i rrprﬁanrmjss,n mém@eq@&lityssm;silgr@\h@l pgaasswehs eadr ded yowxpr essed
rom L ngpRateriiticl | BhfomooBRses ol %@f@%lé% PLELOR: Afbdy |1 ver cDNA
sequence e inventors designe rimer pairs allowng to lify the
entire |gf | Itaidding &g Ut cPTrSeNcD DhanoimeriRhies & c2*80 Bf traitor

sequence frQRriadiide Skt €4 aﬂé’ﬁ@dl@;ﬁ%r@é@é&%ﬁLaPQcé-@écgeatW‘tE@ RT- PCR
products were sequenced in atl on that the COdI( ng sequenc iire i denti cal

in both bred@®amitsidh 'H‘ﬂ% otibt treifsiti on

was found clear paternal expression of a QTL is 111ustrated by the

35 least squares means which fall into two classes following
the population origin of the paternally inherited allele
(Table 1) . For a given paternally imprinted QTL,
implementation of marker assisted segregation analysis,

selection (MAS) and introgression (MAI), can be performed



35 in the | eader sequence corresponding to exon 2 in man. Foll oy\ﬁnﬂ”m}

conventional nonenclature, this polynmorphismw ||l be referred to
n241(G A). We devel oped a screening test for this single nucleoti de
pol ymor phism ~ b .~ ~ ~ 2003 WO 00136143 ~ 5 PCTlI EP99110209 9( SNP) based

on the |iggé o ?ﬁpl ification reaction (LAR), allow ng uspiQeGsh@byPe our
pedi gree._materi a Based on these data, Igfll was shown to colocallze with

the SWCO ni @lrsq&gt Qbhétﬁc il KQSrs( AREY) ard hamilear €oStMé r@ml I re@iaci di ng

with the nost ositian 50 support
interval fofa Sr Ehg'éu%léeecf‘ueﬁtm%%%%%}cdee%gllggf’gm l'i’at ‘that the
m cr osat el | iore usdnRerhsS\WoEuasl geneal | yutaddansdwikhhn ntlueheQ'lEL UTR of the
lgf Il gene . 10 H8aprevaraslyy tﬁénb&ﬁé}%i)oft%@lﬁﬂﬁ%ﬁﬂ&& of this QIL provides

a nmethod_for_ the sel ection th inproved carcass
merit. DPffe&PERES gﬁﬁbﬁ?"ﬁ%nﬁ T&T ngw? n€°éﬁ1t]1t5n §Fgmawv , i ncluding:
mar ker assi $re¢dingr pyegtane afadpsils m@hed%ntsﬁﬁytﬁﬂeSGQrWJ@@atl on of
functional | wr@h§kkBCtin§dt @'rﬁdﬁe@sofnpéﬂﬁnt%qplﬂnﬁt:hﬁﬂ§n%fwiﬂf §/iesl; narker

assi st ed sele ion ance geneti c response
by i ncreasi i SFeS%FM‘Hg%%%Lﬁ‘SQgE %ﬁ%ﬁ oérflecﬁtgen f?/o‘éﬁr H;Fgr educi ng t he
generation |ar1tlewalforrmh«eappissasned b spﬂm(fgcebse@@lmg\/mc)hmsef ficiently
{hor oby Snhyee b RasLy, SR IS DO L o e At o

y [ se | [ popul at i
| ol erment at EOWGE BRpoERTEIE TaYRETRS (o g 1B 0r 8 o Hh 2 dies,
sel ection (NASprardingt animalssiiors2and Milx) exaaplbeuped for echerskag genetic

mar kers t hatco%%rhaakedcf&sgﬂ&%d%hlegesgemacrk@r ggﬁsﬁé@tsﬁ&menl i nkage
dis~quilibriumwth he t eact)gf%causa mutatirons wthin the QrL. In

a further enBB§in¥ht! “Phje ’?Eiﬂ)eﬁpfloﬂa iaFEd 8580 RET PP TP sel ecting a
pi g for 1\Bavi( mldebetwdegelmteyqjl ¢ Inr apotlen iembopghaant ypilte prayser ti es

conpri sing tA%! higeReSAPLEY YO 284 di Pitdhef AhikbDE ?£§é§ Pl
gquantitative trait [ocus ocat e Sus_scrofa chronosome 2 nmapping

at a
at position3gpErate ﬁﬁ‘é‘f‘%é?l‘aéalcc’fofﬁfr?% tepadgfePHalhsy %@é”sed) i.e. is
expressed frldmesheapati@khalbegtiveehelites)nan and nouse, 1gf2 is known to be

i mprinted and toIHeaegpé@éﬁ%% @%ﬁé&'ﬁhé&ﬁ! Yaff ERE LH m@exp@fcﬁ{ n%afa' lele in
several tissues' _Analysis of_ skeletal ‘Té’rsl&z from ~J UL 2003 WO
)’?6‘655

00/ 361A30"  GUPERLERPSOR 1059 NOtep g% fret t’P%r”E‘FFe“tSﬂﬁ and/ or SWCY,
shows that thevidee thprimgighy hbhdstodeyt halfi gfashewdtfspinder st andi ng the
par ent - of - Or'r%ncsin&sfél #‘"% gggioﬁﬁa?' %anTﬁalage R e d%gopxbié@ | nvention

now allows for 1ts op g grams t oday hal f
of the of f sPCRHE FPB%E‘brﬁfféruéﬁfél"Pyr%%ﬁjlléfrgPl £ YSGLE FasdhRLE crossbr ed
boars i nherias plreviiaéaviopirtatd enkangtoWdaueiabl ebes tdersiliige daasi, der abl e

| 0ss.USENg 33Th00GnasnPi Y il By ! Bearghecnibonaayoiges thi s problem 10

The invention furthernore provides an | and/ or recaonbi nant nucleic
acid or fun@ﬂséﬁEFlfF&g?@rﬁelﬁ\gFl 23 qu’@reéfo?‘aéénﬁffl SRQPPPatERPal |y

i nprinted quanthtat respéctal tHdweess, (I s @il sbr gga’enble her exxflecapabl e of
bei ng predOgﬂo%@&uaexgév@slsl%sbxn9%é@rﬁr&tha'thé5 ﬁzi[eooﬁasv' ng such a

nucl ei ¢ acid as provi ded e invention aval | ows constructing
transgeni c ARCAAPYTAREE e?}gqlé\?ouﬁéb?‘ﬁélr@eﬁé’se&i“épc’é]b%b?%”%fw% ng

excl usi gel y oehepr etibel @amdne ecpiesisbel for doe paseplealrepieiuerivber eby
equi pping t %I%Egggrl ng of said animl 20 honpbzygous for a desired trait
with desired properfies related to that parental allele that is expressed.

In a preferred efBodiPEieraete eMRQ@HIG BN Ofr 8vIEERCA PYXHI e ®Yand/ or
reconbi nant thechaienecod, ofaifd aynens Il:ﬁj’at\é@dathal’ﬁﬁsﬁltcﬂffprl sing a synthetic

parentally %%r&gggw&fg WAL I 1 48 dd il 'ﬁ%ﬁoé&}@r) Ay Hl{act' onal

fragnment ~t her €o errve romat [east one chrnosone ic herein
descri b88 aP3&reReHl P?awlfﬁle%eélsd‘flll_o%efﬁé“hC\?EPPBE%”@# é‘i*?é?ﬁ@gar e conbi ned
that origi n@agaf betwedéstpitftaddonanannsiddle@ihgebgenose: dnaane or nore 30

animal s. The |nvent|on vi_des i.ant i,d wherein sequences
related to JAFSHPEP™F BT nr(ln}tmr?g o%“’e‘ongeg %h_ & ggg‘é%écﬁg% €m th sequences

rel ating toH§daddpter- BV 0T abE A dintere g1 dfisa kgewsnto Jrrbgucik a gene
construct is favourably used to obtain transgenic aninmals wherein
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the inheritance pattern in the native aninmal fromwhich the s'b H @?L IS
derived. Such a second QIL can for exanple be derived fromthe sane ~a ~
a ~ 2003 WO 00l 36143 ~ ~ PCTI EP99/ 10209 chr onpbsone where the parental

i mprinting \?6%/95’? " located, but can also be derived f;,ﬁ.p;ﬁp”qb.j;er ent
chr onosone romt e sane or even a d ferent species. Int pi'g, such a

second QIL eapster @fam@éleirﬁ%dr ?E i fe1p3) q&sQeShiQrngC%bwz (ESR) - gene
(Rothschild et al, 93, 201-201, 1996%Hor a FA (‘Ander sson,

Sci ence, 26%LQE J’.I’Fpél 16983 fQctdRanpre eé‘lP‘i/eTcPJfré"llﬁeaﬁlﬁﬁh%? pi g
chronosone, ofuthipAsnedd mBeTe odatdd s aEhlabtbur gheri L can al so be

derived fro@hﬁ@%g%ié&? ta' 9\% %ﬁo‘? Uy %‘e#%eg nuli%]fsl» « M2 g' on

furthernore proyrdes an i'sol at'ed I na
functi onal Pﬁﬁgn&nf‘v%@?@heé"@ﬁét’%@l tOH@é@tr PUPTT yardbriRispaadi ng to a QTL
of a pig | oeabegatérvaNis agrebset fams0MEr2 BERAPING. atowdrgrQsi tion 2pl. 7

wher ei n salg Qll'xs!éﬁ é‘_eléaf e&e%%\,\;ﬁgg Pé)t()eﬁt c?gl mfgg%g IS S & aitr](

d
deposition sal erern rises~a Ieas§ a part of
a Sus scrof ATFRBEF| hnI(FEF&e“dfC&M F13f%1%9b3r1‘12' (ll9@|"1‘?) shoy et rat gihef erabl y at
| east spanniwhgraabegt ®robeathsmenlbdS andsadd ddkOandhas efes aldyy derived from
a donest}c su et shap ce or Large
Wi te, yr) f?g?’nag ﬁ%a%(ﬁnrda r"tﬁ%)?résﬂfi ! %CJF ﬁ‘gq{ Tone was i sol at ed
by screeni n§OETBBPERAATRNS IeiaBPaPthelFtl SPP%H&WSP@V\FW\ §%% 1BSE cl one gave
a ISt ronghcoasl abentoZbe ity whsréde diey Hopah padt sef2 clv@imsese 2p( A y
pol ynor phi ¢ t (o] g e (GenBan
071085 hutancofEebily Enbs SeLEthed A6t ile iR cr b
possi bl e pre$efies %’FaTEPch?)rtrl'\?sﬁBHHPn Poridiied RpEPDBERL LY |§tRrafHe
i nvest i gat ednbva@uall e s aee Dot Al ¥d tdie theF2hBed/Tdpatsidry t he BAC cl one.
A conpl ex m.grgsatellite was identified about 800 by downstream of the stop
codon; a sequence conparison revealed that this nmcrosatellite is identical
to a previously @eReFidBestA6nFRDIR T EV6datel FRERLE SIBEPCR 35 priners
wer e desi gneduabdy tded niiynsakelihgt €iiliGh2repivas 0wk iw degohighl y

pol ynor phi c r 5o f ounder s
and anot herh%&wu{’“gli\g%g \7\%{%6% 14%%&%2%%;}/%%@%%/\0%@6“0% t he ei ght
Lar ge WPt e 1PUERERPR. DeXFE RESVIART 9Sr FREPYOTHIAIRIUR ercross as the
breed of orirggons seldtins Woeepateniniofaler igi AppDyleh behedet erm ned with

confi dence LACgachAld el i gachtZ aniiely Bo8uLinkage anakisis using

the intercross pedigree s carried out wth e mcrosatellltes

Sw2993, Sw2623P 1gRd WA DPIGSEEF| 1% (PR Adi éFaPn‘énfa‘J%iftlﬁsUPll@ﬁ‘z W as
firmy assi gfiedhtom@pory 2hi Glolgver gra fretdiod Iaedpsovzml@i; Hye.the.

2=89.0, 4=04003 @Eﬁx& r@{pl%%%gl@%ri%ﬁﬁdso@f@ égd %’ﬁﬁsll ) Gl udi ng

previously ty I onsoIre ers, revea oW ng order of |oci

(sex a veraﬁégﬁﬁb"" BIRREESEA RESHMFINN) OoF hombiSgots genes of
SW2493/ Swr 28TLE- 8r8| ddrart3g@oBalP 23sekD. 13 SWRABG. ahbnaim:csrﬁalwmarlt feas observed

oot vcer, SICGHIeaN el s puaneoted TR dosssatjon of |G
score suppoPFo¥tded gvhegeithgatdpeth eif dicdécedThe HBR (PRSP Inar Ker i n our
pr evi ouso Qltnust e ymaSn2his / ors fhbcdd ek iahiom, BSefdtdblomudh di stal end of
the linkagelg&QHQd effects on other traits such as meat quality and

daily gain of said animal or wherein said QTL comprises

at least a part of an insulin-like growth factor-2 (IGF2)

allele. Reik et al (Trends in Genetics, 13:330-334, 1997)

35 explain that this gene in humans is related to Beckwith-

Wiedemann syndrome, an apparently parentally imprinted

disease syndrome most commonly seen with human foetuses,

where the gene has an important role in prenatal



20 The invention furthernore provides use of a nucleic acid or fuggﬁﬁgﬂﬁl
fragnment derived thereof according to the invention in a nethod A g
to the invention. In a preferred enbodi nent, use of a nethod according to

i nvention iwOPo/B64sled to sel ect a breiging ani mal or 25 ani neCTaessiozndd f or
sl aughter, ~~r enbryos or senen deriv fromthese animal s fox having

desired genaiw&h:merﬁo.temi%laﬂmmm%ci@rﬂwﬁi@ﬁ.sdl@g@i@té&iguitalﬁ, thF

i nvention provide ch.u er.ein .sai roperti axe related to nuscle -
mass and/ or I?Oaﬁt%%p%‘gi%‘()%fo%%nbﬁ_e%tﬁﬁg p?‘gﬂlﬂ%‘gf‘f)y ?H%f?wsﬂh%’ﬁ may be
expl oi ted orfatseskd ain nfdavestor) exaimE ks | ean neat content or back-fat

t hi ckness by mar J I i i .t hi opul ations or mar ker
assisted int rogr@i%?ﬁo%%%faqﬁd%%%%b %egnf%‘ﬁeemb%)%ﬁl%¥?§%d?% %not her .
Exanpl es Sof metthedrfgs sebeéctbug selwid i Hor usaning hdesiitedsgenoviydéd by t he
i nvention ar i L O L yYS] J,~ 1
2005 W0 00r ST ey Q%ﬁ%%@%fﬁig%?ﬁ Ly 0ofBRL H2ha S\f‘%ﬁgﬁgriers in
di sequi | i bri SRR HePRi $514 UREY | Erial Tl dpseseree FE al mepBSitAtivRer nore,
identificatiorapf Po@eSEdTNE Totatd@Nat Nat B8s TérbEanewrgpssohke: again

| eading to identify functiopnally distinct 5 L alleles, Such functionally
di stinct Q'I'Lm%\H’PJe?%sa?oE%?éEll‘é&" the- Gi stRIPEFHL6RL8Rr oRBEOABVERLHPEN | ar ge
ef fects 1on skeletets toische BSSof tdenstze mhrkdesheart thandeomback- f at

t hi ckness are Isg Eroviged b% t he inventiog. The obgervathgg of _.a_simlar
QTL effect iP"A b PH? g&WATPEORS WiF o RoRPE 58T weF e85 PR dAMPPt PSi A x Large
Whi t e i nt er cpassnpadbly desppinbédofuaitel eat svenTeadt aosesi é9TAH at | east
three distin o) e o] .prekinm.nary i sed on
mar ker assi SEEE Soerdone T oA e oL (PRECUER 1 B T hRAEY B CRREReREE 0 T
at this | ocushei iRVanEhe prelrbed popuhat R6A PHaganAbl CsMBWHETrSThe
occurrenge ofsdbcdhtedl WErBethesI@s: PIo¥hgednbyatheni pygat i ancal baws

i dentifying capsal 5olgnnr$hasns whi ch - based on tge quantitative nature
of the obserReHYBPYRRESTS arBI AT FRRFFET O BES gRBSsOBBRE SPRERGLEFEASIRGL 20
rat her subtl|eguckgutatoiy setaeéhoss.sHbenehéeeis, opubHsakeshas® @h the three

alleles rank_.in the sa der_as the_breeds in which, th ar.e_found i.e.
Bierrain pi g5 AP Rof etlbul 1P T HC Lo Be VAT PRETPES e nEbel A GPA Rave

hi gher | ean pravideatean@Thhiacyied Boarke Thetahvempi ofi 28sf eciedrnor e
provi des use of th | Leles. vided by the invent~~: on for thin line
selecti?ﬁ or€ %?mﬁg? &7 %sgfs$e§£?%??%g?%sgﬁﬁﬁeﬁsWﬁasPFﬁWSBLﬁaPﬁzrs,
markers in defsegassi gualityrand| ghast toypr Psrnycuvaasayi vespukatiasas. The

i nvention fugﬁgefgprgeﬁégygggﬁ_an animal 30 sel ected by using a nethod
according to the 1nvention. For exanple, a pig characterised in being
honozygous for anlBlRetbr$h SXRHYINat e QfLamﬁﬂgl§8rBFél¥ﬁF§nﬁ§8ne 2
mappi ng at ppertbonedpin 7aCRNl1NOBLEE Bel.gehedwhAntei snthusrpeevi ded by the
inventigg; S nce, sai d ggL is . r kg&gplyocgﬁltgp goten&ial nmuscl e mass and/ or
fat depdslti 5RUBF8Li 4"pi §e O SEF QriTonpfeBE gt FEqst a part of a |
Sus scxof a i asarifiitedeagrawl hivéaeiant 20| &2)cabteBo, kit orsat 6 J U ~ '
2003 WD 00/ 3 3 2~ | EP99£40 . posis) s t _praooising pi to be
used for bre@%#%@agrggg Eg g%guggﬁzfggﬁéﬁégggg?igé?%rogngg%?#a%eggggfding
to the i nveng¥revwthhi EAti deporhteons pedyi dewposuthon. needghsr aft s sperm or

an enbryo deghvegnhherpghnsanand adyant 3a80usl Ywheeused 1kRchueed ng ani mal s
for creating _breeding_ lTnes or fo flnalléégreedlng ani mal's destined for

g . g > Ol r . .
sl aught ef® | fietapiefefpear saboaitnehttlhe BheRct¥RigstyrdtEded Dy t he
invention, apgelede@rbitanapessdndeti her alred Wrekdaod @6l floTukei Bg APMDZYgous
for an allele 10 causing the extreme muscul ar hyperthrophy and | eanness, is
used to produce ohf@Pki Ayl HePer c3gyotionbficarh ahfarrepr. begk-fatsai d

all el e's pat ennaknexpy essi 8A, usapacPf{sar 18gud bh ahsopshewmahe dnaveur abl e
le related. to nuscle nas even if the parent fenmal e 15 has

traits for exang , a@ %
a different GBREPPEOBSCKgYOERIMO Y%B%e?,fFFtignn@H§58§sWBF§'t@nﬁositively
sel ect tigp feosheed &boubazyooy awéjefedmn thai bsrehohleyanpbe ikdledt ULt O

LY, b SHE KPS, PSR R L e B B MBS (P

whereas the QTL as now provided has a very large effect,

explaining at least 20-30% of variance, making the QTL of



20 For exanple, earlier such nmales could occasionally be seen with Pietrain
pi gs but genetically it was not understood how to nost profitably fusig Hfese
traits in breeding programmes. Furthernore, the invention provides a
transgeni c WO 04Kl , sperm and an enhpyo derived thereof, JUTFHFNBIRG a
syntheti ¢ parentally inprinted QTL or functional fragment thereof as
provi ded by %Me P¥REPRE RVERtElon cqmineficHaldad RFY HE b FaRcnt Yon whéch
introduce a favewabherd eso i diae dHeeFededit Q@M £ Pt RelICE t he
oestrogen receptor. 30 lQcus related to gncreased litter size of an animal
homozygousl| y”f‘ﬁ“an%% e NYas] i”}?tpeﬁgr TOHOFONE RS ERIY R Cral  (for
exgrrplhe t he eid@tﬂswrt obf atlrhiysbgrixﬁvétm&drf HW%dd’cﬁgligOm}i\mﬁoiwt{)éﬁlﬂrﬁ?ié y i rrpri nt eg
and the gran rent was a.boar); to introduce a favourable fat 35.relate
2 &4 skt R Sare 40T E

allele or mAEHESHRsE? (¥ Hed T SO A% TH PR ATy FFpri nt ed

regi on, and 5ol bowiRecoidyrosatte ldilte emrideats areerd ntssr@st$wg9 or SW284dur abl e

fromthe mater side.or o t es that have opposit ffe to

all el es fron‘?‘f’%ggﬁat%?%aémé%%ig’ Egi g}%lt_g‘,e Cﬂftealj%ﬁ? %’go%’vv\o&%g/ 36143 2

~ PCTI EP99/ 1289y &8s NBRtb Sy NBdripcsHiGh 3, Hahd=Re oM Nanjual 1 ©f esrld nked

with neat quality traits such as intx -rruscul%tre fat or scl e mass .coul d be
I

fixed in t heSTRWrFi FER Whi YT stobistat e £ s & [ fticéd back
tat coulld bemdpfiedat retiderste efdr reRTIO e tdesiamabilee cpsiby ndddterls are
for exanple fertili / m yield in femal e in i t,h growt h
rates and/ ortﬁ%s%%eﬁgra‘g%gi%ii%le&rﬁrial (Ieﬁﬁ nes. tlhf%&el ) e'ntrfl‘rb%e?iéif%ar her

expl ai ned i nvehe Herat | etfdosleycrligan oreat tdomiterit min ilmgmtdmd i nventi on.

Det ai | ed desgcripti . Wi i es 15
Met hods |SO|§{{ ggﬁhg?da%(T Z&IlBgASCI:1 l\é){do%’ed%ﬁgcf ﬁhtl?grxgeégscj}e/gr}%élfrp }ggll?%%%s
hybri di zat i oYY FaSF§ . 1drze pfi pePYleFion . 2batpeARETPCFFCORCTRATERES' and
R 5' -GC%@CGC&MSI & JAmwd . '1%u§ Q[c?[x%@Rh an{EH_ ﬂé‘,}‘é&iitQ{é Qfe %@érzéf ofhd he | ast
exon an wer e S| ed on asls or a Porclne C sequence
(ConBank X5608%5 E/ THES pF (RAREWEAto HISaF 1655 EBir oF Birci et BAC NS ar y_and
the cl one 253THO mase?5 A sobdewate Efifde-tBAG DN& wesatpreppsl Bdy asrait, :
descri bed24. | . i 1 rified with
QAEXIT (Q A’E%ﬁf%‘gé%b% e | a?ﬁgm%?%@gldé)& 49t

bi ot i n- 14- dATF BT hepithee T BUO BRI2MGIoWINEK I£atvel g By s1evaNBRL18246- 015) .

Por ci ne ot aphasen ChOMRSOEs Wefd 3Q ieiiai ned fdmdokey AcRer omed)
stinul ated | hocyt es using standard_techni ques. The slides were aged for

two days at glgg‘fﬁ’)cenqﬁ%? e?f?ﬁ%e Y-S ért iediit 2t Bhidc Qi i1 28599 8 hal ysi s
was carried withabapgeyinustye deser iabed2=dutied Hawd - fonasid dlaidsan of t he

D e | "5 e LA A Ik B3 1O Tl SERBLL 06 QFURLG35, VT
Wild Boar population.

25 In a second experiment, QTL mapping was performed in
a Piétrain X Large White intercross comprising 1125 F,
offspring. The Large White and Piétrain parental breeds
differ for a number of economically important phenotypes.
Piétrains are famous for their exceptional muscularity

30 and leanness '’ (Figure 2, while Large Whites show superior
growth performance. Twenty-one distinct phenotypes
measuring growth performance (5), muscularity (6), fat
deposition (6), and meat quality (4), were recorded on
all F, offspring. In order to map QTL underlying the

35 genetic differences between these breeds, the inventors
undertook a whole genome scan using microsatellite
markers on an initial sample of 677 F, individuals. The

following microsatellite marker map was used to analyse



WO 001 36143 22 PC ~1EP99/ 10209 genomi c DNA. After post-hybridization

washi ng, the biotinylated probe was detected with two |ayers of ganidigi-Fl TC
(Vector A-2011). The chronobsones were counterstained with 0.3 ng/m DAPI
(4,6-Di am no-2 5 phenylindole; Sigma D9592), which pr oduced a G bandi ng

l'i ke pattergq bk post hybridization bandi ng was needed, E sone 2
is easily recognl zed wi t hout bandi ngt2 A total of 20 netaphase Spreads were

exam ned umi@{rc%s%n@usS@mO fsbmgrsﬁ&egwtz%zm Cr‘s@ﬁ§9P@- gopct ed to an 10
| MAC- CCD S30, vi deo (Met'asyst ens)

sof tware. SEyRds, rrg;o ‘&%46%(1 t’@gg) g‘éﬂ?? n‘i@aﬁé)aﬁapﬁl Zo 99 -About two p.g

of linearizeW1&&-d0;BFi eBWEBAG .DRAalpsi®ised Higr cirpeososeqiendngg with

%&A prol es ofy MabdARLS, amﬂeﬂmmmwwfﬂpral Sl YréPesId El nmer, USA).
sequ

nC|r1 done_from t.h of t ast exon to sthe3 end
o he UBR inles sashT shet | 1R tnaet 26Tt GohaToR aTek o e
(F:5'-GT TTC‘E@@T GRAGCCADACCHARORCERY mugcw & ithl Ubr deseri cuts, % ham,

CT ACAAGtCT ﬁ@ﬁ%ﬁa) £ MBSe Q&sweggul‘c%hé f@al héasaﬂ oft t[lel ! Gggo o
m crosatelli ich_i on aproxwraey y
downst r eam St frd OBt Zﬁa%%ﬁ i%ﬁEXH?E?O 1’| | aﬁ}éga'ES PR anpl i fied
usi ng fl uer esdent by Ehbedlbsl Pl icmdr Qfahbletsi’r@rgeramypfnghmmsmrrer 2ed out

léfl ng aggﬁ)Bl ?Fazju%qwm%smet h%a@@&@@@avmx@e@%mﬁédswm es (Perkin
ner,

g mul ti 0|nt i nk %eglg ¥5|s were done with the
Cri -Map sof ﬁ%rr(?fgon 6n%n‘? Cf“éosg & 5ﬁ%h%‘ﬁy‘%] L4&t EETHHRITHtBrCr oss pedi gree
conprised twastwlepéty d dfBowssnphesotypesi glowelargendahidaxtfiegal es, 4 F1
mal es and Z%hFele%eﬁmaheswl@@%%g@fEzaﬂ%é)&@mé'shome) Fé- @%" BGeWer €

SaCI‘IfICEdataHVE\NEI%% | east 80 kg or at a ~ 6 ~ a ~ 2003 WO
00/ 361 43 23 WBETPLRPSYA48D frf%&u%?rﬁ&ﬁ%t Rt 1@@ GRYECSPARABIY AT @8t a on
bi rth wesghtgrograwpey fbahanmposinkil odind delyr ttowedght ) oor we&tgddedof i nternal

organs, and {geat qu@htgymrow decr%hulcsc& 88 a htCLALLA]. dpscLdpign of the

phenot ypi ¢ fraits are ndersson et a son- Ekl und
et a.i . 'thdEafisfing %?F‘alrﬁqa%m?@ PRy QI %ﬁﬁp?ng’ffféprtlﬁé ¥Aesence of
QTL were cargenedypetl dbt htlee |feast msquadmtammbodaﬂadﬁéomw dgmr the anal ysis

of 5T 9sses helesnoukbrehdd 1652ene Thes ) ks bashd Rrddie assumpt i on

that the t I verge I.nes_are |xe terna ive | es. There

are fou?opoéﬁdﬁlcérfg JRNRY P StnapRtY £b° géﬁé‘?&f’FSﬁ BRNGGHRE t he
gr andpar ent &. 10|tbgr7n7ofc1émcla4 lcehés$raingadte prewsencdhos arakeiord t possi bl e

to fit thre% fﬁ%ﬁlsagggfayema@@m DR t%th'e”EE)}:PééI?%r?d ;g;% platter is

estimated as e dif grence bet ween two types of otes, 20 the

one recej vi r?g“'ttlﬁ‘é %P1 BB di r&F’egF’Pl‘?'bY@rF 5}‘?3 8 gfr¥ehhd*t Hd'ne recei ving
it from an EesddmlAnaFiamte 0 Bvadepat cohsgdednusemfetrhassiodel (with 3 d.f.)

versus gsredideed apdsh é(\héﬂpéit og[eseiévs‘acﬁdsf Q'és@éﬁg'l c&é@}egc&l%vsone 2.
The nost Ilkel?éggg tlono obt ai n as_the | ocation giving

t he hi ghest & °Cu?3e‘ﬁjo?fb”wt§§ g?’%‘fﬁ?ﬁ%é’ﬁé’é‘%ﬁ?‘é@hol ds were obtai ned
enpirically by aThesetspemimenest 2Bersfadesciliebedi?. iddbedfldd nodel incl uding

an inprinti @%eeE&@gEeM@é &prgo@rﬁdw\_%mn@gam@fewaﬁuaaf dnting (wth 1
d.f.) to test 30 whether the inprintin was S|gn| cant. The

Gt
statistical ¥Bddf¥ a’f’goq‘l‘?fbtﬁfé'e&nt hie ‘?‘%c"éﬂ“erlc end of pig |

30 chromosome arm 2p; the likely existence of an allelic
series at this QTL with at least three alleles: Wild-Boar
< Large White < Piétrain, and possibly more given the
observed segregation within the Piétrain breed.

The effects of the identified QTL on muscle mass and

35 fat deposition are truly major, being of the same
magnitude of those reported for the CRC locus though
apparently without the associated deleterious effects on

meat quality. We estimate that both loci jointly explain



effects and covariates that were relevant for the respective traits; see
Ander sson- Ekl und et al.4 for a nore detail ed description of the Et atlaﬁ%I cal
nodel s used. 35 Fam |y was included to account for background ge el g0

J i L. 2003 WO 001 36143 24 PCT/ EP99/ D0209 .  effects and naternal
effects. Cyi§apsi44ei ght was included as a covariate to digget effects
on correlated traits, which nmeans thd8 all results concerning %ﬂ}bg

CONpOSi ti ONCWBEE €6NHEE ask aheequat rawi ghirsuslLeashe SIM £ oroeleans for each
genot ype cl sgfat the | GF2 | ocys were estimated with a sin Ie gm nt

anal ysi s usPAGIPFORelT Y AUNCERaBAL PG HEABEEF - i TRT Uifet h¥e fixed
ef fects andleeyareafestasorudedni nedhecdnteditvah happamg e&ﬂﬂ]a)ises The QTL
shows a cl ear t_.of orjgi n+s i e rm position
coi nci des waphggﬁg{al%&? ejolgsns%tﬁl Igﬁgﬁt%( ldj&%l\/\?ﬁ ﬁac}’% r&@ne 2),

i ndi cati bg It@ZFaSDQmJela@aesatL&/Jegeg@féeCAShpghﬂye A N qucahe segr egati on
di stortion gexgessupls Wl Boatederiged:ial Lebgal vesual sasenysd at this

| ocus. The restlts 15 denonstrate an | nportant effect of the | G-2 region on
post nat al déRePaphefat dftiqhness poRTHIAReONSt TR PREISHE® dPtadpaternal |y

expressed | @Fobépkesd ézrﬁedtnohuaﬂesrn@enﬁ qu@lﬁegie@t:a{@deieﬂr&ﬂ@hégs has so
far been overéooked due r}ﬁo exper (ﬁﬁi desi n or s#atl stic 20 treat nent
n

of data. Th¥2&PRdy"ads M3 5ol ta M 8 t PORRY ¥ Bratfu St F5t| ve

geneti cs0t hear ybasdipghctdtGalbipth dneae;mh ngroweﬁz wasghtlert ilfived, as a

posi ti onal dldate ene for 2yt 0, obser, egswn'larity

bet ween pi gig "&ht oo orgsrie dtagahrﬂ%an ch m)séme T? % enom ¢ | GF2 cl one
was i sol at edlbyleca‘eetmlrﬁg Qﬂ‘lpowbelrneC@A@ﬁeldbltar yhe FW&di dBraysis with this

BAC cl one gg\ﬁ @e,st»w gascsea'a%an&le{ gmlgeqnmh@e}é%s@@ ndeart of

chr onosone ynmorphic mcrosatellite I1s located in the 30

A pol
3' UTR of |GF2dPﬁe<g1 %@ckrf@rméﬁRCqu%)anH@ﬁﬁ% Y EEnBak BdE6zsrceand horse
( GenBanks AFR20588) . tie mw Bhe p}ﬁ@mrlee pok rapepi I £sianditng por ci ne
m crosatel lite was, invest 39 b?:/ %Asﬁr(ﬁ s? uengin f the | G2 3' UTR
usi ng the BEEFEPPnEPI oMY Ex tAf “doF %§rdstabout 800
by downstr eahves th@tgmrm@onauaatsﬁcﬁjamescmepanvsmd e\mal ed that this

m crosatelli ge.i identj 1:ctaect 03.\WO Oé 3{_;‘61’1(:143E

hCT Brao 105081 PEraREr fese, Phcaieltstt SREE SoneTt At dk Pt sucos.

PCR pri nmer sofiet ke desad ghedread sHepti oy dgatek| pbesm@r@)l wagntound to be
hi ghl y | ypor thqt d Boar
foundergé)ang?Sggél‘gt#eréqtlm%ggﬁoﬂg%%e e|SS tgﬁg?gggﬁl te (%eru ggrs J:I GF2ns was

fully inforAatPVe-in the intercross as the breed of origin as well as the
parent of origi nigaoul shitedetrpadanacthtyi theCcontedense drvigaehaal lele in

each Fz ani 0] I n I e r gree was
carried out %k{)%& fcé’z Aéy%acg%nﬁegnﬁyﬂf ifsogts h?lgll%lg d%\éxg‘%(g é%’v\/l_g'ggh and

Swr 2516, al®rfPakeRtialdirhieamet¥Ric o?roaﬁrt1F@:2°mﬁél$4ﬁ%%ﬁs§é§ﬁgﬁed to 2p by
hi ghly 3% gnishinga@t f1eml er @3g( or he/ P38 s@nc8=0f 0D Inagaiinat i Bar 2516) .

Veven) ou " nERpEfPLYAES (] HHLAGRIRYIOUREY SLYDEL SINATROARE, 2 MR Ke! oD,

reveal ed th | oW n oCi (sexaverage I stances in Kosanbi
cM: Sw2993MSHPPEd (D). Faqseltzpa}gml Swe25ergis- sm@ 'L \gPEREdSRBI ARnt was
observed betueen SWHE3 @ Suk 25d#n farichsilens UgRe sdasvt ®scsl--20 | ocati on

of 1GF2 in re 5%{ (r)ljff%thes l%ﬁbnicsa %eglgge&,sj_‘r%ggtee et%%g_‘gkgant giving a

| od score sdp reported oOr istal marker in
our pre¥? ou§u(-3TLa%tEm1Wm°SW@56msl gnqg d%lﬁrééaéﬁéaFGQSawqtr}tﬁ”ﬁ the distal end

of the linkagergt®éPising nucleic acid seguences shown herein, such
as shown in figures 4 to 10. The important role of IGFZ2
for prenatal development is well-documented from knock-
out mice as well as from its causative role in the human
35 Beckwith-Wiedemann syndrome. This invention demonstrates
an important role for the IGFZ2-region alsc for postnatal

development.



25 QIL anal yses of body~conposition, fatness, neat quality, and growth
traits were carried out with the new chrom)sorre 2 map using a st‘[agljgg neal
nmodel testing for the possible presence of an inprinting effect as expected

for 1GF2. Clwargogyiagdence for a paternally expressed QTL 30 | og@f/esboatadohe
very distal tip of 2p was obtained (Figl42; Table 1). The QTL had very

large effects on ImasH@AttlEONEEY I IRFD 2R eXRIHREE PR rITreRicsiheg 30%
of the resi dm]'phenotyﬁ c vari ance in the F2 popul ation. Large effects on.

the area of RE forRT WSS, on 35 the weight of the heart,
and on back-fat tm@@mmc W D134 Fa2 asb&uhz@ﬂ &i?erti‘efe&hIl)‘lgl\I@l’e al so
not ed. A noderat e, on uaI it r ef,l ect vaI s The QrIL
had no si gni HTd nee %%o?%#if a\%ﬁléfﬁtl h]\ﬁel éﬁtwgfoq iver,
ki dney, 0B smadvenct sttmmng ccﬁnmmge sSiiprtad @il edh@ atermiine 1QHaxk &L U |
Z003 PCT/ EP99CJ}F1]IO%Q errfn_ré on indicated. fat, birth teen (data was

arger

associ ated wt cl e nmass and reduped .back-fat thi ckness
consi stent with tHe rb¥yeeepiric betcnese tedils tisr dsd landtiede 1w [theBFHUTR

popul ation. The HEFONGL I APEE Nt ESR AN Gzﬁﬁm@%%er\rﬁﬂnafr@ @dnmifiected traits

strongly suggests 10 a single causative | ocus. pl eiotropic effects on

skel etal nuscl&? bk a"h’éjdtlh%r§? z ECBae P%Fé’a?r"ﬁ%ﬁpe&“a@é’ﬁﬁ%q rom a

physi ol ogpcalppeséticofoFi @V\béﬁr@sﬁcﬁ{cﬁﬂg rpmlleletmﬁ&:fc%w&qsl@ lvarger
cardi ac out put The, cl ear. gr nal, ex pressi.on of tg L is 111 ust rat ed by
the 15 | east JSIE]YI%?%JSg%%ﬂS %’ﬁe‘ftalq JHE 10 °F § 5 120 Y

popul ati on ortilgg BAE ¢henpat Broahpdex mhierddsad edlliaee v(a'EabJ&Enﬁjlleéd is worth
not i g« nougloLbato (6T Sodas Pedpes i Hiednicdd and J uapds,dess extrer

val ues for the ous classes, 1np r {5 cul e Est i mat ed 20
effect on theccamearbc‘pomongvgélﬁdlstmSrlhlsTm1§rt¢@,aﬂfelld¢@ maschance, but

could haye albﬁ&h:ﬁgé&ﬁl t@xgl}_@@@&i&mlf cpeséﬁ%te& %%{3%@1%”9 expr essi on of

t he naternalyln erited allele or that there is a non-i nprint ed
QTL with m ndtie¥eertel bhteneSvea: t?hftﬁ Baskerowas29seReincEhel iRkEdadTL

and the FATL (£, rﬁ’é’bﬁﬂ‘ié" EXOSP et d ’an% s YAl et Wand Qdnatiich the

| ar gest effect on body Tonposition and fatness segregating inm this Wld
Boar intercrd®P GPer§IRnGTYL bl nthomess ilkelyy Rasidiomeds tier@ds FATI

has maj or ef finetls D dloé Peposain an 13dendinidiengbdomhd faaige aviita t .

t hat was ot af e]goiegl b%/ the. G2 QTL (Fig. 2). No significant interaction
bet ween the thd' toeico%R ??1 %5?%d and they control a very large proportion
of the resi dual phemot ypi s ohrskelos aln MuselE2 agendriatecDNA rfodet Iiorcl udi ng

bot h QTLs exm@é}gsoﬁg) ﬂoé’{lfé? tl@@té’@&é ffg Rer, tag(%l an neat in ham

31.30 for the percentage of [ean neat Us bone i n Back, and 26.20 1 6 .J
1J 1. 1UU3 _ WA DYy 6 31@n 21in paTe FOPT¥ Qf é\maﬁ?é’%é@( FGHI e
(conpare wi t by nowies , Iﬂ%wl Bﬁa@rdﬁé ayraogerR 2 L£ffimatishteable theselhe

lt\ggnqgll'lr_z%rrﬁst have I@/nég% IR ;)c_[rﬁ%rv{(z [élr}ltg%lryesé@{%nrseess%%r |fnxg%3 sel ectl on for
paternal allele. ‘
Based on a published porcine adult liver cDNA

sequence'®, the inventors designed primer pairs allowing
to amplify the entire IgfII coding sequence with 222 bp

30 of leader and 280 bp of trailor sequence from adult
skeletal muscle cDNA. Piétrain and Large White RT-PCR
products were sequenced indication that the coding
sequences are identical in both breeds and with the
published sequence. However, a GXIA transition was found

35 in the leader sequence corresponding to exon 2 in man.
Following conventional nomenclature, this polymorphism
will be referred to as nt241(G-A). We developed a

screening test for this single nucleotide polymorphism



5 White donestic pig. A highly significant segregation distorti onl wz{?
observed in the 1 GF2 regi on (excess of WId Boar-derived alleles) té ls%
in Table 1 (x2=11.7, d.f.=2; P=0.003). The frequency of WId Boar-derived

| GF2 al | el as0wws61290 10 in contrast tqQgthe expected 50% and picdrapey/nwae9 t Wi ce
as many "Wl d Boar" as "Large Wite" honozygotes. This deviation was
observed wi td(aNH) thueed | ociciad Itibatdiost amplipieadics tRestieh due to

t ypi ng error The ect was al so observed with aqther |oci hut the degree
LTI are or Dea et Lhng 3 1S YRR TBe orr: hBAaERes, eteg Mt o st ol tip

of the chrorpsoak. ol Hoskss adigd s TodiZ IDMNA spsepanaticorcolecaldodd edthd at 12
wee ks of age and we are convi ric,ed that the_deyiati %g from expect ed

Mendel i an ra’%lP%sS‘@%%_%%’é‘éﬁt%& Wi MRIEE HE8=R&Mber FedRFital s | ost 20

pri O-rttSSbl O@ﬂrNo '@@éfpith ¥ P@o.’i\ﬁéid‘ﬂig tS\ﬁftfH Q‘.%%n}moﬁsjﬁ qautl@q}»a _\iltéltrc]j_rpibef(!j:htehl S
magni t ude. ot her .o e more than oci anal yzed i.n t his pedigree
show such a %ke@@e‘@?tﬁa‘t”r i o FoﬁuPE.orﬁn&éﬁ%%’ﬁ,l é%ﬁﬁ}feshed). The
segregati on @ist oshboeagdent naéquedmw amalyiisntempreftirected s thie
frequencies of th reci Sﬁ%@e of_. h LQZYyaot es r.e.i.dentical
(Table 1). 'IJH}#%%%%\EA%% g%x@fgﬁg%t e ngs?siaﬁitﬁlta? ;}glt }rﬂfgjtcat%ﬁéiﬂ%‘{thelfnf gélt(a s and
t he segregat3 OWIRi af othéohghfe aanstrol l ed by the sane | ocus. The

segregation distortion mybe due-.to neiotic.drive 30 favaorin he.

pat er naltlloy expr essed arkf‘“"f’ e‘?ree‘(fjluor‘%sr%a S‘Errrlvgtlgélg%es}:ié? z(gotwl'ajiggﬁf %ﬁ éﬁ‘tlg wer e
all sired byQVE|ydrBoddesnhesetioifivar ghessidlielcittipn ©f latindiles seghegat i on
di stortion npy ??%gu@i&ﬂ gﬁgirag%%gg;a%sewﬂ% ofpitde rnal and paternal

allele in sone TisSsues an 5 during a critical period of enbryo
devel opnent . eBpadliBeRES | G2t pFBssitdiPThay h edy Isagsnd ed B whidig: to sone

extent 1 6pdiRér2083; Q04 a5 PCHAR2s1 2203 gentdury Nchduman

devel opnment1 0, 11 and interesting strong influence of the parental

speci es 1§ack§?%ﬁ?ﬂa5ho?@g g&‘b‘?@s@ﬁﬁry Sttg(?é'ﬁ't QFLs sF a”grtt;)?s bet ween
Mus m uscul uscputladlisnspoét ust@redtt; ingaxrdex0 asptiatest igvd ddwatorn MAENTR

pol ynor phi s LNnSulin_g i i er |, asel i d | GF2, is

associ at ed \r;# %%fé?@%ag‘fsl EH‘?? hfﬁe%\l?n%ﬁ%&k{?%c}ét g?ég%ﬁgscsi%éé C{]ﬁ% he

| GF2- | i nked QFtreasphgsshdschion srcwafdact sed egitrtdn weitgitsigut dmbour dat a

it was far ff@&ﬁhéiH@ri {:h@at?énéfétgior?)irﬁ@vtahe,_r%a‘ﬂ%r‘q%s&éﬂgﬁ cation of an
inmprinting effect. This s !(Iﬁ%%l s an advance _in, the general know edge
[

concer ni2fg t ket BPBFBFF ear Y ttth & fofC e LvgEX 3 . IRl ant rol e

of 1GF2 for gprenalatldevelennenioncsy W |z deeumarirgd dopibadienk- out nicel 4
as well as fromiits 15hcausati ve ertolce ien t he huma %eckevgit h.-é/l\'{’ edemann

syndromel 5. THT 55%Y ua§ " aRhoHe t ST At STRSOFEant® 8% ¥R Gr2- r egi on
al so for pospopvditéenel dppkementat ishodid enbosiimesded mavkieo s s imtedcr oss

between out bped, pOREL 8hi 8AS1YSi PATdd 1 BIdY PRES' fHlg tihdiBdsJHa Wi th a
20 parent of origin-specific effect on a nultifactorial trait. This is

because 4ful t {¥PE) al Fohele (Ber FRipIcst WD gededdgr SFatistd Stk we*Soul d
deduce whet heinRedet8r OE¥JQUS; Fferat iMAlmar@@eisv etathe W |ich Boaikajd el e from
, the F1 m'Ig_o’r, feg&ﬁl}e. | t ié’égiit% osg bl e ttha the 2 se%gag%ation of a
paternal |y eXpreSeed*PEY Yh l‘lﬁ’rL f &8 ARG TR £9993 %" i¥Y has
been over| ookethin thea@Tst udies or in intercrosses between inbred rodent
popul ati ons becau f | t . ig r. i.stical eat ment of
data. An inpri nti]?fg %f?g%&%%%ﬁ&én%g%'dgpgc glg%lgjr?%éjr? i%rﬁoé{lc(feosrs% bet ween
two i nbi3dd | naekodsfonl yeleot fitd ¢ esicariosdgvdgat idepiatedeagndotyqis  Qur

resul t has tBerghoEst $h9Nbhé S o REYA IS tAR 5! R i‘gi%qartaés}’@iﬁg Qf the

associ ati on between _genetic _polynorphismin the insulin-1TG2 redlion and

Type | di abeS@EPbe B50pheaifypig Laid bie ibREssRcen afi & KumitghtaBiven humans,

as trait locus (QTL) located at a Sus scrofa chromosome 2
mapping at position 2pl.7., wherein said QTL is
35 paternally expressed, i.e. is expressed from the paternal
allele. In man and mouse, Igf2 is known to be imprinted
and to be expressed exclusively from the paternal allele

in several tissues’ Analysis of skeletal muscle cDNA from



16 JI11 I 2003 W00/36143 2 9 PCT/ EP99110209 well as for the genetic
di ssection of conplex traits using inbred rodent nodels. A nmjon & fijiedils
for generating an intercross between the donestic pig and its wild ancestor

was to explQlofddgpsspossibilities to map and 5 identify nmaj or deg@ipob/@be have
responded to selection. W have now shoMfed that two single QILs on

chr onosome 204 i §shudy), 38 $he2 BXPIKN A% IS RS OR LU hagl e
phenot ypi c vBr Pance for an neat content in the Fz ge€neration. Thisis a -
gross devi at semef doprtihé imgddclyisngnl @ has surptaisonwd Il + e daragsindding
infinitesimal,nodel in _quanti.tative _genetics theory nanmely that

quantitati vel:p?aﬂagegﬁze%Lglgr?trrlglllneﬁ%ggCécn q%ﬁaﬁtteerﬁﬁﬁﬂgrej&%f <ﬁﬁ'&:iaseach wth
gn i nfini tesgm‘akriefeﬁebgz. tlh}‘e &th%hg@oﬂr@mﬂajl(l:bc\;@ fide jga%nd eiﬁt;irm&\l;]mre)ence
etween two di vergent, popul ations 15 (e.g. W Boar_and Large ite) is '
control | el b}?abf'fgwﬁ/dllé‘ai ,%r&‘ﬂéfa\ﬂﬁul dng TR S8 Qo NRo i i SRRl y i x
QIL allel es wirbh l-amae refif-aats Jopadiang Hik 3561 sCtiDyPlatiqal. However,
this is not the experience in aninmal breedi ng progranms or selection

experi nents GHEEELFEE PP@ Fedgingrédt thehgiavinugaRls ilo geedpuiises are
general |y obgahped RraMidedINalictie1&f el Ve Popyl Atdldha 26 1S
reasonably largela. A possible explanation for this paradox is that QIL

al | el es cont PEPMAG &Y &hge ipvEpdronom wtidfendtiic midhilamences bet ween two
popul atips 25 mayyBe;dvenrtd HeuahetaRire Wlo JUd ald Ak Jdig My be
mutations in the same gene or at several closely linked genes affecting the
same trait. pndfes pesemrigeed thatl edew arichidw rfsiregntqriddutioragnssttant i al | y

to |ong-termygeligeld RARIIOMRAYAsily 4 R A8RAUN G, dirgdrididd on of 30 such
mut ati ons are unknown., The search for "a single causative nutation is the

par adi gm as AB§RtIS FHE ARl dGnsydidlil)c Heffleaament mhereald nonogeni c
di sorders i nchga®le ofé bRieRP I dddaii nfaltitsl Rk pI@is el tHie cirs @ d¥ndaaci  t hat
have bee undglEL §5 selection for a_lar qe, nunmhey of réﬁgne.rdatd'(iir%,s i,n domestic
ani mal s, *r opd:&6F nERYFAS SO & PYN 1‘ﬁ1ia§’1‘|{/ﬁ‘o"7t Gwided By £h9 "~ o003
WO 00/ 36y3 3pnRETIitER2OI6I0R I reecildow st hmorprtesencienaft mardgeplies al | el es at
maj or QrL. | I (O 0 c&t}ﬂ{ ter] i-qn of
porci ne coat ggg_ggévgﬁ%teﬁgﬁ. uh%%g]ef enr{deesfﬁagte bot E?I%:%ee da%z?;e%l(e?{sé for

domi nant whi £&CeHISGVeaNd oo PUSICRERNSPSHY MRFE ek roy rame i rlespondi ng

wild-type al hgnéaebytﬁbﬂe@%steqtu\&@p%@swidﬁ iHd s Wit ahepatypic
effects at the KIT and I¥g1 y20, eesl" lﬁﬂ this context it is

| oci,, respect, vel
hi ghl'y 144 er BSPPRYSPRE: TO7 PheeRizghpdmiA iy RFPRHG | ed a
third allel erefatke kGF2ZhiE IparikedaQlllBle effectis axpreselesl mass of the
three alleles rank, g Lhe aqie OLISEaaR e Bigeds. d Mleh igudr g f ound
i.e. Pietrain pigs are nore miscular than Large Wiite pigs‘that rn turn
have hi gher LegAatest asdrcantreciembivieng Bymleicl Rcltkbray fragmest reasons to

decide that h&F2ves thereaysalmpei98ng fOlsy @i eed 1QTL. Firstly,
there is a perfect agreenent in map | ocalization (Fig. 2). Secondly, it has

. p

been shdith t RRPYREEST SUBRLdLREIVE E¥pridsdefusn (R, RSt how in
pigs, li keftbeaﬁfﬁbntZQh&Qbﬁ ail’e&iS'é\z‘ielf&{or;rOtaftefleialﬁtr idﬁeed:kgem&ﬁsl dnfe .t h/e near
vicinity o G2, in.mce_an umans, (Mash2, | NS2, H19, KVL PA2/ CD81,
and COKN & pEYREBE L TCERR AR b bbRa e Ry Shiot S Tar Ui
ti ssues22. \Whbekieveatrhaust kilemeatss apreo\dois needunilgute copjganrtairs thyomor
nol ecul ar ' Rb5_¢k c i ion of a L. cl gar t |.._expression can
be used to eégfgggEgeELg%%%% %dg%rcl)gt ts O\ﬁet%ﬁ]s? rcr)o%geor(%a O%Lh%g)rrl ance.
Mor eover30 t henpmagenc@hef iaveatiiohi promiides glecwimb ifrsgit imvatle itchecdidf fi cul t
di stinction hetween causahi-we pdhatian [ d als I rphi sm
| n~e have al r eady shovvlléli t_ha}té t%rlg&%eg %gagjgfﬂfegl?ieéﬁc_émﬁ?lgg ir%g ngqoﬁ%ﬁce
bet ween | GF2QEF| 8F8s CPRBATPPe i &n SaABENSSFe TRkt Y ¢ S6FFSst9Mg that the
causative nutaybarapb@ecHlleNekeail at gbYorRUgENCEeSuA LRENUTHRRUE t O
sequence the. en%l re IC%% gene and its

ls avoura Y

used to obtain transgenic animals wherein

35 the second QTL has been equipped with paternal
imprinting, as opposed to the inheritance pattern in the
native animal from which the second QTL is derived. Such

a second QTL can for example be derived from the same



35 nultiple promoters fromthe three popul ati ons. The recent ~'Ss a
Zoa3 WO 0013Gl143 3 ~ PCT/ EP99/ 10209 report that a VNTR pol ym)rphnérrjULriUﬂahe
pronoter region of the insulin (INS) gene affects | G2 expressi on23
suggest s t Ivad oo/B@I4Tausat i ve nutations yay be at a consi der abter/atiow ezoge
fromthe-1 G2 codi ng sequence. 5 The results have several inportant

i mpl i cat i onssHmsmddweneivghdare eche goarehust ¥ wmp'lhefytﬂlr@vxtégnain genetic

i nprinting |s n t c e to be consi dered
in practical %reeo&‘ngﬁ%?ocgérllénas % éndfef]glg‘? n&}?r‘?t%r ::e% F¥ient alleles in
W I d Boar, Ichrgenagongfren bine -‘RTEQ relf reyopwE ali bheréntdispeeises.hdn furt her

alleles at t t Q@f I ons. The
pat er nal ex;#r}%ésﬁg:% ofd&ﬁceja%%c a‘?ael)gfl(%llsrle égéléaum ng d:trtlo
pat er nal 5ha|afrs|ca)e%¢ﬁgeresr%%ew@rf@%me-wﬂ r {Grthaphikh ae an,n . 15 The

QIL is expl a3 edz§0-360f 01/@943%&@@%@@@@@@@%@ @stdisded ogal, ection
wi t hin popul ations_or b%%%ma)n r assi sted nt rog eSSI on of favorable'alleles

from one popul &tibh’ 40 or exampple 3LHEF ot Sy 389
PCTI EP9911028%romd=cid) esi2ch Paetdsmdsmcxsduaége \Vihi $ ecobnd ed€ r bssiaserMetinods

Pedi gree nater. al e e terial ut|I ed to QTL_ was

sel egt ed frdfia %}%?/r}%%g(%/r%%%% f'a bl BIREPeT n §Z< Tﬁ?bég&vﬁ?ﬁ“ 5> Fedi gree

conpri sizng Shum&0 i ndi vi dual ss . To assenble this F2 material, 27

P2 [ D0 W RS RO AREINLL S IEOLS BETRLALS AT F

unrel ated Sbrﬁcﬂ/snvxsectcmdmﬂeﬁﬂ nml@ﬂ@ agi@| e nfuact boadl oﬁrd@ﬁ@tFZ

Of fSpring. Idebooks WELEOR!Ed 028V eE200 ] O dr i UBLATIRG Wb I SARel O an
ma Spri

average of 2, Average o g _pe Boar and per sow 23. 15
Phenot ypi ¢ idfRiaaloertediFt Dat Bue cFFERER oPhTomesPae fMamP NG tatnct

phenot ypes vi@cs@ltﬁ@@rﬂeﬂ 7 wh8geb? G81@r @1 016 re1dPegerd Nchaided: - five

i i sher neiRHSRKEA AMEB0E OB AGUATT O PR AR LR GhyBatf U (o

finsher periaxt/or- wmamemdgapdognmw@rpﬂta@mrmenésmcarmts é:Eraagth (cn’),
and 2 conf orgIRl | 20 SE0 Sad 18 1058 WGk aflcr ol PRGHPESU FLRAL S of

car cass COprOSItI on O tal ssection O cardasses 29
hours after pfeteplly ame‘s@astmmmwrmm@ betmmunbﬁhamd ham

(wei ght yRamgd £ar C@ﬁ%f@f@@%ly%é@i%cﬁv\@f&ht |&érﬂé§é‘£8a§§% Vel gt Jas %
shoul der ( vvel ght “shoul der/ carcass wei g %r % | ean_cuts é Yo ham + % 0| n + %

30 shoul der )PigmtPhRadlfEPedts BrEP%t ARerahelpEIR-Tatte hi®kness (BFT;
cn %backﬂa.aém(avawm @@gkfapéﬁaéﬁmw\lﬁlQfﬁémoﬂ(qbehbyz(d\@m@twas

bel | y/ carcass wehgl % | eaf fat ]? | eaf fat/carcass_ weight), o jow
(wei ght j owl¥2t25ed %l@%’f?enl%‘hda RPFGINRURC +1BFRaRkiBatSH 35 belly + %

leaft fat + PadPWis with OthisNBAL Eshé tyaveasuserBRg Scobdt 48int
(Longlsggnuixggggi 3h the terminal part of chromosome 2p. A
polymorphic microsatellite is located in the 3’UTR of
IGF2 in mice (GenBank U71085), humans (GenBank $62623),
and horse {(GenBank AF020598). The possible presence of a
corresponding porcine microsatellite was investigated by
30 direct sequencing of the IGF2 3'UTR using the BAC clone.
A complex microsatellite was identified about 800 bp
downstream of the stop codon; a sequence comparison
revealed that this microsatellite is identical to a
previously described anonymous microsatellite, Swc9. PCR
35 primers were designed and the microsatellite (IGFZ2ms) was
found to be highly polymorphic with three different

alleles among the two Wild Boar founders and another two



~~ ~~J 1. 2003 WO 00/36143 33 PCT/ EP99110209 hour after slaughter) , pH
~, p2q (Longissinmus dorsi 24 hours after slaughter), pH ~1 (G athlju$ 003hour
after slaughter) and pH ~2q (Gra cilis 29 hours after slaughter).(ii) Data

pr ocessi ng:wg}{%%ghgual phenot ypes were preadjusted for fiXxedpSppidofy ?@ .
(sire, dam genotype, sex, year-sed®on, parity) and covaril ates ? Itter

Size DIrth dELOD! cueanlng vl gt 0 QUBL B G 1LLALSTEL VELONY) that

proved to signifrcan e COorfresponding trai i ncl uded.
in the nodeliméoemselieet éd bitesipparseosegieshonbrddd Mat ker i gemadsy/ pi ng:

Primer pairs uﬂl i zeg for PCR anplification ]rc:% m Céosatej I iqtle rkers are
as descri bedV81MBPKEPEGRAGED D ﬁg RBSI pRr FOHR PR sIpr VT HRRT yWHe S cr i bed2.
Cenot ypes atcbhe€i@ReRcandoMyeBchogllvkeeidesesii nedirlisialg 15 conventi onal

nmet hods as descri begl,-'kZ. The LAR test for the Igf2 SNP was_ devel oped
accordi ng to Barof &tP439912081KE15 pPiRerthRiintercree Ftigreation

(5" CCCCTGAACT & (AGEACACCATE 3 6roms AL RECTE I A ST SHLE Cs 3o a9d a set
of three priners for the LAR step (5 -FAM 20 CGCCCCAGCTGCCCCCCAG 3 ;

5' - HEX- CGCCCEACBEGCCERaCANTZ 5,1 65' ELT GACOT GEAGCAGECEAGe3Y ) of Map . IGF2

construction: Marker nmaps were constructed,usjng the, TWOPO NI, BU LD and
CHROMPTC optV'8fs f&fr“‘fLP(e%éﬁllﬁﬂlsdpge) éaggﬁzgl(;l%iﬁgségpb RIF i'\qsra?i on of this

package, fulkcsirbsf aailyi.es=pel. ated=yia0thgghnast osws29 SE! eméli sosprect ed
and treated independently. By doing so, sone potentially usable information
was neglléct edna}ysedind " ROREPSr Prafbraséyd BXPeHntBEOBPSeBEoAbI nati on

rates. 30 gl @BRD BvebilkdVRAR RALVBNARLI 8RACTLor Copueniiopal QTL

mappi ng was performed using a nultipolnt X mum | ood net hod. The
appl i ed nodeavassgretapndiségnegat ingKQeempercM) 1 6w2H4BY Skr2608- W3-
0D so143 34 PERAERI9LLAZHR ShroasanBe cANfof LEALLRT, B L6 aBLe. Lk
alleles in the respective pareéntal [ines, Bie ralnf1 and- Large ite
(LW . A specbtitweanalspsdd raogr dmriiad 6f oabe tkewebopgdstedapeonnmal or t he

rl 95109 9600} ypes ol e paLeal eueal Lonyy 2aeRuLl! 19 Lastiefagt, thet
typi cal "intefvallemappiontyinsintaigegyngan hyposberecabpfBktwas ovsedoal ong
IS K RSB, (e ERE AL ERE gRRLL B ol kel oo
previous QTL study, Sw256, is located about 25 cM from
the distal end of the linkage group.

20 The invention furthermore provides use of a nucleic
acid or functional fragment derived thereof according to
the invention in a method according to the invention. In
a preferred embodiment, use of a method according to
invention is provided to select a breeding animal or

25 animal destined for slaughter, or embryos or semen
derived from these animals for having desired genotypic
or potential phenotypic properties. In particular, the
invention provides such use wherein said properties are
related to muscle mass and/or fat deposition. The QTL as

30 provided by the invention may be exploited or used to
improve for example lean meat content or back-fat
thickness by marker assisted selection within populations
or by marker assisted introgression of favorable alleles
from one population to another. Examples of marker

35 assisted selection using the QTL as provided by the

invention are use of marker assisted segregation analysis



L-~T ~(p(@ M ~e~ ~PP(Y~1 Q) ~=i ~~c= P or right chrormsrre P),
there is a total of 2r conbinations for r F1 parents. 15 ~ n Ad Ji# UH3|th
F2 of fspri ng, over the four possible QIL genotypes: c=~ P/P, Pl LV\'I) LWP a
LW-LW P( G M~ Qﬂofy”ﬂﬁ3: the marker genotyige of the ith F2 of f spP¢HE 93H82q9ts
F1 parents, (|| ._the vector of reconmbination rates 20 between adj acent
markers and UBtteeht BRed FYRHERES i GalviGh MaTFShss 1M Sliseqy tahdenn tehd

(iri)6 the consdgei e Fafdefod1lphass igrbigral 20N «dfedt. h@u@trwn@"ﬁes
Reconbi nati on, rat es_and par ke% Ilnkange phase of FlI parents are assurred to

be known whent Ut T FRET AR sOprpigatiye R tinndre ths: &H rdd A9 ng
CRI MAP in t hepd@pilebast again ohepdiase Hcs eriealia\fg) fd?(c}tlbﬁ)a)li])y czhsﬁnfxm:tri ng

i., given the 0 e si der.ati o Thi bahi i s conputed
fromthe nor r%q‘%dgﬁgﬁ%gf U#\&?I o%uncq: rbal ki ICﬂ1 t’é‘é%s% @?f eY

PCTI EP9911020% 85t 44 - 4 y~the) diptaliitip @F -chy cars HEGQp |w§ttkhelami'gamot ypic
mean of the copsidered y PP, PL, or LL a2 the reS| dual
vari ance a2 vﬁa‘gf%ﬁﬁila%%% ?89‘5% "F‘}Feéjsear@sf o'rltlhr‘? sf’tﬁ# %T(%}beér}b?

cl asses. 5 Thenaabnesaok-08P, thPtkiddy avd =And @&d‘(@deﬂﬂ l:iyng:l'Le vvere

determ ned usjng the GE timsation routine23, The |ikelihood obtained

under this alteY@RtioB- hﬁyﬁﬁ?%‘éﬁ?%s" i (3t 1 48 Kelihdod

obt ai nedignderat§e Whtehy PRt heshse HaLfudia QHE.in i Wik dihe phenate/pi c
means of the 10 four QIL genotypic classes were forced to be identical. The

di fference belbkh tRESTBHAPT t RRRYSIeS HF QT s JoIRdi Sty ItRets Hobds yiel ds a

| odscore neasygiygsthe gvi dense mé@\&%ﬂfc@ fdHetd@lorde L0rd gspondi ng map
position. (ii) Significance threshol ds: | 1 owi nlg Lander & Botstein29, 15

| odscore thr ebéchéqaagempag%b@wa@@d %{JtCHErEFGC e A kiRirs @ 5% Hied cance
level , “ereoﬁgﬁﬁﬂéégt§85haﬁgﬁ%51§*poﬁﬁ%§'ébﬁgggg)gééfhdgp fe #ﬁ@ﬂﬁmds to

t he nunber r onosones G corresponds to the | engt the genone
in Morgah$ (ﬁ99§h1201<aﬁ‘65x@lk@l@ﬂh%@ﬂcﬁ@@m@%%l@ﬁb (Eatia adtve

di stributi on JGh onrgl Lheu easAWY efh dlistdiRULN U L 2 iqed Nl e

poi nt 21n(LR) were assuned distr as a chi-squar distribution
with two degrizestioe ineedohenasllwwsweirderftiifyiimg lmetusadn padding i

domi nance coqggpgﬁt ggségchn{hg(Hhéﬂ¥itat1ve nature of the observed
effect - are unlikely to be gross gene alterations but
20 rather subtle regulatory mutations. The effects on muscle
mass of the three alleles rank in the same order as the
breeds in which they are found i.e. Piétrain pigs are
more muscular than Large White pigs that in turn have
higher lean meat content than Wild Boars. The invention
' 25 furthermore provides use of the alleles as provided by
the invention for within line selection or for markex
assisted introgression using linked markers, markers in
disequilibrium or alleles comprising causative mutations.
The invention furthermore provides an animal
30 selected by using a method according to the invention.
For example, a pig characterised in being homozygous for
an allele in a QTL located at a Sus scrofa chromosome 2
mapping at position 2pl.7 can now be selected and is thus
provided by the invention. Since said QTL is related to
35 the potential muscle mass and/or fat deposition of said
pig and/or said QTL comprises at least a part of a Sus
scrofa insulin-like growth factor-2 (IGF2) allele, it is



25 fact that we were analysing nultiple traits, significance |levels were
adj usted by applying a Bonferoni correction correspondl ng to tﬂﬁ ﬁmg@?tl ve
nunber of independent traits that were analyzed. This effecti H
estimated at 16 follow ng the approach descri bed by Spel man et al.25. 30

Al t oget her, #Om\xﬁgl%l owed us to set the Iodscore threshol df%%@i‘?%%é@d W th

an experimnme € significance | evefO0of 50 .~ UL /361a3
36 PCTI EP991102 td"‘tsﬁgt Sy n t I ified QTL
in an |ndepeéde%t9bls%rrp SiF he fégrre at,}F?egg% %819%;19 d frogv\zlte\?%reggﬁr’%tl ng C at

1, G at 25cMPENEC % rse‘@t‘igﬁﬁef’ﬁii tHe P%Féllfélfléro?nga@ﬁ‘a\‘?déﬁé’ﬁéféh{’gt raits (as
onl y Six tratbstieroramalipnedhioh5id i magdanpseprovidei.yiselcthed a | odscore

threshol d a%Qféat&d Mg @p@rﬂ{yef dn & Oﬁe§9v9& &a@adﬂ canlesting for an
i nprinted QT?%Y To test %anl nprint assumed that only the QIL
alleles t?and "E"P‘é‘?ﬁ‘?ﬂ)mtlﬁfe faleRt Ut b&eﬁfi@fﬁﬂ %%km‘?z\;o?.llfd’rhgx’f@a&hn%ffect on

phenot ype, theeé@x@'umd%besfOrafmahlu/e@rbydiﬂn@ at iverl spaiesntingei ng
~~neutral ™. fhe éiéﬂf‘g}Hé&Od 18 at Bfe REAIQN %ﬁbsai yﬂd@f stdyhst E¥p9 hesis was

conput ed u5| ng equa ion 1. To conpute P( owever e phenotypic
means of theP¥gvd LYgérl?t?t ¥ PEEN iR T §etmaéF'aﬂH P SPYAM: = 1~L to test for
a QIL for whdehibéwntld ypatedenakd afdre e ionl yOMSzﬁg@ISESBﬂd,analaleD@ uLp =

uP and ARl cg%élngpﬂhé(é£E§§ﬁef LG 1 PPErMﬁt&%h% %QERQE allele only

i s expressed IS assuned I n IS notation t rst subscri pt
refers to thé®pafed k9 BIAGMFE, °f1€1%P%‘é@oﬁ&t§ﬁ‘B§3é$‘P‘b? ftC&" tsh’é’ bn@Pernal allele.
Ho was defi neﬂilaket ienuld shygoshbslies s2paotrnal @Ftprddkilest isagdt he presence

of a Mendelig t1as f | y. expressed QIL,
and H3 testi n %hnﬁslel%crgllgg %ﬁkﬁﬂa%ﬁgﬁ%ug%%gﬁ%tgfﬁm- PCR. Tot al

RNA was ext rﬁﬁ?‘éﬂ ¢ rSmadied) EPaPuRts M Ess ﬁlfﬁ’ar%:if nd'e PEFEgheR2ER al . Z6.
RT- PCR was pRas oa niif flesdemy ghaefz‘iameaaﬁiqgrlahh&dPGﬁbi@cﬁve(xPenkl AsEhaer) The PCR

produot s wer 8oBUIL{L e Blend1 b AU Sl RCRBUELIL SO 0Tl halidhagen) and

sequenced us Dye term nator Seq uencl {gt_ag ction” (Perkin

El mer) and afiiBAESRs dvedidri E%e‘%fﬁ?é‘f?&@r relate afertli-éé}é’ "WD OOI 36143
PCTI EP991102@9tBJutt rheexiapken@gari vee pdifiect heni e trinidcdat mﬁ@sotrathTL wth

mej or ef f ect tﬂgt@@grﬁxeﬁm@daeﬁomhed%riqawPPOM 101000 L1, 2p1. 7 The

QrL shows cl ear evi dence garenta iLnprinting strong %gestl ng the
i nvol veneht gprt?%gm p@e é r such males could occa31ona

seen w1th Piétrain pigs but genetically it was not
understood how to most profitably use these traits in
breeding programmes.
Furthermore, the invention provides a transgenic

25 animal, sperm and an embryo derived thereof, comprising a
synthetic parentally imprinted QTL or functional fragment
thereof as provided by the invention, i.e. it is provided
by the invention to introduce a favourable recombinant
allele; for example introduce the oestrogen receptor

30 locus related to increased litter size of an animal
homozygously in a parentally imprinted region of a
grandparent animal (for example the father of a hybrid
sow if the region was paternally imprinted and the
grandparent was a boar); to introduce a favourable fat-

35 related allele or muscle mass-related recombinant allele
in a paternally imprinted region, and so on. Recombinant
alleles that are interesting or favourable from the
maternal side or often the ones that have opposite
effects to alleles from the paternal side. For example,



5 APietrain X Large Wite intercross conprising 1125 F2 offspring was
generated as descri bed6~~. The Large Wiite and Pietrain parental breeds
differ for a nunber of economically inportant phenotypes. PietrajfsjUared
famed for their exceptional nuscularity and | eannes 8 (Figure 2), while
Large 10 Wi tes show superior growth performance. Twenty- i Stinct
phenot ypes MAYR14g (i) growth perfé@lmance (5), (ii) ws%&%ﬁ?ﬂ?h}?&,
(tii) fat depasitLpn i [ ) re r ed on all
FZ of fspri ngl.%.ll h‘g%?daééﬁ%%lﬁa%gm&ﬁéuﬁgﬁI%%%gbg'ﬁgﬁgeanle |ceesdi ?’&Egnces 15

bet ween t hes@ifheBfat Hrlitdettddks aSuHblee dehsAE™IRAN-ASITR§ fFcrosatel lite
mﬁr kers on amuseilti ﬁhsssadsmlllei ®e B7XedZin ndievidmal snedfnaiiisd s of pi gf
chronosone 2 ing . i POk i ' igpi ficant

| odscor es (uﬁ%?gagbga%r%%}e%f.l?hﬁgz&%p{o’!hhe%%??%gée%e%gu%%gg&r%éc%?ar rty 20
and fat dépodiiteBnint thhesisstldPeendCigien Kesdnabl e p N omfoadbhe 2
(Figure 3a). fBeskkamplé offsmandsywahd/@btndilkegibdd imetHeenfinaileg Si X

phenot ypes, VEE i i i gni fi ¢ threshol d (
0y o ottt by o Fh o e RE GE AR B8eF SDLONERNT ' cpr ng
was 25 genot yi8§Sfor the five nost distal 2p markers and QTL anal ysis
performed for theThealhnsentiendiisgfihtchdy gkedbihedstords idetali¢edi r st

anal ysi s, ,Lo 3 Tl « confirm ng the presence
of a mgj %P Q%%?%gﬁﬁiéqgg%%%%ﬁggi‘%{% rtehﬁorlﬁjggﬁékeg%brrespondi ng M
estimates for 30 the three genotypic neans as well as the correspondi ng
resi dual varipeteeleB deéseciduial. chronobsone painting establishes a
correspondence between SSC2p and HSAl | pter-q13910. At | east 16JU!_
2003 WO 00/ 361A3 38 PCT/EP99I| 0209 two serious candi date genes nmap to this
regi on i n nafxapRéenyodihit Beadi & hergx-Whdés- ABFPRCYRI%T, MyoD, maps to
HSA11p1514, while 1gf2 maps to HSA11pl5:5 MyoD is a well known key

regul at or of M@éggggesi s and is one of the first 5 nyogenic markers to be
swi tched on during devel opnentl|. A previously described anplified sequence
pol ynmor phi smin the porcine MyoD genelz proved to segregate in our FZ

mat eri al, whi ntErely n p, or, thi i anal ysi s
positioned t ﬁ%gﬁ‘/&g%ge‘%’% é}%n Itcﬁ% gé%igpoé{\ﬁi?gh( 338@%5%“131 O;ﬁigﬁt erval ,
t heref ore wehybgddsegeiomelHlsd) 2 dFbp wfimesgpdBrd’ T nterval for the QTL

(figure 3p. l@AnbeTkPRrd:diar@Rance, ot sprethteseddiratsdahi erentiation
of nyoblasts in vitrol3 and to cause a nuscul ar _hypertrophy when

over expressed’ i nfQFvBCR BERId Idrahipuntt sh@adrpoPEi Hee bRt SKoN AOEr cDNA

seg_uencel 9, \@Udﬁ_shﬁfl@d%ﬁiigm;d }aai £)5e ad)al%wizgg gsp&‘f@cﬂ‘@!lidm theaent i rfe | gf 2

codi ng sequence w t 0 er an of trailor sequence from

adul t skel et zf‘leqﬁﬁ%?e%%%i\%/mﬁ?ixét‘sﬁggh‘ aﬂbe PArgerwny T e” Fklls-elf’%ﬁopr oducts were

seguenced i ndiccaknng pdatineh@ACodibpsequentces whsne d&FiiGldalwa20 i n bot h

breeds and with_the published seﬂuence. However, a G A trapsition was found
; Hefire 85 ve

in the | éddertS8&ghEAce- LT EGoRlif NPt PIEREAS 7R FRTFY

devel oped a BaCeeNANgas esindaafizkhi 8ih NHoRVNEabeph + U8l gablwiromor phi sm ( SNP)
based on the i ion jfication reacti (LAR), allow,ng us to 25
genot ype our Q&éﬁ%#e@%@@i i?"gﬁ%'B SRR 't ﬁggecg?a%%,quggfb\é‘s?%shom to

col ocal i ze wiwtittht h&o SWCSL 4vidATds abehg i thee BBk BRL 0Bdonidierlef@léngocat ed at
appr oxi mat el nt SR forem t £ L oS £ 1 t L and
well within %ﬁétggolk%%%{)ort ior%'?’ér'vgfr or tmﬁlég%f{s?f?%%J‘srng{bﬁqr{essggggguent
sequence380 abakysed feordistkeneed (Perondde gtémviated |Iyrrhenykes SWCO i s

actual ly T ocglgdgWst Mhdh i e3nnViRed! #e shqhiés0R8Ee 1#8d Wbt

avai |l abl e conparative mapping data for the PGA and FSH | oci, these results

suggest the QGGHI BENESoRTtMberAtaEstand alhen keftlat) 42020QH VO 00/ 36143 39
PCT/ EP99/ 10209 |nveir51§| on of .a chronosone, segnent cont ai |yng MyoD, but not

| gf2 whi ch h&SSr eFEPRetPd SGmelfE T4 biotth Odfelf eRFSVIOUS

described?5, The final concentration of the probe in the
35 hybridization mix was 10 ng/upl. Repetitive sequences were

suppressed with standard concentrations of porcine



lgf 2 therefore appeared as a strong positional allele having the gb@tarzmd
QTL effect. In man and nouse, 1gf2 is 5 known to be inprinted anb t'o-be
expressed exclusively fromthe paternal allele in several tissuesl5.

Anal ysi s of muscl e cDNA from pi.gs heterozygous for t or
SWC9, shows ha¢ﬁ6liuu§ same inprinting ho?gs in this tissue in ?ﬁﬁ%ﬁ’éﬁ’gg‘{

wel | (Figure r re 4 f | : i f.or t observed
effect, and ké)gvﬂoﬁg%t%%'orﬁ{/t%lﬁ Sgg&r?;ﬁqc{%%gq%ﬁ lg'{agshllg]géx%r%eessed, one )
can predict t bdotdnyleiedatmromlvaal Idelte dtregh sriitit ebcbyl apkrdsoarts (P or. LW
woul d have an _ef.f ect henot.ype .of, F2 .of f.sprin ii) the maternal allele
transnitted b)?vlf“f%sno—vg/s%%(cg @{Eﬁﬁr \ﬁﬁ&lo&%ﬂdv Cﬁ%oééqsé}&esoﬁ'eﬁ?enotype of F2
of fspring, andouritierstthd ddkedittodd Joind /el datra woyl &+ dengweerd-or under a
nodel of a binmpdal (\1: F2 popul ation sorted by inherited paternal allele
when conpat ed r&’ldﬁ‘ﬁ%)éﬁ’ o‘%a‘fma' %@ﬁé«%)i'aﬁh%&r%‘l%qﬁ SRANEDNI2: 1) F2
popul ation. The KdllpataRmg N qgcsseer@mqrceiz?&i@dﬁmaﬁghﬂr{ja; Wademdeye, | ow
testing of the correspondi ng hypot heses. Ho was defined as the ‘

nul | - hypot hesiSs- ¥e B HGFOSHRE o6 1 SFTG ¥ dre e ik eridd oot Panskias) i an
QTL, HZas test N dr dhe preseifhd R NAlly SaMieRsed,{ddy and H3 as
testing for the presence of a maternally expressed QIL. 25 Figure 3

summari zes t h@lomtR e Teb uf 1 sores qanGe el Cr3is cane Jnnsspest itelap show t he
| odscore rv 1 pofsli ( -, I ) l.egl o
(H2/ H1) .f?lt ?gvln edcgzen th‘gitgd%/é;r%/é?%fg)dni%ﬁﬁuﬁpédészgoﬁe@%@o% aiqn'e when
testing for thdgrasyatamdf sopmaraal |y expressed QTL, while there is no
30 evidence at all for the segregation of a QIL when studying the
chronosones transmtted by the sows. Al so, the hypothesis of a paternally
expressed QTL Sexywdrgs f it dyattellaite kednd (Lindglge (@M l9is> 3) than the
hypot hesi s of a "Mendelian" QTL 1 ~J Ua. 1003 W 00/3GL43

PCT/ EP99110209 - . 40 for all examined traits. The fact that the sane

t endency 15 obgernvedvwWorpaldf tYmdariized catepuriatii dd BAC I0Ngelwa & heesane
inmprinted gene that, is responsible far .t effects observed on the
different traity éI*it?lcéc FTEPTT H“eltﬂl‘bg%éﬂ'ﬁﬁfpﬁ cmg BT S % he F2
offfspri ng soLtBach[b)%e imi%%pad}%nﬁlﬁtr]grL(@ﬂk?rlﬁ-ElN@@ tdﬂf]) WA g
perform ng the anal ysis under a nodel of a Jyendelian L,. the Pietrain an
Large Wi te QREHTERY dpeatdf g Werde 1'n &2 é?fditt%-re\/elafsa?srﬁ"’c%‘, t he

het er ozygous genainfe thei I témy ¢f prenAUyPpihtiBan GordesRandi ngexact |y 10
to the m dpoint between the two honeygoys, genotypes. This is exactly what
one vioul & Pr cERCTHET dodth HEER T 2 i hpri miice (MO T GACRE A TGS -

het er ozygous of'f syid g 5ar-er Bxpess @ -0 daves AdtherddetAdus R al lwle from

their sire, the other halve the LWallele. 15 These data therefore

confirmed our ARHHAMESI LBt RTINS G dhe ftih e st eddditéssed

exclusively fromdihe Paipsnal 250 18 aonthaadfdciodtata theidantddd8d soo
chronosonal segnment coincides precisely with an inprinted donmai n docunented
in man and ni & APGFRIBLIIET Gty HOREWho o ikt Fraficde i i 45 gas At

| east seven imyd Nigd genes WRORE NG Jcd U shdymaidh have heen dociented
(1gf2, Ins2, HI9, Mash2,” p57"1PZ, 'K'LQTL1 and TD~1Gh1 ) ( ref . 15 an

Andr ew Fei nberggnetsidiehl Wad nPiil e ior) . usimengst Alllekk] smduenaf amgd | ns2

are paternall Sﬁ?ﬁ;‘% i annat e erved QIL
effect is dueﬁl’ﬁé‘% as o n yetlll(gtr%?l%erﬁtl i ewﬁ%%pﬂﬁﬁégl%ﬁgnﬁtﬂ thi's region,
its reported SWeEgasinn andgenesimoint viirleagndnal we v rst rdmd with
inplicate Igf2. Particularly the cul ar hypertrophy observed in
transgenic m @%@%’W&ﬁ%ﬁﬁ”ﬁ@&?‘f roma nmuscle 30 specific promotor are
in supporigof this hypothesis (Nadia Rosenthal, personal comunication.
Note that allelic variants of the INS VNTR have recently been shown to be
associ ated WDigwiZBBE phangtyriudatzo3 PCT/ EP99110209 with size at
birth in manl 6, and that the sanme VNTR has been shown to affect the |evel
of 1gf2 expressionl~ The observation of the sane QIL effect in a Large
White x WId Bier intteararass pewth gratee S anper isads ttere € wufor ase i idsd doak at

| east three distinct functi.gnal_alleles. reqver, prelimnar vidence
based on mar kér\'a]aesssiaﬁ c?ls%b Zlgaa]iqeo(r?i\*h&chl S osl’ntqg Eﬁo m|18§ %é@i ggaPl
segregati a ' o] ol Lellr arf.pepu ' ( not shown).
The occur%nctgeg#glzené'aﬁ@ ;/!cdd;eﬂr%i ggeﬁ%ﬁt 'bgﬂfnggl %Jlg% %P? n‘g&é‘

sacrificed at a live welight of at least 80 kg or at a



10 identifying the causal pol ynorphi snms which - based on the quphtjit dil¥e
nature of the observed effect - are unlikely to be gross gene alterations
but rather subtle regulatory nutations. The effects of the identified QIL
on. nuscl e nmawo o@dd4¥ at 15 deposition asg truly nmgjor, bei ng BCT/ER/HavE
magni tude of those reported for the CRC | ocus6~~ though apparently w thout

t he associ at ethxdehat @geows aiiedaysonPheabt gpibd | dyta Vén asirtltweidiat, bot h
loci jointly explain close to 5Q0% of tge Pietrajn, versus, Large Wite breed
difference 1 GTaHISkUIAS QP96 15441y eRRAYS SOMRRSHEE EPAndY PPt heot

par ent - of - or i;Gjt® rfaf e Glr gaihaY, agher mebRYghBl st opeise Wbl 18dtom; for its
optimal use in breeding prograns. |ndeed, today half of the offspring from
comrercial ly piescrdipt ion afgéhenpPhenet vRE6r B¥abbarareénherit the

1gd
unfavouraple Large Wite all]el e causing 25_considerable Loss. The QTL
describeggingﬁﬂ 'W%*ﬁ“ﬁé“& ¢ 55800 52anp?%80$n§¢§§ﬁ%né#*iﬁ??nﬁgnuscle
devel oprment ijJy 14 vestock species that exhibits a non-nendelian inheritance

pattern. Indeed, we have previously shown that the callipyge |ocus (related
to the 30 qualitative trait wherein nuscles are doubled) is characterized

by pol ar over, ) 5 i i only the heterozygous individuals that
SR e

i nherit the heir sire express the doubl e-nuscling
phenot ypes. This ? 6 .1111_ zZ003 WO 001 36143 PCT/ EP99110209 42

denonstraj es at rent-af-origin,effects affect] enes _underl.yin
or oduct | D& i e it FRRERSEIEoH GHE BECraPae 661 YTEoNRbh COETERAIBIE 3.
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The invention provides an inprinted QIL mEBh maj or effect on nuscle nass
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marker assi st Sel&aHQA%n kRt &l ‘rt]!t&‘zl%f LR SrGeRt 1§ oh LuLKEr fi‘ﬁéh%@g

sel ection, as well as'to further ide y a causal nutation, we have
further generadtternes ive &Tdr eéddelesquéhescentenpavsi pgsshlelentire porcine

| GF2 seqyenc t A£r j T ieve this, we
screenedyg p f%?ﬁ' §kt3?}g?§}fﬁm§?hé+ 6%%3%§§§§ﬁgh? entified two BAGCs.
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rel ative position of i'S shown I'n Frgure Pl GF2-1 was

shot gun sequenaithadhdd)g ssicanaprd nRiagéduras aad-avt opabieingguangers. The
resul ting sequences wer e assenbl ed 25 using standard software ¥|eld|ng a

total of 115 t4ifLerpe s HetdesandrRg t¥eqb¥Re8sOhr BeteporY8at A fi gure 6.

Sinmilarizy sealchgs Wi ipariomRdwhetweeart Be1 pOECEREoCHRT hESFaNsh e
ort hol ogous sequences i n hunman., Slgnlflcant honol ogi es were detected for 18
contigs and rdi5orNed H8F RV Mde 1F. £36m an Fy dam. An F-ratio was

calculated using this model (with 3 d.f.) versus a
reduced model without a QTL effect for each cM of
chromosome 2. The most likely position of a QTL was
25 obtained as the location giving the highest F-ratio.
Genome-wise significance thresholds were obtained
empirically by a permutation test28 as describedZ. The
QTL model including an imprinting effect was compared
with a model without imprinting (with 1 d.f.) to test
30 whether the imprinting effect was significant.
The statistical models also included the fixed

effects and covariates that were relevant for the
respective traits; see Andersson-Eklund et al.4 for a
more detailed description of the statistical models used.

35 Family was included to account for background genetic
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it is possible that the
presence of a paternally expressed IGF2-linked QTL in
humans and in rodent model organisms has so far been
overlooked due to experimental design or statistical

20 treatment of data. The study has also important
implications for quantitative genetics theory and
practical pig breeding.

IGF2 was identified as a positional candidate gene

for this QTL due to the observed similarity between pig

25 chromosome 2p and human chromosome 1lp. A genomic IGFZ2
clone was isolated by screening a porcine BAC library.
FISH analysis with this BAC clone gave a strong
consistent signal on the terminal part of chromosome 2p
(Fig. 1). A polymorphic microsatellite is located in the

30 3'UTR of IGF2 in mice (GenBank U71085), humans (GenBank
S62623), and horse (GenBank AF020598). The possible
presence of a corresponding porcine microsatellite was
investigated by direct sequencing of the IGF2 3’UTR using
the BAC clone. A complex microsatellite was identified

35 about 800 bp downstream of the stop codon; a sequence

comparison revealed that this microsatellite is identical
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genes). 15 Heguirdibied\uehel eontidesegueneesaph 60Nkl inteaedntig 115
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procedur es @wdMadt-onati c sequencers. Figure 7: Similarity between porcine

contigs;gf figurg fil%ﬁ&qgéoaﬁgwgi99@y§n§e%@n§ﬁ§ekereggagedﬁgggé 6ya Nucl ei ¢
acid sequences of contig 1 to conti erived from BAC (the 29 Kb
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15 analyses, including previously typed chromosome 2
markerss, revealed the following order of loci (sex-
average map distances in Kosambi cM): Sw2443/Swr2516-0.3-
IGF2-14.9-5w2623-10.3-Sw256. No recombinant was observed
between Sw2443 and Swr2516, and the suggested proximal

20 location of IGF2 in relation to these loci is based on a
single recombinant giving a lod score support of 0.8 for
the reported order. The most distal marker in our
previous QTL study, SwZ256, is located about 25 cM from
the distal end of the linkage group.

25 QTL analyses of body—composition, fatness, meat
quality, and growth traits were carried out with the new
chromosome 2 map using a statistical model testing for
the possible presence of an imprinting effect as expected
for IGF2. Clear evidence for a paternally expressed QTL

30 located at the very distal tip of 2p was obtained (Fig.
2; Table 1). The QTL had very large effects on lean meat
content in ham and explained an astonishing 30% of the
residual phenotypic variance in the F; population. Large
effects on the area of the longissumus dorsi muscle, on

35 the weight of the heart, and on back-fat thickness
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25 The IGF2-linked QTL and the FATI QTL on chromosome 4

1, 9 are by far the two loci with the largest effect on
body composition and fatness segregating in this Wild
Boar intercross. The IGF2 QTL controls primarily muscle
mass whereas FAT1 has major effects on fat deposition

30 including abdominal fat, a trait that was not affected by
the IGF2 QTL (Fig. 2). No significant interaction between
the two loci was indicated and they control a very large
proportion of the residual phenotypic variance in the F
generation. A model including both QTLs explains 33.1% of

35 the wvariance for percentage lean meat in ham, 31.3% for

the percentage of lean meat plus bone in back, and 26.2%
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ratlos was present at birth as the number of animals lost

20 prior to blood sampling was not sufficient to cause a
deviation of this magnitude. No other of the more than
250 loci analyzed in this pedigree show such a marked
segregation distortion (L. Andersson, unpublished). The
segregation distortion did not show an imprinting effect,

25 as the frequencies of the two reciprocal types of
heterozygotes were identical (Table 1). This does not
exclude the possibility that the QTL effects and the
segregation distortion are controlled by the same locus.
The segregation distortion maybe due to meiotic drive

30 favoring the paternally expressed allele during
gametogenesis, as the F; parents were all sired by Wild
Boar males. Another possibility is that the segregation
distortion may be due to codominant expression of the
maternal and paternal allele in some tissues and/or

35 during a critical period of embryo development. Biallelic

IGF2 expression has been reported to occur to some extent
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populations because of experimental design or statistical
treatment of data. An imprinting effect cannot be
30 detected in an intercross between two inbred lines as
only two alleles are segregating at each locus. Our
result has therefore significant bearings on the future

analysis of the association between genetic polymorphism
in the insulin-IGF2 region and Type I diabetesl®,

35 obesityl?, and variation in birth weight13 in humans, as
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QTL alleles with large effects leading to a selection

plateau. However, this is not the experience in animal
breeding programs or selection experiments where good

20 persistent long-term selection responses are generally
obtained, provided that the effective population size is
reasonably largela. A possible explanation for this
paradox is that QTL alleles controlling a large
proportion of genetic differences between two populations

25 may be due to several consecutive mutations; this may be
mutations in the same gene or at several closely linked
genes affecting the same trait. It has been argued that

new mutations contribute substantially to long-term

selection responsesl9, but the genomic distribution of
30 such mutations are unknown.

The search for a single causative mutation is the
paradigm as regards the analysis of genetic defects in
mice and monogenic disorders in humans. We propose that
this may not be the case for loci that have been under

35 selection for a large number of generations in domestic

animals, crops, or natural populations. This hypothesis
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predicts the presence of multiple alleles at major QTL.
It gains some support from our recent characterization of
porcine coat color variation. We have found that both the
alleles for dominant white color and for black-spotting

5 differ from the corresponding wild-type alleles by at

least two consecutive mutations with phenotypic effects

at the KIT and MCIR loci, respectively20, 21, 1In this
context it is highly interesting that in the accompanying
example we have identified a third allele at the IGF2-

10 linked QTL. The effects on muscle mass of the three
alleles rank in the same order as the breeds in which
they are found i.e. Piétrain pigs are more muscular than
Large White pigs that in turn have higher lean meat
content than Wild Boars.

15 There are good reasons to decide that IGF2 is the
causative gene for the now reported QTL. Firstly, there
is a perfect agreement in map localization (Fig. 2).
Secondly, it has been shown that IGFZ2 is paternally
expressed in mice, humans, and now in pigs, like the QTL.

20 There are several other imprinted genes in the near
vicinity of IGF2 in mice and humans (Mash2, INS2, H19,
KVLQT1, TAPA1/CD81, and CDKN1C/p57¥F?) but only IGF2 is

paternally expressed in adult tissues?2. We believe that
this locus provides a unigue opportunity for molecular

25 characterization of a QTL. The clear paternal expression
can be used to exclude genes that do not show this mode
of inheritance. Moreover, the presence of an allelic
series should facilitate the difficult distinction
between causative mutations and linked neutral

30 polymorphism. We have already shown that there is no
difference in coding sequence between IGF2 alleles from
Piétrain and Large White pigs suggesting that the
causative mutations occur in regulatory sequences. An
obvious step is to sequence the entire IGF2 gene and its

35 multiple promoters from the three populations. The recent
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report that a VNTR polymorphism in the promoter region of

the insulin (INS) gene affects IGF2 expressionZ3 suggests
that the causative mutations may be at a considerablé
distance from the IGF2 coding sequence.

The results have several important implications for
the pig breeding industry. They show that genetic
imprinting is not an esoteric academic gquestion but need
to be considered in practical breeding programs. The
detection of three different alleles in Wild Boar, large
White, and Piétrain populations indicates that further
alleles at the IGF2-linked QTL segregate within
commercial populations. The paternal expression of the
QTL facilitates its detection using large paternal half-
sib families as the female contribution can be ignored.
The QTL is exploited to improve lean meat content by
marker assisted selection within populations or by marker
assisted introgression of favorable alleles from one

population to another.

’ %JU@ZUUJ ~t

31 PCT/EPY9/10209
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- four meat quality measurements: pH 1p;

Example 2: Piétrain x Large White intercrosses

Methods
Pedigree material: The pedigree material utilized to map

QTL was selected from a previously described Piétrain x

Large White F2 pedigree comprising > 1,800 individuals®’.

To assemble this F2 material, 27 Piétrain boars were

mated to 20 Large White sows to generate an Fl generation

comprising 456 individuals. 31 F1 boars were mated to

unrelated 82 F1 sows from 1984 to 1989, yielding a total

of 1862 F2 offspring. Fl boars were mated on average to 7

females, and Fl sows to an average of 2,7 males. Average

offspring per boar were 60 and per sow 23.

Phenotypic information: (i) Data collection: A total of
21 distinct phenotypes were recorded in the F2
generation&7. These included:

- five growth traits: birth weight (g), weaning weight
(Kg), grower weight (Kg), finisher weight (Kg) and
average daily gain (ADG; Kg/day; grower to finsher
period);

- two body proportion measurements: carcass length (cm);
and a conformation score (0 to 10 scale; ref.6):;

- ten measurements of carcass composition obtained by
dissection of the chilled carcasses 24 hours after
slaughter. These include measurements of muscularity: $%
ham (weight hams/carcass weight), % loin (weight
loin/carcass weight), % shoulder ( weight
shoulder/carcass weight), % lean cuts (% ham + %$loin + %
shoulder); and measurements of fatness: average back-fat
thickness (BFT; cm), % backfat (weight backfat/carcass
weight), % belly (weight belly/carcass weight), % leaf
fat (weight leaf fat/carcass weight), % jowl (weight
jowl/carcass weight), and “% fat cuts” (% backfat + %

belly + % leaft fat + % jowl).

(Longissimus dorsi 1

~ "o
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PH 624 (Gracilis 24 hours after slaughter). (ii) Data
processing: Individual phenotypes were preadjusted for fixed
5 effects (sire, dam, CRC genotype, sex, year-season, parity)
and covariates (litter size, birth weight, weaning weight,
grower weight, finisher weight) that proved to significantly
affect the corresponding trait. Variables included in the
model were selected by stepwise regression.
10
Marker genotyping: Primer pairs utilized for PCR
amplification of microsatellite markers are as described'®.
Marker genotyping was performed as previously described?®.
Genotypes at the CRC and MyoD loci were determined using
15 conventional methods as described'?. The LAR test for the
Igf2 SNP was developed according to Baron et al.?! usiﬁg a
primer pair for PCR amplification (5'-~
CCCCTGAACTTGAGGACGAGCAGCC—3';5'_ATCGCTGTGGGCTGGGTGGGCTGCC—3‘
) and a set of three primers for the LAR step (5'-FAM-
20 CGCCCCAGCTGCCCCCCAG-3"'; 5'-HEX-CGCCCCAGCTGCCCCCCAA-3'; 5'-
CCTGAGCTGCAGCAGGCCAG-3") .

Map construction: Marker maps were constructed using the
TWOPOINT, BUILD and CHROMPIC options of the CRIMAP packagezz.
25 To allow utilisation of this package, full-sib families
related via the boar or sow were disconnected and treated
independently. By doing so, some potentially usable
information was neglected, yielding, however, unbiased
estimates of recombination rates.
30
QTL mapping: (i) Mapping Mendelian QTL: Conventional QTL
mapping was performed using a multipoint maximum likelihood

method. The applied model assumed one segregating QTL per
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mappi ng at L=Y [[>.(P(G]M,.6,0)P(y,G)

p=1 =1 G=l
P or right chromosme P), there is a total of 2° combinations

for r Fl1 parents.

1]

15 Han

4
2: ith F2 offspring, over the four possible QTL genotypes:
G=l

P/P, P/LW, LW/P and LW/LW
Paﬂﬂlpﬁﬂﬂbﬁ: the marker genotype of the ith F2 offspring and

its F1 parents, (ii) : the vector of recombination rates
20 between adjacent markers and between the hypothetical QTL and
its flanking markers, and (iii)® the considered marker-QTL
phase combination of the Fl parents.
Recombination rates and marker linkage phase of Fl parents
are assumed to be known when computing this probability. Both
25 were determined using CRIMAP in the map construction phase

(see above).
}KyJG)yg) of offspring i, given the QTL genotype under

consideration. This probability is computed from the normal

density function:



around position 2pl. 7. 15 5 A nethod according to claiml to 45 88N
said QIL is related to the potential nuscle mass and/or fat deposition of
said anima'. 6. A nmethod according to claim5 wherein said QIL conprises at
| east a panyo@bsz@is i nsulin-like growh factor-2 (1 GF2) gene.pcfiepdyiréhrod
according to anyone of clains 1 to 6 wherein in the pig said 20 QTL
conprises a marker characterised as n24134 G A) or as Sw9, as identified in
figure 4. s. A nethod according to anyone of clains 1-7 wherein a paternal
allele of said QIL is predom nantly expressed in said aninmal. 9. A nethod
according to anyone of ehains 1-7 wherein a maternal allele of 25 said fITL
is predom np@l,l ;.é,gﬁ_ﬁgsead’ in said animal. | O Use of an isolated and/or
recombi nant nucl ei ¢2aeid conprising a parentally inprinted quantitative

‘trait locus (QTL) or functional fra ng derived thereof in the ne d of
any one of Gcﬁgi-rﬁi‘elpg.en?ﬂizﬁég B?a%\ng sbi'at e ah ?Bfegr §§Bnﬂ?ﬂ8 ¥p"ﬁub?% c
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| ocus (C. ~TL) derived ~ ~ ~y~ 20D3 56 fromat |east one chronosone or
functional ¥ Rerdhe derey dPt HéreedPurn Alhe IRBCROP IS AdFs6Fe of claims 1-09.

12. Usecof uel gl a¢ g, according to cl.ajmal i miL wherei i the nucleic

; o5 " L
acid is at eé;st paertly ePFlvlgpd" PI(')P% Msus scro?‘g clhror%o one. 13. Use of a
nucl ei ¢ acidk tacmoirdich ln stio o | tai emGER IWA e o@itr md @iad irure | reiut iae*d. i s at | east

partly deriyed {10334 YA RLNMATLS NG 22 1AV . Bb8thesis
was compared with the likelihood obtained under the null
hypothesis Hg of no QTL, in which the phenotypic means of the

10 four QTL genotypic classes were forced to be identical. The

difference between the logarithms of the corresponding
likelihoods yields a lodscore measuring the evidence in
favour of a QTL at the corresponding map position.
(ii) Significance thresholds:Following Lander & Botstein“,

15 lodscore thresholds (T) associated with a chosen genome-wise

significance level, were computed such that:

a=(C+9.21GT)y:(4.6T)
C corresponds to the number of chromosomes (= 19), G

corresponds to the length of the genome in Morgans (= 29),

20 and y. (4.6T) denotes one minus the cumulative distribution
function of the chi-squared distribution with 2 d.f. Single
point 21n(LR) were assumed to be distributed as a chi-squared
distribution with two degrees of freedom, as we were fitting
both an additive and dominance component. To account for the

25 fact that we were analysing multiple traits, significance
levels were adjusted by applying a Bonferoni correction
corresponding to the effective number of independent traits
that were analyzed. This effective number was estimated at 16
following the approach described by Spelman et al.?.

30 Altogether, this allowed us to set the lodscore threshold

associated with an experiment-wise significance level of 5%



regi on mapping at around position 2pl. 7. 1 ~1. Use of a nucleic a{pjﬂ 2
according to any one of clains 10 to 13 wherein said QIL is rel ated pln
potential muscle mass and/or fat deposition of said 10 anirn.al. 15. Use of
a nucleic rding to any one of clainms 10 to 14 wher L,
conpri ses gf(blg%/gbgfwa part of a insulin-like gromh factor-2 eﬂﬁ@?%&ge.

| 6. Use of a nucleic acid according to anygne of clainms 10 to 1.5 wherein a
15 paternal allele of said QTL is capable of being predom nantly expressed.
| 7. Use of a nucleic acid according to anyone of clains 10 to 1S wherein a
maternal abkelse gof il e SAPAN @ ple D R Prdominany Yoexpheaged.

| 8. Use according to -any one of clains 10-17 to select a breeding aninmal or
ani mal destihdegensierd] AatRke, fidre marengriesiacdd Wwemotsgdl, c howepetent i al 20

phenot ypi c 1 e, %PP t e~al N [ Loperties:-
are rel at e&gr&&?ﬂ%cﬁe Zatrralgs Léén or tar}gjepéc%))sﬁrijtel%ci):nrglr%goelxn usd %%lgl 15%
sel ect a piégS Andégeraferct af na0y (\Haarcm]ry the pimpits hmm)a@@llgzédrlan

allele at 25 Rat erns |1y rlnte efera cated at a_ scrofa
chr orms% % S T gt aTrll(’){t]%dylpEOS|et| on yq%s& gc&s&'or‘f Sgcl ai m
21 or 22 wherei 2 Saipge Q diros ofl ed t, the potent| al nuscl e mass andl or

fat depositjon of said and| or, wherei n sai L conprises at | east
part of a |Hr?slull Jin- ‘?%“g%ﬁfﬁ ?%&HB?I@W(QT@:'ZSF%IW%?% for ang lmQIU‘EegGOS
o7 QTL, we assumed that only the QTL alleles transmitted by the

parent of a given sex would have an effect on phenotype, the

10 QTL alleles transmitted by the other parent being “neutral”.
The likelihood of the pedigree data under this hypothesis was
computed using equation 1. To compute P(y, | G), however, the
phenotypic means of the four QTL genotypes were set at ppp =
Hpr = Hp and pPrp = M, = P to test for a QTL for which the

15 paternal allele only is expressed, and ppp = prp = Hp and Hpr =
ML, = M, to test for a QTL for which the maternal allele only
is expressed. It is assumed in this notation that the first
subscript refers to the paternal allele, the second subscript
to the maternal allele. Ho was defined as the null-hypothesis

20 of no QTL, H; testing the presence of a Mendelian QTL; H,
testing the presence of a paternally expressed QTL, and H;

testing the presence of a maternally expressed QTL.

RT-PCR: Total RNA was extracted from skeletal muscle

25 according to Chirgwin et al.?®. RT-PCR was performed using
the Gene-Amp RNA PCR Kit (Perkin-Elmer) The PCR products were
purified using QiaQuick PCR Purification kit (Qiagen) and
sequenced using Dye terminator Cycle Sequencing Ready

Reaction (Perkin Elmer) and an ABI373 automatic sequencer.
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15 liver cDNA sequence'’, we designed primer pairs allow1ng us
to amplify the entire Igf2 coding sequence with 222 bp of
leader and 280 bp of trailor sequence from adult skeletal
muscle cDNA. Piétrain and Large White RT-PCR products were
sequenced indicating that the coding sequences was identical
20 in both breeds and with the published sequence. However, a G
A transition was found in the leader sequence corresponding
to exon 2 in man (Fiqure 4). We developed a screening test |
for this single nucleotide polymorphism (SNP) based on the
ligation amplification reaction (LAR), allowing us to
25 genotype our pedigree material. Based on these data, Igf2 was
shown to colocalize with the SWC9 microsatellite marker ( =
0%), therefore located at approximately 2 centimorgan from
the most likely position of the QTL and well within the 95%
support interval for the QTL (figure 1). Subsequent sequence
30 analysis demonstrated that the microsatellite marker SWC9 is
actually located within the 3' UTR of the Igf2 gene. Combined
with available comparative mapping data for the PGA and FSH

loci, these results suggest the occurrence of an interstitial
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aving the observed QTL effect. £%-man and mouse, Igf2 is

5 known to be imprinted and to be expressed exclusively from

the paternal allele in several tissues!®. Analysis of

skeletal muscle cDNA from pigs heterozygous for the SNP

and/or SWC9, shows that the same imprinting holds in this

tissue in the pig as well (Figure 4). Therefore if Igf2 were

10 responsible for the observed effect, and knowing that only

l the paternal Igf2 allele is expressed, one can predict that

(i) the paternal allele transmitted by F1l boars

would have an effect on phenotype of F2 offspring,
maternal allele transmitted by Fl sows (P or LW)
15 no effect on phenotype of F2 offspring, and (iii)

(P or LW)

(ii) the

would have

the

likelihood of the data would be superior under a model of a

bimodal (l:1) F2 population sorted by inherited paternal

allele when compared to a conventional “Mendelian” model of a

trimodal (1:2:1) F2 population. The QTL mapping programs were

20 adapted in order to allow testing of the corresponding
hypotheses. Hy was defined as the null-hypothesis of no QTL,
H; as testing for the presence of a Mendelian QTL, H; as
| testing for the presence of a paternally expressed QTL, and
H3y as testing for the presence of a maternally expressed QTL.
25 Figure 3 summarizes the obtained results. Figure 3a, 3b

and 3c respectively show the lodscore curves corresponding to

logip (H2/Ho), logio (H3/Hp) and logip (Hz/H;). It can

be seen

that very significant lodscores are obtained when testing for

the presence of a paternally expressed QTL, while there is no

30 evidence at all for the segregation of a QTL when

the chromosomes transmitted by the sows. Also,

studying

the hypothesis

of a paternally expressed QTL is significantly more likely (

logip (H2/H;) > 3) than the hypothesis of a “Mendelian” QTL
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for all examined traits. The fact that the same tendency is

observed for all traits indicates that it is likely the same
imprinted gene that is responsible for the effects observed
on the different traits. Table 2 reports the ML phenotypic

5 means for the F2 offspring sorted by inherited paternal QTL
allele. Note that when performing the analysis under a model
cf a mendelian QTL, the Piétrain and Large White QTL alleles
appeared to behave in an additive fashion, the heterozygous
genotype exhibiting a phenotypic mean corresponding exactly

10 to the midpoint between the two homzygous genotypes. This is
exactly what one would predict when dealing with an imprinted
QTL as halve of the heterozygous offspring are expected to
have inherited the P allele from their sire, the other halve
the LW allele.

15 These data therefore confirmed our hypothesis of the
involvement of an imprinted gene expressed exclusively from
the paternal allele. The fact that the identified chromosomal
segment coincides precisely with an imprinted domain
documented in man and mice strongly implicates the

20 orthologous region in pigs. At least seven imprinted genes
mapping to this domain have been documented (Igf2, Ins2, HI19,
Mash2, p57%%?, K,LQTL1 and TDAG51) (ref. 15 and Andrew
Feinberg, personal communication). Amongst these, only Igf2
and InsZ are paternally expressed. While we cannot exclude

25 that the observed QTL effect is due to an as of yet
unidentified imprinted gene in this region, its reported
effects on myogenesis in vitro and in vivo'’ strongly
implicate Igf2. Particularly the muscular hypertrophy
observed in transgenic mice overexpressing Igf2 from a muscle

30 specific promotor are in support of this hypothesis (Nadia
Rosenthal, personal communication. Note that allelic variants

of the INS VNTR have recently been shown to be associated
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shown to affect the level of Igf2 expression'’.
The observation of the same QTL effect in a Large White
x Wild Boar intercross indicates the existence of a series of
5 at least three distinct functional alleles. Moreover,
preliminary evidence based on marker assisted segregation
analysis points towards residual segregation at this locus
within the Piétrain population (data not shown). The
occurrence of an allelic series might be invaluable in
10 identifying the causal polymorphisms which - based on the
gquantitatve nature of the observed effect - are unlikely to
be gross gene alterations but rather subtle regulatory
mutations.
The effects of the identified QTL on muscle mass and fat
15 deposition are truly major, being of the same magnitude of
those reported for the CRC locus®’ though apparently without
the associated deleterious effects on meat quality. We
estimate that both loci jointly explain close to 50% of the
Piétrain versus Large White breed difference for muscularity
20 and leanness. Understanding the parent-of-origin effect
characterizing this locus will allow for its optimal use in
breeding programs. Indeed, today half of the offspring from
commercially popular Piétrain x Large White crossbred boars
inherit the unfavourable Large White allele causing
25 considerable loss.
The QTL described in this work is the second example of
a gene affecting muscle development in livestock species that
exhibits a non-mendelian inheritance pattern. Indeed, we have
previously shown that the callipyge locus (related to the
30 qualitative trait wherein muscles are doubled) is
characterized by polar overdominance in which only the
heterozygous individuals that inherit the CLPG mutation from

their sire express the double-muscling phenotype®. This
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PIGF2-1 was shotgun sequenced using standard procedures and

automatic sequencers. The resulting sequences were assembled
25 using standard software yielding a total of 115 contigs. The
corresponding sequences are reported in figure 6. Similarity
searches were performed between the porcine contigs and the
orthologous sequerces in human. Significant homologies were
detected for 18 contigs and are reported in Figure 7.
30
For BAC-PIGF2-2, the 24 Kb NotI fragment not present in BAC-
PIGF2-1 was subcloned and sequenced using the EZ::TN

transposon approach and ABI automatic sequencers. Resulting
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30 reported in ref. 16. The position of the nt241(G-A)
transition and Swc9 microsatellite are shown. B. The
corresponding markers were used to demonstrate the

monoallelic (paternal) expression of Igf2 in skeletal muscle
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15 Figure 6: Nucleic acid sequences of contig 1 to contig 115
derived from BAC-PIGF2-1 which was shotgun sequenced using

standard procedures and automatic sequencers.

Figure 7: Similarity between porcine contigs of figure 6 and

20 orthologous sequences in human.

Figure 8 Nucleic acid sequences of contig 1 to contig 7

derived from BAC-PIGF2-2, (the 24 Kb Notl fragment not

present in BAC-PIGF2-1) which was subcloned and sequenced
25 using the EZ::TN transposon approach and ABI automatic

sequencers.

Figure 9: Similarity between porcine contigs of figure 8 and
orthologous sequences in human.

30
Figure 10: DNA sequence polymorphisms in the IGF2 and
flanking loci from genomic DNA isolated from Piétrain, Large

White and Wild Boar individuals.
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2norL" is the test statistic for the presence of a QTL under

a genetic model with additive, dominance, and imprinting
effects (3 d.f.) while "Imprinting” is the test statistic for

10 the presence of an imprinting effect (1 d.f.), both obtained
at the position of the QTL peak. Genome-wise significance
thresholds, estimated by permutation, were used for the QTL
test while nominal significance thresholds were used for the
Imprinting test.

15 *In cM from the distal end of 2p; IGF2 is located at 0.3 cM.
‘The reduction in the residual variance of the F, population
effected by inclusion of an imprinted QTL at the given
position.

*Means and standard errors estimated at the IGF2 locus by

20 classifying the genotypes according to the population and
parent of origin of each allele. W and L represent alleles
derived from the Wild Boar and Large White founders,

respectively; superscript P and M represent a paternal and

maternal origin, respectively. Figures with different letters

25 (superscript a or b) are significantly different at least at
the 5% level, most of them are different at the 1% or 0.1%
level.
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Claims

. A method for selecting a domestic animal for having desired genotypic

properties comprising testing said animal for the presence of a

parentally imprinted quantitative trait locus (QTL).

. A method according to claim 1 further comprising testing a nucleic acid

sample from said animal for the presence of a parentally imprinted

quantitative trait locus (QTL).

. A method according to claim 1 or 2 wherein in the pig said

QTL is located at chromosome 2.

. A method according to claim 2 or 3 wherein said QTL is mapping at

around position 2pl. 7.

. A method according to claim 1 to 4 wherein said QTL is related to the

potential muscle mass and/or fat deposition of said animal.

. A method according to claim 5 wherein said QTL comprises at least a

part of an insulin-like growth factor-2 (IGF2) gene.

. A method according to anyone of claims 1 to 6 wherein in the pig said

QTL comprises a marker characterised as nt241 (G

A) or as Swc9, as identified in figure 4.

. A method according to anyone of claims 1-7 wherein a paternal allele of

said QTL is predominantly expressed in said animal.

. A method according to anyone of claims 1-7 wherein a maternal allele of

said QTL is predominantly expressed in said animal.

10.Use of an isolated and/or recombinant nucleic acid comprising a

parentally imprinted quantitative trait locus (QTL) or functional

fragment derived thereof in the method of any one of claims 1-9.

11.Use of an isolated and/or recombinant nucleic acid comprising a

synthetic parentally imprinted quantitative trait locus (QTL) derived

L-

F
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14.Use of a nucleic acid according to any one of claims 10 to 13 wherein said
QTL is related to the potential muscle mass and/or fat deposition of said
10 animal.
15.Use of a nucleic acid according to any one of claims 10 to 14 wherein said
QTL comprises at least a part of a insulin-like growth factor-2 (IGF2)
;gene.)
16.Use of a nucleic acid according to anyone of claims 10 to 15 wherein a
15 paternal allele of said QTL is capable of being predominantly expressed.
17.Use of a nucleic acid according to anyone of claims 10 to 16 wherein a
maternal allele of said QTL is capable of being predominantly expressed.
18.Use according to any one of claims 10-17 to select a breeding animal or
animal destined for slaughter for having desired genotypic or potential
20 phenotypic properties.
19.Use according to claim 18 wherein said properties are related to muscle
mass and/or fat deposition.
20.Use of claim 18 to select a pig.
21.Use of claim 20, wherein the pig is homozygous for an allele at a
25 paternally imprinted QTL, preferably located at a Sus scrofa
chromosome 2 mapping at around position 2pl. 7.
22.Use according to claim 21 or 22 wherein said QTL is related to the
potential muscle mass and/or fat deposition of said pig and/or wherein
said QTL comprises at least a part of a insulin-like growth factor-2
30 (IGF2) allele.
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23.Use of the isolated and/or recombinant nucleic acid as defined in any one
of claims 11-16 to develop a transgenic animal.
24 Use according to anyone of claims 20-23, wherein the animal is a male.
25.Sperm or an embryo derived from an animal selected according to
5 anyone of claims 20-24.

26.Use of a sperm or an embryo according to claim 25, in breeding animals

destined for slaughter.



