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SEQUENCES | NVOLVED | NCREASI NG OR DECREASI NG MAMVALI AN OVULATI ON RATE The
present invention relates to nucleotide sequences which are inyq mﬂ\ mb'l
i ncr easi 'W%‘Bi/s%?gr easi ng mammal i an ovul ation rate. In particular, the

i nvention broadl’y concerns novel nutations in a gene whi clPGENZA080%ed 10
in increasing the ovulation rate in heterozygous femal e manmal s; these
mut ati ons cause sterility in honbzygous fenal e mammals. Know edge of the

nut at ed” gene NEGUEOTIDEAEQUEENGES BNVOL VED BS INCREASING O DECRIEASING Y JOUS -

or honobzygous fenal-e and nale mammal s carrying the nutated gene. This
know edge of MAMMAZIAN ONUGATFEONJRATE t he gene and its nutations can al so
be utilised to increase or decrease the ovulation rate of i 5 fenale

““mamal s; or#ﬁq_i nduce sterility or reduced fertility in femal e mammal s.

BACKGROUND PEESTNVBIRTILeNehtds tp aneleatidesssquenses whiich gresinyolvad éminsreasingat ent

. applications ited.in thi é%_speci fjcation are hereby incorporated by

reference. NBF SFRFSUBIRAmmalian avulation rafky ref er ence constitutes prior art.

The discussion of the references states what their authors assert, and the
20 appli cant. jght to chall enge.the accuracy and pertinency of
the cited do%l rfag'?ﬁ%g%&f’% ﬂ\?\f rft*ogl%oagfye%)'nf;?}n%ﬁ & ?Ptﬁsall%lﬂétg,e%%wméaawval% nber
of priorjgart; qﬂﬁg' e &0 : g herein this reference does not
constitute an adm Sg%ng\?ﬁ%{oﬂ%tgfng?&%é@ugge&%arl%m Fﬁeﬁ%fnt“ % $SE ommon
general knowhedas i Borhd¥9edtistf memégw ' oL Yap 25
The I nverdal e higgh fecél}géi tsyggene (FecXi Isegeﬁgﬁlgﬁ%tgﬁg@?&& {rfo Cle%/:%acy
in sheep, whbechpplird thi 4 &bt foraaéitf i&t@oﬁ%&ﬂ@ﬁb bR yddus Vieh

consi sting of descendants of- Rormfgglgev\e- (AZ81) gll ofyé/\hi C %gédﬁﬁd male
consi st ent | ymhingiald ¢artying thé matatedSgmpecThit kaowkdgelbfse slupEdalifiadtionlte tgene i s
carried on the X-chronosonme (Davis et al.,1991). A single copy of the gene
i n het er ozygsas and-ita wauations eancadsnsbaontilised kwincreaseeorhlgcmbsruhe onelativg rae 60,

and 30 lli tter sjze b bout 0.6 | anbs per ewe |anbing.. However, honobzygous
Il ewes l2ar rfrﬂnﬁif@ sgorgatindugg sigpiliey) erasducsd feriility/iofomalsaBabmalso copi es of

the gene have small, non-functional ovaries, and are infertile (Davis et
al ., 1992). } oUN |..sheep denonstrated that ovarian
devel opnent I?é&#o@?ral ungﬁliffggbm ??Ilgfllfli .day 100 of foetal life: germcell

devel opnent, ovarian follicular formation and the earliest stages of

follicular gQowfdremes iR Iﬁy&yse(; | : - 3 . of
foetal life folli culear deve aélgment ber Sir?gt %‘Jﬁle‘gégf’i‘%%%%%‘a%&%@%g%&m his
i mpai red,  arkerebyinmip@aed byl Rfsteficd, INCAREIsA6R i RideRS WY Sekeferbl Eéhshtutd! - -
1997). As oocytes in Il aninmals increase in dianeter (>40 um there is no
evi dence of pgonat oBe distussipn of itheraitences statescwhitrthsit atithord adsemOatldthe

nor mal | y be observed (Braw _
0 ‘apphcants reserve the right to challenge the accuracy and pertinency of the cited

" documents. It will be clearly understood that, vélthoilgh a number of prior art publications
- are referred to herein, this referenée does not constitute an admission that any of these
documents form part of the common gengrai kﬁoWledge in the art, in New Zealand or

in any other country.

- 25  The Inverdale high fecundity gene (FécXI) is a major gene for prolificacy in sheep,
which was first identified in a Romney ﬂock (Inverdale) consisting of deséendants of

- Romney ewe (A281) all of which had consistently high litter sizes. Segregation studies
showed that the gene is carried on the X»chromosomé (Davis et 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




Tal et al., 1993; McNatty et al., 1995a; Smth et al., 1997). Thus the_

presence of infantile, non-functional ovaries in foetal, neonatal and adul.t
Il animals is due to a block 15 in follicular devel opment beyond $h@CT 2004
primary wegasefs growm h. A second prolific Rommey flock ( &895), th
no known connection to the Inverdale flock, was al so sho 4 3an

X-1i nkedsmjttati on. W H}ﬁea Si Ln | ar phenotype to Inverdale. Confirmation that
the Hannd antireiCBeE gt Predgnandvssmallppncimaetional pyaries and aedntesile (Qavie eneds

obt ai ned whe ous i.nfertil emal es were produced by 20 mating
| nverdal e ca@rg? 2?% ?%cgr%s o f%etﬁal?'ﬁngrﬁ ﬁg%ﬁéf%@ﬁ%teéw@ qvgrign develommynt Fhi s

or 1 ginal |1 or Ry W SOl 5% T of Soaf e on ) dibebrredponereme f or

the I nver dalf@llfcﬁp&.&tfenﬁal?i%nia?éa‘aﬁ%E\Algesp%%@egfo?%@% ﬁl% grdo gﬁ{a eegﬁéfim %L L i okagee:r, map . -

of the sheep X-chronosone y

I nverdal e gqpqr fRuRes AfeMike g(?(?gfaﬁe% 'fxg?fcﬁﬁcﬁﬁrcﬁeqé?o@ﬁ{ehg B&o&x@[}ﬁ%&)@ﬁ%&os ome "

(Galloway et al., 1999). Loc e gene T
nar r ows 10he sesgaiof rdvh is RGBS HofniINRSSnARIRTIMY £0 n&%bsé&e%ﬁ%hh et

manmal i an X chronosones, because, al nost w thHout exception, genesS on- the
X- chr onosonel.o19%Me Asmmnpks ArTbardhiaB ifireseih dRfetd?§>40 ﬁjﬁ? HAOR WS [Rke Ot her
manmal i an ‘'species (Chno, 1973). 2 -2 8 OCT 2004 WD 017/ 8>926

PCT/ NzO / 000 grabulosheell pmadiferatin, irheontrasteo detae woekina@imally be b (B OWE
provi des a convenj ent nmeans of producing prolific single copy Inverdale
carrier ewedal peebut?®3aMcNeaitygertar, 9995a; Smithee nlal 89D arThusrthe presendd of
inherit the.gene. The breeder of the rams uses a genetic marker test to

i dentify caffipuHemopdupeiionakgvariesindoetalnneanatabandpdalidbamimelsis tiuesto alilede r ans
to genejate, i fic,oewes, which are subsequent|y mated to a termnal sire
to prodL%e i‘g&gﬁ’%ué%frﬂfv\éﬁm&{v‘a}t%ﬂ?@ew teapt gowthf the Inverdal e gene
has been shown to be highly beneficial in an existing termnal sire nmating
system wt : . - I $1760 per lnverdale ram
pur chased (%\rrgér% Og?%g?ilﬂ@ifgg?)gy %?Igéﬁ?:% | nl%? we“%’h i‘or@ﬁg&cﬁmﬂfﬂ‘ ?‘hg‘egene‘
requires t hinvahiald flockt @aslhiss &Mﬂt@*&ax@fﬁﬂ‘ﬁeﬁnﬁéﬁ%&ﬁtﬁ&x}@agiﬁ a%ﬁﬂalo QOr +Y
mal es) and single copy carriers (I+ females or 1LY nales). fgl geneti c

mar ker t est tolmyerdelee Copfitmstiont the: the $ia8n® bninecdrtisd & emehtidd EREKFYin the

m crosatellite markers around the gene (i.e. a haplotype test) (Galloway et
al ., 1999); Inveidale gene| Wassobtained wihen Fogiozggdus infentlecfemalel averel prdliiced @5t  Can
only i %ti fy . those ani mals which have inherited the |Inverdale haplotype
from a 4howmetng Iverdalegariqrsamywith oavicuHennaewss (Baviaesd.,i 1998)0 Fhisidanndet ect

t he. I nver d?jée ‘gene ifrself. The hapl ofype fromthe 20 sane region of the

X- chr omps ord™S WALRABEIRSA af fryeqmay s a disingt geup sipnasitedhe eygingldnverdale lined

version of Inverdale, was different fromthe haplotype seen in descendants

of A281. In if f 9 -.9), a nmenber of the

Cranst or m g Doy fp anr o AeE R b e AR it brip ne R GoRg 8

speci ficall &b LB 1 :) L. Cei ere i1 uired
e e S e L TR

and localised the Inyerdale gene to a 10 cM region flanked by microsatellite markers

25  (Galloway et al., 1999). Localisation'bf thé gene to the sheep X—chromosome narrows
the search for candidates to those genes which map to other mammalian X-
chromosomes, because, almost without exception, genes on the X-chromosome of one

mammal are also present on the X-chromosomes of other mammalian species (Ohno,

1973).




messenger RNA is synthesised only in the oocyte, fromthe
prinordial/primry one-layer follicular stage until after ovul ation, and
femal e GDF 9 knocl ~out mice are infertile due . to a block irq](ﬂ(ﬂi 2004ar
devel oprrqpboil/gw%pi s primary one-layer follicle stage. AninmalS honpbzygous
for the Inverdal'e gene are infertile, with a simlar phendtGE®Zaigootse GDF 9

30 knockouyt use (McNatty et al., 1995b). CGDF-9 was subsequently nmappéd to
sheep chrono tagice of the Iwprdpler gene outhe Xehraroscesnmosidss £ cémvenichemeans

| nver dal e ph/%a%t dﬁg@%Sadgghi, et al., 1998). 3 i . _ -1 2 8 OCT, 2004 WO
01/ 85926 PCT. Pioslio sugleeapyrlayeidde cawieh ewesfbechiss alladamgivters @PFan9 B,

al so call ed r(éﬂ?e{ WaS |denL1|.f| ed .in nmouse and human ovaries, and found to

~ be co-expressed W tH GOEG ! Anherh e gepe. The breedmyaf tipumes vses algepetit 908ker
T008) . racl LR 1 8 Eat MBI, 1t Srimerial Dovdestouchasahe fommscioe
30 eM £ Fom ¢ hnefde PHONEC SRS IRER PR e Ry Fouct lichyermunal gherio poabiceand
Soudtos 1 oBon) B SIBRGe CORBRIRIOHR or B0 fBlasdt penc R eon She e bar
probe that dhighlytehefiéial in@WxsRinB et HERA s{g@ ?na@ﬁ??%%gﬁswglﬁ gﬁ‘g’g%e V%ag}%gF\{e%B

NMRNA i s expressed in oocytes of primary but no i nor and

that expr essaoompl rarhiof SN peniliverdald b Med | Y& es
(Gal l oway et al 2000. Menbers of the TGF-~ supe?‘?%irénxﬁ)é?'hggggy'g?rénafcg?ﬁ%gene
structures. dieraopreaagingtic gona equioes theabiigte diRatgyikt hitWes i orCossiss (++
separated by_an introit of 4:2 kb. (human) and 3.5 kb (nouse) (Dube et al.,
1998): I 'n hulvERiss O &Y males) ansytingle oy dyrias @Hgmakgwe e endépduces a 392

am no acid prepropeptide; the first 17 amno acids of which correspond 20

t et | . . The full-length tide.in h d

i ﬁ_c?ﬁg?_%t: e pFgElE STt e vt (f}?%p%f }%P@QEQ@%&%&'@%@T%@?&@@%;:

am no aci- ; " s eptide and an erm nal propeptide

lo_r oduct t g} !_air}tggﬁfesﬁtegtﬁ b lg)( #;iié%%‘,“_d %eb%‘glg?"%laﬁ,‘ap @Q&? t:est}ﬁgali[lqwq,qu nggﬁ’é})h e
ies within ; i - entire re. codi ng region

s found wi tres DUAPAL i s%%ﬁ‘g‘%é’téﬂ%“’{“ﬁgmﬁﬂ%ﬁﬂhﬁi%‘f(@%% A 1 d

type gene i svidéishavesiatlefited e BivéRRIOEDIAE fbinD BiRRvdarier! 364 i’sViAog lbél?e

¢

protein is disclosed as being useful inthe treatment of bone an ftil age

and/ or ot hercawanclicaus it dessusotdizteee the, Inaitdale BeNOHK, *Iﬁé'hh?l&yﬁé‘ @rohi. #rU€
repair. The inventors have now identified a nutated formof the sheep
GDF- 9B §8ne spife &eaiep of the erhrempsoms imdeeh of tirevianal sedfred; artich S48 ey Pe.
and discoveredfoc{ the first time that this 4 - '

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

A281.

I A1'996 growth diffe'rentiation factor 9 (GDF-9), a member of the transforming growth

factor beta CFGF—B) superfamily, ‘was shewn to be speciﬁcally expressed in the oocyte

25 . of adult mice, where it is required for folliculogenesis (Dong et al., 1996). GDF-9

| messenger RNA is synthesised only in the oocyte, frofn the primordial/primary one-layer
follicular stage nntil after ovulation, and female GDF-9 knockout mice are infertile due .

to a block in follicular development at this primary one-layer follicle stage. Aﬁjmels

| homozygous for the Inverdale gene are infertile, with a similar phenotype to the GDF-9

30 knockout mouse (McNatty et dl;, 1995b). GDF-9 was subsequently mapped to sheep

chromosome 5, and therefore could not be responsible for the Inverdale phenotype

(Sadighi et al., 1998).




WD O /8~926 ~ 8 ACT Z004 PCT/NZAO /00073 5 nmutated formof GDF-9B is

responsi bl e for the enhanced ovulation seen 1n thesé sheep and for—the
sterility seen in honbzygous sl eep. The present invention is &r aglé
directed to the nutated sequence and its correspondi ng encode Br ii 404
SUMVARY @f0 oitgs9deNVENTI ON 10 Accordingly, in one aspect; tgﬁ%ﬁf@i@{;@
i nvention provides an isol ated nutated GDF-9B nucl ei ¢ aci ;

|l ected fromthe consi sting of: a)

i es a
SEQ 1D NG 1 MR Rl Petb b s TNy, SIDE Ront pUIRCBMA S asideatiGed ce
bl'e to hybrjdi t1j ngent itjons to the molecul es) 15 i :
5 & sequende HohSe HF Bl GYREF Bha Fipdie bees erotrpelmanCIoR O baitine e ob)
defined i : lenentary t | ecul e(s). defined i
(2). by or 0. DneRSt {500 pRATR R 1o e cbF bt b e 8lpe @ e

I I i 5 : T ' i d_nol L b ~ cRNA, "¢
Genomi o DNATSs GRDE Pata 0 P Bebtell il ComRnS R SRR e

nucl ei ¢ aci ¢im®é egeld? in?d)SRHRRA KL I hse, I re synthetic,
non-natural or altere nulgl e)‘btPdemhgg%g;m%@%gg%rlﬁﬁgﬁ%rg*%%%#a’fﬁeé
present 10 nveM from the cblifimdre AMbER GeRoB THed a8 VAP thdiyi ich
carries 25 a mutated CGDF-9B %cl eic gci d nolaec(llj\{le, p’s%%t%séﬁgtgﬂgg?l%ﬁ%i ng
the steps opil.giof tettvmnami Xighmnidsahe@ube &pLDAYIS R FRbIfnihe BHidRe i BiVeRdale (1 1)
isolating DNA fromthe sanple; 5 2 a oar Zoos WO O1/8926 PCT/ 1~TZ01/ 00073
(iii) optiopkgepy(+itsdiaanid il gOBiy®S), Diihgf 4 arolddtar Pbeothan dbern@t distieidh ) ;
(iv) optionally probing the DNA with a probe conplenentary to the nutated
GDF- 9B DNA Bftwiers the genetynss,; show)thas SIDIBAB R Nefrislexpyeissed ihlvecpiapafprimbry

mut at ed GDFBQB DNA;, an(‘gE fgrv;fc,)l det ermi ni ng whet her the GDF-9B sequence DNA
obt ai ned i n?'% &Y RHRpréiy follidlese and, thay expression of dis mRNAwwithinstheraveiyt is, or
W th inggeas Qr _fgecreas vul at i referably the inplication step (v)
may be ips)srerf%’r?cﬂ%sdv% A eé?%@@?ﬁ’@'rﬁtaﬁg?q{gd, such as the pol ymerise chain
reaction, or ligase chain reaction: According to still a further aspect the
present i NnveRhiHks &f @Y RS ] : f - assist ed sel ection
for enhanced ovul ation or g?‘é I |tfyq}ag@g&t§r¥aaﬁ§§%&§8%%gﬁﬁ§@ﬁg§?§n€ acid
nol ecul e WhieglbnSipe6hiaired Withi MRS &:$n$ SpatRePoP M InEBh! di ng
to the first aspect of the inventi on,gépor to %engm%:mg%ﬁslgg ﬁ{rhlcég? %gfgr%
associ at ed ki (thotded (Dubaeeal.,J9O8H I huslagt theaflidernith 9396 ®p 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




The manmmal may be nmale or fenmale, and may be a human, or a donestic,
conpani on, 20 zoo or feral mammal. Preferably the manmmal is selected from
humans, sheep, cattle, goats, deer, horses, canelids, possuns,? i GQT %3¢,
rats, we 5 abbits, hares, ferrets, cats and dogs. In . a further aspect;
the present invention provides an isol ated pol ypepticl e eR€CHANEA1/H072a
nucl ei ¢ acid nol ecul e having a sequence set out in one of (a)-(d) above.
Pref er abBy tihuta®8 fpuh pp GRF-HB ihesponsibiefor theaiihehcs@ OVERGE &eh BEMES o t he
group consisting of SEQ 1D NGO 2, SEQ m NG 4, SEQ >D NO 6, and SEQ 1D NO
8, or a funcaddprthestarilay seenrinhomgrymous theepeof . I n yet a further aspect,
the invention provides an isol ated pol ypepti de having an am no acid
sequence corrlpri sing SEQ >D NO 10, or a functional variant or fragnent
“thereof. 6 Ihepresepiinvonsing inbropdly@ected RO NICE:AXDGISCE ahditacorrdporidional
aspect, the invention, provides an isolated nucleic acid nolecule having a
. nucl eotide £Bf &gof%‘ﬂpri sing SEQ 1D NO 9, or a functional fragnment or
variant thereof. In a still further aspect, the invention provides an
i sol ated nu i J ecul. j ncodes a pol ypepti de substantially as
descri bed agmgf%&@l*w;zggt t he invention provides a nmethod of
nodul ating the ovulation rate of a female nmammal, said nethod conpri sing
t he stepgof 3T [ ' n effective amount of mut at ed
COF- 98 Ty e ET i oAl ol Bl br BT TBlonl o fisies ol o e i
fragnment or puakicasdid GhoREhike %ﬁ@n I I haod_of
i ncreasi ng the ovul atig%b‘%lg’t gorg a%g%nglfq%aéo%ge%‘i%g?é\?\%lfkgﬁé ogg%neo %ué)rry a
mut at ed GDFcOmisuinglaft ¢ aci d nol ecul e, conprising the step of adm nistering
to said manmal an effective anmount of a mutated GDF-9B pol ypeptide or a
functional variant or fragnment thereof. Furthernore, the invention also
provi des a net had ofSEQEP &8¥i h FEQHD NOuBaSEQIDMNOeS,or SEGIRNO: g; f emal e
manmal which carries two copies of the nmutated GDF-9B nucleic acid 20
'nol ecul e, conpyising the step of adm nistering to said mammal an effective
amount of a wil® typ&easeceblsér hyhsisisequmder stringrnt senditiensctotthe miotecitte¢ant i on
provi deg: a net hod ot t creasing or reducing the ovulation rate, or of
i nduci ng sterility ™h'% f enal e manmal , “conprising the step of admi nistering
an effective anount of an agent selected fromthe group consisting of: 25
a) an i muni sing, ef fegki 0. - \M .ype nut at GDF; 9
pol ypept i de, org)a f&%c ‘?%%%I%?érﬂ;%r?en{lg%erma\l]/g'ra%lgtﬁtor&r’[u@%egfff c%ﬂlcﬁﬁq(s-)sense
nucl ei ¢ aci d nol eculigrigiariaghed agai nst DNA encoding a wild type or mutated
. CDF- 9B pol ypeptide or a functional fragnent or variant thereof; 7

d)  asequence complementary to the molecule(s) defined in (a), (b) or (c); and
€)  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 inay alsb 'optionally

comprise one or more synthetic, non-natural or altered nucleotide bases, or combinations

“ thereof.

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

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

5




WO O /8~926 2 8 OCT 2004 PCT/ Nz01100073 5 c¢) a ligand which binds to, or an
antigen of, the wild type or nutated GDF-9B pol ypeptide or a functi onal
fragment or variant thereof; thereby to inhibit the biological 8i8CTy2004

the nut atwe Afssys! d type GDF 9B pol ypeptide. In yet a further aspect, the
I nvention provides a conposition conprising an effective 1BCBNZUDO009E a

mut at ed CRF 9B poal. peptlde or a functional fragnent or variant thereof
t

t oget her h a ;641 r iptienallycisdlatingdGDFIR DN Fiohy thd TR LB RN dGR k| f‘@
diluent. In still a further aspect, the invention provides a comg’ Ption
conprising an ef gtlve anount of an agent selected fromthe group

consi sting of: itenally rephing theoBNApwyitthi aiprobe comglef@ntady id el Iﬁﬁ&@ed on;

peptide according to the invention;

15 b) awld type
anti-sense nucl eic a(ﬁlﬁgﬁgwﬁ*l@ thy ngentiom; against the wild type or rrut at ed
GDF- 9B pol ypeptide of the invention; d) a |igand which binds to, or an

antigen of, the w\ld e..0r ate GDFQB olype tide of the invention;
20 together with Rge((rpﬁa &Gt 1?%/8’8 BEORDMA;endarrier or -,

di luent. According to yet a furt her aspect, the [ nvent i on provides a
construct or vec I d nol ec substantially as
descri bed above. G%ega%gﬁfﬁ n@le%'tlt?' edﬂét: 29?‘ 5?‘15\??%&\% RBtainedein| Step (ii)
transforl®ed wth a vegey cI ei c acid nol ecule
o BRSSP0 St ok cos

of the invention. 25 According to a

an isol ated nucl ei c owilglicip! ecul e conprising a nucl eoti de sequence sel ected
fromthe group consisting of SEQID NGO 12 or SEQ 1D NO 14, or a
functionally active fragnent or Variant thereof. 8 2 8 OCT 2004

Preferably the amplication step (v) may be performed by any convenient method, such

as the polymerase chain reaction, or ligase chain reaction.

According to still a further aspect the present invention provides a genetic marker for
15  DNA- assisted selection for enhanced ovulation or sterility in a mammal, comprising a
nucleic acid moleeu‘le which specifically hybridises to a nucleotide sequence according

to the first aspect of the invention, or to genomic DNA cemprising 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, rabblts 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 (2)-(d) above. Preferably the
25 polypeptlde has an amino acid sequence selected from the group con31st1ng of SEQID

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.




WO 01/ 8592G PCT/ Nz01/ 00073 5 The invention al so provides an isol ated

pol ypeptide conprising an am no aci d sequence selected fromthe rou?
consisting of SEQ 1D NO 13 and SEQ >D N4: 15. In yet another a&ﬁe@ﬁ ozuuﬁhe
i nventi onwgroqé%gs an isolated, functionally active variant pol ypeptide as
set forthin D NO 11. According to a still further BSHN&01/¢073 he
present inpvention there is provided an isolated 10 nucleic acid nol ecul e
conpri si ng ndiepepdditienal aspegli redevention ptovidestah isobatGSEQER: B mfeculd ieavidige s ent
i nvention al so provides an isol ated pol ypeptide conprising an am no acid
sequence as &dwclesfide sequemr@onprivdg S5Q IDHYO; v fuoctialab fragnesrarassast a
nmet hod for rﬁgeucipg the ovulation rate or inducing sterility in a possum
conprising t HE™Yep of administering an effective anount of a 15

" 'pol ypepti de having an anmi no aci d sequence as set forth in SEQID NO 17 or
nt thereof. While the invention is broadly as

a functional {varj.ant or fra . . ‘ent |
__def :Jnedl abov]é‘?/ a F{‘ﬁ%ﬂ‘i&fﬂ sapea% g%éEYe&P@B PHYYidas 38 dsokated mirdeis peidinelequle whichar t
that it is rj i i h that it also includ nbodi ment's of
whicn the toPfosdeh ErfRebiti bl iy ok dEicrbba 8330’ Bra e DEGCR PTI ON OF

DRWAINGS In particular, preferred aspects of the invention will be

descri beh i Nif £htHe Begelt, HAGnARG ' | D950 dul Rinth & o it JuL

shows a genetic Iir?kase map o‘fiii:(r\l%i e %\R}?ﬂﬁgg -gﬁ)\r&onos%dr?%&m\éeﬁ %?Yuéatﬁﬂ’s‘?%%es
are in KosanaémalemhidMann 908 nfetidd colifisidpvias S@b of 38R ' Mk §9! On
i ndi cated 25 by a hatched bar. Figur 1Zsaﬂg\s{howsbt ﬁeﬁﬁgg{%gﬁgygagdequeréﬁ of
exon 2 of GDim Mffectivé Avmudaloe s heefed ﬁrswgsbél'y?éptmfe, e vl fpdaGHFoB0 A
nucl eotide substitution (92 nucl eotides beyond the processing site) Is

mar ked i n bopelypaptislet o1 pluattioatiragméiter vedart yf eithes. substitution is 9 i o
ocj zoos WD A /8~926 PCT/NzA /00073 5 underlined. The processing site for
proteolytic ¢l eavage of propeptide fromthe mature fragnent and the TGA

stop codon abke HyeaHon aseeravides @ mathad abincotsing the gwulation iratedt avéamale he
two boxes. Figure. 2b.shows the nucl eot) sequence of exon 2 of GDF-9B in
Hanna sﬁéep.m%?g%g' %C@’ﬁ%?‘cma%ﬁ%d‘gﬁfﬁmm¢mmhb@qmnwme(67
nucl eot i des A 0 sing site) . ds.marked in bold. T ri.plet
codon affectégﬁy%qﬁ %S%g%gh %ﬁ‘?i% "'i"gll %8@?@1"8&??0“%@?&8’8&%4 Fhﬁg?ﬁsw é@ for
proteol ytic gy g ofPh riicaBER vhd fFagment and the TGA stop

f
WQ t . .
codon are boxed.."The mature peptlgneoc%o ng segrﬁénce is between the two -

boxes. Figure 2c shows the nucl eoti de sequence of by 394-599 of Figure 2a.
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

~awild type GDF-9B polypeptide.

In another aspect, the invention provides a method of iﬁcreasing 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.ingaeffective 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;




15 Figure 2d shows the nucl eoti de sequence of by 394-S99 of Figure 2b

Fi gure 2e shows the nucl eoti de sequence of by 472-486 of Figure 2a: Fiqgure
2f shows the nucl eoti de sequence of by 448-462 of Figure 2b. Fi ?L? q‘)(‘ﬁ'a%“l‘
shows thg"‘p@%‘lged am no acid sequence of the GDF-9B Inverdal e protein
encoded Dy 2 fucl eot i de sequence of Figure 2a. The mat uPE€TEDEIDBo73S Shown
in 20 normal type and the portion of the propeptide is initalics. The

anino acibd (Aspanti ca Hgird, wHh BihASHE 8FaintleRR of IR Aat F%?%ta%'&’ @%ﬁﬁ' on

is marked in bold. Figure 3b shows the deduced am no sequenc t he
truncated GDF-9B Hanngolypeptids or £fupedeshl iaghiet AusaRithdeosequence of Figure
2b. The mature CGDF-9B peptide is shown in normal type and the portion of
the propeptide is initalics. The wild type 25 am no acid (Q utam ne, Q

beconmes a stiBgrebbdeninpitiDyhe hiolégicalaanivityubfitiie nkitged @rdwiioWpe SGHFIPB! | SON_ |

of predicted im’ ng acid sequence of sheep GDF 9B with human and nouse.
Nunmbers in Btide.above the |ine indicate anino acid positions of the

mat ure peptide. The open triangle shows the position of the Leu _
pol ynor phi s nd ”]%rbl ack trjangle indicates the position of the single

i ntron. The TRENRE FIFFEL pSRech ghe nyergtionmroyiss a\womposigon pempdTingatl fARA78 5
processing Si he.c red cysteins are shaded grey. Positions of

t he Fec anﬁegwmugatt@cgﬁé %ﬁ/BeB%YﬁBP@&i% netiongl fragmgns of waripnt thergufgur e S
shows a chr K - nce.fromlnverdal e, Hanppna and w | dtype
sheep- showi g‘g@%&"@%ﬂ %%%Ecré& gﬁlﬁgﬁrgveg%wl?y e cﬁalg’r‘?f)\%&'tl‘i‘?é‘t'al i gnnent  of
nmut ated regi on of predicted FecXl protein.with TGE(3 10 superfam |y nenbers
from ot her $pagl 8Furthe ; i . ion _of. sheep X
chrompsome cont ai ni ng r?ﬁ%&%@ﬁg@%%ﬁxebfo |ggrgg g é&épfrﬁéﬁgggaptegfe%vea SNP
variant det embiniofassgniaklested CRore 8id arb cérm/ﬁhg%he FecXl mutation, and
non-carriers, using Xbal digestion of a forced PCR frag) non 15 carrier,
an( T+) heterozygote and an(l1) honoxygote .carrier are shown besi de -
het er ozygot e f el ed niutaing GRF-2B poldeptidasccoriing oithe (vanmdes A5, A10) and
non-carrier ranms (sanples A3, A4, A6, A7, AB, All, Al2 and A13). DETAILED
DESCRI AU ON OF [ THE | NVENTI ON The mutations in the GDF 9B gene found in

| nverdai’e and HBhna? HGPE-9R ealypeptidenspoming tolte invessfont i me to be

responsi ble for the increased ovul ation rates seen in heterozygous ani mals

and for sterility sgemd 0,00MREYINS nA B Socted against the wild type or mutated

GDF-9B polypeptide of the invention;

d) aligand which binds fo, or an ahtigen 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 2

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.




For the purposes of the specification it will be clearly understood fhat

the word "conprising"” nmeans "including but not limted to," and that the
word "conprises"” has a correspondi ng neaning. 25 The term"i sczlsitmgf e@‘ﬁ:fms
substanti‘gl I% separated or purifieed away from contam nating Sequenc n
the cell &P /IXEfaz ismin which the nucleic acid naturally opCLHNZe1/600%

i ncludes nucleic acids purified by standard purification techniques as well

as nucl ei & adibdsnyenepmaled phivides 6§ {51 ROl AW i i ng .PCR

t echnol ogy, and nucleic aci ds 11 8%@%%4 M%%g?%g‘éﬁg’ﬁ%‘f\‘&éﬂ“ﬁﬂ%3 5

whi ch have beelacted fitolrethiegeatp dansikengbf SEQUIENOUE] KIS iﬁlq@l Fgul eis

isolated fromthe genom c DNA of sheep expressing the 'nverdal€ or Hanna

phenotype. The term "nodul ati on of ovul ati on" neans i ncreasing or

““decr easi ng t AeY¢tanethst agpeol ofitho mventipmprtides ah helata, ‘fuﬁli@ﬁ)ﬁﬁlgﬁgcdv@ vafiant
untreated mammal . The term "l igand" refers to any nol ecul e ich can bind
_to anot her mBPYEERtideassat fagh imSEQIR Mekddi de or peptide, and shoul d be

taken to include, but not be limted to, antibodi es and phage displ ay

nmol ecul es. Tgﬁcgrobe and gri mers used in this nmethod also forma part of

this inventi Tdinedo 3, S5 durthes aspset pethe prasent deveptions there is peoyivent amisolated
nucl ei c id . | f the invention.capabl e of hybridising under
stringe n{w c o%@% fe' %ﬁg ??@e%ﬁ?ﬁﬁ‘%ﬁf@wgcﬂﬁ?%@fg@ﬁ@uwe%qﬁéﬁ% in SgQHDrN@blaﬁ; and

priners are also useful, in studying the structure and function of the

mut at ed genergd : -al Ll I f,the e from mammal 5 ot her

t han sheep engf %lggfltrﬁ én‘{‘l’ﬁ{e‘é’} IF‘%‘gg ﬁlglﬁ)cggggg q%é%ﬁ%’%%‘%ﬁﬂ? FEMPREIE &P ATURS &Cidr obes
and primers egtel® 8 s&ToHRh SB6A QB: Ayl ei ¢ aci ds according to the present
invention. A "probe" conprises an isolated nucleic acid attached to a
detectabl e 20 |abel or reporter nol ecule. Typical |abels include

radi oact i ve Throingpstion dlscgandmpatbe Hinefiod RS Ritin® ihd J)\Pv.ﬁﬁtﬁ-’tﬂt‘?ﬁ?é oi@fdige  and
enzynes. A "fragment" of a nucleic acid is a portfion of the nuclerc a%id
that is | essStriE} ik @ possuamgomprising thesepicf etniiistAAS n OV HRLERMEL CE
capabl elﬁf rraloﬁ)ri di.sing specifically with a .nucleic acid nolecul e according
to the i'Rver9HIFPULs haviag Ancpimocasid sequsncany sethiortht im, SEQ IMARD: 47 rdrngent
condi tions defiped. below. A "fragnent"” of a polypeptide is a portion of
the pol ypep??%%m\ﬁﬁr%%‘aing"ﬁ It Ihereql} | | ength, but which still retains the
bi ol ogi cal function of either increasing or decreasing the ovulation rate

of a mammal I L. hd | in,a, m l.. . Hence,, a _fragnent
accor di ng. tm%&?mcﬁg Pon gi{sdbé%é ‘?egélsgf' é%%vgfrg?m]g R%a%?rSTIBGﬁE’X%%éEPFVP% es of
the nucl ei c skitled i ther@f M%@i_s'lﬁ?liﬁfiteﬁhﬁetéﬂ%}’mdx&qt al¥6 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; -

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

25 bya hatchcd 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




WO Q/8~926 t 8 OCt 200 PCT/NzA /00073 5 "Priners" are short nucleic

aci ds, preferably DNA oligonucl eoddes 15 nucleotides or nore rn I engtn,

whi ch are annealed to a conplenentary target DNA strand by nucleic . aibﬂ
hybridisation to forma hybrid between the primer and the targe} $I0LT
‘strand, waernsazt ended al ong the target DNA strand by a p :
preferably a DNA pol ynerase. Priner pairs can be used fo?!,%frrygﬁ,?‘lﬁ)ggfi on of

a nucl eig aci eguence, e.qg. by the 10 pal rase chain reaction (PCR) or
other n ugl ei%@(agri]ing&aﬂﬁ? P@F?gﬁgéﬁe ﬁ%ﬁﬂf@@gg’%% €2Y386 Wh Propeptide Gom .thfF!D(Rtm |) mer
i b i h f | ei i di to th
P esont 1y aniiient &t WABAMopBHoR ietofed o Hisstus Bgtidn eoding wabdwerdr

that purposgeaieh tBstvd b (Version 0.5 1991, Whitehead Institute for
Bi onedi cal Rgsear cﬁ‘,’s. Can%}r%lgdge, MA). 15 Methods for preparing and using

probes and priners are described, for exanple, in Sanbrook et al. Ml ecular

G oning: A IRAgE2bhywdBRURcleotls s&ften J)féxq)h%;f%ﬁ-@%oggrgétshgﬁpb b elgr

Spring Harbour Laboratory Press, Co pring rbour, .
?{)ﬁ(ﬁ%ed to
the

primers canpbsitibhesf the BandtCad ProveRbalie Rhbstinflon"ICAY,
a solid support by standard neans. 20 "Stri ngentoncggr?éi t(?%ﬁg&pg%bg

anpl i fi t@t i procefsimg tits)gemankeal i boldCTHe GHALIIA6n AFEctdY bFEHRs édﬁ&tﬁﬁtiﬁn is
particular anplification prinmer pair, are conditions that permt the primer
pair to hybrhdéisednlThe poocessing sitgir proeblytic chavagessfpropestidedromi i
primer having the corresponding wild type sequence (or Its conpl enent)

woul d bi nd. figmest andaiie d Gy siopgioden arenbaxedaThe ntagute pgptideatodingneiidnoas as
salt conceniration, 25 tenperature, or organoic solvents, in addition to

t he base cohf)'(‘f?le{lirt}%frﬁwa@*ﬁ%h of the conpl enentary strands, and the nunber
of nucl eoti de base m smatches between the hybridi sing nucleic acids, as

i1l b i iated by th ki i Dol he art. W ferring t
5 probe or - bt 2t HARE B R Sdide Batents bt b B4 o4 6 PRtz o) | i cat o5

that the probe or prinmer hybridises under stringent conditions only to the

target FEquUE 20K i L 86NE sequence. 13
VO 01 1 85026 T8 oot 0 RO Pabstg et 3450 B sadiezk, “*he T venti on

provi des a genetic marker for DNA-assisted selection of animals for

i ncreased oWigued 2cshowrs the Rudlédtidy stquenbeePbp JTRAS6 ofBikhleSa, deer, mce, rats
or any other comercially inportant manmal . The invention provides a neans
of using a nucleic acid nolecule containing sequence derived fromthe

nmut at ed GDRFgBre{mhewy thermysleotide geueniccofiMABHUL df Figme@bi ated Wi th t he

nmut at ed GDF-9B gene, to identify 10 sequence variants in individual animls

that are associated with increased ovulation-or sterility of that animal.
Al t hough tﬁé‘%fe\%ﬂ gms 'Fr&?‘%m auRQ agid spquengg gkthe; %@Fﬁg {nyerdajecpreteing
ovul ation o Lty trait. directly: _they w be, cl enough .
associ at ed SAPHEL by blowld Blibe ShquBta ¥ ple s bho, Biah S SHYBS Shige in
sequenc® Vvald r iﬂqee]ggﬂ'j' I 4N a and inglyde, .but are
not Ii(r?‘i@t egddtrgi,ajr starﬁ?cti n yrl ggg\%rﬁﬁ oﬁ‘g}%‘?ﬁg Q‘s‘%‘%ﬂ%?ﬁ‘ "s'?na?gklgéﬁgémﬁFLP, :
di rect S_E:Q}Ht[&!ﬂ)@r@tﬁud@&'ﬁy‘fﬁéﬁiv&dﬁfc%é%sﬁﬁﬁgn‘ﬂr}’erkE&?%ﬂyfd{:lt ed GDF- 9B gene,
or identification and characterisation of variable nunber of tandem repeats

(VNTR), or mcrosatellite polynorphisns (di-or tri-nucleotide repeats),
det ecti on dfiguret#r shomerths dedwwed ainifd agdecqumte of HterRWaeTCDRIGR  a0PNP' S) .

protein encoded by the nucleotide sequence of Figure 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 (Glutaminé, 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




The pol ypeptide nmay be produced by expression of a suitable vector

conprising the 20 nucleic acid nolecule of the rnventiron or a functional
variant or fragnent thereof, in a suitable host cell as would be und0 rst ood
by a person skilled in the art. The cloning vector nay be s‘plﬁeﬂﬁgd

accor di nyQ@/85h2 host or host cell to be used. Useful vechor{ W |

generally have the follow ng characteristics: (a) the abi @vztoyogoérsf

replicate; essi on single target for any particul ar
restrict i%onzér g&l %FIZ%Q Sﬁans(eﬂe%cfé(ﬁﬁn%‘leﬁ haded grsy. ontions of the Ferddihg

sel ectabl e st anc Two maj or types of vector
. possessing t ese c arg&(l:s?%ralﬁgw gggﬁéga‘ﬁfi‘ls?ﬁ’&s ‘§ﬂd bacterial viruses

(bact eri ophages or phages). Presently preferred vectors may include the

- follow ng: tHeuRUC aﬂf%}\/b BK— ZAP, | anmbda 30
GEM and pSP Sgl;I es Shﬂo@v\g\%@?&mﬁﬁﬁ% I'st ﬂ;}%%(lsa ‘%?8?%*%3%# ggl ¢, Hapng Al t he
scope of theyﬂdtypestﬁeﬁhﬁ&ﬁﬁgﬁeﬁgﬂ'wgg,ﬁﬁggods%cc . ' 5 present invention. The

- DNA nol ecul es of the invention may be expressed by placing themin operable
| i nkage with suitable control sequences in a replicable expression vector.
Control sequBgue$ shays theclligment dfghmae feoiciitsi 'p?éi‘ﬁdt@c[‘Fe@(lFﬁfﬁ ][ 1‘?}}@3” cer
and transcriptional term nator sequences anongst ot her e seléectron of
the conidPol supejlremiliemembes fidn other mpkeibsi n t he expression vector is
dependent on the type of host or host cell intended to be used for
expressi ng &pe DNA General ly, procaryotic, yeast or mammualian cells are
usef ul host £18UE dShpe j2 iftkasomap of the eegiar ofi shespt X clirempok B icontBEAD -

Sui t abl e prg@gﬁygtlc hosts include E. coli, Bacillus species and various
speci es of d8f5A%s. Conmonly used pronoters such as (3 15 | act amase
(penicillinase) and | actose-(lac) pronoter systens are all well known in

the art. An tem tible vmt t he host_ of choice
can be usedE%ieIég? (L)l?(}s%‘L usedéglmr%; §{e%1 argﬁgtg Assayints %‘?RP%MgIRM@MC A

t abl d Simlarly,
voct ors f or ook ankEbl nd BnCia ?fé’r%S?f*eé‘X?%o%sSMncﬁﬁa&ﬁﬂ%g?#3@5 -
i ncl udel20 wowtitr, k&imvm-)delidt&akyg()fé 298 a%wgomgggb?ésncrﬁ?rve t %hoo rtats gerl ved

DNA sequences, Herpes sinplex viruses, and vec

conbi nat i onhqwrommﬁemabﬂdsammmmﬂ), dﬁu—[&i‘@{s(@uﬁlﬁéyﬁtjlgl@))%ﬁ%ﬁlc égct ors
are known in the art éabga Sout hern and P:Berg, J’ ,
1327- 341 ( Rysdyampies néﬁ; A@IA&IAII MR andAllB).Bi ol . | 25 854 864

(1981); R J. Kaufrmann and P. A Sharp, "Anplification and Expression of
Sequences Vo uI ar Di hydr of ol ate Reducase Conpl enentary
DNA Gene, %@%ﬁ@b&%% NTEON Kauf mann and P. A. Sharp,
Mol . Cel |l .Biol. 159, 601-664( 1982) S | . Scahill et al., "Expressions And

Char acteri r e I erferon Gene In
Chi nese msgﬁéelrgﬁt&/gg?ilnp tﬁp @BWB g«nepfo R el AR anna sheep have been

20  shown for the first tlme to be responsible for the increased ovulation rates seen in

heterozygous animals and for sterility seen in homozygous am'mals.

For the purposes of the specification it will be clearly understood that the word

“comprising” means 1ncludmg but not hrmted to,” and that the word “comprises” has

a corresponding meaning.

25  The term “isolated” means substantially separated or pﬁriﬁed awéy 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




30 Proc. Natl. Acad. Sci. USA. 80, 4654-4659 ( 1983); G WUlaub and L.A.
Chasm Proc. Natl. Acad. Sci. USA. 77, 4216-4220, (1980): 15 2 8 OCr 2004 |
WO 01/85926 PCT/ NZO /00073 5 The expression vectors useful in tﬁ"bs(ﬁr ggEt ‘
invention contain at | east one expression control sequence thz\t i

operati v@Y?OV’f:ﬁ%d to the DNA sequence or fragnent to be expiRseffe7zThe

control sequence is inserted in the vector in order to control and to

regul at e 3 hewhichhassban sPithésiRdC PedtedbiNAe SRR m@é@&ie'ifﬁ?lg{%d‘tfoﬁx‘éﬂ{ea c

expression control sequences are the [at system the trp sys

system the gamonsyDNATDS sirkbp ExpRsReihd IRverddld oP Hanmd enlbg%lepns of phage

| anbda, the glycolytic pronoters of yeast acid phosphatase, e.g. Pho5, the
pronoters of the yeast al pha-mating factors, and pronoters derived from

pol yoma, adeRwiemaSmodwetiandfravslationtimsingiitiicasings decedbing e raest Hvufiiidn! at €
pronoters of S V40, and other sequences )nmown to control the expression of
genes of prM%?d@thﬁtﬂt@dz@mtlh@nmub&eMnﬁMjr vi ruses or conbinations
thereof. 15 In the construction of a vector it is also an advantage to be
abl e to dist,jnguish..the vector incorporating the foreign DNA from

unrodi i ed VERIGFR “Hgand” sefatsdniaay malerple which cas bind tormother emoleoylst seb assef ul
in such assays_.incl.ude reporter genes, and other detectable |abels which
produce lﬁeas%?"émea{‘@%?f&??&gﬂna g?,“ﬂﬁ?ﬁtf‘ﬂfﬁ“dt) irclpdeshumahbelimsted tohantibories | n
one prefer r?&?ﬁ’?ﬁ%ﬁ@@%@gﬁﬁ%ﬁ%&l' act osi dase reporter gene is used, which

gene is 20 $* exhi bi ti ng a bl ue phenotype on X-gal
plates. This facilitates selection. In one enbodi nent, the (3-gal actosi dase
gene may be 1RRB6E TP Y V[T A -”%% i ; ich. e ds . |
det ect abl e by (@%ones egﬂﬁlgllq&; ngq‘g‘ﬂ%\lﬁl e ﬁéelg%{%gg\ﬁﬁ%‘)é?g%ﬁgﬁn\%t rpaid gal . f
Thi's bl ue- WprbteescandOopriaérs @fidy @OmpALte 8 FFAbteas oft ths alitikic B Shol ting |
recombi nant vectors. 25 -Oncey sel gct ed, @téﬁ% vectors mai/ e ?é%%%’[l%g?}t?%m t he
cul ture usi ngvention capablerafbytitidisingamaly sadndeneritidha o & ¥t GOF-6Blgkeved by
purification. For expression, vectors containing the DNA of the invention
and conffol sequgnes. Sucl probessmd peitheoy are plaoaseduliricktidying the bipsdture andifusttige! | .
Sonme usef ul gxpressi on host_ cells include well-known prokaryotic and
eucaryoti c CbHegnutaisdgens andiior ebisinirghgmelogs phike gemofrpomohanmalsiagheréhanpl e,
E. coli, such]ilas’ E. cali, 68%6, ‘ coli HB 10l1a E." coli WB110, E.coli
X1776, E. cOlGP Sxprgsng phe Ipyerg: egq%@%@«*:g@wg i, MRO1, Pseudornonas.
Baci |l us, 16 : ' '

Nucleic acid probes and primers can be prepared based on nucleic acids according to the

present invention. A “probe” comprises an isolated nucleic acid attached to a detectable

20  label or reporter molecule. Typical labels include radioactive isotopes, ligands,

chemiluminescent or fluorescent agents, and enzymes.

A "fragmerit" of anucleic acid is a porﬁoh of the nucleic aéid that is less than full length,

and comprises at least a minimum'sequence capable of hybridising Speciﬁcally with a
nucleic acid molecule according to the -in\}ention, or a sequence complementary thereto, )

25  under stringent conditions as defined below. A "fragment" of 2 polypeptide is a portion
of the polypeptide which is less than full length, but which still retains the biological
fung:tion of either increasing or>decreasin g the ovulation rate of a maﬁimal, 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 inventioh.

12



.- pol ypeptide

WO 01/85926 1 8 pCT 2004 PCT/ NZ01/ 00073 5 such as Bacillus subtilis and

Streptonyces. Suitable eucaryotic cells include yeast and other fungi,
insect, animal cells, such as COS cells and CHO cells, human ge§ IQCTi 200%

ti ssue CW(%UI:% 26Dependi ng on the host used, transformation is perforned
accordi ng stl)andard techni ques appropriate to such cel | ecCTRm1/P600kar yot es
or other cells that contain 10 substantial cell wall, the calciumtreatnent

process (Loh ‘éPxim&sNaﬂérshoﬂeﬂbkhgsacicﬂ@bfdi’é}ﬁlbl?IMH%Ti!gof?ﬁcle%gjhd%g gf P“é\ig@f (gg 2110 (

11972)) may be enpl oyed. For manmmalian cells withcut su fhe
cal ci um phospeesia lengtle whith bicoanneaied asa odmpleReiRrPRtheY OIN Astand by Mchié ogy
52:54.6 (1978) is preferred. Transformations in yeast according-to e
met hod of Va#fid&aybridisgtior to farm JiBdcid betv@en 19ARihéARd theatbeHONACstBind &hen
" Proceedi ngs, 15 Natjonal Acadeny of Science, 76: 3829 (1979). Upon’
t r ansf or mat | Srienged along thedpeset sz‘h slsandtiytapdymerpge, preférable aUBA Qolyini@ase.

?r. oegtj de encoded can be produced, often in the formof fusion
protein, by CUPEHPAMR)CEhEeRised feeamplifiction whlaymeitic deidoseqpenat elg. bf thdre
i nventiqp n%l)glge det ect ed bﬁ rfwi géassays as indicated above. The
pol ypept i de Bor PEepts ZeacHen (PERY e odier amalejsupsid jagplificatten methesls avell
Recovery an i f 1 i . be_achi eved, usi any of those procedures
known in thgmg*r*,'%l ,nfl P%?ag{é%n%%gl “%S;P%Ssﬁlé{ﬂidg \ Bméﬁ{“dseépﬁ‘!qe@ﬁaflﬂélﬁicaiﬁi%ni on
exchange regj T : i 0 | ypepti de or peptide of the
i nvention c?ﬁésl%rfliﬁgttiéﬂié r?%r't:ﬁlfgs H’%@‘gg&m&g‘?’s %eﬁ@y %ﬁgg‘é?ﬂlp‘?tﬁﬁgﬁ A8y mntepdad ce | s
t ransf or med fod thit s¥ 86dHOLs v i i I further aspect of
the 25 inventi on.ﬁulhsr? addi ti ?r{?ﬁﬁgglgres{)({&ﬁzi%hﬁ%%%ﬁ%&ggsﬁwggqu%%’ﬁ%gﬁanti al
identity toRebenrchCagibridde, MAQ. ami no aci d sequences of the invention can
al so be enployed in preferred enbodi nents. Here "substantial identity"
means that two sequences, when optimally aligned such as by the prograns
GAP or BESTMethqdsifor prpating and dispeprobissindusings des assctibgh FoMSt@ils, in30 OF
as measured by conputer al gorithm BLASTP (peptides) or BLAST X
(nucl eot i de§?‘f¥'b§9?5r‘°é 2k Melgeulaps (gning: of ckabioratorgsManaalg 2mdsdd, vobf BBakly
90- 95% sequence identity. 17 8 ocr 200 WO 01/85926 PCT/ NzA /00073 5
Pr ef erabl y S%‘Eﬁ%?&g‘?g%s%lflcﬁgnmu ﬁ@%‘?‘y iFarRst Cold Spring Habowry NOGA98%.vat i ve

amino acid substitutions. For exanple, the substitution of am no acids

havi ng si m pgaj, §B'e’??’ Is charge or polarity are not
likely to eff ect t e&g{soo%é(p??éetse lgf%’ OIEH%PSfé?vﬁrenEgé)ﬁﬁ% Vi ﬁBﬂYj ached fi ne
for aspar agidi suppétt BY 8h&8ardGh&hnb Or aspartic acid. The term"variant” as
used herein includes nucleic acid nol ecul es. and pol ypepti.des and 10

pepti des having "substantial identity" to the sequences of the invention.
The var2ant "Steygene sonditibnsIrfomtst drhplifidaton of altiigeNMidide aBidSGRincd fegPby aM NO
aci d sequence by such nodifications as insertion, substitution or deYeti on
of one or nBFR) Hiikg epeticeler nplifidation prindspair, atd comditione tiat permit the primer
natural | y-occurri ng variant. The term"variant" also includes

pair to hybridise only to the target nucleic acid sequence to which a primer having the

corresponding wild tYpe sequence (or its complemént) would bind.

Nucleic acid hybridisation is affected by such conditions as salt concentration,
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 skﬂled iﬁ 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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honol ogous sequences which hybridise to the sequences of the invention

under standard 15 hybridi sation conditions defirned as 2 X SSC at ©5C, 0T
preferably under stringent hybridisation conditions defined as 6 x SCC at
55C, provided that the variant is capable nodulating the o uéa@%prmnlpte of
a femal ewpgibrg. Were such a variant is desired, the nucltedtfde sequence
of the native DNA is altered appropriately: This alterati S6TOHRIB78f f ect ed
by synt hssis of the DNA or by nodification of the native DNA, for exanple,
20 by si Pe- sif@8p embodimensdhe mventinntmoedemsi genetRy mirkenfor DN AesifedRdctigns of
cDNA or geno(gj C. Dg{A reigui re sequence nodifications, site-specific priner
directed nut%geHeals for gerspsed oyalation o sterility dinsliegpegoats, eattaydbet, mitd)gaioy. The
term "protein or egol%%?efgt.i e’ refers to a protein _encoded by the nucleic
aci d nol ecul &Y §fher fRmMEreiAtly Bpportant mammaly g dfrveatien pravidesiaonsanaofiusing
activity i.e. ovulation nodulating-.

honol ogues ' he 23 same hi.ol ogi cal i

activity. Thhdgn\ﬂﬁ?eg% éﬁnﬁ I%(ac%@? §‘ﬁ'§'ﬂf‘}n§gc‘dﬁeﬂ€% 1ived &iom Hie mutatad GPEIBIDRIA f r om
a natural s he. expressi an of a reconbi nant nucleic acid
ol ecul o or afics BE BRMGRC LA alisRRHRR3 il et DR OF e aiamefon -
provi degpt hg : : | ypept i. de i.ch hag the am no

aci d sequenc%@gfgg%%%nwp%@a@?%ggﬁa? a%efasgoc‘nlag?q g\#?’ lﬁ?fe?%eag flomzgr

t her eof ~havisegilisy b thaR bhiglal 2 Aint ' § Jodulating the
ovul ation rate lg}:‘d a mammal . 18 h%’ygk%&?gb‘fn%ﬁﬁﬁ%g%%b@fmﬁﬁ?%?s 5
The et hod iimyeasedpvilagorpslisetilitg Q4it digectly, (B @i IWém&{ ki unt of
mutated or w | dtype GDF-9B or gir']ti body gr e}ntlilgen t emcﬁgﬂg%%xﬁg%nt

t her eof . Pr dfte padaligt, the treitnfFtie mettiods by iwhidhahess sb@icned vidds 5 MHBES are
inducing sterility in the femal e manmmal by the adm nistration of a |igand
for, or antkKgewndn, thmartatasd igCldeBbuttare med linsitedh, Iresteitticr frapROGCRAbS

mut at edbﬁDF-QB. 10 An additional aspect of the present invention provides a
|i gand whi cRelymegRhisy (REEB). Wy direds sequercingio&Ndowithibartassosiatd with thee

ligand is an antibady. It should be appreciated that the term"anti body"
encorrpassesml”?aéegr t%‘ggrg‘:&‘ﬁa?’b@%%g‘i%‘o&ﬁﬁi [sharaetsrigationnof; wariable numabexixfl i ty

to bind t n i the.i ti i . udi but t limted to Fv,
F(ab) 2 fr agaent e XAER VR0, b it Sy memthussind B rhaisgconds repeaisy,
ol ycl onal . by bl yv. I [, | To) embodi nent :
Ito heyl i gand %;%@dﬁ%agt%étbqi%ﬂ#ﬁﬁﬁgg& dggglglﬁlé’?ﬁ%s?lg (QN? lfyf her a's:oect , > |

there is provided a conposition conprising at |east the polypeptide of the

i nvent i on alige polypeptidecay be prddnced by 8xRedsitAr éf! ¥ sBEbRPT &R EonPrisi’ thr

diluent. Mre than one pol ypeptide of the invention can of course,” be

i ncl udé® i muckric 20idgoelpode bf the.invimtion df afanktiorl Yadiadt of fiaghent theR6Ln af t he

present invention there is provided a kit for identifying nale and fenal e

mammal s whi @aklghost eelkasiypdd b andersipgdjbyis persomskillad irthefastmal es carryi ng

two (honozygous) copies of a nutated GDF 9B nucleic acid nol ecul e of the

i nvention, £onpri.sing: 25 riger pairs for anplaification of he

appropri at e TegrShe ggctgjpa)ége, Sge‘?%edc?ﬁ?‘?r gt thespet ashoginell tobe pserls Blsefid)

sol ution faqy . i £l i.0n h.as ,PCR | i fication; deoxynucleotide
coloBE PR e B e T

m xtures; thernostable polymer

(a) the ability to self-replicate; |

25 (b) the possession of a single target for any particular restriction endonuclease; and

(c) desirably, carry genes fora 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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2 8 OCT 2004 WO A /8~926 PCT/NZO /00073 5 control DNA fromthe species

- instructions and protocols nay al so be suppl

being tested; appropriate standards; an appropriate detection system
whi ch coul d conprise one of the priners in each pair being | abelled
fluorescently or otherwise, a |labelled probe for detection of § 3CT 2004
product ; Ved6I1/8926 i nstructions and protocols for the anpli E, i J ?p and
subsequent detection of the anplification products and in lé )3{2@ 3?q73n of
results. qhe,i i | so provides a kit for detecting circulating

nmut at ed &F-B%E%?o ‘}eelg{r%mlil'n a mammal . Such a kit may conprise a standard
ELI SA or enzynme imunoassay format kit famliar to those skilled in the

cart; f i i pfi ti,body 15 directed to th
it at ed GOF OB DRt Bndnit G RYEMbOBES b sFp R O ki Benr mcorerae |
. conmponent s tEnlQBEIREL siti i : Ll i may_be .conj ugat to.a
il Lrgr escent or rgadi oagﬁl%éégg@r]\ge ﬁ?n&ﬁé!s%g%tﬁgba{%e Pregyon gt ’écgﬂ’&éﬁ’&

i bod nced i i i ff :
anti body nayselee glay Qd:lu&pﬂfg@:&rdf@élﬁjcﬁf?&ﬂta';{,?{élﬁgteg%ﬂ%n%?andt}ﬁaﬁs%ﬁwnﬂ now

€ 1nve
be descri bedeiminatet aequenyesayontist bAER! €Nk sQBdnt &F t.thgl%oﬁ%l' gg&%e ttohbe
In this

non-limting exanples and drawi ngs. Aninmals The aninmals tes

study wdfle fipdndetgRebearmbssimverdaisalepatizei gtk Askst hoCathest @il ihREded

| nvermay Agricultural Centre and Wodl ands Research Station, and from 25
the commer citdbe pseskios expresgingdhaINA.Gray, Orawi a, Southl and (Gray and Davis,
1995). All Inverdale carrier. animals were descendants of the original

| nver dal e e%&@é in which the Inverdal e gene was first detected. 20

2 a ocr 200 Y/ RGP UsOgarbanmasynapnelinen vssfil hostse Adsorivotdedswithinr i er

status of eyges, term ned by | aparascopy to identify infertile Il ewes,
or ovul ati on rgﬁgﬁf’ %gafc Tf%‘ﬂﬁ%%‘* S+ B‘ati?l?%FQF%a’fYPBﬁhqsﬁs W@KI%ELEQBMEBr rier
status of r @pRidsasdSiatile ' the basis of ovulation rates of their
daught ers. Fg%llowi ng %egéﬁgg\%%@%%ser P P‘?egs}’r?rﬁ"tﬂs frh s By
faster m®thiudtanise HerEiRERSY ah8 Sctdid (@l %4\@% Y9 QY 1B ndeach
ramto seven to teﬁpeH ewes gnd carr;(/flar?gﬁrgﬁ?t al Séglggé%ﬁ?%‘gyﬁoé’_"ﬂ fiters
at 6 nont hsartAmynyravailitile peomdiéesybiehfedmhpaibiswith Ak BRObE E1Bid Belfsell>.
carrier. The aimwas to produce five daughters per ram as the probability
of an 1Y raNettaws wsgd i yerst gietatsosavaildle aid wall kavwhi @SsuitabR xaMpleSis U 31 Ve
daughters is-.only 0,031 (Davis et al. 1994). 15 DNA purification and
sequenci ng PrEChassinafireplication plasmise white bl ood cells present in 5 to 10
m of whol e bl ood from each ani mal (Mntgonery and Sise, 1990). Sequencing

of all subc and. P roduct s s carried out by the conmmercial service
oper at ed byéﬁﬁ%’ﬁ%n\’e\?gf%ar g‘“df’ a@@ﬁﬁ?"é“ fisp wel krowe.sSughciectorsncinge

aut onatgd SEHYKASEL) . kers , M crosatel it di nucl eoti de repeat)
mar kers whi ch anp |f(|ieer§/g B%ﬁ%ﬁ@gﬁn%‘?’é’ E?é‘\?@irﬂiigﬁgmn]ﬂNﬁ feenpgResear ch
Mol ecul ar  Biep@Odinmglixt viAse hRY L stk | é,ﬁfn' oyay et al ., 1996), or
wer e fromthéelbcatt e and sheep geney?lg‘%ﬁaq%dﬁﬁggo I ébg?ﬂg%l?srﬂ@\ﬁnﬁ’ﬁ’iiﬁ%?s wer e
mapped on tNAhe sl eep X-chronpsonme as previously described 2S (Gall oway et
al ., 1996).. PCR anplification and restriction digests of ovine GDF-9B gene
products Standard conditions for. Polynerase Chain Reaction (PCR) ‘
anpl i fi cat ifswther eyeaynticcexprsicarectosedre BIGWIE IS theese (€18SP INSsuthéadde
human andn‘I}puse sg&uences Gal | oway et al., 2000), and shown to anplify
gene fragnenb8sdiciek dpal|Gener 4323 +add{1982); S. Subramani et al., Mol. CellBiol. 1,
25  854-864 (1981); R J. Kaufmann and P.A. Sharp, “Amplification and Expression of
Seqqences Cotransfected with a Modular Dihydfofolate 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 él., “Expressions And Characterisation Of The
Prpduct 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, 42164220, (1980).
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21 2 8 pCT 2004 WD 01/85926 PCT/NzA /00073 5 DNA. PCR products containing
the single nucleotide nmutations were digested wth conmmercially-avail abl e !
restriction enzymes Spel, BsrSl and/or Xbal using standard cdh%i 0CHr2004 |
recom*ren&&)g 12% t he manufacturer. PCR products and restriction fragment
products PBF%entified by el ectrophoretic separation i nPET/NZBUYGNJAr ose
gel s al ongside commercially avail abl e DNA size markers. 10 Sequenci ng and
Mut at i on SDet Bt éxpuesienhadors uidulSeauepeast ilvenshieem i 2RsUfRexbRsabh
t hree genotypes (Inverdale FecXl, Hanna FecXH and w | dt ype Fecx~§) fsr om PCR
fragments (Gentrohegquenceathat i26f@3tiventinkedieane IDNAVREERE dr FEhpfisht 88 baN

"ABI 373 sequencer. W confirned the single base substitutions by sequenci ng
genoni ¢ DNA @ptassedaglheeortmlisequenoe imipsertegl inrthé wectorin dilet easdnt®il dnaib mal s
carrying each allele ( FecXl, FeeXH and FecX ~). Aside fromthe FecXH or
FecXi base erBg?tth}ﬁ PERTESSIAY efithe sloped DN stxjuencd. yExameplet dfcusefid ekpheksion was
detected in the GDF-9B gene i.n sheep, nanely a single . Leu codon (CTT)

del etion at TPRECISEAYepees e fhedacsygtiers thedm sustem, the tacsiystemn thedicsysiem; major

Fi gures 4 and rggo.raTHe Leu del et 02 Ls‘ r]ot ssociated with either the FecXH
or FecXr -al I'@PELOT 2R RTYRRIEEFS B O nage lambde. thewglyerl g promatssyokyaest acidit i on
results in | Bsrsal ~restriction.site (actg/gn nd gain of a Spel
site (alct ad’gl ?.épl‘\%%s%gfﬁ'ipiﬁ%ﬁg? RTogfers of @‘ﬁﬁ@?fi(tf“ﬁ)&‘gﬂ&a@afa‘é nREPMRPISpe |

cl eavage of gy j : ' this.region into.476.and bp
fragments i rﬁﬁ E‘ZW?S%@%%%@@?&%E{E@%&LQWE ! rené{ﬂ" VIS Ridt the sanand ?QZ%d

w | dt ype ani Sters of SVEE o | f g@po C H)
all three frpg%hnent sdfvvere ’%g%q%?%%c%ﬁﬁxygéogn 21?’%%%5’45% %ﬁléegfgf?(

BSr Sl ¢l eavgbkarpgiendsucagotid &dlsagd te@tifusad ek oUmbihatms ayrgsl s but not
FecXH carriers. A 154 by PCR product from DNA of FecXl carriers (produced
frompriners: . #12 ( GAAGTAACCAGTGITCCCTCCACCCTTTTCT) ; and. ™ #13 .

( CATGATFEGGHGhA TP @ALON pf 2 2¢ctor VYD alkb/a8 58 @Mtze80 BEIIR A0 disREidiAnE ¥6A60 ~: 1
S generated, a forced Xbal restriction site. Xbal (t/ctaga) cleaved PCR
products geHEPERBEY N the foesign DNA-drox unmpdified veatoryby X converiens andrrapidhg t he

A allele (tcta ai{, but not wldtype or FecXH FCR products carrying the T
allele (tct 3{;"6‘3? PRrer@siemy Bseitlgin meehy aspays, 1 epFpatiex geresq ang other

fragment by i he .30 nucl eotide priyer #12 only.in FecX~ carriers.
Al restric %tg(%gb F(g%giss&?/\’g}% e Vi T CSiﬁT’euﬁ?}?a&ﬁ%“t ?’%’FO%%‘%%PB@H& s as
speci fied bykd hg, sRYEASLH" f : | 9

Met aphor agar ose geIrBs*. Li nlggér’gg%%igﬁgg@tﬁh%dfséﬁ é@erig%ﬁ%is%s%&evgﬁg§§€?é€gc

X- chr omzG ongetgaaile ity LloRkhEhibRRAg By bI! EW AN blatedS THls ERilWaRs2S
previ ously described (Gl loway etal.; fg 96 agd rrag%pgd cgddi tfonalt leSS !
mar ker s MAQK]lediiohb5In dfer éffbodimentg té \Pkalidtadillmeayeret may .be 290kd teeX and
GDF- 9B were mapped in the Inverdal e |inkage mapping famlies generated by :
mat i ng ni neP@zhedriarencalling gener Which genewis| ditgqiablé dryatlenest exhibitiy ce white

het erozygous FecXl/FecX+ femal e progeny in the second generation. These 62
fermal es” pr obRFREEPeAvhranHaiped vd .| FBis alueyivhiie tcolas Aplgetien Fancsérvees X~

femal e progeny . whe ted to 20 I Q FecX~ nmales. We determ ned carrier

stat us of ?wﬁpa%arrgergﬁf ﬁﬁtF%uWe?%{B'é‘P?}gé’SWr%o i dentify FecX~l FecXl -

infertile femal es and by progeny testing and | aparoscopy of fenale

of fspri t ed&'ﬁzg = ¥ » conf.irned. wth genetic

mar ker SZSgnngfl eCI(t: iltlicggggtors ﬁa@%égﬁg%&g}co e%e:h%??lﬁeeu?w F?}Elélg REYEETSH wer e '

full siblingsha feesXHaFestdchdt Ribivef by GiBfieionN0 DNA was col lected from |
the ’ '

the wildtype females in

For expression, vectors éontaining 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,
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25 first generation. W mapped GDF 9B on the basis of the T-~A nutatiaon_in
t he gene coding region: RESULTS Sequencing results PCR fragnents encodi ng

the entire mature peptide were sequenced from I nverdal e anz %Cm;t 6’6
genom c ”;Jggg sequenced region also included nost of th r gﬂ einj
23 4 WD 01/ 85926 PCT/ NzA /00073 | 5 exon 2 (fmcarnzod/obgses 3'

to the human/ nouse i ntron/exon boundary to 30 bases beyond the tga stop

codon) . SequewbasBaoillukeisilist ¥l Sth9@sn cbi‘%l%i‘e ﬁﬁﬁ&gﬁ l{@lﬁﬁ e s‘feﬁ‘é{ialgg type

sheep sequence for CGDF-9B. Sequence data reveal base

‘subst i t uti onethei funginirshet, avimek @ISBRHS B EIRONITHO n the
"I nverdal e ped| gree and one wthi ?g'ltiche Hanna pedi gree\'%?ligglr gg@gﬁ%?lsmlh%
Hanna ani nal @&/ C nucl eotide at position 67 nucl eotides beyond the mature
"peptide processing site is a T. This converts the codon CAG (coding for the
am no acid 915 ut am ne (G% to the codon TAG (coding for term nation), and
~woul d resul tPFRFISINE oA cthe dpstrasest dravpsformation ks gerfornid) acddiidlhﬁ\/tarﬂ;&kcﬁxd
animals the T .nucl eotide at position 92 nucl eotides beyond the mature 15

peptide pr octS%IgW\ SSTRPECHEL® 12 EBF: cells- AFor prekerydtesgort hthec welio tHET Gohaiin N0
d Iy d t d (D F 3
Veriti ol Pgns“*é%tg?‘ﬁai o H@f‘%wﬁ S ednbakrestss (st § Ntoosistga Nosional
carryl ng. eack dahs o) SEtl tisa 8 2Pl Q8RS 30y Ve meloned e Formpenenpien colimch
| In_t t of |
hel ther of f’ﬁé@ﬁi‘g’?ﬁﬁﬂ? URPlo R Eoopl A0 %’fe&réf%ﬁ' Eleﬂlé’éﬁﬂﬁasq%q %’wyam e
ani mal's, noDenED, Vieldgysersis é@?%%%éfeﬂ&d & ng;{.ﬂb 'B“%[‘ge%sﬁ tg@%' ce

ver sa. TabI e 1. Sequenm ng identification o
I nverdal e amtthahofVaniSotihgen ol ABA¥R| $02045 Ff97:7§1gﬂm19%% \ipg’rf)i:é%mngs,
l el e,

wel | -characterised pedigrees (+ = wldtype a
15 National Academy of Science, 76: 3829 (1979).
Upon transformation of the selected host thh an appropnate vector the polypeptide or
| peptide encoded can be produced, often in the form of fusxon protem by culturing the
host cells. The polypepude or peptlde of the invention may be detected by rapid assays
as indicated above. The polypeptlde or peptide is then recovered and punﬁed as
20 necessary Recovery and punficatlon can 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 (nueleotides 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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| = Inverdale allele, H= Hanna allele, Y = Y-chronosone). Nunerals

I ndi cate the nunber of tinmes an i ndependent sequence fromthat ani nal
identified the appropriate sequence variation. 24 WO 01/85926,2, 8 (%:T
2004 PCT%%{%%% 7~ 5Cenot ypeAni mal Hannal nver dal el DCag (wt)TagéT& 0C 2004
(W) gAcTY Ta 21Y ranB4321111 ewe266311 10HY r an®51333H¥oTaZd abdHH
evve71332%|6u gvxeﬁeZ;L&SIDZZZZHI ewe4865111115H+ ewe7151 - 1111+ ewe2682111+Y
Romey76202 P meRd RS Ridhs wWREHRY 80T i 7941+Y . .
Merinol0022++ Merinol2111 A restricti Oﬁ@g@@gﬁgas%@ﬁﬁ%maﬂe
‘Hanna base sWbgitntions. oFopexahple dha sipeitution of Mnifd ﬁﬁ&@ﬂ@viﬁ% Eﬁﬁfa?/cﬁ%;%%a}

and renoved a BsrSlI (actg/gn) site around that 25 substitution. ese

cl eavage si tFSP&HEeRsUshiichangd obpoldetymnes hotiliehptoldfttt thd SrapeAMEST §§§tteiﬂa5
abl e to cleaye a 541bp PCR fragament spanning this region into 476bp and
65bp f r agmenF¥amplesinclyde giptaminator espamginenart glitmivacid for b¥paHé s@S. | n a
sheep carrying one copy of both the Inverdale and the Hanna genes (H ],
bot h the 54I,§@ and.476bp, fragments were identified. 30 Simlarly BsrS1 was .,
shown to cl e3VETt AFHERY as pseshhersin ingipdesmugleigarid nimleculrs anépolypeptided ancH

sheep shgwe mxture of  both bands, No enzyme cl eavage sites are

gener at gg o&cﬁtédr?gv)hgglqg Osr"hbg?mb&f’ﬂg' |9 $panendss 96 the iB¥ention: iThe vairiaet so a
forced RFLP R d i ch.introduces an Xbal cleavage site
(t/ctaga) int 3 r?ﬁ?%@%?@%c O%goen ef’é’?’e"& “PP‘%HP@%% W@P&%‘ﬂée%emgxsmh not
35 a wil dt ypedifidaGoRE R Rk ten s ] .ne pntroduced Xbal, site {s only
produced when t he Ionverda(?}gyl%sﬁﬁ%ﬁ%n%:agle{d?egg?mor%‘acPgéﬁ%’tdef)%éréﬁ{o in
Hanna or wi lactlype iefiaybesa nhftrdfy-occd ianP? L L8afad RCTAN201/ 00073
5 this case the PCR pa?g%iuct s g’l?ﬁv’éﬁ*@ﬁ?@% Afhg\(ep?h%u ﬁ%r%% ﬂ&%é‘%NP,%“ &5
resul ting i homologawes whaages which hgbhdth e¥eqhdied dfM inPROH Ghder's al e
DNA strand.. TTTCAAGACAGCTT. . 30b PCR primer "endi ng-tttct Produces Xbal cut
site tclhgahyiidisation ®oORitsmsdefited Bs Risi 8§Ct 4ti 65°CRbMprbfRSHRy funadRAhserde om 2
HY, 1 HH, 2 +Y and 3 ++ aninals were not cleaved by Xbal, while fragnments
from 36 TI Syhuidisatiprycapditiensslefipadeas 6 806 dt STk pidvidad thad helvarian ivadpabihoved

a mxture of cleaved and. uncl eaved fragnents, as expected for
het er ozygot glg_aulanng Hme ovulation rate of a female mammal. Where such a variant is desired, the

nucleotide sequence of the native DNA is altered apprbpriately; This alteration can be |

effected by synthesis of the DNA or by modification of the native DNA, for example,
20 by site-specific or cassette mutagenesis. Preferably, where portions of cDNA or
genomic DNA require sequence bmodiﬁcations, site-specific primér directed mutagenesis

is employed, using techniques standard in the art.

The term “protein or polypeptide” refers to a protein encoded by the nucieic acid

| .m,olecule of the invention, including fragments, mutations and homoiogues having the
25 ’s.ame"biological activity i.e. ovulation modulating activity. Thé frotein ér polypeptide
| of the invention can be isolated from 2 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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““nmouse and 7

. single G~T

Sequenci ng and Mutation Detection 15 W sequenced sheep GDF-9B gene
sequences from cDNA and genom ¢ DNA, using priners designed from human,
nouse and sheep sequences (Galloway et al., 2000). The sheep geﬂngclrs
simlar tg W@% nouse and rat (Laitinen et al., 1998; Dube &t .,zqﬂé%;
Aal t onen e_? al~”,71999; Jaatinen et al., 1999), with gene freaNZ@AsodM¥PI cal
of ot herajrren’gﬁrs e'(1);!)0(thhe%tTGFJ3 superfam lﬂy.&The full-length 1179 bp sequence
encodes 3938he m viay &Onppise pidangiBlel RafUiBnth ' t exons
separated by an intron of apngr oxi mately %.t4 Skkl% A 253124%1%02%%}18&0& ed
si gnal pept i ‘B8taiderayiddtype GIDF-9Brbnantivody oPAiRe itiiRedNsk @Vagﬁhpghg[\%gflzs ani no
acid GCtermnal nmature peptide region beyond the RRAR pr ot ease cl eavage
site. The s egorcodi ng re(gil on is 82.9% honol ogous with hunman, 78.8%with

_ TE R nthe amodilationeofnibe | volatide rhteveinpridbs Whiaing Gt<rAfyYSHGRE
genomi ¢ DNAan nverda!g FecX' ) and Hanna (FecXH) carriers (Figure 5). A

Sy ¥ ngpisirafionf < ligand f6:7 onantigen ofahwae GRS

codi ng regi Ocpré) ucFSngig arnets introduces a prenmature stop codon in the
pl ace of gl utam coati V?Cl@feﬁ OgFRPYSInYigied GIAEi9Bue 23 (residue 291 of the
unprocessed protein). Premature truncation so early in the mature peptide
in FecXigcargy sl Sl y result.26 . 2 8 2004 WO 01385926
PCT/ md@ooé%ggéﬁuﬁﬁ%lo%%‘t %11 ?‘8 stSSPE BESENERD PiRYedsSoh liggndywhichnbinds ita gl e

T-aA transi ty S tenV&hsh i at. nucl eati de posjtion 92 of the

mat ure pept ?gg@egﬁ%@gﬁugp Pgn. su'bg\?‘?sitﬁl? lEe‘@yt #ée t}lgﬂ“grfﬁ a(’\?fgﬁ?‘iyh ﬁ%ﬁ‘l‘l@il@ aci d.

D) at resid SihtedrtBat itk erm @ gsdfiaég) | . ..he FecXl tation

i(s)a non-conggr?vageiave changg %ﬁﬁ&d}ﬁ’{%&%ﬁ%nse eegﬂr%éa%lﬁg%qs 0?I"‘F)é%‘lﬂé%‘?s’ei n.

Al other neviier etaif théebil(o3biad b6 bl Apeptills 8 iR ﬁ‘ﬁvgﬂiohaﬂﬁﬁxﬂ%ﬁﬁteﬁ&es
150

contain only 10 the conserved hydrophobic” am no aci ds val I ne, euci ne or
| euci ne at timitedgediv Fab){ fagments, ScFv Miedules aid GRS B The 5HB6dY Hy Peder to
| ocat e cXl we generated a genetic |inkage map of the sheep X—chrtgm)soma
(Gal | omgf ePolyrlonal epygpnocioppl.mt s preferalplp evondeipnBEC Kl sdmc exabbdimaaR the

f I anki ng ma{.ker 15b10 gM%ﬁart at the centre of the sheep X-chronosone
(Figure 7). "% §8°F Pt THIMBIRORAER: t he | nverdal e phenotype were
observed in a famly of 177 animals in a three generation structure with a

maxi mum of d-Bf-Qrpatd mei.oses. . Li nkage mappi ng-.i .ndi cated t hat
FecXt mapp e%éct:dg H{é‘%;tgg %ﬁﬁ%%%%ﬁ?eﬁ ‘ﬁ?fﬁ’/ﬁdﬁ ﬁ&%%@ﬂ“@g FATBHFBE #f leastibaan

Xp1l. 2-11.4@01@51»’ﬁa@5f&@weﬁab@5h&ﬁ5ﬁg ﬁh’ o Ai’ggAl, etethan, and 20, ATP7A ( human
Xql3). A breakpoint near GarMPl .11 s ege%ag%p arrsette%)%%%%g?cg ggl[eﬁégger

groups of giiheat bopthal ®nt PopEStid8 OF thaYiRv&itich Jh QFR the nd
mouse X-  chronosones. @F-.ngp?gps t o human Xpll.g (Zunr ,P%'&Scl@d&%@ntﬁ%

regi on28f taempesitim. X- chronosome (Dube et al ., 1998; Aaltonen et al, 1999).
Ve have nmapped sheep GDF- 9B into the same 10 cMinterval as FecXr in our

| nver dal e E‘g:pi goedl ree, and found 25 no r econbi nant s bet ween the FecXt
phenot ype OEiig& 8§t Sprthes agpect of e ipaesentinventivnethereiio provideaf £kit Tabl € 2.

identifying male and female mammals which cai'ry a single (heterdzygdus) copy and/or

females carrying two (homozygous) copies of a mutated GDF-9B nucleic acid molecule

of the invention, comprising:

25 - primer pairs for amplification of the appropriate region of GDF-9B; and optionally

,ong or more of
. ‘bl‘lffel‘ sait solution for the' ampliﬁqatibn, such as PCR ampliﬁcation§
. deoxynucleotidevmixtures; |
. | thermostable DNA polymerase enzyme;
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Tabl e 2. Linkage of FecXl to genes arid nmarkers on the sheep X-chronmosonme
Mar ker Nunmber of Co-informative Reconbi nation Lod score 30 reconbi nants /
nei oses fraction (8) (fenmale) 27 WD 01/8S926 5 2 8 OCT 20044 T |
PCT/ NzO W%sv A68 7 176 0.17 4.20 MAQA 2 ~ 143 0.15 1.49 K/t%%q 30@'96
0.07 | L6l -9B 0 213 0 23.18 10 T1IMP1 0 177 0 12. 34 TGr&TAND1HEEy30 - i
10.54 CarMP 1 1 206 0.01 ~ 18.79 ATP7TA 1 147 0.08 2.08 X1ST 2 148 0.13 2.20 ‘
15 Pl ~KA3 4° - 19@1t0] DANA fibih BespdeladbenPbied 07 | 4.57 CRIMAP Two poi nt o
| i nkage anal ysis to FecXi phenotype in Inverdal e mappi ng pedi gree No |
significant sequence differences were found between the TIMPl coding DNA of
‘Wi | dt ype and® Fec3Ppremiedpstamtardsgent i fi cati on of a subsequent reconbi nant |
anong 20 additional FecXr carriers elimnated TIMPI as a candidate for i
FecXt. Use of Isol ated pol e{)ti de and antibody to mani pul ate ovul ation. An
E. coli -derl vecfmr?é‘PEHPéiafﬁr%Feé 1op gytegpIGeh cilpedmprivg one of HEtpRRrSROMERACE as’
set out in SEQ ID.No: 10 chem cally conjugated to the protein Keyhol e
Li npet Haenocyarh h‘%& be\ﬂg‘i flgoresgeatly af otherwisena FabellettiprobCfmdettontsl iy ant .
(FCA) was 25 injpsg&ftg asn%bcut aneously (sc) into 10 anoestrous Romey ewes
(0.4 ng/ewe). ATfurther 28 i 2 8 OCT 2004 WO O1/8926 PCT/NzA/OxiQ ~~ - _
5 9 anoestrous Ronney ewes were injected with KLH alone (sc) in FCA to

serve as0 comt 1 oliSstfRtidnd 4 Jhereafter..all anipals were injected at
monthly intervals with ﬂ%{)g’?@%’c%{%?‘%gtg%a@ fication, %‘%@Sﬁ‘ﬁbﬁwmmpn@fmm/ eve
KLH) in a Span, ahphigioatict pro@ebedMath e s.entered the breeding
season, sone 3-4 nonths al%ter I ni tlgetrﬁ%tgah%ﬁg?:{%%%i sations, the aninmals
show ng oestrous behaviour, as detected by a vasectom sed 10 ramw th

mar ki ng har e &nventior alsu lpjavides d kitFoR dbB RS ald et 8Vl sual i se the
nunber of corpora |utea ?i .e. ovulation si%%?&glﬁgt@gagg@%ngge%m
ovaries. SedEHmynal Hach akikidy ChlipAf: 4 stardaed EEISATS dhziad ilﬂhJunGJssa%% at<LH
treated anim lq?q}iiihOV\Bd oestrous behaviour. The nean ovulation rates in the
KLH GDF9B aliifaauliar iotheseskilled froibp avihforiexamplaeht kie atay ovitamCspbaifi dn@dys hown

in Tabl.e 3.,15 Table 3. ovul ation rate in sheep* show ng oestrous
acti vi tl;? f oﬁ“fe&?ﬁ“ﬁ@ t’i‘%‘ﬂi’é&f%%ﬁrﬁﬁ Aretgin, ard sthndardsepprdacy aritinody ampkfiestipani n

KL or K i to an E. colj expressed GFI9B anti gen ’
gl'r elzj% nent Gel-é(gg r |egg§%§ﬁh%\%&‘§tsf%’ﬁﬁlu ?m-@ﬁ"d’:?ﬁ@w @W@W%@?ﬁdg@é@@m@mt

acti vi t y( 95%pra@ihi 4,01, 2 1. 7)KLH GDF9B4.5 (2.7, 7.5) The
KLH- GDF- 9B ani %%F‘%%%é‘%‘“&%ﬁ%t lsﬁ%ln oF fiesforhy aedy ebn Bbeletr at e
20 conpar edApprdpiatKkbiutiontt 'Bhtr&iQ] @@gg 00das é%toéﬁ\é:@%]%ﬁot {}é‘t the .

i ncreased ovulation rate in the KL 3 ani nal
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 AgRé;earch 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 detecfed.
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oestrus was associated with an anti body response to GDF-9B is shown in
Table 4. 29 WD 01/85926 5 Table 4. 2 8 OCT 200 PCT/ Nz /00073 Mean

(range) antibody levels in sheep plasma before or after repeated

I muni satvwgl/ femal e sheep with KLH or KLH conjugated to an z8 0CcT 2004
coli-derive -9B mature peptide. The val ues presented P%E‘H#Otl%@n" '
absorbance at 490 nm whi ch represents the 10 | evels of antibody {%8"@orF- 9B
Tr eat mentPr ePhamatppicmvaribieR3c0: 3KLH GDF-9B (E, col i <0. 31. 932expressed
mature protein)(1.454-2.613) Antibody |evels were nmeasured by an ELI SA
procedur e afé:er_the sheep plasmas were diluted 1:5000. The ELI SA net hod

“i nvol ved coafhmigr staBf-ofiedwles Wagtdetand of E._coli_expressed
full-length GDF 9B -and incubati oﬁﬁﬁvdggrwcli@%%%& tod'ldF%dn@H@%ﬂl pieson and

"100 pl of as¥aVatianirpterto déa‘thlgnishppb&ﬁefsq}@nb.l,_q,g}gicglgieg eat mnent and successive
15 washes. After incubation with the sheep plasnma and several washes,

- rabbit anti- hee‘tpHRP was added for 1h at 37C. The wells were then washed
and devel opéffw staBspforspiseviand eishur rassigheds of il 9&%@8&%&?&&&“ thei
devel opnent ]ai ng s#gﬁge_d W th sul phuric acid. In a separate s u8§ er
demonst r at e PHEREL- Wing tbg disenviennof infertileioveri€sa-IDEwM, Ialfas%% FRARITENIT
se

ovari anyol #(%é}xag geve opnent, 10 ferale mce were inmuni
i ntraperi t oneat Iy Crp§ SWaTs %3t empleysd by-miaimigweach rnt torsevenionsn HEw rotein

(0.2 ny) ing% X a%qh%otﬁer 10 female mce were i Mmunised with
bovi ne al phg I acé g‘ll%lé?nmﬁs)cf’ﬁy UERICESEA 6 meontls. Any fes)lting irfertiledl affspifpt r ol s. |
Subsequent | Yonf8nPaRSGRY asl | ghs of the approprjate antigens (0.1 ng at |
first booster and 0. 05 ar?gyga?ﬁésﬁéggﬁ&u_ﬁﬁ@sigpf uce) fiye daughtyrs\per eargj aetheat 2 |
week i nt er vptobabilityoSpRIY Tﬂiﬁ %Q{'ﬁg lnorﬂaﬁg b& “%rt]tgsttfegﬁ o%'gries i\:g soa}[/q?lg %% %ve

daughters is only 0.031 (Davis ez al. 1994).

15 DNA purification and sequencing

DNA was purified fr‘om 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 autornated sequencer).

20 DNA markers

Microsatellite (dinucleotide repeat) markers which amplified DNA from sheep were
developed within the AgResearch Molecular Biology Unit as previou‘sly 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 er al., 2000), and shown to amplify gene fragments successfully from sheep
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2 a ocT 200a PCT/NzA /000";c S animals sacrificed 1 week after the final

booster. Thereafter the ovaries were fixed in Bouin's aqueous fixative and
processed for norphonetric analysis. The total nunber of grow ng ovari an
pr eantralwg g %géral follicles was determined using a systematd @ dggn
sanpl i ng pf Ot The data are sunamarised in Table 5. Tahezdrood a‘{n
nunbers of preantral and antral follicles in nouse ovaries follow ng

i muni sats onDNA. PG Ipnﬁtiua@ﬁ!iﬁta@ﬁmb QNé &8 (%lélrﬁﬁﬁsohﬁ@ LRtER, Q;verre Sisested; Withs( 95%

Treat nent Preantral or antral. ITclesGonmetric hean nuhibe

confi dence IWmmgl)r:i%Allgeavaﬂ:&ﬂew&ﬂQct{oﬁ%h yiads nAnt r al 80
(55, 115)Preantral 261 (233, 292) GDFQB,gnt raFEav?ggl%%?%m#ﬁﬁbﬂ c[?fd '

preantral f otanditions réqemmhendGDEY Bietrhedifeduen PO Srodas:s %h(gfh' i %K% r
than that in the bovine ox |actal bumn treated ?nce p<0: 0 3 &f?ﬁ ST

were no 15 sPa#icls wenstidefitified by nbeisoﬂﬂmtmeapatrbleodmeal mrafga:%@ga %Q
respect to the nunper of_antral follicles. 31 2 8 2004"WO 0Ol %926
PCT/ NzO / 00PPEmBereiafly apailabledaN At size miatkersy ences in nunber of preantral
follicles was associated with an anti body response to GOF-9B is as foll ows.

The mean,(r in mouse serumdiluted 1:50,000, follow ng
repeat e n%ﬁf’é’é‘f’?%ﬁnmut?%pg Qefe%szg odsher eas all mice imunised with
ot -l actal bum n had no response (i.e. <0.1). The anti body val ues,

represented n 90 nm re measured by an ELLLSA - . 10
procedur e. I\}gygé gn&ﬁer S é(&%gﬁrﬁﬂ%@oﬂ gef‘??’P‘FSr{I‘P‘@E‘?%‘FEFﬁXIaHﬂW s by
t he adm ni stae.ax# I ovi ne pept| de
sequence. To achi()%\c/lg%é]ta QP‘?W@QE 1 nelfég%pa%"%& gG% Pag é‘%@ﬁ&)e

cor r espondi mg;&ﬁcxﬁg\v%loaﬂied@utbﬂ%n%ﬁﬁﬁ’%d a@?gné% l\ﬁetcx ﬁm?é’d{ﬁgs% gB rature

region was synthesised together with m nal cys ei ne

conj ugat i on sutstiteions by sequeneing ieLoMRPNACAvEkAD HeRnBRNESBhE ¢
The peptide_sequence we utilised was: SEVPGPSREHDGPESC. In t S s Y, 10

anoest rbus Restrityanimels oaryieg eajhedleld Rickh Focx? WWPMI&%&ﬁe%CX@B

peptide antigen_jn Fr eund s.conpl ete adjuvant, and 9 anoestrous Rommey ewes
were inject8 4% Rass 5B W@It@ﬂé(ﬁlﬂl{e&ﬂ% )&sl}a)r@mﬂtar@hngmmupas dBwdesguent | y
at nonthly lhe %1% s on.6.20 occasions, the animals were boosted with

further antrge deﬁﬁ}‘bﬂ)ﬁe%ﬂa@& %%%%F‘b?ﬁdmr(%é@ﬁmmv\ﬁddﬁmrlmmmture
d t Kl t d

o, The o sutaL Bhbed'if sBHR RS (575 P ¢ i) vBS lestudelotian Smsnd 1

week bef ore&&&r&&%ﬁ&ﬁ&%@ﬁe&“&ﬂ%\;ﬁ‘aneé}%%d §£' ”eat%oelag%ffthg'p%é&@yed

regul ar cyclical oestrous activity, reas’ onl

KLH- GDR09B (mepTisdbstinitesireshl@mh 1685 5f & BOWE fesBBtioh QUS aifg/%ﬁ’)tah&gﬁ@& oetric
CO

mean (and 95 % confidence limts) for ovulation ra ol

ani mal s wassitt.(Fcfagt) IWel@pfimabbthisetsse ubstititidn Bl desbhstdRnp 8pLi davhseat £
animal s which did not show oestrous the ovulation rate was zero. I n the one

KLH- GDF- 9B Y pPiR{R pradaetspanning this regiominny # a6 bpofiugznaeits iR roex™
ovul ation rate was 2, Xfplese data 30 une)?,w vocally show that sterility can
be i nduced Walleﬁén% fif- #lgs.ibyhneftin fiaeX vodywibitypeanimnals. I6BRecpRanyinggen or a

vari ant theys
0539 of each allele (FecX/ 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 (CATGATTGGGAGAATTGAGACC));

22
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32 2 8 OCT 2004 WD 01185926 PCT/ NzAQ /00073 Evidence to support the claim

that the induction of an ovulation in the 9 KLH GDF-9B (16 ner) (r.e. 15
mer + c-termnal cysteine) peptide refer SEQ mNO 11 treated ani mals which
did not show oestrus was associated with an anti body responsenzg @Eaﬁ is
shown i nwiapl/gonc.. Table 6. 10 Mean (range) antibody |evels i h A
before or after repeat ed i muni sation of femal e sheep w t RCRINZODPOOKE H

conj ugat to a GOF-9B 16 nmer peptide. The val ues presented show the

absor bance a8CIEBE hioRer dbal egshistiontsite. (Xhel (tletagh) aléavam)dmﬂféd&&s Sferab

Tr eat ment Pr g} %é r}ggL H<0. 3 <0. 3Kl H- GCDF~9B (16

mer <0. 32. 392#[5 t ﬂ?‘i‘c e@@@ﬁ HegX nmalb@dyrrJ'mgelhesAV\ﬂlsee (RASHY), Bkt Byt an

ELI SA proce {@ grr?ghé@i?d for Table 4. Collectively these resul ts

. denonstrate t %'Pebﬁr i i qu%tsa:a@pg 9® Batlelg éiotagie ThesKbilanaveg @ict | on
f ti bod | ead t | t d foll I
activity and TGRSR ﬁ%@?&% P8 Feahentihy Toway g thd Audoomdprdmat AED!

.. mutations. ene for GDF-9B can be determ ned by
a variety of r?éﬁﬂ}j%l)g%a%ﬁ%fg tf#’?‘bé’%ﬁﬁt% Rers caripd ayon pligeets af t PCRhi ch

are spegpfi %duﬁw%gk%?géh%t%qg%f;&u di ff rences bet ween al | el es of the

ese

gene. In particul ar S can e gr&gpansd@ﬁ? SeRpraterhin 3 dIME] e

(Feel ) and Mriaaghv ?ﬁggg—g] s.Si ngl e nucl eoti de pol ynor phi sns 33 2 8 OCT 200
WO 01/ 85926 PCT/NZ 073 5 (SNPs), nanely the G-~T transition in FecXH
carriers and the T--~A transition occurs in FecX carriers, but such

nmet hods canlamlslgeﬂ\dapmgll\ddtﬁodsot her alleles of this gene V\/m ch may be
present in other mammals. Sanples can be obtained either from DNA or
directly fr}o}V punches of whol e bl ood spotted directly onto FTA paper or
from hair ofVS\EISAGEd poheep XichrGmesaues genetit iaklagenivah b9 Smblkp oﬁh%%ng sis,
restriction enz&%o cl eave the DNA specifically for one aI nd not
the other, B"§ & PrevioustrdeserbaddGalloway efiali 1996 and mnpped/\mdiﬁbﬁws been

desi gn a Si i n_conbination with one allele or the
ot her. quh ]l]—]&ﬂ{%}t-? @1@ @ﬁ‘gggﬂgﬁ?rﬁ%é‘%ﬂgpﬂr@aﬂ@y%?td B¥108). FeeX! andt i on
site (actg/ S a/lcta We confirnmed this base
substituti O%D%?ygﬁagﬁ% t at‘ri |lﬁfg5h pe f%é?ilaii%ﬁj @P‘%gé\mﬂlm@mt@rmtmg

spanni ng t hiige r@gll&nmalgso ! nts in . FecXH FecXH fenal es
and FecX~ males, but not |1§e7c|§:(e X?O a‘Rk\f&"ﬁ g?gp > 4R Regduce @ JRIEEI7YEapS y| ng a

f eadfecal/Fedx rakprig dent i f
fgff{ 047gaandc 65bp) . 1(eS| m | arﬁ?KBlﬂéﬁs%Féncﬁ%gve 1??%{&”&;% f enﬂ)r'egn I éaﬁﬁd

wi | dtype 20mezgius ReoX/Feofk’ Gelationaots EJcsz‘/Fé\chfﬁfémmé pD@nawiH%até& fyn DNA
of FecXl. carrier (pr oduced fromoprinmers: #12
( GAAGTARCCABHsr¥Canglee Ve dstemmingd carriansiatus of Inverdale animals by laparoscopy to

identify FecX'/FecX' infertile females 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—SA 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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#13 ( CATGATTGCGAGAATTGAGACC)) generated a forced Xbal restriction site.
Xbal (t/ctaga) cleaved PCR products generated 25 from FecXf| FecXl females
and FecX~ males carrying the A allele (tctaga), but not wldtypg. 00T ZesxH
PCR prod carrying the T allele (tctagt). Thus Xbal cleaved the | 54 by
PCR pr odﬂ}ﬁa{%gzg 124 by fragnent by renoving the 30 nucl eBETAEOHPNTRr #12
only in FecXj carriers Figure 8. Products were detected by el ectrophoresis
in 3% FMS MetxapRdfroagH}leases 3j¢b shedombamimousg id@ron/exon dovadarZ ee30/i@sed Be§582 6
PCT/ NzQ / 0011~, ~ 5 ethidium and visualised under ultraviolet |ight. Another
SNP det ect i dhe tgatskavcddan D-ueeguench droms thesef twiol sheepolines avas compatsd Witdhpmlilder s i n
conjunction with the forced RELP net hod above, and visualjsing the products

on a sequendyPRyshasprieaiense dor GDIR. Apasre daiawsveded HBQ distinet spgledesect i on
i nclude the use of either the Tagnman Alleli¢ 10 Discrimnatio th or

t he SnaPs hotst’ftHHRﬂiﬂf Withigghe mmE n91f(PFPt(‘f%9'éer PeHREAIRraM Frbﬂ?‘g ﬁ‘@f‘%ﬂ?s
here). The Taqnan al]elic. discrimnation eaplo a probe technol ogy that
expl oi ts t hd*5E&r% ?ﬂee%@n%hﬁqﬁpe&gr%n{ﬁfwgz)@ol d DNA pol ynerase to
all ow direct detection of the PCR product by the rel ease of a fluorescent
reporter,as . . . . ' ' .
(eR0r o102 1 kW il GO nuNBAA 5334 B7 4Bl bR S ppride
contai ni ng rgéeégiﬁg%%_i& P! trels QRertd B SBARSLAIG JUSHRMFES tlasRido Oftid he
di deoxy singdle nucreotide (fluoroescently |abelled) extension of an

unl abel | ed ol (ENttodEe RbAGETA® (cddig; €6 @ahinalio) afd Reduid esalteiat 4 de
pol ynor phi sms (SNPs). Anot her SNP detection nethod enpl oys mass

spect r onet r ytruslogted hyatideroteimi (Figuss Bb)nd t he SNP or nutation is anplified by
PCR and an 20 oligonucl eotide priner is extended through the SNP or
mutation in the presence of dideoxynucleotides. SNP variants are detected
on the basi dndfiverdsle apirhdle thenTaucleotidg py positienp P2 nusleotidestheyond thegnating | | ed
inthe art that while the invention has been descri bed,ljﬁ sone detaj.l for
the pur posePeBidepracessipg sitehashgesmne ahdi sRpvertingths codap GG (aping acid yaline

alterations t odi nents and ne descyibed herein may be 25 nade
wi t hout depa(trvs) ng‘?‘%%acé Ssa’éﬁb%a%%@giﬁ‘éme%é concept disclosed in this
specification and the appended cl ai ns. References cited herein are |isted

2"a 0ot 2008 S A RoTA B R IBek A RIPRE o [ Coors T

These single base substitutions have been verified by sequencing at least 6 animals

carrying each genotype (Inverdale, Hanna and non-carrier wildtype). Each animal was
20  sequenced at least once (Table 1). In this subset of animals neither of the Inverdale or
Hanna substitutions were seen in wildtype animals, nor was the Inverdale substitution

seen in Hanna animals or vice versa.
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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carrying one copy of both the Inverdale and the Hanna genes (HI), both the 541bp and

476bp fragments were identified.

30 Simil'arly BsrS1 was shown to cleave fragments from IY and +Y animals but not HY,

and the HI sheep showed a mixture of both bands.

No enzyme cle;civage sites are génerated 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 alléle, but not

35 awildtype. The .PCR product éontaining 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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sheep 1
Aaltonen ez 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 émino 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 Wealso sequenced genomic DNA in Inverdale (FecX') and Hanna (FecXH ) carriers
(Figure 5). A single C—T transmon at nucleotide posmon 67 of the mature peptide
coding region of FecX” carriers mtroduces 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 FecX” carriers is likely to result
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that are heterozygous or honozygous for the Inverdale prolificacy gene
(FecXl'). Biology of Reproduction 57: 1183-1192. 39 WO 01/ 85926 5 WHAT WE

CLAIMIS: 2 8 OCT 2004 PCT/NzA /00073 5 WHAT WE CLAIMIS: 1. i Olﬁ‘ﬁed
nmut at ed %F-QB nucl ei ¢ acid nol ecul e conprising a nucl eotide Z% 4
sel ect ed V¥ Yfi3PHe group consisting of: a) SEQID NO 1, SeOrm2odMeso73, SEQ
TD NO 5, or SEQIv NO 7; b) a sequence able to hybridi se under stringent
condi ti orfs t in dohgpletelaas bf GOR-9B funkBok. A disGlet & ok fupctironal
“variant or fragﬁnt of the mbl ecul ggé q%(ehﬁﬁ)ncé n?%,%??ﬁﬁwgﬁgggﬁse%‘clg“%
conpl enent ar gartiers tah aucted tidetp @ itjondsf 6 @e maburt Peptided The mnftition ﬁﬂ)?lispuzcsq?e
~anti-sense sequence corresponding to any of the nolecules) in (a) - (d). 15
2. A genet i cvabae K¥) with esiiic asd (I3) 2 cesiinb O (esitud 299 efiprreede@piote) he O
“-sterility in_a_pamal, conprising a nucleic acid nolecul e which

specificall yFﬁf?%mi”Eh”ﬂ@EéS 3 RPTEConsernvativei aliengsdu) a hiphly cohsalal sepibn of tHe@raemo C
DNA encodi ng ﬁr associ ated with a nutated GDF-9B gene. 3. A genetic narker
“as clai ned in!othsr membegiriithe FGERsuprfamily from savide tange bf specizf coftain@ndy p
consi st ilrag gtbehurrans,d Sge’elﬁm;o catt] e, rSﬁoats’, deer, horses, canelids,
possuns, pi ga® cpRseEved iydrophobigamigo ‘agids ¥alinge asplgueiner arrleutine attisspasitibmiogs.
4. A probe C(g%%}bé of specifically hybridising to a nucl eotide sequences)
of claiml1. 5. %r’i mer capabl e of specifically hybridising to the
nucl eoti de sequences) of ' 25 claim1l. 6. A vector conprising a nucleic

~acid nol eculghshinelor CHiUEL 2 8 OCT Z004 WD 41/ 85926 _
PCT/ Nz01/ 00073ﬁ%m?.0 A%gnstlrnusi:*%e%orrpri sing the nucleic acid nol ecul es) of

claim1l. 8. A host cell which has been transfornmed by a vector or construct
as cl ai med ilmordettodorat®Fedx’ e generated a genetic linkage map of the sheep X-chromosome

(Galloway et al., 1996), and we have mapped the FecX' locus between flanking markers

1 5 10 cM apart at the centre of the sheep X-chromosome (Fi~gu're 7). Linkage relationships
with the Inverdale pher;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 PHKA1, XIST and

20 ATP7A (human Xq13). A breakpoint near OarMPI 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 bedigree, and foﬁnd

25 no recombinants between the.FecXI 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 fneioses fraction () (female)
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9. An isol ated pol ypeptide conprising an am no aci d sequence sel ected
fromthe group consisting of 10 a) SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO: 6,
SEQ ID NO: 8, or b) a functional variant or fragnment of the seQugrRGK 2004 n
(a). 10. An isol ated pol ypeptide conprising an am no acid sequence of SEQ
| D NO IR0 0assaefunctional fragnment or variant thereof 11PCHENZOE0M043 ed
nucl ei ¢ acid nol ecul e encoding a pol ypeptide as claimed in claim15 9. '

12. A ma%hod of identifying a mammal which carries a nutated nucleic acid
nmol ecul e“encodi ng GDF-9B, said nethod conprising the steps of (i) obtaining
a tissue or blood sanple fromthe mammal; (ii) isolating DNA fromthe

. sanpl e; and tigpally 30 (iii) isqhgting CDF @B7DNA from4RA obtai ned at
step (i); -(i'v) probing said DNA with a probe conplenentary to the nutated
GDF-9B DNA of claim1l or 11; (v) anplifying the anount of nutated GDF-9B
DNA; and/ or \gxpa det er nipni ng whet hgu3t he GDF- 9®1Sequence DI\A9obt ai ned in
Step (ii) 25 carries a nutation associated with sterility, or increased or
decreased ovul ation. 41 2 8 OCT 2004 WO 01/85926 PCT/1VZ01/00073 5 13. A -
met hod accondimgsto clabom 12, in wip6h the man®®7 is mal elbplfemal e, and
carries a single copy of the mutated GDF-9B nucleic acid nolecule. 14. A
met hod according to claim 13, in which the manmal is femagf and carries
two copi es d&3DF98 nut at & GDF- 9B n#dBei ¢ aci d mBl ecul e. 1331R nethod as
claimed in any one of clains 12 - 14, wherein the mamual is 10 sel ected
fromthe group consisting of humans,_sheep, cattle, goats 2gger, hor ses,
camel i dd0 p , pi gs,O m ce, rat 51,77rabbi ts, hares vveaser‘, ferrets, cats

and dogs. 16. A nethod of nodulating the ovulation rate of a fenale mammal,
sai d net hod

i sing the step of mnistering to said ggegal an
effective armg%f an agent sel ectlgg fromthe gr oup consisting of: 15 a) a
pol ypeptide as clained in claim9, or b) a polypeptide as clainmed in claim

10. 17. A r‘reéimﬁjlof i ncrjeasi ng the ypgul ation rajpg of- a fepd7e manmal which
does not carty a nutated GDF-9B nucleic acid nolecule, conprising the step

of adm nistering to said manmmal an effective anmount of a pol gpepti de as-
claimed 20 igreyQi m 9. 18. A met hod4sf increasD®§ the ovul a0Bon rate of a
sterile femal e mammal which carries two copies of the nutated GDF 9B

nucl eic acid nolecule, conprising the step of administeri ’ngzbo sai d mammal
an ef fectivex®sfount of & pol ypepti dd8as cl ai me8-18n claim 164725 19. A
nmet hod of increasing or reducing the ovulation rate or inducing sterility

e 15 PHKAI 4 176 - 0.08 - 847
OarAE133 5 211 0.07 14.57
CRIMAP Two point linkage analysis to FecX' phenotype in Inverdale mapping pedigree

No significant séquence differences were found between the TIMPI qoding DNA of
wildtype and FecX' sheep and identification of a subsequent tecombinant -among

20  additional FécX{ carriers élinﬁnated TIMPI 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

28



femal e mammal , conprising the step of adm nistering an effective anmount of
an agent selected fromthe group consisting of: a) an i munising-effective
amount of a wild type or nutated CDF-9B 42 z a ocT 200a WO Oélﬁé?gﬁg

PCT/ NzdA /vggg?/éj 665 pol ypepti de conprising. an am no acid sequerzc f*rred
inclaim 3 , b) an anti-sense nucleic acid nol ecul e diaTexzEadoggai hst a
nucl eic acid encoding a wild type or nutated GDF-9B pol ypepti de conpri si ng
t he ami no5 acPdmeesitoan RomseycwadsWerel ifjesteal witi® KIH hfbne (ic)ain! F@%%j s}é‘@ecﬂ .
binds to, or an antlgen of, the wild type or nutated -9B 1 ol'ypepti de
~conpri sing anronirls (). 4ciglewelq FhemaftasalCAringB dvdrd igGbabdhOmefithkSntd4es ¢y t o
inhibit the biological activity of the mutated or wild type "GDF- 9B

pol ypept i de. bgaster Anfiganto 8. 2:mg/ewa KFHGDIFIBI arind ih@/ewe KINH) WS sinl by, bamal e
“mammal is selected 15 fromthe group consisting of: humans, sheep, cattle,
goats, deer, 2HByaEsAs thegwesenterqidhe ingbegson, sbme 3-4 mbaths aAdtihitiatind e €S
_weasels, ferrets,. cats and dogs. 21. A conposition conprising an effective

amount of a WPW@%H“&E&E@‘B} shewingpestrensihebavioury at drsected byha easectomised
Compost t1thn Btyie Spatfindriagths ofers Sbibrisiio aApéthscagy proceendo sisukitrthe ho
Qonpr i o ng. an it 8 corBbelullh (e, bYRGGH SERS BEF pitaca ohitl cohhed Sekgn afhe
accor ding t o (o irCBEIsh HRErMl Rl ohPH) SER ORI bl Bl R VEf ol ™
Vot or i har Iy aecent an eekbotdidor AF HE RY LEF R HTREE v Foemcors
PCT/ NzO / 000wkich sR@wedPodstigansttivity afe sAbWsSn trabR 0! ypeptide as claimed in

claim?9.

15 Table 3.

Mean ovulation rate in sheep’ showing oestrous activity following repeated

immunisation with Keyhole Limpet Haemocyanin (KLH) or KLH conjugated to an E.

coli exprésscd GDF9B antigen

Treatment Geometric mean ovulation | Number of sheep showing
rate oestrous activity
(95% confidence rate)

KIH 14(1.2,1.7) 9

KLH-GDF9B 4527, 7.5). 7

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

20  compared to the KLH 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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24. Aligand as clainmed in claim23, wherein the ligand is an anti body or
an anti body fragnent containing the antigen-binding domain. 25. A ligand as
claimed in claim24, wherein the ligand is a nonoclonal anti bgdg.?@p.zw
ligand as clainmed in claim?24 ,wherein the ligand is a phage displa
nol ecul eYOPH8F26 The use of a nucleic acid nolecule as clﬁgwaol/gp“é%’ai m 1
to identify sequence variants in an individual nmammal associated with
i ncreasegl oWabdd 40n, reduced ovul ation or the sterility of that manmal . 28.
A kit for identifying mammal s which carry a nutated GDF-9B nucleic acid
nol ecul e, said kit conprising: 15 a) priner pairs for anplification of the
appr opr i at e Mezgi(camge] anifted@Ehive R slkzaeg plystiabetdré gr aftes repeated iremuhisatien of
following b) buffer solution for the DNA anplificatjon; c) a mxture of
deoxynucl eoff¢rdas;shdsp mitnKLiber B eenjugatedta an ) coli-detived OB mRaure om
t he species being tested; f) appropriate standards; and g) a detection
system 29. papfides ol be ¥alupgpreseniedaghiow thel @é@b@%ﬁ@p%&%%hﬁﬁﬁ‘leé@ﬁ the
sequence as_set forth in SEQID NO 9, or a functionally active fragnment or -
vari ant t helsts ofantibedy jGPESBt ed functional variant pol ypeptide as set
forth in SEQ mNO 11. 44 z ~ ocr 2o00a WO 01/85926 PCT/ NzO1/000' 73 5 31.
An i sol ibed nucl ei ¢ acid nol ecul e conprising a nucleic acid sequence as set
forth in” SEQ-JB-No—I2—6+—SEQ-1P-NoO—H—er—a—funrcttorat—vartant—or—fragment
of either $equence. 32." An i.sol apted pol ypeptide as get forth in SEQ ID h@
13 or SEQ 'LR‘r&Qneﬂé’ ~or a funct|pgpalygei ant or fragmppfunel either
LU oo

sequence. A—tsotated—nugierc acrd notecul e gonpri SiNg a nuctieoti fle
sequence a$ set forth in SEQ IDNO 16, or a functignally active fragnent
or variant |ghggeof. 34. An isol pi.@d pol ypepti de havijr@.3an am no acid
sequence a§ Set forthin SEQTDNO 17, or a functi¢nal fragnment or vari ant
thereof: 3%. A nethod for reducing the ovulation rate or inducing sterility
in a possumKITH-GIDBOBI NGE.t heols] ep30of admi ni stering{dP3f fective amount ¢f
a polypeptiide as clained in clajm34. 36. An isolatgd nucleic acid
.ol ecul e $ehpiessudi matuye proted@scl i bed herein with refierence to any exanpl
and/or draping thereof. 37. An Isolated palypeptidel&hA3#4-2MBh| |y as
described herein with reference to any 20 exanple and/or draw ng thereof.

38. A i i i sql a yel ei ¢ aci lecule of th

nvent | on SMRDRRY NEYELy VS 1B 0 oS PTOaC DI o EeR By SeBol ¢
d/or drawipng t 3 | whi ch bi ti h

or esnt | nvéntiet- a0 TR AB68 gkl Budfis SeuB R RRF 1paRRictl '3

any exanpl eo?%@?k?g%grg%&gd hfigth G r;g}a%nm&ﬁﬁgﬁ&%itﬂ 60 S\iilgddh |

which carries a nu nucl el ecul e substantially as described

herein w t h i REAARACHNA RN PHEAR, grt@ngpRpridic Abokeng theawaert and successive

A1”4

15  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
20  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), énd another 10 female mice were inununis‘ed 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 secopd and

25  third booster) were given at 2 week intervals in a Span/Tween/oil mixture and the
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45 i 2 8 OCT 2004 WO 01/85926 PCT/ NzOL/ 00073 S 41. A nethod of nodul ating
the ovulation rate of a fenmale mammal substantially as described herein
with reference to any exanple and/or drawi ng thereof. 42. A z@MPETi PAGAN
substantjally as described herein with reference to any exanpl e and/ or
drawi ng MEMES?26 43. The use of a nucleic acid nol ecul e oPCTAEOHPMSENt
invention to identify sequence 10 variants substantially as descri bed

herei n wht h anishals exeificed 1arack eftank finanstioster dThaveafgerttheoeefes wefe fided ik f or
identifying manmal s which carry a nutated GDROB nucl eic acid nol ecul e

subst ant i al [Bpuass aipeons ﬁﬁatiweamd ipnoostgel forefmerphometricoamalygise XEeybtal amdber
“drawi ng thereof. 46  ~~~~~~~~ ~~~~~~ - 8 JAPE 2~~~ 2 8 OCT 2004 45. A use
of a pol ypepfu;mwmg @aaliaﬁ@dﬁanﬁalcm antel follicleswas dotermined aisingrausysteamatie of a
-medi canent for nodulating the ovulation rate of a female manmal . 46. A use
of a pol ypeptidgan sampling preepdure. cThe dataere gunmaripathin keblat-e of a nedi canent
for increasing the ovulation rate of a fenmale mammal whi ch does not carry a
" mut at ed GDF,]%% ngcl eic acid nol ecule. 47. A use of a pol ypeptide as clained
in claim10 1¢ Be nanufacture of a medicament for increasi ng the ovul ation
rate of a sterile female mammal which carries two copies of a rrutated

GDF- 9B pyicl ?\j[glc g egsﬁ t%%ﬁn an§an ?&Pcleé rﬁg‘ﬁe ror%}%' s?’gﬁo%lﬁv xgstﬂil canent

for inc C|ng ovur at I on r e or uci ng sfe
femal e rmmTWth@Jm@bﬁF% J)[qic;vmed JULiBh&sH COF- 98 pol ypeptl de conpri si ng
an ani no amd sequence as cl ai ne |n c aim9 or 10; b) an anti-sense

nucl ei ¢ acid mol ecul e directed against a nucleic acid encoding a wild type
or nutated GDF-9B pol ypeptide conprising the am no acid sequence as cl ai ned
in claim9for I0; or c¢) a ligand which binds to, orfan antigen of, the V?I|d

type or nutated GDF-9B pol ypeptjde conpri si amno acid se uenc

cl ai med in|dreatmest or 10. 49. ’8‘5@“‘ 'oéﬂmfagg?lg{;&éﬂ ségogwgtrmf, g?ro"f
nol ecule as$ claimed in claim1l1 jn the manuf acture of fsieesli carrent for:
nodul ating|the ovul ation rate of a female manmal . 5. A use as cl ained in

any one of fclaims 45 to 49, wh rein the femal e mammgl (75 se cteﬂ f.rom tlhe
gr oup cons sting of: humans,  sheep cattle goats { o C ’ ids
possuns, pigs, mce, rats, rabbits, hares, weasels, |ferrets, cats and ddgs.
47 1 TMY]TM 7M1 ] 7M [ ] 7M Preantral - 329 (291, 371)

Bovine o-lactalbumin

Antral | 80 (55, 115)

Preantral | 261 (233, 292)
GDF9B
Antral 84 (57, 124)

The number of preantral follicles in the GDFOB treated animals was significantly lower
than that in the bovine a-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.
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a] ca] cal Ca]lﬁ&]sp&hﬂ&)é]eﬁ,@heﬁkﬁ?d ©8lpabeehadhGMniBlaal S dhsaleaky alisg! cal ca
V] ca] caV]ca]ca!! 110RT

Aciwynp}/v dqﬁ]@}myts@ emBUThe shaidnoates alseabe B) kphosiopy Wt bk aahedhoahgal caUl
cajcalcalc a

a] ca] ca] ca]cwpdabefard thefinal|toejtenfreainent ca! =el s- 5<' / r xF} xr ngb\ We_2zU]]] caV] ¢
a] caV] ca] caV] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV] ca]caV]ca]c
a] ca] ca] ca]

839" h6BOUg rﬁﬁé%?ﬁ%‘ﬁé fyres ¢ %mlﬂeéaﬁg%a]caalwa& atstovs activi\bebasairily doutV] cal ¢ -
av] ca] 63Vl ¢l §aVIf RhGR - Sﬁvrlepu ENIRT g:%&afs%fo%v@f%s%r%& aa\c/]ugl?y& I%e |

geometric mean (and 95% confidence limits) for ovulation rate in the KLH control

animals was 1.5 (1.1, 1.9), whereas in the 9 KLH-GDF-9B peptide treated animals

which did not show oestrous the ovulation rate was zero. In the one KLH-GDF-9B
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,

32



49KP~{ 4Lzt oi d_ZUj e_ZU] ] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV]ca] caV]ca]c
aV] ca] ca] ca] ¢ a] ca] ca] ca] ca] ca] caV]ca] caV]ca] ca] caV]ca
$, 39=D6BR _ELz{vpke [Vid_ZU e ZU]]]ca] ca] caV]ca] caV]ca] caV]ca] ¥ & ca\/l\ga]
caV] ca] CS’M@@?W ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca%] aﬁ _)Z_l]ﬁ ;
o(.1:GN
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calc vidence to support the claim that the induction of an ovulatl
a] ca] ca] ca] ca! 7BHUp9l ex(0s{ Czt oi d_ZU] ] ca] ca] ca] caV] ca ]iLg\ﬁ}Pg]'%%\/] caj
“caV] ca] ca] caflé @@bﬁ@a}%m}eca]cdaim@ cys]e:iﬂe])gga% ]r@ferSEQ]D NO 1 1
a) ca] ca] ca] cagca] cal QU xP 8@d.ztojd YTi ] caV] ca] caV] ca] ca t]cg{;] c'a]’ca] cajc
a] caV] ca] ca] VBgpdiq satfhexy eests ajas associated with an antibody response to GDF-9B is
"“a] ca] caV] ca] ca ca\/] caj caV]ca] ca] ca

2RTFo@d }%rol\‘oé‘ hycag &% d _Z] c]ca]caV]ca] caV]ca] caV]ca] caV] ca] caV] ca] caV] ca
. 1ca] caV] ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca’ 0;
A39&, ?FSyt o kd_Z] ]caljcaUcalc a]c
a] ca] caV] ca] caV[ca] caV] ca] caV] ca] caV] ca] caV]ca]caV]ca]ca]ca]calc
a] cal] ca] ca] ca] ca\/] ca] cal ca

] c]calcalc PCT/NZ01/00073

E: B~'100 N
o o co ol SRR ) GRS B AR el abnitic] o

#,918$, 14=LTz¢
a] ca] ca] ca] cal?glg]sggg]ﬂc‘]av?%g]qia calc§a ca‘f%ﬁ %‘3&9}@5}1’@3]1%]% Yalresa] caj c

al TI'] =7} { upresehted jshéw]the absorb
a] ca] caV] ca]m(r:a\/] ca] ca] ca] ca] Caa]ng%]atczé?%l}a ‘8%’]°hA‘° R TRE °é?"€é]°£§]“&b°dy to
a] ca] ca] ca] édPlE8Bca] ca] ca] ca] ca] ca! BHt zo:
Ad{~yt ni cAXSj e] caV] ca] caV] ca] caV] ca] ca] ca\/] cal ca\/] cal ca\/] ca] caV]ca]caV]calc
a\/] ca] caV] caj ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca ' EX] ot 6

"% r>&-yt ni-d—ZUiellcalcalcalca] cal ca] c, a] ca] ca] caV] ca] ca\/] ca] caV] ca] ca] caV
] cal]caV] ca ca\/] ca] ca\/] ca] ca] caljca] caV] ca] ca] caV]ca
& . AGTW I { ‘i" ]_‘wrnhb]X]c]ca]c cajc
a] ca] ca] ca céﬁa&?“éa} cal-c FEEPHEBINes] ca) cal ca] gaimwadma] ca] caU] ca] c$a] ca
] ca] ca]ca]ga] calr7i 5w

6 WK| wgl gbj ﬂﬂ ca] ca] ca] ca] ca] aJca] ca] ca] ca] cd] ca] ca] ca] ca] ca] cal] ¢a]c
a] ca] ca] caftajtaicatcatcateal }eal)* & ;zupke ZUl cal)] ca] ¢aUl]
cajc ‘

aU]] gg] gg] g ]’?E??r%%ﬁg} c?f]ec lgal ca] ca] ca] ca] ca] d %l‘fﬂ c’\a] ca] caLJ] calcg] ca

,_

st 1" " Us#| wpeptide)] cal ca] cal ca] C a] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] ca] ca] :aU]

caj c _ (1.085:3.000

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal #FHHFHHHASS N Z) )

2% * ++ %‘3} wr.mhc”Y] ca] ca] caj ca(}ca] ca] ca] ca]ca]ca]calc

ﬁ/]ga]uc\a/\f cal ]‘?9%}'&%‘]%?‘]’%&%0!%]1 urad by po ELEDA pajcedire a} Qﬁbﬁﬁhﬁéﬂ.ﬁﬁ@h&eal ca! K- b- -
AT o TN I

22233 4444

al c, a] ca] call %21]‘% t %%’QPa] e, Ca %&;ﬁgg %%}i‘]?%ah!lg&aﬂﬁa] caJc

a] ca] ca! 0734,
;<m<]<]g =i ] =3 ]ﬂ) %ﬁ‘%zx%é@?%‘fi&fﬁ%ﬁ’%dy[‘m’% f%%%ﬁt@a]%lf @&ydaz}c}cm?l@g?d;m]/ana]n e
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"Y$10% [ & ()-RPIVEG 109X& ()--" 109X&' ()--, 10%(& - 3&F
109X& () - f THNAXE (or miutatidiX(& ()-3V@E }[<f5 109x& () P#3(10%{& ()-1
109%& ()- 'qg/ " $109%& ()-F, 109X&' ()-2Z! %6$10%14& ()- C “{Y:
10%r& é& 31 6P4%0%& ()-! 1 4%0%m®& ()- 10X 10X 10X;
* 109829 ) - Syumna 0amks ip)he gene forGDY: S OM delermBy d Variey of methods,
10%m& () - 3@#10%m& ()-3 10%m& () -
well known to researchers skilled in the art, which are spemﬂcally designed to identify
differences between alleles of the gene. In particular these methods can be used to

identify the Inverdale (FecX’ ) and Hanna (FecXH_ ) single nucleotide polymorphisms
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10%& ()-y& stitution fesults 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™Y malgs, 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 FecX’ and wildtype

20  animals but not FecX” carriers.
A 154 bp PCR product from DNA of FecX! carriers (produced from primers:
#12 (GAAGTAACCAGTG'I‘TCCCI‘CCACCC’I"T’I‘TCT); and
#13 (CATGATTGGGAGAATTGAGACC))

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 fragmént 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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sequencing machine such as the ABI377.

- Other methods for SNP detection include the use of either the Taqman® Allelic

10  Discrimination method or the SnaPshot™ ddNTP Primer Extension Kit (insert

manufacturers details here). The Tagman allelic discrimination employs a probe

technology that exploité the 5’—3;’ nuclease activity of AmpliTaq Gold® DNA

polymerase to allow direct detection of thé,PCR product by the release of a fluorescent

reporter as a result of PCR. Two probeé 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 (ﬂu_oroescently 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 exteﬁded through the SNP or mutation in the presence of

dideoxynucleotides. SNP variants are detected on the basis of niass 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 claﬁty and understanding, various
modifications and alterations tﬁ ti)e embodiments and methods deScfibed herein may be
25‘ madé 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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5 WHAT WE CLAIMIS:

1. An isolated mutated GDF-9B nucleic acid molecule comprising a nucleotide

sequence selected from the group consisting of:
a) SEQIDNO: 1, SEQ ID NO: 3, SEQ ID NO: 5,. or SEQIDNO: 7;

b) a sequence able to hybridise under stringent conditions to the molecule(s) in

10 (@;

¢) asequence which is functional variant or fragment of the molecule(s) defined
in (a); . .
d) a sequence 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 geﬁomic 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, h(')rses, camelids,

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

4. A probe capable of specifically hybridising to anucleotide sequence(s) of claim

1.
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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8. A host cell which has beén transformed by a vector or construct as claimed in
claim6 or7.
9. An isolated pdlypeptide comprising an amino acid sequence selected from the

group consisting of :
10 a) SEQID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, or
b) afunctional variant or fragment of the sequence(s) in (a).

10.  An isolated 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‘ encodihg GDF-9B, said method comprising the steps of:
) obtaining a tissue or blood sampl¢ from the mammal;
@) isolating DNA from the sample; and optionally

20 (i) .isolating‘ GDF-9B DNA from' DNA obtained at step ();

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

%) 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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A method of increasing the ovulation rate of a sterile female mammal which

carries two copies of the mutated GDF-9B nucleic a01d 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 administéring 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.

2. A composiﬁon 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 polypepﬁde 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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29.  Anisolated nucleic acid molecule comprising a nucleotide sequence as set forth

in SEQ ID NO: 9, or a functionally active fragment or variant thereof.

25 30.  Anisolated functional variant polypeptide as set forth in SEQ ID NO: 11.
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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. . Aligand which bin_ds 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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43.  The use of a nucleic acid molecule of the present invention to identify sequence

10 - Vvariants 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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45.

46.

47.

48.

49.

50.
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A use of a polypeptide as claimed in claim 9 or claim 10 in the manufacture of a

medicament for modulating the ovulation rate of a female mammal.

A use-of a polypeptide as claimed in claim 9 in the manufacture of a medicament for
increasing the ovulation rate of a female mammal which does not carry a mutated GDF-9B

nucleic acid molecule.

A use of a polypeptide as claimed in claim 10 in the manufacture of a medicament for
increasing the ovulation rate of a sterile female mammal which carries two copies of a

mutated GDF-9B nucleic acid molecule.

A use, in the manufacture of a medicament for increasing or reducing the ovulation rate or

inducing sterility in a female mammal, 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 a nucleic acid encoding a wild
type or mutated GDF-9B polypeptide comprising the amino acid sequence as

claimed in claim 9 or 10; or

c) a ligand which binds to, or an antigen of, the wild type or mutated GDF-9B

polypeptide comprising an amino acid sequence as claimed in claim 9 or 10.

A use of an isolated GDF-9B nucleic acid molecule as claimed in claim 1 in the

manufacture of a medicament for modulating the ovulation rate of a female mammal.

A use as claimed in any one of claims 45 to 49, wherein the female mammal is selected
from the group consisting of: humans, sheep, cattle, gbats, deer, horses, camelids,

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