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20 other organismgs are more influential in offspring of
genetically unrelated biologically normal parents. This
bioclogical phenocmenon is referred to as hybrid vigour (HV)
or heterosis. Offspring of genetically non-identical
parents are referred to as heterozygous organisms.
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Many models have been proposed to explain HV. In recent
times a model akin to electric circuitry (Milborrow, J.
Exp. Bot. 49, 1063 (1998) and another mathematically based
model (Gordon, Heredity 83, 757 (1999)) have been put

30 forward. However, as stated recently by Birchler, et al.,
The Plant Cell, 15, 2236 (2003), the underlying mechanism
remains unknown. In 2003, Birchler and colleagues also
predicted that “an eventual molecular explanation of
heterosis will determine whether it can be manipulated for

35 the benefit of agriculture and biotechnology.”

Although many theories have been advanced to explain this
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instruction of the inherited DNA sequence of genes
t hrough a series of well known bi ochem cal steps.
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viability or well-being of or cause disease in an
offspring compared to either parent. We refer to these
biological phenotypes as hybrid debility (HD®).

Because the ability to synthesise novel proteins in
heterozygous organisms does not conform to a Mendelian
mode of inheritance, the heritability of HV has been
impossible to predict reliably.

According to the central dogma, proteins are synthesised
under the instruction of the inherited DNA sequence of
genes through a series of well known biochemical steps.
These steps comprise gene transcription, in which a
primary RNA molecule (including intronic derived
structures) is read off from the DNA sequence of genes
inherited from each parent. Intron derived structures

within the primary RNA molecule are spliced out by a large
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nucl eoprotein conplex called the spliceosone |eaving
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exon-derived regions are then fused to forma mature

f|%%%ﬁ%%%r%¥%l ( egpl%ﬁﬂl%:t¥gﬁ éggéﬂéj édﬁﬂb only

Nnstruc orna I ONn and am no aci
sedp@@nc@xam—aiq@mm Feq;tﬂnﬂoe Fiied @W@m@mmnwd
tr %%ﬁll%h'so BreThe eIl ‘%%g%r%{ 80 &S r&é@astenger RNA

foll OMAng gene transcription the spliceosone eng

a pPRRNEY y TRN&CURS] o Al MRAR F‘@Hﬁ?é’slq t*%l%tfrlé}@lcﬂéfr .J«r@otructs
el emRNtrs rav ta okl N QuiTRIL G id ddifiRABN® Ola Idhieiry

S laReeR iy ANRIHASSe B L A CETSgRE D be

as gerbCed ttra 1f dlogmaRsA sion sajatmsdaﬂ’ia)t aimdloerig c@@‘ﬂened

series cl.s-reactian Ae t Tre .

Tos Ehelni Bedphi dtld U {or! RoagtEWHriRle) ik
62m03520@1@93)1)i r'ﬁn@vyasese:rﬂ mm@mt—ud@rlp’reg‘luai@nd@m Py a
f%o&l%f Wioh RG-uh xsthl%%tm degma rnd- ts'E% £ gou ncge/%osr. Thus,

basi s for artificia creatlng hybri
hy Is&08 -deBiLiviedy el%‘%@lﬂw@wffdt EaMVENTaYY Ry drlecule

toa&)éntth@&gm RVele RRRENHIES Forl HRMASn an orderly and
|nve ost ul.at ed .t hat dur| t he process of 25
e(Ag?gﬁe

spii |n& Nk & STRRR é&ﬁr&?aE 5 &t &d  n Trends
vi Cenelpy 8, priiozar(y ORNA ; smlno@mn@trredhanmmdrhﬁ valrl ows

[ atio n 3 n exon froma gene
erltgah%rom%%he g(rlg%t anth the 5 end of the next
dovvnstream exon from t he same gene fromthe other

parI@II%t pF-eEE%ﬁgs 3 VRALQT, ns%%l%st I?)%ts 1%°\f%|r Yo B this

from whi Ch novel protel ns can

be C?Fﬁﬁ-’ﬁésd?@@a arng g@ﬁéﬁwe@r@yléie @a@wsOlfgry artificially
UNELERER NS tvRrachedigerlr Rald Y MGl debility.

SUMMARY OF THE INVENTION

In order to synthesise novel polypeptides or proteins,
inventor has postulated that during the process of
splicing, hybrid mRNA molecules could be generated in vivo
by a primary RNA splicing mechanism that allows ligation
of the 3’ end of an exon from a gene inherited from one
parent with the 5’ end of the next downstream exon from
the same gene from the other parent. Thus, inventor shows
that novel or hybrid mRNA molecules, from which novel
hybrid proteins can be synthesized, are generated by a
previously unrecognised biochemical pathway which
incorporates exons or parts thereof from each of the two
different parental alleles into the same mature mRNA
molecule. As detailed below, inventor has proven the
existence of a biological pathway that assembles the said
hybrid mRNA constructs.



I ncorporates exons or parts thereof fromeach of the

two different parental alleles into the sane mature
WOrBiNA 03668101 ecul e. As detail ed bel ow, i nvent orPEIEAU2005/000141

proven the existence of a biological pathway that

assenbles the said hybrid nRNAzconstructs. WO

2005/ 075668 PCT/ AU2005/ 000141 - 4 Consequently, in

the broadest aspect of the present invention, there

is described a nol ecul ar genetic nechani smthat

exlagisesussw vhe i1 dhsyikinadafh@sgrat off Shey RifRE I
ar g rgRANEd dHehetiey %&&%éﬁ fs Rid Nbu1Ee gdiovel ¢

genetic structures formed in heterQzygous, offsprlnq:
an @SR Forididt ST NP HShrd GG Bpenotypes of

51 efer efee H @i edivirdtadl drgenatdrosagmoofothgifing. The

parent . 10 Accor | nve tJd o rOV|des a
e TR o AT AR AR SR b hRo S offspring
potaerai iwdd il lmfet:datlen HU kandlitAgreoss sicandkdvieatardnyt wdference

IR il DA ¢ NEIdT A i O LA O her
vant

b|o ogi cal eous or sadvant ageous
phenotype 15 A flrst aspect provides a nethod for

101 d?t'?idofﬂdﬂh%lgzan%&atﬁvéﬁﬂ% GARARI R Ofa IAGH NGk
hybrid vigour in an animal or = plant, conpr|3|ng t he
st NS Yﬁ?ﬁ(9ﬁﬂﬁ%qQth9ﬁQQﬁuﬂQ§ﬁ @ﬁﬁfU1 in

al |t@iee\%11@1fgn@3%f1$ cale tg@mﬁnb iasuelle: i Qﬁs‘d&%’é ﬁﬁléﬂﬁbﬂ‘mﬂl}&(rjng the
t LG [ our, wi.th .the otide
P RS e o ot o otk e st ad e o
th@;maﬁwmm$a@hamw @hamdnﬁpaw pIant, (ii) identifying '
nucl eoti de sequence differences 25 in the alleles

fromsaid animal or plant which exhibits hybrid
vi godringt @spesde PO dad o medip s dquiencentidyiqtg grandidate

andreddd doad@ld fof RE-ddiati ddh @R R0 Al ?cglxs%qyedipeanlmal or
vari_ation between all el es of the candl ate gene in
safdant, comprising the steps of
(i) comparing the nucleotide sequence of
20 alleles of candidate genes isolated from an animal or
plant which exhibits hybrid vigour with the nucleotide
sequences from the corresponding alleles isolated from the
parents of said animal or plant;
(ii) identifying nucleotide sequence differences
25 1in the alleles from said animal or plant which exhibits
hybrid vigour which codes for amino acid sequence
variation; and
(iii) identifying that the amino acid sequence
variation between alleles of the candidate gene in said
30 animal or plant is encoded by nucleotide sequences which
are located within two or more different exons within the

candidate gene.

A second aspect provides a method for identifying
35 candidate genes capable of producing hybrid debility (HD)
in an animal or plant, comprising the steps of:

(1) comparing the nucleotide sequence of
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(1) comparing the nucleotide sequence of

alleles isolated from a gene from an animal or plant which
20 promotes hybrid vigour or hybrid debility with the

nucleotide sequences from the corresponding alleles

isolated from the parents of said animal or plant;

(ii) identifying nucleotide sequence differences
in the alleles from said animal or plant which promote

25 hybrid vigour or hybrid debility which code for amino acid
sequence variation; and

(iii) i1dentifying that the amino acid sequence
variation between alleles of the candidate gene in said
animal or plant is encoded by nucleotide sequences which

30 are located within two or more different exons within the
candidate gene.

(iv) preparing a construct comprising nucleotide
sequence from the alleles which promotes hybrid vigour or
hybrid debility within said animal or plant;

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

(vi) regenerating a plant or animal, which
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mMRNA molecules produced in vivo to overcome disease in a
plant or animal and/or induce hybrid vigour in a plant or

animal.

The plant cell may be isolated from any higher plant,
including gymnosperms, monocotyledonous and dicotyledenous
plants, although all agriculturally important plant
species are preferred. Preferably, the plant cell is
isolated from a plant selected from the group consisting
of barley, rye, sorghum, maize, soybean, wheat, corn,
potato, cotton, rice, oilseed rape (including canola),
sunflower, alfalfa, sugarcane, banana, blackberry,
blueberry, strawberry, and raspberry, cantaloupe, carrot,
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
broccoli, cabbage, cauliflower, brussel sprouts and
kohlrabi). Other crops, fruits and vegetables whose
phenotype may be changed include barley, currant, avocado,
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wheat, corn, potato, cotton, rice, oilseed rape
(i ncluding canola), sunflower,7alfalfa, sugarcane,
banana bIackberry bl ueberry, strawberry, and
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Solsfr?a@ggé: td@scrl ed in ammirato et al. '(1984Y 'Handbook
of Plant Cell Culture--Crop Species. Macmillan Publ. Co.
Shimamoto et al. (1989) Nature 338:274-276; Fromm et al.
(1990) Bio/Technology 8:833-839; and Vasil et al. (1990)

Bio/Technology 8:429-434.

Preferably, the plant cell is transformed by a method
selected from the group consisting of homologous
recombination microprojectile bombardment, PEG mediated
transformation of protoplasts, electroporation, silicon
carbide fibre mediated transformation, or Agrobacterium-
mediated transformation. In a preferred embodiment of the
invention the step of transforming comprises
microprojectile bombardment by coating microprojectiles
with DNA comprising the construct and contacting the
recipient cells with the microprojectiles.

In another aspect, the invention provides a method of
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preparing a plant according to the methods described
above; and (b) <crossing the plant with a second pl ant
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cell nucleus, wherein said synthetic gene conprises
exons from

The invention further provides genetically engineered or
transgenic animal obtained by the method of the sixth
aspect.

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

their similar biology and economic importance.

For example, Artiodactyla comprise approximately 150
living species distributed through nine families: pigs
(Suidae), peccaries (Tayassuidae), hippopotamuses
(Hippopotamidae), camels (Camelidae), chevrotains
(Tragulidae), giraffes and okapi (Giraffidae), deer



different alleles of a gene, wherein said alleles code
for amno acid sequence variation, wherein the
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cells wl'l be obtai ned from 15 ‘an ungul ate.
Pr éPSEHISE, Ath & Uiy HeRres ted isqe R4 difisher bulls, bison,

buffalo, sheep, big-horn sheep, horses, ponies, donkeys,
20 mule, deer, elk, caribou, goat, water buffalo, camels,

llama, alpaca, and pigs. Especially preferred in the

bovine species are Bos taurus, Bos indicus, and Bos

buffaloes cows or bulls.

25 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,

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

35 Golden Apple Snail, the Giant African Snail, and the
disease vectoring snails in the genera Biomphalaria and

Bulinus.



group consisting of donmestic or wild representatives
of bovids, ovids, cervids, suids, equids and

we@ 20007868 Exanpl es of such representatives aPET/aU2®5/000141

or bulls, bison, buffalo, sheep, big-horn sheep,

horses, ponies, donkeys, 20 nuligy deer, elk, caribou,

goat, water buffalo, canels, |Ilam, alpaca, and pigs.
Especially preferred in the bovine species are Bos

taurus, Bos indicus, and Bos buffal oes cows or bulls.
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di sease vectoring snails in the genera Bi onphal aria
and Bulinus. WO 2005/075668 PCT/ AU2005/ 000141 - 10
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v1rtue of prior invention.

The practice of the present invention employs, unless
otherwise indicated, conventional molecular biology, plant
and animal biology, and recombinant DNA techniques within
the skill of the art. Such techniques are well known to
the skilled worker, and are explained fully in the
literature. See, eg., Maniatis, Fritsch & Sambrook,
“Molecular Cloning: A Laboratory Manual” (1982); “DNA
Cloning: A Practical Approach,” Volumes I and II (D.N.

Glover, Ed., 1985); “Oligonucleotide Synthesis” (M.J.
Gait, Ed., 1984); “Nucleic Acid Hybridization” (B.D. Hames
& S.J. Higgins, eds., 1985); “Transcription and

Translation” (B.D. Hames & S.J. Higgins, eds., 1984); B.
Perbal, “A Practical Guide to Molecular Cloning” (1984),
and Sambrook, et al., “Molecular Cloning: a Laboratory
Manual” 12" edition (1989).
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invention. Nothing herein is to be construed as an

adm ssion that the inventiond ginot entitled to

antedate such disclosure by 20 virtue of prior
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used herein is for the purpose of describing particular
embodiments only, and it is not intended to limit the
scope of the present invention which will be limited only

25 Dby the appended claims. It must be noted that as used
herein and in the appended claimg, the singular forms “a”,
“an”, and “the” include plural reference unless the
context clearly dictates otherwise. Thus, for example, a
reference to “a plant cell” includes a plurality of such

30 plant cells, and a reference to “an animal cell” is a
reference to one or more animal cells. Although any
materials and methods similar or equivalent to those
described herein can be used to practice or test the
present invention, the preferred materials and methods are

35 now described.
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polynucleotides may be purified from a host cell in which
they naturally occur. Conventional nucleic acid
purification methods known to skilled artisans may be used
to obtain isolated polynucleotides. The term also embraces
recombinant polynucleotides and chemically synthesised
polynucleotides.

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

As used herein, “substantially similar” refers to nucleic
acid molecules wherein changes in one or more nucleotide
bases either results in no change to the amino acid
sequence coded or substitution of one or more amino acids
does not affect the functional properties of the



pol ymer of DNA nmay be conprised of one or nore
segnments of CcDNA, genomi c DNA, synthetic DNA, or
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Post=hy g SRS Gt ieshes deternine stri ngency

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



10 conditions. One set of preferred conditions uses a
series of washes starting with 6 X SSC, 0.5% SDS at
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SSC, 0.5% SDS at 45C. for 30 min, and then repeated
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the codon bias of the host cell. The WD 2005/ 075668
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coding sequence. “Native gene” refers to a gene as found
in nature with its own regulatory sequences. “Chimeric
gene” or “exogenous gene” are used herein interchangeably
and refer to any gene that is not a native gene,
comprising regulatory and coding sequences that are not
found together in nature. Accordingly, a chimeric or
exogenous gene may comprise regulatory sequences and
coding sequences that are derived from different sources,
or regulatory sequences and coding sequences derived from
the same source, but arranged in a manner different than
that found in nature. “Endogenous gene” refers to a native
gene in its natural location in the genome of an organism.
A “foreign-gene” refers to a gene not normally found in
the host organism, but that is introduced into the host
organism by gene transfer. Foreign genes can comprise

native genes inserted into a non-native organism, or



"Candi date gene allele"” refers to normal alleles of
the candi date gene sequence as well as alleles
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a transformati on procedure.
“Conservative modified variants” applies to both amino
acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids that encode
identical or essentially identical amino acid sequences,
or where the nucleic acid does not encode an amino acid

sequence, to essentially identical segquences.

Because of the degeneracy of the genetic code, a large
number of functionally identical nucleic acids encode any
given protein. For instance, the codons GCA, GCC, GCG and
GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the
codon can be altered to any of the corresponding codons
described without altering the encoded polypeptide. Such

nucleic acid variations are “silent variations,” which are



"Codi ng sequence"” refers to a nucl eoti de sequence that
5 code for a specific amno acid sequence. The term
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a protein with a simlar amno acid sequence. One of
skill will realise that the crigical amno acid
sequence is within a functional domain of a protein.
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al tfamett itanagnly @flmw@mmlégpmdm ajriovsll devewn bied the
w thqut altering the encoded pol ypeptide. Such

nucl eic acid variations are "silent variations," which
are WD 2005/ 075668 PCT/ AU2005/ 000141 - 16 one

spegiee s fl wonsprasat igredupdmidi &ﬂamﬂariratah@mo fRIY that are
200Ul el Coachd SEURNAS AR AN A engosss. s
Alanine (A), Serine (S), Threonine (T);
Aspartic acid (D), Glutamic acid (E);

1)
2)
3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (K);

5)

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

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).
(See, e.g., Creighton, Proteins (1984)).

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

35
“Regulatory sequenceg” refer to nucleotide sequences

located upstream (5' non-coding sequences), within, or
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Accordingly, each silent variation of a nucleic acid,
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. " R)GE

10§ N;co o@ll ﬁ'}@ éﬁ)fé&s&%ﬁ% Eac(no[dﬁ%e %’% yrc‘:(;%onre
(Y)furrpr%méh AWIn gqegeraly. g Catialgieshlemmotid nocated
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vari ation' ers. to a o cid variati t hat does
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;g%#%ﬁ%%%%}&%% 4¥%téybﬂ@3&$p§ﬁgﬁégﬁg1nserted to enhance the
level or tissue-specificity of a promoter. Promoters may
be derived in their entirety from a native gene, or may be

20 composed of different elements derived from different
promoters found in nature, or may even comprise synthetic
nucleotide segments. It is understood by those skilled in
the art that different promoters may direct the expression
of a gene in different tissues or cell types, or at

25 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”.

30
“Translation leader sequence” refers to a nucleotide
sequence located between the promoter sequence of a gene
and the coding seguence. The translation leader sequence
is present in the fully processed mRNA upstream of the

35 translation start sequence. The translation leader
sequence may affect processing of the primary transcript
to mRNA, mRNA stability or translation efficiency.



- 17 downstream (3' non-codi ng sequences) of a coding
sequence, and which influence the transcription, RNA

wEe@ses®ss1g or stability, or translation of tPEI/AU2005/000141

associ ated codi ng sequence. Regul atory sequences may
i nclude pronoters, 5 transl ati gy |l.eader sequences,
i ntrons, polyadenylation recognition sequences and
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pronoters may direct the expression of a gene in

different tissues or cell types, or at 25 different
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typté@ R roemsdnies dre acmﬁmﬁﬂqt rasfmprreseprttags copy of the
' CoREL 'stelﬂfu!e\h%e prlmtserx%feﬁ%d T{@%ﬁ at P eRASF transcrlpt

sequence™ refers to a nucleotid uencé | ocate

betOkedir {17 @eoﬁDtRé\IA W ijeréLV efr%d)qﬁﬁe‘
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pr elsse rz]:te erre ¥ tfou lal reo ?n%stsuerde rpR%IAIA u“%dsetsrsee?nrgeoxf Egl\PAe (mMRNA) ~
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
fragment of DNA polymerase I. “Sense-RNA” refers to an RNA
transcript that includes the mRNA and so can be translated
into a polypeptide by the cell. “Functional RNA” refers to
sense RNA, antisense RNA, ribozyme RNA, or other RNA that
may not be translated but yet has an effect on cellular

processes.

The term “operably linked” refers to the association of
two or more nucleic acid fragments on a single
polynucleotide so that the function of one is affected by
the other. For example, a promoter is operably linked with
a coding sequence when it is capable of affecting the



35 translation start sequence. The transl ation | eader
sequence may affect processing of the primary
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|s referred to as the primary transcript
or it may be a RNA sequence derived from post
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“Mature protein” or the term “mature” when used in
describing a protein refers to a post-translationally
processed polypeptide; i.e., one from which any pre- or ﬂ
propeptides present in the primary translation product
have been removed. “Precursor protein” or the term
“precursor” when used in describing a protein refers to
the primary product of translation of mRNA; i.e., with
pre- and propeptides still present. Pre- and propeptides
may be but are not limited to intracellular localization

signals.

“Transformation” refers to the transfer of a nucleic acid
fragment into the genome of host organism, resulting in

genetically stable inheritance. Host organisms containing
the transformed nucleic acid fragments are referred to as

“transgenic” organisms. Examples of methods of plant
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pr@ﬁ%@blda$89 and Flevin et al., Plant Molecular Biology
20 Manual, Kluwer Academic Publishers, 1990. Typically, plant

expression vectors include, for example, one or more
cloned plant genes under the transcriptional control of 5°'
and 3' regulatory sequences and a dominant selectable
marker. Such plant expression vectors also can contain a

25 promoter regulatory region (e.g., a regulatory region
controlling inducible or constitutive, environmentally- or
developmentally-regulated, or cell- or tissue-specific
expression), a transcription initiation start site, a
ribosome binding site, an RNA processing signal, a

30 transcription termination site, and/or a polyadenylation

signal.

“PCR” or “polymerase chain reaction” is well known by
those skilled in the art as a technigque used for the

35 amplification of specific DNA segments (U.S. Pat. Nos.
4,683,195 and 4,800,159).
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subsequent generation derived therefrom, of a transformed
plant cell or protoplast, wherein the plant DNA contains
an introduced exogenous DNA molecule not originally
present in a native, non-transgenic plant of the same
strain. The transgenic plant may additionally contain
sequences which are native to the plant being transformed,
but wherein the “exogenous” gene has been altered by gene
technological means in order to alter the structure of the
original or wild-type gene product or the level or pattern
of expression of the gene.

A “vector” 1s a DNA molecule capable of replication in a
host cell and/or to which another DNA segment can be
operatively linked so as to bring about replication of the
attached segment. A plasmid is an exemplary vector or a
DNA molecule used to carry new genes into cells. A plasmid



control ling inducible or constitutive,
environnental | y- or devel opnental | y-regul ated, or
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initiation start site, a ribosone binding site, an
RNA processing signal, a 30 trapscription term nation
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parent al. pl ant or set of parental plants. 5
"R ion" is the process of growing a plant from
a pl ant ceI I (eg , plant protoplast or expl ant) .

"S I £ J S e been 10. .
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ceI for exanple, a pronoter and a term nator.
LIS ‘may be realised by including one or nore
enhancer elenents with 15 the sel ected DNA. A
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SR a4

refrom ormed pl ant cell or protoplast,
vvher ein the plant DNA contains an introduced

exQgeneus; A JTR] e Nty OH@GdR) o e” means an individual

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

chromosomal segments.

EXPERIMENTAL PROTOCOLS

One aspect of the invention relates to a method of
identifying candidate genes. The term “candidate gene”
refers to a gene or geneg that have the potential to
produce hybrid vigour or hybrid debility. The terms
“hybrid vigour” or “heterosis” are used herein
interchangeably and means an increase in the performance
of hybrids over that of purebreds, most noticeably in
traits like growth rate, fertility and disease resistance.
In particular the candidate genes are those genes, which
are heterozygous and functional in one animal or plant and
which lead to hybrid vigour. In one embodiment the alleles

of each gene will comprise nucleotide sequence variation
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exon.

20
In one embodiment, the candidate gene would have one or
more nucleotide sequence variations, which code for amino
acid variations, wherein the variations are found in
different exons on different alleles.

25

The candidate genes would preferably produce mRNA of at
least three species: one mRNA molecule which is identical
to one allele, one that was identical to the coding
sequence of the second allele and hybrid mRNA molecules

30 that comprise a combination of exons from both alleles.
Obviously depending upon the number of exons the number of
different species of hybrid mRNA molecules would be

numerous.

35 Methods of identifying candidate genes would be relatively
simple these could be identified by routine sequence
analysis or Southern blot analysis of PCR amplified
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assay (eg Agarwal P et al., Diagn Mol Pathol 2000 Sep;
9(3): 158-164; Ryan D et al, Mol Diagn 1999 Jun; 4(2):
135-144). Such systems would also be adaptable to use the
invention described, enabling real-time monitoring of
nucleic acid amplification and allele discrimination for
detection of gene mutations and polymorphisms if
appropriately designed.

Once a candidate gene has been identified it can then be
isolated or produced synthetically to be used in other
aspects of the invention. For example, a candidate gene,
which is suspected of producing hybrid vigour, could be
transformed into a host cell (plant or animal) and a

transgenic plant or animal regenerated.

Methods for generating transgenic animal cells typically
include the steps of (1) assembling a suitable DNA
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appr oach ent .Nos 538,.848 and
p% to %%. fective recoﬁélnant DNA technigues available

in conjunction with DNA sequences for regulatory elements
and genes readily availlable in data bases and the
commercial sector, a person of ordinary skill in the art
can readlly generate a DNA construct appropriate for

25 establishing transgenic animal cells using the materials

and methods described herein.

For example, i1f the entire nucleotide coding sequence for
a candidate gene is not obtained in a single cDNA, genomic
30 DNA, or other DNA, as determined, for example, by DNA
sequencing or restriction endonuclease analysis, then
appropriate DNA fragments (eg., restriction fragments or
PCR amplification products) may be recovered from several
DNAs and covalently joined to one another to construct the
35 entire coding sequence. The preferred means of covalently
joining DNA fragments is by ligation using a DNA ligase
enzyme, such as T4 DNA ligase. The isolated candidate
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20 which are incorporated by reference herein in their
entirety. Once the desired DNA sequence is inserted into
the nuclear genome, the location of the insertion region
as well as the frequency with which the desired DNA
sequence has inserted into the nuclear genome can be

25 identified by methods well known to those skilled in the

art.

Once the transgene is inserted into the nuclear genome of
a donor cell, that cell, like other donor cells of the

30 invention, can be used as a nuclear donor in nuclear
transfer methods. The means of transferring the nucleus
of a cell into an oocyte preferably involves cell fusion

to form a reconstituted cell.

35 Fusion is typically induced by application of a DC
electrical pulse across the contact/fusion plane, but
additional AC current may be used to assist alignment of
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Preferably, the donor animal cell and oocyte are placed in
a 5000m fusion chamber and covered with 4ml of 26°C-27°C
fusion medium (0.3M mannitol, 0.1mM MgSOs, 0.05mM CaCl,).

25 The cells are then electrofused by application of a double
direct current (DC) electrical pulse of 70-100V for about
150s, approximately 1ls apart. After fusion, the resultant
fused reconstituted cells are then placed in a suitable
medium until activation, eg., TCM-199 medium.

30
In a preferred method of cell fusion the donor animal cell
is firstly attached to the enucleated oocyte. For
example, a compound is selected to attach the animal cell
to the enucleated oocyte to enable fusing of the animal

35 cell and enucleated oocyte membranes. The compound may be
any compound capable of agglutinating cells. The compound
may be a protein or glycoprotein capable of binding or
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nucl ear genone of a donor cell, that cell, like other

donor cells of the 30 invention, can be used as a
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Chemlcally induced shock;
3). Penetration by sperm;
4). 1Increasing levels of divalent cations in

the oocyte by introducing divalent cations into the oocyte
cytoplasm, eg., magnesium, strontium, barium or calcium,
eg., in the form of an ionophore. Other methods of
increasing divalent cation levels include the use of
electric shock, treatment with ethanol and treatment with
caged chelators; and

5). Reducing phosphorylation of cellular
proteins in the oocyte by known methods, eg., by the
addition of kinase inhibitors, eg., serine-threonine
kinase inhibitors, such as 6-dimethyl-aminopurine,
staurosporine, 2-aminopurine, and sphingosine.
Alternatively, phosphorylation of cellular proteins may be
inhibited by introduction of a phosphatase into the
oocyte, eg., phosphatase 2A and phosphatase 2B.



process. A variety of electrofusion nedia can be used
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acconpl i shed using Sendai virus as a fusogenic agent
(Graham Wster Inot. Synp. Mmpegr-, 9, 19, 1969).
Fusion may al so be i nduced by exposure of the cells
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the subject of U.S. Pat. No. 5,496,720, to Susko-Parrish

20 et al., herein incorporated by reference in its entirety.

The activated reconstituted animal cells may then be
cultured in a suitable in vitro culture medium until the
generation of cells and cell colonies. Culture media

25 suiltable for culturing and maturation of animal embryos
are well known in the art. Examples of known media, which
may be used for bovine embryo culture and maintenance,
include Ham's F-10 plus 10% FCS, TCM-199 plus 10% FCS,
Tyrodes-Albumin-Lactate-Pyruvate (TALP), Dulbecco's

30 Phosphate Buffered Saline (PBS), Fagle's and Whitten's
media. One of the most common media used for the
collection and maturation of oocytes is TCM-199, and 1 to
20% serum supplement including fetal calf serum, newborn
serum, estrual cow serum, lamb serum or steer serum. A

35 preferred maintenance medium includes TCM-199 with Earl
salts, 10% FSC, 0.2mM Na pyruvate and 500g/ml gentamicin
sulphate. Any of the above may also involve co-culture
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The reconstituted animal cells are cultured on the feeder

layer until the reconstituted cells reach a size suitable
for transferring to a recipient female, or for obtaining
cells which may be used to produce cells or cell colonies.
Preferably, these reconstituted cells will be cultured
until at least about 2 to 400 cells, more preferably about
4 to 128 cells, and most preferably at least about 50
cells. The culturing will be effected under suitable
conditions, i.e., about 39°C. and 5% CO;, with the culture
medium changed in order to optimise growth typically about
every 2-5 days, preferably about every 3 days.

The methods for embryo transfer and recipient animal
management in the present invention are standard
procedures used in the embryo transfer industry.
Synchronous transfers are important for success of the
present invention, ie., the stage of the nuclear transfer
embryo is in synchrony with the estrus cycle of the

recipient female. This advantage and how to maintain



Pyruvate (TALP), Hamis F-10 plus 10% FCS, synthetic
oviductal fluid ("SOF"), B2, CRlaa, nedi um and high
WE0as%esn si npl ex medi um ("KSOM'). 10 The PCT/AU2005/000141

reconstituted cell may al so be activated by known
met hods. Such nethods include, 9., culturing the
reconstitut ed cell at sub-physiol ogical tenperature,
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ut&mamsﬂaﬁﬁeﬁ.wmm4§ﬂﬂgmddkiy into the uterus of each
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Foster mothers preferably are examined for pregnancy by
25 rectal palpation or ultrasonography periodically, such as
on days 40, 60, 90 and 120 of gestation. Careful
observations and continuous ultrasound monitoring
(monthly) preferably is made throughout pregnancy to
evaluate embryonic loss at various stages of gestation.
30 Any aborted fetuses should be harvested, if possible, for
DNA typing to confirm clone status as well as routine

pathological examinations.

The reconstituted animal cell, activated reconstituted
35 animal cell, fetus and animal produced during the steps of
such method, and cells, nucleil, and other cellular

components which may be harvested therefrom, are also
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contained in well plates which preferably contain a
suitabl e confluent feeder |ayerp Suitable feeder
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anthedRW cipd 1R /IhA M 1200 2By 326 & ST /205D Bk hological

%%jection among animals of the same species as well as
between species.

In one embodiment, the candidate gene will be a plant gene
which is capable of producing hybrid vigour as discussed
supra.

Traditionally a hybrid plant is produced by random event
by crossing one elite inbred plant with one or more other,
genetically different and diverse, inbred plants. The
crossing consists of taking the pollen from one inbred
elite plant and transferring to the other elite inbred
plant. The seed from crossing of two inbreds is a first
generation hybrid and is called a F;. The F; of
commercially valuable inbreds have better yields,
standability, and improvement in other important

characteristics than either of the parents.

In the present invention once a candidate gene has been
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Vitro (1981) L. Mastroianni, Jr. and J. D. Biggers,
ed., Plenum Press, New 5 York, 3B8. ¥., page 323), the
contents of which are hereby incorporated by
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non-surgically or surgically info the uterus of a

sy eRCeRNSEd indei Be FEPTSEG 1OPh#CTROM BH FEPIR B TR
enpli @¥ed 1ysSiipg o %Chi@!cqpaén&n@lm.a wel | -known to
those of ordinary skill in the art. In one procedure,
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p f _enbrygs and/qr. animals, is

t r RESEOPLES tor O, 'lg%hi N ﬁﬁo 'tﬁgg Jar & of each
sya@ﬁri@raﬂ'a&e@n]{/aslmbim:ﬁblmemedﬁasieer DI Imftsl kar effertadytikyus et
are_exani [ pregnanc . 25 a al pati

ul F#am?ﬁ»’g?gp WY, grlieggirgg%lr%é i (S GG 43 3 253
90 sprd if2@adfl ygesicatipomra tesr dfealeinobyemedismsmsaand: its
cont.i g ul it QrENG 316 N efen

i s%&%&%{9éu%é@%%&%%%nkﬂ%%&%ﬁé%éﬁeﬁ bt

| odKagPDJ & adt-agd998F Fest-afiedn. 90 Ay Hoorded

fekbyees f%@qllgr he apvested HdrdlesHoherdrneddNA its

typing to confirmclone status as

patR&LEGtYAl 28dali-Rat Féirs. Mne %é@%lﬁ;ﬁﬁa}its%’%@ﬁl%l ly

celihcoagioradiced hegedns biyt weddrmoaniimli eeldnt ifrettys , by

ond Il ofused o, e sgproy sheh TR,

whisc b 9in Y 1ibe anglr We St.e datthe Nef.r 3m563r, @58 ;sdoth specifically
incorporated herein by reference) and by acceleration of
DNA coated particles (U.S. Pat. No. 5,550,318; U.S. Pat.
No. 5,538,877; and U.S. Pat. No. 5,538,880; each
specifically incorporated herein by reference in its
entirety), etc. Through the application of techniques such
as these, plant cells may be stably transformed, and these
cells developed into transgenic plants. In certain
embodiments, acceleration methods are preferred and
include, for example, microprojectile bombardment and the
like.

Where one wishes to introduce candidate gene DNA by means
of electroporation, it is contemplated that the method of
Krzyzek et al. (U.S. Pat. No. 5,384,253, incorporated

herein by reference in itsg entirety) will be particularly
advantageous. In this method, certain cell wall-degrading
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rej ection gnon anl mal s of the sane species as well

betidEESs pEdIREELY n 18h & T SRFRHIUS hePna it e @ag@trﬂ@lly
vvi |dedi%éﬂa pntcganaa My OF ithe anatlen e MHUE I ddbosing

gour as dj scussed supra. 25 Traditionally a
Y e Homeq Syt Ty SRR SRante Bk g
onmeﬂhanaqaﬂﬂququndnngMnﬂwanuennrdﬁﬂ&d(mdnner. Examples of
ge cal f ¢ ts. The
cr %ggen%ﬂ%ﬁggst@lg?{ta ing “he péalrll en rﬁ‘&jeom ne inbred
30 edisata oploamt igmd afr atﬁéiaértr Mﬂ}h% i wicharaigle t@.S. Pat.

| nyed 5 Blsantas3the) sgad JikpBiCrassi NG f, R ,ddbrads;y ||
is._a flrst generatlon hybrid and is called a F1. The

F116P5)confsas d4Rpw atusd-e ilioidds GPlRAE deliis and Lin,

yi €lod%s,) , soybean (Christou et al., 1987), and tobacco (Lee
et al., 1989).

One may also employ protoplasts for electroporation
transformation of plants (Bates, 1994; Lazzeri, 1995). For
example, the generation of transgenic soybean plants by
electroporation of cotyledon-derived protoplasts is
described by Dhir and Widholm in Intl. Patent Appl. Publ.
No. WO 9217598 (specifically incorporated herein by
reference). Other examples of species for which protoplast
transformation has been described include barley (Lazerri,
1995), sorghum (Battraw et al., 1991), maize
(Bhattacharjee et al., 1997), wheat (He et al., 1994),
tomato (Tsukada, 1989), and soybean (Dhir et al., 1992).

A preferred method for delivering transforming candidate
gene DNA segments to plant cells in accordance with the
invention is microprojectile bombardment (U.S. Pat. No.
5,550,318; U.S. Pat. No. 5,538,880; U.S. Pat. No. 5,610,
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Sp&Idth dal land |crﬁ:dfhtmrraledadwerrmdesmaﬂyef erence) and by
15acceleration of DNA coated particles (U S. Pat. No.
5,550,318; U S. Pat. No. 5,538,877; and U S. Pat. No.
5, 3388,188@s teadh V&5 aspersiifriesd] [of isncrgtmdhtiatr g leiveding DNA
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appl i cation of techni"ques such : as ese, ant ce

mayP e 161 eb R LivaTE GHfdEm anthidiesan &4 BRIV qrapel

| NtR AN TEEe o HYARESh IDNZC 9t @&ldl 1 empdiymnts, screen, such
accel erati an .met hods relgreferred and 30 |ncluoli§elt
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surface covered with plant cells cultured in suspension.
The screen disperses the particles so that they are not
delivered to the recipient cells in large aggregates. It
is believed that a screen intervening between the

25 projectile apparatus and the cells to be bombarded reduces
the size of projectiles aggregate and may contribute to a
higher frequency of transformation by reducing the damage
inflicted on the recipient cells by projectiles that are
too large.

30
Microprojectile bombardment techniques are widely
applicable, and may be used to transform virtually any
plant species. Examples of species for which have been
transformed by microprojectile bombardment include monocot

35 species such as maize (PCT Application WO 95/06128),
barley (Ritala et al., 1994; Hensgens et al., 1993), wheat
(U.s. pPat. No. 5,563,055, specifically incorporated herein
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D Halluin et al., 1992; Rhodes et al., 1995), wheat

(Zhou et al., 1993), tomato (Hou and Lin, 1996),
so¥oearnrheChombaadnental celle8iy saspersiaccayd emncafitrated
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and the cells to be bombarded.

Agrobacterium-mediated transfer is a widely applicable
system for introducing genes into plant cells because the

25 DNA can be introduced into whole plant tissues, thereby
bypassing the need for regeneration of an intact plant
from a protoplast. The use of Agrobacterium-mediated plant
integrating vectors to introduce DNA into plant cells is
well known in the art. See, for example, the methods

30 described by Fraley et al., (1985), Rogers et al., (1987)
and U.S. Pat. No. 5,563,055, specifically incorporated

herein by reference in its entirety.

Agrobacterium-mediated transformation is most efficient in
35 dicotyledonous plants and is the preferable method for
transformation of dicots, including Arabidopsis, tobacco,

tomato, and potato. Indeed, while Agrobacterium-mediated
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(Lazerri, 30 1995), sorghum (Battraw et al., 1991),
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I S ririoROSEGHikaE NA-goat edhgmrticles may increase the
| evel of DNA delivery via particle bonbardnent but are
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expressing various polypeptide coding genes. The vectors
described (Rogers et al., 1987) have convenlient multi-
linker regions flanked by a promoter and a polyadenylation
site for direct expression of inserted polypeptide coding
genes and are suitable for present purposes. In addition,
Agrobacterium containing both armed and disarmed Ti genes
can be used for the transformations. In those plant
strains where Agrobacterium-mediated transformation is
efficient, it is the method of choice because of the
facile and defined nature of the gene transfer.

Transformation of plant protoplasts can be achieved using
methods based on calcium phosphate precipitation,
polyethylene glycol treatment, electroporation, and
combinations of these treatments (see, e.g., Potryvkus et
al., 1985; Lorz et al., 1985; Omirulleh et al., 1993;
Fromm et al., 1986; Uchimiyva et al., 1986; Callis et al.,
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reduci ng the damage inflicted on the recipient cells

by projectiles that are tood age. 30 Mcroprojectile
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be lé%f?d t irt any plant species.
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15 €Nt s g&)(oﬁgul&%qﬁ%% ceI s in suspension
are concentrate on |Iters or solid culture
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The cells to be bonbarded are positioned at an

apPrESTiAtE S ST @B ATE R FprEectiq entroduce DNA
st apRind.rijaaite cdifl desi tdds e in By a2 iHE@e o rMkample,

ber%%selrltelr%q:el%nbeotf/\%eeq:eta & rco%{ %rﬁ%a{t%r}fedee\ﬁbryos or explants
can be effected as described (Vasil, 1989). Also, silicon
carbide fiber-mediated transformation may be used with or
without protoplasting (Kaeppler, 1990; Kaeppler et al.,
1992; U.S. Pat. No. 5,563,055, specifically incorporated
25 herein by reference in its entirety). Transformation with
this technique is accomplished by agitating silicon
carbide fibers together with cells in a DNA solution. DNA
passively enters as the cells are punctured. This
technique has been used successfully with, for example,
30 the monocot cereals maize (PCT Application WO 95/06128,
specifically incorporated herein by reference in its

entirety; Thompson, 1995) and rice (Nagatani, 1997).

Optimisation of Microprojectile Bombardment

35
For microprojectile bombardment transformation in

accordance with the current invention, both physical and
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can be introduced into whole plant tissues, thereby
bypassi ng the need for regeneratg an of an intact plant
fron1a protoplast. The use of Agrobacterium nedi ated
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th®NA concentratlon gap distance, flight distance, tissue
distance, and helium pressure. It 1s further contemplated
that the grade of helium may effect transformation
efficiency. For example, differences in transformation
efficiencies may be witnessed between bombardments using
industrial grade (99.99% pure) or ultra pure helium
(99.999% pure), although it is not currently clear which
is more advantageous for use in bombardment. One may also
optimize the trauma reduction factors (TRFs) by modifying
conditions which influence the physiological state of the
recipient cells and which may therefore influence
transformation and integration efficiencies. For example,
the osmotic state, tissue hydration and the subculture
stage or cell cycle of the recipient cells may be adjusted

for optimum transformation.

Both physical and biological parameters for bombardment



arrangement of genes and restriction sites in the
vectors 20 to facilitate the construction of vectors

w@E apabtrwef expressing various pol ypepti de coRPECTI§U2005/000141
genes. The vectors described (Rogers et al., 1987)
have convenient nulti- |inker. pggions fl anked by a
pronoter and a pol yadenylation site for direct
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pl ant strains depends upon the ability to regenerate

that, particular _ 5 plant strain from protopl asts.
11138t P&ﬁ%ﬁe%ﬁ“@:&rs{ he regeneration of cereals

from protopl asts have been described (Fujimra et

al .., 85: ,Tori ma et al., 1986; Yanmmda et al.
1519ds: JGQRE’dPﬂHS%ﬁ%% al . 1986; Omirulleh et al., 1993

and U.S. Pat. No. 5,508, 184; each specifically 10
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shorter gap are an increase of velocity of both the macro-
and microprojectiles, an increased shock wave (which leads
to tissue splattering and increased tissue trauma), and
deeper penetration of microprojectiles. Longer gap

25 distances would have the opposite effects but may increase
viability and therefore the total number of recovered

stable transformants.

2. Flight Distance
30
The fixed nest (contained within the variable nest) can be
varied between 0.5 and 2.25 cm in predetermined 0.5 cm
increments by the placement of spacer rings to adjust the
flight path traversed by the macroprojectile. Short flight
35 paths allow for greater stability of the macroprojectile
in flight but reduce the overall velocity of the
microprojectiles. Increased stability in flight increases,
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regenerated from protoplasts, other ways to introduce
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exanpl e, 20 regeneration of cereals frominmmture
enbryos or explants can be effsgcted as descri bed
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punctureﬂ This technique has been used successfully
ex&Mpl e, 30 the nonocot cereals maize (PCT

Application WO 95/06128, specifically incorporated

her e| egrence in its entirety; Thonpson, 1995)

an&’ gé ];];gjal af?in,ce1997). Opti m sation of
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orientation of an immture enbryo or 10 ot her target
tissue relative to the particle trajectory, and also
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ll%&%&%ﬁ%e can % U@?Téa lé%%égﬂlé%% ﬁgﬂgd%o pSl w1th1n the
gas acceleration tube. Optimum pressure for stable
transformation has been determined to be between 1000 and

1200 psi.
5. Coating of Microprojectiles.

For microprojectile bombardment, one will attach (i.e.
“coat”) DNA to the microprojectiles such that it is
delivered to recipient cells in a form suitable for
transformation thereof. In this respect, at least some of
the transforming DNA must be available to the target cell
for transformation to occur, while at the same time during
delivery the DNA must be attached to the microprojectile.
Therefore, availability of the transforming DNA from the
microprojectile may comprise the physical reversal of
bonds between transforming DNA and the microprojectile
following delivery of the microprojectile to the target



bel i eved that pre-bonbardnment manipul ations are
especially inportant for successful transformation of
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been demonstrated to work well with the current invention
have been specifically disclosed herein. DNA may be bound
to microprojectile particles using alternative techniques,
however. For example, particles may be coated with
streptavidin and DNA end labelled with long chain thiol
cleavable biotinylated nucleotide chains. The DNA adheres
to the particles due to the streptavidin-biotin
interaction, but is released in the cell by reduction of
the thiol linkage through reducing agents present in the
cell.

Alternatively, particles may be prepared by
functionalising the surface of a gold oxide particle,
providing free amine groups. DNA, having a strong negative
charge, binds to the functionalised particles.
Furthermore, charged particles may be deposited in
controlled arrays on the surface of mylar flyer disks used
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adjusted to vary the distance between the rupture

di sk and the mnacroprojectile, g3.e, the gap distance.

Thi s di stance can 20 be varied fromO to 2 cm The

pr edl ar
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di stances woul d have the opposite effects but may
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microprojectiles.

Various other methods may also be used to increase
transformation efficiency and/or increase the relative
proportion of low-copy transformation events. For example,
the inventors contemplate end-modifying transforming DNA
with alkaline phosphatase or an agent which will blunt DNA
ends prior to transformation. Still further, an inert
carrier DNA may be included with the transforming DNA,
thereby lowering the effective transforming DNA
concentration without lowering the overall amount of DNA
used. These techniques are further described in U.S.
patent application Ser. No. 08/995,451, filed Dec. 22,
1997, the disclosure of which is specifically incorporated

herein by reference in its entirety.
(ii) Biological Parameters

Culturing conditions and other factors can influence the

physiological state of the target cells and may have



significant effects on mcroprojectile penetration.

Increasing the flight path of the mcroprojectiles
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surface of a target petri dish. The velocity of particles
in the centre of the plate is higher than the particle
velocity at further distances from the centre of the petri
dish. Therefore, it is advantageous to situate target
tissue on the petri dish such as to avoid the centre of
the dish, referred to by some as the “zone of death.”
Furthermore, orientation of the target tissue with regard
to the trajectory of targets also can be important. It is
contemplated that it is desirable to orient the tissue
most likely to regenerate a plant toward the particle
stream. For example, the scutellum of an immature embryo
comprises the cells of greatest embryogenic potential and
therefore should be oriented toward the particle stream.

It also has been reported that slightly plasmolyzed yeast
cells allow increased transformation efficiencies (Armaleo
et al., 1990). It was hypothesised that the altered
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genom c DNA of the recipient cell. Therefore, as used
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is capable of being used to transforma target cell,
in that the transform ng DNA wd |- be delivered to the
target ceII yet 15 will be accessible to the target
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embryos are precultured for 4-5 hours prior to bombardment
on culture medium containing 12% sucrose. A second culture
on 12% sucrose is performed for 16-24 hours following
bombardment. Alternatively, type II cells are pretreated
on 0.2M mannitol for 3-4 hours prior to bombardment. It is
contemplated that pretreatment of cells with other
osmotically active solutes for a period of 1-6 hours may
also be desirable.

2. Plasmid Configuration

In some instances, it will be desirable to deliver
candidate gene DNA to cells that do not contain DNA
sequences 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,
kanamycin, and tetracycline resistance, and prokaryotic
origins of DNA replication. In such case, a DNA fragment



single copy of the transgene. For exanple, a | ower

concentration of DNA may not necessarily change the 10
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Tissue culture requires media and controlled environments.
“Media” refers to the numerous nutrient mixtures that are
used to grow cells in vitro, that is, outside of the

25 intact living organism. The medium usually is a suspension
of various categories of ingredients (salts, amino acids,
growth regulators, sugars, buffers) that are required for
growth of most cell types. However, each specific cell
type requires a specific range of ingredient proportions

30 for growth, and an even more specific range of formulas
for optimum growth. Rate of cell growth also will vary
among cultures initiated with the array of media that
permit growth of that cell type.

35 Nutrient media is prepared as a liquid, but this may be
solidified by adding the liquid to materials capable of
providing a solid support. Agar is most commonly used for
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efficiencies. Second, it is proposed that certain
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limited to, immature embryos, seedling apical meristems,

microspores and the like. Those cells which are capable of

25 proliferating as callus are also recipient cells for
genetic transformation. The present invention provides
techniques for transforming immature embryos and
subsequent regeneration of fertile transgenic plants.
Transformation of immature embryos obviates the need for
30 long term development of recipient cell cultures. Pollen,
as well as its precursor cells, microspores, may be
capable of functioning as recipient cells for genetic
transformation, or as vectors to carry foreign DNA for
incorporation during fertilisation. Direct pollen

35 transformation would obviate the need for cell culture.

Meristematic cells (i.e., plant cells capable of continual

cell division and characterised by an undifferentiated
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transformation. 5 1. OGsnotic Adjustnent It has been
suggested that osnotic pre-treagtgment could
potentially reduce bonbardnent associated injury as a
the decreased r-.pressure of . .
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sucrose 1S or rre
bomtdf@étﬂted mt e?h%tmq@w envigonmente| | s are

pretreated on 0.2M mannitol for 3-4 hours prior to
bonbardnent. It is cQ npl at ed that pretreatnment

R T AT 6k oA iy SRAYS @ e Gl g cells for
perdrethsforirichauirtsh ridsimdc ONre sesidraty ena32 bé’lagrnmant
Conf i-gur at | 30 | 0 st ances

desﬁerla & C(iu a1 e(’{brsr%:ancﬁe %dt Z‘l’l gdgr%o%\lgéeu eJIcfal]tﬁffatcells
do frrem @@m alaYSDN]A Sopiac e liecessargf fugrious types.

Mai :&f éel'fl.‘%Léo'zi%f:eg‘o‘i!leVee‘-is&-;{?rplé1 dheacifiialiig which

host as antibiotic 35 resistance

geﬁ@éf %ﬂnﬁd%c@ B hRIeNanfte @ {3 edhipi e qugh embryo
kam@oxﬁnd«dﬂémﬁdgémd ed1StARG® @¥ke which typically

rokaryotic orl s, of liication. In such ca
p @Ni y %djln such a é%shlon An example oé;non—

embryogenlc cells are certain Black Mexican Sweet (BMS)

'])

corn cells.

The development of embryogenic calli and suspension
cultures useful in the context of the present invention,
eg., as recipient cells for transformation, 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 in its entirety.

Certain techniques may be used that enrich recipient cells
within a cell population. For example, Type II callus
development, followed by manual selection and culture of
friable, embryogenic tissue, generally results in an
enrichment of recipient cells for use in, microprojectile
transformation. Suspension culturing, particularly using

the media disclosed herein, may improve the ratio of
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gel electrophoresis on a 1.2% 1l ow nelting tenperature
agarose gel, followed by recowery fromthe agarose
gel by nelting 5 gel slices in a 6-10 fold excess of
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r of el ectroelutian techni gues, zyne

i QUSG5 BRI B P0q 51 sekecting
bemisr Yedigigent Geleld ean) . I'n addition, HPLC and/or
use of magnetic particles my be used to isolate DNA
fragnents. As an alternative to isolation of DNA
f r dtpmartls sed quitdsm oOf weatiarienin dslld gedd ed Wy tdelbecting
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gro reg u ors gars,
reqlherlé?:i sfige agxb\ﬂqnaﬁ qmpl@@m B oredrmned  celalbh will

Spefdfd:& 108} Ibe R QI TLS1E SPeGd I1edanNger M rentiated, or
i ngredi ent "proportions 30 for growth, and an even nore
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initiat wi.th _the of dlath tg-l
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||mmdiedaﬂtdiuytdpﬁadmaratlo (e g., determlned by
cytological observations), small in size (e.g., 10-200m),
and capable of sustained divisions and somatic proembryo

formation.

It is proposed that other means for identifying such cells
may also be employed. For example, through the use of
dyes, such as Evan's blue, which are excluded by cells
with relatively non-permeable membranes, such as
embryogenic cells, and taken up by relatively
differentiated cells such as root-like cells and snake
cells (so-called due to their snake-like appearance).

Other possible means of identifying recipient cells
include the use of isozyme markers of embryogenic cells,
such as glutamate dehydrogenase, which can be detected by
cytochemical stains (Fransz et al., 1989). However, it is



solidified by adding the liquid to nmaterials capable

of providing a solid support. Agar is nost conmonly
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pur pose. Bactoagar, Hazelton agar, Celrite, and

Gelgro are specific types of s@lg d support that are

suitable for growmh of plant cells in tissue culture.
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wll be affected not only by the type of nedia used
and by the environnent, for exanple, pH but also by
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m crospores, pol perm and egg cells
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pl aRi-JHe be regenerated is useful as a recipient

cell. Type I, Type Il, and Type IIl callus may be
initiated fromtissue sources including, but not

| i Benedatldy,i nimet weermenbtyestiseed iMgretinealt” and the like

5 ML Sl [ILEHOSR 58 ANG A ke o938 GRS or

mhlch are capab pro g s ca I"us™ar e
al sabjesitpi émelafeltﬂlsssm oy @ifdtlisc o @idfadmmat idgsiriee

Pr &38R naldaielican RHAVIIeHh i8N AULS fdfect. The effect
transtorm ng I nmat ure enbryos and subseguen

r e§ENePft PHRPEY 1RSI dnt taEFemitc 99 ely or partially
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20for 0 lon tgfn1 %yel Jg ,of re%FPéH$t cel | or
cul &L TBy| P&t &? ash (&Y SoPardihad,
M coagietes curey olfe dicapald .e OfTdaadingdniazy w@ed herein
re%%@%%%ta%gl%%é%%&e%%n%@,cor prevention of disease in a
plant or animal, and includes: (a) preventing the disease
from occurring in a plant or animal that may be
25 predisposed to the disease, but has not yet been diagnosed
as having them; (b) inhibiting the disease, ie., arresting
its development; or (c) relieving or ameliorating the
symptoms of the disease, le., cause regression of the
symptoms of the disease.
30
Once a plant or animal afflicted with a disease has been
diagnosed and a candidate gene, or combination of genes,
has been identified then these genes or gene products may
be administered to the plant or animal either using the
35 techniques described above with respect to hybrid vigour
or using standard medical or agricultural techniques.



transformation, or as vectors to carry foreign DNA for
i ncorporation during fertilisation. Direct pollen 35
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caljljrapd-suspension 25 cultures useful in the context
of the present invention, eg., as recipient cells for
transformati on, has been described in U S Pat. No.
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Two allelic forms of the gene DNMT2 have been described
(Franchina et al., Hum. Hered. 52,210 (2001)). DNMT2
encodes an enzyme, which is involved in the process of DNA

25 methylation. One of the alleles DNMT2I includes the
nucleotides G in position 104 of exon 2 and C in position
50 of exon 4. The alternative allele, DNMT2II includes
nucleotides A and T in these positions respectively. Thus
the difference in the sequence of DNA within exons 2 and 4

30 Dbetween each of the two allelic forms of DNMT2 permits the
allelic origin of exons 2 and 4 in a final mRNA molecule
to be determined. These findings were used to test whether
hybrid forms of mRNA can be formed in heterozygous
offspring by incorporation of exons from each allele into

35 the same mature mRNA molecule, thereby generating novel
polypeptide or protein molecules unigue to heterozygous
offspring.



30 Certain techniques may be used that enrich
recipient cells wthin a cell population. For
wex@sprses Type |1 callus devel opnment, fol | oweRCTXU2005/000141
manual selection and culture of friable, enbryogenic
tissue, generally results in-amsB5 enrichnent of
recipient cells for use in, mcroprojectile
transformati on. Suspension culturing, particularly
using the nedia disclosed herein, may inprove the
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1orecipient cells prior to culturing (whether cultured
on_solid nmedia or jn suspension). The preferred cells

mayF 5 W HbSE Y SEHIRFERY (T Sliridt e19F1% Retpers, which
Cl wsicari, f iantl darayedhiood wi ftﬂ)l\LPb&)ﬂ (@ﬁﬁéx%ﬁ’@ew 44@bg that
| ack of differenti.ation, &tﬁeir ' ngf
cyrST AR TR & dind s Y. Sl i Tyeg @roducts of
t hegpreetilne twilise H &l |igs sl aidtfleriordm awejeors Tl Yyednd IIT
1 F’OWVJe}c‘”ed A1l FBIETY i Al ys) o, p0e f@c%? VASH, AP per
5| dentity angD el éct {%ose el 1% ﬁll%rﬁ are <
cy fasIcasTH oegnsy sResncedl ativel y unvacuol ated with a
hi gh nucleus to cytoplasmratio (e.g., determ ned by
cyt ol ogi cal observations), small_in si ze%ﬁ( gﬁg. ,
104F0GMCM™ dritl "pdblle FrisstSi frel dhi Spes
S ORRicheryaRe Yo sdljdmd ITL 2% eflected bi-allelic
20 expression of DNMT2 and as expected, cis-assembly of exons
2 and 4 in the mature mRNA molecule. One of the cloneg
however, included a splice product that comprised exon 2
from the DNMT2 I allele and exon 4 from the DNMT2 IT
allele. A further clone comprised exon 2 from the DNMT2 IT
25 allele as well as exon 4 from the DNMT2 I allele. To
assess the reproducibility of these findings and to
exclude the possibility that the two apparent hybrid mRNA
molecules found in subject III 1 were consequential to
some form of mitotic recombinational event, mRNA species
30 were examined similarly from the PBL of subject III 2.

As shown in Table 1, 11 of 14 clones contained inserts,
which reflected bi-allelic expression of DNMT2 and cis-
exonic assembly. The structure of a further 3 clones,
35 however, indicated that hybrid mRNA molecules had been
assembled. Two of them included exon 2 from the DNMT2 II
allele and exon 4 from the DNMT2 I allele. The sequence
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fromoccurring in a plant or animal that may be 25
predi sposed to the di sease, but has not yet been
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ie., arresting its developnent; or (c) relieving or
aneliorating the synptons of- tshe -di sease, ie., cause
regression of the synptons of the disease. 30 Once a
plant or animal afflicted w thgdi;sease has been

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

pr Oﬁﬂ§£§lﬁ@-ﬂloﬁeoﬁd§%}mﬁ.éé§r gpmg ﬁlﬁﬁApinémEcgfLeénhﬁaberlpheral
either using the 35 echnlgues escglbe above th
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agri cul t whal daehdiles pdRi2ARRI0HEGGEn exons 2 and 4.
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a n n n H
interchangeably. For exanple, the candi dat suggas
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unint @ whl stonohs u@ﬁwaphmngncbnventional non-t oxi c
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vehi cl esorThe term parenteral as uéd het®in includes 13
suBcut aneous i nj ections, aerosol, intravenous,
|ntranuscular intrathecal, intracranial, injection or

10 |nfu5| n technia es or rectal or, vaginally. 0

Th@pughout the speeification, unless the context
requires otherw se, the word "conprise" or variations
such as conprises™ or conprising , Wil De
understood to inply 15 the inclusion of a stated

I nteger or group of integers but not the exclusion of

I S SRR T S e subsects
FORNE 120 VBRI, D arRNOANYIEQUIESHIN EIERAAVEIUS . subjects IT
Ogéﬁpg\éi‘s\'ccfrlr‘ﬂo Rl d G FAr B T d 18y, RN e, JNNIZ have
*A mixture of mRNA from the homozygous DNMTZ I and DNMTZ2
II parents of subjects IIT 1, III 2, (II 3 and II 4) was

also subjected to RT-PCR and the products cloned and

sequenced. No inserts were obtained which specified G-T
or A-C spliced DNMTZ2 mRNA molecules. These results
confirm that our findings reflect the presence of an in
vivo primary transcript splicing system involved in trans-
exonic bi-allelic assembly of spliced mRNA molecules.
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he primary transcript, NRNA was isolated from the
pemqﬂa@rlaﬁlcaml@@d afe esclices q msDeo s iRy MBfectallales, it
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studi e het er,ozy ousfor t two allelic forns
of B! %@@ e %ﬁ‘&ﬁ ‘Hered. 52,210
(2001)) 10 The nRNA mas subjected to RT-PCR using
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The biological phenotype of HD may be caused directly by a
reduction in the activity of hybrid proteins such as
enzymes. On the other hand, some hybrid proteins may be
recognised as immunologically foreign and cause the onset
of some forms of HD by inducing an auto-immune process.
The invention disclosed herein explains how an enhanced or
a reduced biological phenotype is generated in hybrid
offspring by the formation of novel proteins. The hybrid
offspring must inherit allelic forms of the relevant genes
which must differ according to the structural criteria

that have been defined supra.

EXAMPLE 1 OSTEOPOROSIS AS A MODEL OF HV IN HUMANS

Osteoporosis is a bone disorder suffered by almost 40% of

post-menopausal women. It is caused by increased bone
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[ na't'abi ®obitmermyid7 .dheRMAstribution of nucleotide sequence
differences which encode the alternative amino acids at
positions 126 and 447 of the calcitonin receptor satisfy
the structural criteria required to enable the formation
of novel or hybrid forms of calcitonin receptor in
subjects who are heterozygous for different allelic forms
of the calcitonin receptor gene.

According to the invention described herein, permitted
combinations of amino acids at positions 126 and 447
within the calcitonin receptor comprise, (a)
leucine/proline, (b) leucine/leucine, (¢) arginine/proline
and (d) arginine/leucine, two of which comprise wild-type
alleles whereas the other two comprise hybrid forms of the
calcitonin receptor which affect bone density and
susceptibility to bone fracture.
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aracterise 3% nucleoéide differences which are located
within different ASL 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 enzyme in subjects who are heterozygous for two

different mutant formgs of the ASL gene.

EXAMPLE 3 CYSTINURIA AS A MODEL FOR NEW BIOCHEMICAL
PATHWAY

Cystinuria is a human disorder characterised by impaired
renal absorption of cystine and other amino acids. One

form of cystinuria (referred to as non-type 1 cystinuria)



density and increased susceptibility to bone
fractures. Calcitonin is used to treat osteoporosis
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osteoclasts and reduces 5 their ability to cause bone
decay. Taboulet et al., Hum MdlsgGenet. 7,2129(1998)
have shown that subjects mho are heterozygous for
t I
Taklflccl’lsI ﬁ%ave © Q{H hrbeér one d sﬁtﬁlt%&l 8 rlggn@e%éhe
ri slesdiorisdies fSrIeit?tA?r edlomysrsidy of WU weat \ereg eof SLCT7AS
hommzstgQlss 1951, e/ SARE Md 43 5@%&!&1@&@% T@%a@rleea

shows t he exan Iocatlon of nucl eoti de changes t hat
en EEPRICH e rgh tC YA i d%ﬁ%%gqqptdlt@%erpeﬁwts@%lmé Font et

5f org1B, ,0funt M 1CALidtoni 0 rFEmRE00L) H@f@c&%d@lty for each

10

20

25

30

35

se nce variatiqns. were ved fr NCBI .
intditese Rt of B B B Ty AN
einheﬁdnanmdnaaﬂ ayqﬁﬂnaureﬁbsnnptxonuﬂxh;knéﬁinglWiﬁh the

nuc %%t %&eﬁ%l%fe l&%ﬂﬁ%eﬁq%yexon%@fk@%dl&y l"eSd.llt in

erences at "am no
posieriena tdan THe tdistritent @i lofl erucld8il d&/ sEGlenn® A354T,

d' fferences, Widgh qnc@%ﬁ&qoalﬂe%rﬂ@sﬂl%w nop@ci ds

positions 126 and 447 of the calcitoni'n receptor

sathomll%aﬁéoa Qfctidemugliaaddide gy W @haireode each
t he Qﬂféﬂt’dlﬁréez%ﬁaﬂw\&:lrnfﬁ Jﬁ/@’ﬂ@ﬁf%@@cﬂgfy the structural

caIC|ton|n r ceptor ts who are ero ous
¢ o ARt S Rl aad o IR RSl A% e
r eoﬁptsmbjgems m«mm frge tter d ey dusy efidn canydecsm ided-he three

her qupnﬂyl am no aci ds at
pos?#¥%5£q¥ % fig: Wi thin %g§§§{citonin recept or
conprise, (a) Ieu0|ne/proline (b) leucinel/leucine,(c)
ar ghohg/E1o! i ne ﬁ@m@s AP hDSAANGIN &% MODR, FOR NEW
whiTtirconpri se wil pe__altetres whereas the other
two conprise hyanl HAL L 1B &Y 5] ¢i t oni n

receptor which affect bone density and susceptibility

to foge Laqure:, Y0 2005/ Q79668 FCT/ A0S Q0G14Y, &7

glucose levels are unable to be controlled properly
because of impaired insulin secretion or resistance to its
action. There are many different mechanistic forms of
diabetes. In type 1 diabetes (diabetes of the young)
insulin release is impaired because of immune attack on
the islet cells, the cells within the pancreas that
secrete insulin. Glutamic acid decarboxylase (GAD 65)
encodes a major islet cell auto-antigen targeted by the

immune system in type 1 diabetes.

Table 3 details the exonic location of nucleotide changes
that encode different amino acids in alternative allelic
forms of the enzyme glutamic acid decarboxylase. Coding
region sequence variations were retrieved from NCBI
databases. As shown in Table 3, exon 1 includes nucleotide
differences that encode arginine or glycine at amino acid

position 12. Exon 4, on the other hand, includes
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reference to the alternative amino acids which can be
encoded by nucleotide differences located in exons 6 and 8
only, the combinations of (a) glutamic acid/arginine (b)
glutamic acid/lysine (c) glycine/arginine and (d)
glycine/lysine at amino acid positions 232 and 286 are
formed in accordance with the new biochemical pathway. Two
of these combinations comprise wild-type enzymes whereas
the other two comprise hybrid forms.
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polypeptides or proteins, formed by the novel biochemical
pathway in subjects who are heterozygous for different
forms of alleles, which fulfil inventors structural
criteria, synthesise auto-antibodies more readily than

subjects who are homozygous for the same GAD65 alleles.

On the other hand, types of diabetes which occur later in
life, some of which are associated with obesity, are not
caused by an auto-immune process. These forms of diabetes
are referred to as type 2 diabetes. The most
consistently recognised type 2 diabetes candidate gene
located on chromosome 2 1s calpain-10 (CALP-10).No mutant
forms of CALP-10 have been found to explain the
relationship between this gene and development of type 2
diabetes even though it is associated with the highest
risk for development of type 2 diabetes. The HD model for
the association of CALP-10 with susceptibility to
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Two of these conbinations conprise wild-type enzynes
whereas the other two conpriseshybrid forns. 25 WO
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i nventors' fi nd| ngs and hypot hesi s t hat
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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 beenn found.

The exonic location of nucleotide changes which encode
different amino acids within the insulin degrading enzyme
is shown in Table 4.The coding seguence variations were
retrieved from NCBI databases. As shown in the Table, exon
3 contains nucleotide sequence differences which encode
the alternative amino acids phenylalanine or leucine at
position 298 .Moreover, amino acids leucine or
phenylalanine may be encoded at amino acid position 582 by
nucleotide changes located within exon 5 and serine or
glycine at amino acid position 854 may be encoded by
nucleotide differences within exon 1l1.Asparagine or
aspartic acid may be encoded at amino acid position 947 by

variation in sequence included in exon 20.

The distribution of nucleotide sequence differences which
encode alternative amino acids at positions 298, 582, 845,
and 947 and which are located in exons 3, 5, 11 and 20
respectively satisfy the structural criteria required to
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CALP-10 with susceptibility to WO 2005/ 075668
PCT/ AU2005/ 000141 - 63 devel opnment of type 2
di abetes is strongly supported by findings that nany
different allelic forms of CALP-10 have been
identified, such as L34V, T504A, R555C, andV661l t hat
satisfy the structural criteria that are required to
form 5 hybrid enzynes in heterozygous offspring via
t he novel



bi ochem cal pathway. In keeping with the nodel
i ncreased susceptibility to devel opnent of type 2

waelzabetrwss has been shown to be associ ated w t PCT/AU2005/000141

5

10

15

het er ozygosity for different allelic fornms of

CALP- 10(see within Cox et al -, ¢Bi abetes 10
53,19(2004)). Insulin-degradation enzyne (IDE) is

anot her strong candidate ty i,abet es
susceptibility gene found toaggigﬂébated on chronosone
10 by genom c scanning. IDE is 15 involved in the

proteol ytic degradation of insulin, nost |I|ikely as

part of term nation of the insulin response, . As with )

CAL P-Expn nkp e 5hoiy O f kG RO it Chmages g¥hdClhf engege amino
have; beenaf precbn 2 The £xoditat Deat i98udin Neh£981 86 enzyme
charniges whi ch encode dltfe;E& mno acids within the

i nsulin degrading enzyne is2 ﬁagﬁiLn Tabl e 4. The

codi ng sequence variations were retrieved from NCB

da ag%%g Cié§ %EQWQO n the E&%E?’ exoﬁmfﬁéuggﬁ?'%?ternative
nucl eott de~sequence “di fferences whi ch encode the
alternative am no acids phenyl al ani ne or |eucine at

position 298ylyRreover, anmino agids |eucine ofp) phenylalanine
phenyl al ani ne_may be encoded at ami no acid position

582 by nucl 888i de changes | ocated within extn Sh@feLne
serine or gkgoine at am no ackd position 85d mayeb€ine
encoded by 3 gucleotide differences within &ﬁon%h 1alani
11. Aspar agi n8%6r aspartic acid may be encoded afrenylalanine
am no acid pédbtion 947 by vatiation in seqU&ncgerine

i ncluded in n 20. The distribution of nuc t :
sequence dif é?ences whi ch BSigncode alterng?fJ%H§Clne

am no acids 8#7positions 298, 382, 845, and(M47Aspriragine
which are |ogated in exons 3, »g 11 and 20 (p) agpartic acid
respectively satisfy the structural criteria required

to WD 2005/ 075668 PCT/ AU2005/ 000141 - 64 synthesise

hybrid fornms of insulin degrading enzyne in subjects

who are heterozygous for any two of the alternative

all eles shown in Table 4. For exanple, with




reference to alleles encoded by exons 11 and 20 only,
5 am no acid conbinations at positions 845 and 947

WO pws0Tes6s (a) serine/ asparagi ne (b) serine/ aspBCT/AT2005/000141
acid (c) glycinel/asparagine and (d) glycinel/aspartic
acid. Two of these conbi natiogg reflect wld-type
enzynes whereas the other two conprise hybrid forns

of ez ™S 10 Y0 A0GRHOT5GRA PCUALRROS! 0961 4hrr oF maw

Exon Fetatton—of Tmucteottde CNAlmgeS Wi TN

encode amino 5 a@l@CHEMIEAEHEFRTHWAYL|TNedYat i ve

i nsulin degrading enzyne alleles. Am no acid position
Exon Ami no aC|d alternative 10 298 3 (F)
PhERFRARER e (C20813 () Ao ReTHOTRENF RS PaRiGle BEY™e
5 5 thh tPRerylsalaniif@or84ntlkole) iverinre bizadwhl (fGhydrogen

ac P05 85050 2665 P RUS60S 00041 = b6 CBRATLE S

PLANIeM@BEEdﬂHBCHfSUBE@RTﬁaﬁHEhR@mEﬂﬂéﬂﬁﬂﬂﬁed most of which

Bl CAL. P Ca
ox%gggggU& asgﬁ yp enz%ﬁ£§§§§ﬁ%3 éla;slénls o

i mportant role in the breakdown of hydrogen peroxide

O'”IBJ@@W% al i 16?&0%%.'%a%%tﬁld'E&%&ﬁﬁhld§|éﬂ'él , Arch.
forns Cat -1 have been |dent|f|ed st .of which

dlﬁﬂ@ﬁhﬁﬁ aRLEBLAE-d Lo6np &St i (9.7 200 Wﬁslgﬂ?Q¥QﬁHﬁq(}n
fo pTeef sCatat (Beantrltico® z8lgoals. .foAr tvo BifFefiemt allelic

ggg&gr8%5§F§$§Zyg§§§?%&#ﬁ?§;é% ;:éﬁ%m§?| I?%bwn to

possess a range of enhanced biochemical properties

15 compared to either of the homozygous parental forms.

The amino acid changes defining alternative allelic forms
of Cat-1 are instructed by nucleotide differences located
in different exons within the Cat-1 gene. The new

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

25
EXAMPLE 6 IDENTIFICATION OF HYBRID ASL MOLECULES

As outlined below, it is possible to prove that active
argininosuccinate lyase(ASL) can be generated in offspring
30 of affected parents by inclusion of wild-type ehcoding
exons from each of the different mutant alleles into the
same mRNA molecule by way of the newly identified
biochemical pathway.
Previous studies have shown that when combinations of
35 inactive ASL mutants such as ASL(D87G) and ASL(Q286R) are
inherited in heterozygous form, activity is partially

restored. Therefore, mRNA can be isolated from fibroblasts



forms of Cat-1. The hybrid Cat-1 enzyne was shown to
possess a range of enhanced bi ochem cal properties 15

w@eoparsss t o ei ther of the honbzygous parent al PEDAIB05/000141

The ami no acid changes defining alternative allelic

forms of Cat-1 are instructedghy-nucl eotide

differences located in different exons within the

Cat b h ]ﬁﬁ%T

pl aﬂ% 1%%% IC1han21“13?‘1\953ﬁe%ftoIrv‘ﬁ)l%)t %gl ?ﬁjr mat 1 on %1’ eﬁ‘ﬁ lacc?d cach
Catofl tinsi é@\m dsagtiveesldsddd mmiteeteiaals mfo;?esrltl aptal
CORRARE & a0 tﬂéndﬁey%%jté&te@%s Rin-‘ﬁcﬁ &l9A R élrl%onucleotlde

formati on of lymeric forns of the enzyne.

EXRYPIETS @9@8@8@@@@%%@%@@%& %Eﬁﬁ% pEpducts

5 ouldonted rielcoWhdde ireqlessi klre tthd @ueridttarRttdattienced.

ar gi ni nosucci nate | yase(ASL) can be generated in
of fspring 30 of affected parents by inclusion of
Wi IA@ﬁxmamnm@l BG$ eford ohresmaeacdradfed hia:am ftﬂ:m RTM-PCR

LRI dRRE] T8 b S om ey A o i Yo266R)

st wdmé@ mneflmmrtsﬁéw m@@nwadé@mta@@&ﬁloss of ASL and

101 NG e gl 1! ?Jto%meéco%léChﬂl% R IB D FNAIAL IR
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are inherited in heterozygous form activity iIs
paPPPZIoR Matedforld®. Ofh&rlORsSe RAHRNR T AP We iidwiiadsy

f r @@édeblfdé@l Flom \WA20QTF @Feb&HPEHAMRANS/H0@N4L in the

li.ver of ubj ect who i s _proven to .have, .
e, 6 S0 Anch e SRS T BT AR e o OF wild-
f oty eoferngSime Batcalun tiRNA foan rasdrodae isubjoetteatkvinee activity.
RT- PCR using ol igonucl eotide priners that span
i ndi vi dual exons. The RT-PCR products 5 contai ning
tths ar e ASSOF INTIE8Y Ofh dYPedie fdtp> MOLECULES WITH
Appr oxi mat el y 85%9fhetl aRaS W@Iﬁd PROPBATIRNRT- PCR
products fromthesubject genotyped as
ASL(D87Q / (QR86R) would confirmfirstly, bi-allelic

expioessi amNaf ADl hRN@xteaeiteda T iy 1eft &eInNs ofeancreatic

sequence of inser from
gssue 0 télne&s%rom a patient suffering type 1 diabetes.

If the patient is heterozygous for GAD65 alleles, which
have nucleotide changes in different exons which encode
non-synonymous amino acids (see Table 3), the patient
would have high titre GAD65 auto-antibody in his/her
blood.

Total pancreatic mRNA can then be subjected to RT-PCR
using oligonucleotide primers which span exons 1, 4, 6, 8

or 10, according to the patient’s GAD65 genotype.

It would be expected that the sequence of inserts of
approximately 85% of clones would confirm bi-allelic
expression and cis-assembly of exons from each of the two
alleles. The sequence of a further 15% of clones would be
expected to contain inserts that confirm that a hybrid
form of GAD65 is synthesised in islet cells from a patient
suffering type 1 diabetes who is heterozygous for



approxi mately 15% of cl ones however woul d incl ude

sequences from each of the two parental alleles in the
w@ae/0tdeesie and t hus generate approxi mately 15P6€DAU2005/000141

wi | d- type enzyne accounting for restoration of enzyne

activity. 15 EXAMPLE 7 ASSOG AH OGN OF HYBRI D GADG65

MOLECULES W TH GAD65 AUTO- ANTI BODY PRODUCTI ON Tot al

TR S AR H@dleddbAMdS @inselas AL AT SRS and has

20 tissue o 1

_ bt ai ne roma patjient suffering type
di sbet@slating (FHRDPutawm -3t Hadrey yjoushebr  lews.
all el es, which have nucleotide changes in different
exons whi ch encode non-synon us am no acids. (see
Tapi® HANG RERERIRERES n%‘%gﬂxplee htYPRRPiedspes all
5autapegitddadhen n thilsddmie ko dchdiot the pafifseaing under

MRNA can .t hen be .subj.ect ed .t 0. RT- PCR  _.usi
ol GBI R g e Tt TP il Meve qllgles as
or deXirest erutirey amod tithee gaitdserms o1GARSEL gjehntwipech 3the gene

It . : it e ot sequence of inserts of
appl\r@g%)%a%%%%g%% gfddéc{%nfelsé?fv\bul d confirmbi-allelic
expression and ci s-assenbly of exons fromeach of the

10t Werh AlnlliRsdo T sequenGRicd fodv thed o of &l eskamples
woul d be 35 expected to contain inserts that confirm
LhAnLY T 9P Hr B LNSDAEE S8 R h e e | spginologies
celdrs dxgum iangradd lendrotsaddler i fegnitlyiper le¢li abedes swiolisd in

he%gggz ous for WD 2005/ 075668 PCT/ AU2005/ 000141 -

68 er'ent allelic fornms. of GADG65 as defined supra

and has circulating GAD65 auto-antibodies in their

bl ood. The sane experinental rationale is applicable

to all 5 species when it beconmes known that the

of fspring under investigation has inherited genes

that have alleles as defined supra and the tissues or

cells in which the gene is expressed is identified.



10 The net hodol ogi es i ncluded above are neant to be
exanples only and do not exclude the use of any other

w0 ewhntiess)i es or experinmental protocols fam | PEF/AUZN05/000141

anyone skilled in the art. WO 2005/ 075668
PCT/ AU2005/ 000141 - 69 THE _-ClgAl M5 DEFI NI NG THE
| NVENTI ON ARE AS FOLLOAS: 1. A nethod for identifying

an S R AR T APAL T RO S S Gt T

conparing the nucl eotide sequence of alleles of

candi dat e genes,disRpted HIRMAEEAH 1 g4 @ -
whi ch exhi bits hybrid V|gghr MAtﬁ%iﬁgqﬁhcﬁég?%IHenes capabie

se@lemEduGig tl'%o@d?} FEFRIRI Y & 133108} SoF REEr om

5t hexchihriiarieny scid Sadgk agimal or plant; (i)

i denti fying nu | eoti de sequence dlfferen es in the

al | el es from'Sdi d SR QIS PH I Hf g nce of

hy tarlilee b eg auff clﬁnd::lﬁa:wegaerfeﬂ vt firaecquenmeinal or

varl on d (. tqf hat am .

aci %‘;netqﬁ'\’ehnl?eh e\]?%}llﬂa |on be V\C/iee‘ynld;cﬁ#elvglst%?tel?% dfleotide
cardiqtere qerferdin Wu cCorumsmpindimy|antelss erpobetedyfrom the

10NUG t%eo%e%rlfea%n"iﬁﬁldbr H@docated within two or

more different exons wthin the candjdate gene. 20 2.
A nethod accdidi)ng-dentel faima nurHadiife me@mmee @l iprences

sequengR \WNicaldPEridn LN ST MRIT U r@lca:iﬁ Q/Q:llch exhibits

oY v St o B0 S PR S [Acpence

nON%ﬂnﬂﬂﬁkﬂﬂtﬁﬂﬂﬂnDdlfled variation. 4. A nethod

15accordlng to(%!%ﬁu& %ﬂ%ﬁyyé§téﬁaﬁnﬁﬁéféﬁano acid sequence
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35

i denti fying the uence rence
commlmqm@@wmfalm@ﬂwgchaw@mCane deene in said

SeQYERM8 or plant is encoded by nucleotide sequences which
are located within two or more different exons within the

candidate gene.

2. A method according to claim 1, wherein the amino

acid sequence variation is a conservative modified

variation.

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

4. A method according to claim 1, wherein the step

of identifying the nucleotide sequence difference
comprises the step of sequencing the nucleotide sequence

isolated from said plant or animal.

5. A method according to claim 1, wherein the plant
is selected from the group consisting of barley, rye,
sorghum, maize, soybean, wheat, corn, potato, cotton,

rice, oilseed rape (including canola), sunflower, alfalfa,



isolated fromsaid plant or animal. 5. A nethod
according to claiml1l, wherein the plant 35 is
w@edosntwes from t he group consisting of barl ey, P€Hap2005/000141
sorghum nmai ze, soybean, wheat, corn, potato, cotton,
rice, oilseed rape (including ganel a), sunflower,
alfalfa MD 2005/ 075668 PCT/ AU2005/ 000141 - 70
SUQRLANE AN b ARG P! YRR d ! TRy, ana
rasp erry, Cant'al oupe, carrot, cau
cofrfaé@bemyburﬁsmtalégmﬂ,arﬁar@tapé@uhdﬂeym coffee,

| el &b dTBNAYygp mﬂ g1, MRARANRew PERS: t REPPHingo,
pi neappl e, spinach 5's uash, sweet corn,, tobacco,

t ofRSLER T mparyc?gam SRR S ( RiHARP fypspinach,
SDGMﬂLadlﬁafswééﬁﬁrdqﬁ:rﬁ,nd:dﬁaﬂﬁo ambma&getvai&@rﬂvéms) CASsaceous
(s s broccol i aul_i f1 ower. brusseg1

b
sp Sandu& Iai'éak?r tﬂ aglﬂ.ﬁjeerac opSAT KT plum) and
vegmgmﬁaé;ﬂe/\mmsa}tamt dpechrens e axdranigied dabbargada,ude
barda‘?ﬁlfcll%r\n;e%nt ’bqu eéﬁs%&)r%lftréjsar{d %ékﬁ%ﬁ At e crops,

or anges, enors, t and tangerines, ‘artic
chdmuiids, amgt sregmtrahi@a W10k mhermﬁmﬁaamt beérﬁhanged

10! e%clnﬁa HarSUGh as B AW QRfocRES! ,c;ana;S@V@rultw rgu;bh as
radi sh, yam_ sweet potato and beans. 15 6. A net hod

ac CERRIRF t J WO BraRRiiit and FARRTINGS a armRIoke,

or dhﬁﬂrlfoé /hunﬁl fmﬁl'g(é@‘sﬁrtdidl@vdllﬁnm aﬂ% @)eamhpecr Lighdhee,

manmma i,s selected the ma [ rers rimates
ROG&HTa TOU o ha® GHTAVRSY cartiSiur &a55ava, tutnip,
Perriash(sdactndm amdaetArpotwd:acctaﬂch.b@.nsA met hod

according to claim7, wherein the 25 Artiodactyla is

sel ected fromone of the nine famlies, Suidae, .
Tayassui dae, AHSIGWet aAcPaelingarke icddaam 1r aggradae the animal

G I‘l%ffl dRemageroy dagsn Antil ocapridae and Bovidae. 30
9. A nethod according to claim@8, wherein the aninal

7. A method according to claim 6, wherein the mammal
20 is selected the mammalian Orders Primates, Rodentia,
Lagomorpha, Cetacea, Carnivora, Perissodactyla and

Artiodactyla.

8. A method according to claim 7, wherein the
25 Artiodactyla is selected from one of the nine families,

Suidae, Tayassuidae, Hippopotamidae, Camelidae,

Tragulidae, Giraffidae, Cervidae, Antilocapridae and

Bovidae.

30 9. A method according to claim 8, wherein the animal
selected from Bovidae is an ungulate.

10. A method according to claim 9, wherein the

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

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

buffalo, camels, llama, alpaca, and pigs.



sel ected from Bovidae is an ungulate. 10. A nethod
according to claim9, wherein the wungulate is

w@edosntwes from t he group consisting of cows orPCBAU2005/000141

bull's, bison, buffalo, sheep, big-horn sheep, horses,
poni es, donkeys, mule, deer, -el/&, -caribou, goat, water

buffal o, canels, |Ilam, alpaca, and pigs. WO
2005/ 075668 PCT/ AU2005/ 000141 - 71 11. A nethod
according to claim6, wherein the animal is a fish.

12.11A net hod 2a@@bmdich@acoeHaam PL Chardr & n WhRE i rthe animal
I s ;seleatiedh fromthe group consisting of zebrafish,

Eur opean carp, sal non, nosquito fish, tench, Iarrpreys,

round gobies, tilapia and trout. 10 13. A nethod

5acae . di ng toxlnaétmdai adrerrelimg e aﬂjaﬁaxi 11 5 whdnatan.the fish
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14.. A d f d

of 5t ST Dyl i1 TP RE IR SRR e S b,

pl énn:opebm comy i sialgnarhe mstsepst tof f:(sk) clmqgetu npndresys ,
bsleégjen&qa%jla aldeligs,pf . candi date genes

| s% at ed roman ani or plant which exhibits said
hybrid debility (HD) with the nucleotide sequences

fram the corpesRaddnGRdreliey 20 iedlal & flpdihe the animal
parents of said animal or plant; (ii) identifying

nudifedt i quence differences in the alleles from
said ani mal or plant whi ch exhibits said hybrid

ility (HD) es .f . no acid uence
31 %t | on; %(OI do tflylynlélgf haatndt dZa anino o> capable
aC|c1:E s:amgiexmelg \mrbnatd oi‘emeltlvtaen( D) elessmwfanieal or plant,

rll‘yrr%ﬁt% I{,iﬁq i mal or plant is encoded by

nuc e sequences are located within two or

nore differerft) exd%%“l:?ﬁrl’{llﬂgh thee neErpdde REengy of
alleles of candidate genes isolated from an animal or
plant which exhibits said hybrid debility (HD) with the
nucleotide seguences from the corresponding alleles
isolated from the parents of said animal or plant;

(ii) i1dentifying nucleotide sequence differences
in the alleles from said animal or plant which exhibits
said hybrid debility (HD) which codes for amino acid
sequence variation; and

(iii) identifying that the amino acid sequence
variation between alleles of the candidate gene in said
animal or plant is encoded by nucleotide sequences which
are located within two or more different exons within the

candidate gene.

15. A method according to claim 14, wherein the amino
acid sequence variation is a conservative modified

variation.

16. A method according to claim 14, wherein the amino
acid sequence variation is a non-conservative modified

variation.



15. A nmethod according to claim14, wherein the am no
acid sequence variation is a conservative nodified

wa 2005atiees. 35 16. A net hod accordi ng to cl ai iPAQEAU2005/000141
wherein the amno acid sequence variation is a
non- conservative nodified varizai-on. WO 2005/ 075668
PCT/ AU2005/ 000141 - 72 17. A nethod according to
claim 14, wherein the step of identifying the

nucl eoti de sequence difference conprises the step of
seddfenci ng t He MAFdIashECFO TSGR e B8l 1k eavlignshn the step

saidk Bl 1Oy B "@Ae kit 1 b R b AeS0E &l AMOF £ Or SA @ M

14, wherein the ant S a weed, or ot her noxious
pl SATPTF Sy the r%%%&'l%c?ﬁfﬂtﬁr}?g”}% 1 RO s of gauence
5the sanrivel firor feisd pl2ht Arreidiatkaccording to claim
19, wherein the pest animal is a rodent, rabbit or
fish. 15 21. A nethod for producing hybrid vigour or
hylrd.d debi |4 methodamceindngrtpldrtin dehvprsimgint hhe plant

st gﬁq?péqu RS ti de sequence of
al I%e es |so(fate romrgg{gene oCArrI?‘gn ani mal or pl ant
which 20 pronntes hybrid vigour or hybrid debility

10W tfy the nugl epidilRy SRARGSY fdPmitdien aor r %@mm&he
alleles _isolated fromthe parents of said ani mal or

pl &Lmadi i)s & &ARS¥ yvi ng nucl eoti de sequence
differences in the alleles from sai d ani mal or plant

whi pronot e 25 h i_d. _vigQur_ aqr br.i d .debi Li t
'Zgﬂ code f 1%323[ ETGNS I%EL er?ce % oHERRin the pest
(i |an)1ma:1enlts fayimgparhat tedididmaon G, sequence

psvariation between alleles of the candidate gene in

said animal or plant is encoded by nucl eotide
sedqdences whifceddrogt &aro@aosiaiinchitylamisl origmre or hybrid

di fdatianteexenseMdighit RS- plant, comprising the steps of:

(1) comparing the nucleotide sequence of
alleles isolated from a gene from an animal or plant which

20 promotes hybrid vigour or hybrid debility with the
nucleotide sequences from the corresponding alleles
isolated from the parents of said animal or plant;

(ii) identifying nucleotide sequence differences
in the alleles from said animal or plant which promote

25 hybrid wvigour or hybrid debility which code for amino acid
sequence variation; and

(1iii) identifying that the amino acid sequence
variation between alleles of the candidate gene in said
animal or plant is encoded by nucleotide sequences which

30 are located within two or more different exons within the
candidate gene.

(iv) preparing a construct comprising nucleotide
sequence from the alleles which promotes hybrid vigour or
hybrid debility within said animal or plant;

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

(vi) regenerating a plant or animal, which



candi date gene. (iv) preparing a construct conprising

nucl eoti de sequence fromthe alleles which pronotes
wWhysiotsess gour or  hybrid debility wthin sai dPERATRI05/000141

or plant; 35 (v) transform ng said construct into a

reci pient plant or animal celd ;73w ) regenerating a

pl ant or ani mal, which WO 2005/ 075668

Pﬂéﬂ@@%m@&f& IBruXPr 5§k Ss 28k do£PNst ruct,
fromsaid cell. chonA nel%hog of de?ectl%g the presence

or absence of hybrid nRNA in a plant or aninal
comu j si ng t he idigppdfobd dadating tHNAFEmEe Rilarﬁbsence of

or .ani na conpar i t he nucl ti de sequenc
on e % rE D o AR SREAE e FheD of
5p| ardoloatiany mNs aftdelesol @B d&rcamﬂtamcan@ommnparﬂgg the

al lﬁ'XP:tlrbecEﬂr Cdegeg]gqew}&'xvéerg)f 's%{‘c? &a”éddérfé ondlng

rein sal es co
amansliaed osmmeoﬁ/dxheatphnt vwﬂermxmahes vallatesn
occurs between different alleles. 24. Use of hybrid
MRNA nol ecul es produced in vitro or 15 in vivo to
overtome hybrft FEEHTYAYY GWDFiRaE rsvaHitriiic arpor

10 ndi&@)ﬂ"b}/smngﬂ éétcﬁﬂélrfﬁdm Pt Edtterdf AN SBds COMMY | $d, wherein
t he st |ntro c sai d hybr%# NRNA into said,
anlsr‘?éll l%%”%ﬁ:cao‘? r@e%e%‘?%lﬁrzﬂatlon
V\he\rlmmantrhe:lsa eqcanfat:lcm raxetiet ) osareker ydi £ ferdNA a1t @l es .
said aninmal or plant is by transformation. 26. Use
according to claim?25, wherein the step of 25
t r &fsf or mat i &ise wtfo harhmlahunﬁm gl lestudce Sf roraduwedyrigupritro or

15coq%s;msg &%E&&[g@ H:SGP AL QP lant
I‘OPI‘:LOJ ectile bonba?%lnent PEG e a]fr(l:: plant or animal

/SrmamBite ddsichporaadonn aSIHJf% Gardrigel

flhkﬁpﬁ%ﬁﬁﬁqﬂtﬂéfﬁﬁﬁﬁkﬁﬁhﬂﬁhodﬂc1ng said hybrid mRNA into

Agr Ob%Ctaer{l'm%T r{)erdlp edC transfornmation. 30

20 25. Use according to claim 24, wherein the step of
introducing said hybrid mRNA into said animal or plant is

by transformation.

26. Use according to claim 25, wherein the step of

25 transformation into a plant is selected from the group
consisting of homologous recombination, microprojectile
bombardment, PEG mediated transformation, electroporation,
silicon carbide fibre mediated transformation, or
Agrobacterium-mediated transformation.

30
27. A method for producing genetically engineered or
transgenic non-human animal by inserting a synthetic gene
into a non-human somatic cell or cell nucleus prior to
transferring the somatic cell or cell nucleus, wherein

35 said synthetic gene comprises exons from different alleles
of a gene, wherein said alleles code for amino acid

sequence variation, wherein the variation does not occur



27. A nethod for producing genetically engi neered or

transgeni ¢ non-human animal by inserting a synthetic
w@ems/07i6t 0 a non- human somatic cell or cell nRCT/8U005/000141

prior to transferring the somatic cell or cell

nucl eus, wherein 35 said synt-hetd c- gene conpri ses

exons fromdifferent alleles of a gene, wherein said

al | o acid sequence variation,

mhel?{ele%l(%ﬁ%a%\l/%\%laltaélﬂo@n does not occur WO 2005/ 075668

PCT/ AU2005/ 000141 - 74 in the sane allele. 28. A

genz%l cal ly @D%éﬂﬁ&%l@ﬁr té@i&gﬁéﬂé‘d Y NBtan rﬁi@%imal
a rrethoéfl accordi g%cj[o cl a|£27 5 9., Aﬁ
acég'?tiﬁlrfge PEIRITRE 1¢het 1Is are
5isolated froma manmmal and fish.
29. A method according to claim 27, wherein the

animal cells are isolated from a mammal and fish.



