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i dentifying candi date genes and the proteins encoded
by themthat are useful in the inducenent of hybrid
vigour, hybrid debility and/or diagnosis, prognosis
and treatnment of disease. In particular, the present
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speci es of MRNA or protein encoded by alleles of a
candi @te gene, wherein the presence of nmultiple
speetes of nNRNA or protein is indicative of hybrid
vigour or hybrid debility. BACKGROUND It has been
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& nFNA ederpeskdtn ass | IMdgeti€e o6 £ | Wyler bl | €ldsur or
c lenentation (1C) . It is difficult to
o&ggpggfﬁﬁg?%f%ﬁé‘connercialsignificance and future
utility of HV. In the field of

BACKGROUND

It has been recognised for hundreds of years that some
genetic factors that have the capacity to influence
growth, wviability, pest-resistance or robustness of crops,
vegetables, fruit and animals such as cattle, sheep and
pigs for example are more influential in offspring of
genetically unrelated biologically normal parents. This
biological phenomenon is referred to as hybrid vigour (HV)
or heterosgis. Offspring of genetically unrelated parents

are referred to as heterozygous organisms.

A further well known form of HV, in which an almost normal
biological phenotype is restored in offspring of
biologically defective parents, each of which carry
different mutational forms of the same gene is referred to

as intragenic or interallelic complementation (IC).

It is difficult to over-estimate the commercial



agriculture alone, for exanple, application of HV
yields nmulti-billion dollar returns and reflects one

w@bowle1gs eat est appl i ed achi evenents in the fPel/dueds/001065

10

15

20

25

30

35

genetics (see, for exanple, Alamet al. (2004), J .
Zhejiang Uni. Sex. 5, 406) - ¥hé International Food

Pol icy Research Institute has predicted a 100%
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et al. , (2001) , Curr. Genomcs, 2, 181) . In spite
of the estimated future gl obal food requirenents, the
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Bi itthem Biaphl sfodd3reqpsbiemdunngnohe watal of, increase of
food crop production has decreased in recent years,
particularly in the 1990s, to approximately 1% per annum
(Conway & Toennissen, (1999), Nature, 402, C55). Therefore
development and application of new technologies that
promote HV are essential to ensure that the demands for
increases in the future global production rate of food

crops and animals are met.

The view has long been held that HV is driven by novel
proteins (such as hormones, enzymes or growth factors)
synthesised uniquely in heterozygous or hybrid organisms
(see, for example, Gill, (1977), In: Genetics and Wheat
Improvement, A.K. Gupta, Ed. (Oxford and IBH Publishing
Co. New Delhi, pp 204-207; Scandalios et al., (1972),
Arch. Biochem. Biophys. 153, p695; Romagnoli et al.,
(1990), Theor. Appl. Genet. 80, p7692; Cheng et al.,
(1996), Chinese Sci.Bull. 41, p40).

Because it had always been difficult to understand how



(1990), Theor. Appl . Genet. 80, p769/ Cheng et al.
(1996), Chinese Sex. Bull. 41, p40) . Because it had
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could be formed in heterozygous offspring, many
alternative nodel s have been prroposed to explain HV.
In recent tines a nodel akin to electric circuitry
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19 brid proteins_can . Of, me
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aléelpeéguégtsﬂs&hﬁkeawcﬁea @haxenahyebaﬁéﬁaﬂyﬂbn@cular

proteins. Ove decade | ater, this postulate was
pr%%E%aF%tb%nc%Fr%%?eﬁﬁ§hslWlﬁésd@EﬁFWFﬁédWPﬁﬁheﬂvltsCan be

assaniphedtadit Bothehbopanticon 6F Ag¥ebulEuREbELd

pr IIs & Nichols (1972), Proc. Natl. Acad.
chggtﬁﬁyé 323 Singh et al., (1975), GCenetics,

80, p637) . In nore recent tlnes uni que nRNA speci es

that ggbey g@gs' EEO&SF” gﬁgeh gbgiabggekekﬂs can be
ei t her ent ave been cle en
hef%F@§5gb%sh%h?ERéﬁgoﬂﬁapfﬁFEEPE? dPehwpshe, f dAAE00f Proc.

hybatd VhAEQd! £8un ebadl 46, (390%b) AntrhBIl s&RRelbERer3fiso
po%tulated that HV was driven by these hybrid proteins.
Over a decade later, this postulate was proven to be
correct when it was confirmed that HV is associated with
the formation of novel or hybrid proteins (Wills & Nichols
(1972), Proc. Natl. Acad. Sci. USA, 69, p323; Singh et
al., (1975), Genetics, 80, p637).

In more recent times, unigque mRNA species that generate
novel proteins and which are absent in either parent have
been clearly identified in heterozygous chickens that
display different forms of hybrid vigour (Sun et al.,
(2005) Animal Genetics, 36, p210).

Some hybrid proteins formed in heterozygous offspring may,
in contrast to HV, reduce the robustness, viability or
well-being of, or cause disease in an offspring compared
to either of its parents. This phenomenon is referred to
as hybrid debility (HD®) (see our co-pending International
Patent Application No. PCT/AU2005/000141). Some forms of
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of fspring conpared to either of its parents. This
phenonenon is referred to as~h¢brid debility (HD) (see
our co-pending International Patent Application No.
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(Hum Mol. Genet. 10, p2301).

On the other hand, some forms of HD may be caused
indirectly as a consequence of a hybrid protein being
recognized as immunologically foreign by the host’s immune
system. Examples of diseases in this category include type
1 diabetes and auto-immune liver disease.

Some patients suffering from type 1 diabetes have auto-
antibodies in their blood which are directed against a
constituent of the islet cells, the cells in the pancreas
that produce insulin. The target of these auto-antibodies
is glutamic acid decarboxylase (GAD65) .

In keeping with the immunological induction mode of HD,
investigations by Boutin et al., (2003) (PLoS Biol. 1,
p68) have confirmed that immunity to the type 1 diabetes
target auto-antigen GAD65 is increased in subjects who are
heterozygous for different genetic forms of GAD65.
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pancreas that produce insulin. _The target of these
aut o-antibodies is glutam c acPd-decar boxyl ase (GAD65)
. I'n keeping with the imunol ogi cal induction node of
HD, investigations by Boutin et al. r (2003) [PL0oS
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identification o
generations as possible of a pedigree in which some

members of the family have the disease or phenotype under
investigation. This method of identification of relevant
genes is highly successful when the disease or phenotype
is passed on through each generation in accordance with a
Mendelian mode of inheritance. However, as heritability of
HV and HD does not conform to a Mendelian mode of
inheritance these techniques are unable to identify the
genes involved in HD or HV.

There is therefore, a need for a method of identifying
genes involved in promotion of HV and HD. Moreover, there
is a need for a method of determining which hybrid
proteins are responsible for the induction of HV or HD.

SUMMARY

In order to synthesise novel polypeptides or proteins,
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However, as heritability of and HD does not conform
to a Mendelian node of inheritance these techniques

are unable to identify the genes involved in HD or HV.
Therent er tivee cpossulatedebhdbr dur#ad hblae oPTPERAEI PHi ng
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eXA08 9hcBFLRARE e%ors OF 2R OtHdtRof from each of the

two different parental allelic transcriptional units into

the game mature mRNA molecule.

Consequently, in the broadest aspect of the present
invention, there is described a molecular genetic
mechanism that explains how the biological phenotypes of
HV and HD are generated in heterozygous offspring. The
novel genetic structures formed in heterozygous offspring
and which generate HV and HD are not obvious by reference
to the heritable genetic code of their parents.

Accordingly, in a first aspect, the present invention
provides a method for identifying candidate genes capable
of producing hybrid vigour or hybrid debility in an animal
or plant, comprising the steps of:

(i) comparing the mRNA sequence of alleles of
candidate genes isolated from an animal or plant which
exhibits hybrid vigour or hybrid debility with the
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descri bed a nol ecul ar genetic nmechani smthat expl ains
how t he bi ol ogi cal phenotypes df -HV and HD are

generated in heterozygous offspring. The novel genetic
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PAAE (8 B1aif EoangBucl’ bp lih phirehEEl L biare
aniﬂﬁateﬁ wiehinwhvehosxnpPiet d1Rjereatveyens withybr Fbe
debhhbisabbi §8neodes for am no acid sequence
variation; and (iii) identifying that the amno acid
sequence variation between alleles of the candidate

genr anssabﬂdaaspabtothplpaéséﬁtemnoéﬁdlbn pkbifides a method

seque a t ip_t :
di??e?énﬁtex%%ggmﬁgﬁ#8%?hgg%§ﬁ dg eﬂgg%édHQESOugeggngybrld
aspebilihy prepeheihgvehei sheprovfdes a net hod of

i denti fying tﬁptoaaeheaéymagteheygfégeﬁbeoek QbsQﬁQE'Qf
debility conprising the Steps of: (i) 1dentifying t
pr@%%ﬁ%%l%rsﬁﬁgéﬁﬁeogfmRNA or protein encoded by alleles of
a candidate gene; and
(1i) if multiple species of mRNA or protein are
present then analysing said species of mRNA or protein to
determine if said species have nucleotide or amino acid
sequence variations, respectively corresponding to
variations in two or more exons;
wherein the presence of multiple species of mRNA or
protein at step (ii) is indicative of hybrid vigour or

hybrid debility.

A third aspect provides a method for producing hybrid
vigour or hybrid debility in an animal or plant,
comprising the steps of:

(i) identifying the presence or absence of
multiple species of mRNA or protein encoded by alleles of
a candidate gene; and

(ii) if multiple species of mRNA or protein are
present then analysing said species of mRNA or protein to
determine if said species have nucleotide or amino acid

sequence variations, respectively corresponding to



mul tiple species of nMRNA or protein encoded by alleles
of a candidate gene; and (ii) if multiple species of
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species of MRNA or protein to determne if said

speci es have nucl eoti de or anitho aci d sequence
variations, respectively corresponding to variations
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steps.of: ent i resenc r eny
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BrQEEE%lﬁrﬁlQEES%ﬁta. 1analy3|ng said

speC|es rotein to determne if said
speci es havélﬁbcpéépﬁﬁénﬁraaﬂQﬂ?PﬁHqﬁ SOpEiEd ng nucleotide

Vakigakiheas en@%aa%@t isneldy prITasPdidied avardtalg oS in
two ‘or nore exons, - erei,n the esence of nultlple
speci es of HRNA &EAHSSOFHIG %ﬂ%ﬁS%ﬁq% d &t ve

ofreltyprijethtv ipdamt o bwmmaithﬂmﬂltqnd(lll) detern1n|ng
the functio [ ns
conpar ed torzt EZ ygﬁc %3?1?/: %fpro?ter%l corﬁlrco
t@X@eﬁeﬁmSneamﬁl@anﬁeékﬁs éﬁ@ﬁbﬁ@e €rl-HD in said

plant or animal; (iv) preparing a construct conprising

nucleotlde sequence encodi ng sai d protei speC|e
stEp 3 iHAWED APPITTEad¥o VR ATy REGHYs! o of

r@‘élt@dtlﬂngpkaiét e satid@lor eldgerred of hybr:l.d mRNA in a

plant or animal comprising the step of isolating mRNA from
a plant or animal and comparing the nucleotide sequence of

said mRNA to the corresponding coding sequence of the
plant or animal’s alleles.

A fifth aspect provides a construct comprising a synthetic

gene comprising exons from different alleles of a gene,
wherein said alleles code for amino acid sequence
variation wherein the variation occurs between different

alleles.

The present invention further relates to the use of hybrid

mRNA molecules produced in vivo or the hybrid proteins
translated by them to overcome disease in a plant or

animal and/or induce hybrid vigour in a plant or animal.

The plant cell may be isolated from any higher plant,

including gymnosperms, monocotyledonous and dicotyledenous

plants, although all agriculturally important plant
species are preferred. Preferably, the plant cell is
isolated from a plant selected from the group consisting



(vi) regenerating a plant or animal, which expresses
said construct, fromsaid cell. In a fourth aspect the

WO poogfo131881 provi des a nmet hod of detecting the PCERAERWME/001065
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or absence of hybrid mRNA in a plant or anim
conprising the step of isolati Ag-nRNA from a pl ant or
ani mal and conparing the nucl eoti de sequence of said
rrRNAba:rl@p COy ¢ £ SPongihurg, qmaiiﬂ@, seqyﬂs@a:ﬁ ofhéde, ptant,

‘ggl éo@£$§|e§icé\féi ?fﬁ eéln canola)
r

uct conprising a' syn Re ' tORPrT &I Ag aRong
fr&#ﬁﬁﬂ¢W@¢en§l§$lﬁaesS@maap@@ﬂe b@h@n@;nbéachbarrﬁles

casha, AP NGt ALl SEAUERGS i’éé% ??ewggﬁ%goaps carrot,

varlatlon occurs between differe
prdseht Elagent | BRTERR t HerCBPaY ese¥BPLRRE usEraPefiy bRPReYdew,

nﬁwtm@puh@ﬁg@r OIS, | dnVbN O dpapéj;ls hy@aspl ]_Béﬁpérﬁ$
transl at e mto overcone

TSR oF S HIOED. SRR G u] BREC, Rosnp) Babagro, *Eomato,
zuwauérmeﬂhn,praﬂace@m$ feyitbe (sothtad &ppheangeach, pear,

e 2R p ] EhaDy SHEERBPE BRas PROSEOIMLEHTRE P
q%ﬁ?&l pl apkbapRci eaubi Elover erprussel eserapty, atlﬂe
p']&ﬂilﬁ&ﬂ)i) | SotBeFatLEpd I Of-@i PLaghasebeet 881 EE0phbBe

T IS TP 1
rmmxﬁmmcfndiﬂg sannlaé orstés pnkemont f agfapefruit and

eQan§P€1 ﬁgkbghé¥rleluegu LY éﬁrggbgﬁéyWalnut
an ?I%POMBY,

erry cant oube carro ca
ccﬁlﬁ@epe@mu nberdieggpl ek, :goapes shohegdearrberogte, beet,

MBI o PR OBurRDb ONra RPPRY dyaR©aSwe 8E pf)SEéto PLAGaBRLAS .
spi nach, squash,”.sweet corn, tobacco,  tomafo,

wetEPre ] BRATE 0Sat B UEREE Nt Sh sheRdadl abbe ePrpEGER, invention

peticledler ¢¥1a8di pbuste@antryngrball espeasescasueBupghne,
asSpoplar and eucalyptus. More preferably, the plant cell is
a rice cell, a wheat cell, a barley cell, a rye cell, a

sorghum cell or a maize cell.

The step of transforming the plant cell comprises any
method known in the art, which is capable of stably
transforming the plant cell. Suitable protocols are
available for Leguminosae (alfalfa, soybean, clover,
etc.), Umbelliferae (carrot, celery, parsnip), Cruciferae
(cabbage, radish, rapeseed, broccoli, etc.),
Curcurbitaceae (melons and cucumber), Gramineae (wheat,
corn, rice, barley, millet, etc.), Solanaceae (potato,
tomato, tobacco, peppers, etc.), and various other crops.
See protocols described in Ammirato et al. (1984) Handbook
of Plant Cell Culture--Crop Species. Macmillan Publ. Co.
Shimamoto et al. (1989) Nature 338:274-276; Fromm et al.
(1990) Bio/Technology 8:833-839; and Vasil et al. (1990)
Bio/Technology 8:429-434.



broccol i, cabbage, cauliflower, brussel sprouts and
kohlrabi) . Other crops, fruits and veget abl es whose

w@b@noiipe may be changed include barl ey, currB@I/AU2006/001065
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avocado, citrus fruits such as oranges, |enons,
grapefruit and tangerines, artli0choke, cherries, nuts
such as the wal nut and peanut, endive, |eek, roots,
S@féﬂﬁra’%l ywelgébpm cé‘]&lSh slas/a;ratmmmedawys@ m@’t&md
an eans. O her nt_cell hat

‘ﬁégﬁ BB g?ﬁ%ﬁn?%ﬁﬁlnclﬁﬁe %eﬁ?éoﬁs E ed
frxﬁnambﬁbasp@nlﬁsr sxatp e nes igpptechzetogieal hpted on the
M R 06 Pl Al £l 4y i @rdprsy
oty " e diler o6 RLARC L o Wy s%?%um cel

rqubnw@me@e;|PEGT%@d@@%ﬁﬁcﬁram%ﬁe%eﬁ%+%@ P epp@%ﬁelastsl
Ceéie&@f&i?éﬁ&@l@ﬂy SEL hash knoms de fﬂerermedm;@@ i's

capabl st ably transf th
ST Tt bl <ok, RSt ter LitF o diaef htams format fon.
E atrﬁaé.fptreﬁfwbéﬂnembb@mnt e €. dhe Unﬂneéhtiena’ehe step of
carrot celery S
roifuSaroRBFiRed ni Ayt FEEE L {0 rdnent by
( mm@ndwmpn@me;ctll@ anl e eNA whemprigbra, the ceonstruct
bal) &Yool ein eEﬁe)r?cQ‘Pﬂ)ﬁé@Eeé@l:(Q%ﬁtﬁ themat o,

t obacco, pepper etc and various other crops. See
pr%&%ﬁ@@%@ﬁ%@%%i%@d in Ammrato et al. (1984) Handbook
of Plant Cell Culture- -Crop Species. Macm |l an Publ.

Shi to_et 33 : .
ctnia . SPAE803SBPBF roERfof Bl Bt BP0t AR RsPF QYDrid
aJproﬁéﬂﬂomoBeoﬂIeshpnbdgge® 129viBhoPeef dnalilye theovercome

é&%rf&lée5§l£E n§£°£”§gagy 3rn§ﬁbﬂgls§hay5§dlﬁaﬁgé hybrid

gF oup COﬂSIS i g of “ honol ogous reconbi nation for
expmgmprusnng Pé@ﬁﬁopﬁgﬁﬁem%hsﬁamﬁﬁlFh@9u§§eoﬁtep of

MEgAHSAEASAg1:858] hyBHill sFOREPhechtbeshoabandf@mnt or plant.

PEG nedi ated transformati on of protopl asts,
The animal cells can be isolated from any animal although
it is particularly useful for mammals and fish. Suitable
mammalian sources include members of the Orders Primates,
Rodentia, Lagomorpha, Cetacea, Carnivora, Perissodactyla
and Artiodactyla.. Members of the Orders Perissodactyla
and Artiodactyla are particularly preferred because of

their similar biology and economic importance.

For example, Artiodactyla comprise approximately 150
living species distributed through nine families: pigs
(Suidae), peccaries (Tayassuidae), hippopotamuses
(Hippopotamidae), camels (Camelidae), chevrotains
(Tragulidae), giraffes and okapi (Giraffidae), deer
(Cervidae), pronghorn (Antilocapridae), and cattle, sheep,
goats and antelope (Bovidae). Many of these animals are
used as feed animals in various countries. More
importantly, with respect to the present invention, many
of the economically important animals such as goats,



el ectroporation, silicon carbide fibre nediated
transformati on, or Agrobacterium nedi at ed

wo e@nsinssmati on. In a preferred enbodi nent of PEEAU2006/001065
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i nvention the step of transfqﬁp1ng conpri ses

m croproj ectil e bonbardnent Hy coatlng

m croprojectiles with DNA conpri sing ﬂe construct and
cEReRt | FREEHR ?%@l@%%ﬁth%%?lgeﬁYtﬁlmh ki Bigppgy and share
aeldh efegréds aosi géhomspeldbmolbgy i nventi on provi des

use of hybrid protein nolecules produced in vitro or

in vivo to overcone hybrid debility in a plant or
drineredrdend/ Berisdodachybai donpygbses i hoaspbaandodonkeys,

LSi N f [ S r
pro¥@ﬁﬁ&?%F%b§%| céﬁSEE%EQlQ fhﬁ&f@%ﬂg g%?ngigng? biated.
cémd%%ﬁdsbta%%dw¢lbnkaﬁynaﬁhﬁﬁlh@??ﬁ%u@ﬁd|@OPEGYS
paktLept-asdy useful for mammal s and fish. Suitable
mammal 1 an sources include nenbers of the Orders
Pri mates, Rodentia, Lagonorpha, Cetacea, Carnivora,

\ PEﬁiGﬁ@d@mbdﬂﬂmand,Athéodathalacelh@nhéli bk bbeained from

O ders §s0 d i e
oAb g Ept S o EF b aRTle Ehe SAFNNEEE FPoencoced from che
bgnbwgycenalet@ngnbé fapeetancer Woldexgppesentatives of

Aﬁ&b?&gctabﬁdsonEék§§d§ppgeiagat@hﬁlééoahHVba&eaaagles
di stributed throu nine famlies igs (Suid

a
pEtREP1 2% ?ﬁa?ﬁ%BuFEQE?SQHEPEbBﬁEt% sggwWs or %%115' bison,
(buppapet ashdap) biganeka tkeepli Heekes,chewiekai dsnkeys,

Tr Ld Lraff d ok iraffid d

(RS BE5E) BHbnoRoTiBRn: PPREapiriRe) PURERIC oER IS S
shéema,gahpacandaadtphgpe ( Bepedas}ly Nmﬁfe@ﬁeﬁhe@ethe
Ngbvﬁhé Qééc!é%daéé Eeedra0i-B! spbl YaKiuS, C%HBF@b%S

Frel respect 'to the present
|hv§ﬁ@l@ﬁs fENG OF bﬁéléeonon1cally i nportant ani mal s
such as goats, sheep, cattle and pi gs have very siml ar

b&glggg gggogg%égthE e an ma Elgeg%glgshqn%g%p%rcm
aquatic organisms such as vertebrate and invertebrate
marine animals. More preferably the aquatic organism is
selected from the group consisting of fish, amphibians and
molluscs. Fish include; but are not limited to,
zebrafish, European carp, salmon, mosquito fish, tench,
lampreys, round gobies, tilapia and trout. Amphibians
include; but are not limited to, toads and frogs. Molluscs
include; but are not limited to, Pacific oysters, zebra
mussels, striped mussels, New Zealand screw shells, the
Golden Apple Snail, the Giant African Snail, and the
disease vectoring snails in the genera Biomphalaria and

Bulinus.

Transformation of constructs of the invention into animal
cells is preferably by homologous recombination.
Homologous recombination (see Molecular Genetics, U.
Melcher (1998) is preferably induced by addition of the



The Order Perissodactyla conprises horses and donkeys,
whi ch are both economi cally inportant and cl osely

wo edoaned3s | ndeed, it is well known that hor sesPemdU2006/001065
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donkeys |nterbreed In one enbodi nent, the aninma

cells will be obtained fron1éH2unguIate Preferably,

the ungul ate is selected fromthe group consisting of
dangitecred awhstrept csentallvesuch aovembryepigsstem cells
C LYASin a% Qéuee&&l9§r§n§h§@ﬁeébﬁ§axgxﬁﬁgL@éfgﬁtéacéene

present Ives are cows or bulls, bison f
SM@@@ pirEerp kY s heepns fioreed, Sﬁ%ﬂl%%llﬁoﬁﬁﬁy%njﬁﬁFSd into
d§eﬁewe$fas€§éy@@ucaﬁﬁﬂhg paketibnf bal ehecaswl sonstruct in
ama, al paca,’,and pigs. Especially preferred in the
bﬁb?n%agbg%l%glﬁ? *Bos taurus, Bos indicus, and Bos
buffal oes cows or bulls. In one enmbodi ment the ani mal

S@ﬁé@ﬁ%’fg}%ﬂéﬁt BRetERREANERRbE TAERRE! SHE THHC BndENTION

Wettebtraterarrne antmats . Nore
preferably the aquatic organismis selected fromthe

EAQ%DP F§b§£kaﬂs°ﬁe£t§Bnea”HEkEhﬁnﬁrén@1EEH|&&&Sthe

but _are not i ﬁlti % a
Eonspesn ehrpessuiRdng ABSqOrE6lPPIRY %gﬁcﬁro LTSEEy &n
rQéEgeﬁﬁblﬁﬁﬁchlhﬁﬁl&e@bdtbﬂouh tArppubildestinasudesd which
e, not limted to a g l.l.uscs
HephlicbSptpety shnsorPERt ool bRy LavEarithls Nothing
zBbrainusseks, bstcppedrn&§séﬁsanNéﬂmZééﬂéﬁdt@@ﬁeﬁhe

shall Etlgg %%Dhgﬁneﬁﬂﬁkieén%ﬂ antleaGeaRfuclf @il osure by

Snai I sease vectoring snails in the genera
BVaisHEl 8Ei RTARE BBVEREOD-Tr ansf or mati on of
constructs of the invention into aninmal cells is

B
otherwise indicated, conventional molecular biology, plant
and animal biology, and recombinant DNA techniques within
the skill of the art. Such techniques are well known to
the skilled worker, and are explained fully in the

literature. See, eg., Maniatis, Fritsch & Sambrook,
“Molecular Cloning: A Laboratory Manual” (1982); “DNA
Cloning: A Practical Approach,” Volumes I and II (D.N.
Glover, Ed., 1985); “Oligonucleotide Synthesis” (M.J.
Gait, Ed., 1984); “Nucleic Acid Hybridization” (B.D. Hames
& S.J. Higgins, eds., 1985); “Trranscription and
Translation” (B.D. Hames & S.J. Higgins, eds., 1984); B.
Perbal, “A Practical Guide to Molecular Cloning” (1984),
and Sambrook, et al., “Molecular Cloning: a Laboratory
Manual” 12 edition (1989).

Tt is understood that the invention is not limited to the
particular materials and methods described, as these may
vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments only, and it is not intended to limit the



10

15

20

25

30

35

Mel cher (1998) is preferably induced by addition of
t heengi neered construct to cells such as enbryonic

W@ t@mocHBs s grown in tissue culture which cont BETYAUR®G6/001065

targeted gene. Mire preferabh%% transfornmed stemcells
are injected into a new bl astotyst causing fixation of

the new construct in the mature ani mal . DESCRI PT| ON
GReRREFERRED: BVBSEHMENTS @Ft IE WINVEINTWENL Ap¢ 1imited only

Hﬁf'éﬁété geatipnae hergi mase sétgdcé@rchbe as used

ose o escrlbln and discl osing the prot colﬁ .
helgehe s2hi Bh e %EREP@%QI?*@%%%'pE%?l% PPBNIT arms a
V\*&:@h nraﬁalt “Pge uSEE1WAE OPDELA L Obe et Entbeunbugst thea.

Not h d

AL Oge ML b Sal . DEc SORELLLRT 2S ot 92‘u§§%°9x5"ﬂﬁie' 2
distépsnce by WarpL@nme@llbrlmnwedesoa pIheablaEtpﬁesuch
Yihhe BLPREN!HBVEULOOREIBL OYS: Al GAInd1 NBLB01s a

Rate cobnvénti on E
an¢harehiel bgyonaner reesebrRninel DRALL&ch ni*\a E@um ﬁmﬁ

tﬂ§t giéh? %n&hﬁeﬁﬁédsSQEHliSQthQEQ§1§é§eﬁ@|tokﬁﬁmﬁe

are expl ain fuIL% g EE
|¢$%?ﬁ%h?@ hegginggan Renpaefsto FF&EHC@ QunbFEbk =t
"Mégéﬂta&n%ﬁewg, fhéappestorgdMaatakial 49823 me'tDNAs are
d oni ags E gctlcal Approach,” Volunes | and Il (D. N
Ve Eﬁl © 985); "digonucleotide Synthesis" (MJ.
Gait, Ed., 1984); "Nucleic Acid Fybrldlzatlon" (B. D.

;@HE Sp& §f3th? EQbQ&es€d§spec%385E t] gr@%&%éhﬁthﬁﬂeﬁﬁﬂon
ran a I on & S. J.

H g
19Baye BS. dpé%abed"% “PPucLi BRFIAHIGE DY WBLEBuPEPria mRNA

Ghﬁayag"h&ﬁ?@é)pr@ﬁélﬁngéoﬁ&rTgﬂhaMore"the@ubatly, as

0 nual " _12th e 0
geﬁﬁﬁgpgaobar?ﬁﬁt %ﬁ% Pﬁ$3ﬁploﬁnvgngl ?ﬁ%%eg to ?h
pmethauham whuehlakplamdsnEhhophe@@menpbeaﬁ aybrhds¥igour
M8¥v) and hybrid debility (HD®).

HV occurs when an offspring displays an enhanced form of
any particular biological phenotype when compared to
expression of the same biological phenotype in either of
its parents. HD® occurs when an offspring displays a
reduced form of any particular biological phenotype or

disease when compared to its parents.

The biological phenotype of HD may be caused directly by a
reduction in the activity of hybrid proteins such as
enzymes. On the other hand, some hybrid proteins may be
recognised as immunologically foreign and cause the onset
of some forms of HD by inducing an auto-immune process.

The terms “hybrid mRNA” and “hybrid protein” as used
herein refers to the different or multiple species of mRNA
and/or protein that are produced during transcription
and/or translation of the alleles of a single gene.



vary. It is also to be understood that the term nol ogy
used herein is for the purpose of descri bing

w@arwiocaBar enbodi nents only, and it is not i nPEnABRDG001065
limt thescope of the present invention which will be
limted only by the appended tfafns. It nust be noted
that as used herein and in the appended cl ai ns, the
singular fornms vv a " , L an", and the" include plura

oﬁ%%ﬁ&rﬁ 1gn§98§h§:h§aﬁ§@tsssth%@@al protetiateshat have the

erw s or e a reference to "a
ceptent halugesba EPHWQ@lPV Bhes@@ﬁhanaﬁm p&| Fgangngxgnic

ret8L@/pLY be E?b@ﬂ&mﬁkl\meﬂnbiebﬁlésf gkeeenpedt Be@BENOL s
nD e ani, nal

. terials and t hods
5 WﬁrlartgaupégPEﬁt1t08#%0§¥E%é§aPF8581H§rSpﬁwgsﬁ gg FRI
uSﬁdchSpéacbfcﬁrabluepslbhehpﬂeaaathaneebeenndeﬂheed from
LBLOGERATR! SELLRuRR0oIPLRNS, R vaOMKICaTNLERE: ablorinea
e o? roa aspect & 6t 1 resent i nven
thEréCosraescrabed é2ﬂ@9éb N@dhaﬁﬂ§#1bﬁwwﬁlcﬁ9hy§ﬂ?él)-
MRNA and/or hybrid protein are forned. Mre
importantly, as described herein, the present
i nvention describes a nechani sm which explains the
phenonmenon of hybrid vigour (HV) and hybrid debility
(HD) . HV occurs when an offspring displays an
enhanced form of any particul ar bi ol ogi cal phenotype
when conpared to expression of the sane biol ogica
phenotype in either of its parents . HD(r) occurs when
an of fspring displays a reduced formof any particul ar
bi ol ogi cal phenotype or di sease when conpared to its
parents . The bi ol ogi cal phenotype of HD may be caused
directly by a reduction in the activity of hybrid
proteins such as enzynes. On the other hand, sone
hybrid proteins may be recogni sed as i mrunol ogi cally
foreign and cause the onset



of some forns of HD by inducing an auto- inmune

process. The terns "hybrid nRNA" and "hybrid protein”
wa@googsed3terein refers to the different or nul PCPAB2006/001065

speci es of nMRNA and/or protein that are produced

during transcription and/ or tPanslation of the

all el es of a single gene. An exanple of the range of

hyArTind TWRR eiNts ROEENTEAMe HYRR TOtRAENARY (REPRIDRS FNCODED BY

1 :
Ar abxdopsi s thaliana have been deduced fromth

genom c structure of alternative FRI alleles described
in (Corre et al., (2002), Ml. Biol. Evol. Ayt 567)
.WLD -TYPE AND POTENTdAL HYBRI D_PRkNARY ARH B SN
EN@E@%}:&L . BIEDY 3 -OF THEyFR)| Al EFRIES in
ASSCCl ARABTDOPSTS THALTANA STRA| fi@ n,SAND
JEA.AlJ ' ﬁ 55 3 |'eYan A (dee
oys | %5 BegE 1L g € g 1" QysC¥sFbede ﬁyyr"rd
55 368 474 pol ypeptii des | penerat ed by/”li G?EQ;O Tyr
I mRNA ecul esyfdrmed i ni CYR x 3687474 JEA crosses I

Phe | Arg Tyrssl “dccoweli n& 't arat henovel Q\/?‘L
55 368 474 pat hway |i demki f { edTir herei n. P aa.yf

Tyr | 55 368474 T Phe I Gn T .YS | El, on
refer to exprs—d—ro—aic—STTe 73eu|vel y W ll?gf; j?

Ar abi dopsi sLt 12lean g Elig he nu eensal &ma.368

and 474 refer to the posi ti ons of the varfant ami no
aci ds encoded within exons 1 , 2 and 3 respectively.
Am no acid vari ants en%oded by, 4and i ncluded in each

exon at am & pOSL LT ONS 5%—368 and 374 are
i ndi cat ed b[m ﬂ Gin ye
55 368 474
lle Ar Cys
g Y Expected hybrid
55 268 474 polypeptides
generated by
lle Arg Tyr mRNA molecules
formedin CYR x
55 368 474 JEA crosses
according to the
Phe Arg Tyr novel biochemical
pathway identified
25 208 4 hergin.
Phe Gln Tyr
55 368 474
Phe Gin Cys




the conventional three letter code. The structures of
the hybrid primary peptides generated in a CYR x JEA

wo-Roonpaidgl are predicted by reference to the PCT/AU2006/001065
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bi ochem cal pathway validated by the experinmentation
above. As described further-bkfow, once the above
phenomenon i s recogni sed and appreci ated by those
SEELIEQ andtbe aeferi towekbnbell eadahyl Bndecpeobdvehat

P ARTHn P EPRR 00 T5 SRRsdRaky SERECER R pa, g, pombers

nﬁﬁes36§eanﬁ a7ﬁun%§erot0t§hﬁspgsé§lpnsr@éoﬁbﬁnﬁﬁ?lﬁﬂh
@hﬂelgsxd Unl,esgedelsk pRYnoLhenW 8¢, 2abhat echBispaktively.

SC|ent| ic terms used herein have the nmeani n
CAWﬁﬁﬁ|9caﬁd%@§%6688b9n§°é@ﬁ38w §Rﬂ|Fealvﬁeﬁhéna%?CPoexon

Wﬁtcﬁmiﬁbsatﬂ&eﬁbsﬂﬂlbﬁb059$ 36§han80hh@memg indicated by
ggerences [ oVl rm

Wit h
FrPRER B Ry CBFoPndeEEPs olidia TR Argactures of the
|hybﬁﬁdopr1ﬁhnglpEph;des gbnerat@dcunoaacyRok JEA F1 hybrid

Mgt gggggggeangywﬁg%gegaeeBtheax"b&%eg @qcaa9gbg§way

ctronary of i'ence and Techno
(valiképted. by tbegpxpeThBegtasd Py aBPVeenet i cs" 5th
Ed Rieger, R, et al. (eds.), Sprlnger Vérlag

991) and Hal e &Bwhrga "The Har
bAet ABHGFIoa BrBtBgy PELoYY) ShcnBeariy e Renonenon is
nQﬁeaghabuaeaﬁddapbeebabmeﬂt@wytmbsee@knaaednlmlame art, it
and.anj nmal tena [ [
B3 an PR B s SERSEPERPLEEY, BenREolE WidRasg staves
wekln keowmreatddc emcin puym@dpmy@da ANPEEO VL.,
DEFINITIONS The terns polynucleotlde ,

Eplynucleotlde sequence” _,"nucleic acid se qﬁ%
aR®e" AgErEiptaeRd thakgfodiows mekes &§ehed oF of

fﬂ:&ﬁl{ﬁ%nh edr QnU%%@omlbtlﬁb@itaMEﬁMey:Hm@lﬁgry TheSe et ined
8I @ﬁ%s?f%éinkﬁdg- en %ﬂ%n&q %erms used herein
have the meaning commonly understood by a person skilled
in the art to which this invention belongs. The following
references provide one of gkill with a general definition
of many of the terms used in this invention: Singleton, et
al., “Dictionary of Microbiology and Molecular Biology”
(2nd ed. 1994); “The Cambridge Dictionary of Science and
Technology” (Walker ed., 1988); “The Glossary of Genetics”
5th B3., Rieger, R., et al. (eds.), Springer Verlag (1991);
and Hale & Marham, “The Harper Collins Dictionary of
Biology” (1991). Generally, the nomenclature and the
laboratory procedures in plant and animal maintenance and
breeding as well as recombinant DNA technology described
herein are those well known and commonly employed in the

art.

DEFINITIONS

The terms “polynucleotide”, “polynucleotide sequence”,



of RNA or DNA that is single- or double -stranded,
that optionally contains synthetic, non-natural or

wa@bdaogedsmucl eoti de bases . A pol ynucl eoti de i PCT/AB2006/001065
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formof a polymer of DNA may be conprised of one or
nore segnents of cDNA, genomi+t’ DNA, synthetic DNA, or
m xtures thereof The RNA may be nRNA. "nRNA" or
"fmsckagera®MNA'seéguencé’hgl andt PandediRNACHSBI ecul e

V‘ﬂ‘&g{;]méﬁt’t)’ é&iét’?@cﬁ’ ﬁm&@ﬂé%@ﬂé phh Gheser VESe aﬁséd

at e an encodes the am no aci d sequence of

rﬁ@#%ﬁﬁhaqﬁ%a?%Yﬁ$@¥%b$atEHESEoF9HWEI%BF?EEaFEfBFgl?Stlde
hyRYes eghd dend heiké s ﬁuﬁélﬁﬁhbaébylﬁéeﬁa?rba1atpenymer

ETELR B8l doFeabences, cueh ot e neh L ULLEARD e
t@@tlﬁnanﬁYIgontabn@aaynbhetheraon nethraheoksalbewdd
PRLIUCLEAL! BE-23, T2 gﬁglyﬂuh&;oe%gr 3h! ¥hECEBERI BY o

Sol at nacl e

VI TONMEN ot'1 des nmay be puri |ed
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by gﬁghégniguﬁ Flon %? i sol ated nucl eic acids by

genetic engi neeri ng technlques A s used herein,
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anudiedaeeacadc sdgdenresubsuichutisoansf nofte lomipede to other
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accompany or interact with the isolated polynucleotide as
found in its naturally occurring environment. Isolated
polynucleotides may be purified from a host cell in which
they naturally occur. Conventional nucleic acid
purification methods known to skilled artisans may be used
to obtain isolated polynucleotides. The term also embraces
recombinant polynucleotides and chemically synthesised
polynucleotides.

The term “recombinant” means, for example, that a nucleic
acid sequence is made by an artificial combination of two
otherwise separated segments of sequence, eg., by chemical
synthesis or by the manipulation of isolated nucleic acids

by genetic engineering techniques.

As used herein, “substantially similar” refers to nucleic
acid molecules wherein changes in one or more nucleotide

bases either results in no change to the amino acid



pol ypepti de encoded by the nucl eoti de sequence.
Substantially simlar nucleic acid nolecules may al so
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Esti mates of such honol ogy are provided by either

DNA- DNA or DNA- RNA hybri di sat3®n-under conditions of
stringency as is well understood by those skilled in
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"BRRENEREE CRECRbTEBReHESAUBLEOETdEETRETE AL ST ol g the
Vw&éﬁeswbﬁéahdehtﬁbaalt@ymhbeslabohen@wcepm &oird the
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pﬁgggaaﬁgg P? +B&C 2184 i w% 43 %iﬁ”%asﬂ%% % 0~ Q % Ssc,
0.5% SDS was increased to 60°C. Another preferred set of
highly stringent conditions uses two final washes in 0.1 X
SSC, 0.1% SDhS at 65°C.

“Synthetic gene” or “synthetic nucleic acid fragments” can
be assembled from oligonucleotide building blocks that are
chemically synthesised using procedures known to those
skilled in the art. These building blocks are ligated and
annealed to form larger nucleic acid molecules, which may
then be enzymatically assembled to construct the entire
desired nucleic acid molecule. “Chemically synthesised”,
as related to a nucleic acid fragment, means that the
component nucleotides were assembled in vitro. Manual
chemical synthesis of nucleic acid fragments may be
accomplished using well established procedures, or
automated chemical synthesis can be performed using one of
a number of commercially available machines. Accordingly,

the nucleic acid fragments can be tailored for optimal



aut omat ed chem cal synthesis can be perfornmed using
one of a nunber of commercially avail abl e machi nes.
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tail ored for optinal gene expression based on
opti m sation of the nucl eotidéelsequence to reflect the
codon bias of the host cell. The skilled artisan
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gene refers to a gene as foun n_nature wt

re@nl%@ﬁ#gﬂséhu@nc@étheEhQﬁBFh% gedeng opndeRpgefoding

geseradd®) used herein interchangeably and refer to any

gene that is not a native gene, conprising regulatory

and codi ng sequences that are not found together in

natoddidate gene” or “gene” refers to a nucleic acid

fragment, such as an mRNA fragment, that expresses a
specific protein, including regulatory sequences preceding
(5' non-coding sequences), in between and following (3'
non-coding sequences) the coding sequence, that has the
potential to produce hybrid vigour or hybrid debility.
“Native gene” refers to a gene as found in nature with its
own regulatory sequences. “Chimeric gene” or “exogenous
gene” are used herein interchangeably and refer to any
gene that is not a native gene, comprising regulatory and
coding sequences that are not found together in nature.
Accordingly, a chimeric or exogenous gene may comprise
regulatory sequences and coding seguences that are derived
from different sources, or regulatory sequences and coding
sequences derived from the same source, but arranged in a
manner different than that found in nature. “Endogenous
gene” refers to a native gene in its natural location in

the genome of an organism. A “foreign-gene” refers to a



Accordingly, a chinmeric or exogenous gene may conprise
regul at ory sequences and codi ng sequences that are
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sequences and codi ng sequences derived fromthe same
source, but arranged in a nmanf@er- different than that

found in nature. "Endogenous gene" refers to a native
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nuclm%lo%l%’c Ik%o%v%q lé%r}:%ees’le%%sre wﬂo\ﬁg %m fﬂ}Fed one-letter
symbols recommended by the IUPAC-IUB Biochemical

Nomenclature Commigsion.

Nucleotides, likewise, may be referred to by their
commonly accepted single-letter codes.

“Conservative modified variants” applies to both amino
acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids that encode
identical or essentially identical amino acid sequences,
or where the nucleic acid does not encode an amino acid

sequence, to essentially identical sequences.

Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any
given protein. For instance, the codons GCA, GCC, GCG and
GCU all encode the amino acid alanine. Thus, at every



variants refers to those nucleic acids that encode
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an am no acid sequence, to essentially identica
sequences. Because of the degehetracy of the genetic
code, a large nunber of functionally identical nucleic
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nodi fied variant” will result froman alteration to

the codi ng sequence which results in the _sulstitution
oRSahOapMABOaBFdIWSERUSNEREN CRE PisElildr Wadilngesodqise
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functionally similar amino acids are well known in the

art.

The following six groups each contain amino acids that are
conservative substitutions for one another:

1) Alanine (&), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine
(V); and

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

(See, e.g., Creighton, Proteins (1984)).

The term “non-conservative modified variation” refers to
amino acid variation that does not involve conservative
substitution. For example, the substitution of an alanine
for a phenylalanine would constitute a non-conservative



2) Aspartic acid (D) , Qutamc acid (E) ; 3)
Asparagine (N) , Gutamine (Q ; 4 ) Arginine (R ,
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Met hionine (M , Valine (V) ; and 6 ) Phenylal ani ne
(F) , Tyrosine (Y) , Tryptopt&h (W . (See, e.g.
Creighton, Proteins (1984)). The term

[ noed: EDed evaaiavionodi fied variation” refers to am no
acid variation that does not involve conservative
substitution. For exanple, the substitution of an
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influence the_transcripti ' .
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recognition sequences and sequences that affect Splice
sFeeogel EéPROFCIVPREREt BRY FEFEFRCES EhﬁﬁcﬁégﬁF&egPilce

sggdense1eapabhe of controlling the expression of a
codi ng sequence or functional RNA. In general, a

codi ng sequence is located 3 ' to a pronoter sequence.
Therpmotretrér reggurente eonsiciestifieprerivsniceasarayle of

dj ream el :ohhe el at ; t
PR o A o P o,
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ogous el e n I nser t o enhance t
| BF ePTER TP Lk POE PR LoP RS GhEbEar TS hs 13tEeT

MBYements often referred to as enhancers. Accordingly, an
venhancer” is a nucleotide sequence which can stimulate
promoter activity and may be an innate element of the
promoter or a heterologous element inserted to enhance the
level or tissue-specificity of a promoter. Promoters may
be derived in their entirety from a native gene, or may be
composed of different elements derived from different
promoters found in nature, or may even comprise synthetic
nucleotide segments. It is understood by those skilled in
the art that different promoters may direct the expression
of a gene in different tissues or cell types, or at
different stages of development, or in response to
different environmental conditions. Promoters which cause
a nucleic acid fragment to be expressed in most cell types
at most times are commonly referred to as “constitutive

promoters” .

“rranslation leader sequence” refers to a nucleotide
sequence located between the promoter sequence of a gene
and the coding sequence. The translation leader sequence



be derived in their entirety froma native gene, or
may be conposed of different elenments derived from
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conprise synthetic nucleotide segnents. It is
under st ood by those skilled i4P the art that different
pronoters may direct the expression of a gene in
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atkgcting the addition of polyadenylic acid tracts to
the 3 ' end of the nRNA precursor. The use of

different 3 ' non-coding sequences is exenplified by
I ﬂgmbrceahtsceﬁpai" ®eFRFP) tl ahie @aiddub:t6 ZeswE80ing' RiYom RNA

tragsc gsé %%%%f%éed é%%ﬁgéE&§£1>e%$1g'ﬁkﬁ égﬁdgﬂ%e When
the RNA transcript is a perfect complementary copy of the
DNA sequence, it is referred to as the primary transcript
or it may be a RNA sequence derived from post-
transcriptional processing of the primary transcript and
igs referred to as the mature RNA. “Messenger RNA (mRNA)”
refers to the RNA that is without introns and that can be
translated into polypeptides by the cell. “cDNA" refers to
DNA that is complementary to and derived from an mRNA
template. The c¢DNA can be single-stranded or converted to
double stranded form using, for example, the Klenow
fragment of DNA polymerase I. “Sense-RNA” refers to an RNA
transcript that includes the mRNA and so can be translated
into a polypeptide by the cell. “Functional RNA" refers to
sense RNA, antisense RNA, ribozyme RNA, or other RNA that
may not be translated but yet has an effect on cellular

processes.

The term “operably linked” refers to the association of



pol ymerase -catal ysed transcription of a DNA sequence.

When the RNA transcript is a perfect conplenentary
waeowy/0tf138 he DNA sequence, it is referred to aRCT/AB2006/001065

primary transcript or it may be a RNA sequence derived

from posttranscriptional processing of the primary

transcript and is referred to as the mature RNA
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effect on cellular processes. The term "operably
i nked" refers to the associati_on oftwo
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20

sAltered levels” or “altered expression” refers to the
production of gene product(s) in transgenic organisms in
amounts or proportions that differ from that of normal or

non-transformed organisms.

25

“Mature protein” or the term “mature” when used in
describing a protein refers to a post-translationally
processed polypeptide; i.e., one from which any pre- or
propeptides present in the primary translation product
30 have been removed. “Precursor protein” or the term
vprecursor” when used in describing a protein refers to
the primary product of translation of wRNA; i.e., with
pre- and propeptides still present. Pre- and propeptides
may be but are not limited to intracellular localization

35 signals.

vrransformation” refers to the transfer of a nucleic acid



A "protein" or "polypeptide" is a chain of amno acids
arranged in a specific order determ ned by the coding
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Each protein or pol ypeptide has a unique function.
"Altered levels" or "altered &&ression” refers to the
production of gene product (s) in transgenic organi sns

| IE B EmMEHS mtcprmmrgémme tdiata cthciéterofgaqmgdn,atr@éultlng in

nor nal on- an

DY o A LR IR IR ot RS | gpnipining

aqh&nmﬂansﬁﬁnmedtnnaiqnnnaqxduﬁiagmanmﬁI@r@rn@ﬁsseﬂd to as
{ .

ProhERlddtic) Shanfiihg | MIALLCL AV ot of plant

héveart%@mmdmelm@ FrSleploa te ted ym - rﬁﬁdxwéed erm

Rﬁ%ﬁ&gﬁc%maﬁmﬁﬂ UL BIdLAESEH | D] NY(Podf Plsdth ! eﬁr@iﬁnol
to the,P product of transl ation of

MRNA
wilth? 17 el %%mﬁ RO iR DA eLClpRc el erated
P rep e é rike Squrety mmomam &ecmxtcepngp (Klein et al.

LT TP L B ) SRR s o,

€rs 'to of a nhuclelt “into
t Nenqyerprren tufd ddussin dngan’ﬁmemces)ul tThue i nisolated

‘ﬂgﬂﬁﬂﬁﬁiébéidﬁg‘%f'Hﬁﬁﬁgfgﬁﬁ?%rg§§%ﬁ%ﬂ?@'§£§ be

containing the transfor ragments are
r SGERPEF L IREQ RSN acﬁﬁ%%ru@%nptn&l%ally DNA

Tﬁﬂdﬂgkkdﬁtéﬂiﬁﬁpdﬂfﬁﬁﬁﬁ”iﬁﬁté&héi&&ﬁ“&hto and repllcatlon
Aggobaéterlunﬁgpdl 5 traqi%gg |on ﬁ%EoBgﬁgétor that
r elcrmﬁtudm | 8 e erildi. qrer tore | sy stoere | m@t mqumndgsen’eh@u ndre

(SR S g 5 P SR e B G P2 B Weprice-

. (RESIQSHHRE PIRGRG T By 3 T Erndegst oes, A sewmeed of
pa}é@ww%up&aoﬁ fdie PSP+ VS d o106 aBE b@lant cells or

O Rt e SRl DAt oSt S P d Y ALSE een
described in, e.g., Pouwels et al., Cloning Vectors: A
Laboratory Manual, 1985, supp. 1987; Weissbach and
Weissbach, Methods for Plant Molecular Biology, Academic
Press, 1989; and Flevin et al., Plant Molecular Biology
Manual, Kluwer Academic Publishers, 1990. Typically, plant
expression vectors include, for example, one or more
cloned plant genes under the transcriptional control of 5!
and 3' regulatory sequences and a dominant selectable
marker. Such plant expression vectors also can contain a
promoter regulatory region (e.g., a regulatory region
controlling inducible or constitutive, environmentally- or
developmentally-regulated, or cell- or tissue-specific
expression), a transcription initiation start site, a
ribosome binding site, an RNA processing signal, a
transcription termination site, and/or a polyadenylation

signal.

“PCR” or “polymerase chain reaction” is well known by



constructs, capable of introduction into and
replication in a host cell. Such a construct can be a
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sequences that are capable of transcription and

transl ation of a pol ypepti deer&¥0di ng sequence in a

gi ven host cell. A nunber of vectors suitable for
st telatbiedtiontid aftands celtscfiides t86d for the

e i n nsge nt s have b n,descri hed
%M%%léiggiimels e;eéﬁf dﬁ%ﬁ A Bat Q$
LM%&&%/S l\@lm@la4,,8<1®8559)supp : 1987 V\él ssbach and

Wei ssbach, Methods for Plant Mol ecul ar Bi ol ogy,

Academi c Press, 1989; and Flevin et al., Plant

VOTRS: U 2FM B BF g8 Wh i e T K| taeancaidenequenb| generation,

1&&9:1&&1/1:&@&1!1& s&wtaﬂ%%éﬂtﬂéﬁéﬁ&n' %y@l@ id Qerived
oned, plant genes u r the

PR 4 T [t e b BT S S5 bao spersntal
sqﬂu&ﬂnﬁs and a dom nant sel ectable marker. Such plant
expression vectors also can contain a pronoter

%%Iatory region (e.g., a regulatory region

sasnerrtierilci | therprersts tof i geowing a plant from a
erpaa[rpmr@@iﬁl (&g. Orptigyel SRIESS Bl Y - of &&eﬂff\éﬁé
cell- or tlssue speC|f|c expreSS|on) ranscrlptlon

initiation start site, a ribosone blndlng site, an RNA
prexeisss el shNpral is aa ts@giﬁemu b £ OVNA el TRt hOE 1Bede,

o B BT Badt ey st s e SR HREEf e
aMl]é‘s WQMIM s gtbfeorexdgenrps | Jénas i @nd ofhe elements
%ﬁ?@%{‘t&ég&é&u&éen -2 483, 39 anfyy

4 800 1 9). The term "progeny ers to any
S AR YRR TR, 2P mw%@%ee%%n%at phaintlae

t h@rﬂlrm Wi Dhcisadef ioed ¥ amde Pehad e Ar e PRGN &l with

an églégﬁeng arental pl ants.

A “transformed cell” is a cell whose DNA has been altered
by the introduction of an exogenous DNA molecule into that
cell.

A “transgenic plant” is a plant or progeny of any
subsequent generation derived therefrom, of a transformed.
plant cell or protoplast, wherein the plant DNA contains
an introduced exogenous DNA molecule not originally
present in a native, non-transgenic plant of the same
strain. The transgenic plant may additionally contain
sequences which are native to the plant being transformed,
but wherein the “exogenous” gene has been altered by gene
technological means in order to alter the structure of the
original or wild-type gene product or the level or pattern
of expression of the gene.

A “vector” is a DNA molecule capable of replication in a



"Regeneration” is the process of growing a plant from
a plant cell (eg. , plant protoplast or explant)
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i ntroduced into a host genone. Preferred sel ected DNAs
will include one or nore exogehous genes and the

el ements for expressing an exogenous gene in a host
dedbst Eoll exadpbe, ta wphbobt @nobhdraDNar gegaent. can be

B b i sed i ngl.udin .
SHAL PRI SRR R pebTphifliaage fepMCacion of cne
"Waaq@lﬂ@@nﬁagm@nt" Rsphagelif WHo3BR PKRMRA3THe¥RCtOr or a

ahii£rRd1OYui Beykalr esue&tep ﬁéwageﬁéggQB%SCQMS A plasmid
mol ecul e into that cell.

A’ % IS
pLEnRDoPXBFBBRY SECRAY WhbE qﬁ@ngngéﬂggﬁﬁpgﬁnﬁerF&@Ble'
tbe1efrepliehtanyr pieter sedDphant cell or protopl ast,
wherein the plant DNA contains an introduced exogenous
DNA nol ecul e not originally present in a native, non-
tAansgedi hepkant othet hermatgespkgba’ mﬁénﬁrﬁthgﬁnétlc

P : Aa opkahn geqYereeTuM, Chiane
né??%%ﬁaﬁftﬁﬂ FLPgntllhglagget?ans formed, bSt whgreln ?ﬁe
"aRb@ehous" gene has been altered by gene
technol ogi cal nmeans in order to alter the structure of

the oriqi rodu the | )
O%SpHFFg HGEFlEXpr§sF8¥ gﬁﬁgr gxgo g P&ggpgraEdS£&01d or
Dbl gpleddl endapaﬂlualoteaepbm@ﬂam on @ndsilcdaving

aagtgérgﬂtwgiﬁngQOt@%EQQNéfsgggﬁ@% g% ? %ﬁgﬁ%&%ﬁehi one

rng a repricati
alcaguked segnent. A plasmid is an exenplary vector or
a DNA nol ecul e used to carry new genes into cells. A
plasm d is an exe Iary or. which is

i fidepERdeREY Sdfap|te §§FW H%E%%ﬂ%&ﬂﬁ”eg§ﬁ&€ ORE PASSence
us€dqahErerantt g ledrom "(Feroisy p’ anedvert Eergonettd @

particular gene locus.

As used herein, the term “homozygote” means an individual

cell or plant having the same alleles at one or more loci.

As used herein, the term “homozygous” means the presence
of identical alleles at one or more loci in homologous

chromosomal segments.

Throughout the specification, the word “comprise” and
variations of the word, such as “comprising” and
“comprises”, means “including but not limited to” and is
not intended to exclude other additives, components,
integers or steps. By “consisting of” is meant including,
and limited to, whatever follows the phrase “consisting
of”. Thus, the phrase “consisting of” indicates that the
listed elements are required or mandatory, and that no
other elements may be present. By “consisting essentially

of" is meant including any elements listed after the



makeup of an individual cell, cell culture, plant or
animal . As used herein, the term"heterozygote" neans
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animal having different alleles (forms of a given
gene) at | east at one | ocus-. 28s-used herein, the term
het erozygous" neans the presence of different alleles

(LRLT. 0T A0NUEN AONY)e Uu LU elte doaise AS

_ erein,” the term"honmozygote" means an individual
cdintegf epicamt thaPith ¢ e idaie 419 dhss agtigHd o romAeF1on

| QjeciAS 586 RONLidt,s it Moh A IGQiSed rekdiserithe,
présence of identical alleles at on r%?Joci J

Or. .o
hOREN0 g GE HaTHSS OIRR Sefriglit & 55 RigNb UL 1 Hedicates
spacit it 193 tedhe maht's cngy isefuiarat var inindmsonf, but

A A B RaeTTI i Qe s R PR or g ot e

exptammtotdegeraidia iwes wignrems nohtidhey sapfect the

S.ta?cpéi-vdi% 'GONRSIdN B Pt hd S| /BAH dNGhdikiang, and

limted to, whatever follows the phrase "consisting

of". Thus, the phrase "consisting of" indicates that

t hedpsivathelre g o@ s requi red or mandat ory, and

that no other erenents nay be present. By "consisting

essentially of" is neant including any elenents |isted

afTrerondhephrigse brasatis i agpetio of Hee epeasent ingengoon

n ' i but e. | Vi :

Ao i B iAot ¥ hOhod B T DRrRES | FatUoRS leading

el eramtler idrvkgowheophipgreld cdpRiSitrg Bagehetal [{agtors” as

hg%%%?g§§ré{ﬁﬁréﬁgﬁé'§6eﬂh@|ﬁ%@@éﬁc@rﬁffﬁﬁytipﬂeoépecies of

y, but that no_other e nts are optional and

TR GRAPTRRCHR SRESIRE WERhiF R b E R RLPAGe "Gene as

nodef hieyd afideeint hehich either directly or indirectly leads
to hybrid vigour or hybrid debility. The factors may be a

result of the direct presence of one or more species of
mRNA or protein. Alternatively, the factors may be an

indirect result of multiple species of mRNA or protein.

As discussed elsewhere, the inventor believes that hybrid
vigour or hybrid debility results from the presence of one
or more species of “hybrid” mRNA or protein. These hybrid
mMRNA species or hybrid protein species can be identified
using standard techniques. For example, different mRNA
species can be identified using techniques such as SSCP
(single standard conformational polymorphisms) or DHPLC
(Denaturing High-Performance Liquid Chromatography). See,
for example, U.S Patent Numbers 5,795,976; and 6,453,244.

The presence of multiple species of proteins might be
identified by isoelectric focussing. It would also be
possible to clone each of the individual mRNA species and

sequence them using standard sequencing. The individual



activity or action of the listed el enents .
EXPERI MENTAL PROTOCOLS I n one of the broadest aspect
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identifying factors |leading to hybrid vigour or hybrid
debility. The term"factors"- @& used herein refers to
the presence of nultiple species of nRNA or protein

ennestesihy widied esled v C@é‘t?lhéh@é@d genlE] a6t detié e tnethods
hereilgdl ich either d%ég_gt 1%( or indirectly leads to

hyBt4-o* W S& S YK BTt S he factors may be a
result of the direct presence of one or nore species
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presence of one or nmore species of "hybrid" nRNA or
privyr %eﬁq@'{ﬂ‘? speetFetor  hybrid protein

speci es can be identified using standard techni ques.

Fag, exanmpl e,  different A species.can be identifie
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ortppoe edenes e Wridlkmre nhakernrwapusr apfafenriigpaldin one
besRORS1 bbe f)Paﬂl@eé‘ﬁ&fx)/hi?éﬁdigéaetgeﬂ?ﬁriésﬁﬂ?@éhbl eIn one
fqéméggig gélgth; lgfgéoéfh gékdggég %591 comprise
nucleotide sequence variation in different exons of the
coding sequence wherein the variations lead to amino acid
Sequence variation. For example, if a plant or animal
comprises two alleles of gene X ie heterozygote for gene
X, it satisfies the first requirement as a candidate gene
of the present invention. A second criterion would be
sequence variation in the nucleotide sequence, which
variation leads to amino acid sequence variation in any
expressed protein. A third criterion would be that each
allele contains sequence variation, wherein the sequence
variation is not found at the same position in each
allele. For example, in gene X supra each allele may
contain a sequence variation wherein in allele 1 the
variation is at position 1, while in allele 2 the
variation is at position 20. This would satisfy the 2™
and 3™ criteria if the variation leads to a change in the
amino acid sequence. A fourth criterion would be the

variations appearing in different exons rather than merely



The term "candi date gene", as defined previously,
refers to a nucleic acid fragnent, such as an nRNA
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vigour or hybrid debility. The terms "hybrid vigour”

or "heterosis" are used herei3f interchangeably and

nmeans an increase in the performnce of hybrids over
tiratd of £ quoesret rsoks], £ hoss wibthteabhy $ame rexoen. | i ke

growh rate, fertility and di sease resistance. In
particular the candi date genes are those genes, which
e dre cruhy@oentnd e A nGHARtE nIBRR PR HAI haYe pPRRt OT

ﬂ%&%wﬁﬁgﬂéé%ﬁhé(béﬁﬁgﬁééV&QﬁﬂétléﬁsOnﬁhﬁﬁﬁoﬁbﬂ@nfofhgmlno

es of each gene wi|l conprise nucl eotide_seq ence
R GLTRLE L ORF § SFRREE LR oHRS OF SFHRCLORF ng-S efjoRide 1

ViMEF £ Feh b eey@iid abm aisE feaent oahbeébesaci d sequence
variation. For exanple, if a plant or aninal conprises

two alleles of gene X ie heterozygote for gene X, it
sameséanéldaEefges¢srmquldenEﬁfeaebéYcBﬁddu@@em@@AeOEfat
L8, PLesHPLe | Q?@@ié@n oﬁésﬁﬁﬁ deiéEﬁié°Qh§@H'stﬁdentlcal

sequence variation in th nucl eot 1 de sequence, V\Q
vmlcaneoalit@bgs PRe JHAB ‘d%?dl%aﬁéﬁéé *ear FBEi 6RIERI

%ﬁéﬁ688§fdtﬁéOé@tandﬁa1Mena ahdtnyb@mdmmuNu helebales
each all el e, contains sequence ﬁariatio

SEH%EnEQmQQF?ﬁt?oﬂO?Elﬂ% PBuf FOpﬁe%rg thn &Egles

osi #
| Obeactisaly| abpendivng ewpopl ehei nugberz Nfsapcaseabh number of

abl ke URY SBOLALD Br SHOHERACHYAA! AbLaBuBS! Gbl1hNbe

varratron ts at position ,
ahtmeroRsthe variation is at position 20. ThIS mould
satisfy the 2nd and 3rd criteria if the variation

|l eads to a change in. the an1n8.%cid se uencc_aLd é
cMeEBPPSNORotPER b TV RRIVSAPALABNE SFPES! e
difipnent exess baumarbehademeuéh¢dnb@1tbatene sequence

posi tions mntg e 0 odi nents; Jshe
CARRMHALE BEndoNbIEAnaTE oRpagy o108 PEROChBRLiie
segments of candidate genes (see, for example, Gieselmann
et al. (1989, Proc. Natl. Acad. Sci. U.S.A. 86:9436-~9440).
It will also be appreciated by those skilled in the art

that detection of amplification in homogenous and/ox

u&%@ively

closed tubes can be carried out using numerous means in
the art, for example using TagMan® hybridisation probes in
the PCR reaction and measurement of fluorescence specific
for the target nucleic acids once sufficient amplification
has takeén place. However, because of the nature and speed
of the Roche Lightcycler®, the preferred method is by
using real-time PCR and melting curve analysis on the
Roche Lightcycler® using fluorescent labelled
hybridisation oligonucleotides. “

Although those skilled in the art will be aware that other
similar quantitative “real-time” and homogenous nucleic
acid amplification/detection systems exist such as those
based on the TagMan approach (US patent Nos 5,538,848 and



nore nucl eotide sequence vari ations, which code for
am no acid variations, wherein the variations are
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candi date genes woul d preferably produce nmRNA of at

| east three species: one nRNA>hotecul e which is

identical to one allele, one that was identical to the

chdeay, sequencauokethensecpndazntibakéoandshpysi degRNAbson et
ecu t co LSe,a.c knaki 0 X
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| tlewkkk iahs o fhgeapp mathitiosh pnch peod yairphdgmsn ifhe

a : [ : lification in honmbgenous
SRhPEIRLSEEYY, BB i%neAT ;

ose es~can be carried out using numerous
means in the art, for exanple using TagMan(r)

hpbtkediss 2GR deb e e halke JAER nereidi@ieNdt can then be
neasurenent of fluore cen%gﬁgpecific for_the t r,9et

ndEPPEEEL OFs PRRSHCESt FY 8 TSR IS at % iFss oS
phapectidowsy ahe Hevausd cof. {Floe ratord eand: spewd dafte lgene,
Roche, Li.ght ) fern s~ b

(PG 4 R o, FR R T TR & ol e
Rézhkasifiogimesy cindiq 18 hesitng e ludmdsedntoy apkinedd and a
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skilled in the art will be aware that other simlar
guantitative "real-tinme" and honbgenous nucleic acid
ampltHoRatican/gaieacit ory Iysirengeredd stnimah aslishdggpically

include the steps of (1) assembling a suitable DNA
construct useful for inserting a specific DNA sequence
into the nuclear genome of a cell; (2) transfecting the
DNA construct into the cells; (3) allowing random
insertion and/or homologous recombination to occur. The
modification resulting from this process may be the
insertion of a suitable DNA construct(s) into the target
genome; deletion of DNA from the target genome; and/or
mutation of the target genome.

DNA constructs can comprise a gene of interest, for
example, a synthetic gene comprising exons taken from
different alleles, wherein different exons comprise
different sequences, as well as a variety of elements
including regulatory promoters, insulators, enhancers, and
repressors as well as elements for ribosomal binding to
the RNA transcribed from the DNA construct. These
examples are well known to a person of ordinary skill in

the art and are not meant to be limiting.



based on the TagMan approach (US patent Nos 5, 538, 848
and5, 691, 146), fluorescence pol arisation assays (eg
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the Invader assay (eg Agarwal P et al., Diagn Ml
Pat hol 2000 Sep; 9(3): 158-16% Ryan D et al, Ml
Di agn 1999 Jun; 4(2): 135-144) . Such systens woul d
al so be adaptable to use the invention described,

%ﬂ%?:'ngt Saéfkéggé??e%égéﬁﬂgngﬂtnﬁﬁketg?ﬁﬁi ues available

Icatlron an e discrimnation etection
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transfaorned i 0 p
P PR B CEob P ARG BB BranE o0t SaRPAGE he! natbrials
regémacbheds Heshwodbeflohegemnrati ng transgeni ¢ ani nal

cells typically include the steps of (1) assenbling a
suitabl e DNA construct useful for inserting a specific

DRAr seyaende. i AfothRecRbiéreanugeRaiddst cRdag seggpnce for
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. sdel etion of o or
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mut at1 on o
t aﬁgeamgén@mat@m @m@m@@t) s e Peo HeCye Ty deTpseveral

| ph&Eesha Lokaa%amm! o@n%ﬁﬂ%ﬂﬁbh% ﬁ%ﬁ%h@&”ﬁki%dﬁ%truct the
exons taken from di erent elgg I n dlfggrentl £1
eRBRITEORPLINT FIREDSHt s&fFehEES Y §§a;\/§\q covalently
Vabiiatingobrel erithenitRcivdiyg Iiegitlianons iproroDiRs 1igase
|n8%§%%?rs c%phan%%r%NA?ﬂlgase The isolated candidate
gene can then be incorporated into a plasmid or expression

vector.

Transfection techniques for animal cells are well known to
a person of ordinary skill in the art and materials and
methods for carrying out transfection of DNA constructs
into animal cells are commercially available. Materials
typically used to transfect animal cells with DNA
constructs are lipophilic compounds, such as Lipofectin™
for example. Particular lipophilic compounds can be
induced to form liposomes for mediating transfection of
the DNA construct into the cells.

Target sequences from the DNA construct can be inserted

into specific regions of the nuclear genome by rational

design of the DNA construct. These design techniques and
methods are well known to a person of ordinary skill in

the art. See, for example, U.S. Patent 5,633,067; U.s.



repressors as well as elenents for ribosomal binding
to the RNA transcribed fromthe DNA construct. These
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in the art and are not neant to be linmting.Due to the
ef fective reconbi nant DNA teclysi ques available in
conjunction with DNA sequences for regulatory elenents
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", R RS 5 L BB En SR SEPERLE region
caamalwc@ﬂe aershe stnegquentyi weth i whick | He edephped DNA

eé%éh%a@ rlﬁéé@ie%t@%ﬁ@trﬁi@ié@ﬁ g R6mEXEER | Be

sequencing or restriction endonucl ease
arﬂai%fsﬁlsfletchéw AppFlapis arel Doy grentiogegskilled in the
resggiction fragnents or PCR anplification products)
may be recovered from several DNAs and covalently
joined to one another to construct the entire coding
smmmﬁunhe1ﬁmammgénerbd imsested Toval enelyugbeaingenome of

i's i 0 i g
enzyne %fl HQXE»E??i leé e |sg¢£hég gégéf Sfetne
gengvan#nqmen0®@ bﬁcbﬁ@@r%ﬁe@ F%?be%rp@@§ﬁ¥d18rnUC1ear

eXPFEISEON NEChOHs . Tr@Héfﬁééhgnofe@f&hﬁﬂ@@riﬁg anenalicleus
cells are well known to a ersgn of . or [

skill._ i .

CIRE 4 (Cohl HaEe: P GogKEe HBTRAGEAPEY LYPYYRG GRLL Pusion

t redsteeh i anretombiicanetr oels.into animal cells are

commercially available. Materials typically used to

transfect animal cells with DNA constructs are

| i Pophohi ts coypboaddy sudhcad bypepetifatiep Péra DC

ex@f@é@rlg§¥ #ﬁﬂ%éraEkBQQhthéCCSHHEQHVﬂﬁsiéﬁ @ane, but

i nduced to To osones for nediating transtectio
ofadditional AC current may be used to assist a 1gnment of
donor and recipient cells. Electrofusion produces a pulse
of electricity that is sufficient to cause a transient
breakdown of the plasma membrane and which is short enough
that the membrane reforms rapidly. Thus, if two adjacent
membranes are induced to breakdown and upon reformation
the lipid bilayers intermingle, small channels will open
between the two cells. Due to the thermodynamic
instability of such a small opening, it enlarges until the
two cells become one. Reference is made to U.S. Pat. No.
4,997,384 by Prather et al., (incorporated by reference in
its entirety herein) for a further discussion of this
process. A variety of electrofusion media can be used
inecluding eg., sucrose, mannitol, sorbitol and phosphate

buffered solution.

Fusion can also be accomplished using Sendai virus as a
fusogenic agent (Graham, Wister Inot. Symp. Monogr., 9,
19, 1969). Fusion may also be induced by exposure of the



the DNA construct into the cells . Target sequences
fromthe DNA construct can be inserted into specific
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the DNA construct. These design techni ques and net hods
are well known to a person af xardinary skill in the
art. See, for exanple, U S. Patent 5,633, 067

gﬁ%lglfaé % cﬁ“sg‘?%l %%%(% adetP%rﬂ r e?éer ence her gé%thylene

_ti@i}rccelnti rety. Once the desi red DNA sequence i s
inserted into the nucl ear genone the location of the

| sy Dk S ] (el T R et ie dhk kpeed in
|
g%nczmao i ﬁttgél.drd&ﬂiairiﬁb@d dnyd nedheucksd wel th kdmivo £ 026°C-27°C
Se, SKI | N t C. t ne
eah ot ntd s g GRR Bt o i TR0 de (cgcta)
ceme ¢éXKes camrtmmmoal@@trcsfmwﬁ@watpmcm:@hlo@aﬁfb@ double
used- ase a. kel far (sen Oéléé‘tPH&étfg;]Buié@r@f e DB PUSor about

The neans 0 transferrln the nucleus of a cell into
ant Tty PRI LTI Y | 1 FRREE ¢ AFLHh ST OB f bRy Gesultant

I eHO5Sd It fé}é&%@ﬁ&ﬁte&lt@épns l @lré yoherl pyaced Uﬁﬁda byuitable

appl i cation DC el ectrica ros t he
dﬁ?%‘f‘?f‘ﬁ%‘fbi] HFEhEA T HOR Y B9 t i rgﬁi]'l 1é‘ﬁt may be

used to assist alignnent of donor and reC|p|ent cells.

ICIéﬁ?ﬁ%@Eéﬁcm%@ﬁé aopPuL§¢1 %ugiﬁgtﬁﬁé'§¥nﬁﬁaénhﬁa1 cell

O cause a ransi ent rea
pl s nblnewby aw'etmedmt@ hthe ehveicaredgRCENEE -t hEOT

MegPLANEe I e Ok SRpbaRb di ¥ sdhdstelf téWOL84EACEAE animal cell
menbr anes are_ i nduced to breakdo

e bl | GRS HEA TS5 QOB Fay EosCRAPREnFHBFBY Shafhe animal
cheanel sndi dhuepeatbat woeptehmeiapanes!l s. Theecbopbhed may be

eﬂgégggénﬁﬁ%ﬁ?lgﬁéggilIE¥ QEQEHEEthﬁﬂglgegﬁgnin@heiEompound
may be a protein or glycoprotein capable of binding or
agglutinating carbohydrate. More preferably the compound
is a lectin. The lectin may be selected from the group
including Concanavalin A, Canavalin A, Ricin, soybean
lectin, lotus seed lectin and phytohemaglutinin (PHA).
Preferably the compound is PHA.

In one preferred embodiment, the method of electrofusion
described above also comprises a further fusion step, or
the fusion step described above comprises one donor animal
cell and two or more enucleated oocytes. The double
fusion method has the advantageous effect of increasing
the cytoplasmic volume of the reconstituted cell.

A reconstituted animal cell is typically activated by
electrical and/or non-electrical means before, during,
and/or after fusion of the nuclear donor and recipient
oocyte (See, for example, Susko-Parrish et al., U.S. Pat.
No. 5,496,720). Activation methods include:



two cells becone one. Reference is made to U. S. Pat.
No. 4,997,384 by Prather et al ., (incorporated by
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di scussion of this process . A variety of

el ectrofusion nedia can be used i-ncl udi ng eg.,
sucrose, mannitol, sorbitol and phosphate buffered
sol ution. Fusi.on Elastiis® helse€onpl i shed using Sendai

virus as a fysogeni c agent (&G aham Wster Inot. Synp.
Monogr., 9 ,2%1'9, #ﬁ%&iﬁﬁﬁﬁ%ﬁu?ﬁn@ LY be i nduced by
exposur e of Yhecetdrettmmtfirs doy psemtj ng cheni cal s,

such as polyaLhy! ae-AlyGa 1eFL el Sabisatli d0fons in

animal cell and oocyte are place ( f usion
c e QOB A etk o u i ug At bens 272 Fers olnpedilen cocyte

(@M ! dg. O mdgMMIRO 4trlhOaiM G i or €1 cium,
cells are then_ el ectrof us_ed' b%»/h ap?I i cati on of a_doubl e

diS%ot CurtnE )Pl B 139 sPPren graeris grt
aboutresimng dippriedtrada Morl Slapel s . i Iwde ftise ofse the

r f fused r nstituted. cells are the laced in .
aee?%c{tg‘gl[% éni‘gocﬁ:l( um un?alsﬁ[ﬁeé(%: i"‘\’/lacffl o%&aerb& %t‘i@@atment with
me$aed ghelayorderarsll met hod of cell fusion the donor
ani mal cell gys fi : t . e

g)s. finesddoidy g&%ﬁ%&?gﬂs&eﬁ&@% AL ffy1a

oocyte., For, exanple, a coq ected to attac

t RECHRRE elthe PABERIEIRRWE BRIERES t FEnabPe the
f usidig: idn tde laimdmd el Ak enusy eat s DOEYEIreonine

nbr anes. .. .The conpound ma e.any .c ound capabl e
CF A S S P Y e B S PR
orsuyompatisie, Capablreomiraedi amd orplapyyosimat i ng
C rb&n_;égg[ { I . 1 he OE‘@P_-“P% ' .
I g\clt n.. T%e‘%lé):’? i%%ﬁ%@%%&e%?e%ffrom elL ;Q%?J%elns may be
i Adid HeeTant airadurtdon Ghay hosphatade|ipto the

s@dsale | egd i N pleipmsaad decdhd hatase 2B.
phytohenan%ti nFi)n PHA) . Preferably the conmpound is

PHA.
The activated reconstituted animal cells, or embryos, are

typically cultured in medium well known to those of
ordinary skill in the art, and include, without
limitation, TCM-199 plus 10% FSC, Tyrodes-Albumin-Lactate-
Pyruvate (TALP), Ham's F-10 plus 10% FCS, synthetic
oviductal fluid (“SOF”), B2, CRlaa, medium and high
potassium simplex medium (“KSOM”).

The reconstituted cell may also be activated by known
methods. Such methods include, eg., culturing the
reconstituted cell at sub-physiological temperature, in
essence by applying a cold, or actually cool temperature
shock to the reconstituted cell. This may be most
conveniently done by culturing the reconstituted animal
cell at room temperature, which is cold relative to the
physiological temperature conditions to which embryos are
normally exposed. Suitable oocyte activation methods are
the subject of U.S. Pat. No. 5,496,720, to Susko-Parrish



In one preferred enbodi nent, the nethod of
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conpri ses one donor animal cell and two or nore
enucl eat ed oocytes. The doubl g4 usi on net hod has the
advant ageous effect of increasing the cytoplasmc

vduny of g £,2const) dﬁ!apéjecf%ay% f&?@é‘siﬂlti%@dentlrety

animal” celT s typlc y activ el ectri cal
and/ or non- el ectrical neans before durlng, and/ or

affiRr Jdtsi-cad fé@oﬂw@i@ﬂfecﬂmrn@ndcépps Flh@ﬁttm(i)/b@
(See, for exaqg o-Parrjsh et
)%

NG U Ul 75 S o e TR Y P EFE Tl bAtil che
E|<_:§ﬂdra(titbth S@ﬁ cel]Zs )and Gheli cadlgniasucedl shoe kmeela)

enet.r n

S S s e
caxrem@lhtlcmm bocyhre @yttopﬂ‘-ml@@ of nh@ﬁ‘é@,ﬁ&‘hﬁlla, whlch

> nagPtBéJ s dRr} fé‘fn 19c5v£1§é Cérhm c?gcultuFet B8qf tﬁéﬂh@éné‘ﬁce ,

hore . Ot her nethods of |ncreaS|n dival e

cé‘tn@ﬁld%v@-@ FrErlYePtme 1% %@Selqé@?flr?-%%]ﬂ Eﬁ '10% s,
BatSEEE - A bl £ heaet a eadpyreed teN( TALP ), CB@E]decco s

Bﬁr idiste PRFFeled TRb GociTE by BRONR HefAgqtigpen's
bymédien adoine i ofi the khosais ecomhdbi nedsa vged Seri bbe
'tégf§%¢ﬁfoﬁ DA§Cmkh PR-BLIOF So £ SYSByRSs is TCM-199, and 1 to

ani hopur 1 ne, staurosporfne, 2-am nopurine,
A% 96 WD SFHED L ARERE N e Vayng pResahoFg LAt PBRUBf heéwborn

geéé%grﬁlr @é@gﬁamfcﬁﬁﬁs@ﬁumPhlathbegebﬁtﬁl Bkr ltdééirl peraoh. A
I Nto e 00cC 0S
iﬁé& Saintpabnte Dertnn, ConafreoReAt 185 it Eax

CeééstsprleabFscs oanﬁMtyalpgthyatalandeaoug/médgantam1c1n
meé&lp NY8 . t8n§h8§et8£ above may also involve co-culture
with a variety of cell types such as granulosa cells,

oviduct cells, BRL cells and uterine cells and STO cells.

Afterward, the cultured reconstituted animal cell or
embryos are preferably washed and then placed in a
suitable media, eg., TCM-199 medium containing 10% FCS
contained in well plates which preferably contain a
suitable confluent feeder layer. Suitable feeder layers
include, by way of example, fibroblasts and epithelial
cells, eg., fibroblasts and uterine epithelial cells
derived from ungulates, chicken fibroblasts, murine (eg.,
mouse or rat) fibroblasts, STO and SI-m220 feeder cell

lines, and BRL cells.
In one embodiment, the feeder cells comprise mouse
embryonic fibroblasts. Preparation of a suitable

fibroblast feeder layers are well known in the art.

The reconstituted animal cells are cultured on the feeder



o_rd! nary skill in the art, and include, wthout
[imtation, TCM 199 plus 10% FSC,
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plus 10% FCS, synthetic oviductal fluid ("SCOF"), B2
CRl aa, nmedi um and hi gh pot assilum si npl ex medi um
("KSOM') . The reconstituted cell may also be
a&tyéaatmby Kine whe ce dothsut il ode bt hoelschneg| sitze egitable

cul tur h tity
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e.acti e t

C%?§h¥%d¥ﬁénge5 Egaé%Héy gd Eﬂﬁ&ﬁ&ebkéw t&B?Ba@QY about

Sui N Vi o cu |um unti |
téreegen@r Bt dawsof peefrsahhy @BPRECEBVBAYes. I@YPture
medi a suitable for culturi ng and mat ur ati on of ani mal
enbryos are well known in th

RO ACWAPSR FRY SBOURUCFERSEaYi ABISRBRIE 6a: P Aty
MabAhE8RBAE, :Lnnc:hledpraaﬁhs Env@nphon ae% E@Sndam 199

pl us % FCS, Twyr

DBFBS%%BrgsPﬁggéh g‘ e%Quf fg er e g%lgﬁtg%fe Eé%)%%;g%r TALP)
aggn¥hirbhenss tratisferéneref inperiysst @@m“rﬁhlcﬁ;@@lsaoés &ge
fgﬁf%ggtcghbéﬁkhgﬁ and . ”aEHEaEtQPeOEfOQ%%t%%dréar transfer

and 1 to 20% sérum s t | ud
cambryer dHi lﬁe\ﬁU@Fﬁré?é‘ﬁ’uﬁﬁli @sflé algrsr%gw I nc I n%n‘rg%t i

SeEBIH9ENE! Eemaler.umhis Qﬂ@%ﬁthgé ﬁmkmtﬁmanmenmammamm
Ig%geggénggg%é%ﬁg%%ﬁgag rgﬁlgl %ello%?ng %isz“@%ltlcal
review of embryo transfer procedures with cattle" in
Fertilization and Embryonic Development in Vitro (1981) L.
Mastroianni, Jr. and J. D. Biggers, ed., Plenum Press, New
York, N.Y., page 323), the contents of which are hereby

incorporated by reference.

Briefly, blastocysts may be transferred non-surgically or
surgically into the uterus of a synchronised recipient.
Other medium may also be employed using techniques and
media well-known to those of ordinary skill in the art. In
one procedure, cloned embryos are washed three times with
fresh KSOM and cultured in KSOM with 0.1% BSA for 4 days
and subsequently with 1% BSA for an additional 3 days,
under 5% CO,, 5% 0, and 90% N, at 39°C. Embryo development
is examined and graded by standard procedures known in the
art. Cleavage rates are recorded on day 2 and cleaved
embryos are cultured further for 7 days. On day seven,
blastocyst development is recorded and one or two embryos,
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wth a variety of cell types such as granul osa cells,
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cells. Afterward, the cultured reconstituted ani ma
cell or enbryos are preferabl Bavashed and then pl aced
in a suitable nedia, eg., TCM 199 nediunrcontaining
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epithelial cells derived fromungul ates, chicken

fibroblasts, nurine (eg., nouse or rat) fibroblasts,
ST@%W Sone0s friegeeralely areesrambteREoLebregnancy by

enbryonrc iﬁ%ﬁtléﬁmbfe@ﬁ@faééﬁé§f rﬁéflaaﬂgflly, such as
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{p PP aL Soypelh HabaR g RERTRLERTIONL! dhBipre. cor
ce‘PI}Ués , tYiRrg pref eprbi ym apbeme 4s‘r@t11e8ae evesl apdrapsine

enadbyiddl | 8ashisbeuwbns0 cells . The culturing
mn | be effected under suitable conditions, i.e.,

about 39C. and 5% CO2, with the culture nedlunrchanged
I NTloe descdwsioptwied eaginal hcéyYpj catt yvabedt rewengt2ebted

dﬁ% yoﬂé el &f blfeﬁgguéngvgﬁ é.glgﬁ?y&fluggg gﬁ%@ﬂg tﬁgrﬁteps of
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pregeintme pvedti | apd arel s andag depr crkdupkbeysedlinlake

e“@éxﬂébﬁéﬁ@@fﬁﬁléﬁ%%rﬂe BYPGHE 08QUEHhLL@RSHAT SadkCalso
ant _for success of the
sserted as embodiments of the present invention. It is
particularly preferred that the term animal produced be a

viable animal.

The present invention can also be used to produce embryos,
fetuses or offspring which can be used, for example, in
cell, tissue and organ transplantation. By taking a fetal
or adult cell from an animal and using it in the cloning
procedure a variety of cells, tissues and possibly organs
can be obtained from cloned fetuses as they develop
through organogenesis. Cells, tissues, and organs can be
igsolated from cloned offspring as well. This process can
provide a source of “materials” for many medical and
veterinary therapies including cell and gene therapy. If
the cells are transferred back into the animal in which
the cells were derived, then immunological rejection is
averted. Also, because many cell types can be isolated
from these clones, other methodologies such as

hematopoietic chimerism can be used to avoid immunological



present invention, ie., the stage of the nucl ear
transfer enbryo is in synchrony with the estrus cycle
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maintain recipients are reviewed in Siedel, G. E.,
Jr. ("Critical revi ew of enbr\B® t+ansfer procedures
with cattle” in Fertilization and Enbryonic

Dees] i é.n’(bn\{j B {sEBOE Lehe Mashd Oé;%éli‘ies Hg x@é‘ﬂl\]as
ers, , Plenum Press, ork .
pé’geé:"ﬁﬁ?f? Re}?éLecsontents of which are hereby
i ncorporated by reference. Briefly, blastocysts rmy be

t rﬂlnsf & re%ngo &Lﬁnceh%:ur gtflfzealéa}/n@{da‘?t«% gg!rv%}a%lvylifggu ?%lant gene

ut et (& %f rdni sed Teci

alvduoldie :@Tmanaéﬂajs:ﬁwgmmr@melsy@nud rmetijeuneh s @mmssed
t%‘_lgg%se of ordinary skill in the art. In one

procedure, cloned enbryos are washed three tinmes with
fresh KSOM and cultured in KSOMwi th 0. 1% BSA for 4

d%cﬁrtdlcﬁﬂﬂﬂ e My M 1 sid6 BEA ﬁd@éb@dﬂyttmm%vent

s, under 50/ CO2,. 5% 2 .and. 90% at, 39C.
(R I BB Tk TS dolap e L g P Wre other,
prgmwh.urc&sl]lgnawfﬁerdﬁte ard . dﬂem./@gelmlatrm plants. The

V. r e t d.

[ IO ARG A N, AR DGR Cefth i€ Cinbrea
desdel top rikant §trr<iactd¢areﬂaf%mnmﬁet@rt1tww yobipentiged
e O D A TS oo st

- j [ u u [
sttt bl Sad it Tedia By e FoRan nad
fOIorﬁié@lg:Et&[myy bya e o :aa}bﬁaﬂs O OE ]uétte:soybglcasppy

erd.o n 40 6

P 4 click?lll. ref:ﬂh%ans% (o) in oth J? fr%o%ggnt?

ges i on. rva ons and” con
ul Qh@mmmqwrthﬁgl (ebpinedt yOE pele¢ epabentés made
t hroughout pregnancy to eval uate enbryonic |oss at

vari ous stages of gestation. Any aborted fetuses
s%l@%é’%%twemﬁl%s%m%‘#ea ¢ypdidate gene has been

identified it is isolated or synthesised and either
subcloned into an expression vector or transformed

directly into a recipient plant.

There are many methods for transforming DNA segments into
cells, but not all are suitable for delivering DNA to
plant cells. Suitable methods for use with the current
invention are believed to include. virtually any method by
which DNA can be introduced into a cell, such as by direct
delivery of DNA such as by PEG-mediated transformation of
protoplasts (Omirulleh et al., 1993), by the use of
meganuclease - aided transgenesis (see
http://www.cellectis.com) such the use of meganuclease 1-

SceI, by desiccation/inhibition-mediated DNA uptake
(Potrykus et al., 1985), by electroporation (U.S. Pat. No.
5,384,253, specifically incorporated herein by reference
in its entirety), by agitation with silicon carbide fibers
(Kaeppler et al., 1990; U.S. Pat. No. 5,302,523,



DNA typing to confirmclone status as well as routine
pat hol ogi cal exam nations . The reconstituted ani nmal
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ani mal produced during the steps of such nethod, and
cells, .nuclei, and other cel4u@r-conponents whi ch may
be harvested therefrom are also asserted as

endiod Mend $1 0§ m@opgs&‘;z@@édlnéﬁ@ih% J:éfé@ence in 1ts
partlpularly%ﬁ eferred t hat the tern1an|na

beat Yrahre St Macont 4Fho2aer ompeBhiaFetye
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uses as ft

obtal ned from cl one eve hr ou
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el fa Py S S Enttac PR fekfiS puFelRitntRaifes
t hentapyety¥, t @ecceThsougle thansppliedtbankofntechhéques such

aﬂ££9£?é§ ba#anEhSeffé'ﬁayeﬁé g@ébigftrgﬁgformed and these

I MuUNo rejec 1 oNn |1 S aver ecause mny
cefelligpesveharpd iB6D At EANSEORIEhPSANEEONES, COTRALN

et SE@l REhES, SHEBe BSrHENBHORELRLAS 89é"§£é§€k9é& Qﬁd
used to av0|d i mmunol ogi calrej ectio

el fal oy LRl oY) et ahea R S o deB ARG RE "hnd the

enbﬁHenent t he candi date gene will be a plant gene

which is capable of producing hybrid vigour as

di scussed supra . Traditionally a hybrid plant is
priddecedony vaabesm boehntbyduresshngidateepere PHBr by means

Pl 8Pt Ve EPrOPErE i BR! €10t D8N contemplated that the method of
Krzyzek et al. (U.S. Pat. No. 5,384,253, incorporated
herein by reference in its entirety) will be particularly
advantageous. In this method, certain cell wall-degrading
enzymes, such as pectin-degrading enzymes, are employed to
render the target recipient cells more susceptible to
transformation by electroporation than untreated cells.
Alternatively, recipient cells are made more susceptible

to transformation by mechanical wounding.

To effect transformation by electroporation, one may
employ either friable tissues, such as a suspension
culture of cells or embryogenic callus or alternatively
one may transform immature embryos or other organised
tigsue directly. In this technique, one would partially
degrade the cell walls of the chosen cells by exposing
them to pectin-degrading enzymes (pectolyases) or
mechanically wounding in a controlled manner. Examples of
some species which have been transformed by

electroporation of intact cells include maize (U.S. Pat.



genetically different and diverse, inbred plants. The
crossing consists of taking the pollen from one inbred
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plant. The seed fromcrossing of two inbreds is a
first generation hybrid and i%tcalled a P1 . The F1 of
comercially val uabl e i nbreds have better vyields,
sﬂandab3$@t353anﬁ'Hablu¢Bnehtain,o@ﬁ@?iiﬁb@ﬁ?ﬁn?t al.,
Cf%?ﬁt elhshiCEzhBaNCE! Lier gf:»g%?? PBRERLS (nbl hRE Lin,
present invention once a candi date_gene has bee

i tené) f i edybeans (Chsiatey 8F 3ynt hégﬁggd ang EPP’ﬁ&FO (Lee

sypcloned; bgby .an expression vector or transfornmed

directly into a recipient plant. There are many

nmet hods for transform ng DNA segnents into cells, but
ngF?ahggagesgrbm@hbg pabtdelleeesi forDRAsct nopamation
cells. Suit e net f.or W he t
FeReEoRn et Retrerad s | RAFER: tvli@r?i‘lu'aﬁ‘%fi%'néts’ﬁé’&' For
bexahpd k , DiAec genisaaitiono Ofc 6& ansgend < SAYPeSEC R 13855y Y

di L\Ver: f . i :
OLSBEL kit L N chone ot 0 bt <o

19987 ribpct by B9 TP HRO Tade I0kilte FATSIHs §ERdsi £
(see kot poA/ e celdeaifivalagmimuuipddatagsdafein by
meganucl ease - Scel, b . :

(ESTEERPCEY 1 WRIRY (BRI Ok BRI £ (‘fbltcrli/ otoptast
ettransfok@@i)iorbyhes dustero gesariidred drslwydg bagley (Lazerri,
213881 25%arif figald o naorpor atesbher Ay

r r Mce Tmits entirety) , by agltatlon wth siljco

c dliEiadd aidtiver ke Iefe it or 0Tl WiRRHp; (S st ;5’2](:' '%9.945 ‘

5, 30222 3 aRaGdd caldan) Neaipuaeshibe(mhir byt al., 1992).
reference inits entirety; and U S. Pat. No.

5,464,765, specifically incorporated herein by

r of greifertay inistiend | fet yel ityr ity opeanefdum e dizRdidate

f\lgqéer}g g%\g\?tcelse%]m%%{i% ' tscg illa]ulug acf?r’lyﬁg l.r.r@ @c@@gdé:hé Weth the
invention is microprojectile bombardment (U.S. Pat. No.
5,550,318; U.S. Pat. No. 5,538,880; U.S. Pat. No. 5,610,
042; and PCT Application WO 94/09699; each of which is
specifically incorporated herein by reference in its
entirety). In this method, particles may be coated with
nucleic acids and delivered into cells by a propelling
force. Exemplary particles include those comprised of
tungsten, platinum, and preferably, gold. It is
contemplated that in some instances candidate gene DNA
precipitation onto metal particles would not be necessary
for DNA delivery to a recipient cell using microprojectile
bombardment. However, it is contemplated that particles
may contain DNA rather than be coated with DNA. Hence, it
is proposed that DNA-coated particles may increase the
level of DNA delivery via particle bombardment but are

not, in and of themselves, necessary.

An illustrative embodiment of a method for delivering DNA



i ncorporated herein by reference) and by accel eration
of DNA coated particles (U S. Pat. No. 5,550,318; U S

w@2407/0M138 5, 538, 877; and U.S. Pat. No. 5,538, 8BOT/AB20k/001065
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specifically incorporated herein by reference inits
entirety), etc. Through the -apgg icati on of techniques
such as these, plant cells may be stably transforned,
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ant ageous. his method, certain
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en&¥m%ﬂléVéﬂEﬁﬁ&@y@ds&@eéﬁnﬂﬁteiﬁ@niﬂggBétWEGHDtHet

cells, nore susceptible t f t) b

oot SRS e fAILIE LA apbarasa reauces

reﬁmalsimecmﬁIpx@jecunﬂesn@ggrsgst@p&h@lmayocontrlbute to a
T.

tr angt};or %&g@ %%y;? Péﬁéko}?ﬁ&{-]%ﬂgby 9e8{1£:§‘|ﬁ§ the damage

roporation, one may e
ei ihBliceed e tlil@sn@@,lpéa@h ﬁgléSshxpEﬁgnﬁﬁté&F?uFEat are
of 166! 1 Sr&& . enbryogenic callus or alternatively one
may transtormimmature enbryos or other organi sed
tissue directly. In this technique, one would
pamibﬂbbyoﬁégtﬂﬁé bbebaebinenal techhitiheschusewidellys

wg@%@g\g; hg? trﬂaﬁeﬁgi Fﬁge%aégggs@Bémﬁrtualﬂy gny

anl ca In contro
naphent Frenpées ExamphesSpéc6§§cmhscﬁ0ﬁawbl§@ehave been

tregéﬂ%fggﬁeﬁybﬁlﬁEEEBgQBﬁEbgﬂlgfbbﬁbé%ﬁm@ﬁk'§nbﬂ@b@d&onocot

1ggégcpﬁ§d§gcgtag|malze (PCT Appl?gangg %5 %%/06128)
barley (Ritala et al., 1994; Hensgens et al., 1993), wheat
(U.8. Pat. No. 5,563,055, specifically incorporated herein
by reference in its entirety), rice (Hensgens et al.,
1993), oat (Torbet et al., 1995; Torbet et al., 1998), rye
(Hensgens et al., 1993), sugarcane (Bower et al., 1992),
and sorghum (Casa et al., 1993; Hagio et al., 1991); as
well as a number of dicots including tobacco (Tomes et
al., 1990; Buising and Benbow, 1994), soybean (U.S. Pat.
No. 5,322,783, specifically incorporated herein by
reference in its entirety), sunflower (Knittel et al.
1994), peanut (Singsit et al., 1997), cotton (McCabe and
Martinell, 1993), tomato (VanEck et al. 1995), and legumes
in general (U.S8. Pat. No. 5,563,055, specifically

incorporated herein by reference in its entirety).

For the bombardment, cells in suspension are concentrated
on filterg or solid culture medium. Alternatively,
immature embryos or other target cells may be arranged on



1995), wheat (Zhou et al ., 1993), tomato (Hou and
Lin, 1996), soybean (Christou et al ., 1987), and
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protopl asts for el ectroporation transformation of

pl ants (Bates, 1994; Lazzeri-, 4995) . For exanple, the
generation of transgeni c soybean plants by

e | sexclt irdD prorlathi v wefd inod yI'HmI@rtzem i e bpridnmipladdd ase
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b;ﬁ%%ﬁazﬂﬁ?%éﬁ%&é’%@éi B Tt e T H5 device
1999 thiy HFH?T%T dal ., 1997), wheat (He
et al., 1994) tormto (Tsukada 1989), and soybean

( ir et aI , 1992%J=1Iﬂ refer d rrethodf dellvis
Qg{; é%} ica

c&lysstem mmomtarmmc/mng1 ddrees niaetrrblp:ramts cells because the

TISPRL 9 LG RO IEN (e Apbant 8980, Sfkreny
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S peEd | £ 30t JPIGI PO L AT §F N Yol £ €L LNGE- fnéldié@ed plant

entlret In this nmethod, particles may be coated
TSR G HATHO B et VErSHCS R CHTQ BYRRE cells is

prvrqmen Ikrrcgnf Qirre echeExerp) atge pakdr Céesmpe] uetee tirositods

cQ i.sed f ten, .plafinu ef erab ol d
TRt i B ot e el RS Y b ase)

g@mad DNS prRsdi piNaat i orb ©ht 05 Pret spepbfi¢zl by Wechrpeovated

D&, GCEHS IR Yrd (UMW OBA T MEE Yok 05 Pt I_%.Ci pi ent cell
using mcroprojectile bonbardnent. wever, it is

contenpl ated that particles nmay contain DNA rat her
t e disa et A W dii LI tﬂmfomatﬁo@rp@%@@tt@ﬁficient in

glcotfgéggﬁnﬁélp antémghénféet e p%%ferable method for
transformation of dicots, including Arabidopsis, tobacco,

C

tomato, and potato. Indeed, while Agrobacterium-mediated
transformation has been routinely used with dicotyledonous
plants for a number of years, it has only recently become
applicable to monocotyledonous plants. Advances in
Agrobacterium-mediated transformation techniques have now
made the technique applicable to nearly all
monocotyledonous plants. For example, Agrobacterium-
mediated transformation techniques have now been applied
to rice (Hiei et al., 1997; Zhang et al., 1997; U.S. Pat.
No. 5,591,616, specifically incorporated herein by
reference in its entirety), wheat (McCormac et al., 1998),
barley (Tingay et al., 1997; McCormac et al., 1998), and
maize (Ishidia et al., 1996).

Modern Agrobacterium transformation vectors are capable of
replication in E. coli as well as Agrobacterium, allowing

for convenient manipulations as described (Klee et al.,



| evel of DNA delivery via particle bonbardment but are
not, in and of thenselves, necessary. An illustrative
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cells by acceleration is the Biolistics Particle
Del i very System which can bet4ised to propel particles
coated with DNA or cells through a screen, such as a
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e use transt o Lr P Cl
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Sgﬂgﬁapé Rige feeczhép e&aa@tfb%a\e@o&@/ 06128 hosechainbey

a et a
(GEEa Lpa: WG 595E550HET LURCRCALERT FANS pa ALaT™ 1o
hekeii g ikwt! efier erCehienmetthodnivifr efy)icer besalidenofeidre
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et a sugar cane
(Bomer et al., 1992) and sorghum (Casa et al., 1993;

gt Oy oty e oo

Bm@mdqmed ﬁyw@éﬁw ghosghate, B
P/fét(ﬁi}léhé QF A &tr%itth%"rﬁ;i n ebl;ecrtafc@cmmom ietred
. sunf fowel{ (eKr% s,a|
comblnatlons o es rea ment (see, e.g., Potrykus et
al., 1985; Lorz et al., 1985; Omirulleh et al., 1993;
Fromm et al., 1986; Uchimiya et al., 1986; Callis et al.,

1987; Marcotte et al., 1988).

Application of these systems to different plant strains
depends upon the ability to regenerate that particular
plant strain from protoplasts. Illustrative methods for
the regeneration of cereals from protoplasts have been
described (Fujimara et al., 1985; Toriyama et al., 1986;
vamada et al., 1986; Abdullah et al., 1986; Omirulleh et
al., 1993 and U.S. Pat. No. 5,508,184; each specifically
incorporated herein by reference in its entirety).
Examples of the use of direct uptake transformation of
cereal protoplasts include transformation of rice (Ghosh-
Biswas et al., 1994), sorghum (Battraw and Hall, 1991),
barley (Lazerri, 1995), oat (zheng and Edwards, 1990) and
maize (Omirulleh et al., 1993).



1994), peanut (Singsit et al., 1997), cotton (MCabe
and Martinell, 1993), tomato (VanEck et al. 1995), and
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specifically incorporated herein by reference inits

entirety) . For the bombardmefi?, cells in suspension

are concentrated on filters or solid cul ture nmedi um
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For microprojectile bombardment transformation in

accordance with the current invention, both physical and
biological parameters may be optimised. Physical factors
are those that involve manipulating the
DNA/microprojectile precipitate or those that affect the
flight and velocity of either the macro- or
microprojectiles. Biological factors include all steps
involved in manipulation of cells before and immediately
after bombardment, such as the osmotic adjustment of
target cells to help alleviate the trauma associated with
bombardment, the orientation of an immature embryo or
other target tissue relative to the particle trajectory,
and also the nature of the transforming DNA, such as
linearized DNA or intact supercoiled plasmids. It is
believed that pre-bombardment manipulations are especially
important for successful transformation of immature

embryos.
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al., 1997; U S Pat. No. 5,591,616, specifically
i ncorporated herein by referef€e-in its entirety),
wheat (McCormac et al ., 1998), barley (Tingay et al
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Both physical and biological parameters for bombardment
may be addressed for further optimisation of ballistic
transformation. Physical factors are those that involve
manipulating the DNA/microprojectile precipitate or those
that affect the flight and velocity of either the macro-
or microprojectiles. Biological factors include all steps
involved in manipulation of cells immediately before and
after bombardment. The pre-bombardment culturing
conditions, such as osmotic environment, the bombardment
parameters, and the plasmid configuration have been
adjusted to yield the maximum numbers of stable

trangformants.
(i) Physical Parameters

1. Gap Distance



Application of these systens to different plant
strai ns depends upon the ability to regenerate that
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Illustrative nethods for the regeneration of cereals
from protopl asts have been descti-bed (Fujimra et al.,
1985; Toriyanma et al ., 1986; Yamada et al., 1986, -
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specifically |ncorporated herein by reference in its

ent i ret¥ght Disdgdesmation with this technique is
acconpl i shed by agitating silicon carbide fibers

together with cells in a DNA sol ution. DNA passively
ertles sf iised hee el (sont@ipedcvitkin The svaectabiqueehny can be

b hy
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Cptlnlsatlon of M CroprOJectl dnent For

MR o BERW | £OBH oFHRT ERE n%t%%ﬁéhsr%t FRf pRcroprojectile
in flight but reduce the overall velocity of the

microprojectiles. Increased stability in flight increases,
for example, the number of centered GUS foci. Greater
flight distances (up to some point) increase velocity but
also increase instability in flight. Based on
observations, it is recommended that bombardments
typically be done with a £light path length of about 1.0

cm to 1.5 cm.
3. Tissue Distance

Placement of tissue within the gun chamber can have
significant effects on microprojectile penetration.
Increasing the flight path of the microprojectiles will
decrease velocity and trauma associated with the shock
wave. A decrease in velocity also will result in shallower
penetration of the microprojectiles.
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DNA/ mi croprojectile precipitate or those that affect
the flight and velocity of eit4fer-the macro- or
m croprojectiles. Biological factors include all steps
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stafe of the reci i pient cells and which erefore

i M EPREC jectlle may comprise the phys1c 1 reversal of
bonds between transforming DNA and the microprojectile
following delivery of the microprojectile to the target
cell. This need not be the case, however, as availability
to a target cell may occur as a result of breakage of
unbound segments of DNA or of other molecules which
comprise the physical attachment to the microprojectile.
Availability may further occur as a result of breakage of
bonds between the transforming DNA and other molecules,
which are either directly or indirectly attached to the
microprojectile. It further is contemplated that
transformation of a target cell may occur by way of direct
recombination between the transforming DNA and the genomic
DNA of the recipient cell. Therefore, as used herein, a
“coated” microprojectile will be one which is capable of
being used to transform a target cell, in that the
transforming DNA will be delivered to the target cell, yet
will be accessible to the target cell such that
transformation may occur.



transformation and integration efficiencies. For
exanpl e, the osnotic state, tissue hydration and the
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may be adjusted for optinmumtransformtion. Both

physi cal and bi ol ogi cal parareters for bonbardnment nmay
be addressed for further optimsation of ballistic
transformation. Physical factors are those that
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|n8rggsed tissue trauma) , and deepér penetratl on of

rojectiles. Longer gap distances woul d have the
opposite effects but may increase viability and
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transt or nant tanc
(chvhathenahichng tthe \‘Ealﬂ-”ifameeOiﬁegt poddnopdde particle,

providing free amine groups. DNA, having a strong negative
charge, binds to the functionalised particles.
Furthermore, charged particles may be deposited in
controlled arrays on the surface of mylar flyer disks used
in the PDS-1000 Biolistics device, thereby facilitating
controlled distribution of particles delivered to target
tissue.

As disclosed above, it further is proposed, that the
concentration of DNA used to coat microprojectiles may
influence the recovery of transformants containing a
single copy of the transgene. For example, a lower
concentration of DNA may not necessarily change the
efficiency of the transformation, but may instead increase
the proportion of single copy insertion events. In this
regard, approximately 1 ng to 2000 ng of transforming DNA
may be used per each 1.8 mg of starting microprojectiles.
In other embodiments of the invention, approximately 2.5
ng to 1000 ng, 2.5 ng to 750 ng, 2.5 ng to 500 ng, 2.5 ng
to 250 ng, 2.5 ng to 100 or 2.5 ng to 50 ng of



varied between 0.5 and 2.25 cmin predetermned 0.5 cm
i ncrements by the placenent of spacer rings to adjust
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Short flight paths allow for %reater stability of the
macroprojectile in flight but >Peduce the overal |

velocity of the mcroprojectiles. Increased stability
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of the transform ng DNA nust be available to the

target cell
(ii) Biological Parameters

Culturing conditions and other factors can influence the
physiological state of the target cells and may have
profound effects on transformation and integration
efficiencies. First, the act of bombardment could
stimulate the production of ethylene which could lead to
senescence of the tissue. The addition of antiethylene
compounds could increase transformation efficiencies.
Second, it is proposed that certain points in the cell
cycle may be more appropriate for integration of
introduced DNA. Hence synchronisation of cell cultures may
enhance the frequency of production of transformants. For
example, synchronisation may be achieved using cold
treatment, amino acid starvation, or other cell cycle-
arresting agents. Third, the degree of tissue hydration
also may contribute to the amount of trauma associated
with bombardment as well as the ability of the

microprojectiles to penetrate cell walls.



for transformation to occur, while at the sane tine
during delivery the DNA nust be attached to the

wore@ropeies ectile. Therefore, availability of tPE€I/AU2006/001065

10

15

20

25

30

35

transformng DNA fromthe mcroprojectile may conprise
t he physical reversal of bondssbetween transform ng
DNA and the microprojectile follow ng delivery of the
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techni ques, however. For exanple, particles may be
coated with streptavidin and DNA end | abelled with

| orfg R Pahikrer I 'eRpI A bF Rt gl tekblyiuel esmelezed yeast
chad 1iss . allher Ve esH @St ransformation efficiencies (Armaleo

et al., 1990). It was hypothesised that the altered
osmotic state of the cells helped to reduce trauma
associated with the penetration of the microprojectile.
Additionally, the growth and cell cycle stage may be
important with respect to transformation.

1. Osmotic Adjustment

It has been suggested that osmotic pre-treatment could
potentially reduce bombardment associated injury as a
result of the decreased turgor pressure of the plasmolyzed
cell. In a previous study, the number of cells transiently
expressing GUS increased following subculture into both
fresh medium and osmotically adjusted medium (PCT
Application WO 95/06128, specifically incorporated herein
by reference in its entirety). Pretreatment times of 90

minutes showed higher numbers of GUS expressing foci than



to the particles due to the streptavidin-biotin
interaction, but is released in the cell by reduction
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inthe cell. Alternatively, particles my be prepared

by functionalising the surface2f- a gold oxide

particle, providing free am ne groups . DNA, having a
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m croproj ecti In other embodiments of the
i nvention, approximately 2.5 ng to 1000 ng, 2.5 ng to

750, nghagmbd NGohPi§@PabPon2 .5 ng to 250 ng, 2.5 ng to
100 or 2.5 ng to 50 ng oftransform ng DNA may be used
per each 1.8 ng of starting mcroproj ectiles .
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proportion o OWw copy trans ormati on events. For
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transEese bRgeOMMal host, eg., E. coli, such as antibiotic
resistance genes, including but not limited to ampicillin,
kanamycin, and tetracycline resistance, and prokaryotic
origins of DNA replication. In such case, a DNA fragment
containing the transforming DNA may be purified prior to
transformation. An exemplary method of purification is gel
electrophoresis on a 1.2% low melting temperature agarose
gel, followed by recovery from the agarose gel by melting
gel slices in a 6-10 fold excess of Tris-EDTA buffer (10
mM Tris-HCl pH 8.0, 1 mM EDTA, 70°C.-72°C); frozen and
thawed (37°C); and the agarose pelleted by centrifugation.
A Qiagen Q-100 column then may be used for purification of
DNA. For efficient recovery of DNA, the flow rate of the
column may be adjusted to 40 ml/hr.

Isolated DNA fragments can be recovered from agarose gels
using a variety of electroelution techniques, enzyme
digestion of the agarose, or binding of DNA to glass beads
(e.g., Gene Clean). In addition, HPLC and/or use of

magnetic particles may be used to isolate DNA fragments.



wi t h al kal i ne phosphatase or an agent which will blunt
DNA ends prior to transformation. Still further, an
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transform ng DNA, thereby |owering the effective
transform ng DNA concentrati-ob3ni-t hout | owering the
overall anmount of DNA used. These techniques are
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does not produce a uniform spr
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solidified by adding the liquid to materials capable of
providing a solid support. Agar is most commonly used for
this purpose. Bactoagar, Hazelton agar, Gelrite, and
Gelgro are specific types of solid support that are
suitable for growth of plant cells in tissue culture.

Some cell types will grow and divide either in liquid
suspension or on solid media. As disclosed herein, maize
cells will grow in suspension or on solid medium, but
regeneration of plants from suspension cultures requires
transfer from liquid to solid media at some point in
development. The type and extent of differentiation of
cells in culture will be affected not only by the type of
media used and by the environment, for example, pH, but
also by whether media is solid or liquid.

Recipient cell targets include, but are not limited to,
meristem cells, including the shoot apex (U.S. Pat. No.



surface of a target petri dish. The velocity of
particles in the centre of the plate is higher than
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centre of the petri dish. Therefore, it is

advant ageous to situate tar'ge'lé"t'l ssue on the petri

di sh such as to avoid the centre of the dish, _referred
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Merlstematlc cells (i.e., plant cel s capable of continual

cell division and characterised by an undifferentiated
cytological appearance, normally found at growing points
or tissues in plants such as root tips, stem apices,
lateral buds, etc.) may represent another type of
recipient plant cell. Because of their undifferentiated

growth and capacity for organ differentiation and
totipotency, a single transformed meristematic cell could
be recovered as a whole transformed plant. In fact, it is
proposed that embryogenic suspension cultures may be an in
vitro meristematic cell system, retaining an ability for
continued cell division in an undifferentiated state,

controlled by the media environment.

Cultured plant cells that can serve as recipient cells for
transforming with desired DNA segments may be any plant
cellg including corn cells, and more specifically, cells

from Zea mays L. Somatic cells are of various types.



90 m nutes showed an approximately 3.5 fold increase
in transient GQUS foci than the control. Preferably,
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to bonbardnent on cul ture nedi um containing 12%

sucrose. A second culture om B®bsucrose is perforned

for 16-24 hours foll ow ng bonbardnent. Alternatively,
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a Beiréntd Excess aitireisy EDTA buffer (10 nM Tri s- HC

pH 8.0, 1 mM EDTA, 70C. -720C ) ; frozen and thawed

(37C) ; and the agarose pelleted by centrifugation. A
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enrichment of recipient cells for use in, microprojectile
transformation. Suspension culturing, particularly using
the media disclosed herein, may improve the ratio of
recipient to non-recipient cells in any given population.
Manual selection techniques which can be employed to
select recipient cells may include, eg., assessing cell
morphology and differentiation, or may use various
physical or biological means of selection.
Cryopreservation is also a possible method of selecting

for recipient cells.

Manual selection of recipient cells, eg., by selecting
embryogenic cells from the surface of a Type IT callus, is
one means that may be used in an attempt to enrich for
recipient cells prior to culturing (whether cultured on
solid media or in suspension). The preferred cells may be
those located at the surface of a cell cluster, and may
further be identifiable by their lack of differentiation,
their size and dense cytoplasm. The preferred cells will
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fragments. As an alternative to isolation of DNA
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As discl osed herein, maize cells will growin

suspensi on or on solid nedium but regeneration of

IOI @Hﬁérfﬁa%ﬁbieeméaﬁs 68l 18eAsiEFgaHYT eschpaﬁatet:efumm
a,at _some
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such as glutamate dehydrogenase, which can be detected by
cytochemical stains (Fransz et al., 1989). However, it is
cautioned that the use of isozyme markers including
glutamate dehydrogenase may lead to some degree of false
positives from non-embryogenic cells such as rooty cells
which nonetheless have a relatively high metabolic

activity.

In one embodiment, .a hybrid mRNA molecule derived from the
candidate gene, or a hybrid protein derived from the
hybrid mRNA molecule, rather than producing hybrid vigour,
will overcome, treat or at least alleviate the symptoms of
disease. It will be appreciated by those skilled in the
field that the experimental protocols outline above may be
used to bring about this outcome.

Generally, the terms “treating,” “treatment” and the like

are used herein to mean affecting an individual or



cells in culture will be affected not only by the type
of medi a used and by the environnent, for exanple, pH,
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Recipient cell targets include, but are not limted
to, meristemcells, includinmy Rhe shoot apex (U.S.
Pat. No. 5, 736, 369), Type X1 Type Il, and Type |11
caduiupsct ,mmteuile teilmw@so:andeghﬂaretd: colbehin sudhsased
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t @hm@lj.esarﬁcbrimcrhtm@éar nmay prewentenenthgodiaedse from
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ture rfs ant
cabRRyev by c@f}tmhu%nl@@ll ovaml%nbn and characteri sed
by an undifferentiated cytol ogi cal appearance,

norrrall found at rovvl ng ints or tissue | ants
C%s‘! bR | P, %f%ﬂa@$§%§0t?§t\§}ﬁh %ué%se@ g jas been
n&yla@m@é@rﬁn@n@t bandigaee ofeneri presbmplinatiocal bf genes,

e_of (? I f ntjated growth and ca

for S%een %é%#% t?%%g n%ese dh8WM O ggne B%Sduth may
be administered to the plant or animal either using the
techniques described above with respect to hybrid vigour

or using standard medical or agricultural techniques.

The terms “édministration,” administering,” and
“administered” are used herein interchangeably. For
example, the candidate gene products may be administered
orally including sublingual, topically, or parenterally in
dosage unit formulations containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants, and
vehicles. The term parenteral as used herein includes
subcutaneous injections, aerosol, intravenous,
intramuscular, intréthecal, intracranial, injection or

infusion techniques or rectal or vaginally.

In another aspect of the present invention the hybrid
proteins can be isolated and further studied to determine

whether or not they have an effect on HV or HD. For



toti potency, a single transfornmed neristematic cel
coul d be recovered as a whole transforned plant. In
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cultures may be an in vitro nmeristematic cell system
retaining an ability for contggued cell division in an
undi fferentiated state, controlled by the nedia

eyl 'i'eemaltgfla%'ibﬁd 1% %&te Q&S idofedli GaR 2 ke h@fbma

recip ent cel or transformng wth desired
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uspénsi on cul tures useful i'n the cont
prr@sf@me%%?e ﬁﬁ%&ﬁwﬁmﬁfﬁé@ﬂégﬁtﬁ@w
transfornatlon has been described in US. Pat.
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cells within a cell population. For exanple, Type I
cal | us devel opnent, followed by manual_sel ecti on and
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The values of these physicochemical properties of a
protein or are well known to anyone skilled in the art.
Structural and functional differences between hybrid
proteins and wild-type proteins in vitro are determined by
interrogation of their amino acid sequences using a series
of freely available analytical programs. The potential
structural or functional features of hybrid proteins
compared to wild-type proteins are evaluated using any of
a wide range of proteomic analytical software including
those available through NCBI databases, EMBOSS databases
or those available through the GeneCards website of the
Weizmann Institute of Science
http://bioinfo.weizmann.ac.il/cards/index.stml

The invention will now be further described by way of
reference only to the following non-limiting examples. It
should be understood, however, that the examples following

are illustrative only, and should not be taken in any way



select recipient cells may include, eg. , assessing
cell norphology and differentiation, or nay use
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Cryopreservation is al so a possible nethod of

sel ecting for recipient cells. >YEnhual sel ection of
recipient cells, eg., by selecting enbryogenic cells
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observations), s/ HETERQZYGQUS OF ,

capabl e of sustalned di vi si ons and somatic proenbryo
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between each of the two allelic forms of DNMT2 permits the
allelic origin of exons 2 and 4 in a final mRNA molecule

to be determined. These findings were used to test whether
hybrid forms of mRNA can be formed in heterozygous
offspring by incorporation of exons from each allele into
the same mature mRNA molecule, thereby generating novel
polypeptide or protein molecules unique to heterozygous
offspring.

In order to determine whether and how efficiently exons or
parts thereof from each DNMT2 allele can be incorporated
into the same mature RNA molecule after splicing of the
primary transcript, mRNA was isolated from the peripheral
blood leukocytes (PBL) of two subjects IIT 1 and IITI 2,
who were confirmed by segregation studies to be
heterozygous for the two allelic forms of DNMT2 (see
Franchina et al,. supra).



cytochem cal stains (Fransz et al., 1989). However, it
is cautioned that the use of isozyne markers including
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fal se positives fromnon- enbryogenic cells such as
rooty cells which nonethel ess @fave a relatively high
nmetabolic activity. In one enbodinent, a hybrid nRNA
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tﬂﬁgﬁﬁdg;ﬁerérgggﬁ@ﬁ@ gand the |ike are used herein

to nmean affecting an individual orsubject, their

tissue or cells to obtain a desired pharnacol ogi ca

arrk ashgphy siol Dgbhral 1 of fesertTheren f 28t ofrays belones

pr C t e L

railRie et SUEROL FERPLMELNCOtaRRRl Bld1ic
argitwre o eof hBNYBa 1and a9 @%W%t%@, aCharasaenply of exons

CO3TRA,G4 €4 CLif e Qb ﬁagﬁﬁéemRﬁzIrﬁ@ié@@ieas @ﬁédobef_ﬁé_nclones
covers any treatnent of reventl on of di sease
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with a diseas E Q
some form O otic recomblnatlonal event, mRNA species

were examined similarly from the PBL of subject IITI 2.

As shown in Table 1, 11 of 14 clones contained inserts,
which reflected bi-allelic expression of DNMT2 and cis-
exonic assembly. The structure of a further 3 clones,
however, indicated that hybrid mRNA molecules had been
assembled. Two of them included exon 2 from the DNMT2 II
allele and exon 4 from the DNMT2 I allele. The sequence
of a further clone revealed that a spliced mRNA molecule
had been assembled by incorporation of exon 2 from the
DNMT2 I allele and exon 4 from the DNMT2 II allele.

mMRNA was then isolated from the PBL of a further two
subjects, II 3 and II 4 (Franchina et al,. supra) who were
confirmed to be homozygous for each of the two alternative
allelic forms of DNMT2. An in vitro prepared mixture of
equal quantities of mRNA from subjects II 3 and II 4 was
treated in the same way as mRNA from subjects III 1 and



di agnosed and a candi date gene, or conbination of
genes, has been identified then these genes or gene

w@e@dociss may be administered to the plant or BEi/AER006/001065
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ei ther using the techni ques descri bed above wth
respect to hybrid vigour or usthg standard nedi cal or
agricultural techniques. The terns "adm nistration,”
adm’:ni Stesed Lo @ﬁdluﬁdnthéspﬁfsgﬂblﬂi'eyu’shdthEhei hybrid mRNA
an abI I t capd n

or BEE SRRt (POuRAPIR fng, 851 V8P LHRIECEE 1T 1 ana rix
sublmmgd@&vetb@ﬁnageyerate@alenvetabI¢UEntdo§agplahet
forud @9l S Oﬂﬁé'ﬁtﬁgsgggéeaf'8Hé'Rf0ﬁCRt8ﬁéCto the
phar maceut €¥acceg carriers, adjuvants, and
veﬁ%m@%lorrh@f t EFWRpAEeAt EPUPTES LXRBSAELBER .| ASI ghe¥n in

SU@gyiénfOU§olHysﬁiaomﬁNAaﬁbmé@hlegn&éﬁéeﬁ@uﬁd by reference
i ntranuscul ar, ntrgthecal tracr g ﬁ %lon of eth
| nFOSFBR TeeRPGReRt o iFEEES] ThPRyhgi FAPIGS - | RkRBt Fepether.
asphebeoflmafn@sesenabnmshnthan dheohybeDE pfoaéunSpllced
[ t r dj m ne
wnEvAE? BENETEL RN H EBERr THCR PP, EFE RN
Forexanple, alteration in the i munogenicity of a
hybrid protein can be determ ned by subjecting the
am no acid sequence of the hybrid protein to a series
of proteom c and physi cocheni cal anal yses. Mny
di fferent anal ytical and conputerised prograns have
been conpiled. An exanple of a suite of prograns that
may be used to conpare the i munogenicity of hybrid
proteins to each of the parental wild-types is offered
by epitopes Informatics. For references see http : /
/ww . epitope- inf ormaticscom Ref erences
. ht m¥Moder nAb Al t hough not excl usive, the
physi cochem cal properties are determ ned using the
followi ng investigative prograns : i/ protein
antigenicity prediction algorithns. ii/ protein
hydr ophobic ity al gorithns,



iii/ protein hydrophilicity algorithnms, iv/ protein
flexibility prediction algorithm v/ protein secondary

wa@reoaoiase al gorithns . The val ues of these  PCT/AU2006/001065
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physi cochem cal properties of a protein or are well

known to anyone skilled in thé2art. Structural and
functional differences between hybrid proteins and

wild- type proteins in vitraamrg determ ned by

interrogation of their am nG aci d sequences using a

series of freely available analytical programs. The

pabESTR BBUBLONICOEr $PLDCED uDNMII8 nNHRNA cMOLECELEE BV bPERIPHERAL
Prat el CAmRaEeHad OndhkbRD TIPS PERE CifiEL BHP1EKA! HREEENT AT

usi e—tange or—protreontCanarytrcdl
sof t war EHEn BOLIMOR PHIGE ORI TQNS &V ETHIA K |2 AND 4.
dat abases, EMBOSS dat abases or those avail abl e through
the GeneCards website of the Wi zmann Institute of
Science http ://bioinfo weizmann —ac il/cards/index

.stm  The jypventheseMpbts now be further deseubhed by
way of reference only to_the follow ng non- I'qi&ing ,
4. of 0 QR £ 4 IT . I Mix*

exanples dollowng are itlustrative only, and shoul d 8
not be taken in any wayas a restriction on the
general it} of the inventfon descrilfed above. |

particul gg, while the inyention hasg been descrijbed in 0
detail above, in relation to the identification of
candi dat eagenes using DNMT2 alleles, it will be 0

clearty understood that the findings herern are not
limted to this gene or alleles . EXAMPLE 1
| DENTI FI CATI ON OF A NOVEL BI OCHEM CAL PATHWAY THAT

F(I?I:\c))'\@ -HY%%eD W%%IPWY s ShEPPRL '\lej ects

TWO &t el 1'C forns he gene ave been

deBLY i bedl IFrancindDBITAl I/ (209 17VMFRd IFEFf el Suldects IT

PZLQng ﬂ\lwzrespectively by pedigree analysis (see
Franchina and Kay, Hum. Hered. 52,210 (2001)).
*A mixture of mRNA from the homozygous DNMT2 I and DNMT2
II parents of subjects III 1, III 2, (IT 3 and IT 4) was
also subjected to RT-PCR and the products cloned and
sequenced. No inserts were found which specified G-T or
A-C spliced DNMT2 mRNA molecules in the mixed mRNA sample.
These results confirm the presence of an in vivo primary
transcript splicing system involved in trans-exonic, bi-

allelic assembly of mRNA molecules.



encodes an enzyne, which is involved in the process of
DNA net hyl ation. One of the alleles DNMI2l includes
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position 50 of exon 4 . The alternative allele,

DNMT2I1 i ncludes nucl eotides &3and T in these

positions respectively. Thus the difference in the
seguenaes of DNA vedTHoPcROBESS 228l Mot ver nean WiMANS
the Two alTelic forms of DNMI2 permts the allelic

origin of exons 2 and 4 in a final nMRNA nol ecule to be
detssranprach s fTd else atibtdimgiiw@ensadffamémyvm?snmt 40% of
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het er ozygous of fspring. In order to determne
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nol equl £, after splicin the primary transcript,
r4g®? 5¥éﬂ°f? %ﬁ?ﬁ%&%er?ﬁﬁ%¥al bl ood | eukocyt es
(PBL) of tmo subjects Il 1 and IIl 2, who were
CQﬂiB'&thbgts Qreg?$99§)StﬁgheﬁbiOGQEeBeﬁer§§Y99uﬁave shown

for e two allelf orns’ of DNMI2 (see Franchina et
al that stigPigct ThEna e B_t_TPFEEPRE for RTTPERCVERNg

pré&l?é_ftoﬂtmlwheso td:i»:q @:dl@lél@glag showPNfnofable 2, have

appr oxi e that .inclu Xons n
[ﬁﬁ%ggﬁgaﬁﬂﬁgﬁég %r%ﬂﬁc?sr%a §r5§?ﬁa?g goagoggactures
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shown in Table 1 , inserts from 13 of 15
cl ones sequenced fromsubject IIl 1 reflected

b'TQ%i@'ECsﬁéﬂéeﬁﬁéogxéﬁ DAMIRi8AdoBsnA¥Pe6tede changes that

ci s-assenbl ¥ exons
encode different amino acids in different allelic forms of

the calcitonin receptor. These coding sequence variations
were retrieved from NCBI databases. As shown in the Table
2, exon 1 may encode either leucine or arginine at amino
acid position 126 whereas proline or leucine may be
encoded by nucleotide differences within exon 9 at amino
acid position 447.The distribution of nucleotide sequence
differences which encode the alternative amino acids at
positions 126 and 447 of the calcitonin receptor satisfy
the structural criteria required to enable the formation
of novel or hybrid forms of calcitonin receptor in
subjects who are heterozygous for different allelic forms

of the calcitonin receptor gene.



2 and 4 in the mature nNRNA nolecule . One of the
cl ones however, included a splice product that
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fromthe DNMI2 Il allele . A further clone conprised
exon 2 fromthe DNMI2 Il allebg as well as exon 4 from
the DNMI2 | allele. To assess the reproducibility of
these findings and to exclud@gilespossibility that the
two apparent hybrid nmRNA nofecutes found in subject

[1l 1 were consequential to sonme formof mtotic

r ec o ald @Rt o VERt NuGTRYT S CUIFSNGIS EWREEHT BRGODE AMINO
Tabl cAETD_ DEIGERINCER AL RGBT ALt fhcibror
reflected bi-allelic expresLAEIHES DNMI2 and ci sexoni c
assenbly. The structure of a further 3 clones,

however, indicated that hybrid nRNA nol ecul es had been
agsamol ed:idTwositidrem i nclBrdgd exon Anim@atit Bgenative
Il allele and exon 4 fromthe DNMI2 | allele. The

sequence of a further clone revealed that a sp] cEd .
nMRNA ol ecull@thad been assenbited by incorpora??gn orcine
exon 2 fromqdwe DNMI2 | allele and exon 4 frofRi hdrginine
DNMI2 11 allele. nRNA was then isolated fromthe PBL

of a further two subjects, Il 3 and Il 4 (Franchina et

al, . supra)satho were confirm@d to be honpzygdBs Pepline
each of theléyp alternative alglelic forms of DPNMI2eucine
An i vitro prepared m xture oP equal quantities of

MRNA from subjects Il 3 and Il 4 was treated in the

same way as nRNA fromsubjects Il 1 andlll 2 used to

excl ude the possibility that the hybrid nRNA DNMI2

nol ecul es found in the PBL of subjects IIl 1 and Il 2

may have been generated in vitro due to tenplate

switching in the PCR stage of the RT-PCR due to the
formati on of truncated reverse transcripts . As shown

in Table 1 , no hybrid nRNA nol ecul es were found by
reference




to the sequence of inserts from 13 clones. Taken
together, these findings establish that al nost 20% of
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. TABLE 1 DI STRI BUTI ON OF SPLI CED DNMI2 MRNA MOLECULES

I N PERI PHERAL BLOOD LEUKOCYTESSACCORDI NG TO THE
NUCLEOTI DES PRESENT AT THE PCLYMORPHI C POSI TI ONS
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s egueneechi bi\Nbi tyseot boner Erdotadewhi ch specified GT
or A-C spliced DNMI2 nRNA nol ecul es in the m xed nRNA

sanpl e. These results confirmthe presence of an in
vi EAMPLERT y t r anRREININGBUCEINGCsHSTR vbbv MALIAN

trans-exonic, biayibgkt,Coasaenbby REwNENCHBMEEHE ESATHWAY
. EXAMPLE 2 OSTEOPOROSIS AS A MODEC OF AV TN HOVANS

Osteoporosis is a bone disorder suffered by al nost 40%
OfI@Oﬁﬁmaﬂ@ﬂO@ﬂUSGhstBEﬂifféréﬁtC@MSéﬁlbyfbﬁmseaﬁedhe gene

e. resor osteoclasts.re tin d S
el SRS TR P il e L S AL
frh@V@rbsencaﬂcntmﬁiadisngedO£othematA5§té@pdﬂ®5|QSL(QZSGR)
be&ﬁ&SﬁSL(A?9@S§ tgokh@xsﬁbﬁétoaheoa@cemheanenforms of ASL.

ost eocl asts and
Subjects that are homozygous for each of these mutant

forms of ASL produce an inactive form of the enzyme
leading to the onset of a disease known as

argininosuccinic aciduria.

It is well recognised that in offspring who inherit

mutant allelic forms of ASL such as ASL(Q286R) and
ASL(D87G) in heterozygous form from each of their affected
parents, a form of HV is observed whereby activity of ASL
is restored (see Walker et al., (1997), J. Biol. Chem.
272, p6777 incorporated herein by reference). The alleles
which encode ASL(D87G) and ASL(Q286R) are characterised by
nucleotide differences which are located within different
ASI, exons. The nucleotide changes that generate aspartic
acid or glycine at amino acid position 87 are located in
exon 3 whereas the nucleotide changes that encode
glutamine or arginine are located within exon 11. The
localisation of nucleotide sequence differences which
encode the alternative amino acids at positions 87 and 286
in exons 3 and 11 respectively satisfy the structural

criteria required to permit the synthesis of normal ASL



their ability to cause bone decay. Taboulet et al.
(1998), Hum Mol .Genet .7 , p2129 have shown t hat
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calcitonin receptor alleles, as shown in Table 2 ,
have hi gher bone density and- a4 educed ri sk of bone
fractures conpared to subjects who are honbzygous for
t hen Sane M'Qu]&?’é’@t@'dﬂ@be§reTB@£§rcgz§§@M\§ tbe eweNdifferent
| ocat1on of nuc Otld§%§ agges t hat encode different

a

a3k BRYMS of £ FR¢ Bfic forns of the

calcitonin receptor. These codi hg sequence vari ati ons

?g%g%ﬁgéﬁléved fr@@%fEE%RgétﬂgageﬁogEﬁsoﬁhﬁ%“Fbﬂ B .

—exon 1
at amino acid posBIPGREMPEAWHBABHWAYr ol i ne or | eucine
may be encoded by nucl eotide differences within exon 9

at_am npo acid, position 447. The distribution of , .
nu%Y%%%Pﬂ%l%eh%e%d%u@?Ff@%%ﬂE@%rmﬁh%Haéﬁﬁﬁaée@hEY impaired

al #enfnt Ao BPt Ien a6f dsy 8t ipeshhiiopshd26a@infdo4d4éiak. One

thE ca!cktonig.rece tgr gatisfytthe structural St ia)
criQER QF r BYTTHEF 1D EREhFETTHe P of et PBnt¥PS nbyEY SGHur
hylbas doéen nsho@n ciab ch¢ onansedckbpt outanisnbj &ot 3 ghoe

ar r gdi cal l el

e B e A Pk Bl ok TR R of SL729
NUEREOTR DECTHARGESL VI CRRENEBDET ARE RIOL RE| PR DR FREREREES

| NedGIERNA | ME &N DEON-BE BECERT CBn ALLELESoRA] B9 @6hd et

20814 R EAED, TANAY. BemehShA IS, 53D bBtel e

LesiathedE cohdsagntvahbeformenbEosLderer rbsdlher énndramatic

gﬁ%€%§§§gt£8ﬂbbﬁa&§89§n8fréEbQ8r8€EQﬁ.a&npRéébaﬂﬁswl%ﬁ the
model nucleotide changes within SLC7A9 which result in
generation of the mutant alleles G1l05R, V170M and A354T,
reside in exons 4, 5 and 10 respectively. The

localisation of the nucleotide changes which encode each
of the three mutant forms of SLC7A9 satisfy the structural
requirements needed to synthesise normally active SLC7A9
in subjects who are heterozygous for any two of the three
mutant forms of SLC7A9 shown above.

EXAMPLE 5 LONGEVITY AS A MAMMALIAN HV MODEL FOR NEW
' BIOCHEMICAL PATHWAY

The Klotho'gene (KL) encodes a putative type 1 membrane
protein as well as a secreted form. Although the secreted
form is expressed in many different tissues such as brain,
placenta, kidney, prostate and small intestine its precise
function remains uncertain. It is recognised however that
KI, influences longevity because mice that have defective
forms of a homologous gene show symptoms resembling human
aging including atherosclerosis, emphysema and
infertility. Evidence also indicates that Klotho reduces



within the calcitonin receptor conprise, (a)
| euci ne/ proline, (b) leucine /leucine, (c)

wa@e@iniaas proline and (d) arginine/ |eucine, tmor/aii2006/001065
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whi ch conprise wild- type alleles whereas the other

two conprise hybrid fornms of-t&é cal citonin receptor

whi ch affect bone density and susceptibility to bone
fr]@:bcbcbtﬂepréé(é\hfr"éji 3 At O NIkl %Clﬂﬂwﬁlbﬁté\ Worfality (see

huie Jsr!lgA TCl dast ngg%fmg%ggvﬁfgp_"z%?or s~ 6t HV\QXAIgg%é

WP &H6 encodes the enzyne argi ni nosucci nate | yase (ASL)
have been identified. Sone of them ASL (D87G ,

ASL( Q286R) and ASL(A398D), for_exa encode nut ant

f OFAEKSFEPASY . WiEhj RN R anogee ﬁégg‘z’ygéusfe%nteﬁéﬁdﬁf has

t hessewLt RaE ﬁ@f@’ﬁo@{;g&% Kl@ﬁ{i@esaﬁjéaﬂﬁtayé dormest risk
onse 0

t he_enz lLeadjng to t

AT FALTCREATE CePERFPY. St BPuSqERPUr s 0gareEs Chaking et
i nadbf f sproog) whoiraheres. nasanpsablelic forns of ASL

such as ASL(@86R) and ASL(D87G) i n heterozygous form
fromeach of their affected parents, a formof HV is
obBapled3 wAetabys athe vexgnaoe Asgat sonegf oreglegbéde changes

Vel ket @ﬁc@&e dlfégggﬂt dmlng'9&1d§h§H1a2EgrnQ§Z$g allelic

i ncor porated_herein % reference) . The all el es which
entouBs ARE (82650 AENAPTPRERY - aF@d&ﬁgrﬁﬁgéPPséanﬁnce
nU@éfDétﬁGndlWéﬁéeﬂéﬁﬁlﬁhEthabﬁ Nopat adtwbabes. As shown in

en ASLe enuc ti hanges th .
qohRTEECS soitefl £ SnrdaSe B E L BRh SEpE RS gk fhotine at
poaminonaeidapeshbmaneMS|anéxemtaemheaéasethe phenylalanine

nugt eg&bﬁEéGHa@ﬁesEkgﬁt eQﬁQQ&el' HE@HEE‘%Q!’L:.QE%B' ne

are | ocate in exon . [ocal i sation of
nuEh%ﬂ-Eéa@é&@eﬂEeP@?%FéP@n%ég %ﬁiicﬁlEHESd@eFHEe oxr

al ¢pspath¥eadnppeiaebdsaab . pesthe@nge@inandr2goline,
encoded by nucleotide changes within exon 3 may occupy
amino acid position 514.

The distribution of non-synonymous nucleotide changes
within different Klotho exons shown in Table 3 indicates
that they may encode at least 2 wild-type proteins and a
minimum of 6 hybrid proteins according to the new
biochemical pathway described herein.



in exons 3 and 11 respectively satisfy the structural
criteriarequired to permt the synthesis of nornal

WASWenniae i n subj ects who are heterozygous f oPCT/MEO2006/001065
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different nutant forns of the ASL gene. EXAMPLE 4
CYSTINURIA AS A MODEL OF HV-FeR NEW Bl OCHEM CAL
PATHWAY Cystinuria is a human di sorder characteri sed
by inpaired renal absorptiopagfrcgsti ne and ot her
amno acids. One formof cystinuria (referred to as
non-type 1 cystinuria) has been shown to be caused by

mut adx & Lo BT a8 NeF destyRet ok SHIEMMEES  WHIOH yBRSODE AMINO

O T O s B By Dy FI 2 Y

OO 1T UTl LILILI \.o_y

reabsorption. As shown by Font et al., (2001), Hum

Mol . Genet. 10, 305, heterozygosity for each of these
mutant forms of SLC7A9 results in dramatic restoration |
oRATGyst iBvd. & @EsEidrinn on. | n B&8hi ng WRIPQ e fetternative
nucl eoti de changes wthin SLC7A9 which result in
generation of the nutant alleles GLO5R V170M and

A354T, rédide in exons 4 , 57and 10 respective@. qlﬁré

| ocal i satjison of the nucl eoti de changes whi ch etRodero
each of t three nmutant for of SLC7A9 satisw)t
structurdl requi renents needed to synthesise normally
active SIAB/A9 in subjects whot are heterozygous({¥brPigy
two of tha4hree mutant forms; of SLC7A9 shown appvesl
EXAVPLE ONGEVI TY AS A MAMMVALI AN HV MODEL F(Jga J\IE,W1

Bl OCHEM (2 PATHWAY The Kl ot o gene (KL) encodé&S’! a1
putative 3ype 1 nenbrane protzin as well as a é$erreysd
form Although the secreted formis expressed j

di fferent®>19 ssues such as bra:?n, pl acent a, Ki d&g) nggy
prostate smdl small intestine 3ts precise functi(%% Ser
remai ns uglfgrtai n. It is recognised however thap) pro




KL i nfluences |ongevity because m ce that have
defective forns of a honol ogous gene show synpt ons
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enphysema and infertility. Evidence al so indicates
that Klotho reduces- 6 1 - bl &g pressure, a factor
known to influence nortality (see Arking et a.l1.,
(2002), Proc Natl. Acad. Sci. USA 99, p856) . In

k ' h a hu | ) S y..ha
SOARale 1ot or PO Fanfust¥inf A H6HbL b loi

ri sk of early deatOMRQUfAr EHTR AMUDANT VEETERGUBPEES S
(Arking et al., (2005), Circ. Res. 96, p412. Table 3
details the exonic | ocation of nucleotide changes that
erfestiel @i § ¥laregis abs nonacefisthe wrbdhatngst arpenpy genetic

f B iekd Ot NO: gBhe, PEOSMEL B reégggiﬁbrfﬁ'ﬂ@tﬁ?gugﬁﬁecaused
Vﬁrl at i ons wer e ret ri eved from NCBI dat abases.

pherifprce of ¥R af o chrfede e‘i“ﬂ%’%‘?rgPﬁt‘aH’FﬁEeérfoms
praof itiee adF eI g‘énéu:l dDpesase Qﬁaﬁﬁf@@lﬂaeiéﬁgrré!ﬂléﬁe &r form

phe V. Ianl i,0n 45 Exo codes
jinnﬁe@or ?‘% At PosFT o £ gya'ﬁ%r%?}l’#\%rand are
sehﬁ@l@litym e@m@dmt pbsom i oime 3TOL a1k t heplseybas bnherited
Pt i 18, Shcodeth gﬂ&i@g&ugf changes within exon 3
p

may occupy am no aci osition 514. The distribution

of non- synonynous nucl eotide changes within different

KITH @3 3eise SAORECES J@bﬂ:epﬁe | Sy £iad eﬁn&i\'@&lh@eﬁh@aYungs
| east_ 2. wld rotei ns_and

t
6 oA AL HAC Dy GRS (SETHEE nOWE P beRBh Papekage at
pavimwidy. deberlbe, fm@lmm&ﬁlﬁgﬁmmmnénhﬁlogy,

%W @ﬁm no aci d p03| ﬂ:%ﬁE%ﬁHum'

A,ﬁemptac,, Pl ter# k) V@ound that patients that were
homozygous for two different CFTR mutations, delta F508

and G551D, had more severe pancreatic involvement and
intestinal dysfunction compared to patients that had
inherited the same two mutant alleles in heterozygous
form. It follows from our technology that disease
attenuation is brought about by synthesis of perfectly
normal CFTR moleculeg in heterozygous, rather than
homozygous patients because the nucleotide changes which
encode the delta F508 and G551D disease causing mutations
are located within exons 10 and 11, respectively.

EXAMPLE 7 DIABETES AS A MAMMALIAN HD®° MODEL FOR NEW
BIOCHEMICAL PATHWAY

Diabetes is a common serious disease in which blood
glucose levels are unable to be controlled properly
because of impaired insulin secretion or resistance to its
action. There are many different mechanistic forms of
diabetes. In type 1 diabetes (diabetes of the young)

insulin release is impaired because of immune attack on



151 (Q Gn 151 (P) Pro 45 1 (V) Val 45 1 (F) Phe
352 2 (V) Val 352 2 (F) Phe 370 2 (C) Cys 370 2 (S
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FIBROSIS AS A MODEL FOR HV I N COVPOUND CFTR MJUTANT
HETEROZGOTES Cystic fibrosis-igpone of the world S
nost common genetic disorders. It is autosonal

Sq j r ed:sby:in i
oSS PLYPCE TRl lf (LR e ERYESHLON DAL PERCESL LHE:
Di Skt frahir$iekiat i OHE#BiF ceid fdorarbexyiaas (GAD 65)

| ldrsbdes edl dee] ow, i St heghl Yauebl 2kt fg8Rdt8F§eted by the
difficult to predict fro he nut ant hapl ot ypes
i rﬁ{'@?‘iu?%ds%?/té)mylrbatﬁfﬁ?%u{na 13R@FSFdual . The di sease

affects multiple organs including the | ungls aEd t
Intestina ockage.a
DT 4 T S LR LB RO P  RuRfEgS cnanges
Hetrsth emePdo| diebibrreent Hanosh atidé in $18ePyapivelallelic
HUB iy NS -thé%n%%lﬁ@é&ﬂg%}: ﬁid p&éé&%éx&g%%?\ge&gding

honmozygous for two difTerent mut at 1 ons,
F50¥ IETITNCh AP T el QT eVerpafetbeved | fiven vEERAL

ardhtath@sés Naks dytsdwi Cin Oral6DEPAS e@blccits@l D hEMhGed NBhcleotide

Nl H SO rOFT HCaT | SHRLR o D T LEEHiI By Fhap acia

dizszssElen tehudiian 4 s dm otight otibemit hdnyd s yhmdesdss of

Pg{%%é%ﬁh%%@ré@ngg:g%m eCHLESe Qitﬁ%frggﬁ@loggc'ine or lysine
at amino acid position 124 as well as glutamine or proline
at position 153. Table 3 also shows that the alternative
amino acids glutamic acid or glycine at position 232 are
encoded by nucleotide differences within exon 6, arginine
or lysine at position 286 by nucleotide changes within
exon 8, and either alanine or glycine at position 326 by
nucleotide changes within exon 10.

The distribution of nucleotide sequence differences that
encode alternative amino acids and that are included in
exons 1, 4, 6, 8 or 10 satisfies the structural criteria
that need to be fulfilled to generate hybrid forms of
glutamic acid decarboxylase in subjects who are
heterozygous for any two of the different allelic forms of
the enzyme referred to in Table 4. For example, by
reference to the alternative amino acids which can be
encoded by nucleotide differences located in exons 6 and 8
only, the combinations of (a) glutamic acid/arginine (b)
glutamic acid/lysine (c) glycine/arginine and (d)
glycine/lysine at amino acid positions 232 and 286 are
formed in accordance with the new biochemical pathway. Two
of these combinations comprise wild-type enzymes whereas
the other two comprise hybrid forms.



honbzygous patients because the nucl eoti de changes
whi ch encode the delta F508 and G551D di sease causi ng

wonoaniass are | ocated within exons 10 and 11, PCT/AU2006/001065
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respectively. EXAMPLE 7 DI ABETES AS A MAMVALI AN HD

MODEL FOR NEW BI OCHEM CAL PATHMAY- Di abetes is a conmon
serious disease in which blood glucose |levels are

unabl e to be controll ed propegsgisbecause of i npaired
insulin secretion or resistance to its action. There

are many different nechanistic forns of diabetes. In

t ypeEXOUi abeRaIoNdDabNUEs.EOTIDRe CHANGHES WHIGH BENCODE AMINO

ol ot col LAt MRS oy e bR SfpaRid et
i sl et celts;,
secrete insulin. RECARBREYIASH e hbxAhbEeES GHD 65)
encodes a major islet cell auto-antigen targeted by

the j mune, systemjn type 1 diabetes . Table 4 deiails .

t HEBQMACLY RAFT oI * nucl BEPRde chaBERCthatd chtbifenative
different amno acids in alternative allelic forns of

the enzyne glutamc acid decquoxylase. deuﬁg Lel E%gne
sequence varidations were retrieved from NCB

dat abases. AslZhown in Tablel4 , exon 1 incl{Gde§lycine

nucl eotide diffgrences that gncode argini ne (gf QE%%&%%ine

at amno acid position 12. Exon 4 , on the other hand,

i ncl udes nucl i de changes that encode eitH& Lysine

aspar agi ne origysine at am na acid position (d34castamine
wel | as gl ut jne or proline at position 1 . JTabl.e

3 also shomsaiﬂ%t the alternative am no acigg)gPEP M€

acid or glyciz at position Z32 are encoded (By Glutamic acid
nucl eoti de di rences wWithin exon 6 , arginxne .

| ysine at position 286 by nucl eoti de changegtﬁﬁfﬁ&ﬁlﬁe

exon 8 , and ¥8&her al anine & glycine at pd&tPsainige

by nucl eoti dexghanges withingxon 10. The di(ghr rRgtinan

of nucleotidg3§§quence diffeﬁﬁpces t hat

(3a) Alanine
326 10 ' (@) Glycine



encode alternative am no acids and that are incl uded
in exons 1, 4 6, 8 or 10 satisfies the structura
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forms of glutam c acid decarboxyl ase in subjects who
are heterozygous for any two df2 the different allelic
fornms of the enzyne referred to in Table 4 . For
XENIMELE by 1 ef ergiE eRILE (0 GADES MTEETNROZYEOOI DL | Tis
whi ch can be enco jﬁy o) dﬁ:,,d erences [ocat ed
in exons 6 and 8 -6hA Q, TR P TR of (a)
glutan1c aci d/arginine (b) glutamc acid/lysine (c)

p .
9lapah e/ AL 5 andﬁ&gmeééj)m Orng%étéé’ééé‘e ttﬁ‘éné‘é’rlﬁtﬁ'cgf

positlons 2 are I n accoradance wt

t IRAHSTET cRRERSEHIY pBYPRY . dimlee oS ( PEieT chRrbihagadmsonset

CHPISEL WM dint VR SOZMNESE Vﬂ@éfaSaé@@éMhé Woibs, albeit
CE%Er: se hyprid forms . TABLE 4 EXON L TI ON OF

REES MHICH ENCODE AM NO ACI D DI FFERENCES
I'N ALTERNATIVE GLUTAM C ACI D DECARBOXYLASE ( GAD65)

T e
( Npetreprea w@w:etyazﬂon @63 yal helas i) fdl fihnte

15§tﬂué€ﬂr£ioéff€e§§§ 811&s éﬁ@f&@l@ﬁ'gfz b?léc%orms of
d yci ne 8 (R Arginine 286 8 (K) Lysine 326

Al %1?% 18RE1CH g nHEARMPLES BPIRES REEEL BE @ '
HﬁﬂﬁﬁIﬁﬁff%aa&WIévels should vary according to GADE5

genotype even in non-type I diabetic subjects. Results of
a recent comprehensive study by Boutin et al, (2003), PLoS

Biol. 1, p68 confirm that GAD65 auto-antibody levels are
significantly higher in subjects who are heterozygous for
GAD65 alleles compared to the same groups of subjects who
are homozygous for the same GAD65 alleles. These findings
strongly support inventors claim that novel polypeptides
or proteins, formed by the novel biochemical pathway in
subjects who are heterozygous for different forms of
alleles, which fulfil inventors structural criteria,
synthesise auto-antibodies more readily than subjects who
are homozygous for the same GAD65 alleles.

On the other hand, types of diabetes which occur later in
life, some of which are associated with obesity, are not
caused by an auto-immune process. These forms of diabetes
are referred to as type 2 diabetes. The most
consistently recognised type 2 diabetes candidate gene
located on chromosome 2 is calpain-10 (CALP-10).No mutant
forms of CALP-10 have been found to explain the
relationship between this gene and development of type 2
diabetes even though it is associated with the highest
risk for development of type 2 diabetes. The HD model for
the association of CALP-10 with susceptibility to



AUTQANTI BODY | NDUCTI ON GAD65 aut o- anti bodi es may be
detected in the serumof patients suffering Type I
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serum of their asynptomatic sibs, albeit at |ower
| evels . In keeping wth inwemnt2ors' findings and
hypot hesi s that heterozygosity for GADG5 all el es which

flﬁéﬁéldﬂﬁéﬁﬂrdEt @rdiéﬁé@bﬁli@W§tﬁﬁmgmﬁts@pp@fted by
ybrld forns of

t enha mune re
HENIEDER T RAY a‘?ﬂ$ Js‘ﬁo%?]ém%a? GREP>fo nave
euméﬁﬂhidbﬂﬂuﬁwﬁﬁﬁ @@@mta$euaw@n Tmommn RYPEC) andve66T

Ghid SRS Sm Y SE8L. S 4 SORRL(S06P] PRERZL Y satisty
commersnxwmﬂuxalxﬁrEm@n&@nth®bd§r¢GVqulﬁﬁé to form hybrid
S'&‘i&gf&h ﬂr %&es 5 <9u§U$’f §1r‘i\@°v§z§et1|?§tﬁ69éygous

for ar ed esarregouso

%%lﬁ%mfml ai?%tll%%zyﬁ%d%e?l%%n? helsankheapsded) | tregeased

§ﬁ§@ép?iﬁ$ﬂt ? §ér@@@é¥O§M@@@féflﬂyﬁ@twrﬁlabétéﬁthaé been
novel po i des or prote f orned
bi TR %%%a‘i‘m@l?ﬁgé ubt {égt RehiRbe ?ﬁ%oﬁ %r Bﬁyg%ﬁ sthan
fdhombifgmsiﬂyfﬁmnsdnfferénteall@hlchf©UM$|bf|ﬁkbﬁtbﬁésee
SLEde off | L8th3. wSYN! BEALES 2] %z%i' bedies e,
rea t an su ject's who are honobzygous for the same
GAB%%O% | ePéabetnst ha3 ot Be? - hand, types of diabetes

whi ch occur later in life, sone of whi ch are
associ§ ed.with

obesity, are n aused by. an
TBSR hH A ST OLBELon THAEENE o PRED{ L, &PBLBEE P E¥onT
reé&mdfdaﬁ@ egpé yped2adenbset sascdheinbiityogsinst Entthg to be
re y t ted
FOrpLeeon PiraupLafe’ 6§ R PLAdEcIRDunLRER, P18 ie
oflﬂM@PVQ@ tavehseprnoteohutio drprafatipa pél AnFYAsRA) pmost
bei yeeiy t Al SpgepeodndedRYRLERBRNLEOEnEYRRsdlin response.

As with CALP-10, no disease causing mutational forms of
IDE have been found.

The exonic location of nucleotide changes which encode
different amino acids within IDE is shown in Table 5.The
coding sequence variations were retrieved from NCBI
databases. As shown in the Table, exon 3 contains
nucleotide sequence differences which encode the
alternative amino acids phenylalanine or leucine at
position 298.Moreover, amino acids leucine or
phenylalanine may be encoded at amino acid position 582 by
nucleotide changes located within exon 5 and serine or
glycine at amino acid position 854 may be encoded by
nucleotide differences within exon 11.Asparagine or
aspartic acid may be encoded at amino acid position 947 by
variation in sequence included in exon 20.

The distribution of nucleotide sequence differences which
encode alternative amino acids at positions 298, 582, 845,



di abetes even though it is associated with the highest
risk for devel opnent of type 2 diabetes. The HD node
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t odevel opnent of type 2 diabetes is strongly supported
by findings that many differerm4 allelic forns of
CALP-10 have been identified, such as L34V, T504A,
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RaanL9
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t of der Of the insulin response. A's with
Cgi €1ﬂ%pseééﬂncau3|ng mut ati onal fornms of |DE
have been found. The exonic | ocation of nucleotide
changes which encode different am no acids within |IDE
is shown in Table 5 . The codi ng sequence vari ations
were retrieved from NCBI databases. A s shown in the
Tabl e, exon 3 contains nucl eoti de sequence differences
whi ch encode the alternative am no aci ds phenyl al ani ne
or leucine at position 298 . Moreover, am no acids
| euci ne or phenyl al ani ne may be encoded at am no acid
position 582 by nucl eotide changes | ocated within exon
5 and serine or



glycine at amno acid position 854 may be encoded by
nucl eotide differences within exon 11 . Asparagi ne or

w@gg@arniiies aci d may be encoded at amino acid poBCT/AUZ006/001065
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947 by variation in sequence included in exon 20. The
di stribution of nucleotide sequence differences which
encode alternative amno acids at positions 298, 582,
845, and 947 and which are | ogageg sn exons 3, 5, 11
and 20 respectively satisfy The structural criteria
required to synthesise hybrid fornms of IDE in subjects
who are heterozygous for any two of the alternative

roegporkRiTol 0 "Nhey BoriB, BIARSY ghbl sFLEE Ao act

conbinationQDEEFEREﬂQESMﬂ§J8MBTERMABﬂWE|E@Eu@@bEbﬂs

serine/ asparagi ne (b) serine/aspartic acid (c) glycine

[ asparagi ne_and (d) glycine/aspartic acid. Two_of

t PEBENG AB  BOBHELPRf | ect BKPR- t ype BAYHPeaCificrbigrnative
the other two conprise hybrid forns of the

enzynme. TABLE 5 EXON LOCATI ON NUCLEQOTI DE ﬁgANgE 1

THAT ENCODE 4 NO ACI D DI FFERENCES | N ALTER Sppgalanine
ALLELES. Amiass acid position Bxon Amino aci dL) Leucine
alternative 3 (F) Phenyl al@ani ne 298 3 (

582 5 (L) Legu%gne 582 5 (F) Ph52nyl al ani ne 83?)1%%%5%3
Serine 845 1883 G dycine 947 20 (N) Asparad |FﬁeP®-$71Y2-@1anlne
(D) Asparti cg6AVMPLE 9 THROVBOEMBOLI SM AS A N&YMBhANe

HD MODEL FOR NEW Bl OCHEM CAL PATHWAY Pati ent,s

suffering frifig systenic | upus %yt hemat osus ‘EILEMYEHRE

15 devel op | upusaanti coagul ant arx suscepti bl e () Asparagine

947 20 (D) Aspartic



t hromboenbol i ¢ disease. It is thought that devel opnent
of thronbenbolic disease is due to inappropriate

wa@edrwsiison of platelets, an integral part of PE&EADR@®O01065
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clotting system In SLE patients, platelets nmay be
activated by circul ati ng i nougg conpl exes which bind
to Fc gammal |l a receptors on their surface or by

?é&%&ﬁ@kﬁg' €3 d@&@;@gﬂ%ﬂ%}« e ,E\ yﬁ%ﬁh&%mohpamonm FOR

Thrombosi s
Haenost asi s 93 DEH4 B IRSVENT tients with
| upus anti coagul ant are nore susceptible to

devel opnment of thronboenbolic diseas

i?e if ot hg‘)#1 re (SLE)
heasienfgoss Eering &erly Bvstamis FEtFEMTa
H%ha_Ea@.'eQre@oﬁTq d&anﬁmalgaa@xnwm@‘ nutiegatide to
Chan% e\y%}oétﬁgzgf) J%e%%lfefﬁgr r{:]h%% %@F&%&F; deve&.olgbment of
S efuementayliiat idreaser da tud emecirfampﬁqmate aCtlvatlon
dat

agggﬁ.ar1é%%5ﬂ£ﬁM14€%?§%?h§m§t d?“ﬁhé—ﬂﬁﬁbé”EIEBtlégb

gi hi're or at am no acid positian
ofsyEtegantial |SLE mm@%xma@qwsemé)%é}qtﬁeva&e

n@l@c‘?ﬁ'dﬁ.r@% AR a0 IRAEd i dB3&and tﬂ'tergammaIIa
i ni ne or

istidine at_anm no position
rr&‘@ﬁc@ﬁ'{‘}ﬁ%g rﬂrblt'ik?’?e“brsurre%c‘?%é’%t %t He? ]’Pg’ p03| dglrECted
Z%aﬁ@mrmé@ to the invention described herein,
am no acid conbinations at positions 61, 138 , 165 and
272 permt the formation of a m ninmumof 2 w|d- {
prRetsRiIitss andl @ mwnmrﬁ’fd#diat (et Lerss®Hred Ppfot e %@05) '

Waﬁfﬁg\h N o N ) D& ANGERM WHAH patients
ACI D DlFFERENCE I N ALTERNATI ﬁggc1§?NNA
Uwi bR RIS 30t HPaH P o 1S RO ER of AT 2T d

ald@raedpiént of thromboembolic disease if they are
heterozygous for alternative allelic forms of Fc gamma

ITa.

Table 6 shows the exon location of nucleotide changes that
encode different amino acids in alternative allelic forms

of Pc gamma IIa.

The coding seqguence variations were retrieved from NCBT
databases. As shown in Table 6, exon 1 may encode either
arginine or glutamine at amino acid position 61 of Fc
gammaIIa, whereas exon 2 may encode valine or methionine
at amino acid position 138 and either arginine or
histidine at amino position 165. Exon 3 may encode proline

or leucine at amino acid position 272.

According to the invention described herein, amino acid
combinations at positions 61, 138, 165 and 272 permit the
formation of a minimum of 2 wild-type proteins and a

minimum of at least 6 hybrid proteins.



61 1 (R) Arg 61 1 (Q Gn 138 2 (V) Val 13 8 2 (M Met
165 2 (R) Arg 165 2 (H His 272 3 (P) Pro 272 3 (L)

WO ewEHAVBE E 10 PLANT MODEL WWH CH SUPPORTS THE RCI/EUEHS6/001065
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NEW Bl OCCHEM CAL PATHWAY IN HV Catalase 1 (Cat-1) is an
oxi doreduct ase type of enzyne that plays an inportant
role in the breakdown of hydrogen peroxide in plants.
In maize, at least 6 differepigpkliglic forms of Cat-1
have been identified, nost of*mﬁgtﬁ differ in am no
acid conmposition. In 1972 a hybrid formof Cat-1

( ScardeNi pecartaN O 12 EorADEN cHBiNeGIRe My B0 BIYSDE AMINO

ot ereht R g GRS (o al TeBhAP de | BE, AL 1rp primrns.

Py
\WAY Fo) T UT LA\

The hybrid Cat-1 enzyne was shown to possess a range

‘g;Ar@g{e@%@Pd Loshenigal pfﬁg&ati es conpared Lo, i%.ni]g%ﬂ:native

honozygous parental Tornms . The new bl oche
pat hway provides a pl ausi bl e expl anation for the
formation ofphybrid Cat-1 npjecules with enhapcefly
bi ochem cal _properties conpared to wi | dtypes that_ does
not rely on6fhe formation oflpol ymeric f or ms (81
enzynme. EXAMRRE 11 | NSECT MOPEL WH CH SUPPORT(S®) Tl
ROLE OF N OCHEM CAL PATHPAY I N HV Cct anol( ) Met
dehydr ogenase {odh) encodes an enzyne found i Me
Dr osophi | a bs®udoobscura and2other flies. It {(Rs Arg
i nvol ved iméhe netabolismof |ong chained algphgls .

272 3 (P) Pro
272 3 (I.) Leu



Two different structural forms of the enzynme odh have
been identified, F an S based on differences in their

web@chrtaphoretic nobility. In 1972, WIls and P T/AUL®6/001065
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(Proc. Natl. Acad. Sci.USA 69,323(1972)) denonstrated

t hat heterozygosity for each of8the two different
structural forns of odh plays an heterotic role in the
SUEXAMELE afo f | | esPLART MevEel opHDCH aSURHORTS | THEEROBE e0F NEW
wi th octanol. Het Qb & P ET DZYGONS {,I I es have a

novel structural ﬁo#m—#ﬁe—eﬁwﬁvﬂgﬁﬁf—ound in

eiGHealagie thel@apat bnis ahavxbderédaozygousyperobagchzyme

Eﬂﬁﬁﬂﬂ“ﬁléﬁ%féﬁrﬁﬁﬁoPanEe§8f§tiﬂeé ﬂP@aﬂ?&%n of hydrogen
bi ochenj cal , pat hway provi des_ apl au5| | e explanation

f XML 4D rHatPbAREF - novRI M3 FectdF aleadtne Sifsakenk
hedl ErarMg fisrmhs | €6 ¢hHat 1 degse NGderi el de@Pified, most of which
Cliife’% risation of _th enrgarrgb‘(:see Si ngh et al .
Ge ec‘% g0, B 1375%) ©° ¥4 2 | DENTI FI CATI ON OF
HYBRI D ASL I\/O_ECULES A s outlined below, it is
t t i af g a ase
(Z%f_)ﬂc?n % %ﬂi‘fd PaLmagk! Mg af é‘é&ﬁ&é‘ﬁb@ ég Lyase 1972),

enerated in o srln

pahetit s BiochemusBiarbySwi 195 t ylb@9%hc‘®@l$ ngderbhsiedomm

egsthis then i id L& ERb £ 8BS 2p§oad | féﬁswat@lfbsréﬁﬁeanehc
of . the. new i denti f

nol ecul e by wa
‘E?glc%%f '¥h©r ByPpid g"t%d’r e%nﬁé% @ﬁ%\/\ﬁh?ﬂ’at to
V\Amsm&)matam@s @f enhmtm:a@ B&bheheibtds Sucpeasies

80K h
fo%r_cgn%a% [ vf?yéoilsi?g%r? %’/ekrléérg %F%&? I%F%ﬁ%%%?%x
can be isolated fromfi brobl asts or liver of a subject

Whehd Shddb QYVESchSnhaye ng[)a@ﬁ&a}tf e&@@f@egf tﬁfahwble

inactive allelic nuta forns of

t HEPIRPRARRCERE e RIOPRRELR n‘@f o]PY%‘éh‘é bt fdgorecules

privied SerithtcS@api doHeMi daal pexeest idecHpLEeRd to wild-

praduct s cont a0l ng. Lhese, TSgi ans AL LDEn, choned, and, ;.

forms of the enzyme.

EXAMPLE 11 INSECT MODEL WHICH SUPPORTS THE ROLE OF NEW
BIOCHEMICAL PATHWAY IN HV
Octanol dehydrogenase (odh) encodes an enzyme found in

Drosophila pseudoobscura and other flies. It is involved
in the metabolism of long chained alcohols.

Two different structural forms of the enzyme odh have been
identified, F an S based on differences in their
electrophoretic mobility. In 1972, Wills and Nichols
(Proc. Natl.Acad. Sci.USA 69,323(1972)) demonstrated that
heterozygosity for each of the two different structural
forms of odh plays an heterotic role in the survival of
flies that develop on a medium impregnated with octanol.
Heterotic heterozygous odh flies have a novel structural
form of the enzyme not found in either of their parents
that are homozygous for each alternative form of odh

respectively. The new biochemical pathway provides a



Approxi mately 85% of clones generated fromthe RT-PCR
products fromthe subject genotyped as ASL(D87G /

w@ o8oR13swul d confirmfirstly, bi-allelic expP€raU206/001065
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of ASL and ci s-assenbly of exons. The sequence of
inserts from approxi mately 15%%f- cl ones however woul d
i ncl ude sequences from each of the two parental

al p eh@sihTe tdvep E@E@?iﬁéxﬁmﬂoﬁnﬂhé heSrgenesRt 8f novel
ap I oxl na 15% of - W ne accoupfln
LR Yo e | 1R o SO Reets SR B¢ stpes
OFnd:ﬁ(BRkIy mmwawm SAOANTS B8ODYingh et
BEPUCI To I xtracted fromi sl et
#q%%ncr%a |c tlsggepgkfalned froma patient
suffering type 1 diabetes. If the patient is
hegefwsngols for GADESrBEket BScanhE NbavigyBRED eRET JROLECULES
changes 1Tn di fferent exons Which encodé non-
synonynous ani no acids (see Table 3 ) the patient
mnmédo@@yﬁnédg@e1¢Wre16¥£55peﬂsob3@tt@qﬂyové bhathactive

bl ood, T b b

RIS PO T R ST EhLY R3F FAEC b [ Rbr oo vAPRe ehEl Ehoparepring
1 of Jaffécted pardilts degoidchgsiont e patdehype eADeging
geoptyPerrih 40U do Petﬁépggg J{éﬂ?tmﬁbgnﬁe?fﬂ@@?i@soﬁnto the

I nserts appr oxi mat e ones wou confirm
b.S@m¢emR%Ae&%%%@gl%nbﬁnuazu@f BRe cABYYY ofderbasirfom

equbo@lﬁe&b@alvpa@hdvgyes The sequence of a further 15%
of _cl opes wou

I e expected to t nse
co%??Yh??ﬁaft h?%r?% ?o?ﬁ?g? E§@£5$$§ns§ﬂp é?ﬁgéanFnOf
|sinactEVésASLomuaapaslenthsaéfBSLh@BV@beaﬁddASbéQé@GR) are
r f t f
e e R e b
anﬁiﬁb@r@@ rﬁh@h@f@rm omaNATﬁénshﬁelészbéFﬁﬁ:eﬁmm fibroblasts
ra&koﬂﬁbér'éfaﬁpéhﬁ§ébﬁ %ﬁoahb BPEGLAStYWNAAVE! ihAERIRSAd each

known that the of rin
of the two 1nact1 e a lellc mutant forms of ASL. Total

mRNA can then be subjected to RT-PCR using oligonucleotide
primers that span individual exons. The RT-PCR products
containing these regions are then cloned and sequenced.

Approximately 85% of clones generated from the RT-PCR
products from the subject genotyped as ASL(D87G)/(Q286R)
would confirm firstly, bi-allelic expression of ASL and
cis-assembly of exons. The sequence of inserts from
approximately 15% of clones however would include
sequences from each of the two parental alleles in the
same clone and thus generate approximately 15% of wild-
type enzyme accounting for restoration of enzyme activity.

EXAMPLE 13 ASSOCIATION OF HYBRID GAD65 MOLECULES WITH
GAD65 AUTO-ANTIBODY PRODUCTION

Total mRNA can be extracted from islet cells of pancreatic

tissue obtained from a patient suffering type 1 diabetes.
If the patient is heterozygous for GAD65 alleles, which



i nvestigation has inherited genes that have alleles as
defined supra and the tissues or cells in which the

w@ene/nia3expressed is identified. The met hodol pgi/ay2006/001065
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i ncl uded above are neant to be exanples only and do
not exclude the use of any othey technol ogies or
experinmental protocols famliar to anyone skilled in

t heaed trn @A DS de - cH RS h00h f @f £ oDt & Ty A9 C@Egé:lqaéﬁcode

genes capabl e ofﬁfrodu0|n hybrid vi gour_or
deBH T IR HH AT GC PN Se%o?&klr%.%,tmes@@ ent

ofwoyld- leonparidly titeraTRMD 6% ues et i10dde! 88 ©is/her
qﬁQ% te genes isolated froman animal or plant which
ex s hybrid vigour or hybrid debility with the
nucl eotide sequences fromthe corresponding alleles

[ t f | ant.;
USRI, Bl AL GOUBL el

al¥eng FhiFarg %ﬁ@ﬁaml&m@r%rwhm cwmmmm% 1, 4, 6, 8
hydaf ixch Vi s DI i thelehi 1 dye wWhi €lbepdesn é\m no

aci d sequence variation; and (iii) |dent|fy|ng
the am no acid sequence variation between alleles of

t N candidldiee ggreetianl Saiak arieradeuenptanit | Sneaeos ess

AT B P T SRR RS S 50 QLSS

Mﬂ%ﬁﬂ%ﬁ%ﬂ@ﬁ%ﬂ@yW@@WW@W@@&MWGWO

S UGS Valfﬂeﬁtéé?jhér&@ SPNS of YAth e i‘ﬁd'cﬁf €hones would be
varlatlon A nmet hod according to claim1l , erelrn

EBGATRS 4 FUURISh ISR T At PR | O Wgh-that a hybrid
thﬁﬁﬂVﬁﬂIGRDGHxﬂélsyhuhHSfﬁedﬂun islet cells from a patient

suffering type 1 diabetes who is heterozygous for
different allelic forms of GAD65 as defined supra and has
circulating GAD65 auto-antibodies in their blood.

The same experimental rationale is applicable to all
species when it becomes known that the offspring under
investigation has inherited genes that have allelesg as
defined supra and the tissues or cells in which the gene
is expressed ig identified.

The methodologies included above are meant to be examples
only and do not exclude the use of any other technologies
or experimental protocols familiar to anyone skilled in
the art.



4 . A nethod according to claim1l , wherein the step
of identifying the nRNA sequence difference conprises

wo b@7813p8 of sequenci ng the nRNA i sol at ed fr onPGHAT2006/001065

10

15

20

25

30

35

plant or animal . 5 . A nmethod according to claim1

wherein the plant is selected §xomthe group

consi sting of barley, rye, sorghum nmaize, soybean,

wheat, corn, potato, cotton, cting®s oi |l seed rape

(i ncluding canola) , sunflower, alfalfa,sugarcane,

banana, bl ackberry, blueberry, strawberry, and

raspberry, G&ﬁﬁe&ifm@&omatd@htlfﬁmq fdanwdidacofdeees capable

cu r h I g .
%Hg??o%?gﬁgf é§%§'€£§3ur Qn¢e s¥&%|§%%£%$t¥n§ﬁ fn animal

sp@naphangquengIS&ﬁ@g th¢nstepba©ﬁo t omat o,

wat er mel on, (ﬂsa%&hﬁafiﬂgtéhésﬂﬁmaé%&@&k@e Bﬁaéi‘lﬁles of

pear, cherry and and veget ab Fassi cas_(suc
asCHRAEREE 9%%%&1@%0 2eed ?r@mean primaL| OXpPbaPE WRécCh

Kodtkin eibi s - h}@f\ﬁd @i@@&r éfUhyﬁr@addaﬁgﬁiaplﬁﬁtmheﬁé

h
R Ve drre SroR bhS oPanpRevopdhbiont leles
grapelaved fwmmtwm@epaneﬁtsaoflShD&eanrhelroesplant$

such as the walynut g %HQ §§fﬂ Um ﬁdé¥§%e£88kd ﬁ%énces in

such as arr ow oot , sava
S\/\Te]é‘f— ableles afieomesmbd @nlmﬂln@ﬂ@aaa%c@hachgexbl fts

riot-da V[@%&&rbf higy18Ai #8deb$1 t FRRRBEL ObofiéSNEo¥ ambno
accordlnﬁ JrclalmG , .wherein the manmal is

met hp
sé?%%geﬁe?%%“ﬁ% AP 4e?Repri mat es, Rodent i a,
Lagonor pha, CEﬂIWXEﬂeﬂﬁ&fyﬂmgath&ErtBeS@ﬂﬂmbyéﬁldnﬁequence

e SHREA evTen a TTA0H 8E7EhY BohAcaElE e, g st
ni einaki ¢F eglagui uaeencrg%@sbydvaﬁml—ppmpm:am whach are

Caigbh €88 within two or more different exons within the

candidate gene.

2. A method according to claim 1, wherein the amino
acid sequence variation is a conservative modified

variation.

3. A method according to claim 1, wherein the amino
acid sequence variation is a non-conservative modified

variation.

4. A method according to claim 1, wherein the step
of identifying the mRNA sequence difference comprises the
step of sequencing the mRNA isolated from said plant or

animal.

5. A method according to claim 1, wherein the plant
is selected from the group consisting of barley, rye,
sorghum, maize, soybean, wheat, corn, potato, cotton,
rice, oilseed rape (including canola), sunflower, alfalfa,



Tragul i dae, Graffidae, Cervidae, Antilocapridae and
Bovidae . 9 . A nethod according to claim8 , wherein

wo b@7aniipal sel ected from Bovi dae is an ungul aP€T/ALB006/H01065
nmet hod according to claim9 , wherein the ungulate is
selected fromthe group consts82ng of cows or bulls,
bi son, buffal o, sheep, big-horn sheep, horses, ponies,

doﬁkgaﬁcaﬁﬁlebaﬂﬁﬁa, Bh&ckﬁékk?oublﬁeﬁérr t§Erawberry, and
aca an nmet_hod

falo
e A LT LI R
12cucﬁmherhodg@ptandtngr&peslahnnéydewheﬂetnubbe fasio,

is ct 0 ro on |sh
opSEbr! 8L LAPTBANES! UBGoDELD0, oLy LERERALS s macr,
5 ro%ﬁuagbblégeetlﬁgbna §ﬁbapc@uttomato AWﬁBEhmalon, rosaceous

acepn gt 89 (sQck! 85 Mifpi1eWh At ni u
A | od of | 4ot vEeach, Peel |£§%r%§ Rk B

14
V|§%ﬂ?t%P1ﬁyB¥?%SH%B?I|§9C50ﬁﬁrP§Pﬁ§°ihe spBpagsh: (i)
IdeaﬁliflﬁgefhEb@ﬁégemCQp@buQBSaﬂ@ek@ﬁlfﬁbﬁbp'@ther crops,
S cl e ot el enco all el e
Cgﬁdl §§ea6§F%eg%%%BEFﬁ)w PERUP FBPE¥§ﬁe@F¥sE8fCH§Hﬂed
10 orlpcbu@enbarbeyresenranbenaapaaﬁsbnglsaud §padices sach as
oft O ehdnk 0 GELELELICL! hndAtdnRRThES, NAYR 1 choke,

nucleo§|de or am ho ac?é sequence var?a tion
re§B%E¥i©%}yn%%ﬁrégﬁbnaﬁnﬁhﬁowﬁéﬂpﬁtﬁ@ﬁspﬁﬁnpﬁm gndive,

nDI@eEXOﬁéotsMhﬁﬁthaéhﬁrEbﬁiéﬁﬁe BEetVl EhpkBvaDECL®SIip,
hwb rote in g ste E s indicative of
hyﬁ?gﬁ fg% P of"fi§br PA-BEBi PPYy°385: A nethod for
15 produci ng hybrid vigour or hybrid
6. A wmethod according to claim 1, wherein the animal
is a mammal or fish.

7. A method according to claim 6, wherein the mammal

20 is selected the mammalian Orders Primates, Rodentia,
Lagomorpha, Cetacea, Carnivora, Perissodactyla and
Artiodactyla.

8. A method according to claim 7, wherein the

25 Artiodactyla is selected from one of the nine families,
Suidae, Tayassuidae, Hippopotamidae, Camelidae,
Tragulidae, Giraffidae, Cervidae, Antilocapridae and
Bovidae.

30 9. A method according to claim 8, wherein the animal

selected from Bovidae is an ungulate.

10. A method according to claim 9, wherein the

ungulate is selected from the group consisting of cows or
35 bulls, bison, buffalo, sheep, big-horn sheep, horses,

ponies, donkeys, mule, deer, elk, caribou, goat, water

buffalo, camels, llama, alpaca, and pigs.



debility in an animal or plant, conprising the steps
of: (i) identifying the presence or absence of
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of a candidate gene,- and (ii) if multiple species of
MRNA or protein are present +th&h -anal ysing said
speci es of mRNA or protein to determne if said
speci es have nucl eotide or am no acid sequence

VALl ons, f SERSEld o eerLeseend 2,10 IELALION ansnat

speciestidh nRNA or protein at step (ii) isindicative

of hybrid vigour or hybrid debility; (iii) determning

the function of the nmultiple species of proteins | _
cokpar ed toAH@eﬁmta@%omlwmww@npf t eVcrehprbpe fish

t 0 gled&T g WH-&h §HSCg§§uﬁr@8Eé§§ttﬂ§06fFﬁébﬂaﬁﬂbﬁ
plant or ani ma

preparing a_const

CORBF ST, SIGP oo MEOREBREE ERCBUPRg. EaRthpr PBPREYS.
Spesued dgobbséep filapia éna treﬁsforn1ng sai d

construct into a recipient plant or animal cell / and
(vi) regenerating a plant or animal, which expresses
sal¥. const r iktmetthein se¢orddng . tdaeclajmn@t Hedevein the animal
def gcf ingndhe presence or absence of hybrid nRNA in a
plant or animal conprising the step of isolating mRNA
froma plant or animal and conparing the nucl eotide
segwience of sahskidiNACE 0idEet LOYIRS PRAEt 6fs CDEaagng to hybrid

COMLT Rt CEWPT A% R4 AY nEOTR 4EnBS R PEFRS Sfons

fromdiffereht) al iéensibfyinggehe, pwheenca sai dbaskhekesf
COfieL £ 618000 261 o CRHRACE VBLLALL R HBBEEMIL N8 1 1e1e5 of

variat1on_occturs vieen ent al | el es.
of 2 h§RRAHARFRAIEBE ecBREs produced in vitro or

(ii) if multiple species of mRNA or protein are
present then analysing said species of mRNA or protein to
determine if said gpecies have nucleotide or amino acid
sequence variations, respectively corresponding to
variations in two or more exons;
wherein the presence of multiple species of mRNA or
protein at step (ii) is indicative of hybrid vigour or
hybrid debility.

15. A method for producing hybrid vigour or hybrid
debility in an animal or plant, comprising the steps of:

(1) identifying the presence or absence of
multiple species of mRNA or protein encoded by alleles of
a candidate gene; and

(ii) if multiple species of mRNA or protein are
present then analysing said species of mRNA or protein to
determine if said species have nucleotide or amino acid
sequence variations, respectively corresponding to
variations in two or more exons; wherein the presence of
multiple species of mRNA or protein at step (ii) is



in vivo to overcone hybrid debility in a plant or
ani mal and/or induce hybrid vigour in a plant or
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MRNA into said animal or plant. 19. Use according to
claim 18, wherein the step of $#troducing said hybrid
MRNA into said aninmal or plant is by transformation or
hoimdé bgausve ecOnhybhat donigdlr brehgbeadddabildtel;ai m

19, wherein L$%%fasee9mlala§ ggnﬁahggﬁbﬂtgfata'aﬁhlkiple

selected fro Foup ¢€on
reepﬁbmatoﬁnprntemgrGPEpare@ bonbhﬁdﬁtéﬁf:tlpaeof a wild-

Q%ﬁ%e réféﬂﬁfQéﬂﬁkbﬁntoehéﬁékﬁﬁﬁéathBhSbbb%@@s promotes

bre nediated transformation, or
Agﬁgbﬁétﬁplﬁﬁ}ﬁéaﬁaPéénFrSHSFBFWﬁﬂvon . 21. Use of

hybrid prot e(ﬁvrmbgéplaesngr adu@ﬁStmcv_l t:bmp@ﬁsungvn\aaleotlde
Oo_overcone ant, or .ani_nm

ana?gvevﬁausgxﬂgbpsdSeﬁaoa¥°£ 3:8 Bpafied ifnalRo (111);
conpri sing the)stépanbfommnngusamg sandtiybri dngoogei n

Us d t I
R ro§§%3h33§§F8°LyL??d orotein
g

|nto sai d anival , rﬁgﬁﬁﬁrétlpgaﬁtp npy oxdAnANSder Whdch

t hsx{a¥ééséspé9£al BoBklhte , t eRbmakhy gocenarenteral ly.
23 A nmet hod of treating or preventing a disease,

conpr|3|ng the step of administering to an ani nal or
pl asgt a CandAdméEhganefideﬂébthﬂé bieapretbade or absence of

acgo dt gmﬁﬁAagx ang18ht o%' &mgg %% r%élné th%@ep of
{PEd seregcd g ngTEhe

|ng or “prev i'ng a di'SeasSe,
st dpodatadgi mREReLirpy taopénn&npnraanomaél amd a:Oﬁr@@tr@mg the

' dﬁﬁE%EbFQdeséq{IEhE%d oRCERL A RENRO L 8@ Lbrre2Ponfing

treatlng or Bﬁeventlng a dlsease conpri sing
t hECSiBY SETHBRFRI SfelhfgPLenEn CxnPRaMadr SpPdrieles.

17. A construct comprising a synthetic gene
comprising exons from different alleles of a gene, wherein
said alleles code for amino acid sequence variation

wherein the variation occurs between different alleles.

18. Use of hybrid mRNA molecules produced in vitro or
in vivo to overcome hybrid debility in a plant or animal
and/or induce hybrid vigour in a plant or animal

comprising the step of introducing said hybrid mRNA into
gsaid animal or plant.

19. Use according to claim 18, wherein the step of
introducing said hybrid mRNA into said animal or plant is

by transformation or homologous recombination.

20. Use according to claim 19, wherein the step of
transformation into a plant is selected from the group
consisting of homologous recombination, microprojectile

bombardment, PEG mediated transformation, electroporation,



a construct according to claim17 . 26. Use of a
candi date gene identified by a nethod according to any
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medi canment for the treatnment or prevention of a

di sease. 27 . Use of a factor $%entified by a nethod
according to claim14 for the preparation of a
neditheent ciobifbefibeat mediabedpteseafoomadbfioa, or

di j laim 17
f RERSEeElep B Rea T FORLEUELLBERRERLNY, L0 ¢ St o
or prevention of a disease.

21. Use of hybrid protein molecules produced in vitro
or in vivo to overcome hybrid debility in a plant or

animal and/or induce hybrid vigour in a plant or animal
comprising the step of introducing said hybrid protein
into said animal or plant.

22, Use according to claim 21 wherein the step of
introducing said hybrid protein into said animal, human or
plant is by administering the hybrid protein orally,
topically or parenterally.

- 23, A method of treating or preventing a disease,
comprising the step of administering to an animal or plant
a candidate gene identified by a method according to any
one of claim 1 to 13.

24, A method of treating or preventing a disease,
comprising the step of administering to an animal or plant
a factor identified by a method according to claim 14.

25. A method of treating or preventing a disease,
comprising the step of administering to an animal or plant
a construct according to claim 17.

26. Use of a candidate gene identified by a method
according to any one of claims 1 to 13 for the preparation

of a medicament for the treatment or prevention of a
disease.
27. Use of a factor identified by a method according

to claim 14 for the preparation of. a medicament for the

treatment or prevention of a disease.
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28. Use of a construct according to claim 17 for the

preparation of a medicament for the treatment or

prevention of a disease.



