| DENTI FI CATI ON OF GENES AND THEI R PRODUCTS WHI CH
PROMOTE HYBRI D VI GOUR OR HYBRI D DEBI LI TY AND USES
THERECF 5 FI ELD The invention relates to a nethod of
identifying candi date genes and the proteins encoded
by themthat are useful, in the inducenent of hybrid
vigour, hybrid debility and/or 10 di agnosis, prognosis
and treatnment of disease. In particular, the present
invention relates to a nmethod of identifying factors
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BACKGROUND
20
It has been recognised for hundreds of years that some
genetic factors that have the capacity to influence
growth, viability, pest-resistance or robustness of crops,
vegetableg, fruit and animals such as cattle, sheep and
25 pigs for example are more influential in offspring of
genetically unrelated biclogically normal parents. This
biological phenomenon is referred to as hybrid vigour (HV)
or heterosis. Offgpring of genetically unrelated parents
axe referred to as hetercozygous organisms.
30
A further well known form of HV, in which an almost normal
bioclogical phenotype is restored in offspring of
biologically defective parents, each of which carxy
different mutational forms of the same gene isg zeferred to
35 as intragenic or interallelic complementation (IC).

It ig difficult to over-estimate the commercial




- 2 significance and future utility of HV, In the
field of agriculture alone, for exanple, application

of HV yields nulti-billion dollar returns and reflects
one of the greatest applied achievenents in the field
of genetics 5 (see, for exanple, Alamat al.. (2004),
J. Zhejiang Uni,. SC', 5, 406g. - The International

Food Policy Research Institute has predicted a 1.00%
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20 particularly in the 1990s, to approximately 1% per annum
(Conway & Toennissen, (199%), 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

25 crops and animals are met.

The view has long been held that HV is driven by novel
proteins (such asg hormones, enzymes or growth factors)
synthesised uniquely in heterozygous or hybrid organisms

30 (see, for example, Gill, (1977), In: Genetics and Wheat
Improvement, A.X. Gupta, Ad. {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, p769; Cheng et al.,

35 (1996}, Chinese Sci.Bull. 41, p4o0).

Because it had always been difficult to understand how



(1.990), Theor. Appl. Genet.. 80, p769; Cheng at al..
35 (1996), Chinese Sci, Bull., 41, p40).. Because it
had al ways been difficult to understand how - 3 novel
proteins could be forned in heterozygous of fspring,
many al ternative nodels have been proposed to explain
Hv, In recent tinmes a nodel akin to electric circuitry
(MI-borrow (1.998), J. Exp.. Bot. 49, pl063) and
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14 1975), Genetics, 80, p637). 25 In nore recent tines,

uni gue NMRNA speci es that generate novel. proteins and
whi £f edelaisedt®6itn dtt Wef EBP%tt%éthiéﬁw reoEging can be
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Natl. Acad. Sci. USA, 46, pl210). The same worker also
poétulated that HV was drxiven by these hybrid proteins.

2¢ Ovexr a decade later, this postulate was proven to be
correct when it was confirmed that HV ig 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).

25

In more recent times, unigue wRNA species that generate
novel proteins and which are absent in either parent have
been clearly identified in hetexozygous chickens that
display different formg of hybrid vigour (Sun et al.,

30 (2005) Arnimal 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
35 to either of its parents. This phenomenon is referred to
as hybrid debility (HD°) (see our co-pending International
Patent Application No. PCOT/AU2005/000141). Some forms of



di splay different fornms of hybrid vigour (Sun et al..
30 (2005) Aninmal Cenetics, 36, p210). Sone hybrid
proteins formed in heterozygous offspring may, in
contrast to HV, reduce the robustness, viability or-
wel | -bei ng of, or cause disease in an offspring
conpared 35 to either of its parents. This phenonenon
is referred to as hybrid debility (HD(r)) (see our
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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
25 gystem., Examples of diseases in this categoxy 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
30 that produce insulin. The target of these auto-antibodies
is glutamic acid decarboxylase (GADE5) .

In keeping with the immunoclogical induction mode of HD,
investigations by Boutin et al., (2003) (PLoS Biol. 1,

35 p68) have confirmed that immunity to the type 1 diabetes
target auto-antigen GAD65 is increased in gubjects who are
heterozygous for different genetic forms of @AD6S.



25 systemt' Exanples of diseases in this category

i nclude type 1 diabetes and auto-inmune |iver disease.
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20 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

25 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,

30 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.

35  SUMMARY

In order to synthesise novel polypeptides or proteins,



menbers of the famly have the di sease or phenotype
under investigation. This nmethod of identification of
rel evant genes is highly successful, when the disease
or phenotype is passed on through each generation in
accordance with a 25 Mendel i an mo%le- of inheritance.
However, as heritability of HV and HD does not conform
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the same mature mRENA molecule.

Consegquently, in the broadest aspect of the present
invention, there is described a molecular genetic

25 mechanism that explains how the bioclogical 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.

30
Accordingly, in a first aspect, the present invention
provides a method of identifying factors leading to hybrid
vigour cr hybrid debility comprising the steps of:

{i) identifying the presence or absence of

35 multiple species of protein encoded by alleles of a

candidate gene; and

{ii) 1if multiple species of protein are present




can be synthesized, are generated by a biochem ca

pat hway that incorporates exons or parts thereof from
each of the 20 two different parental allelic
transcriptional units into the same mature nmRNA

nol ecul e. Consequently, in the brbatdest aspect of the
present invention, there is described a nol ecul ar

9ene£hgn2§ng§§gﬁ/§8§%£@%pgép&§l 58 a\eéb@ @60&@%%% if

phenot ypes are genera I n heterozygous
offsﬁ@%ﬁgquﬁéeSnB@%? @@h@@l%C%@r%%%%ﬁ%%?fYﬁ?&ﬁF}?PS'

het er 82y80t$vOI § SBb+ PEspandingi €8 eeneiaiendMangwdidr more
are not obvious by reference to the heritable genetic

code*dfFheir parents.. 30 Accordingly, in a first
aspesher &he phespﬂésénaenmfonultﬂpﬂ@chpee&m&t&iupxﬁtein at

dentiLyi 09, {aeL ot sl cadlpg Le IWBEIS o cory b

pr eséglcel bty absence of 35 mul tiple speC|es of protein
encoded by alleles of a candidate gene; and (ii) if
mul tiple species of protein are present - 7 then
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then analy51ng said speC1es of proteln to determine if
said species have amino acid sequence variations,
respectively corresponding to variations in two or more
exong; wherein the presence of multiple species of protein
20 at step (ii) is indicative of hybrid vigour oxr hybrid
debility;

(iii) determining the function of the multiple
species of proteins compared to the function of a wild-
type protein control to determine which species promotes

25 HV or HD in said plant or animal;

{iv) preparing a construct comprising nucleotide
sequence encoding said protein species in step (iii);

{(v) transforming said construct into a
recipient plant or animal cell; and

30 (vi) regenerating a plant or animal, which

expresses said construct, from said cell.

The present invention further relates to the use of hybrid
mRNA molecules produced in vivo or the hybrid proteins
35 translated by them to overcome disease in a plant or

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



candi date gene; and is (ii) if multiple species of

protein are present then analysing said species of

protein to determne if said species have anino acid
sequence variations, respectively corresponding to
variations in two or nore exons;8wherein the presence

of multiple species of protein 20 at step (ii) is
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construct into a recipient plant or animal cell; and
30 (vi) regenerating a plant or animal, which
expresses said construct, fromsaid cell, The present

invention further relates to the use of hybrid nRNA
nol ecul es produced in vivo or the hybrid proteins 35
transl ated by themto overcone disease in a plant or

ani mal and/or induce hybrid vigour in a plant or

animal. - 8 The plant cell may be isolated from any

hi gher plant, including gymosperns, nonocotyl edonous
and di cotyl edenous plants, although all agriculturally
i mportant plant species are preferred. Preferably, the
plant cell is s isolated froma plant selected fromthe
group consisting - 9 of barley, rye, sorghum nmaize,
soybean, wheat, corn, potato, cotton, rice, oilseed
rape (including canola), sunflower, alfalfa,

sugar cane, banana, bl ackberry,



bl ueberry, strawberry, and raspberry, cantal oupe,
carrot, 5 caul.i.flower, coffee, cucunber, eggplant,
grapes, honeydew, |ettuce, mango, melon, onion,
papaya, peas, peppers, pineapple, spinach, squash,,
sweet corn, tobacco, tomato, waternelon, rosaceous
fruits (such as apple, peach,- pear, cherry and plum
and vegetabl e brassicas (such as 10 broccol.i.
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capeditlragiilst dsiher 2xopeanéfolnd nnd heeqﬁt@mle@eh\!hose

Suusz@&h&cﬁ@tn%aplb% %hﬁn@MéI iﬁ-@i@dé PBalRGHMAREABE, avocado,
(al falfa bean, . cl over, Unbel’l i f erae

(1O P BEPO APy ARISE {TRRE | GABBEGEuit and
r adi stgeriapeseed.tilchokeol cheettes ) ,nutCurowhbiesatbaewalnut

1.5 ﬁ%msp@a&mtcugﬂaq%) 1Qégm DE5Es (V!l‘&ﬁl ,aSSOaﬁ%QDDEI Cheet,

barTey,” mIlet, etc. anaceae (potato, taonat

tOWV%e@%PfeFédlﬁah YRy aFTRR s RATREC é‘Péeran%ee
pr abient pascrddiad thafnai giet ousdd aln thEOMEsEHandbaokntion

o Pyl DYy ol Y PN U
et rRAplar 3G FIGPLYBELRS/ TEeHA 0P ffr 1833 tygoplang cell is
2oVasd lritde ale1l,( B0 ratBROL Tﬁ@ﬂﬁ:ﬂmﬁf &A29- 434ye 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

25 transforming the plant cell. Suitable protocols are
available for Leguminosae (alfalfa, soybean, clover,
etc.}, Umbelliferae (caxrxrot, celery, parsnip), Cruciferae
{cabbage, radish, rapeseed, broccoli, etc.),
Curcurbitaceae (melons and cucumber), Gramineae (wheat,

30 corn, xice, 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.

35 (1990) Bio/Technolecgy 8:833-839; and Vasil et al. (1990)
Bio/Technology 8:429-434,



- 10 Preferably, the plant cell is transfornmed by a
nmet hod selected fromthe group consisting of

honol ogous reconbi nati on for exanpl e using

technol ogi es based on the use of neganucl ease 1-Scel,
or mcroprojectile s bonbardnment 10PEG nedi at ed
transformati on of protoplasts, electroporation,

sili §98f&§£i9 nge Eh@rslgﬁglééfﬁ lér@fléﬁgfmw%y% method
Agr obact eri umt medi at ed transf or mat i on. In afre erred

enboBF HBRESOHf S¥AB ThATeRTPER ‘F%S’s¥'é:bn%f°ft1i*% W hg
cormfeé@[ﬁbﬂmt@@ﬁow@tékmpp@b@éﬂﬁ@n&e@m@o@ﬂ@éndswsed on the

mcro ctlles rising, the construct and
Tt SRL PLE L SRa ! A0 DN SR |01 T {iSo FOTH 1S
M criopniojedtehes. PEG medhateld aismfoimaetlmem immtoplasts,

pro"éﬂé@t#ﬁﬁo%t{‘% r'&f?c@ﬁoé%}g %G%Q?Sr?é’&faqyccfd in

ro or 0 overcone
pl antrars aedmat iemd/ o Akmmie@cmlbmrwmwﬂg@md itrangpiamation.

or aph Rl COPDY I Sh b Hi8i d £ c9f t}&é‘t{r&"&%&?ﬂf&l S@Héj step of

hybrid proteln into sard animal or plant. 20 The ani mal
cel |%‘—’%%f%mr%w%@W%%ﬁnw%?ﬁmcta#%d%@bammqrst by

J@arté@é&fﬁéymi@iﬁp&oféﬁtiEﬁ@WW£tK”ENﬁ|éﬁmpﬁiéﬂﬁ§ﬂﬁhe construct
% n_sources include rrenbers f the 9&2%

Prl MR S OB etty a5 agomot pHA: t vor e,

Per imssotact g ectBhwk Arti odact yl a. I\/Errbers of the Orders

Peri ssodactyla 25 and Artiodactyla are particularly

preferred because of their simlar biology and
econbmiz timpot tagrect, Rore edarpiiel orAmdodattsy luse of hybrid

1%0n%fc§teeﬂpﬂﬁ%é@% I]&ﬂlceld VNG, SRREIRS id StPWLGvercome
thr h nine famli es pi 30 (Sui dae) peccari es

(Ta rtﬁcaa‘%e)bﬂfﬁtﬁbdﬁbtaa (CPﬁ POt AgHEY, idkivses hybrid
(Cangldslae)in eyrai@icss adiliz0Wdndae)sirg ald e cand s

okap) (G gaflidas).. de (CTUGeh T or prane

ant el ope (Bovi dae) Many of these aninmals are

20 The animal cells can be isolated from any animal although
it ig particularly useful for mammals and fish. Suitable
mammalian socurces include members of the Orders Primates,
Rodentia, Lagomorpha, Cetacea, Carnivora, Perissodactyla
and Artiodactyla. Members of the Orders Perissodactyla

25 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
30 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
35 used as feed animals in various countries. Moxe
importantly, with respect to the present invention, many

of the economically important animals such as goats,




35 used as feed animals in various countries., More
inportantly, with respect to the present invention,

many of the econom cally inportant aninmals such as

goats, 1.1, sheep, cattle and pigs have very simlar

bi ol ogy and share high degrees of genom c honol ogy.

The order Perissodactyla conp¥lses horses and donkeys,

5 which are both economically inportant and cl osely

r ekhéed,  catiideetd idigss haekl venpwainhbar Horskgyardd share

dg Fgﬂs\ﬁ#{g% Jﬁeéjeno i QRS di ment, the ani nal

t-al ne from 10" an ungul at e.
Preferably, the ungulate is selected fromt he group
gomﬁés@icﬂ@r e dRelbdctvan wolhpri eps cserndad i ares dmlfn_keys,
oV oVvi cerv S < S
5 h‘bé%sa%? I%Etgh ?ceo%oénglz:ﬁtlg'? i \9/ gggehigo%?@gc%ﬁsgélated"
b| $odeed puitf al= Weslﬁeéqsl,owbl ghn‘érhosmpanchoi@@@y%oni es,
donkeyswrdag ul e, deer, el k, caribou, goat, water
buffal o, canels, |lam, alpaca, and pigs" Especially
preferred in the bovine species are Bos taurus, Bos
i nihcose amubd@osentbufifiel esdmabwsedbis bwll b bEltmiged Lrom

10 €MRRdi TN 5 dde mmabq%l | $nar énbsohad efs fdoncRaakbh the
organlsrrs such as verteb rat and™ i nv rtebrate age:}ves of

anFREFE, ST & o é}fatﬂcgv‘etgﬁécaaaa‘m o G ETH G
sebecied, fowidd hecegrdudis ,condidst | eguids fash, camphidsi.ans

angxaﬂ]@lé%‘c’&% sddip q:é]ﬁf%lslég@at?yés L £o NQhyd | 'd@ tlﬁg 10, b23on,

uropean car , osSqul to ] fish
teh@ﬁfamarﬁﬂ%ﬁg@ hﬂﬂhﬂ’@oﬁh@@Pr Roysemi ROHRP 1 KGGkeYS
15 Aﬁm’an@; &ﬂ.‘éer,l r&:jmd&:aﬂqwouar goRdl Wwabtet eiabatmld Loagmeasd

S. Uscs | ud b :
29 |% oy 7Y, 5 cg lg%rrusgé %‘&E%?Hﬁpé%é% #Qn Ew
Zeabanme s@@v@wm% Bash&a3pue| Ben m@@m&né}r}d Bloﬁe
G 8ikraihéd CaRyPsd Ipuiard the di sease vectoring snails

in the genera Bi,onphal.ari.a and

20 In one embodiment the animal cells are isolated from
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,

25 zebrafish, European carp, salmon, mosquito fish, tench,
lampreys, rourid gobies, tilapia and trout, Amphibians
include; but are not limited to, toads and frogs. Molluscs
include; but are not limited to, Pacific oysters, zebra
musgels, striped mussels, New Zealand screw shells, the

30 Golden Apple Snail, the Giant African Snail, and the
disease vectoring snalls in the genera Biomphalaria and

Bulinus.

Transformation of constructs of the invention into animal
35 cells is preferably by homologous recombination.

Homologous recombination (see Molecular Genetics, U.

Melcher (1998) ig preferably induced by addition of the
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Bul i nus. Transformation of constructs of the invention
into animal. 35 cells is preferably by honol ogous
reconbi nation.. Honol ogous recomnbi nati on (see

Mol ecul ar Genetics, U Melcher (1.998) is preferably
i nduced by addition of the - 12 engi neered construct
to cells such as enbryonic stemcells grown in tissue
cul ture which contain the targeted gene. Mor e

pr %Bg? ﬂ@%ﬁ'@d t({cﬁ@ﬁdﬁe@osb@tﬁn gegh%:h ta%@ éﬂmlqsdlﬂ@t isften ca1 ls
new bl ast ocyst causi.n ion o e new.construct

5 SKEvetTar bl S eIt FUBESHRI BF eRPEH breRRREg e el gehd.
EVBORE MRS 1280 TRHE tixsvBNOk GG A bm el 1 g atieonigyjected into
megt |, gﬂeglgﬁ%%@rc%d‘sﬁh &5&51:55&‘ 30 M RESE Rfhstruct in
describing an I sclosin

e protocols and reagents
whicBR @@EU¥%xﬁﬂ%qﬁ¥| n the publlcatlons and whi ch night

be used in connection with the invention. Nothing

Pﬁ@@a@gﬁéﬁ?_ & % Céﬂ%gg%% l%@B@Bl@%i%ﬁr’rﬁ § Etl\ﬁﬁON

by 15 virtue of prior invention.. The practice of the
pr ﬁﬁ@n%aubm/@emjcﬁ{‘s Q{@itg)bﬁheduﬁle§§§n @i@ecﬁw;ae ﬂcﬂ:dmm ed,

conventi ona ular bi.ol.0 |

C BhERosS o IR PR B B A0 n S ML AN, ana
skitkhgefts hehkoh .ax esqu@@mmuébe ap‘éb martwr&do Which
t hﬁu?iﬂ:l i)@duM kﬁ{ 'ccﬁﬂﬁﬁﬁ%ne%@i:ﬁl R4 ;flhklféﬂt:ﬂ.dht hetothing

literature. ritsc Qok,
" NBRER{TatS 5D ¥ fo%ﬁtl_xé’g%r 5?’0 ‘Hb%?wf(‘ %E%w%m
CI vaagtlén leatotx:adntﬂtme@aa:b anVeﬁ@hessmcIar@ q4qlqsmrN, by
., gonucl , eoti.de Synthesis"
?I%%ac)% I%Sj]'ETdOllgﬁ? 2?4)1 "Nucl ei ¢ Acid Hybridi zati on”
(B D. Hanmes & S.J. ngglns eds.., 1.985);
" Trmasgfa@ti@@ S A hel [anRsieatt] an've(asi@; ¢avbsy . Sinlless

%Fggusds 1984)3 %f“é’}é 188ha1" Aotlagiifrabio@Yde prant

onln
and animal baology. and recomblnant DNA techniques within

the skill of the art. Such techniques arxe 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); “Transcription and
Translation” (B.D. Hames & S.J. Higgins, eds., 1984); B.
Perbal, “A Practical Guide te Molecular Cloning” (1984),
and Sambrook, et al., “Molecular Cloning: a Laboratoxry
Manual” 12*F edition (1989}.

Tt ig 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
embodimente only, and it is not intended to limit the




30 and Sanbrook, et al., "Mlecular Coning: a
Laboratory Manual" 12th edition (1.989). it is
understood that the invention is not |limted to the
particular materials and net hods descri bed, as these
may 35 vary. It is also to be understood that the
term nol ogy used herein is for3the purpose of

descri bing particular enbodinents only, and it is not

iné@B?Sdokaﬂéfﬁﬂeédﬂt 1nﬁ§nt$6ﬂpﬁh£ﬁhtwﬁﬂlpmﬁsaﬂhlted only
i nyen
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" thgp. | nghyde:pla rl@llczua@f gLange y@f@ﬁeaqdéﬂquﬁe%@nwét
clear|ly dictates ofherw se,
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Su:ehfepéﬁm tstel%s,pland aeldf eirnteden & pilwmneiligy, of such
%)]lglantléef\lsr SIR] GNGErLOCABE £ AR Gifildleigh! 35 o

iteri al's an ods_si'm I ar or
eqH?ﬁ%Jf@Fﬁ’etféPt%@lllwa@séﬂi“ﬁ@@j et n &fFheaglisedvt o

pragteeea D8 ézﬁﬁhndﬂh@dspbeﬁemaxl By eddni D Ldrhe tor eheseed

materi al.s net hads W, , e
0 ¢ h eﬁ?%ﬁﬁegqﬂ 6@%f§no rgggﬁfélnvenfngﬁe%?s ?&
|SPU§S@$¥b@QﬁQﬂH¥9®&Ith@cﬁéﬁf@ﬁi@? Wik @Il Sl Fing WRHAQdS “are

angdbprabybrigkprotein are forned, Mre inportantly, as
descri bed herein, the present invention describes a

mechani sm whi ch explalns t he phenomenon of hybrid
vi §ouone (¢F) tlanddopdest debettsyof HiXe )DresEmbNngeati gn

15 m@ﬂeﬁ@ Péféé’édﬂ%e@ aphas&élamesﬂaﬁm@doj q\rﬂmc@f hy®RYd mRNA
artlzular bi ol ogi cal, g eng ¥€ n co, % Eg
CXPROLST OV TL RECLRTD B| COTRSr eh R e PRSYe heP
of des¢silpad antrsinbDEhe pceseatmhavﬁmunmﬁquﬁqnq@es a
di g ﬂaﬁlﬁn%ﬁkﬂﬁﬁ% qaﬁﬂ%”&ﬁé BAYNPREALE WBMmybrid vigour
b|o ogl Ca dy o
(HV) and hybrld 111ty (HD™} .
20
HV occurs when an offspring displays an enhanced foxm 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
25 zreduced 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

30 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 terxms “hybrid mRNA” and “hybrid protein” as used

35 herein refers to the different oxr multiple species of mRNA
and/or protein that are produced during transcription
and/or translation of the alleles of a single gene.




di sease when conpared to its parents The bi ol ogi ca
phenot ype of HD may be caused directly by a reduction
in the activity of hybrid proteins such as 30 enzynes"
On the other hand, sone hybrid proteins nmay be
recogni sed as i munol ogically foreign and cause the
onset of sone fornms of HD byil#nduci ng an auto-i nmrune
process. The ternms "hybrid nmRNA" and "hybrid protein"
as used 35 herein refers to the different or nultiple
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asse
W8I 1Bch %s FHELS itbe hﬁe%@%ﬁllspﬁogbb&ﬁ ?9?4&%§ %y FRI
Fi gor exdssdheohybralt qupstis tdadrnendetaby FEIn dddnced from
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from enom c structure of al ternatlve FRI al ?s
deé@rlS@HIelﬁt(@orrreQé)tozélf Modz08391 - MBVO!L Bi i . Pl@\?-

19, pl261) - 15 WLD TYPE AND POTENTI AL HYBRI D PRI MARY
PEPTI DES ENCODED BY EXONS 1, 2 AND 3 OF THE FR
ALLELES ASSOCI ATED W TH ARABI DOPSSS THALI ANA STRAI NS
CYR AND JEA. Alternative | prenRNA 55 368 474 nvol ecul es
fromlle E Gn Ez Tyr ' E FRlalletesin Arabi dopsis

55 368 474 thallana strains CYR and JEA (see Phe E

Arg 81 F CyS ea Corre at al., Mal Biol. Evol. 19; ~. +
1261(2002))



358 / 474 Expected wld type lie An Tyr' polypeptides
encoded by exons 368 474 1, 2 end 3, of FRI. Phe Arg
Cys accordngtothe I Central Dogma 55 368 474 Ile G n
Cys 55 368 474 lie Arg Cys Expected hybrid 55 368 474
pol ypepti des generated by nRNA nolecules Arg Tyr
RNAformed in CYR x 368 474 -JEA erosses 95 Phe Arg Tyr
j according tothe novel biochenical 55 368 474 pat hway
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Frigi,da.. ZERABADABSES THY,17388 SARGINZACKR{ AFD tFFEA he
positions of the variant am no acids encoded wthin
exons 1, 2 and 3 respectively. 5 Amno acid variants
encoded by and included in each exon at i "eaC| d

positions 5&,_ 368 and_ 444 are i Mole efmm
~ | i
convent ifonak. @}hr eef | ethé®]code] T @ruugﬂgld%g;nof t he
388 474 gﬂiana dﬂjgm
see
Phe D} » - - Ar‘g@ e Cys@ Correagtal., Mol

4 Bidl. Evel. 19;
\ / / 1261{2002))
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Expected wildtype
lie Gln Tyr polypeptides
encoded by exens
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iy Cys
lie Alg l ) l Expectad hybrid
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r e l Arg I Ty I MRNA molecules
formedin CYR %
525 368 A74 JEA crosses
- aceording to the
l Fhe J Alg Ty novel biochemical

pathway identified

55 368 474 herein.
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55 368 474
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hybrid primary peptides generated in a CYR X JEA F1.
hybrid are predicted by reference to the biochem cal.
pat hway 1.0 validated by the experinentati on above. As
descri bed further bel ow, once the above phenonenon is
recogni sed and appreci ated by those skilled in the art,
it will be readily understgodgthat numerous di sease
states 1.5 can be treated and plant/ani mals inproved.
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5sk|A|rqln0wat:hd avw@?feﬁ equ@ﬁq N anéf ipghydd imeasdy meon
used bfihbi ScidvieddiitnsSissgl ekenanat 474l axe 1ndlcated by

"Di.ctiognary of M bIO| nd | ec r A
DLt el MR and Mibechber Bl ok, 2 cne
andnybtedhpumgw e ks mner@gsg) in" FheYky %s%%ﬁ« )FjothbIld

Se%&%' §e€} | B, . dE8U8ce ?o,tﬁb Bhﬁghﬁﬁi@h%lﬁfthway
rin r rl a an rnam e
10 P B SRBER g%?t%ﬁ’ﬁ%ve&taéﬁs’%aéw?l 991) .

Gbnerally t he nonencl ature and the 30 | aboratory

pr%&egHES§1béﬁFﬁﬁﬂghéyu%éyadnﬂonﬁg'Eh@néﬁéﬁeQ@EEnomenon is

br eedi n as wel as reco |nant DNA tec
doEFPEBHSCR A FRAREGITES ) [P Oﬁﬁoﬁhigﬁ%g%hm Jre. it
enphoyeﬂelﬂe&&&ﬂyéﬂﬂd&ﬁﬁidﬂﬁFtMﬂflﬁEEEEhest@nsmase states

15 ngg' e Pl adleng .Q%r}%gliﬁ\%ﬁ InBEOYER: ce", _ 17

"nuc el'c acid seq uen acl
fragnent"/"isolated nucleic acid fragment" are used

i nh%caasgﬁﬁib\tyommm foﬁhm tnakﬁs aBeoaPas snumber of

G SR A Bl oLV UL o

dowttherwi gandetl ﬁqqhnzcal and scientific tezms uzed herein
20 have the meaning commonly understood by a person skilled

in the art to which this invention belongs. The following
references provide one of skill with a general definition
of many of the terms used in this invention: Singleton, et
al., “Dictionary of Microbiology and Molecular Biology”

25 (2nd ed. 1994); “The Cambridge Dictionary of Science and
Technology” (Walker ed., 1988); “The Glossary of Genetics”
5% B3., Rieger, R., et al. (eds.), Springer Verlag (1991);
and Hale & Marham, “The Harper Colling Dictionary of
Biology” (1991). Generally, the nomenclature and the

30 laboratory procedureg 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.

35 DEFINITIONS

The terms “polynucleotide”, “polynucleotide sequence”,
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optionally contains synthetic, non-natural. or altered
nucl eoti de bases. A po.Lynucleotide in the formof a
pol ymer of DNA nmay be conprised of one or nore segments
of CDNA, genonmic DNA, synthetic DNA, or mxtures
thereof 10 The RNA may be nRNA, "nRNA" or "nessenger
RNA" is a single-stranded RNA7mel ecul e which is
transcribed from DNA and which serves as a tenpl ate

$Ednaemeﬂ@$aé{te SHHURDL Gl%@i,dalnaeqhaﬁme:i%ﬁfa@dd)rmei n. 15
term'jsol ated” polynuclegtide.r A
po%ﬁg@ﬁ.ﬂéo‘?isteo%%aetdoiné%‘sqﬁ%gt g‘ﬁ%%aﬁ% %lzte ?arlgemugﬁﬁier ‘
nué¢heerchengeapigudreed n s Thigsgs tLanus neRcolRAteducd eotlde
?Lgtgﬁ[ueﬁ@éf’l' @f&@zgﬁﬂe angkeex %ﬁ!yﬁ?f@i@&tﬂi adl t%lh y?hllﬁa BNAolymer
at. ‘nor ma accanpany Qr interact.wth
i sBFafld ﬁﬁlg%ﬁa%ed‘g) .Sd')é/lgg?' PEURGUPHET Tl nzifel?r’altlhﬁ?t t
ocoptibngl bpwrordrzemst syisblestied npotyatietzotdrdes teapdoe
PULLEL BRI SO A0S GRlivnlik 188k eRe LHCMdANRIOE a
occur, nventional ndcléic acid purification net hod%
KnBRAYRET sRF | PR Tkt (RSarOTRAY SEE BSetn95PY Vit ASgments of
i sebahedgeabyit dregt isytehetie DERM ab soiendrecahereot
reconbi nant pol . ynucl eot.i,des and chem cally

synt hesi sed pol.ynucdl eoti,des,. The term o

" B88nBVhaMY hRediRA f o TENAPE, "TREFCRIHUIE ¢ 1536
ack8ngegueneendsd rmuherrl@)a_ea:lmlaxtvihﬁl.i:hic 8 coadnatiedn fafgm DINA
two_ .ot herwi se separated _se nt : .
chBRECHPR\FTHES §5%° bF ﬂg‘% 'Ffa%fl%u?%?g%eﬁsno 9 gﬁlantoe cid
nuskgienaei @b a hpraferiet.i ¢ engi neering techni ques. 35 As
used herein, "substantially simlar" refers to nucleic

UERBOPFES ARt Rt PBCGERE IR RBFEFANGC A o the

anpoayactciest il Sequdrceubstedtorlivbitéee ufian csheane

ornﬂgﬁSiénggfﬁegééﬁénces, such as and not limited to other
chromosomal and extrachromosomal DNA and RNA that noxmally
accompany or interact with the isolated polynucleotide as
found in its mnaturally 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 pelynucleotides 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” referg to nucleic
acid molecules wherein changes in one or more nucleotide
bases either results in no change to the amino acid




does not affect the functional properties of the

pol ypepti de encoded by the nucl eoti de sequence.. 5
Substantially simlar nucleic acid nol ecul es may al so
be <characterised by their ability to hybridise.

Esti mates of such honol ogy are provided by either
DNA- DNA or DNA- RNA hybri di satgon under conditions of
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“gynthetic gene” or “synthetic nucleic acid fragments” can

25 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

30 desired macleic acid molecule., “Chemically synthesised”,
ag 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

35 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



a nunber of commercially avail abl e machi nes.
Accordingly, the nucleic acid fragnents can be
tailored for optinmal - 19 gene expression based on
opti mi sati on of the nucleotide sequence to reflect the
codon bias of the host cell., The skilled artisan
appreci ates the |ikelihood of ggiccessful, gene
expression i f codon usage is biased towards those 5
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refer tqﬁgpy gene that is not a native gene,

conpF¥379Y regul at ory and 30 coding sequences that are
not found together in nature. Accordingly, a chineric

28" eééﬁﬁﬂﬁﬁﬁ%iﬁgﬁéﬂnﬂ& Q%gﬂéhsfefers 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

25 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

30 coding sequences that are not found together in nature.
Accordingly, a chimeric or exogenous gene may comprise
regulatory sequences and coding segquences that are derived
from different sources, or regulatory sequences and coding
sequences derived from the same source, but arranged in a

35 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



regul atory sequences and codi ng sequences that axe
derived fromdifferent sources, or regulatory
sequences and codi ng sequences derived fromthe sane
source, but arranged in a 35 manner different than that
found in nature.. "Endogenous gene" refers to a native
gene in its natural, Iocationzbn— t he genone of an
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commonly known three letter symbols oxr by the one-letter
20 symbols recommended by the IUPAC-IUB Biochemical

Nomenclature Commission.

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

25
“Oongervative modified variants” applies to both amino
acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively wodified
variants refers to those nucleic acids that encode

30 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 laxge

35  number of functionally identical nucleic acids encode any
given protein. For instance, the codons GCA, GCC, GCGE and
GCU all encode the amino acid alanine. Thus, at every
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variants refers to those nucleic acids that encode 30
identical or essentially identical am no acid
sequences, or where the nucleic acid does not encode
an am no acid sequence, to essentially identica
sequences. Because of the degeneracy of the genetic
code, a large 35 nunber of fupttionally identica
nucl ei c aci ds encode any given protein. For instance,
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functionally similar amino acids are well known in the

art.

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

1)} Alanine {A), Serine (8), Threonine (T);

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

3) Agparagine (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” refere to
amine acid variation that doeg not involve conservative
substitution. Foxr example, the substitution of an alanine
for a phenylalanine would constitute a non-conservative
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2) Aspartic acid (D), GQutamc acid (E); 3) Asparagine
(N), d,utamine (Q; 4) Argi.ni.ne (R, Lysine (K); 5)

I soleucine ('I), Leucine (L), Methioni.ne (M, Valine
30 (V); and 6) Phenyl al anine (F), Tyrosine (Y),
Tryptophan M (See, e.g.,, Creighton, Proteins
(1.984)). The term "non-consezxative nodified
variation" refers to 35 amno acid variation that does
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a promoler. \PLOAOL £ESy /Y to as enhancers. Accordingly, an
vephancer” isg a nuclecotide sequence which can stimulate
promotexr 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 wmay
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, oY 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” .

wpranslation leader sequence” refers to a nuclectide
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 elenents derived from

di fferent 25 pronoters found in nature, or may even
conprise synthetic nucleotide segnents. it is
understood by those skilled in the art that different
pronoters may direct the expression of a gene in
different tissues or cell types, or at different stages
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20 the RNA transcript is a perfect complementary copy of the

DNA sequence, it is referred to as the primary transcript
ox it may be a RNA sequence derived frxom post-
transcriptional processing of the primary transcript and
is referred to as the mature RNA. “Messenger RNA (mRNA)”

25 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 cDNA can be single-stranded or converted to
double stranded form using, for example, the Klenow

30 fragment of DNA polymerase I. “Sense-RNAY refers to an RNA
transcript that includes the mRNA and so can be tranglated
into a polypeptide by the cell. "runctional RNA" refexs to
sense RNA, antisense RNA, ribozyme RNA, or other RNA that
may not be translated but yet has an effect on cellular

35 processes.

The term “operably linked” refers to the agsociation of



pol yneri se-catal yzed transcription of a DNA sequence.
When 20 the RNA transcript is a perfect conplenentary
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 is referred-t®4as the nmature RNA,
"Messenger RNA (nRNA)" 25 refers to the RNA that is
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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 ox
non-transformed organisms.
25

“Matute 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
vprecursoxr” when used in describing a protein refers to
the primaxy 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.

sTransformation” refers to the transfer of a nucleic acid
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32 6rldbdidig HeguBake MR- a 41940 . 1008 cell. A number of
vectors suitable for stable transfection of plant cells ox
for the establishment of transgenic plants have been

20 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 Publisghers, 1920. Typically, plant

25 expression vectors include, for example, one cr more

5]

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

30 controlling inducible or constitutive, envirommentally- or
developmentally-regulated, or cell- or tissue-specific
expresgion), a transcription initiation start gite, a
ribogome binding site, an RNA processing signal, a
transcription termination site, and/or a polyadenylation

35 signal.

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



1.0 incorporated herein by reference).. Thus, isol ated
pol ynucl . eoti des of the present invention can be

i ncorporated into reconbi nant constructs, typically DNA
constructs, capable of introduction into and
replication in a host cell.. Such a construct can be a
vector that 15 includes a repljgati on system and
sequences that are capable of transcription and
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transcriptional control of 5 and 3" regulatory
sequences and a domi nant selectable marker.. Such
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4, 80&!EﬁiﬁCU§dTﬁ§Atern1"progeny" refers to any
2gsubsequent generati on,

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

25 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 excgenocus DNA molecule not originally
present in a native, non-transgenic plant of the same

30 strain. The transgenic plant wmay 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

35 of expression of the gene.

A “wactor” isg a DNA molecule capable of replication in a



i ncluding the seeds and plants therefrom which is
derived froma particular parental. plant or set of
parental plants. 1.0 "Regeneration"” is the process of
gromng a plant froma plant cell (eg., plant

protopl ast or explant),. "Selected DNA" is a segnent
of DNA which has been introedpged into a host genone..
Preferred selected DNAs 15 will. include one or nore
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10 BRiGBhic plant may additional |y contain sequences
which are native to the plant being transforned, but
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Ve%%o&ig%egent alleles (forms of a given gene) at a
particular gene locus.
20
As used hexein, 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
25 of identical alleles at one or more loci in homologous

chromesomal sgegments.

Throughout the gpecification, the word “comprise” and
variations of the word, such as “comprising” and

30 “comprises”, means “inciuding but not limited to” and is
not intended to exclude other additives, components,
integers oxr steps. By “consisting of” is meant including,
and limited to, whatever follows the phrase “consisting
of". Thus, the phrase “consisting of” indicates that the

35 listed elements are required or mandatory, and that no
other elements may be present. By “consisting essentially
of" is meant including any elements listed aftexr the




DNA nol ecul e used to carry new genes into cells. A
piasmd 5 is an exenplary vector which is an

i ndependent, stable, self-replicating piece of DNA As
used herein, the term "genotype" neans the genetic

makeup of an individual, cell, cell culture pl ant or
10 animal ... As used herein, e term' heterozygote
nmeans a diploid or ponpI0|d indi vidual ce'l'l or
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defined herein, which either directly or indirectly leads
to hybrid vigour or hybrid debility. The factors may be a
result of the direct presence of one oxr more species of
20 mRNA or protein. Alternatively, the factors may be an
indirect result of multiple species of wRNA ox protein.

Ag discussed elsewhere, the inventor believes that hybrid
vigour ox hybrid debility results from the presence cof omne

25 or more species of “hybrid” mRNA or protein. These hybrid
mRNA species or hybrid protein species can be identified
using standard techniques. For example, different wRNA
species can be identified using techniques such as SSCP
(single standard conformational polymorphisms) ox DHPLC

30 (Denaturing High-Performance Ligquid 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 iscelectric focussing. It would also be

35 possible to clone each of the individual mRNA gpecies and
sequence them using standard sequencing. The individual



specified in the disclosure for the Iisted el enents.
Thus, the phrase "consisting essentially of" indicates
5 that the listed el enents axe required or nmandatory,
but that no other elenments are optional. and may or
may not be present dependi ng upon whether or not they
affect the activity or actiom®f.the |listed el enents.
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o I nQb1Lhess RIJRdSe variation in different exons of the

coding seguence wherein the variations lead to amino acid
sequence variation. For example, if a plant or animal
compriges two alleles of gene X ie hetexozygote for gene
X, it satisfies the first requirement as a candidate gene
25 of the present invention. A second criterion would be
sequence variation in the nuclecotide sequence, which
variation leads to amino acid seguence variation in any
expressed protein. A third criterion would be that each
allele containg sequence variation, wherein the sequence
30 variation is not found at the same position in each
allele. For example, in gemne 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 pogition 20. This would satisfy the 2™
35 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 mezely
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woul d utilise standard techniques. Once it has been
identified that nultiple species of MRNA 5 or protein
axe present in an animal, or plant it would be
possible to identify candi date genes responsible for
the hybrid nRNA and/or hybrid protein. The term

"candi date gene", as defined poeviously, refers 10 to
a nucleic acid fragnment, such as an nmRNA fragnment, that
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thlh %rhgerlon woul d be that each allele contains
sequence variation, wherein the sequence 30 variation

is not found at the same position in each allele For
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CrighQhbdthl ok hea@dtld Qerepadsceq @oghangaple, tdieselmann
et al. (1989, Proc., Natl., Acad. Sci. U.S.A. 86:9436-9440) .
1t will also be appreciated by those skilled in the art
that detection of amplificationm in homogenous and/or
closed tubes can be carried out using numerocus 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 taken place. However, because of the nature and speed
of the Roche Lightcyclexr®, the preferred method is by
using real-time PCR and melting curve analysis on the
Roche Lightcyclexr® using fluorescent labelled
hybridisation oligonucleotides.

Although those skilled in the art will be aware that other
gimilar 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
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am no acid sequence. A fourth criterion would be the
vari ations appearing in different exons rather than
nerely - 30 in different positions within the sane
exon. |In one enbodi nent, the candi date gene woul d have
one or nore nucl eotide sequence variations, which code
for amno 5 acid variations, 3aherein the variations
are found in different exons on different alleles" The
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segﬁgﬁ 9k+reandihdat engenes (see, for exanple,
G eselE%hn etgg §n989 Proc. Natl. Acad.. Sci.

OU.S. A 86:9436- 9440),, it will also be appreC|ated by
t hasreski chadidatehgene thas eeddentifaedfit can then be
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et rb BRReFaLE sﬁ’”%fﬁ%y% S Sxiran fiically
ol mqyﬁmd@|§bp.§§§ps of (1) assembllng a suitable DNA
construct useful for inserting a specific DNA seguence

into the nuclear genome of a cell; (2) transfecting the
DNA construct into the cells; (3) allowing random
insextion 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/ox

mutation of the target genome.

DNA constructs can comprise a gene of interest, forx
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 Llimiting.
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Al t hough those skilled in the art will be aware that
other 35 simlar quantitative "real-tinme" and
honogenous nucleic acid anplification/detection
systens exi st such as those based on the TagMan
approach (US patent Nos 5,538,848 and 11 31

5,691, 146), fluorescence polagpsati on assays (eg G bson
et a.1l.., Cin Chem 1997; .43: 1.336-1341.), and the
| nvader assay (eg Agarwal, P et al.., D agn Ml Patho
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enzyme, such as T4 DNA ligase. The isolated candidate
gene can then be incorporated into a plasmid or expression

vector.

Transfection techniques for animal cells are well known to
a pexrson of ordinary skill in the art and materials and
methods for carrying out transfection of DNA comstructs
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 nucleaxr 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.5. Patent 5,633,067; U.8.



30 exanple, a synthetic gene conprising exons taken
from different alleles, wherein different exons
conprise different sequences, as well as a variety of
el ements including regulatory pronoters, insulators,

enhancers, and repressors as well. as elenents for
ri bosonal binding to 35 the RNA transcribed fromthe
DNA construct.. These exanples are well, known to a
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20 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

25 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

30 its entirety herein) for a further discussion of this
process. A variety of electrofusion media can be used
ineluding eg., sucrose, mannitol, sorbitol and phosphate

buffered solution.

35  Fusion can also be accomplished using Sendai virus as a
fusogenic agent (Graham, Wister Inot. Symp. Monogr., 9,
19, 1969). TFusion may also be induced by exposure of the
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may be a protein or glycoprotein capable of blndlng ox

20 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.

25
In one preferred embodiment, the method of electrofusion
described above also compriges a further fusion step, ox
the fusion step described above comprises one donor animal
cell and two or more enucleated cocytes. The double

30 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,

35 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:
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20 The activated reconstituted animal cells, or embryos, are

typically cultured in medium well known to those of

ordinary gkill 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

25 oviductal fluid (“*soF”), B2, CRlaa, medium and high
potagsium simplex medium (“KSOM”).

The reconstituted cell may also be activated by known
methods. Such metheds include, eg., culturing the

30 zreconstituted cell at sub-physiological temperature, in
egsgence 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

35 physiological temperature conditions to which embryos are
normally exposed. Suitable oocyte activation methods are
the subject of U.8. Pat. No. 5,496,720, to Susko-Parrish
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2- apl 8PPLF &) Gna DibrERien@e8i 0R. includes TCM-199 with Earl
salts, 10% FSC, 0.2mM Na pyruvate and 50ug/ml gentamicin
sulphate. Any of the above may also involve co-culture
with a variety of cell types such as granulosa cells,

20 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-192 medium containing 10% FCS

25 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.,

30 mouse or rat) fibroblasts, STO and SI-m220 feeder cell
lines, and BRL cells.

Tn one embodiment, the feeder cells comprise mouse
embryonic fibroblasts. Preparation of a suitable

35 fibroblast feeder layers are well known in the azt.

The reconstituted animal cells are cultured on the feeder
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Al ternatively, phosphorylation of cellular proteins may
be inhibited by introduction of a phosphatase into the
oocyte, eg., phosphatase 2A and phosphatase 2B.. 20 The
activated reconstituted animal cells, or enbryos, are
typically cultured in nmediumwell known to those of
ordinary skill in the art, angyinclude, w thout
[imtation, TCM 199 plus 10% FSC,
Ty a dFel@table
RIS ALOUT sk BicutL e (TRl R
Bzfommnsﬁwmaaﬁm hitgRiPPERESEFTR &1 npF SO et tnd

(" KSOMs) whibg m%pmtﬂd@ﬁ ed pebbutaycalte de mﬂtll vatlegies.

AR T PO SRR DL 50 o

t enped at ateleaﬁt c'd@@-éhé’e t@y%ﬁpr—'?hg am%%px%ﬁexably about
acyugp)| yzﬁoc%ué enpeyf afgare xéh@@&bw ahew&@@m&tduwtsed

cell . Thi n t
thé’efléﬁong‘f*?t%'t‘%ﬁu”ajrﬁwlcﬂ éle g? ?én‘%%r&%t’talﬁll 9
whicehdiigionsd ie¢at iakeouto 30RE. w@rﬁ%lfmmgw\’éﬁh the culture

teﬁBﬁEg&u5§?ﬁ$8%|Iﬁcggﬁéf)ﬁ@hb§E1EEEEYQ§o§tE AT dElihy about

expose oocyte activation net S%S are the
subjesy 8f5AEyS. pateienqRlys aeB 78S TY o° Sudke: Parri sh
- 36 et al., herel n incorporated by reference inits

enth Lo enodBCApt LAl A rscaRel Bﬂhegeéﬁl?ﬂ@ht seehlas

suitable in vi (%uléure
rrema@mgam@m: tirnetlae g@ﬁé‘?eé’{q RGP 8YEnTtRRIRT
BegureHl tvee Medite «ibityableaheferulihdrsngy and
uration of Kk i
ar@ E%ﬁ RPRE g¥aﬁ3£ér§ éyqﬁmhﬁE%ﬁﬂekbx BQWReLH 48 he

nown nme }/1 used for £
bom&eean‘omy@enm@m cland YE $tegsnes, t PnEPﬁH%a‘i—larrﬁaéls cr

% BZE%O%ﬁFQEncﬂ£$ﬁﬁfﬂiﬂﬂlﬁhelf@%iEQSCy&lg of the
yroaes um n-lactat e t
e B mBUPPBRGH: SEb 5 AR S A how REPERER Sin

nediez:d peetcef athestiawe,fbmmﬁlmla Gse®&-foPTt hé“cxltlcal
review of embryo transfer procedures with cattle" in

Fartilization 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-gurgically 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 axt. 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
ig examined and graded by standard procedures known in the
art. Cleavage rates are recorded on day 2 and cleaved
embryos are cultured furthex for 7 days. On day seven,
blasgtocyst development is recorded and one or two embryos,



coll ection and maturation of oocytes is TCM 199, and 1
to 20% serum suppl enent including fetal, calf serum
newborn 15 serum estxual cow serum |anb serum or
steer serum A preferred maintenance nmedi um i ncl udes
TCM 199 with Earl salts, 10% FSC, 0.2nM Na pyruvate
and 50g/ M gent.amci.n sulphate. Any of the above may
al so involve co-culture vvithavariety of cell types
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20 particularly preferred that the term animal produced be a

viable animal.

The present invention can alsc be used to produce embryos,
fetuses or offspring which can be used, for example, in
25 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 organogenesig. Cells, tissues, and organs can be
30 igolated 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 wexe derived, then immunological rejection is
35 averted. Also, because many cell types can be isolated
from these clones, other methodologies such as
hematopoietic chimerism can be used to avoid immunological



1.0 every 2-5 days, preferably about every 3 days. The
nmet hods for enbryo transfer and recipient ani nal
managenent in the present invention are standard
procedures used in the enbryo transfer industry. 15
Synchronous transfers are inportant for success of the
present invention, i.e.., thesfage of the nuclear
transfer enbryo As in synchrony with the estrus cycle
of the reci pien [ t ‘
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preferably are exam ned for pregnancy by
In the present invention omnce a candidate gene has been

20 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
25 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
30 protoplasts (Omixulleh et al., 1993), by the use of
meganuclease - aided transgenesis (see
http://www.cellectis,com) such the use of meganuclease 1-
Scel, by desiccation/inhibition-mediated DNA uptake
(Potrykus et al., 1985), by electroporation (U.S. Pat. No.
35 5,384,253, specifically incorporated herein by reference

in its entirety), by agitation with silicon caxbide fibers
(Kaeppler et al., 1990; U.8. Pat. No. 5,302,523,



rectal pal pation or ultrasonography periodically, such
as on days 40, 60, 90 and 1.20 of gestation" Careful
observations and continuous ultrasound nonitoring
(monthly) preferably is nmade throughout pregnancy to
1.0 evaluate enbryonic |oss at various stages of
gestation.. Any aborted fetusgg should be harvested,

i f possible, for DNA typing to confirmclone status as
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Krzyzek et al. (U.8. Pat. No. 5,384,253, incorporated
20 herein by reference in its entirety) will be particularly
advantageous., In this wmethod, 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.
25 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

30 culture of cells or embryogenic callus or alternatively
one may transform immature embryos or other organised
tissue directly. In this technigue, one would partially
degrade the cell walls of the chosen cells by exposing
them to pectin-degrading enzymes (pectolyases) or

35 mechanically wounding in a contrclled manner. Examples of
some species which have been transformed by
electroporation of intact cells include maize (U.S. Pat.



bet ween species.. in one enbodi nent, the candi date gene
will be a plant gene 5 which is capable of producing
hybri d vigour as discussed supra. Traditionally a
hybrid plant is produced by random event by crossing
one elite inbred plant with one or nore other, 10
genetically different and di-venrse, inbred plants. The
crossing consists of taking the pollen fromone inbred
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gene DNA segments to plant cells in accordance with the
20 invention is microprojectile bombardment {(U.3. Pakt, No.
5,550,318; U.§8. 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
o5 nucleic acides 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
30 for DNA delivery to a recipient cell using microprojectile
bombardment. However, it is contemplated that particles
may contain DNA rather than be coated with DWA. Hence, it
is proposed that DNA-coated particles may increase the
level of DNA delivery via particle bombardment but are

35 not, in and of themselves, necessary.

an illustrative embodiment of a method for delivering DNA
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20 barley (Ritala et al., 1994; Hensgens et al., 1993}, wheat
(U.S. Pat. Wo. 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),

25 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.8. Pat.
No. 5,322,783, specifically incorporated herein by
reference in its entirety), sunflower (Knittel et al.

30 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) .

35 For the bombardment, cells in suspension are concentrated
on filters or solid culture medium, Altermatively,
immature embryos or other target cells may be arranged on



them to pectin-degradi ng enzynes (pectol yases) or 35
nmechani cally wounding in a controlled manner.. Exanpl es
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Rhodes at al., 1.995), wheat {¥hou at al., 1.993),
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those conprised of tungsten, platinum and preferably,

goyﬁgfoﬂécéé%ium—mediated transformation is most efficient in

dicotyledonous plants and is the preferable method for

20 transformation of dicots, including Arabidopsis, tobacco,
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 monocotyledonocus plants. Advances in

25 Agrobacterium-mediated transformation techniques have now
made the technigue applicable to nearly all
monocotyledonous plants. For example, Agrobacterium-
mediated transformation technigques have now been applied
to rice (Hiei et al., 1997; Fhang et al., 1997; U.S. Pat.

30 No. 5,591,616, specifically incorporated herein by
reference in its entirety), wheat (McCormac et al., 1898),
barley (Tingay et al., 1997; McCormac et al., 1998), and
maize (Ishidia et al., 1996).

35 Modern Agrobacterium transformation vectors are capable of
replication in B. colil as well as Agrobacterium, allowing

for convenient manipulations as described (Klee et al.,
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Application of these systems to different plant strains

25 depends upon the ability to regenerate that particular

plant strain from protoplasts. Tllustrative 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; Omirxulleh et

30 al,, 1993 and U.S. Pat., No. 5,508,184; each gspecifically

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},

35 barley (Lazerri, 1995), oat (Zheng and Edwards, 199%0) and

maize (Omirulleh et al., 1993).
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for 20 transformati on of dicots, including Arabidopsis,

ZM}OQQﬁ?%dcxoprojectile bombardment transformation in
accordance with the current invention, both physical and
biological parameters may bhe optimised. Physical factors
are those that involve manipulating the
DNA/microprojectile precipitate or those that affect the

25 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

30 Yombardment, the orientation of an immature embryo or
other target tissue relative to the particle tzajectory,
and also the nature of the transforming DNA, gsuch as
1inearized DNA or intact supercoiled plasmids. It is
believed that pre-bombardment manipulations are especially

35 important for successful transformation of immature

embryos .
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Both physical and biological parameters for bombardment
may be addressed for further optimisation of ballistic
transformation. Physical factorxs are those that involve
manipulating the DNA/microprojectile precipitate oxr those

25 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-bowbardment culturing
conditions, such as osmotic environment, the bombardment

30 parameters, and the plasmid configuration have been
adjusted to yield the maximum numbers of stable

trangformants.

(i) Physical Parameters
35
1. Gap Distance
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(see, e.g., Potrykus et 20 al,,, 1985; .Lorz et al.,
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25 observations, it isg recommended that bombardments
typically be done with a flight path length of about 1.0
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3. Tissue Distance

30
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

35 wave. A decrease in velocity also will resgult in shallower
penetration of the microprojectiles.
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tramﬁérmpmﬂjeutlle may comprlse the physical reversal of

20 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

25 comprise the physical attachment to the micropzojectile.
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

30 transformation of a target cell wmay occuxr by way of direct
recombination between the transforming DNA and the genomic
DNA of the recipient ¢ell., Therefore, as used herein, a
“coated” microprojectile will be one which is capable of
being used to transform a target cell, in that the

35 transforming DNA will be delivered to the target cell, yet
will be accessible to the target cell such that

transformation may occur.



efficiencies may be w tnessed between bonbardnents

using 1,0 industrial grade (99.99% pure) or ultra pure
hel ium (99,999% pure), although it is not currently
clear which is nore advantageous for use in
bonbardnent,. One may also optimze the trauma
reduction factors (TRFs) by nmodifying conditions which

i nfluence the physiological state of the 1.5 recipient
cells and which nmay therefore influence transformation
and integration efficiencies. For exanple, the osnotic
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(mage01 hol der) can be adjusted to vary the distance
?etmeen the rupture disk and the nacroprojectil.e
.e.., the gap distance. This distance can be varied
f r o et e Ricel v Theayirigdiest mdyebé eptepafed by

functionalising the surface of a gold oxide paxticle,
providing free amine groups. DNA, having a strong negative
charge, binds to the functionalised particles.

20 Furthermore, charged particleg 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.

25
Ag disclosed above, it furthexr 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

30 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 staxting microprojectiles.

35 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
te 250 ng, 2.5 ng to 100 oxr 2.5 ng to 50 ng of



5 shorter gap are an increase of velocity of both the
macro- and m.croprojectiles, an increased shock wave
(which leads to tissue splattering and increased
tissue trauma), and deeper' penetration of

m croprojectiles. Longer gap distances would have the
opposite effects but may incremse 10 viability and
therefore the total. nunber of recovered stable

t r apsd i mantisig DR mbki 8Bt uBkatEae aalarb iThe Wy ¥ed sResting
(cont ai ned mnthln the vari abl e nest) can be varied

bet WeEPRF Y Se8d 15525 cm i n predeternined 0..5 cm

increnents by the placenent of spacer rings to adjust

thev Ha@tot@l%&hmtem a%sﬁggbé(l g@%@%@ww %tclxeaséhort

ater st abpi
ﬁmc?wsoqp%ﬁtu% s6t rlﬁlfaPF‘ghi‘n%{Rr rlé'd’lfce@yst%é:h&véreéﬁf:we
velgxnﬁqmuﬂbﬂ:be 1@k ebpprax&ﬁéfé st iloic revased  StFabki Ektyple,

2 B Sl R o
sone! Poiaipliiner pRosPRaraert 9* AR agfno Whicheddl Dlunt DNA
| nséad |gadidor ot |t|I@ﬁbfoBﬂ§€ﬂo@ﬂ %.lolb&ﬁfﬂtaiequn&n ihei®

ecommende hat nbar d al | Q
L] R 1 Pe R S8 TRBOTEe]. ot i, o 2Sgpehigy bha?
Ti sthrcadivs tlameeing0 theagéfentivf tﬂ%n&ﬁ@ﬂmhﬂﬂ #NPhe gun
Chaﬂyﬁged3¥&ﬂf%ﬁewn%hgﬁtfUS@@fl fﬁﬁgfbﬁalall amount of DNA

mcro rOJ ctile penetration ing.the fligh

Catteo hesm CePBRTunae: rrecyi e rstaves Jat Bebey
anopattremmaip@slswtabadSMt hie heo &5 4358 wdhid edADec. 22,
psdecigase iy \agls%%ts.ml 88 Whidn f&%ﬂetci'ﬂc%hélly‘ QW%BIporated

penetratlon of the mcroprojecti]
AR BY FEACHEPSEI SR OF° tHREYRRIY -and nunber of

rupture di sks,

(ii) Biological Parameters

20 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

25 senescence of the tigsue. The addition of antiethylene
compounds could increase transformation efficiencies.
Second, it is proposed that certain pointse in the cell
cycle may be more appropriate for integration of
introduced DNA., Hence synchronisation of cell cultures may

30 enhance the frequency of production of transformants. For
example, synchronisation may be achieved using cold
treatment, amino acid starvation, or othexr cell cycle-
arresting agents. Third, the degree of tissue hydration
also may contribute to the amount of trauma associated

35 with bombardment as well as the ability of the
microprojectiles to penetrate cell walls.



pressure can be varied between 400 and 2000 psi, within
the 5 gas acceleration tube. Optinmum pressure for
stabl e transformati on has been determ ned to be between
1000 and 1200 psi. 5. Coating of M,croprojectiles.
1.0 For nicroprojectil e bonbardnent, one will, attach
(i.e.. "coat") DNA to the m_cgQ prOJectlles such t hat
it is delivered to reC|p|ent cells in a formsuitable
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bei ng used to transforma target ce at the
transforming DNA will be delivered to the target cell
yetTtwldo e aeeessiebbetta thettarisitbeldlsuehybhdt veast

20 cells allow increased transformation efficiencies (Armaleo
et al., 1%90). Tt was hypothesgised that the altered
osmotic state of the cells helped to reduce trauma
associated with the penetration of the microprojectile.
Additicnally, the growth and cell cycle stage may be

25 important with respect to transformation.

1. Osmotic Adjustment

It hag been suggested that osmotic pre-treatment could

30 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

35 Application WO 95/06128, sgpecifically incorporated herein
by reference in its entirety). Pretreatment times of 90
minutes showed higher numbers of GQUS expressing foci than



transformati on may occur.. - 49 Any techni que for
coating m.croprojecti,les which allows for delivery
of transformng DNA to the target cells nay be used.
Met hods fox coating mcroprojecti.l.es which have 5
been denonstrated to work well with the current
inventi on have been specifica&iy di scl osed herein" DNA

may be bound to m,croprojecti.l.e particles using
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25 As discl osed above, it further is proposed, that the
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| NCLEASENces necessary for maintenance of the plasmid vector

in the bacterial host, eg., E. coli, such as antibiotic
resistance genes, including but not  limited to ampicillin,

20 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

25 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 fox purification of

30 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 technigues, enzyme

35 digestion of the agarose, or binding of DNA to glass beads
(e.g., Gene Clean). In addition, HPLC and/or use of
magnetic particles way be used to igolate DNA fragments.



the proportion of single copy insertion events. In this
regard, approximately 1 ng to 2000 ng of transform ng
DNA may be used per each 1,8 ng of starting

m croprojectiles. 35 In other enbodi nents of the

i nvention, approximately 2,5 ng to 1000 ng, 2.,5 ng to
750 ng, 2.5 ng to 500 ng, 2.5 fg _to 250 ng, 2.5 ng to
100 or 2.5 ng to 50 ng of 50 transform ng DNA may be
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i nc gﬁﬁftt Anshorsmtin ekhhckepsies. Second, it is
pro%osed that certain points in the cell, cycle may be

nore appropriate for integration of _
Nutrient media is prepared as a liquid, but this may be

20 solidified by adding the liquid to materials capable of
providing a solid support. Agar is wost 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.

25
Some cell types will grow and divide either in liquid
suspension or on golid mwedia. As disclosed herein, maize
cells will grow in suspension or on solid medium, but
regeneration of plants from suspension cultures requires

30 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.

35
Recipient cell targets include, but are not limited to,
meristem celle, including the shoot apex (U.S5. Pat. No.
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i ntroduced DNA, Hence synchronisation of cell cultures
may 30 enhance the frequency of production of
transformants. For exanple, synchronisation nay be
achi eved using cold treatnent, am no acid starvati on,
or other cell cycle- arresting agents. Third, the
degree of tissue hydration -abg$o-may contribute to the
amount of trauma associated 35 with bonbardnent as
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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

25 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

30 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

35 transforming with desired DNA segments may be any plant

cellg including corn cells, and more specifically, cells

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



25 inportant wth respect to transformation” 1.
Gsnotic Adjustnent It has been suggested that osnotic
pre-treatnent could 30 potentially reduce bonbardnent
associated injury as a result of the decreased turgor
pressure of the plasnolyzed cell... In a previous
study, the nunber of cells trapsiently expressing GUS
increased foll owi ng subculture into both fresh medi um
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to enxlchment of recipient cells for use in, microprojectile
20 transformation. Suspension culturing, particularly using
the media disclosed herein, way improve the ratio of
recipient to non-recipient cells in any given population.
Manual gelection techniques which can be employed to
select rxecipient cells may include, eg., agsessing cell
25 morphology and differentiation, or may use various
physical or biological means of selection.
Cryopreservation is also a possible method of selecting

for recipient cells.

30 Manual selection of recipient cells, eg., by selecting
embryogenic cells from the surface of a Type II callug, is
one means that may be used in an attempt to enrich fox
recipient cells prior to culturing (whether cultured on
solid media or in suspension) . The preferred cells may be

35 those located at the surface of a cell cluster, and may
further be identifiable by theixr lack of differentiation,
their size and dense cytoplasm. The preferred cells will



transformation.. An exenplary nmethod of purification is
gel electrophoresis on a 1.20 low nelting tenperature
agarose 25 gel, followed by recovery fromthe agarose
gel by nmelting gel slices in a 6-10 fold excess of
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range of formulas 15 for optlrrum grow h. Rate of cell

g T I i
typehiclude the use of isozyme markers of embryogenic cells,
20 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 xooty cells
25 which nonetheless have a relatively high metabolic

activity.

Tn one embodiment, a hybrid mRNA molecule derived from the
candidate gene, or a hybrid protein derived from the

30 hybrid mRNA molecule, rather than producing hybrid vigour,
will overcome, treat oxr at least alleviate the symptoms of
disease. Tt will be appreciated by those skilled in the
field that the experimental protocols outline above may be
used to bring about this outcome.

35
Generally, the terms “treating,” “treatment” and the like

are used herein to mean affecting an individual or



Nutrient nedia is prepared as a liquid, but this may be
20 solidified by adding the liquid to materials capabl e
of providing a solid support. Agar is nost commonly
used for this purpose.. Bactoagar, Hazelton agar,
Ge'irite, and Celgro are specific types of solid
support that are suitable forggrowh of plant cells in

tissue culture. 25 Sone cell, types will grow and
di VEfg bt Neddy Gl c3USRENST 08, Obe ik SPlddhvedl 2.
ASdIS% osed herein, maize cells wWill grow.in
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ciggg%gfl&a#p a‘r[‘%dn 5 I ol §§§ngel I s which are capabl e

ng as ¢ i'é also recipient cells
for 10 genetic transformation. The present invention

pr oghgesa dgraiicesiken hEanstoedl Rich e i Rnbayrobeen
argﬂ S%E%%ﬂ%%ﬁ&i&? %Ha1%%Egngggefegtlléhﬁfﬁﬂ%%ﬁﬂﬂofcgenes
P hasg been identified then these genes or gene products may
20 be administered to the plant or animal either uging the
techniques described above with respect to hybrid vigour

or using standard medical or agricultural techniques.

The terms “administration,” administering,” and

25 “administered” are used herein interchangeably. For
example, the candidate gene products wmay be administered
orally including sublingual, topically, or parenterally in
dosage unit formulatiomns containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants, and

30 vehicles. The texm parenteral as used herein includes
subcutanecus injections, aeroscl, intravenous,
intramuscular, intrathecal, intracranial, injection or

infusion techniques or rectal or vaginally.

35 In another aspect of the present invention the hybrid
proteins can be isolated and further studied to determine
whethey ox not they have an effect on EV or HD. For



Transformati on of i mmature enbryos obviates the need
for long termdevel opnent of recipient cell cultures.
Pollen, 1.5 as well as its precursor cells,

m crospores, may be capable of functioning as
recipient cells fox genetic transformation, or as
vectors to carry foreign DNA %%r_ i ncor poration during
fertilisation. Direct pollen “transformation would
obviate the need for cell culture. 20 ,Merij st ennt,i ,
colPRELee. 2IBFERE a1 CRpatTBrAOSBaRE FHuar = daTid
di Wasiterimednchar asternisetl by anageditiher 8hei anege acid
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1ocontinued cell division in an undifferenti ated st at e,
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cel it can serve as_recipjent, cells fox 35 _ .
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cells including corn cells, and nore specifically,
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20 The values of these physicochemical properties of a
protein or are well known to anyone gkilled in the art.
Structural and functional differences between hybrid
proteins and wild-type proteins in vitro axe determined by
interrogation of their amino acid sequences using a seriesg

25 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
thoge available through NCBI databases, EMBOSS databases

30 ox those available through the GeneCards website of the
Weizmann Institute of Science
http://bioinfo"weizmann.acuil/cards/indexustml

The invention will now be further described by way of

35 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



cul tures useful, in the context of the present
invention, 10 eg., as recipient cells for
transformati on, has been described in U S. Pat. No.
5,134,074; and U. S. Pat.. No.. 5,489,520; each of
which is incorporated herein by reference inits
entirety.. 1.5 Certain technigsgs-nmay be used that
enrich recipient cells wthin a cell population. For
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sel ect i on. Cr yopnesgavarinan FSrad mmm gonetbods
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of selecting for re S al selection
of recipient cell N 5§§§53§§§5e21§§§¥§&§ryogenic

cells fromthe surface of a Type Il callus, is one
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di fferentiattion, heir size an opl asm
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r el &g \ﬁ@lf)fel;r‘i’y’é’@uép Bpedeewnteree mfgii?NA w1th1n exons 2 and 4
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 wmRNA 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 ox
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 III 2,
who wexe confirmed by segregation studies to be
heterozygous for the two allelic forms of DNMTZ (see

Franchina et al,. supra).



5 nucleus to cytoplasmratio (e.g.., determ ned by
cytol ogi cal observations), small. in size (e.qg.,
10-20m), and capabl e of sustained divisions and
somatic proenbryo formation. 1.0 It is proposed that
ot her nmeans for identifying such cells may al so be
enpl oyed. For exanple, through:4he use of dyes, such
as Evan's blue, which are excluded by cells wth
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it 1s

: wever cautioned that the use of

|.sozyne mar kers i ncluding glutamate dehydrogenase may
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ed
molecules found 1n subject III 1 were congequential to
some Form of mitotic recombinational event, mRNA species
20 were examined similarly from the PBL of subject III 2.

Ag 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,
25 however, indicated that hybrid mRNA molecules had been
assembled. Two of them included exon 2 from the DNMTZ2 IT
allele and exon 4 from the DNMTZ I allele. The sequence
of a further clone revealed that a spliced mRNA molecule
had been assembled by incorporation of exon 2 from the
20 DNMT2 I allele and exon 4 f£rom the DNMT2 II allele.

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



phar macol ogi cal and/or physiol ogical effect. The effect
may be prophylactic in terns of conpletely or partially
preventing a di sease or sign or synptomthereof, and/or
5 may be therapeutic in terns of a partial. or conplete
cure of disease. "Treating" as used herein covers any
treatnment of, or prevention of z¢lisease in a plant or
animal, and includes: (a) preventing the disease from
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pl a 1?? ' e n descri bed

above respecéfé J%%drnﬁ%ltsg hgbgggrfﬂgﬁ%g st andard
1lpedi cal or agricultural, techniques. The terns

"adm ni stration,” admnistering," and 25 "adm ni stered"

are used herein interchangeably.. For exanple, the

candi dat e gene products nmay be admi nistered orally

i ncludi ng sublingual, topically, or paxentexally in

dosage unit formnul ations containing conventiona

non-toxi c pharmaceutically acceptable carriers,

adj uvants, and 30 vehicles. The term parenteral as used

herei n includes subcutaneous injections, aerosol,

i ntravenous, intranuscular, i.ntrathecal,

i.ntracrani.al, injection or infusion techniques or

rectal or vaginally. 35 In another aspect of the

present invention the hybrid proteins can be isolated

and further studied to determ ne



whet her or not they have an effect on HV or HD. For .-
58 exanple, alteration in the i munogenicity of a
hybrid protein can be determ ned by subjecting the
amno acid sequence of the hybrid protein to a series
of proteom c and physi,cochem .cal. anal yses" Mny
different analytical 5 and corgut.eri sed prograns have
been conpiled. An exanple of a suite of prograns that
may be used to conpare the genici,ty of hybrid
proteins to each of the paréﬁggﬁgghnld types is offered
by ePitopes Informatics.. For references see

ht t prétivsueRiN Qe -SeeEmR DN ECoRkRe o RIUESES I MEtEPHERAL

Ab Eﬁ@%ﬁ%ﬁéﬁiﬂé%iiky SPOCRRE GREsmNT AT
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5|nvest|gaﬁmwéngMgRaﬁ$C POSBPERNS (WIFHTNgEROHSty AND 4.
prediction algorithms" 15 ii./ protein hydrophob|C|ty
algorithnms. iii/ protein hydrophili.city algorithmns..

i v/ -protein flexibility prediction-at—gorithms—w
protei n seoaptatyustripgbure al gorithnms. 20 ﬁhﬁemalues
of these, physigachen cal,propertigs of a prefebn or wixs
ar e- KRowWR—t-6 aftyofre—SKtT et TN theart
Structural®and functional differenées between thybrid
proteins and wild-type proteins ingvitro are determned g
by interrogation of their, am no acid sequences using
a series 2b of freely avai |l able anal ytical prograns.,
The potential structural, or functional. featyres of
hybrid pr&ieins rnnnar9§ to wild-fype. protei-ns are

oa]

L)

eval uat ed usi ng any of a wide range of proteomnc
anal ytical software including those available through
NCBI dat abases, EMBOSS dat abases 30 or those avallable
10t hriekyghe t HBeGonBOEYHES WBNNTE eI 4T tWare WOPEA#RRd in subjects

| nsft+ uf e 1aft $Ci eABepNMT2 I/T and DNMT2 II/II in subjects T
ht t:P E{.r{l blIlolégangspec*:lvejfy gy peé:{é:raéedsalﬂaqgf%x St
Franchina and Xay, Hum. Hered. 52,210 (2001)).
*3 mixture of mMRNA from the homozygous DNMT2 I and DNMT2
15 IT parents of subjects IIT 1, III1 2, (IL 3 and IT 4) was
also subjected to RT-PCR and the products cloned and
sequenced. No inserts were found which specified G-T ox
A-C spliced DNMT2 mRNA molecules in the mixed mRNA sample.
Thege results confirm the presgence of an in vivo primary
20 transcript splicing system involved in trang-exonic, bi-
allelic assembly of mRNA molecules.



The invention will now be further described by way of
35 reference only to the follow ng non-limting
exanples. It should be understood, however, that the
exanples followwng are illustrative only, and should
not be taken in any way - 59 as a restriction on the
generality of the invention _dgscri bed above" in
particular, while the invention has been described in
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al | i ncl u nucl eotides A and T in these
1%03|t|ons respectively., Thus the difference in the
sequgpea1&f &SMNA Wit h(ima%xonmﬂz &Bd . ¢eRO et weare % dalreoEhown

the_two aIIellc f I
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genEyp¢|@gl@bm%J, pol ypeptide or protein nDIecuIes
uni que to heterozygous offspring. In order to
det ermi ne_whet her._and how.ef fi ci en

t Q
oo FEBLR? oS GG ORRF2 CaPToPt pIALRe: e Hinges that

| ncenpoedat @ifferent amino acids in different allelic forms of
20 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

25 acid position 447.The distribution of nucleotide sequence
differences which encode the alternative amino acids at
positions 126 and 447 of the calcitonin receptor satigfy
the structural criteria required to enable the formation
of novel or hybrid forms of calcitonin receptor in

30 subjects who are heterozygous for different allelic forms

of the calcitonin receptor gene.



into the sane mature RNA nol ecul e after splicing of the
primary transcript, nmRNA was isolated fromthe

peri pheral blood :Leukocytes (PBL) of two subjects

[:11 1 and Il 2, who were confirmed by segregation
studies to be 35 heterozygous for the two allelic forms
of DNMI2 (see Franchina at a%4. supra). - 60 The nRNA
was subj ected to RT-PCR u3|ng prlners which anplified

a region of cDNA of approxi 480bp that included
exons 2 and 4 from DNMI2. TF products of
approxi mately 480bp in length fromsubjects |1l 1 and

::;TI P5 e cfpﬂ W%?%@E%%&bﬁsc%@ﬂ:@md}f mnbcf@ghmmo

i nsert &G be y
gl 1 reflected bi - aIIellc @i_jgggge33|on of DNNWZ and
as expected, cis-assenbly of exons 2 and 4 in the
mat ure nRNA nol ecul e, one of the clones howeye
i ncinided saishbose.tpevduct  tEERT conpr |%@°eﬁ8ﬁdzal¥%’?ﬁ‘t”e
the DNMr2 |1 allele and exon 4 fromthe DNMI2 |
allele, A further clone conprised exon 2 fro h
IT 15 all el e 328 wel | as exon 4 fromthe DNNW21| % P@WE@
1gTo assess thes eproducibility of these flndlﬁﬁsﬁéﬁanﬁﬁe
exclude the possibility that. the two apparent hybrid
MRNA nol ecul es found in subject Il 1 were
consequential44%to some formof mitotic ‘
reconbi . nati aquad event, nRNA species 20 were dxafiswegne
simlarly fromthe PBL of subject IIl 2.. As shown in
Table 1, 11. of 14 clones contained inserts, which
1gxeflected bi.-allelic expression of DNM2 and ci s-
exoni ¢ assenbly. The structure of a further 3 clones,
25 however, indicated that hybrid nRNA nol ecul es had
been assenbl.ed., Two of themincluded exon 2 fromthe
DNMI2 11" allele and exon 4 fromthe DNMI2 | allele"
The sequence

(P) Proline



of a further clone revealed that a spliced nRNA

nol ecul e had been assenbl ed by incorporation of exon 2
fromthe 30 DNMI2 | allele and exon 4 fromthe DNMI2 |
allele. nRNA was then isolated fromthe PBL of a
further two subjects, 1.1 3 and Il 4 (Franchi, na et

al ,

supra) who were confirnggd to be honozygous for

each of the two alternative 35 allelic forms of DNMI2.
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ave beég fﬁgﬂt(¥1ed Some of them, ASL (DB87G), ASL({Q286R)

and ASL{A398D), for example, encode mutant forms of ASL.
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 ag ASL(Q286R} and
ASL(D87@) in heterozygous form from each of their affected
parents, a form of HV is observed whereby activity of ASL
is restored (see Walkexr 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
ASIL, 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



11 1., 11l 2, and DNMI2 1/1 and DNMI2 TI/I1 in
subjects Il 3 and Il 4 respectively by pedigree

anal ysis (see Franchina and Kay, Hum . Hexed 52, 210
(2001)).. *A mxture of nRNA fromthe honbzygous DNMI2

| and DNMr2 15 IT parents of subjects IIl 1., In 2,
(IT3 and Il 4) was also subjggted to RT-PCR and the
products cl oned and sequenced No inserts mere f ound
whi ch_specifie e :
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2, exon encode e | euci ne_or %nl ne at
an]agneratlon of the mutant alleles G105R 170M and A354T,

reside in exons 4, 5 and 10 respectively. The

20 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 akove.

25
EXAMPLE 5 LONGEVITY AS A MAMMALIAN HV MODEL FOR NEW

BIOCHEMICAL PATHWAY

The Klotho gene (KL) encodes a putative type 1 membrane

30 ©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 uncextain. It is recognised however that
KL, influences longevity because mice that have defective

35 forme of a homologous gene show symptoms resembling human
aging including atherosclerosis, emphysema and
infertility. Evidence also indicates that Klotho reduces



acid position 126 whereas proline or |.euci.ne my be
encoded by nucl.eoti.de differences within exon 9 at
am no 25 acid position 447. The distribution of

nucl eoti de sequence differences which encode the
alternative amno acids at positions 126 and 447 of
the calci.toni.n receptor satigfy_. the structural
criteria required to enable the formati on of novel or

hybgg ?é?é%s&ﬁx§a d %&c%%ethg%ﬁpfﬂr 1h£‘+§@m§é“?p\o‘¥tta% 10 (see

are ous for ent al orns
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OF PBEEFOTI DE CHANGES WHI CH ENCODE AM NO ACID

DI FFERENCES I N ALTERNATIVE CALCI TONI N RECEPTOR_ 5
ALLELES Am no acid posi . on Exon Ami no acid

Bl t Ennkeepeng 126N ¥ Ill)um@e!umpd@l 6 HY6 a yeyenty gitpidye has

447sﬁoéﬁﬁtﬁ§@lﬁéﬁéxd%yéo%s(kﬁo%ﬁ%cbﬁﬁjeéé% afg5at less IlSk

Accor to_the invéntion described herein

ConBE nae B T AT aERn S oahopbe ePBnes it dhi Ughifs et
wi t hiln, t beoeca) ci ¢0md.n Regcepbor pédapri se, (a)

| euci ne/ proline, (b) Leuci. ne/I euci , ne, (c)
arginine/proline 5 and (d) glnlnelleu0|ne

16vhi eRCEBHr A ing dihey &éconarn P€§t9\ﬁ’ér%’2\§1‘fcf1]ee9§tll‘f]§r chRgIes
cormhhﬁeehybcﬁda diiorememf aiiec ealdbt bni @l teceptiore wiilehic

frabobme. oF REOE0 sl R RBRR PR TR DR RS
MAVKAE 1 ARLOMODRET R Sy IEORANEVPB| BEREMITRDFRFHWAE S OWH in
humggs;ecat, | @ash D diddeertitakkebicrining of ghdigenat

15 amino acid position 15 and either valine or phenylalanine
at position 45. Exon 2 encodes either valine or
phenylalanine at position 352 and either serine ox
cysteine at position 370. Either sexine ox proline,
encoded by nucleotide changes within exon 3 wmay occupy

20 amino acid position 514.

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



whi ch encodes the enzyne argi.ni,nosuccinat.e |yase
(ASL) 15 have been identified. Sonme of them ASL
(DB87G, ASL(@QR86R) and ASL(A398D), for exanple, encode
mutant forms of ASL. Subjects that are honobzygous for
each of these mutant forns of ASL produce an inactive
formof the enzyme [|eading tggthe onset of a disease
known as 20 argi ninosuccinic aciduria"™ It is well
recogni sed that in offspring ﬁgg i,nherit nutant
allelic forms of ASL such a 86R) and

ASL(D87GQ in heterozygous formfromeach of their

af f e%ﬁ&’u 2B or dickBebs ikncabetied stenebpimio

act i vitty—of s Testored (See VA T ;

(1007, JACTD T FIRCES 55 LRSI HR AT JTLELES
sby reference)” The alleles mhlch encode ASL(D87C3 and
ASL(Q286R) are characterised by nucleotide differences
which are |ocated within different 30 ASL exqns.
nucireiotd derich@egésionat gendfsd® aspdftie a&&?dabr’ematlve
glycine at amno acid position 87 are located in exon
3 whereas the nucl eotide changes that encode  g)ugggine
or arginine are located within exon 1.1... The

10 ocal i satiian of nucl eotide sejuence dlfferencég wRF2h
35 encode fhe alternative amipo acids at posit(i ®n3a87
and 286 in exons 3 and 11 respectively satisfy
structural4>criteria reqU|redfto permt the angheS|s
of normal .2s85L - 66 enzyne id subjects who ard) Val
het er ozyg for two differeny nutant forns q@)tbﬁeASL
gene. EXA 4 CYSTINUR IA AS A MODEL OF HV E 5@/ 5

19| OCHEM CAL7PATHWAY Cystinurid is a hunan di s e!
characterisggd by inpaired renal absorption of(S¢y§eine
and ot her Jno acids. One fgrmof cystinurigsy sger
(referred as non-type 1 cysti.nuria) 10 has Qe%n
shown to b&l&aused by nutatiofs in a gene o




desi gnated SLC7A9. Honozygosity for nutant forns of
SLC7A9 such as GlO5R, V1.70M and A354T results in a
mar ked reduction in cystine reabsorption. As shown by
Font et al., (2001), Hum .Ml . Genet.|0, 305,

het er ozygosity for 15 each of these nutant forns of
SLC7AQ results in dramatic regdoration of cystine
reabsorption. In keeping with the nopdel nucleotide
changes within SLC7A9 which result in generation of
the nmutant alleles d05R VI1.70M and A354T, reside in
exOBEAYPLE Gnd 10 GYEIHECHFIBRLGIS The &M | Ok HVoANof
t he nucl eoti de changg®ush chrangodeveagirrmizddred hr ee
nmut ant fornms of SCC/7A9 satisfy the structural.

requi renents needed to synthesise normally active
BLCIASEiG rfismmm s.swomearé hbeevorigorsndsy campawgepktic
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EXAMPLE 5 LI AN HV MODEL
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putaflmﬁetQRmRZbeﬁ@ﬁbrEHEeaga pani Beacasi vl lrefiSlemt a form

secpeted d—xgﬁlﬂt&m@“bteffswseﬂst.lgﬁ%hifn}aﬁlsabﬁ@ GaSgde

in na f'erent "tissues such

1i dﬁé@f 1griostte @radd cdndiem FhespiRnt tl’sal?blrcé?éﬁpé?@ inherited
f uney i oy redd s lwRc anldaividubt . i s recogni sed however
that KL influences |ongevity because mce that have
defective 35 forns of a honol ogous gene show synptons
res@h@l¢1ﬁﬁﬂﬂﬁnﬂff%ﬂ$5n@uﬂﬁépéé|ﬁ@g%@$mﬁﬁﬁ&94ﬂﬂﬁyhﬁe lungs
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1o ¥’ “%#329?# & At 4P R5opoad THPkI iy S dHToay,
(2082)ostPraonl Natllleagvas. (HewpshUSA agg, Fe56). At Pn Hum.

keeglig. Wty ahuney medel ehatMadi é@@@rﬂha&,t Wy chas

shown t hat het er ozygou | ot ho subj ects are at
rlskomozygous for dif erent CFT& mutaéﬁons, AQT% F508

and G551D, had more severe pancreatic involvement and

20 intestinal dysfunction compared to patients that had
inherited the same two mutant alleles in hetexozygous
form. Tt follows from our technology that disease
attenuation is brought about by synthesis of perfectly
normal CFTR moleculesg in heterozygous, rather than

25 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
30 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
35 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



of early death conpared to honbzygous subjects (Arking

et

al.,, (2005), G.rc.. Res. 96, p41.2, 10 Table 3

details the exonic |ocation of nucleotide changes that
encode different amino acids in alternative allelic
forms of Klotho gene products. Coding region sequence
variations were retrieved from NCBlI databases. As shown

in

Table 3, exon 1 encodes &itfAef gl . utam ne or

praline,at 15 am no acid p05|t| on 15 and either valine
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includes
nucleotide changes that encode either asparagine 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 subijects 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 (¢) 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 foxrms.



51.4 3 (S) Ser 514 3 (P) Pro - 69 EXAMPLE 6 CYSTIC
FIBROSIS AS A MODEL FOR HV I N COVPOUND CFTR MJTANT
HETEROZGOTES 5 Cystic fibrosis is one of the world's
nost conmon genetic disorders. it is autosonm
recessive in nature and caused by inheritance of two
of a large number of nutated forns of the CFTR gene.
Di sease nanifestations reflect’a form of HV as
illustrated bel ow, are hlgh|§éégﬁl ble and are 10
difficult to predict fromth Faht hapl ot ypes
inherited by any particular individual,. The di sease
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Hanosh and coIIeaquQRBHHWDBEEeKGam6$)(HLEE&Q&/Mn J.
Hum Genet.., 51, p 245) found that. patients that
were honozygous for two different CFTR nutatloni
delﬁﬁlFQO%Clgﬁﬁxﬁﬁéan hadEfBRe sevel B AGichprLernative
i nvol venent and 20 intestinal. dysfunction conpared to
patients that d inherited {he sane two nyﬁfugx inine
alleles in hetérozygous form. It follows fro
1G echnol ogy t hat2 di sease attehuation is br otfg tG¥ﬁﬂﬁH¢
by synthesis ofagerfectly nornal CFTR nol e¢w) esspadragine
het er ozygous, t her than 25 honobzygous pati.ent .
because the ndgﬁéotlde changég whi ch encodéﬁfré?%ﬁﬁ%za
F508 and G551D.5% sease causing nmutations af@ |@dHieaine
W thin exons LG-and 11, respegtively. EXAVPLE 7proline
DI ABETES AS A NMAMVALI AN HD NQ?EL FOR NEW 3? Jutamic acid
13 OCHEM CAL PAPAWAY Di abetes 9s a common seffbEaeamt
di sease in whiad2 bl ood g¢lucdse |evels are (BakFkdimebe
controlled propgrly because of inpaired inggidkrginine
secretion or r;gg stance to |ts

(K) Lysine
326 10 {a) Alaunine
20 326 10 (@) Glycine



35 action.. There are many different nmechanistic forns
of diabetes, in type 1 diabetes (diabetes of the
young) insulin release is inpaired because of inmune
attack on - 70 . the islet cells, the cells within the
pancreas that secrete insulin. Qutamc acid

decar boxyl ase (GAD 65) encodes, a major islet cell
auto antigen targeted by the imune systemin type |
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ani#o HF pPssi®i®n 124 as wel| as gl utanine or
proli.ne 15 at position 153. Table 3 al so shows that
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are homozygous for the same GADES alleles. These findings

20 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 structurxal criteria,
synthesise auto-antibodies more readily than subjects who

25 are homozygous fox 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

30 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
relationghip between this gene and development of type 2

35 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



30 encoded by nucleotide differences |ocated in exons 6
and 8 only, the conbinations of (a) glutam.c
acid/arginine (b) glutamc acid/lysine (c)
glyci,ne/arginine and (d) glyci.ne/lysine at am no
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(2004), Diabetes, 53, plo.

Insulin-degradation enzyme (IDE) is another strong
candidate type 2 diabetes susceptibility gene found to be
located on chromosome 10 by genomic scanning. IDE is
involved in the proteolytic degradation of insulin, most
likely as part of termination of the insulin 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 acide within IDE is shown in Table 5.The
coding sequence variations were retrieved from NCBIL
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 digtribution of nucleotide sequence differences which
encode alternative amino acids at positions 298, 582, 845,



In keeping with inventors' findings and hypot hesis that
10 heterozygosity for GAD65 alleles which fulfil the
structural criteria allows generation of hybrid forms
of GAD65 that enhance the imune response agai nst.
GAD65, auto-antibody | evels should vary according to
GAD65 genotype even in non-type | diabetic subjects”
Results of 15 a recent conprehensive study by Boutin et
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referred to as typé 2 diabetes. The nobst consistently
recogni sed type 2 di abetes candi date gene |ocated on
chronmosone 2 is cal pain-10 (CALP-10).No nutant forns
of CALP-1.0 have been found to explain the
rel ati onship between this gene and devel opnent of type
2 35 di abetes even though it is associated with the
hi ghest risk for devel opnent of type 2 diabetes. The
HD nodel for the association of CALP-10 with
susceptibility to - 73 devel opnent of type 2 diabetes
is strongly supported by findings that nany different
allelic forns of CALP-10 have been identified, such as
L34V, T504A, R555C, andV666T



(Evans et al., Am J. Genet" 69,544 (2001.)) that
satisfy 5 the structural criteria that are required to
formhybrid enzynes in heterozygous offspring via the
novel biochem cal, pathway. In keeping with the nodel,
i ncreased susceptibility to devel opnent of type 2

di abet es has been shown to be §S§ociated W th

het er ozygosity rather than 10 Eonnzygosity for
different allelic fornms of &ga&ogsee Cox, (2001),
Hum M1, Genet. 10, p2301; Cox—et—al., (2004),

Di abetes, 53, pl.9. Insulin-degradation enzyne (IDE) is
anot her strong 15 candi date type 2 di abetes

USSR Db lofHE IR Sk SaTSRISRTENE ncuo

Hor ot eol yti , c IHFERENCESN IBf ALAERNATIVEIDEIE ALLEEEZ . as
part of term nation of the insulin response. As with
CALP- 10, no, di sease causi ng_nutational,, forns of

d . 1S € 20 ,
| DEMREDR Bekth BBUNIOR The eF8ARC | octT 0P ST ESERRELVE
changes which encode different amno acids within |DE

is shown in le 5.. The codjng sequence I BAS Tanine
were retrieved from NCBI 25 dgjt abases.. As gﬁ)v\m éfﬂr?fﬁt hg

10Tabl e, exon P%ontains nucl ectide sequencelld fFe%ERtes
whi ch encode gg»e alternative mmno acids (L) Leucine
pheny. | . al ani or |.euci.ne position 2 S
am no acids Fgﬁ%ine or phenyﬁ%lani.ne may ggygﬁgqge tanine
at ami no aci #45osition 582 by B0 nucl eoti de{®hafrjeie
| ocated W thigasexon 5 and seriimne or glyci (e atiyadido
..acid positio 54 may be enco by nucl eotid .
l%i fferences \r/%‘lt%hi n exon 11. As agi . ne or glg)pgk'r‘sfplabra?me
acid may be edfoded at amino &9d position 927 Agpartic
variation in sequence included in exon 20. 35 The
di stribution of nucleotide sequence differences which
encode alternative am no acids at positions 298, 582,
845,




- 74 and 947 and which are located in 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 altexnati.ve
alleles showmn 5 in Table 4. For exanple, with reference
to alleles encoded by exons 11 and 20 only, am no acid
conbi nations at positi. ons "848 and 947 incl ude (a)

seri ne/ aspar agi ne serine/aspartic_ac
g'ﬂ@%ﬂﬁﬂﬂﬁﬁaraglnﬁéﬁﬁﬂﬁﬂﬁi_ldﬁﬁ£Lﬁhéiuu-4“ Eéﬁ i MODEL FOR

of these conbi nat iigwspIefUmLICAIO DATREAYY pe enzynes

mhereas the other two conprise hybrid forns of the
enzyme" - 75 - TABLE 5 EXON LOCATI ON OF NUCLEOTI DE

CHAMEES HERATUERSODET AV MO S0 SMis BpREREKCESSTRFosus  (SLE)

aC,T%ﬁ i e%lkﬁl%gggﬁ&léﬁa o 01 A du@omsbeptmm 1 no
ernati_ve e
hespie LE) dfSease n b6 EHHY Mfar Hefdfophdid of
845:1‘£hf(3’h1}ieﬁmgcﬂéﬂ| diheed8dd ﬂ.ﬁ. Cél@ G mamxopxgagg7ag@l\(%lon
ﬁg,%%ﬁt géolﬁ% pagsaw of Hhe BXAMBLEIStting

LI D MODEL
BI m@mﬁ%@t%ﬁ Btk %Rﬁ Gt Mg Eom sygl!leiﬁ?% by

10 UpHS-@IMEdierRtaause (Shfleded hati devsngp thufdsgammalla
anti coa ulant ar,

di S on t§ﬁ§93%§?f%9éeo Goy thiubeerbakebCdirected

evelopnent of

trwagﬁﬂnﬂﬁﬂﬁhﬁmhsease is due to inappropriate
activation

15

20

25

30

35

Results of a recent study (Schallmoser et al., {2008},
Thrombosis Haemostasis 93, p544) have shown that patients
with lupus anticoagulant are more susceptible to
development of thromboembolic disease if they are
heterozygous for alternative allelic formg of Fc gamma

IIa.

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

of Fc gamma Ila.

The coding seguence variations were retrieved from NCBI
databages. As shown in Table 6, exon 1 may encode either
arginine or glutamine at amino acid position 61 of Fc
gammaIla, whereas exon 2 may encode valine or methionine
at amino acid position 138 and either arginine or
histidine at amino positicn 165. Exon 3 may encode preoline

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
Fformation of a minimum of 2 wild-type proteins and a
minimum of at least 6 hybrid proteins.



of platelets, an integral. part of the blood clotting
system In SLE patients, platelets nay be activated by
1.0 circulating i mune conpl exes which bind to Fc
gammal la receptors on their surface or by

aut oanti bodi es directed against them Results of a
recent study (Schall noser et al.,., (2005), 15
Thrombosi s Haenpstasis 93, p544Y have shown t hat
patients wth | upus anticongulant are nore susceptible
to devel opnment of thronboe i sease if they are
het erozygous for alternative aIIellc forms of Fc gamma

Il a. NT%'ciﬁofqh B¥S whBERG¥Al: | WPl o ENCODE AMINO

nucl eot ge—cimanges that-—encoae erent cu‘u N LY)
aci ds BGIR | DEFTERINGES | IeALTTRNAREVE OFC FEASmELA PALEDES .

ghe codi ng sequence variations were retrieved fron1NCB

dat b h Tabl |
el t ggggg?%ﬁi S dwhglu?aﬁ%ﬁ at am M3V GG Fﬁtgﬁnatlve

61. of Fc gannalla wher eas exon 2 may encode vaI

or nethi,onigne at amno achd position 1.38mg ther
argi,nine or_30 hi.stidi.ne at am no pOSItIOQ816% Exon
3 may encodeG%ro.I,ine or |éucine at amino

iposition 272138ccording to tRe invention desnnlbmd
herein, am npy@cid conbinations at. positiopﬁ
138, 1.65 and 272 permt the 35 formation of a n1n|num
of 2 wild-ty}f5 proteins and & mini numof at (®Fadt*%
hybrid proteigs. -. 7 7 - TABLE 6 EXON Lcriﬂlﬂﬂﬂﬂﬂé
NUCLEQTI DE QS@NGES VWH CH E AM NO ACI D QiyF E§§ENCES
| N ALTERNATI FC GAMMVA | | A ALLELES. 5 Anmi no aci

1%osition Exof’Anino acid altérnati.ve (L) Leu

20



61. 1 (R) Arg 611, (Q A@n 1.01.38 2 (V) val 1,38
2 (M Mt 1.652 (R Arg 165 2 (H Hs 272 3 (P) Pro
15 272 3 (L) Leu 20 -. 7 8 EXAMPLE 10 PLANT MODEL
VWH CH SUPPORTS THE ROLE OF NEW BI OCHEM CAL PATHWAY I N
HvV Catal ase 1. (Cat-i.) is an oxidoreductase type of
enzynme that plays an inportanjgrole in the breakdown
of hydrogen 5 peroxide in plants. In maize, at |east 6
di ffzﬁi&ﬁﬁ‘ﬂﬂ aid el ' c J100 1BbefAhaicn gy dieRn Tﬁe'ﬁtﬁﬁ' 8%, NEW
ffer T amno-aclid Compositrom. . 1n
1972 a hybrld forrﬁm@%ﬁmgf al .,
(19Z2%aladd 1ArduiBilgchHeman Bkiaphyduc2bis m@%)oﬂ/vaazyme

o £ Por G ireat ] gif sk ] e P i ARy D oel Whazogen
enzhfeoREde stibuharg-s .podsedaiger aﬁ‘a‘@el‘ﬁs"'erﬁwmrem

bl oghﬁéumlfdmaoefﬂ Id’éﬁ: 1cegparBdet oi @iddieticf, et of which
5. The new bi ocheni cal

t al
pat %@ng v%&loaaﬁlgngHPSSlté XPlanation for the

formation of hybrid Cat-1 nolecules wth enhanced
bi oghemd£ala MARRY iR %@n@aﬁeﬂ I fcmdLridyRas dihat (1972),

102196 not relé on t_he forfrlmg‘ﬁé ol nerl%ﬁ%%ﬁﬁ%qﬁrg

THER. m&‘s Gl aNEWe B OeHENPEREoPATHWAYEWAN d—i\ﬁj'@g:mto kllelic
dehygpoeirase9dh) €RCeYes: ancenzy et dde shown to

posgesg a range of enhanced biochemical properties

compared to either of the homozygous parental forms.

15

The new biochemical pathway provides a plausible
explanation for the formation of hybrid Cat-1 molecules
with enhanced biochemical properties compared to wild-
types that does not xely on the formation of polymeric
20 forms of the enzyme.

EXAMPLE 11 INSECT MODEL WHICH SUPPORTS THE ROLF OF NEW
BIOCHEMICAL PATHWAY IN HV

Octanol dehydrogenase {odh) encodes an enzyme found in

25 Drosophila pseudoobscura and other flies. It ig involved

in the metabolism of long chained alcohols.

Two different structural forms of the enzyme odh have been
identified, F an 8 based on differences in their
electrophoretic mobility. In 1972, Wills and Nichols

30 (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
35 form of the enzyme not found in either of their parents
that are homozygous for each alternative form of odh
regpectively. The new biochemical pathway provides a



25 Drosophil a pseudoobscura and other flies, it is
involved in the nmetabolismof |ong chained al cohol s”
Two different structural forns of the enzyme odh have
been identified, F an S based on differences in their
el ectrophoretic nobility. in 1.972, WIlls and N chols
30 (Proc. Natl.Acad" Sci.USA.6%9 323(1.972))
denonstrated that heterozygosity for each of the tvvo

di f ‘ : Lo ’
! %SQ{ f’eé ;%@1:% atlé’?‘%fgﬁ ohic OFlb: P 2csh &k heheuioti

r ol es that devel op on a rredl um
i MpFEYRAEERR W T CAn6rR, mr@%%%,’io%tfgr’ﬁy 88/
fli ﬁathﬂéjﬁy o eMalt inlerietitah. oB85ti@renfmd hiseenHimgh et
not ioun i J{eclst tgg%rag (9917% <p/arents that are

hon®: ygou% e1"or each aI terna e formof odh
F¥especti.vel.y.. The new bi ochem cal pathway provides a

.- #9nvpl@usi bl e expl anpkenrionride JOHEERIN ASL NOLRCULES
structural, fornms of odh in heterozygous fTies that

does not rely on nulti.nerisation of the enzyme (see
Si ngh ettlated Wedmeti ds 86, B9FS{RDTSYY Pr &AW BCLive

l DE%Eﬁ%AL%J%t@@%@eQ@ELWQ&%%{eIﬁ&M IiRedFFspring

ossi bl e"to proye lV
LGy ot rrReatiad HreRtry Ko LRSI Vo Lan oh Wik amey qipoaing
of f 8REhHYEAdhn facaf fefctted PAfEntenbymitatiusilgrelgfs into the

W | 9a§1 Prﬁﬁz@%%é&leeﬁg%ag 8F RS hné’vfrlg} hes i fsrepnt

nmut an esintot me nRNA nol ecul e by way of
t hebheahgmi¢rehtRFGHe®Y -bi ocheni cal . pat hway. . Previ ous
st ugteﬁla@y%ﬁt@m tHaate Whewnc enbt naté:onsomfirdEions of
nactive, AS u S A
13r e TPRREYT ¢ rLhaﬁjt Zs'r %glf%ouss#égﬁl‘? aG)?P%?C%A\%I%%&) e
par ihherjted gist meé@rwwap@ﬁoﬁermmkwmelﬁ RArdied 1y

fropebibrob! alsreQrd,] »&@mot:aﬂ sebj @stankD fisopridrenblasts

tm(jt gg;/e?%ggg ]Eae%:ia’jce%& Fnot lg %J%vérrfa’géll\{aevealln%ex%ted each

of the two inactive allelic wmutant forms of ASL. Total
20 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

25 products from the subject genotyped as ASL(D87G) / (Q286R)
would confirxm firstly, bi-allelic expression of ASL and
cig-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

30 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
35 Total mRNA can be extracted from islet cells of pancreatic

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



20 nRNA can then be subjected to RT-PCR using

ol .igonucleoti.de priners that. span individual
exons.. The RT-PCR products containing these regions
are then cloned and sequenced.. Approximately 85% of
cl ones generated fromthe RT-PCR 25 products fromthe
subj ect genotyped as ASL(DB7Q £fQ@86R) would confirm
firstly, bi.-allelic expression of ASL and

cis h nce of inser
ppl Ay ey iR o o dny BRESRTERE pirticlge Shoode
seqUeRTCEEIR G cGIgP arddpwdspar Enbhd 3| alles patiehe

30 aamea Ch@Re rainth thsegenesst 8uaRPLOXIvE:e M hidnek
Wi I,g pe enzynme accounting for restorati'on of enzyne

aCtIVI? EXAVMPLE 13 ASSQOCI ATI ON OF HYBRI D GAD65
MOLECULES W TH GADS5 AUTO- ANTI BODY PRODUCTI ON 35 Tot al

MRNAo €2 ﬁ&lﬁ.’)@art@%t gdnhr 0Ll sheh u]?@' sib ﬁcf{fedo%%c ReAbLE

tissue obt & ned fromg patient s eri

(i SRS O S SR PO RE PG AVt U yjATs FOReCADSS 6 ¢

al letesg, vatucR:lId-anOtohahe pachent i glesaiEN @RSt .

di fferent exons which encode non-synonynous am no

acids (see Table 3), the patient would have high titre
10GATES “RHGL &t ieBBagLefl RhsFheke sp@mics ofotimiserts of

pamp@&t}tmaﬂ% 63r blien1bgesubperd QﬂpﬂmxﬁTbBCB11H$h89

0||&§%%%ﬁ§' ggdpfgﬂegé?gg%@g Sl exogﬁgwyﬁgchlsf Fhe "two

woLit B leesex éQQtlﬁEFetﬁ’é gefuethay g5 wdercfiongp would be
appsaxdsRiely 85%-afinchasesT MoLh L Q%Hﬂl&m l%atabl 2} bﬁld

expL essi ci,s- £X0Nns,
15 nPESET D8R BRR Rl B P, SR B0 FaPh  pomrsient
mm@ﬁmflrle}xmeea tlbakentai wind nseltet erloatygoosf Epm t hat

a hyifﬂé¥éht5aﬁQE@h@ffgfﬁéﬁostﬁﬂﬁg'HE“&%%@gbﬁ bﬁ%?ém%nd hasg

cells from,a patient suffering type 1
i s 1 agﬁgApgﬁ auto-antibodies in their blood

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

25
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.

30



different allelic forns of GAD65 as defined supra and
has circul ating GAD65 auto-anti bodies in their bl ood.
20 The sanme experinental rationale is applicable to al
speci es when it becones known that the offspring under
investigation has inherited genes8ihat have alleles as
defined supra and the tissues or cells in which the
gene is expressed is identified, 25 The nethodol ogi es
i ncl uded above are neant to lgagugnples only and do
not exclude the use of any other technol ogies or
fﬁperhnental pr@t@§£%§df@ﬁﬁidéﬂtiﬂyﬁngﬂﬂaatﬁkblueddhng to
e a

- thod of |dent|f in
[ Aot oP¥PF 8T HEPED ShyBHTEL WO L oY KD Qb [rpy Seeps of
capri sing the $itepsidéntifying UHEHﬂEdQﬂHQ} theabsence of
presepnce._o b fq speel F
encode8$5 £%$I§$£§§%$ PH%%%%£§5te gene; n%lgggf% Pf =
nultlpﬁedsﬁébﬁegeﬁﬁ proiein are present then anal ysing

sai d speci es of (prot £ Nk 0 detLrdpde def o&Op&%tél&p@%ée§resent
have ami no aC|d sequence vari ations, respect|v

cor r eSPBRAPRYLYB1VAr Fatd GFREFIFT W G o xgﬁ§ermlne it
wher eka1 & heppt eseneey©f anmnd Iapilei spegiesofvagiatabnsat

step s.indicative of r|d VI Qur. ,ar h br| 1

dobr 1 1 £5Be5 0 R R TR g Ty o B o v
hybri exodebility in an ani nal or plant conprising the

Stepswﬁé l& ghédé %ﬁ%@glghﬁﬂﬂfgﬁ.e%%e%&e@b%%nEQO?Ein at

20 nu Y& speci rotein en allele
step (ii} is lndlcatlve of hybrid v1gour or hybrid

15 debility.

2. A method for producing hybrid vigour or hybrid
debility in an animal or plant, comprising the stepg of:
(i} identifying the presence or absence of

20 multiple species of protein encoded by alleles of a

candidate gene; and

(1i) if multiple species of protein are present
then analysing said species of protein to determine if
said species have amino acid segquence variations, _

25 regpectively corresponding to variations in two or more
exons; wherein the presence of multiple species of protein
at step (ii) is indicative of hybrid vigour ox hybrid
debility;

{iii) determining the function of the multiple

30 species of proteins compared to the function of a wild-
type protein control to determine which species promotes
HV or HD in said plant or animal;

(iv) preparing a construct comprising nucleotide
sequence encoding said protein species in step (iiil);

35 (v} transforming said construct into a

recipient plant or animal cell; and

(vi) regenerating a plant or animal, which expresses



candi date gene; and (ii) if multiple species of protein
are present then analysing said species of proteinto
deternmine if said species have am no acid sequence

vari ations, 25 respectively corresponding to variations
intwo or more exons wherein the8 Sresence of multiple
species of protein at step (ii) is indicative of

hybri dayhoesfisorubybriebm debid idaxi (iii) deternining

the function of the multiple 30 species of proteins
conpared to the function of a wild- type protein

contral to det e]m@'a net ihohi & peeites rpmateiced e sHyzodubl®d in

i n Sal d Pl apt op d(gm*l Cg’vLeVl)CJT)I’[ e%gfﬂaﬁ% %e%qgitt&ufclk a plant or

conpr { $FAg nucfele Sequience en
SﬁEC|@Blm@ls¢@@/©I|19duQESKKDI#@%MﬁgQMﬂangas@ﬁént or animal

ConSté ri 010 athée§%éﬁe%ﬁ R 'Eﬁh ¢obligaldotein

(vi) enerat ng a ﬁ ant or ani mal, i ch expresses 82
- sai @Fﬂéfén%c‘e%@c%mmﬁ& RE@Pel | . 3.. Use of hybrid
protein nol ecul es produced in vitroor invivo to

overcone hybrid_debilit n a pl anlna and/ or
i nduc®: hybri d dgiﬁnﬁCQQQI UO5 &t S gﬁ‘ nﬁ%eagﬁﬁr g?nﬁéep of
tde simxmadu¢imgcnhnﬂrnybﬁmdngQMGmm pmatesa1d|anmmaabdhuman or

ani 180 i%SKSY nr?\ L{Ssece%‘:l ?%hh%s &/%&Qlda %%emeE)?éﬂly,

t he ep of C|ng S teln Into
sai d %@@lﬁﬂll?unﬁnpiﬁenqﬂﬁﬂﬁlﬁ s by adn1n|ster|ng t he
hybrid protein orally, topically or parenterally. 5. A

met hod according to %g% one of claims 1 to 4, 1is
where¥n the pl #httgtasklEEcosdifforft RBYgPBEPCE oRERF TP ng tO 4.

ofs bafdeyin rites SOOHEhum J@iczeedseybearheWgeat:p @@ﬁ@lstlng of

potato, _cotton, rice, oilseed rape (includi ng canol a otato,

Sunleﬁﬁﬁéy' ryé, sorghum, malze, soybean; whedt, corn 'p t
cotteon, rice, oilseed rape (including cancla), sunflower,
alfalfa, sugarcane, kanana, bklackberry, blueberry,
strawberry, and raspberry, cantaloupe, carrot,

20 cauliflower, coffee, cucumber, eggplant, grapes, honeydew,
lettuce, mango, melon, onion, papaya, peas, peppers,
pineapple, spinach, squash, sweet corn, tobacco, tomato,
watermelon, rosaceous fruits (such as apple, peach, pear,
cherry and plum) and vegetable brassicas (such as

25 broccoli, cabbage, cauliflower, brussel sprouts and
kohlrabki) . Other cxops, fruits and vegetables whose
phenotype may be changed include barley, currant, avocado,
citrus fruits such as oranges, lemons, grapefruit and
tangerines, artichoke, cherries, nuts such as the walnut

30 and peanut, endive, leek, roots, such as arrowroot, beet,

cagsava, turnip, radish, vyam, sweet potato and beans

5. A method according to any one of claims 1 to %,
wherein the animal is a mammal or fish.

35
7. A method accoxding to claim 6, wherein the

mammal is selected the mammalian Orders Primates,



al fal fa, sugarcane, banana, bl ackberry, blueberry,
strawberry, and raspberry, cantal oupe, carrot, 20
caul i fl ower, coffee, cucunber, eggplant, grapes,

honeydew, |ettuce, nango, nelon, onion, papaya, peas,
peppers, pineapple, spinach, squdsh; sweet corn,

t obacco, tomato, waternelon, rosaceous fruits (such as

appl ercpeaeha, peagomoepRE | Yoatwk¢d Untaand-aregetrabligscdactyla
brassicgs %guc aﬁ %5 roccol i, cabbage, caulifl ower,

br uss&f“sp #%hd~*kohl rabi) Cther crops, fruits and
veget abl es whose phenotype may be changed i ncl ude

barl ey, currant, Ayog %ocfé&l dd Lglta.simSl"?Chw%tg—:lnrgﬁn the

or anges, IenDns gr ape rU| tangerines, art oke,
chier r Resiofatsysache ase et ahl fiuam 3mams pégnegine fami lies,

end'V§u1B§§k T£9§£§u1§&@h RS QWP a e, beglne1:0@8Sava,
turnlgrﬁra I sh sweet pot ato and beans 6. A net hod

accor dFr gt s3afy %héa%?l%?eafl e 1%, AifHerspRrifge and

ani makoirsaasmanmal or fish. 35 7. A nethod according to
claim6, wherein the mamual is selected the mammal i an
Orders Primates, - 83 Rodentia, Lagonorpha, Cetacea,
Car ni vora, Per ikgwam@/lai:ccamin@ ticoddetiyl &, 8whAraethhode

Soco LOBABEL L] qRED LI S8 VIS LRins ot con

selected ron1 ne o

Tayassuildakl s Hi ppopot drm el o Catsadadig-Tragurngar, deesr,

G raf £ daeyaepyh d?@ %ntwatfecxa@fdﬂi%q@neam%w daeami0 alpaca,
9.. A nethod according to claim8, wherein the

Arti o¥3et91%8is selected fromthe group consisting of
cows or bulls, bison, buffalo, sheep, big-horn sheep,

deer,_ el k, carlbo t.er buff anel s, .
Ilana%oalpaca E%HE%S dcdm%lng o) ﬁalm : wheteln the

mammal 1s selected from the family Perissodactyla.

11. A method accoxding to claim 10, wherein the
20 Perissodactyla is selected from the group consisting of

horseg, ponies, donkeys and mules.

12, A method according to claim 6, wherein the
animal is a fish.

25
13, A method according to claim 12, wherein the fish
is selected from the group consisting of zebrafish,
Eurcpean carp, salmon, mosguitce fish, tench, lampreys,
round gobies, tilapia and trout.

30
14. A method according to claim 7, wherein the

mammal is a human.

15, A method of identifying factors leading to
35 hybrid vigour or hybrid debility, substantially as
hereinbefore described with reference to any one of the

examples .




is 10,. A nethod according to claim7, wherein the

mamal is selected fromthe famly Perissodactyla. 11.

A net hod according to claim10, wherein the 20
Perissodactyla is selected fromthe group consisting of
horses, ponies, donkeys and mul es8% 12, A nethod

according to claim®6, wherein the animal, is a fish.

25 13. A nethod according to claim 12, wherein the fish

is selected fromthe Loup con i stin f zebrafish,

Fur opdEn carp,  SalRBACAnBERTTO T Fih. B rch, VI s PYbrid

round dgelildsy, t shaptanatdll yoas. hdPeldoefdrareidmatibed with

| i h i,
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hybrld vigour or hybrid debility, substantially as

..... her ei nbefore described with reference to any
one of the exanples - 84 16 A nmethod of producing
hybrid vigour or hybrid debility, substantially as
her ei nbef ore described with reference to any one of
t he exanples s



