; e3ed41xxy||j}66] T' 5 NUCLEOTI DE SEQUENCES | NVOLVED | N | NCREASI NG OR
DECREAS|I NG MAMVALI AN OVULATI ON RATE T t invention relates to

nucl eot i degygefiswpses which are in \\km\\\“ﬂmmgreasi ng or dpefR28i/Md73
mammal i an ovul ation rate. In part ) e invention broadly concerns
novel nutations in a gene which is inv6tVed 10 in increasing the ovul ation

rate in heter o ; j S plity i
nomzygous e RS FQUE N R e E VT T B BRASIRE GRMECREASN G .
applied to a fQr i WY aly ygous or honozygous fenmal e and

mal e mammal s @@?Wﬁ&lﬁﬂgﬁm‘%, mﬂgrhi s know edge of the bi ol ogical

, function of the gene and its nutations can also be utilised to increase or
decrease the i . f ] iy . ikity or
educed ferti e proaRtiuleRfion Rlacctp RO RIRS b A G b e

., references, igehugiRthgdMmpaliandwllonkalkent applications, cited in this
specification are hereby incorporated by reference. No adm ssion is made
that any reference constitutes prior art. The discussion of the references
states what t hepdrti@iihe svasisRiroaddycbncains Abvehpntatioin e geas @hi¢k idiheolvédht
to chall enge the accuracy and pertineney of the cited docunents. It wll be
cl early ub@er &t moatihathe oslbfimirgie ia hetardzggous ferpale mamarals; fhebd moatibmsuse e
referred to herein, this reference does not constitute an adm ssion that
any of these detlityénhsmbpzygruplzmalegharmimelscnemladgsed dreahutkied geraiggudenge cite

art, in New Zealand or in any other country. 25 The Inverdal e high
fecundity gen&e @rplod o p desh fomjdentifyingehgterozygays ior ihomogygaussierals, andhmale was
first identified in a Rommey fl ock (1 nyerdal e) consisti of descendants of
Rormey ewe (A?@i‘}mgi ST S g%?ﬁ&q@ﬁﬁlgﬂgﬁp hebiqlpgal paion e
Segregation studies .showed that th eds.carried on the X-chronpso
(Davis et al . Eenap ifs iualions (o alse Be WfisedyB inglorse prsstbass e Pyuiion BICHk s
i ncreases,pvu i rat 3. ] .30 |1t {.ze by
about 0. 617 amfe BEMaihd BarRantq SRS tduEatho B in gl hERuRICT
wo o0~/ ss~a~ PCT/ NzZOLl 000' 13 5 two copies of the gene hive small,
non- f unct i onalg AQYRGESUND OFFIE T NTieN(Davis et al., 1992). Studies on
foetal I+ and IAI sheep gem)nstrate t hat ovari an devel opnent i s normal
until approximately day 100 of foetal |ife: germcell devel opnent, ovarian
follicular fomekfeameas)thchuidthgeay phtess ospage apslicafisis| died idthigspesfitativh are
normal . However, in Il foetuses, after day 100 of foetal life follicular
devel oprment béagpehyirchepopatediay igfeidhest Npeadafissgpnositade that ayaieferchce aodstinoesral
secondary follicles are not observed %Sm’th et al., 1997). As oocytes in ||
ani mal s i ncr easer am. dihardiscessi¢n-ad theneterénses states rychat thetreantleors fassgria and da
cell proliferation, in contrast to what woul d nornal Ig be observed (Braw
Tal et al20 19pmicapsNgserye tie Hght tojdubgngestiiet ascwpcypnd pegigency ghthe eifrd

in foetal, _ neonat and adul t

presence of infantile, non-functional qvari )
P ant o i 5 Serenens” T it B oA voplerinot i Aoue AR b P o Gons
primary stare_of growth, A secon raoljific Romm flock. (Ha w19 W th
o known conn@RTPBRES Pt ferirATIce APbL ot SRy 2 SRSl Lo 2t Py Bhse
X-|inked mut aty},on, Wi f3 é)?tlrtrgfltlfer%oﬁ’x“ﬁ&?éé/& 1;1(90&1%?%& ﬂ,lathgart,gﬁ%é& JRLihfof hat
t he Hanna ani mal's carried a mitation ecxn} rn e 'l nverdal e gene was
obt ai ned when;h M&‘%ﬁnthﬂfe”i | e femal es were produced by 20 mating
I nverdal e carrier rams wthh carrier Hanna ewes {Davis et al., 199S). This
Hanna |ine was nmaintained at Invermay as a distinct group al ongside the
origi nal pfverndaligvdrde highsepaidity Gend (RecXBais chmbjof géitefos prelificacp ansidepe f or
the Inverdale trait, the inventors have

which was first identified in 2 Romney flock (Inverdale) consisting of descendants of

Romney ewe (A281) all of which had consistently high litter sizes. Segregation studies
showed that the gene is carried on the X-chromosome (Davis ez al., 1991). A single copy
of the gene in heterozygous I+ ewes increases ovulation rate by about one extra egg, and

30 litter size by about 0.6 lambs per ewe lambing. However, homozygous II ewes carrying
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constructed a genetic |linkage map of the sheep X-chronos &g {Gl | oway et

al., 1996), and localised the Inverdale gene to a?ClﬂNEM egi on fl anked by

nucrosatellite markers 25 (Galloway et al., 1999}. Localisat |Ion of the gene

to the sheep X-chronosone nai ~raws the search for cag@bak’at@é"to t hose genes

which map to other mammalian Xchr ormsozne W@W&%‘ al nost _wi.t hout

exceﬁ %ﬂ, genes on the X-chro ﬁa;m né manmal, SepsY bresent on the
Bhosones of oth fydEmtieRian speci es %hﬁﬂo PeF3 ? v,(\),g O1/8592G

PCTI Nz01/ Oogggggaegﬁr? |tanceéff \haeﬂnﬁ al e geB\é ntdne‘)?’ ronosone

I n

pravi de® X PEonveni e Lo pr oduci Eﬁhrcﬁ gl e copygknverdal e
cag)\rll er e?\ris m@tesaﬁg all dau%t rf@e ?gen%l nver dal e &amh‘é?&’%am wi |

i nheri 1199 gene. The gre@élr of the r o, ‘&‘aéeenetlc markeqgytest to
identify c ruhe\ra?P& l?‘I)r S e g‘rbdorﬁ r‘crsgal brg@@@mdﬁﬁr ﬁﬁ?el t hese rans
to genendf prolrfrc Siaans © are @}ﬁﬁe o et ed tg( gem nal sire
to produc for sl rci aI u t@ﬁset"ﬁ nver dal e gene
has beerfog'hown tooeg {§§nef| ci al fiiicko? etl ng termn ), B Gildeser e mating
system wi Zogns Ed vaI ue o ‘eﬁma\?ﬁé‘i’ ram of g &(Mep‘éf‘ I'nverdal e ram

purchase& mer et alimpait@98Y" " Product |no&améte rams car [£y(B1gVt he gene

requi resﬁé&etﬁqu‘y to di st|R@1¢|md1ie’°}§%tV\/een non @?++ females or +Y

mal esl0 antd 5i ngle C @(mesar PAYs (r+ fer'@g,@srw‘fd} rral es) % @e?'fetlc

mar ker te%F e85 v ped on th&ohfa@ F€ % |nher| coiest OF Panki n%a

mcrosatellite rrar F 3 t he %%1 t(ﬂmeta ‘hap otype t(ﬁgtu)a ‘f‘l oway et

al., 1999) s driw Uéosls I Iustrav\ﬁgx JY¥WIRgure 1. %—b mE8&E current test can
i ch ha bﬂzhérﬂf‘ he I nver dal e hapl ot ype

only ident?fy th}? gh
froma knowaleafrier, and {qcs, Aedinf /6accur ate @ﬁause it does not detect
the I nverdal e(%en Jbmelien® The hap] Otd‘B fst&SFnJ{%e 20 same region ofy.t he
X-chrom)sonmf E'Sheep of th I gree, which carrg mcmrré‘r ated
ver si on of Ing@éd edew}é)gmal fferent from égg h ﬁb%@ een in degﬁ,gétdants
of A281 .45l nift growth differenti ?ﬂa,f br 9 GDF- \a@??%ee‘r of t he
transform n rowth fact 3) su mah sho
g9 {l?ﬁeésaﬂ‘t"t‘&l ) g@u@ g T»\A&Ff)

specifically exg 1i°n e oocyt t mce, o S reqw red
for follicul dyéH esi s ( %bs\aﬂw“ GDF gcﬁes%éﬁ‘ber RNA i Syyced DY
synt hesi sed onl é ocyt e, fr arﬂ“i‘rmr di al / dmrwefé (}ayer

untr I

follicular stHYy fE 1atm@lﬂ‘%tl on, and_fenalesi®HF-9 knoc piace? ar e
infertile due t @x@[\@é% in folli %@ntoﬂ&?et%%%nent at . thals,lﬂ )fr}g“s

one-1l ayer foll Pc?e sta ggmbma‘?eé onozygfggésfé@wes }nverdal g&aﬁe&ﬂ"e
infertile, witha®d r(mkm’aq N phenot g \tteattl 9 30 k&q@@nﬂ“ use (MNatty
et al., 1995b). \r\gﬁeggtmsféaﬁ nt | PFBEF%( a\%% p chronosone 5, agg

t herefore cqul dmﬁmtg Tt esponS| b@gfima@i erdal e phenot y&\a ‘,gﬁmﬁtﬁ et
al ., 1998). 203 V\001/8 /00(173 5 A seﬁ) areﬂt menber ﬁér)ra
this famly, GDIfmSBrasg‘l SO caI | ed BWP 15, wasgidfde We T ed |n ?etaaid 1R
ovaries, and found to be co exPr s,eﬁbiﬁﬁ e GDF 9 L0 bme Ya 199

Dube et al., 1998). pped tcu&l m)sorre in ‘r&&amec‘%tse to
Fscl (Dube et al As??@@) Fscl \ C eath co ﬁ)b‘Jl “al so kno%\(@0
Akap4 (A kinase anchor rgo;eeﬁ g&‘ whi ch @ScMéé‘Horrapped CBa

X-chr onosone at IGOGS‘i‘bc chrO{ih gegefr?t‘roorrere (I\/but% @nPg tabase (A\m
Qct ober 1999) and t‘g Danstd ol of the ﬁ pRmeXStht onpsone \
1998). Preli m nary® }Udl es |n gg\gebtm‘ S eep (++ &tmﬂi’dql genotyp O{one
using a nol ecul ar Mlg Qual biath- +4des not drﬁ(;sgr@mﬁ%h thet vveen ‘[t‘} & -@eoredy)

show t hat GDF-gB IS expressgdadsn %5cyt es of not prrg@r d)haP’
follicles, and that @melssfp’(')n of this n t e ov%{f%;:msxml

exclusive to oocyt E (Gl l onay. c@&seaﬂm?% Meﬂngéﬁegxﬁo@

superfam |y have si mbﬁms@eer?e structur %Xm@ 9B coding region is
contained within two exons s grpms@ﬂ By an intron of 4.2 kb (human) and 3.5
kb (nouse) (Dube et ,ﬁémmﬁh§5 In humans the full-length 1176 by coding
sequence produces a 392 ani no aci d prepropeptide, the first 17 anmino acids
of whixch correspond 297%e a secretory signal. The full-length prepropeptide
i n human and nouse includes the processing site for proteolytic cleavage to
release a |25 amno acid mature active Cterm nal peptide and an N-term nal
propepti de product (Laitinen et al., 1998, Dube et al., 1998). The intron
sequence lies within the propeptide donain, so that the entire mature
coding region is found within exon 2. 25 The sequence of the human BMP15
(CDF-9B) wild type gene is disclosed in US 5,728, 679 and US 5, 635, 372. The
wild type protein is disclosed as being useful in the treatnent of bone and
cartilage and/or other connective tissue defects, and in wound healing and
tissue repair.



The inventors have now identified a nutated form of the sheep GDF-9B gene

I n sheep 30 expressing the Inverdal e or Hanna phenotype, and di scovered for
the firstwigamssbfeat this 4 WO 01/ 85926 PCT/ NZ01/ 00073 5 pput/Ry&Ghohar m of
GDF-9B i s responsible for the enhanced ovul ati on seen in these sheep-and

for the st &r | kﬂélgx&ag%e ﬁf l!hg I{nget%e’aéé( g&%sonstﬂg ?(pch&gﬁss&ﬁeeﬁl%()fdeg Q\égﬂr}}eim%ﬂt }ngaérg

broadly diTec e nm equence and its cofresponding enco

protein. SU roalzciI%‘E&%W%l%é?l&@gﬁgfed&%r@% %&Q\?Seaﬁlp&%g%ﬁegnﬁ an

present invention pro _ mut at ed 9B nucleic
mol ecul e, CONMRByb@hREaR R vih M irmeritstﬁagﬁ.e%e%é@@; Si%hé FaRIDusES @h&idimarker
_consisting of: a) SEQ 1D NO 1, SEQ D7 NO 3, SEQ ID NO 5, or SEQ ID NGO

7; b) a sequepgetoabémify @aRBEArd fof sMB ORI cBlrrhdrEiaNbreedneiplilc RS thele t4i6s to
nol ecul es) 15 in (a); c) a sequence which is a functional variant or

. fragment of tpaerad @ealifispwekeitiddatiersupseyuent)y magdgoeneanmahyiteetoembdnge t o
the nol ecules) defined in (a), (b) or {c); and e) an anti-sense sequence
cor r esponidid ngprogemniorclaughter nGomowtaaal Juse 0f (ke) Inverddle. geR® hah beanushiowinctodrsi d
mol ecul e may be an RNA, cRNA, genonmic DNA or cDNA nolecule, and nmay be

si ngl e- or dobighly-enetieigbin anFxesting ddraiinal sic¢ matipg exstae witlyamadded yplup omer | y
conprise one or nore synthetic, non-natural or altered nucl eotide bases, or
conbi nati ons R ramPhel Ho0ecs Arverdaleism Brchased Hupersy gk 1988)- Rraduetiomolof
identifying a panmal whi.ch carries 25 t at eqd. CDF-, nucleic acjd

o1 ecul o oa BB DO SeeanEs eSSt b GRS e or
bl ood sanple fromthe L) isol atin fromthe samle; 5 WO
01/ 8595 PCT/ (CO00G SR 19 el eBRLPAR S emeleS SHERSE AT  om ¢ he
DNA obtained at step (i); (iv) optionally probing the DNA with a probe
conpl emenjary at %eﬁe'?ﬁ maadhetst was developed on the basis of inheritance of flanking

microsatellite markers around the gene (i.e. a haplotype test) (Galloway et al., 1999);
this is illustrated in Figure 1. However, the current test can only identify those animals
which have inherited the Inverdale haplotype from a known carrier, and is not 100%
accurate, because it does not detect the Inverdale gene itself. The haplotype from the
20 same region of the X-chromosome in sheep of the Hanna pedigree, which carry the

unrelated version of Inverdale, was different from the haplotype seen in descendants of

A281.

In 1996 growth differentiation factor 9 (GDF-9), a member of the transforming growth
factor beta (TGF-J3) superfamily, was shown to be specifically expressed in the oocyte
25  of adult mice, where it is required for folliculogenesis (Dong et al., 1996). GDF-9
messenger RN A is synthesised only in the oocyte, from the primordial/primary one-layer
follicular stage until after ovulation, and female GDF-9 knockout mice are infertile due
to a block in follicular development at this primary one-layer follicle stage. Animals
homozygous for the Inverdale gene are infertile, with a similar phenotype to the GDF-9
30  knockout mouse (McNatty ez al., 1995b). GDF-9 was subsequently mapped to sheep
chromosome 5, and therefore could not be responsible for the Inverdale phenotype

(Sadighi et al., 1998).



GDF- 9B DNA of the invention; (v) optionally anplifying the anmount of

nmut ated GDF-9B DNA; and (vi) determ ning whether the CGDF-9B sequence DNA

obt ai ned Wb §tgp2e(ii) 10 carries a mutation associated w tFegi@6idobdsy. Or

with increased or decreased ovulation. Preferably the inplication step (v)

Tenct on, Sor AreEa8 eI REahal O a&a@yo%d?l*s By p2Ser o P e GaifBer e
] L?SEELahQZS“%b?ﬂQ‘a%’ 0 PR i %PreS%ﬁ%(é?’?bMﬁ@ﬁ?@ﬁéL?S
ol ecul e i cfboROBRLL LAAL LjoBY BAISISSE bR JUALSOLE R SEANBIGR 060/ 9

~to the first dspegc |on

associ ated wkdyy gﬁgbé@}ﬁt ?99@1%& '%ﬁ&‘dﬁé gl %Oancgésﬁbo%%t%%s% knBW% Wh (Kﬁy be

mal e or female, human, or a , compani on,

. feral mamul mﬁ’ésefaﬁe@&lp{oﬁen%wwmlhas BechehAsfeldo e FRBRIonREBR at @@t the,
goats, deer, horses, canelids, possuns, pigs, mce, rats, weasels, rabbits,
hares, feny etaM feat Seartieings (MolssGdnorie!TRtatasP@IGD) t Dol 999) tanil G/MId ON

provides an isol ated pol ypepti de encoded by a nucleic acid nol ecul e havi ng
a sequence sgillduf theohomnen Efchf@hoesoohy (Rt al. PrO98 e riatlinginadyestidifes o Inwpelplei de

has an am no acid sequence selected fromthe group consisting of SEQ ID NO
2, SEQ | DNO. sheersE| B M@ UegenatydesSAQingDa N@le@arqprobe thah doésomat| distingussht  or
fragrrent thereof. In yet a further asgect t he i nvention provides an

i sol ated pol ycpﬁéwcqrdéergswtugeswhoa\mhﬁt@ Eir P %mmmmgmgesmnwo

10, or a functional variant or fragnent thereof WO O1/ 8926 PCT/ N Z01
/00073 5 | n dta@bipriveptdial salpeles. aﬂﬁﬁ@tlwwﬁl%ﬁf phisvIRES withins§e svary is

nucl ei ¢ i d rml ecul e havi n nucl £9 }# ﬂ@ sequence conprising SEQ ID NGO 9,
or a functi o PEJREREY S} W&?‘nf“ﬁ OP%f. In a still further aspect, the

i nvention provides an isol ated nucleic aC|d nol ecul e whi ch encodes a

pol ypepti de sppstantisahd YGESB gﬁ%ﬁﬁﬁlﬁfﬂa\%té%ﬁar gene structures. The GDF-9B coding
region is contained within two exons separated by an intron of 4.2 kb (human) and 3.5

kb (mouse) (Dube et al., 1998). In humans the full-length 1176 bp coding sequence

produces a 392 amino acid prepropeptide, the first 17 amino acids of which correspond

20  to a secretory signal. The full-length prepropeptide in human and mouse includes the

processing site for proteolytic cleavage to release a 125 amino acid mature active C-

terminal peptide and an N-terminal propeptide product (Laitinen et al., 1998, Dube et

al., 1998). The intron sequence lies within the propeptide domain, so that the entire

mature coding region is found within exon 2.

25 The sequence of the human BMP15 (GDF-9B) wild type gene is disclosed in US
5,728,679 and US 5,635,372, The wild type protein is disclosed as being useful in the
treatment of bone and cartilage and/or other connective tissue defects, and in wound

healing and tissue repair.

The inventors have now identified a mutated form of the sheep GDF-9B gene in sheep

30  expressing the Inverdale or Hanna phenotype, and discovered for the first time that this



10 In a further aspect, the invention provides a nethod of nodul ating the
ovulation rate of a female mammal, said nethod conprising the step of

adm ni st eRy@gh@8ai d mammal an effective anount of a nuta ~

pol ypeptide, the wild type GDF-9B pol ypeptide, or a functi%ﬁg/wﬁ%@%ent or
variant of_either. The invention al so_provides a nmethod, of increasing the
ovul at i on ¥ at Bugedformp{(GPH-8B s respansipis ion thesabangst ovielation segn 1 thesesHeIDE- 9B
nucl eic acid nol gcul e onpri si t he step of administering to said manmal
an effective é‘?FLﬁ’ﬁt?heoérter l%f?%ﬁ’é‘g‘%@ﬁﬂg"é‘%s ypeptide or a functional

variant or fragnment thereof. Furthernore, the invention also provides a

met hod of inc i - ' - teri : |l which
carri es two cop ieg iRl TR G AR R e R S R G R ot
conprising th finadm nistering to said manmal an effective amount of
~awld type G%I]lc-ogégggﬁylgépti de. In another aspect, the invention provides a
nmet hod of increasing or reducing the ovulation rate, or of inducing
sterility in UMV RYOPFHIE INVENTR)NG the step of adm nistering an
effective anount of an agent selected fromthe group consisting of: 25 a)
an i mmuni si ng-effective anount of a wild type or nutated GDF-9B

pol ypepti tie, arcadinghgin omedspéatagnmatenoinve@idnaprovitéremaaslatedmnumredaGIDE-9ns e
nucl eic acid nol ecul e directed agai nst DNA encoding a wild type or mnutated
GDF- 9B pol ypeptdleie apid andleauds, i comprising aegnecieotole seqnénmatselcaedelodm the grawpO 01
/85926 PCT/h Z01 /00073 5 c) a ligand which binds to, or an antigen of, the
wild type or pensitiad oSDF- 9B pol ypeptide or a functional fragment or variant
thereof; thereby to inhibit the biological activity of the nmutated or wild

type GDF-9B pol ype tig ~ 0 yet [ r e t i .00 provides a
conposi tion conprfsin %91{1%?‘1 e&t%b&@%ﬁQﬁNg'%Péﬁﬁwg‘g

pol ypeptide or a functional fragnment or variant thereof, together with a
pharmaceutical ly vet eri nar il cecentabl e carrie r..diluept. In still a
Purther aspect ,t B 1 BEmengh Y winaaalsE U Ritaerleiifhpe KMkl

ef fecti veqs in (2);

c)  asequence which is a functional variant or fragment of the molecule(s)

defined in (a);
d) asequence complementary to the molecule(s) defined in (a), (b) or (c); and
e)  an anti-sense sequence corresponding to any of the molecule(s) in (a) — (d).

20  The nucleic acid molecule may be an RNA, cRNA, genomic DNA or cDNA molecule,
and may be single- or double-stranded. The nucleic acid molecule may also optionally
comprise one or more synthetic, non-natural or altered nucleotide bases, or combinations

thereof.

The present invention further provides a method of identifying a mammal which carries

25  amutated GDF-9B nucleic acid molecule, said method comprising the steps of:
(i) obtaining a tissue or blood sample from the mammal;

(i) isolating DNA from the sample;



anount of an agent selected fromthe group consisting of: a) a nutated
GDF- 9B pol ypeptide according to the invention; 15 b) a wild type GDF-9B

pol ypepti go afg@56li ng to the invention; c) an anti-sense nPeLRizG ,,@(fbdp
nol ecul e di rected against the wild type or nutated GDF-9B pol ypeptide of

t he i nvent} a. | 1 gand. whi r. an_a en of, the | d type
or nutate GDF QBIB))I 9%5&"’1118?0 mgﬁﬂﬁjﬁsﬁﬁmg %%]ggétbﬁé? edgtsiep \gl‘)? yP
pharmaceutical ly or veterinarily accept able carrier or diluent. Accordi ng
to yet a further e ve
conprising a nucl | C éé“%t‘aﬂgﬁ’ é‘g’u % 3%}\18 n]tﬁil g&’?g/b%acs Zés“éér{’%‘ég‘g ﬂb é%tﬁdne

present invention al sgmjf. 'ﬂ@ﬁoﬁtﬂ&%‘y %6h! transformed with a vector or
construct conprising a nu el c acl Tecul e of the invention. 25 Accor di ng

to a further aspect, the invention provides an isolated nucleic acid

. nol ecul e conpri si aﬁ?tah@ﬁ%@@%lﬂﬂ@ﬁﬁﬁuﬁﬁdfqﬁﬁt%de SN AT S0

consi sting of SEQ or a functionall y active
fragnent or vari ant thereof. 8 VWO 01/ 8s92G PCT/ NzO1/ QU073 5 The
invention al so prow) ddsteaninirpowhdibet tho| GIPEMPB stzjuenoepDNA olgtamed dmi Step &6) d
sequence selected fromthe group consisting of SEQ ID NO 13 and SEQ I D NO
15. I n yel0 anot her aspades ainutdtion iassperteidonitipstenlityea with iroéaaedor, decreased
functionally active variant pol ypeptide as set forth in SEQ ID NO 11.
According to a still pv#lati@r aspect of the present invention there is

provi ded an isolated 10 nucleic acid nol ecul e conprising nucleic acid
sequence as set forth in D NO .16. The S i nventi.on also pravides
an isol ated pbiefgrably 'éFeanglh‘B’PP%Ftﬁ%(‘Qﬁn%Ynl?erRFr@ Hfg%ﬁ‘t}’é‘r%ée‘&?‘té@ct bR i n
SEQ ID NO 17 § nvent| Cf%g es a thod for reducing the
ovul ation rat®$ ecf?sr?gc %t‘é?tc 1|°’t' i 153 Bgls'ﬁf‘ﬁ ©Gnprising the step of

adm ni stering an ef fective anount of a 15 pol ypept| de having an amno acid
sequence as s n35R4& A A U056 &AL Ak nt
t hereof . Wi I%E(féte nltglr}eesﬁtl ?%!15 %Eé §1 J)qétss?ﬁtdle I ne %3382{%&?] vﬁﬁa’%"’rﬁg‘m
appreci at gl DYNALOREisf8 sSI88Fon for enhanced ovulation or sterility in a mammal, comprising a
nucleic acid molecule which specifically hybridises to a nucleotide sequence according

to the first aspect of the invention, or to genomic DNA comprising or associated with

the mutated GDF-9B nucleic acid molecule.

The mammal may be male or female, and may be a human, or a domestic, companion,
20  zoo or feral mammal. Preferably the mammal is selected from humans, sheep, cattle,
goats, deer, horses, camelids, possums, pigs, mice, rats, weasels, rabbits, hares, ferrets,

cats and dogs.

In a further aspect, the present invention provides an isolated polypeptide encoded by
a nucleic acid molecule having a sequence set out in one of (a)-(d) above. Preferably the
25  polypeptide has an amino acid sequence selected from the group consisting of SEQ ID
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, and SEQ ID NO: 8, or a functional variant or

fragment thereof.

In yet a further aspect, the invention provides an isolated polypeptide having an amino

acid sequence comprising SEQ ID NO: 10, or a functional variant or fragment thereof.



skilled in the art that it is not limted thereto, and that it al so
i ncl udes enbodi nents of which the foll ow ng description gives exanples. 20

BRI EF DESGHQ dikséy OF DRAWNGS In particular, preferred aspgétszafobfie
invention will be described in relation to the acconpanying draw ngs, in

Genet ¢ d st inée%ﬁﬁ;“@nﬁrﬁ%ﬁ%i%é !vérgiéﬁ‘%?%”?%&ﬁfgm&a@% z‘*’*ﬁéaqﬁ&@ieﬁgﬁ 45
[ ' indi 25. El. 2 .
e eot i de- s grbned s SRt il sE IRNPR Fa oot fobed B Bnbon of

t he I nverdal & p A nucleotide substitution (92 nucleotides beyond the
processing sité) I's marked in bold. The triplet codon affected by this
substitution is 9 WO 01/ 8592G PCT/ NzO1/ 00073 5 underlined. The processing

site_for protgol yiif frGbCRYAIShOh v RRGROVIHS 4 iSThied BudlBik UER hdIdHB RhicRnd
. the TGA stop codon are boxed . The mature peptide codi ng sequence iIs

bet ween the teMeoB&xEgolyfuptitlé SubnGiIONG deb&ittdabert. i de sequence of exon 2 of
GDF-9B i n Hanna sheep. The position of the Hanna Cto T nucl eotide
substitution (67 nucl eoti des beyond the 10 processing site) is marked in
bol d. Thaot r i Jnladfurtbedspedf thegiverdionyprovidess asmbtbod dlinodwlating the deulatiorecite oFhe
processing site for proteolytic cleavage of propeptide frommature fragnment
and the TGA st fepnaledwmnaalesabbmetiod Thaprising the steppef afaninis@ring teeid arounals

bet ween the two boxes. Figure 2c shows the nucl eotide sequence of b
394-599 of Figuelegtive amomtigef a mutatedo@DR-2 nolimeptids, dbe swidd) dyiee GHF-BB
394-599 of Figure 2b. Figure 2e shows the nucl eoti de sequence of by 472-486
of Figure 2a.PRYRfRfige. A adppsiionplfeemeat apyariet deiehce of by 448-462 of
Figure 2b. Figure 3a shows the deduced am no acid sequence of the GDF-9B

| dal i d by t.h ti f._Fi el

mat ur e GoF. 9B TS PRRBST Ao B PR e e LS (o £ TRhst el B ieBaRt i e

s i ital : . X ; el dal
base ‘subet ¢ OFFRRT) S oBEH L cihaPRkblzn Aok 9p ol BIASa LN B2 T
sequence of tdg, bf YAmAiserifPl S B3Rl an effective amount of a mutated GDF- 9B

polypeptide or a functional variant or fragment thereof.

Furthermore, the invention also provides a method of increasing the ovulation rate of a
sterile female mammal which carries two copies of the mutated GDF-9B nucleic acid
20 molecule, comprising the step of administering to said mammal an effective amount of

a wild type GDF-9B polypeptide.

In another aspect, the invention provides a method of increasing or reducing the
ovulation rate, or of inducing sterility in a female mammal, comprising the step of

administering an effective amount of an agent selected from the group consisting of:

25 a) an immunis;ing—effective amount of a wild type or mutated GDF-9B

polypeptide, or a functional fragment or variant thereof;

b)  an anti-sense nucleic acid molecule directed against DNA encoding a wild
type or mutated GDF-9B polypeptide or a functional fragment or variant

thereof;



protei n encoded by the nucl eotide sequence of Figure 2b. The mature GDF- 9B
peptide is shown in normal type and the portion of the propeptide is in
italics. Wiposbss type 25 amino acid (G utamne, Q becomesepnghiosodon
(END) in the Hanna nutant. Figure 4 shows a conparison of preﬁl cted am no
aci d sequence of shee -QBcvvi,th human and nouse. wunbers i n brackets

. GDF .
above the3ine ingi cag Heandiwhich-Rinds t9eQr an apHgeLer, theavi & pEgted GDF-YRe
open triangle shows the.posj.tion of the. Leu pal ynorphi.s and the bl ack
triangl e indicates thepqéﬁasepbé%?f ao‘gm?tl’l%“a%%rﬁérp o Py .tthﬁﬁn‘le(’fRRAR putative 10
WO 01/8692G PCT/ Nz01 /00073 5 processing site and the conserved cysteins
are shaded gr 05 1] : .FecX|.. and I. QD 3100 opCi ds
 53%and 31 ar ciisbhoR i R i GERC AR or BT A Ghpd Dt oR
from I nverdal fo y]l%—%qlia@_ and wi | dtype sheep-show ng regi on where mutations
6l ows

~occur. Figure the alignnment of nutated region of predicted FecXl
protein with TGF(3 10 superfam |y nenbers from other species. Figure 7

shows a | i nkaggydiafufthertfdpeck,abé divefion PRARIX aGRIPOBIEONEoGPALiAE Bh REFeéthe
GDF9- B gene. Figure 8 shows the results of a SNP variant detection-assay of

sheep carilyi ngmbmitef daheattd GKIF-9B talyipeptidesorc fondiional fragedesyt otrsdriagt osedf,

digestion of a forced PCR frag) non 15 carrier, an( |1+) heterozygote and
an(11) honoxytpgthecwith iaghammasewtvalin ob vstetimrily a@rpiahlgcurier endilusnt.( sanpl es
Al, A2), carrier ranms (sanmples A5, Al0) and non-carrier rans (sanples A3,
A4, A6, A7, A8, All, Al12 and Al3). DETAILED DESCRI PTI ON OF THE | NVENTI ON

The nut at i onsln ik hEurtiorasyestgia dnvegtinn Dravides ReoqwIosition SOMRHHAE gh 6HBCtHSY o
been 20 shown for the first ti e responsi bl e _for the increased

to
ovul ati on r at 8BOWESH an 39 sy E{B@s‘gﬁﬂf%ﬁlcgn%ﬂﬂlgfo& sterility seen in
honbzygous ani mal s. For the purposes of the specification it wll be

clearly understood that the 'C ri.sing” means,"i.ncludi ng but not
limted to," and %hatafrw at%ﬁ‘ﬁ@%%&ﬂ%l%%pééjﬁ ag%%dlggéooﬁhfégvﬁgﬁaﬁ"ng meani ng. 25
The term "isol ated” neans substantially separated or purified away from

contam nagy Ng SeaLNCes ity EOERIH pAlpdfidl aleRib WL Bl chiie.nuct ei ¢ acid

natural |y occurs, ‘and inclUudes nuc cids puritied by standard
purification techniques as well as nucleic acids prepared by reconbi nant

t echnol ogy, incl ug ngaP$di-defeitneleRUiid MOKcUIe Girdted a@Ginstshe wild type or mutated
GDF-9B polypeptide of the invention;

d) aligand which binds to, or an antigen of, the wild type or mutated GDF-9B

polypeptide of the invention;
20  together with a pharmaceutically or veterinarily acceptable carrier or diluent.

According to yet a further aspect, the invention provides a construct or vector

comprising a nucleic acid molecule substantially as described above.

The present invention also provides a host cell transformed with a vector or construct

comprising a nucleic acid molecule of the invention.

25 According to a further aspect, the invention provides an isolated nucleic acid molecule
comprising a nucleotide sequence selected from the group consisting of SEQ ID NO: 12

or SEQ ID NO: 14, or a functionally active fragment or variant thereof.



11 VW O 01 /8s926 PCT/ NZ01/ 00073 5 whi ch have been synt hesi sed.
Preferably, the nucleic acid nolecule is isolated fromthe genom c DNA of

sheep expwassi/g®2¢ he I nverdal e or Hanna phenotype. The teaprrR@dphdyi on of
ovul ation” means increasing or decreasing the rate of ovulation conpared to

the rate obseryed in.an . untreated . | .. The.term ligand". refers to an
ol ecul 6 vhi e SeRI TR PrRR A E SBra o foRrisibd & Spinpeisrasoes
epti de, and ta i.nclu )t he ; lei-m . ant i bodi es
gng phage di s% §§L§£$§'c%?§§£pf§3m }%‘gf%%gﬁ%m?é‘gﬁggﬁﬁﬁ@ﬂé nmet hod al so
forma part of this invention. Said probes and priners may conprise a

. fragment of tRe Quehbilr a%@&t%frmel B%Ehforrobiaes éd“?é@l@%h%&ﬁm gagf?\fi%variant

hybri di si ng under stringént conditions to a nutate -9B ¢

sequence. SucRoRpHORRR ARE Bfth MESEQADENet $p useful , in studying the

. Structure and fuanction of the nutated gene and for obtaining honol ogs of
the gene frommamual s ot her than sheep expressing the Inverdale or Hanna
phenot ype. Nuglcetdiroiod sfitldinelser asptcpol the pesanainvestiqir tperie frovideddn dsvlaied| ei ¢
acids according to the present invention. A "probe" conprises an isolated
nucl ei ¢ atd d atutlaicherd rmoleculeleanprisaig mickic icbssquence ae gat fordr innSEQ@ D INO: 16.

Typi cal | abels include radi oactive isotopes, |ligands, chem | um nescent or
fluorescent agents, and enzynmes. A "fragnment" of a nucleic acid is a
portion of th&hﬁpmsemtdnwtlen ehaprovidesandsal dedpolypeptide gefnprisiag 4o ewinsraciks  at
| east a m ni num sequence,_capabl e of hybridising specifically with a nucleic
aci d nol ecul es%‘EB‘Fed?Snsﬁtfoét%tlﬂgElQﬁr%Wd{éﬁ; or a sequence conpl enentary
thereto, 25 under stringent conditions as defined below. A "fragnment" of a

I ide i . Ny f th I ' which is | than ful | I h,
ot i ch <t i PE PREAFS SoRensstreBge Eareneh ot By pRLR e i BE
decr easing ¢ ekt L4 Bt Suilichhd BBy oClanSRUALNG ' Sk nbliybr o

mammal . Hence, accortdi e i nven has  at

t he bi ol og¢ ca VIR |ied i i th
iont o $5POREE O R Gn96 S BAIVRESEIONOL 1o

aci ds, preferaicioAafibhtdR Maghent the®sf. 15 nucl eoti des or

While the invention is broadly as defined above, it will be appreciated by those persons
skilled in the art that it is not limited thereto, and that it also includes embodiments of

which the following description gives examples.
20  BRIEF DESCRIPTION OF DRAWINGS

In particular, preferred aspects of the invention will be described in relation to the

accompanying drawings, in which:

Figure 1 shows a genetic linkage map of the ovine X-chromosome. Genetic distances
are in Kosamabi centiMorgans (cM). The Inverdale gene maps into the region indicated

25 by a hatched bar.

Figure 2a shows the nucleotide sequence of exon 2 of GDF-9B in Inverdale sheep. The
position of the Inverdale T to A nucleotide substitution (92 nucleotides beyond the

processing site) is marked in bold. The triplet codon affected by this substitution is



nore in length, which are annealed to a conplenentary target DNA strand by
nucl eic acid hybridisation to forma hybrid between the prinmer and the
target DNRyghi/ges then extended al ong the target DNA StraEE'T/Rfioﬁﬂoms

pol ynmerase, preferably a DNA pol ynerase. Prinmer pairs can be used for

anplification of a nucleic acid sequence, e, g. by the 10 pql ynerase chain
reaction ( ﬁCR)“né‘thB?cﬂ erheRipesting sis for praseqlyticccheavags mmgdaépm the\BaRIe n

the art. PCR-priner irs be derived fromthe sequence of. a nucl ei.c

he - aceor di ngraEBenHE PR TCR SR ot a5 Dotdy " ShaaRE DEIE oS sprreds
prograns inte Epgﬁ rpose such as Prinmer (Version 0.5 1991,

~ Wi t ehead Ins?gﬁﬂ?%qﬁ%r fgﬁgdical Research, Canbridge, MA). 15 Methods for
preparing and usi ng probes and priners are described, for exanple, in

Sanbr ook et a'Fi%L}\@bggpéa@%%]@!rﬁeieeaa%ége&p@mro%mz Weeust-oB %aﬁgas%%?%gTﬁé 3,

_ ed Sanbr ook et ring Har Laboratory Press,

Har bour, NY, 138%on R5roRe HAha RC 1t BT $ubRBLERE sibsBRitibA @P !l béé‘éﬁ@'tﬁé‘t ly
or noncoval ently attached to a solid support by standard nmeans. 20
" St ri ngentiocoRgbdek RS sitd)AE nidtieedaiiipbdlfl.] TR friplet @bdéh AffEcgRl by ts aibstiftiot is
sequence (eg by PCR) using a particular anplification prinmer pair, are
condi ti ons t hamdpdined.t Theerqpessiny sigafor protedlytic tldawee af ipyopeptitid frotramgatre
nucl eic acid sequence to which a prinmer having the corresponding wild type
sequence (or iftagmeohpldetheGA wioplcaden arg. baved!| Ehematirelpapyide icadisgssquendeds
affected by such conditions as salt concentration, 25 tenperature, or
organi ¢ sol vemetveeniheefes Bax6k t o t he base conposition, |ength of the
conpl ementary strands, and the nunmber of nucl eotide base m snat ches between

t he hybri di si nugleic acids, as wll be pead appr.eci gt ed by those
skilled in th«lﬁ%l’rr?icwt?‘%f’lé?lii?t}f& SFS“%‘CBP@E%QQX%?&%S‘F% term"specific
for (a target sequence)" indicates that the probe or priner hybridises
under stripge conditi only to the target nce. 30 LN a given sanple
conpri si ndgt h@‘l‘%‘ﬁ?ggtSﬁ%"g%%HS‘élfg"‘i‘% Seqwcﬁf? 5%3%%9%#%? 86073 5 1In one
enbodi ment, the invention provides a genetic marker for DNA-assisted

sel ection of Eiir%dif@béswsmgﬁﬁaeém&gw@&bpspm%-§§@§fnﬂgg§%2an sheep, goats,

cattle, deer, ce, rats or any other commercia tant mamal . The
i nvention provides a neans of using a nucleic acid nolecul e containing

sequence der i \FReghré ROSAdWIaheHiAERille CBiueNBe BN sBUBENSEERigle 2Benon ¢ DNA t hat
is associated wmth the nutated GDF-9B gene, to identify 10 sequence
variants in individual animals that are associated with increased ovul ation
or sterility digurhda showsttie. dedhtduoanginotaklsequance afitle GBY-9B investabspatedin y
give rise to the increased ovulation or sterili t* trait directly, they wll
be cl osel y encuegieddydbe andaotide: seapence of Siigve 22 The matyeGDFHAB iksheisaan by
whi ch these sequence varjants are jdentified are known in the art

3, d
i ncl ude, Bt awCEmaldYPs Aid thePoEPn ofdhe prapepiids i imyakisst Thermgrino aed (Aspartic
ol ynor phi sm ( RELP), FLP,. direct enci hg. of DNA wi thi associ at ed
L he e et Ehpretnate S B RE R uideSiongh maied i boll | 250 on of

vari abl e nunber of tandemrepeats (VNIR), or microsatellite polynorphisns
(di-or tri-nug [ t I OF ' | C i e
nucl eoti de po%‘%}% Sﬁf‘ngﬁngng Q‘?%‘ﬁﬁpﬁdyg%gﬁ%yﬁ%%{é&gédﬁ?g? fﬂ%
expression of fnsilidndfled byed AlclBAPsdgdERS Jf Bfure 2b. The mature GDF-9B peptide

is shown in normal type and the portion of the propeptide is in italics. The wild type

25  amino acid (Glutamine, Q) becomes a stop codon (END) in the Hanna mutant.

Figure 4 shows a comparison of predicted amino acid sequence of sheep GDF-9B with
human and mouse. Numbers in brackets above the line indicate amino acid positions
of the mature peptide. The open triangle shows the position of the Len polymorphism,

and the black triangle indicates the position of the single intron. The RRAR putative

10



20 nucleic acid nolecule of the invention or a functional variant or
fragment thereof, in a suitable host cell as would be understood by a
person skiWd gssosy, the art. The cloning vector may be sel ecf,@,fl, 266005 ng to
the host or host cell to be used. Useful vectors will genera Fy ave the
foll ow ngnscharacte,ristics: (a) the abiljty to self-replicate; 25 (b) the
possessi or of PRCESSHg sde and fheconssrvediaystains prechinded sreys iositiony af the issScmdhse:
and (c) desirabl car.r enes far readj | y.sel ectabl e marker such as

anti biotic reEF@&a‘ﬁ‘B%‘.“o %P%mel@g%%“‘g?i ?7%&? E?ﬁpossessi ng these
characteristics are plasm ds and bacterial viruses (bacteriophages or
phages). Pres . r,r E agl I LWAg: '
pBl ueScri pt, §@,\ﬁv5%@§< ap%&g?&%ﬁgﬂ{nzgggﬁ) ]%gg ééﬂgeﬁ%ggr% ﬂ&%@%ﬁ’d}l %@% 5s)déArCi es.
However, thi syl o b d & the scope of the 14 WO
- 01/ SS92G 5 prgg‘g%e?%hﬁ)gg{f’ 1%?@%r@8%8%§¢rdﬁgnm mol ecul es of the

i nvention may be expressed by placing themin operable |inkage with

sui t abl e cont FureS®SHRRGRS alighnent 6PMua8al 16gi6X Bf HisdicRl PYEX] ProteiroRTth TTF
sequences may include origins of replication, a pronoter, enhancer an

t ranscri ptd ongdpetfamilymdngbers faenbaspadesigst others. The sel ection of the
control sequence to be 10 included in the expression vector is dependent on
the type of host or host cell intended to be used for expressing the DNA
General |y, pr bigare/dshews g diakageomaprefnthel liegion of [shespaX ehupsedsemelogtainingitieo
included within the termhosts are plasm d vectors. Suitable procaryotic
hosts i ncl udeGPF9BIgene.Baci | | us speci es and vari ous speci es of Pseudonpnas.

Conmonl y used pronmoters such as (3 1 S |actanmase (penicillinase) and
| act ose (| ac)_pronpter systens e 1 well known in e art. .Any avail abl e
b oot e syt ERREORHRASEHSIR e et fetedion dasad gh e seEing Juet gl

di I i,] abl d | 1.,k LA i t.abl l.e i h

e 10 east e Y R A PR g TP PR
[i Il s.. I I ) i

el 6! Lol 59, B0 ap PGl SShSI AL g0 AL b

Si mpl ex Vi r usg§ero bt/ Rl $satfids Vet A% Aafr CAREAANECAS OA 1988 Hbilcane:

phage DNA. Further”"eucaryotic expressi on vectors are known i'n the art (e.qg.

P.J. Sout her nrandsdnfies 8.3, A4, No| A7/RPI A1 GANetand W1387- 341 ( 1982); S.
Subramani et al., Mdl. Cell.Biol. 1,

DETAILED DESCRIPTION OF THE INVENTION

The mutations in the GDF-9B gene found in Inverdale and Hanna sheep have been
20 shown for the first time to be responsible for the increased ovulation rates seen in

heterozygous animals and for sterility seen in homozygous animals.

For the purposes of the specification it will be clearly understood that the word
“comprising” means “including but not limited to,” and that the word “comprises” has

a corresponding meaning.

25  The term “isolated” means substantially separated or purified away from contaminating
sequences in the cell or organism in which the nucleic acid naturally occurs, and
includes nucleic acids purified by standard purification techniques as well as nucleic

acids prepared by recombinant technology, including PCR technology, and nucleic acids

11



25 854-864 ( 1981 ); R J. Kaufmann and P.A. Sharp, "Anplification and
Expression of Sequences Cotransfected with a Mdul ar D hydrofol ate Reducase

Conpl ementvag ¥1/88 Gene, J. Mdl. Biol. 159, 601-621 (1982); . nn
and P. A Sharp, Nbl.Cell Biol. 159, 601-664( 1982); S.I. sggﬁﬁzf@gg?.,

"Expressi ops And aracterisat.iaon O The Prodyct O. A Human.l|

Interfero n§1 DN)Yh&?é]ﬁgv"? eec“ﬁ?’ﬂtzlgﬁsq%a r?ﬁ‘?f‘érfl&b/tg? 9“‘%%‘F peid-molecufs l@&Oﬂ@&qm%d .
Sci. USA. 80, 4654- 83).. rl.aub. an . as Proc. Natl.
Acad. Sci. us&?““i‘?‘?%é’? ﬁ'%fg ,eﬁ%"ei%?%#{? I&?fda?‘?/\g‘cﬁ?a@/‘"’éi%gﬁ%‘y /fYZ01/ 0073 5
The expression vectors useful in the present invention contain at |east one

_expression co S j+:5,0. 1 | %,ﬁ nce
or fragnent tg'h %%@xﬁ?}ggis&gg? Bfl'ﬁﬁeuldé%%tl?lg%egﬁec\éﬁigﬁlge& ?é;&?arﬁfsn rt%e tei nt gg(%/{gct or
in order to cephpaed dnthelrite 0BSH/A @ hhiRuSaed ffIneN. of the cloned DNA
_ sequence. Exanples of useful expression control sequences are the |ac
system the t~ system the tac system the trc system major 10 operator
and pronot er Thgians lighn@hades tamndydacletiie wbiciaah pindotopnotiier giokecole sycasd
aci d phosphat ase, e.g. PhoS, the pronoters of the yeast al pha-mating
factors, ahd pmpolyptmids odpeptidechntisbonighbe takeretp imdedeobitmosbe limitedio) antibodiend
siman virus, e.g. the early and |late pronoters of S V40, and ot her
sequences knoand plrgedsiinplay melaeulepr essi on of genes of prokaryotic and
eucaryotic cells and their viruses or conbinations thereof. 15 In the
consti~ction of a vector it is also an advantage to be able to distinguish
the vector i nd8fperbetandprios usedkinghisprpthed &W&ﬂ%aimﬁé& thisdpyngiopy Sgid

conveni ent and rapi

d . . R t t | in. h i.ncl ud
BTG TCIISE NN ST o ISEE S (M LR
h , tibioti ISt . he like. .| ] f th
changee, o0 ki SFRE RS QLG bl O SR BBy

cl ones exhi bi i Jhi E@&E [ .

sel ecti onb# Tngéodr?ilgn%hg% ﬁarrrggr%? Qﬁ{l ﬁgﬁfg%ﬁ%ﬁs%@#’?aggdyé@gg rsray rgm&ep_ gt_(lzoen_d by
a pol yhedri n- gngediififed ORS antitbESOtHRMNE Homoflith OF HiRYeRe MYnfhaRgRIsiRhdd NY a
whi te phenotype when stained with X-gal. Thi's blue-white col or selection

can serve as %&g@kwesmk@qm\f@amg@fHgﬁﬁaqmeﬁ&y‘@jrbi nant vectors. 25 Once
sel ected, the vectors may be isolated fromthe culture using routine

procedures such as freeze-thaw extraction followed by purification. For
expressi on, vdutkicacgiprobasandgritdes cBiNBe pfeparbabbasod emhucieic acids asotding toshegnal s
are inserted or transfornmed into a host or host cell. Some useful

expr essi on hopreseinveniiorns | A dprohel] ¢omprisearnpsadited padti¢ic acid ditanheditojandetastabld | s.
Sonme suitable %rokaryoti ¢ hosts 30 include, for exanple, E.coli. such as E.
coli, S G93plabel of gpporiap mefecule:  Eypical ighelp inqhudsoradioeetive isogopesoligandy 282,
E. coli, DHT, and E.. coli lﬁ%d Pseudom)ncff\s. Bacillus. 16 w0 0118926
PCT/ NzOL/ 0007 $hesnilipinescenteor Hyorgscent 3gents, pud euzyanes; r ept omyces. Suit abl e
eucaryotic cells include yeast and other fungi, insect, animal cells, such
as CCS cells and

host used, tr ans'fag}rﬁrgr%gf :B%)lrllﬁ?cslggg@ ?(i)s(r:aﬁésolﬁt? (glico 6@6115318?56?% %c'iﬁs{hé{]xgg‘ers EIDEBS 'ﬂﬂi 1@9@8 ,n the
and comprises at least a minimum sequence capable of hybridising specifically with a
nucleic acid molecule according to the invention, or a sequence complementary thereto,
25  under stringent conditions as defined below. A "fragment" of a polypeptide is a portion
of the polypeptide which is less than full length, but which still retains the biological
function of either increasing or decreasing the ovulation rate of a mammal, or causing

sterility in a mammal. Hence, a fragment according to the invention has at least one of

the biological activities of the nucleic acid or polypeptide of the invention.

12



techni ques appropriate to such cells. For prokaryotes or other cells that
contain 10 substantial cell walls, the calciumtreatnent process (Cohen, S
N Proceediwigéssbit | onal Acadesrzy of Science, USA 69 2110 ﬁcrﬁgzgl)/aooﬁgay be
enpl oyed. For manmmalian cells w thout such cell walls the cal cium phosphate
precipitatjon jgethod of G aene, and Van _Der Eb, Virology 52: S46 ( 1978) is
preferred. 5 Tr a}%gl?‘ﬁrrsrrﬁliei shae niugle%%(%‘is’ Rreesaly Rj\% SIIE‘P@C?FQPH%I%IFUWd%PH ngen

. J. : : d ' : ' : )
Ty e L L S e
can be pr oduc%ééwfl Lgi?r?dgsna%gﬁ'&% ﬁ)é-}nfaao]?yr%ﬂ%fct’ efvﬁagp{t}%? F% 0 %ﬁ%?ﬂe&érgg{?ﬁgfs}tﬁa&tt & host

" cells. The po [ i | ' ' rapi d
assays as. i nariarey helhe AR TAEA addll 4 B ARk nor RS R Bl "
purified as 2(iGenndiomn KRN T pdPlnibitiohdrPhidile a8 RAuaRb! exedy Ul ng

any of those procedures known in the art, for exanple by absorption’ onto

and el utiogn fpOMnBhs@RhARN BXERANPETR)ES dther Mlickid BEA U SMfidAHGH HietR s Avell

pol ypeptide or peptide of the invention constitutes a further aspect of the

present i nvenkicwn inhs hrt.C BCRSprithedsiire caebk ddrivhd frogh the sdquenicedf atnieleicri¢rNt i on

also forma further aspect of the 25 invention. In addition, nucleotides

. and pept i desadraudingjtosthb pteaeritiimventidefor ¢xantpde, bl @sing cbmptiied prograthsaniendedaci d

sequences of the invention can also be enplLoyed in preferred enbodi nents.

Her e "subst anfdréat puasd sugh apBrimer (Yeasion 09 é&éﬂu Meitebeadmstifutsdon Bapimegical

al i gned such as by the prograns GAP or BESTFIT (nucl eotides and pepti des)

usi ng defaultRﬁﬁﬁnﬁepgﬁg§§9%@46? as neasured by conputer al gorithm BLASTP

(peptides) or BLAST X (nucleotides), share at |east 60% preferably 75%

d t f bl 90- 95% identity. .17 01/8, 926 PCT/N 701
AT et i o g gl AR PN AR ot T S Ay
ti i i.d ti tj F x th ituti f
S e S0 s o MRS LY. P01 BURMRY SyraliF, 20PRL bol! 00 @
t likel £ t j i i |
are nol | Tkl ¥y uobd LE1CHRSpREPRGHLASHGHdy PREL Col o RAMBL S 107! 15

gl utam ne fox asparagi ne or acl e term
"variant" as used herein includes nucleic acid nol ecul es and pol ypepti des

and 10 pepti dppbBavi fgmes s baficedh sold@s b dovalefily BEnSGRAVABRBSat@ENId® a
invention. The variant may result from nodification of the native

nucl eoti de or skt suppac by smadarémeeanby such nodifications as insertion,
substitution or deletion of one or nmore nucl eotides or amno acids or it
may be a naturally-occurring variant. The term"variant” al so includes
honol ogou20 setfifengas cahditihngdiyior thdi aneplificatioe of e dqareetcerledd acitl eequenentagdry
under standard 15 hybridisation conditions defined as 2 x SSC at 65C, or
preferably unBeR) usipg agarticulay ymplficsion primebpals, efecieadigiens hatpeg@itdhspraaer at
55C, provided that the varjant is capable npdul ating the ovul ation rate of
a fermal e manmBHI LOARSFIdise gBY 1 W Farg usisic aeiisp@pnce eWhigh pdsimeg bavigg fience
of the native DNA is.altered appropriately. This alteratipon can be effected
by synthesis 8?rretsg<én%w§1fi%gg;: H‘?@Fé%{tlfséﬁ enﬁ%) ‘ﬁ%‘quﬁén , for exanple,
20 by site-specific or cassette mutagenesis. Preferably, where portions of
CONA or genomieciBhadi IhirRis3G6H SR AR B Gald ABfaitiShd 5 SARCIdnbEnfib"
di rected nutagenesis |Is ‘enployed, using techniques standard in the art.

25  temperature, or organic solvents, in addition to the base composition, length of the

complementary strands, and the number of nucleotide base mismatches between the

hybridising nucleic acids, as will be readily appreciated by those skilled in the art.

When referring to a probe or primer, the term “specific for (a target sequence)” indicates
that the probe or primer hybridises under stringent conditions only to the target sequence

30  ina given sample comprising the target sequence.
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The term "protein or polypeptide" refers to a protein encoded by the
nucl ei ¢ acid nol ecule of the invention, including fragnents, nutations and

homol oguesyhayhdgs t he 25 sane biol ogical activity i.e. ovubalingg,/oR4! ating
activity. The protein or polypeptide of the invention can be iso? ated from

a natural source, produced by the expression of a reconbinant nucleic acid

nol ecul e, dr &h ABPdjMERiE drvesden Provides F ganetimarksnior DNAgesistes\sclectiom
v e e 1 e o T 8 LRy I EL S U
owlat 1 on 1 at 6 165 Oet EaRcial mblghs TRERERC THEHBFOEh DTS TBoohal Vihod
rnay compris (e%%qg%{y a%ﬁc?ﬁfo!%%gfg?coﬁ%nqlﬁ?e ehice 2 Qri‘?{df ﬁ&%%ﬁ(&ﬁ&%&fﬁpﬁ%@@ﬁ -ed

or wildtype or ant or a ereto, or avarian
Preferably, t u j : 1 f Soi i .
sterili tyyi n tg ﬁ}élg?%h%ﬁa%énggnm@g#%hgatﬁ %éégsg‘%%%fstﬂhgtnﬁgﬁpﬂ a ?Ili)’ ggﬁgf"? gern,tlf}(’)r

antigen oig mylgkrek fafanfBn i Tia0H @Rinkd1SthhCME hssBEiaRA HARPRBM sy ffafifh or
GDF-9B. 10 An additional aspect of the present invention provides a |igand

whi ch bi nds t gtefilipobfyiepPirighal. oAlthéighi thyenlatigits ndySiot wetkbdrily giveqiseitgangl i s
an anti body. It should be appreciated that the term"anti body" enconpasses
fragments or aradasglerilgionamisiepiticli test didecdy) thegtvall be chselgtlehbughyasdooiateidndith o a
pol ypeptide of the invention, including but not limted to Fv, F(ab)2
fragments, Sciivo podded uhekaian@he methbikley witich thase sdgudycernayiahts afe iepifiedaronal
or nonoclonal, but is preferably nonoclonal. In sone enbodi nents the |igand
may be a phagén@wsphabe gl aad|iaclude dur drsgot bmited (et Frstrickiop deagmenh dangth s

D el o FRDEL AR kv St AP £ oo b i o
th I ti h i tion. f . beinclyded in t 20
e e oY B Rl S oh"met B LA o7 g oA iR S GBI Smbr 'S
ol ngl o (net HPgsydetels QARTRAREI R B SmaR R TR Se TRRadgs Sl
conpr i sing. 260 e ST AR ordile ARIGEE B OEBLET i on of
GDF-9B; and optionally one or nore of buffer salt solution for the

anpl i ficati onThgpelypestiddGRap®elprdduesd b Bxpre AR MLGTiRBle WiRtdFcsingfififig the
t her nost abl e DNA pol ynerase enzyne;
20 nucleic acid molecule of the invention or a functional variant or fragment thereof, in a

suitable host cell as would be understood by a person skilled in the art.

The cloning vector may be selected according to the host or host cell to be used. Useful

vectors will generally have the following characteristics:
(a) the ability to self-replicate;

25 (b) the possession of a single target for any particular restriction endonuclease; and
(c) desirably, carry genes for a readily selectable marker such as antibiotic resistance.

Two major types of vector possessing these characteristics are plasmids and bacterial
viruses (bacteriophages or phages). Presently preferred vectors may include the
following: the pUC, pBlueScript, pGEM, PGEX, pBK-CMYV, lambda ZAP, lambda

30 GEM and pSP series. However, this list should not be seen as limiting the scope of the
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19 WO O1/8926 PCT/ NzOL/ 00073 5 control DNA fromthe species being
tested; appropriate standards; an apps opriate detection system which
coul d comyd @esene of the prinmers in each pair being | abely 7 scently
or ot herw se, e; | abel | ed probe for detection of the pr oduct(feﬁgndlw%g%

instructigns and pr otocols for the anplification, and subsequent detection
of the arrp{'i f PRESRf BYOPYYYuct s and interpretation of results. The invention
al so provides a kit for detecting circulating nutated GDF-9B protein in a

ormat kit 1 antd PV TP ERTRGSr 3 Bl rns <P pF a0 GEFHEORaR0k,
Ctanaard- secoties it Riteete s EMEIE b LB ST FLl

The anti bodi e&&ﬁ&?&gﬁ&a?%lﬁ%?g@nstﬁr Hch# ,%ﬁ%&géteﬂrenﬁatﬁgli ﬁﬂctfdink’(gipﬁﬁna]

chem | um nesce or the secondary anti body may be | abell ed.

Appropriate skina@RSeqe@idbd Bhongse et SThd BSlkEtiht 6OME RAIPIRLEEE!tS Benay
al so be supplied. 20 The invention will now be described in detail by way

of referemre maluded in thBexpiebdionweegr idependent om theeygaengll hest aridstceliatended
Animal s The animals tested in this study were from AgResearch | nverdal e
br eedi ng f | octosbelusedfadxatessihg therMM¥Amay Agricul tural Centre and Wodl ands
Research Station, and from 25 the comercial flocks of M Arnold G ay,
Oraw a, Sout hl and %Gray and Davis, 1995). Al Inverdale carrier animls
wer e descendafererdly, prasapyptigyiyazst of mymmgHirecediareusoiel hosts. Alihinghrdedwithin

I nverdal e gene was first detected. 20 . WO 01/8,926 5 Phenotypi ¢ .
measur ement s PETITRARISES D PEsKt yeckars- sYuitable REpcagyQsic hpsls “H-'é‘f‘griigﬁjécg—aé‘a}mlﬁ

| apar oscopy to identify.infertile.ll ewes, or,ovulation rate to distifguish
S earrTore f SHES e ity Preips S basndetinasy Copofly L pRies sifhras -
assi gned b t ﬂgtapn%e' ?pegfcilﬂ}{ﬁgc%ﬁfpﬁctro@ (%c) %;01{1&811 srystems are all well known in the
art. Any available promoter system compatible with the host of choice can be used.
Vectors used in yeast are also available and well known. A suitable example is the 2

micron origin of replication plasmid.

Similarly, vectors for use in mammalian cells are also well known. Such vectors include
20  well known derivatives of SV-40, adenovirus, retrovirus-derived DNA sequences,
Herpes simplex viruses, and vectors derived from a combination of plasmid and phage

DNA.

Further eucaryotic expression vectors are known in the art (e.g. P.J. Southern and
P.Berg, J. Mol. Appl. Genet. 1 327-341 (1982); S. Subramani et al., Mol.Cell.Biol. 1,

25 854-864 (1981); R J. Kaufmann and P.A. Sharp, “Amplification and Expression of
Sequences Cotransfected with a Modular Dihydrofolate Reducase Complementary DNA
Gene, J. Mol. Biol. 159, 601-621 (1982); R J. Kaufmann and P.A. Sharp, Mol.Cell.Biol.
159, 601-664(1982); S.I. Scahill et al., “Expressions And Characterisation Of The
Product Of A Human Immune Interferon DNA Gene In Chinese Hamster Ovary Cells,”

30  Proc. Natl. Acad. Sci. USA. 80, 4654-4659 (1983); G. Urlaub and L.A. Chasin, Proc.
Natl. Acad. Sci. USA. 77, 4216-4220, (1980).
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daughters. Follow ng the discovery of infertile ovaries in Il ewes, a
faster method for 10 progeny testing of ranms was enpl oyed by mati ng each

ramto seygjllddedeen |+ ewes and carrying out |aparoscopy ofcfReRyaht ers
at 6 nonths. Any resulting infertile Il offspring confirmthe sire as a

of anli* Ta m%“ﬁéss%% {refigh bl e preeAL AoV a o e R PTERITN Ve
d h 0,031 9 f

Seduonci ng. AR Ssehet RS afireen i o Be PO sPlepr SR aaoits 10
ml of whole blo 0

of al1 subcl 0%32933%°EE§%8%§1”4@§54“&,§24’@§%?6F‘”§ OIS Bt B lorsEMERE 1T

" operated by th guHEE %@%ﬁ%ﬂdhﬁﬁ @s&{ﬁ'ﬁlﬁe a?ﬁﬁ@sa(;me ﬁ%leprés%ﬁ)n

aut omat ed sequéncer ers crosa I nucl eot repeat)

mar ker s whi chegl dqu@itke DN the ﬁ@k}%fé%? E}xe‘@'@s@ﬂvﬁk @msistumt e e bpenfghgsear oh

Mol ecul ar Biology Unit as previolusly descri'bed (GI1oway et al 96), or
were fromg heo{e?étbf ﬁhcﬁpl@rrﬁi&ﬁ‘&@glgﬁtﬁtphﬁgemambdmghd glpwlﬁiwxemofdes/\bmﬁét%ﬁi wer e
mapped on to t sheep X-chronosone as previously described 25 (Galloway et
al ., 1996). Pflidsphqhdef &.gaPlicdnthenpdometstsrof e yeastdipheshAingffacios nand @obmeBrsgene
products Standard conditions for Polynerase Chain Reaction (PCR)

anpl i fi cat i ondeiveddrmmpolybiva, adenevinsertiroPirisyend simsarevidess ¢.gnid etnlypand late
human and nouse sequences (Galloway et al., 2000), and shown to anplif

gene fragnent Brospsers o5 Syi40yand @hﬁrssl%@@cmknowt@cenvrglstb‘zexmessmzzﬁ gengef073 5
DNA.  PCR products cgntaining the si n%l e nucl eoti de nutations re di gested
with commerci arpkwav‘aﬁm%wrwé@@ﬂlﬁq dhelk Kisysse or epabmatns dieredly/ or  Xbal

usi ng standard conditions recomended by the rranuf actur er PCR pr oducts and

2 - sof R gaPOREERREA S A BT b ARl BRleaS B i s, s
égni’e?‘n‘e?ﬂ“?h Gobith tth%'g%'“nverdﬂ?mﬂ@?ﬁ%nﬁééf@%ﬁ? B R Rt

Fecx+) from P, a{] %55‘%(&5755 ySihls!| QURY iR euBh -as a%@QQélud@rwpo%@ﬂtg%ﬂé‘s' ’Lﬂd"\@tﬁer

carried out on 37sequencer. W\ cont Pried the 'si ngle

substi t uti onsddyctAREKBRIE WHchISB@IE: %e%tﬁ@&ﬂéﬁir'&ﬁaﬂg@@ aﬁt!'&btﬁ@re@i@tdﬁd%gmﬂ% on
fromat 15 least six animals carrying each allele FecX , FecX' and
FecX+) . Asi deliltd. O dridréfefr¥divedtor, @@ - gzbaaeslaagbsépomf p@ieds (léadgwhﬁa géae &nd
2b) only one other variation was detected in the GDF-9B gene in sheep,
nanel y a 20 ngdsedtghle dyddongsCKhjbiteg ettilenpldnotype amr Xtdal platest h#hsi fgeititates
sequence in sone aninals (refer Figures 4 and 5 The Leu deletion is not
associ at ed wi $ehectionheln me eraleodiment, faec R-gaddctasidase gamnel mgypbarreplaced by a
breed-rel at ed. The FecXH 20 C-~T substitution results in loss, of a BsrSl
restriction spel qdaﬁr@?cgﬁangagf@eg&ihwhogena JSrﬂ@FeCEﬁbleebY &hones gxhibiting (’Ed’mlff’r med
this base substitution b e of a 541 b

pr oduct spannl?s’lP‘Fé‘o’@ﬂi’f3 q?‘:é%?tﬁ‘ﬁ ngﬂgg’gl @Hﬁ?ﬁlgct’ioﬁ BRé eI""IﬁécXH
femal es and Fec &8 4BUL, 5&3 r& dvmldtype animals. I n sheep
carrying a co%sf frn %En 59?8?@‘%(%80 1pa é’&"}&zﬁs all three fragnents were
identified (541, 476 and 25 65bp). Simlarly, BsrSl cleaved fragnents
occurred jor Bﬁgg(selééﬂgi Whd eorie 'U@L(ﬁatg&”froﬁpﬂle ?ﬁ&/re dsfe dofificke prgcéMesby

PCR product from DNA of FecXl carriers (produced from priners:

( GAAGTAACCAGT abh GoreekeA atwIdkirbeton folbWed by pﬁx@%&%ﬁTGGGAGAATTGAGACC) ) 22

For expression, vectors containing the DNA of the invention and control signals are
inserted or transformed into a host or host cell. Some useful expression host cells
include well-known prokaryotic and eucaryotic cells. Some suitable prokaryotic hosts

30 include, for example, E.coli, such as E. coli, S G-936, E. coli HB 101, E. coli W3110,

E.coli X1776, E. coli, X2282, E. coli, DHT, and E. coli, MRO1, Pseudomonas, Bacillus

16



V~' 0O 0118592G PCT/ NzO1/ 00073 5 generated a foxced Xbal restriction site.
Xbal (t/ctaga) cleaved PCR products generated from FecX | FecX fenales and

FecX ~ malgg opadshyi Ng the A allele (tctaga), but not wldt " PCR
products carrying the T allele (tctagt). Thus Xbal cl eaved¥?ﬁ@%g§&g§( PCR

product to_a |24 by fr,?grrent__by removi ng the 30 nucl eotide priner #12 only

in FecX car rise¢hsas Bacillussabtilis; ppdypirentoravaes. wifableeticasyatic ells inpindg) yeasiond of
PCR 10 products as specified b he nu tucers fragments _were
separated in @%*E’@gﬁ@?%’haﬁ"“}%ﬁé}és@c @éégféﬁﬁ&gﬁéﬁﬁﬁ%g“’%‘t%ﬁ@ gsue

construct ed agiﬂeep X-chronosone genetic |inkage map by nultipoint anal ysis

_using CRI MAP Wevi ously described (Galloway et al., 1996) and nmapped
addi tional 15 markers MACA, McMb51, Gar MPI , and TIMPI (Gl loway et al.,
2000). FecX 59 di.l lnv.er ' : pi
famlies gene?g%gﬁ§7 %&ﬁﬁ\gowg’cg%&&lﬁﬁ%ﬁels %?gggéé—%léﬁ%gﬁt %/tglgdard

femal es to produminge aBﬁ%oggiﬁt]erQOHﬁh ReaK If&g%&&g&@é Qr A 4R thd? dddin

second generation. These emal es produced 96 honbzygous FecX | FecX' or

het er 0zygqos kebstadifaBéeXtwalB ik alplugtieaymdit @roce®! (€8hém) SAP PRoLebfifck, NafiBidaes -
We determined carrier status of Inverdale animals by | aparoscopy to

identify FecXAcudensy of Séiefide] USATEONEI1019TY)) iy fbe caelyycde Hor mginandlian cells

| apar oscopy of female offspring to identify FecX ~'" ~mal es. Parentage was
confirnmed w t wigenesuch calhmalls theaaldiual phospleax preeipiatidnanethed oS@daamnt entd Vant he
third generation were full siblings of FecX | FecXl infertile females. No
DNA was col | edesdEbt Vamiogh 82816 GtY/Bkispestertass Transformapiong inrysest geonling ioghe W
mapped GDF-9B on the basis of the T--3A nutation in the gene coding region.

RESULTS Sequenesthef p¥an Selingom of ah st I 38nu(1997x and Hsine eealnBrageedipgspt i de

f dal d ' . Th d
Fegion a1 99 1 NiaaRlAFeErof Seebenr SoBaL (B Tn 23 WD 01185920
PCT/ NzO1/ 00073 5 exon 2 (from 70 bases 3' to the human/ nobuse intron/exon
sheep |1 nes vaPROrpaREHAh o i bR RS R AR aprroRHE SRS df BpdgRE o
S q o ool . . i
matur o GoF- 9B PER EOded nilerbdlth Hilalf 1 5fi SRl bl By Hublioh 03
one within thgofanng ?ﬁ&'f;&%ﬁe?ltiﬁg&i%égﬁd@%f thd hvk iéﬂﬁﬂgﬁb@@étgﬁé@ogéﬁglgggséags_

nucl eotide at position 6 eotides beyond the mature pepti _ si ng
site is a T. TRiigdiefby abbve.t Mhe GBHPBpH{RCHH pHIdBAS ftldn da8verd BRI parifled as

glutamne (QG) to the codon TAG (coding for 'term nation), and would result

in a truncat eceomtarye Recoteey and purifivado®Bbin be achieved using any of those procedures
known in the art, for example by absorption onto and elution from an anion exchange
resin. This method of producing a polypeptide or peptide of the invention constitutes

a further aspect of the present invention.

Host cells transformed with the vectors of the invention also form a further aspect of the

25 invention.

In addition, nucleotides.and peptides having substantial identity to the nucleotide and
amino acid sequences of the invention can also be employed in preferred embodiments.
Here “substantial identity” means that two sequences, when optimally aligned such as
by the programs GAP or BESTFIT (nucleotides and peptides) using default gap weights,
30  or as measured by computer algorithm BLASTP (peptides) or BLAST X (nucleotides),
share at least 60%, preferably 75%, and most preferably 90-95% sequence identity.
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In Inverdale aninmals the T nucleotide at position 92 nucl eoti des beyond the
mat ure 15 peptide processing site has becone an A converting the codon GIC

(am no aciypy¥psdone (V)) to GAC (amno acid aspartic acid (P%')"/N(Zﬁi/QME? 3a).
Yeri~ication of the single base substi tutions These single

substitutipons_h ve been verifjed sequen east 6 anjnmals, cary |ng
each genot‘(\?pe {eqr?'i’}ééfﬁsé@‘t‘-? Pq&l&i’ﬂ’i‘éw aﬁ%ﬁ‘)tc‘ ?‘Pt?@fé‘de GORSSTVative JMing;

the' tnver dal o SRk EfEetal Al fnndouafiulal oS Gindho ik MRk PRl Ve

he T dal
. Soquencing | aBRBrT et Sl ARRER: A REnGINER) § Moot bEBrobBl B or dptein,
pedi gr ces (+ PATEAT Ae g Pafuihy KA SRR G IR SRR ST TS v -

. Y-chronosone). Nunerals indicate the nunber of tinmes an independent
sequence fromrhigimanhii@le’ AA8BY h&bﬁ%élﬁ&s%Béléfé%ld&h@e@ﬁ&%ﬂ? Wtyga tidag b 24
WO 01/ 8592GPCT/ NZO1/ 000735CGenot ypeAni mal Hannal nver dal entCag aggTc
(wt) gAcl Y10 anpéplidas WaviagBabatahtihl gt Pood1thd Sdddencsst tiBSivihtioanidBAhiiaht
ewe713322H ewe714| 2222H ewe4865111115H+ ewe7151 ~1111+ ewe2682111+Y
Rommey 761022 +maRoesmbfR88 4R@lificalomobhg 958 22aeiestide on amino Z0idlseyuduse bypodd022++
Merinol2111 25 30 35 A restriction enzyme search reveal ed that the Hanna
base subst i t umodiicationiaseaseionp subseimigmer dalesipnyone pr woreagieaiides oa amino
renmoved a BsrSI (actg/gn) site around that substitution These cleavage
sites were coffify ppd WY@ér?oF\@t‘?aHﬁoﬁ@lfflﬁ&tvaﬂﬁ& g temciyarianty EOdBP]é‘d?So

fragnents i n PAmlRaORSeatRS S Bibdise ?4 ep u'gﬁ{‘fs RS e i ek

f. both.the | d I both th
Sa1bp andl 6B TISRR foad bR P S50 Dy et sitEsnt o
cl eave frag ne@%bt%ndl a?g}n k%cﬁgoqls den?e'a' xSS(ﬁEBt §5°{:£X 1d9tp&atttngv{}qaa§i|§%§$a ?J'OWEd

a m xture of enzynmne c eavage si are genera noved

from around t /4R ﬁﬁ% i r&aﬁﬂéﬁ‘ ra"iéjglszf i'efrfdfe' Rkl Whe?@s&hfaWaﬁﬁﬁ iflekited theTer .

was generated whic uces an Xbal cleavage site (tlctaga) Into the
product gener gi@sbtideQBipance BVME dafhwv BNAak ﬁl,telbalhpg}@,snaaelw Tﬂﬁsm&an&h@arﬂg?
product containing the introduced Xbal site is only produced when the
I nverdal e A neffeitddby $ytisBof e DNAdor 15 Iﬁ@dlﬁbﬁtﬁﬁﬁﬁ&he Rativa DNA Offor ekdraplgpe
animals. In 25 WD 01/8,926 PCT/N zZ01 /00073

20 by site-specific or cassette mutagenesis. Preferably, where portions of cDNA or

genomic DNA require sequence modifications, site-specific primer directed mutagenesis

is employed, using techniques standard in the art.

The term “protein or polypeptide” refers to a protein encoded by the nucleic acid
molecule of the invention, including fragments, mutations and homologues having the
25  same biological activity i.e. ovulation modulating activity. The protein or polypeptide
of the invention can be isolated from a natural source, produced by the expression of a

recombinant nucleic acid molecule, or chemically synthesised.

In a further aspect, the invention provides the use of the mutated GDF-9B polypeptide,
which has the amino acid sequence set out in figure 3a or 3b, or a variant or fragment
30 thereof having substantial activity thereto, in a method of modulating the ovulation rate

of a mammal.
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5 this case the PCR product is cleaved by Xbal, renoving 30 bases, and
resulting in a size change in the length of the final product. Inverdale

DNA st randye g AGACAGCTT. . 30b PCR priner ending-tttct P?@flhhci@%@ép?l cut
site tctaga in final PCR product 10 Using this nethod PCR fragnments trom 2

HY, 1 HH, 2 +Y and 3 ++ ani mal not_cl eaved b |, while f t

From 36 |15 anth Soppd oo RGRe Acmmistoses [OAte Rl 2 SFSEhNR HEPGTSHousd
i xt f d tS.. ted f.

het or ozyqot est MG AL RbERRFT o b RORERL dviefR «BRGS EiBls e

GDF- 9B gene sequences from cDNA and genom ¢ DNA, using priners designed

from human, npuUag.@ Qt@hﬁsmmugp@e%vﬁf;?bh WRVeofipridbs 1nd39§gét83_ﬂﬁ%ggnge§p

gene is simlar to human, nouse and rat (Laitinenet al.,

al ., 1998; Aafchiehatimalby thel @BPnistaddd SMiSind3br, or AR of Whilthted EISF-9B
features typical of other nenbers of the TG(3 superfamly. The full-length

1179 by sequefGededape&sePofddogibidmatied GOF@Bepr opepti de (Figure 4)
spanni ng two exons separated by an intron of approximtely 5.4 kb. A 25

am no acid predicted signal peptide precedes a 244 am no acid proregi on and
a putati vi® 12Anamidittorat iasheCt bErhel prasenminvendop gpdvides a dighmh whénhobidds e aRR. AR
prot ease cl eavage site. The sheep coding region is 82. 9% honol ogous with
hunman, 78. 8% mlypeptidasy tha investion Miostrusnally, dhe ligandniggineantibady. | Bvshouldds e
al so sequenced genom c DNA in Inverdale (FecX ) and Hanna (FeCXH'%pd'
carriers (Fi gipsesiyted thatthgdere ‘@nithodyy apcompagses fegaents avanalpguesfjapiibedies7 of
the mature peptjde coding region, of FecX~' carriers.introdyces_a prenmature
stop codon inwb'ﬁg rﬁf%éleoqbﬂg&mg’fﬁ%maacpéiym@t%ﬁtofaﬁﬁ YRty HQliding bub ot
(residue 291 of .th np. ed oteLn) .. .Premature trungation so early in
the mature peﬁlpftﬁ%%i) EVFgéﬁﬁsfia&m‘a’Bér ggﬁtvs;"f’h?&% a{x%t eelélfﬁ‘{]f AnLobeRy 5‘2@19%8926
5 10 15 20 25 [ NZ01/ 0 | I | 0s f - f ti

di stinct f;kl ngllj cgl)%lrl? IE% (?’Ilrrgééqc ??hgh%ggg rrgi%%a%lkglgipagréa??ﬁg%gmg;é ﬂlﬁoggﬁxg%n[tét]hee
position 92 of i gle. tation substitutes the valine (V)
W th asparti lel%lé&hgn%r;ygﬁhggg}ﬁgg@I@Q@% due 299 of unprocessed protein).
The FecX nmnutation is a non-conservative change in a highly conserved
region of theapRtiRigho aAhkhQtabRCt, RO & FroRilded BeoﬁﬁEﬁﬁoﬁwﬂﬁﬁm dt¥ledst ei® a

wi de range of species contain only the conserved hydrophobi ¢ am no acids
val i ne, i sol epulypeptide of thednveatiat ardhd shapnsietiically OFveeriearily accéfastie cayrief or
GDF-9B in sheep Xtt order to locate FecX we generated a genetic |inkage
map of the shdbpnX- Marensome polgatitideay thetinudntion 89 6] ¢covased bevenchuiee imtheped
the FecX |ocus between flanking markers 10 cMapart at the centre of the

sheep X- ¥ onegmPasitid.gure 7). Linkage rel ationships with the Inverdale
phenotype were observed in a famly of 177 animals in a threegeneration

L Sared 1 hacoriis M rortReri Pl BE e SRRl HVRIOR (P 1At TRAE KL ensc
ith h Xpll.2-11.4 th i t ai.ni PHKAL | ST ATP7A

Chuman ot Pigadyi ke 308 riie bfpRRY R FERAnE b ous somy SWaan e

two groups of f&ﬁﬂ@écéa%gg[}gigfzgo&&yg%@%@géﬁ @é%ﬁ%&%ﬁ?ﬁéﬁ’ﬁu&é}c %&&r&&%& and

nmouse Xchror nosones. maps t0 a syntenic region
of the nouse ¢ RbLAREGNR OfIAURG et al ., 1998; Aaltonen et al., 1999). We
have mapped sheep GDFO9B into the sanme 10 cMinterval as FecX in our

| nver dal e mappi ng pedi gree, and found no reconbi nants between the FecXl
phenot ype2sande BMPbrirbeOpsirs §r aniplifieation od theRppropridte Feich (TEIIDE-OB; ardfoptioddBl e 2.
Tabl e 2. Linkage of FecX~ to genes and markers on the sheep X-chronosone
Mar ker Nunber of &8fk ommortnfnants Co-informative Reconbi nation

. buffer salt solution for the amplification, such as PCR amplification;
. deoxynucleotide mixtures;

o thermostable DNA polymerase enzyme;
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nmei oses fraction (8) Lod score (fenale) 27 WO 01/8a926 5 PCT/ NzO1/ 00073
TAA68 7 176 0.17 4.20 MAOA 2 ~ 143 0.15 1.49 McMe51 9 196 0.07 | 1.61

GDF- 9B 0 w3y sexg- 18 10 TIMP 1 0 177 0 12.34 TGA54 0 170 Q-ARzAhebRr VP 1 1
206 0.01 18.79 ATP7A 1 147 0.08 2.08 XIST 2 148 0.13 2.20 15 PHKA 1 4 176
0.08 8.47 Car AE133 5 211.0.07 14.57 CRIMAP Two point |inkage analysis to
FecX pherotybe ifPnt P&%f@%ﬁﬁ?%&%@mg&%ﬂ;m si gni fi cant sequence

di fferences were found between the TIMPI coding DNA of w | dtype and FecX
sheep and ide.nti ficati oag otf %ﬁiubsequent reconmbi nant anmong 20 additi onal
FecX carrier$ el TRATARIEES MBS as a candidate for Fecx . ZJse of Isol ated
pol ypepti de and anti body to mani pul ate ovulation. An E. coli -derived

mature proteip of - 9B 1.S] il . t. i.n SEQ
TD No: 10 vs®chel T oS Sy ich R, SRAHRRGH: B Bliniin bl

. hHaenocyani n (KLFD?ai@HQnéSPbél%eﬁrf;u'o&@&nﬂg SFBQHMée? a SRR ES B0 o U Hon JFHHY) Was
25 i njected subcutaneously (sc) 1nto anoestrous Ronmney ewes (0.4

ng/ ewe) . A furtheprodct; afy © 01 /8,926 PCT/ PTZ01/00073 5 9 anoestrous Rommey
ewes were injected with KLH al one (sc) in FCA to serve as controls (0.4

ng/ ewe). Thereafter all animals were injected at nonthly intervals with
booster aldigen (insfluctionglarivprddcols-fobiRRBnegplifida@omyghe swbsiieht datectiofvpdthe
Tween, oil adjuvant. As the ewes entered the breedi ng season, sone 3-4

nmont hs after i nitamplificationgrodwrisnind aterpngationhef resultval s showi ng oest rous
behavi our, as detected by a vasectom sed 10 ram w th marki ng harness, were
subjected to a | aparoscopy procedure to visualise the nunber of corpora

utea (i.e. oVhgi : ag 6 ' . ithe
| (i Vg Wventionsals@prpvises & ki ferdeteptiag sfrenlpiénomutated SDESBaowin ithe 10
KLH GDF-9B treated animals and all of the 9 KL reated ani mal s showed
0estrous behadMBTKNAlTRECHRAATSY PR ? Standad E’-ﬁ‘sé‘ﬁ’é RPICDEEONRY P
i mmuni sed shegp_.which showed. oestrous activity are shown i.n Tahl e 5
Tabl e 3. NeanthUARLE S ase hE AR T et SRR e gt Poui ng
repeat ed FmTu ' | | YhHe I .npe i—?gﬁg ' : r, Khtd o
conj ugat ei toﬁﬁg%?éé tgc?%%l\%nh@&egr essgﬁ B Ba%m [ ge@sg&ﬂm@ﬁh&o& arrlﬁlhlf'lcatlon
components to enhance the signal. The antibodies may be conjugated to a fluorescent
or radioactive or chemiluminescent label, or the secondary antibody may be Iabelled.
Appropriate solutions, controls, buffers, instructions and protocols may also be

supplied.

20  The invention will now be described in detail by way of reference only to the following

non-limiting examples and drawings.
Animals

The animals tested in this study were from AgResearch Inverdale breeding flocks
located at the Invermay Agricultural Centre and Woodlands Research Station, and from
25  the commercial flocks of Mr Arnold Gray, Orawia, Southland (Gray and Davis, 1995).
All Inverdale carrier animals were descendants of the original Inverdale ewe (A281) in

which the Inverdale gene was first detected.
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Tr eat ment Geonetri ¢ nean ovul ati onNunber of sheep show ngrat eoestrous

activi ty(95% confidence rate)KLHL. 4 (1.2, 1.7)9KLH GDF9B4.5 (2.7, 7.5)7 The
KLH-GDF g@hs showed a highly significant increase ipawtoaiobed rate
20 conpar eg to the KLH control animals (p<0.001) ANOVA. +Evi dence that the
i ncreased ovul ation rate in the KLH GDF-9B ani mal s t hat showed oestrus was
associ at el wiRhenatypiemessirementioonse to GDF-9B is shown in Table 4. 29

VWO 01/ 8s926 10 5 Tabl e 4. PCT/ NZO1/ 00073 Mean (range) antibody levels in

sheep pl asma before or fter at ed : el §h KLH
or KLH conj udsAreer sttﬁtuér‘i’ Ewe%?{la? %mlg%%g%ﬁa‘%%édﬁgtq ?J(r?&een 5 éégfgﬁheeva ues
present ed show he abs tvi4 Q;grﬁgl%nts the | evel s of

anti body to (ﬁj’é%@ f?@g?ﬁésﬁf‘ﬁi%‘g}%%g‘e‘ m’runeﬁfpkﬁ 3<0. 3KL, H GDF-9B (E.

col i <0. 31.932expressed mature protein)( 1.454-2.613) Antibody |evels were

neasured by r r 180N PhePbRASBE o tfordidtest 681thkir5000.
The ELI SA net a1§|%1|lgl\% v%%ﬁggéa\??sﬁ%&&rr 1 \gmr(la plate with 100 ng/well of an E.

col i expressgdf %LQ FloﬁPQIr% b8 eAp Qf inﬂﬁtﬂé&i\ﬂaﬂﬂs I bwds)@ fasterahettiod dered

sheep pl asma and assay buffer after appropriate bl ocking

t r eat nent 10andprgggrg&§§dn\g%f 1hmywah@aploféd By miivegdaah ram tordevén toten hewes pidasna
and several rabbit anti-sheep HRP was added for 1 h at 37C. The

wel |'s were t hefrynpsdiethpanscapgwethe deaghirs it ompitbn yinynedltagiiniertils Bothprngogen
peroxi de with devel opment being stopped with sul phuric acid. In a separate
study to denoemtfiratthetsiatasa davreet Tamaim was foproduge Ve drushises % IR, 2
i nfl uence ovarian follicular devel opnent, 10 fermale mce were

eQ‘g&SBY otein

i nt raperi t onepiobgbilitypdf au Phramnhaving gp daughiers Yl Skl PRATSS & SEEP

(0.2 mg) in FCA (0.22 m), and anoth femal e mce were immunised with
bovi ne al pha d@é’@b@rﬁﬁb’@@—w( js ¢t FBJQQ 10.22 m ip) to serve as controls.

Subsequently, 3 booster injections of the appropriate antigens (0.1 ng at

first booster_and O &9 ng at .second. and 25 third booster) were given at 2
week i nt eFval PNAPUrigsanonapd S9MIPRE { ure and the 30 WO 01/ 85926

DNA was purified from the white blood cells present in 5 to 10 ml of whole blood from
each animal (Montgomery and Sise, 1990). Sequencing of all subclones and PCR
products was carried out by the commercial service operated by the University of Otago

Centre for Gene Research (ABI 373 automated sequencer).

20 DNA markers

Microsatellite (dinucleotide repeat) markers which amplified DNA from sheep were
developed within the AgResearch Molecular Biology Unit as previously described
(Galloway et al., 1996),' or were from the cattle and sheep genetic mapping literature.
New markers were mapped on to the sheep X-chromosome as previously described

25 (Galloway et al., 1996).
PCR amplification and restriction digests of ovine GDF-9B gene products

Standard conditions for Polymerase Chain Reaction (PCR) amplification of genomic
DNA were used. Primers were designed from the human and mouse sequences

(Galloway et al., 2000), and shown to amplify gene fragments successfully from sheep
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PCT/ NzZ01 /00073 5 aninmals sacrificed 1 week after the final booster.
Thereafter the ovaries were fixed in Bouin's aqueous fixative and processed
f or mor phwoeérssezéanal ysis. The total nunmber of grow ng ovapdpRzen®es ral
and antral follicles was determ ned using a systematic random sanpling

procedure. T a re summarjsed i,n Tahle 5 Table 5. 10 Mean nupbers of
preant r al Sangﬁgg‘r ?g}lgpqul%lf:tépgg%af%ngrhﬁs%n%%g}lglggu O?P%\E}AO%WFMW% YO with
ovi ne GDF9B o ' . ' e .ant

ol 11 ol escoonstne ARy VR PGS Tharb Saaly B S ARDLE XoaP beiflg afbara

i mts)Preant 3 ' IP@F?' :

~ 11S) Preantr al é@?ﬁ%ﬁ@%&%@é@@@%ﬁfﬁ?ﬁ %’ﬁ%éfﬂ%gé i?%%%?ﬁ%%@?é%? frf) rg%nr%t ral
follicles in ﬂgﬁeu%&%_iaér@iﬁeeey BRLIEHLDAR SeSdratinfth Qanid Eé%_ér@%?gelst dlerpsidaat in
t he bovine a-1actalbumn treated m ce, p<0.005 (ANOVA). There were no 15

. significant d&cﬁﬁlﬁé,@m@&vgﬁwﬁgwﬁﬁﬁamaﬂcats[rent groups with respect to the
nunber of antral follicles. 31 WO 01/ 8592G PCT/ N 201 /00073 5 Evi dence
that the differences in nunber of preantral follicles was associated with
an anti bddy rsapensimgtand®itAidn BetactidoMetlvetls The nean (range) anti body

| evel in nouse serumdiluted 1:50,000, follow ng repeated inmunisation was
2.18 ( 1.28-2.90) whereas all mce immunised with oc-lactal bum nIhad no
response (i.eWesgquenyred thasheeptGRBEP senk ieal] threggeagtypescdnveydalh Eecibsidamance
at 490 nm were npeasured by an ELISA 10 procedure. In a further study we

i nduced sterifea®y ppd waldtyeefieckypifiRinsPeY tfragmemtsi(Hrldewat b wl-of208%), #8di gen

X T L

i i ne..CO~ 9B i i i
SURRRISLAN T e M N R T Rt
to gener Eﬁ%&%ﬁ?&}dﬁﬂﬁ s¢ 5&{%@9& %@&eﬁ%&&”ﬁ& na‘%bJX*Z.e,&’siﬁ@ﬁém the FecX”

SEVPGPSR anoesttrous Romey ewes were 1 njected

with 0.4 ol eyerok! She sifhbinGERs BRentd d8 2BbhSR: bilaPEHAGh SaCRIRIEHS

adj uvant, and 9 anoestrous Rom ewes were injected wt .4 ng/ewe KLH

antigen as a ;eUIFRRLBGEAIR shédp) BRAG AlsingleA cuBAbMIOTT)HeRS 68 aBL FNoAL A0in
occasions, the animals were boosted with further antigen (0.2 ng/ewe on

each occasi ongheisignal ssgasicé e esrhe rhinmlx {refee F(ghigds adl HeThe Das daletiby id yot
nonitored 2-3 tinmes weekly using vasectom sed rans. The ovul ation rate as
assessed by | aspaniaied o citis tiexBriX{od Fact aldes, andappehs bored-rehatedf TheaFed¥Bost er
treatment. All 9 KLH treated ewes di splayed regqul ar cyclical oestrous

acti vi ty 20whefCea? sobdtijutiongesulis 5 loss efeByrS] rsticODFsigH agig(em) aed gaie af @ dpel

ani mal s showed oestrous activity.. The geonetric nean garjd 95% conf i dence
limts) for oVGI(&ctagh- W&tcsnflﬁnft%wk@ﬁ? Fibstitugen By fempnsirakiag pal cleavage of ag)

b6st rous. T he SUAPRIRS R AT GDREEIE B S EIDR S Y (RO IRP R in Fock ek
XH/}’

females and FecX™” males, but not in FecX’ and wildtype animals. In sheep carrying a

copy of each allele (£ ecX'! FecX™) all three fragments were identified (541, 476 and
25  65bp). Similarly, BsrSI cleaved fragments occurred for FecX' and wildtype animals but
not FecX" carriers. A 154 bp PCR product from DNA of FecX' carriers (produced from

primers:
#12 (GAAGTAACCAGTGTTCCCTCCACCCTTTTCT); and

#13 (CATGATTGGGAGAATTGAGACCQ));
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peptide treated ani mal displaying oestrous activity, the ovulation rate was
5. These data 30 unequivocally show that sterility can be induced by the
adm ni st r g @iss93¢ anti body or nutated GDF-9B antigen or a 1\’(?‘1‘/1\126‘1'[/ obner eof .
32 WO 011 85926 PCT/ NZOl/ 00073 5 Evidence to support the clai mt at the

%Z?E?ﬁvﬂoefﬁ‘%ﬁé’av a : tr%&c@lfng%i’f? fi% sbOREAPCR MR B i o
Egg\gnrwel ngg]l?Itsj Cze{%?@?él mfg’ ;fp € anﬁ‘@g;gﬁﬁlﬁﬁéf?‘ﬁ%%?ﬁcﬁgz)hggbaﬁtl asna
_ ;grsuolrjgzhgg ;1(:) ad@g ggg%% Iﬂgﬁ CS "9 net val’ es pr%s)en{] Sd5§ Ceatvﬁé ©

T eat mont b oi MUl CmERILY ““8%9%“3@% B BRI FEP ot AR S

. 1. 085-3.000) éﬂ¥%tﬂePWarﬂ1&¥3|ﬁl PRESHIR W R &Y c@x‘heﬁldugﬁnpﬂi%&ﬁ“gfeP@R
summari sed for Table 4. |l ectively these results denpbnstrate that

admi ni st erg NgpRd@EkadkheRifedd8thé hRntiRsktdramMd Rigetied Werd separael nxb@%yFME t he
reci pi ent ani rral s may lead to altered ovarian follicular activity and thus
ef fect nodul aMeephof agahese@elsl ati on rate. DNA test for mutations. ' 20
Sequence variants in the gene for GDF-9B can be determ ned by a variety of
met hods, well known to researchers skilled in the art, which are

speci fical | y Hidiagaddapping dethpdsy di ff er ences between all el es of the gene.
In particular these nethods can be used to identify the Inverdale (FecX~ )
and Hanna (Fec¢XH ) single nucleotide pol ynorphi sm; 33 WO 01/ 8s92f > PCT/ N
Z01 /00073 5 Yenpdstrugigta|sheqmE-chromasomegraetic SAkags man RHeuiipqiRt 2bakyst t he

T-~Atransiti SSQng? E&EM%P as previously described (Galloway et al., 1996) and mapped additional

15  markers MAOA, McM551, OarMPI, and TIMP1 (Galloway et al., 2000). FecX' and
GDF-9B were mapped in the Inverdale linkage mapping families generated by mating
nine carrier males (FecX™) to wildtype females to produce 62 heterozygous
FecX'/FecX" female progeny in the second generation. These 62 females produced 96
homozygous FecX'/FecX' or heterozygous FecX'/FecX™ female progeny when mated to

20 10 FecX™ males. We determined carrier status of Inverdale animals by laparoscopy to
identify FecX'/FecX' infertile fernales and by progeny testing and laparoscopy of female
offspring to identify FecX”” males. Parentage was confirmed with genetic markers and
all FecX!/FecX™ females selected in the third generation were full siblings of
FecX'/FecX' infertile females. No DNA was collected from the wildtype females in the

25  first generation. We mapped GDF-9B on the basis of the T-—-A mutation in the gene

coding region.
RESULTS
Sequencing results

PCR fragments encoding the entire mature peptide were sequenced from Inverdale and

30 Hanna genomic DNA. The sequenced region also included most of the propeptide in
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in FecX carriers, but such nethods can also be applied to other alleles of
this gene which may be present in other mammals. S anples can be obtained

ei ther framypPMsogs directly from punches of whole bl ood spatiRGefhdesst! Y
onto FTAO paper or fromhair or wool follicles. 10 One such nethod invol ves

2t PRI by AL e SHTEHAEEN 1 5t o
thich hs becldeshapath, SOyt EAARSE ey SRR O
restri ot on sife 486} GLABlecSRA IR 00 S e R sy ) AR nll

confirmed this*base’s titution by denonstrating eavage O z;)a%e41 by

PCR product s [ Risid @9 L QIO 6 AGTRS d
FooXH Peoxt f ootfidns § il P i SDF OB peplet. O ercdaBT R | 410 Iyordale

.animls. In sp@&gre@aﬁaysh@@imirﬁﬁ@ﬂaﬁﬁapaﬁgre@mighezi.FecX'I FecXH) all three
fragnments were identified (541, 476 and 65bp). Simlarly, BsrSlI cleaved
fragnents from FecX~ and wi |l dtype 20 ani mals but not FecXH carriers. A 154
by PCR pr t@lucin Hamra aoiviale thekemilectide ni gisiiof 67 adelestilies beyondnhameatare pepiide

( GAAGTAACCAGTGTTCCCTCCACCCTTTTCT) ; and #13 { CATGATTGGGAGAATTGAGACC) )

gener at ed a f pracessingosite rses (T i31$ opnwirisghe Xpdan CAG (eafig Eorethe sainiRGRcid
products generated 25 from FecX~l FecXf femal es and FecX nal es carr}/i.ng t he
A allele (tctabsming B htn thgiqodey pAGricedinktppicrnivatenie e8d vxeuld resylttine T
allele (tctagt). Thus Xbal cleaved the 154 by PCR product to a 124 by
fragnent by r8HBA" PWE@G‘%&%‘HP? & primer #12 only in FecXf carriers
Figure 8. Products were detected by el ectrophoresis in 3% FMC Met aphor

agar ose gel s cont aining .34 01/85926, PCT/.NZQJ/ 00073, 5 .et hi di,um and
Toartsed undor PGB T RASRE R B0 R ana e FaPhOH ThAR R e
the use ofsfl Ll RS Jaltin o GRON ' | : .or ced
RELP ot b aBOue DA @R DR OmBiah A5y ching NIRRT (il bl
such as the A - : Y] i.9n i nclude the use of

ei ther the Ta?ﬁé%c}ﬁgﬁélgaﬁ lla%géagl??ﬁnﬁgﬁ)gﬁfgﬁgjﬁzd or the SnaPshot TM ddNTP
Primer Extension Kit (insert manufacturers details here). The Tagman

al l eli c di scr vgritRhiion of£tHe! shydle Basty sibstifutiohsol ogy that exploits the 5' -3
nucl ease activity of AnpliTaq Gold DNA polynerase to allow direct detection
of the PCR product by the release of a fluorescent reporter as a result of
PCR. Two prob@&besersingls ddsci subttitetiond kdviededn serified bypséqmenesg ay Jeastnte adifnaly obe
for each allele, with each probe containing a different reporter dye. The
Snapshot syst earryisg pabeaigneinpe fevatidedianng iapd hen-pardeewilidiype). Erchoantmslwag | y

| abel | ed) extension of an unl abelled ol igonucleotide priner for the

det ecti on?®f &avgPEedi dqasiance T30 Vhdp Bt sibset oErmigals ngithen ef thslpvegdaleet i on
met hod enpl oys, mass .spectronetry wher, t he region around the SNP. or

Tt atson s 2RI AR OPCREE LA WA IR O PR R R TR e

t hrough the SNP ar tati.on.in the presence of dideoxynucl eotides. SNP
variants are (S.leeelnégtl_gén%?imf’ﬁg %géciesveg%a' mass difference.

Table 1.
Sequencing identification of single base substitutions in Inverdale and Hanna animals.

25  Animals are of known genotype from well-characterised pedigrees (+ = wildtype allele,
I = Inverdale allele, H = Hanna allele, Y = Y-chromosome). Numerals indicate the
number of times an independent sequence from that animal identified the appropriate

sequence variation.
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It will be apparent to the person skilled in the art that while the

i nvention has been described in sone detail for the purposes of clarity and
under st andwoa1/s¥ai ous nodi fications and alterations to th?ﬁ%@joﬂﬂ%@ts and
met hods descri bed herein may be 25 nade wi thout departing fromthe scope of
t he i nventgve GROEPBL di s@gifpmed in this sprahdicati on and t hepggerded
clains. References cited rein ar&%el i s)t e(} on the o;lgw’ ng pages, and are
i ncorporated herein by this refer&38&WD351a8y - FH1ido26 5 ERENCES
PCT/ NzO1/ U0073YAamt onen, &67 Laiti2nen, M P., Vuojol ainen, K2 Jaatinen,

R, Horelli-Kuyitunen, N., pa, L., Louhio, H , Tuuri, T., S§joberg, J.,
~Butzow, R, I—ééar?lg{, O, Dg?? L. gnd Ritvos, O ( 1999) Hunman growh
differentiati dhewactor 9 @66¥%-9) dnd its novel honol og GDF-9blare expressed
in oocyteggdurgyg,garly fakkscul ogenesis. 3J. CingEndocrinol Metab 84: 10

. 2744-2750 Amer, P.R, MEwan, J.C., Dodds, K G and Davis, G H 1998: Cost
benefit anal yé‘igf%ﬂ“ comreﬂéﬁéal use of thellnverdale prolificacy gene in
sheep. Proceedimg@eof the7lNgsy Zeal and Socpety of Animal Production 58:

| 57-160. BrawJal, R, M y, K,P., Smth, P., ath, D A ,,Hudson, N L.,
Phi | I'i ps, D.J.P,ﬁaei‘? M:Leod%%i\] afid Davi d? G H 1993: The ovafies of ewes
honozygous forHltdwe X-1i nkdd63 nverdal e gené (FecXl'] are devoi dlof secondary
and tertiggry f i.cles bu ntai g many abnormal structures. Biol ogy of
Repr oduct ieign A{_glé‘%S 907.t7ﬂ)g€i S, H, MEwan, J.C., Fennessy, P.F., Dodds,
K.G and Farqdhawe P. A 19932 Evidence for the présence of a hmjor gene

i nfluencing ovulAbi@By r at g6em thepX 20 chronpsonme of sheep. Bpol ogy of
Reproduction 44: 620-624. is, H, MEwan, J.C., Fennessy, P.F., Dodds,
K. G, MNatty™h&pnnghg o2%%¢ s 1992: Infertility due to bilateral ovarian
hypopl asi a i nstieR@pndlonozPgsdls (FecxXi FecXl) for the Inverdal2 prolificacy

gene | ocat,ed o he X-chr one. (Bi ol ogy of Reproduction 46:,636-640. 25
Davis, G Itgl8 é?%gglfm@' D. §%§Rei d,1 P.J. 1994: Breeding inpli c%ati ons of the
streak ovary +Y Merino 100 2 2

++ Merino 121 1 |

A restriction enzyme search revealed that the Hanna base substitution produced a Spel
enzyme cleavage site (a/ctagt) and removed a BsrSI (actg/gn) site around that
25  substitution. These cleavage sites were confirmed by demonstrating that the enzyme
Spel was able to cleave a 541bp PCR fragment spanning this region into 476bp and
65bp fragments in HY and HH animals, but not in I'Y and +Y animals. In a sheep
carrying one copy of bo‘;h the Inverdale and the Hanna genes (HI), both the 541bp and

476bp fragments were identified.

30  Similarly BsrS1 was shown to cleave fragments from I'Y and +Y animals but not HY,

and the HI sheep showed a mixture of both bands.

No enzyme cleavage sites are generated or removed from around the Inverdale base
substitution site, so a forced RFLP primer was generated which introduces an Xbal
cleavage site (t/ctaga) into the PCR product generated from an Inverdale allele, but not
35  awildtype. The PCR product containing the introduced Xbal site is only produced when

the Inverdale A mutation is present, and is not present in Hanna or wildtype animals. In
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condition in honozygous (FecXl FecXi) Inverdal e sheep. Proceedi ngs of the
5"'" World Congress on Genetics Applied to Livestock Production. 19:

9
249-2S2. 3R 018001/ 85926 PCT/ NZ01/00073 5 Davis, G H., MWNZ‘"}O“&’
Fennessy, P.F., Dodds, K G 1995: Discovery of the Inverdal e gene (FecX).

Proceedi ngs of the New Zeal and Soci et)é of Ani mal Production 55: 289-290.
Dong J., A befhis ¢ase thef’CR pjodnstinelpaved by pbpbaepaving A@pases, and geslting invmsize k

MM 1996: Gowth differentiatiaon factor-9 is required during early ovarian
follicul ogene%‘Paé‘.geR%‘E*ﬁﬁ%“&rg‘bog%&%gp@éﬁ‘?ﬁ Dube, J.L., Wang, P., Elvin, J.,
Lyons, K M, Celeste, and matzuk, M M 1998: The bone norphogenic

A J.
Endocr 1 nol ogy Hist g A HER HIrPANGRRRG T 2T ERS, "V *odas, Kk @

Potts, MD., Crawford, AM and Hll, D.F. 15 1996: A |linkage map of the
. ovine X chromagope: Jal dw_ ch 6: 667-677. Galloway, S.M, Canbridge,
L.M, Henry, ”ﬁ‘ﬂ , R an Sftﬁei%ﬁ n, T.C. and Davis, G H 1999: A genetic test to

identify carriers of the ovine Inverdale fecundity gene. Proceedi ngs of the

New Zeal and Speddatys Xba At BRE tdeigadhl EinhIFCR Piodldd- 116. Gal | onay, S. M,
McNatty, K P., Canbridge, L.M, Laitinen, P.E., Juengel. J.L., 20

Jokiranta, T.S., MLaren, R J., Luiro, K, Dodds, K G, Mntgonery, G W,
Beatti e, R0 E. Usiiguhis,méthdd PCRrichgRichtsdsom QHY,200H) 2 Mt atdi rs ahimadrwere not
oocyte-derived grow h factor gene (BMP 15) cause increased ovulation rate
and infertilitleavad by Nbslageils draginents dromnptmBrand N2 1Y apinGds sereccle@Bd. QreodR83
Gay, A J. and Davis, G H Commercial performance of sheep carrying the

| nverdal e 25 gehé’ [Hrawimpls showed ednintyse off cleayed pedvwirdedvad fragmentasas egpecigd mal
Production 55; 294 295. Hanna, MM 1995: Living with the Inverdal e gene
(FecX) in a REFAEIETP1I8EIES: Proceedi ngs of the New Zeal and Society of Ani nal
Production 55: 296-297. Jaatinen, R, Laitinen, MP., Vuojolainen, K,

Aal tonen, J., SIE((])llljemc(lDIig Ell_llid Nfl‘letlamnrll ?)%teq:abn K., 37

15  We sequenced sheep GDF-9B gene sequences from cDNA and genomic DNA, using
primers designed from human, mouse and sheep sequences (Galloway et al., 2000). The
sheep gene is similar to human, mouse and rat (Laitinen et al., 1998; Dube et al., 1998;
Aaltonen et al., 1999; Jaatinen et al., 1999), with gene features typical of other members
of the TGFP superfamily. The full-length 1179 bp sequence encodes a 393 amino acid
20  prepropeptide (Figure 4) spanning two exons separated by an intron of approximately
5.4 kb. A 25 amino acid predicted signal peptide precedes a 244 amino acid proregion
and a putative 125 amino acid C-terminal mature peptide region beyond the RRAR
protease cleavage site. "I‘he sheep coding region is 82.9% homologous with human,

78.8% with mouse and 78.4% with rat at the nucleotide level.

25  We also sequenced genomic DNA in Inverdale (FecX') and Hanna (FecX™ ) carriers
(Figure 5). A single C—T transition at nucleotide position 67 of the mature peptide
coding region of FecX" carriers introduces a premature stop codon in the place of
glutamic acid (Q) at amino acid residue 23 (residue 291 of the unprocessed protein).

Premature truncation so early in the mature peptide in F ecX carriers is likely to result
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Mont gonmery, G W and Si se, A. 1990: Extraction of DNA from sheep white

bl ood cel | s. Keiguem) and Journal of Agricultural Research 33: 437-441.
Mouse Genone Dat abase (M3D), Mouse CGenone Informatics, The Jackson
Laboratory, Bar Harbor, Maine (Cctober 1999). Wrld Wde Wb (URL:

ht t ~/ / www. i nf Mapgting of GBRB9Brinshegb Chno, S. 1973: Ancient |inkage groups
and frozen acci dents Nat ur e 244 259-262. Sadighi, M, Mntgonmery, G W,
Bodenst ei ner, ., and Gll o , S.M 1998: The rowth differentiation
factor-9 naps Iﬂe @tdsweé%caéqnlr’@%% ﬁénasated:@ soetellingae maptoﬁ@ezh%eﬁ X-FremasRMS nal

R TR T T NI N ol
T, Ihtu n?g ' -[O ’cl\/Pf?part dt the cen{re of {Ple sﬁé%y%-clyrbmosoma (Figure 7). Linkage relationships
with the Inverdale phen'otype were observed in a family of 177 animals in a three-
generation structure with a maximum of 96 informative female meioses. Linkage
mapping indicated that FecX' mapped to a region containing TIMPI and MAOA
(syntenic with human Xp11.2-11.4) and not the region containing PHKA 1, XIST and
20 ATP7A (human Xql3). A breakpoint near OarMP1 in sheep appears to separate these
two groups of genes belonging to distinct syntenic groups on the human and mouse X-
chromosomes. GDF-9B maps to human Xp11.2 and to a syntenic region of the mouse
X-chromosome (Dube et al., 1998; Aaltonen et al., 1999). We have mapped sheep GDF-
9B into the same 10 cM interval as FecX’ in our Inverdale mapping pedigree, and found
25  no recombinants between the FecX' phenotype and BMP15 out of 78 co-informative

female meioses refer Table 2.

Table 2.

Linkage of FecX'to genes and markers on the sheep X-chromosome
Marker Number of  Co-informative Recombination Lod score

30 recombinants meioses fraction (0) (female)
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K.P. 1997: Ovarian norphol ogy and endocrine characteristics of female sheep
foetuses that are heterozygous or honozygous for the Inverdale prolificacy
gene (FecXyd oBsshpgy of Reproduction 57: 1183-1192. 39 vgg&%g%igaﬁ% 5
VWHAT WE CLAIM |IS: PCT/1~17Z01/O0OU73 1. An isol ated nutated r9B-nucl ei c
acid nDIecer conprising a nucl eoti de sequence sel ected fromthe group
consisting'of: a) SEQIDNGO 1, SEQID NO 3, SEQID NGO 5, or SEQ mNO 7;
b) a sequence able to hybridise under stringent conditions to the

nol ecul es) in ; C) sequence ichis fu i onal varjgpt or fragnment
of the nnlecuﬂégf&%%fined?in (a); d)ngsequence%?gkplenenta'?8to t he

. ol ecul es) defined in (a), (b) or (c); and e) an anti-sense sequence
correspondi ngpjQoany of the moleculefyy in (a} - (@ . 15 2. fygenetic marker
for DNA-assisted selection for enhanced ovul ation or sterility in a mamal,
, conprising a nucleic acid nolecule which specifically hybridises to a

nucl eoti de sequawissl of cl@aim 1l or tojggenom ¢ DNB.gncodi ng @ gassoci at ed
with a nutated GDF-9B gene. 3. A genetic marker as clained in claim2,
wherein the mamual is selected from 20 the group consisting of humans,
sheep, cattl eGIJoaBs, deed, horses, Zi&nelids, podsuns, pige3.1&ice, rats,
rabbits, hares weasels, ferrets, cats and dogs. 4. A probe capabl e of
specifically hybridising to a nucl eotide sequences) of claim1. 5. A prinmer
capabl e of0spddfilcal Iy Hybridising 1% the nucl e®ide sequéhdés) of 25
claim1. 5. A vector conprising a nucleic acid nolecules) of claim1l. 40
WO 01/85926 PCI/ NZOL/ 00073 5 7. A cgnstruct conprising the nucleic acid
nol ecul es) of TOLA 1. 8.0A host cell’Ohi ch has Been transi®ffed by a
vector or construct as claimed in claim6 or 7. 9. An isolated pol ypeptide

conpri sing angﬁarrggg% aci d sequence s (gct ed from.the group gi??%l sting of 10

a) SEQ )D NO: m NO: 4, SEQ m SEQ m N8: , or b) ncti onal
vari ant or fragnent of the sequences) in (a).
ATP7A 1 147 0.08 2.08
XIST 2 148 0.13 2.20
15 PHKAI 4 176 0.08 8.47
OarAE133 5 211 0.07 14.57

CRIMAP Two point linkage analysis to FecX’ phenotype in Inverdale mapping pedigree

No significant sequence differences were found between the TIMPI coding DNA of
wildtype and FecX' sheep and identification of a subsequent recombinant among

20  additional FecX” carriers eliminated TIMP]I as a candidate for FecX'.
Use of Isolated polypeptide and antibody to manipulate ovulation.

An E. coli -derived mature protein of GDF-9B comprising a wildtype sequence as set
out in SEQ ID No: 10 was chemically conjugated to the protein Keyhole Limpet
Haemocyanin (KLH), and this antigen in Freund’s Complete Adjuvant (FCA) was

25  injected subcutaneously (sc) into 10 anoestrous Romney ewes (0.4 mg/ewe). A further
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10. An isol ated pol ypeptide conprising an am no acid sequence of SEQ m NO
10, or a functional fragnent or variant thereof. 11. An isolated nucleic

aci d nol equd 61/¢880di Ng a pol ypeptide as clainmed in claim 15C”?/NZA@OOO?J met hod
of identifying a manmal which carries a nutated nucleic acid nolecule

t ?giﬂ‘e”& G%f%%%ngé%%a TR, feeonsrancetd i EEFL o, %&A@%ﬁ%‘rﬁ%‘t KIS sl e
. SO . - 9B, . . i)

?if”v> fB? obi ng LafEIBige! %a%/%??‘f"éfrh%%s o uRA S R M et Gl élNl\

. i (\Si ?I (r:Inet e?%b%ﬁ%ram%%%gpﬁtﬂﬁ%/g%ésequﬁ?%%@%ﬁeg |pgég%§h’($?) grS

carries a mnut ag a i j hBar Q
ol bt ron. "y MinORAS A hAdaliedinghEdil tisorRkanBOLARSAM: Ol HAEHARIRE

o claim 12, in yainahishtiehs"MERRImAISsHIMiR dEtrdiBHRh&io@) 8k deddciddesy aaSdchdhiBed OPY
of the nmutated CGDF-9B nucleic acid nolecule. 14. A nmethod according to
claim 13, 10 n ydm @hithtrhgrkiveivRhesk Swdre bitjestedbdth 1aparbb@Py prstedmpRit@Fisedlisk ik

mut at ed GDF-9B nucleic acid nolecule. 15. A nethod as clained in any one of
clains 12 - 14umbérerfebrporhbtessirmivulatornlGtes)adnethe eutfdce ofrthicleadeso Spvenamfshest | ng
of humans, sheep, cattle, goats, deer, horses, canelids, possuns, pigs,
mce, rats, ré@&h&ﬁﬂﬁi%ér@w@é%im!s angd el of the 9JGLH trpaigd doigaals shewedogstroiod of
nmodul ating the ovulation rate of a femal e mammal , said _nmethod conpri sing
the step of aBehHaYigreThageen oxulatoniaTaR therleh ((FOFPR and jebFhimmynised shgemt
selected fromth roug consisting of: 15 a) pol ypeptide as clained in
claim9, or H‘éF%pi%PV’ﬁgﬁPf'tEfélsé%“Y}y r?rﬁtl?“f“rfnéqagierﬁlo. 17. A nethod of
increasing the ovulation rate of a fenmale manmal which does not carry a
nmut at ed m%aﬁﬁcieei c acid nol ecule, conprising the step of adm nistering
to said I ffective anmount of a polypeptide as clained 20 in claim
9. 18. A nethod of increasing the ovulation rate of a sterile fenmal e nanmal

whi ch carriespag 6ORLESH Ofard NR Eﬂét:gt SovAE- BEtRuS! Q&tﬁ/it&?. S1¥RhE Gebéated

conprising the step of admnistering to sard mammal an _ectl\f’e_a unt of
a pol ypept i dejfmusisaioredith KeshaleMirkhBet Haemblyanth (ELHPEr REHi dib;ﬁj’ugé’t%ﬂ BavF.

reducing the ovulation rate or inducing sterility in a fenmal'e mammal,
conpri si ng t heolstgpesstd GIFIB sdtipehng an effective amount of an agent

sel ected frofn the group consisting of:

Treatment Geometric mean ovulation { Number of sheep showing

rate oestrous activity

(95% confidence rate)

KLH 14 (1.2, 1.7) 9

KLH-GDF9B 4.5 (2.7,7.5) 7

The KLH-GDF-9B animals showed a highly significant increase in ovulation rate

20  compared to the KILH control animals (p<0.001) ANOVA.

+Evidence that the increased ovulation rate in the KLH-GDF-9B animals that showed

oestrus was associated with an antibody response to GDF-9B is shown in Table 4.
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a) an imuni sing-effective amount of a wild type or

claimed i Ryghpsdh® or 10; b) an anti-sense nucleic acid no
against a nucleic acid encoding a wild type or
conpri si ng th% aglno acid sequence as clained in claim9 or
whi ch bi nds t 8ablg4.ap antigen of, the wild type or mutated

pol ypepti de conprising an am no aci d sequence as clainmed in claim9 or

nmut at ed GDFbg

nut at ed GDF-9B 42

B po
10;
GDF-9B 10

ypepti de

WO
01/ 8i 926 PCT/ NzZO1/ 00073 5 pol ypeptide conprising an am no aci d sequence as

’f’hh'zﬁ Moy sct ed

c) a ligand

10;

0700, B0 S 3 RS

. female manmal ¢ s 1é Sh&p! Gitn FeLf ' Ig%oﬂ%\ghk@d 99%ﬁ'l§tdoﬂ9de?fved GHTROB. métggee
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,effective anDB of a p ptide as claimed in claim?9, together with

phar maceut i ca[évglsq,qvaﬁﬁﬁ&{ylta@m:mgaccept able carrier or diluent.

conposition conprising an effective anmount of an agent selected fromthe

group consisting of: a) a wild type or
conprisingan am no acid sequence as clained in claim9 or

nmut at ed GDF- 9B pol ypepti de

10; b) an
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20 22. A
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|n124 mhereln th
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a{ ti body. 26. A

leic acid nolecule as clained in claim1

an i ndi vi dual nannal
l'd ﬂl‘llleedgﬂ

At AN soallat o hao il
mrmaTT—oTrT, T v arn u.l.l U[I UI Tllv DL CI | T | U ITAT ||‘Il|||a| .

identifying mammal s which carry a mutated GDF 98 nucl eic acid

| ecul e, og; '
mporop ¢ SRR by ALETRG B Agf gL

'y one or nore g%&

BhiEen : sHbuUtne &1 A ndifodVbIaa dafih§ Db Q¥ plate with 100 ng/well
of an E. coli expressed full-length GDF-9B and incubation with 100 pl of diluted sheep

plasma and 100 pl of assay buffer, after appropriate blocking treatment and successive
washes. After incubation with the sheep plasma and several washes, rabbit anti-sheep-
HRP was added for 1 h.at 37°C. The wells were then washed and developed with o-
phenylenediamine plus hydrogen peroxide with development being stopped with

sulphuric acid.

In a separate study to demonstrate that a functional variant of ovine GDF-9B will
influence ovarian follicular development, 10 female mice were immunised
intraperitoneally (ip) with an E. coli -derived mature ovine GDF-9B protein (0.2 mg) in
FCA (0.22 ml), and another 10 female mice were immunised with bovine alpha
lactalbumin (0.2 mg) in FCA (0.22 ml ip) to serve as controls. Subsequently, 3 booster
injections of the appropriate antigens (0.1 mg at first booster and 0.05 mg at second and

third booster) were given at 2 week intervals in a Span/Tween/oil mixture and the
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c) a mxture of deoxynucleotides; d) neans for DNA anplification; 20 e)
control DNA fromthe species being tested; f) appropriate standards and Q)
a detecti Qosygdsn ' 29. An isolated nucleic acid nol ecul F/b(ﬁ)'hpg a
nucl eotide sequence as set forth in SEQ mNO 9, or a func |ona y active

fragment or var t r eof 5 30. | sol ate fun nal varian

pol ypept i de aasm@éf S@B‘l‘ ‘FFdl ]nwg‘%(?fiebﬂﬁg ah OOSEf- 6 the PUICHFEIN ¥ 00073
5 31. An isolated, nucl ei ecul onpr.i,sin clel uence
as set forth PAIBERIYES xa§ @'IrH) RERCS %@H@ ll?lmeg”‘fﬁ[ @}C%QEF

fragnment of e e P e n
seom o 13 O HEMFE R R st %@ﬁa&?%@‘%@%%ﬁ% nﬂf‘edal?s % %Js%ﬁ%hé

ei t her seque t ! [ conprising a
nucl eoti de sg‘%ﬁ‘é%‘i‘%aa lméﬁ}rquﬁr Tﬁe%‘ %hﬁswdr%?@glrﬁgﬁégnctl onal ly active
_fragnment or variant thereof. 34. An isol ated pol ypeptide having an am no
aci d sequencerggleset forth in SEQ mNO 17, or a functional fragment or
variant thereof. 3S. A nethod for reducing the ovulation rate or inducing
sterility in a possum 15 conprising the step of adm nistering an effective
amount ofi0a peieypapinbele oApreattal amithntal follrlediBhoutovaies folevmp édmanishiirc
acid nol ecul e substantially as descri bed herein with reference to any
exanpl e andl owithoaiie@DEFAB oe bbvindFiphalaciabwingited pol ypepti de substantially
as described herein with reference to any 20 exanpl e and/or draw ng
thereof. 38. A vector incorporating an isolated nucleic acid nol ecul e of
the present invention substantially as described herein with reference
any exanpl e jand/ or drawi ng then eof. 39. A ligand whijch binds to a

pol ypepti de resent invent 1 as @R

with refer enggre%gﬁalﬁy exanpl e an(?’geghngglg%aﬁgﬁltﬁgﬂeg 40. A &%Eﬁg ?'%Elebfn
identifying g manmal which carrig¢s a nutated nucl ei c |follidiesol ecul e
substantially as described hereim with reference to dny exanpl e and/ or
drawi ng thergeof. 45

(95% confidence limits)

Preantral 329 (291, 371)
Bovine o-lactalbumin

Antral 80 (55, 115)

Preantral 261 (233, 292)
GDFoB

Antral 84 (57, 124)

The number of preantral follicles in the GDF9B treated animals was significantly lower
than that in the bovine o-lactalbumin treated mice, p<0.005 (ANOVA). There were no
15  significant differences between the treatment groups with respect to the number of antral

follicles.

31



WO O1/ 8i 92~ PCT/ Nz01 /00073 5 41. A method of nodul ating the ovulation rate
of a female manmual substantially as described herein with reference to any
exanpl e agd §jgsdic@Wi ng thereof. 42. A conposition substantj@l\y %073
described herein with reference to any exanpl e and/or dr awl ng t%er eof
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peptide treated animal displaying oestrous activity, the ovulation rate was 5. These data

30  unequivocally show that sterility can be induced by the administration of antibody or

mutated GDF-9B antigen or a variant thereof.
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, 109& () -:"10%& ()-L2- 10%& ()-0"10%& ()- 9Y( @ 10%& () - &' 109%& () -
" RbC' 10%Z20% &e@ence vas4nts in)the Snedog GDF)OR tOiesdetgrmine@iby a variety of methods,
well known to researche:rs skilled in the art, which are specifically designed to identify
differences between alleles of the gene. In particular these methods can be used to

identify the Inverdale (F ecX’ ) and Hanna (FecXH ) single nucleotide polymorphisms
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| 77" O#dEAY: T: 08 109%6& ()-. S 1000& ()--" 10088 ()-$

1090°& ()-t"" 1@9@1&&%' Ue%xéb@&ﬁ&oﬁn)er %ﬁﬁwgﬁﬁ%}eﬁbﬁ be aﬁtﬁﬁ{édgelfh)er fréR DNATor
10T<s10967& ()-37"10967& ()- f5S 10947& ()-210907& () - $$q$$$ %0EENDC ! ;

98z 10% & () - 9diMEQY S I)un&lhesfof whole blood spotted directly onto FTA® paper or from hair or

10%4 & ()-910% & ()-F3"10% & ()-"10% & () - #90&f &q&&aBnbC ! ;

f10% & () -, 10%9& fodliclds10% & ()-ys10% & ()-9-10% & ()-!;

"10% (& ()-&& h'' f(o(dEMDC !; 9/ 10% & () -9, @

104 & ()-9*"10% & ()-f ' 10% & ()-f$10% &

| S109% & (10 o( Prevyughanathad)ipyavasdha usend rest 1ogglezymes to cleave the DNA specifically

<s10% & 9S10% &' GLQ% -14 10% &

2Y( 10(8/( ( (&) ( 31 ﬁp} P&g e@aépg@&efoghe(r? or to clea é& t g)PCR fragment containing a primer
which has been designed to contain a cleavage site in combination with one allele or the

other.

The FecX” C—T substitution results in loss of a BsrSI restriction site (actg/gn) and gain
15 of a Spel site (a/ctagt). We confirmed this base substitution by demonstrating Spel
cleavage of a 541 bp PCR product spanning this region into 476 and 65 bp fragments
in FecX"/FecX™ females and FecX™" males, but not in FecX’ and wildtype animals. In
sheep carrying a copy of each allele (FecX' FecX™) all three fragments were identified
(541, 476 and 65bp). Similarly, BsrSI cleaved fragments from F ecX' and wildtype

20  animals but not FecX” carriers.
A 154 bp PCR product from DNA of F ecX! carriers (produced from primers:
#12 (GAAGTAACCAGTGTTCCCTCCACCCTTTTCT); and

#13 (CATGATTGGGAGAATTGAGACCQ))

generated a forced Xbal restriction site. Xbal (t/ctaga) cleaved PCR products generated
25  from FecX'/FecX' females and FecX”" males carrying the A allele (tctaga), but not
wildtype or FecX™ PCR products carrying the T allele (tctagt). Thus Xbal cleaved the
154 bp PCR product to a 124 bp fragment by removing the 30 nucleotide primer #12

only in FecX' carriers Figure 8.

Products were detected by electrophoresis in 3% FMC Metaphor agarose gels containing
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Other methods for SNP detection include the use of either the Tagman® Allelic

10  Discrimination method or the SnaPshot™ ddNTP Primer Extension Kit (insert
manufacturers details here). The Taqman allelic discrimination employs a probe
technology that exploits the 5°-3’ nuclease activity of AmpliTaq Gold® DNA
polymerase to allow direct detection of the PCR product by the release of a fluorescent
reporter as a result of PCR. Two probes are used in the allelic discrimination assay, one

15  probe for each allele, with each probe containing a different reporter dye. The SnaPshot
system is based on the dideoxy single nucleotide (fluoroescently labelled) extension of
an unlabelled oligonucleotide primer for the detection of single nucleotide
polymorphisms (SNPs). Another SNP detection method employs mass spectrometry
whereby the region around the SNP or mutation is amplified by PCR and an

20  oligonucleotide primer is extended through the SNP or mutation in the presence of

dideoxynucleotides. SNP variants are detected on the basis of mass difference.

It will be apparent to the person skilled in the art that while the invention has been
described in some detail for the purposes of clarity and understanding, various
modifications and alterations to the embodiments and methods described herein may be
25 made without departing from the scope of the inventive concept disclosed in this

specification and the appended claims.

References cited herein are listed on the following pages, and are incorporated herein

by this reference.
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10% u& ()°&3 fu& ()-NO[ 1 axY:/ 10-u9S 10%& ()-Y S
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il s b) a sc(eq)luence able to hybridise under stringent conditions to the molecule(s) in

10 (a);
c) asequence which is functional variant or fragment of the molecule(s) defined
in (a);
d) asequence complementary to the molecule(s) defined in (a), (b) or (c); and

e) an anti-sense sequence corresponding to any of the molecule(s) in (a) — (d).

15 2. A genetic marker for DNA-assisted selection for enhanced ovulation or sterility
in a mammal, comprising a nucleic acid molecule which specifically hybridises
to a nucleotide sequence of claim 1 or to genomic DNA encoding or associated

with a mutated GDF-9B gene.

3. A genetic marker as claimed in claim 2, wherein the mammal is selected from
20 the group consisting of humans, sheep, cattle, goats, deer, horses, camelids,

possums, pigs, mice, rats, rabbits, hares weasels, ferrets, cats and dogs.

4, A probe capable of specifically hybridising to a nucleotide sequence(s) of claim
L.
5. A primer capable of specifically hybridising to the nucleotide sequence(s) of
25 claim 1.
6. A vector comprising a nucleic acid molecule(s) of claim 1.
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10 a) SEQIDNO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, or

b) a functional variant or fragment of the sequence(s) in (a).

10.  Anisolated polypeptide comprising an amino acid sequence of SEQ ID NO: 10,

or a functional fragment or variant thereof.

11.  An isolated nucleic acid molecule encoding a polypeptide as claimed in claim
15 9.
12. A method of identifying a mammal which carries a mutated nucleic acid

molecule encoding GDF-9B, said method comprising the steps of:
) obtaining a tissue or blood sample from the mammal;
(i1) isolating DNA from the sample; and optionally

20 (iii)  isolating GDF-9B DNA from DNA obtained at step (i);

(iv)  probing said DNA with a probe complementary to the mutated GDF-9B
DNA of claim 1 or 11;

V) amplifying the amount of mutated GDF-9B DNA; and/or

(vi)  determining whether the GDF-9B sequence DNA obtained in Step (ii)
25 carries a mutation associated with sterility, or increased or decreased

ovulation.
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>@C 17. A method of increasing the ovulation rate of a female mammal which does not
10s!10% u& () -5WME s! 10% u&' () -s!10% u& ()-s!10% u& ()-s!10% u& ()-: D KLMDo
P@c carry a mutated GDF-9B nucleic acid molecule, comprising the step of

10s! 10% us! 10% u& ()-s! 10% u& ()-s!10% u& ()-s!10% u& ()-s!10% u& ()-s!10%
u& () - OPS] bder S9@@dministering to said mammal an effective amount of a polypeptide as claimed

10s! 10% u&' ()-s!10% u& (9)-5! 10% u& ()-s!10% u& ()-s!10% u& ()-5WNGE ef hijtxv
V8@ 20 in claim 9.

18. A method of increasing the ovulation rate of a sterile female mammal which
carries two copies of the mutated GDF-9B nucleic acid molecule, comprising the
step of administering to said mammal an effective amount of a polypeptide as

claimed in claim 10.

25 19. A method of increasing or reducing the ovulation rate or inducing sterility in a
female mammal, comprising the step of administering an effective amount of an

agent selected from the group consisting of:

a) an immunising-effective amount of a wild type or mutated GDF-9B
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20. A method as claimed in claim 18 or 19, wherein the female mammal is selected
15 from the group consisting of: humans, sheep, cattle, goats, deer, horses,

camelids, possums, pigs, mice, rats, rabbits, hares weasels, ferrets, cats and dogs.

21. A composition comprising an effective amount of a polypeptide as claimed in
claim 9, together with a pharmaceutically or veterinarily acceptable carrier or

diluent.

20 22. A composition comprising an effective amount of an agent selected from the

group consisting of:

a) a wild type or mutated GDF-9B polypeptide comprising an amino acid

sequence as claimed in claim 9 or 10;

b) an anti-sense nucleic acid molecule directed against the polypeptide(s)
25 according to (a);
c) a ligand which binds to, or an antigen of, the polypeptide(s) according to
(a);

together with a pharmaceutically or veterinarily acceptable carrier or diluent.
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35. A method for reducing the ovulation rate or inducing sterility in a possum
15 comprising the step of administering an effective amount of a polypeptide as

claimed in claim 34.

36.  An isolated nucleic acid molecule substantially as described herein with

reference to any example and/or drawing thereof.

37.  Anisolated polypeptide substantially as described herein with reference to any

20 example and/or drawing thereof.

38. A vector incorporating an isolated nucleic acid molecule of the present invention
substantially as described herein with reference to any example and/or drawing

thereof.

39. A ligand which binds to a polypeptide of the present invention substantially as

25 described herein with reference to any example and/or drawing thereof.

40. A method for identifying a mammal which carries a mutated nucleic acid
molecule substantially as described herein with reference to any example and/or

drawing thereof.
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5 41. A method of modulating the ovulation rate of a female mammal substantially as

described herein with reference to any example and/or drawing thereof.

42. A composition substantially as described herein with reference to any example

and/or drawing thereof.

43.  The use of a nucleic acid molecule of the present invention to identify sequence
10 variants substantially as described herein with reference to any example and/or

drawing thereof.

44, A kit for identifying mammals which carry a mutated GDF-9B nucleic acid
molecule substantially as described herein with reference to any example and/or

drawing thereof.
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