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growth, viability or rcbustness of plants, animals and

20 other crganisms are more influential in offspring of
genetically unrelated biologically normal parents. This
bioclogical phenomenon is referred to as hybrid vigour (HV)
or heterosis. Offspring of genetically non-identical
parents are referred to as heterozygous organisms.

25
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 {(199%)) 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 alsc
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



Al t hough many theories have been advanced to explain

this - 2 phenonenon, of major comercial inportance,

the view has |ong been held that HV is driven by novel
proteins (such as hornones, enzynes or growh factors)
synt hesi sed wuniquely in hetefogygous or hybrid
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biological phenctypes as hybrid debility (HD9).

25 Because the ability to synthesise novel proteins in
heterczygous organisms does noct conform to a Mendelian
mode cf inheritance, the heritability of HV has been
impossible to predict reliably.

30 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

35 structures) is read off from the DNA sequence of genes
inherited from each parent. Intron derived structures

within the primary RNA melecules are spliced out by a large



i nherited fromeach parent. Intron derived structures
within the primary RNA nol ecul e are spliced out by a

| arge - 3 nucleoprotein conplex called the spliceosone

| eaving only the exon-derived regions.. The remaining
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SUMMARY OF THE INVENTION

In order tc synthesise novel polypeptides or proteins,
inventor has postulated that during the process of

25 splicing, hybrid mRNZ& molecules could ke generated in vivo
by a primary RNA splicing mechanism that allows ligation
of the 3’ end of an exon from a gene inherited from cne
parent with the 5 end of the next downstream exon from
the same gene from the cther parent. Thus, inventor shows

30 that novel or hybrid mRNA molecules, from which novel
hybrid proteins can be synthesized, are generated by a
previously unrecognised kiochemical pathway which
incorporates exons or parts thereof from each of the two
different parental alleles into the same mature mRNA

35 molecule. As detailed belcw, inventor has prcoven the
existence of a pbiological 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
MRNA 35 nol ecule.. As detail ed below, inventor has
proven the existence of a biological pathway that
assenbl es the said hybrid nRNA ©onstructs.. - 4
Consequently, in the broadest aspect of the present
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(|||g Identi’f n that the am no acid Sequence
vari BLRBh Uﬁf ﬁléﬁlépéssEﬁp§Hﬂfcandldate gene in said

comparing the nucleotide sequence of
20 alleles of candidate genes isclated 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;
(i1} identifying nucleotide segquence differences
25 in the alleles from said animal or plant which exhibits
hybrid vigour which codes for amino acid sequence
variation; and
(i1i) identifying that the amino acid sequence
variaticon 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



30 animal or plant is encoded by nucl eoti de sequences
which are located within two or nore different exons
within the candidate gene A second aspect provides a
nmet hod for identifying 35 candldate genes capabl e of
producing hybrid debility (F[» °I'fi an ani mal or pl ant,
conprising the steps of: (i) conpari t he nucl eoti de
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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 ccde for amino acid
sequence variation; and

(1ii) identifying that the amino acid seguence
variation between alleles of the candidate gene in said
animal or plant is encoded by nuclectide 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 dekility within said animal or plant;

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

(vi) regenerating a plant or animal, which



(iii) identifying that the am no acid sequence

vari ation between alleles of the candidate gene in said
animal or plant is encoded by nucl eoti de sequences
which 30 are | ocated within two or nore different exons
wi thin the candidate gene, (va prepari ng a construct
conprising nucleotide sequence fromthe alleles which
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conprising a synthetic gene conprising exons from

dif f ér énfthl depest gfiroyigenea cowrreial saidrafled es swodaetic
for @@h@oc@ﬁpﬂi§ﬁﬂ#%ﬁ@%s Y@émfﬁlﬁ¥éﬂgﬁ%rﬁame1@§ of a gene,
varlaﬁlon.occur% q$%¥$ gllffgrenatl % lﬁ O

pr esént T Al eRtt o Ref°fel Hies 8% RS Usd %Hlﬁﬁ%rld
MRNA VAL e € b swiprrsduc ddei navi ol aro cover gohetdiweabd fiement

a planti1ek. ani mal and/ or induce hybrid vigour in a

E%ant or animal., 20 The plant cell may be isol ated

om any hi gher plant, including gymosperns,
nonofbeybederoust rard tdipoof yi Boenows atpbant sthalusdrowghhybrid

al | agihchbtawaldy dr¥RQEEAN L P} to overcome disease in a
plant or animal and/or induce hybrid vigour in a plant or
animal.

20
The plant cell may be isolated from any higher plant,
including gymnosperms, monocotyledonous and dicotyledenous
plants, although all agriculturally important plant
species are preferred. Preferakly, the plant cell is

25 isclated from a plant selected from the group consisting
of barley, rye, sorghum, maize, soybean, wheat, corn,
potato, cotteon, rice, ollseed rape (inclﬁding canola),
sunflower, alfalfa, sugarcane, banana, blackberry,
blueberry, strawberry, and raspberry, cantaloupe, carrot,

30 cauliflower, coffee, cucumber, eggplant, grapes, hcneydew,
lettuce, mango, melon, onion, papaya, peas, peppers,
pineapple, spinach, squash, sweet corn, tobacce, tomato,
watermelon, rosaceous frults {(such as apple, peach, pear,
cherry and plum) and vegetable brassicas (such as

35 broccoli, cabbage, cauliflower, brussel sprouts and
kohlrabi). Other crops, fruits and vegetables whose

phenotype may ke changed include barley, currant, avocade,




species are preferred.. Preferably, the plant cell is

25 isolated froma plant selected fromthe group

consisting of barley, rye, sorghum nmaize, soybean,

wheat, corn, potato, cotton, rice, oilseed rape

(i ncludi ng canola), sunflower, ‘arfal fa, sugar cane,

banana, bl ackberry, blueberry, strawoerry, and
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25
Preferakbly, 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

30 carbide fibre mediated transformation, or Agrobacterium-
mediated transformation. In a preferred embodiment of the
inventicn the step of transforming comprises
microprojectile bombardment by coating microprojectiles
with DNA comprising the construct and contacting the

35 recipient cells with the microproiectiles,

In another aspect, the invention provides a method of



tomat o, tobacco, peppers, etc.), and various other

crops. 20 See protocols described in AcMmrato et al.

(1984) Handbook of Plant Cell Culture--Crop Species.
Macmi | |l an Publ, Co Shimanoto et al. (1989) Nature
338:274-276; Frommet al., (I9%0) Bio/ Technol ogy
8:833-839; and Vasil et al, (1990) Bi o/ Technol ogy _
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transgenic animal obtained by the method of the sixth
aspect.

25 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, Lagomcrpha, Cetacea, Carniveora, Perissodactyla
and Articdactyla. Members of the Orders Perisscdactyla

30  and Artiodactyla are particularly preferred because of

their similar biclogy and economic importance.

For example, Articdactyla comprise approximately 150

living species distributed through nine families: pigs
35 {Suidae), peccaries (Tayassuidae), hippopotamuses

{(Hippopotamidae), camels {(Camelidae), chevrotains

{(Tragulidae), giraffes and okapli {Giraffidae), deer




different alleles of a gene, wherein said alleles code
for amno acid sequence variation, wherein the
vari ation does not occur in the sane allele 20 The
i nvention further provides genetically engi neered or
transgeni ¢ ani mal obtai ned byt Henethod of the sixth
aspect. 25 The aninmal cells can be isolated from any
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sheepndegaat st and ;antiehkapan (Bovi dag)sesMBRY Qbntdpse
anlnaI% a%e %sed as feed animals in various countries.
Mor e *Ui-poFEant ly, with respect to the present

invention, many 5 of the economcally inmportant aninals
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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 kulls.

25 In one embodiment the animal cells are isclated from
aquatic organisms such as vertebrate and invertebrate
marine animals. More preferably the aguatic organism is
selected from the group consisting of fish, amphibians and
molluscs. TFish include; but are not limited to,

30 zebrafish, European carp, salmon, mesquito 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

bovi ds, ovids, cervids, suids, equids and canelids.
Exanpl es of such representatives are cows or bulls,

bi son, buffal o, sheep, big-horn sheep, horses, ponies,
donkeys, 20 nule, deer, elk, catQbou, goat, water

buffal o, canels, |lanma, al paca, and pigs.. Especially
preferred in the bovine species are Bos taurus, Bos
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The practice cf the present inventicn employs, unless
otherwise indicated, conventional molecular biology, plant
and animal kiology, and recombinant DNA technigques within

23 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 Apprcach,” Velumes I and II (D.N.

30 Glover, Ed., 1985); “Oligonucleotide Synthesis” (M.J.
Gait, Ed., 1%84}); “Nucleic Acid Hybridization” (B.D. Hames
& S.J. Higgins, eds., 1985); “Transcription and
Transliation” (B.D. Hames & $.J. Higgins, eds., 1984); B.
Perbal, “A Practical Guide to Molecular Cloning” (1984),

35 and Sambrook, et al., “Molecular Cloning: a Lakoratory
Manual” 12" edition (1989).



15 purpose of describing and disclosing the protocols

and reagents which are reported in the publications

and which mght be used in connection with the

invention.. Nothing hereinis to be construed as an

adni ssion that the invention tslhot entitled to

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

25 by the appended claims. It must be noted that as used
herein and in the appended claims, 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 animzl cell” is a
reference tc one or more animal cells. Although any
materials and methods similar or equivalent tc those
described herein can be used to practice or test the
present invention, the preferred materials and methods are

35 now described.



and Hale & Marham "The Harper Collins Dictionary of
Bi ol ogy" (1991), Generally, the nonenclature and the
| aboratory procedures in plant and ani mal nai ntenance
and 15 breeding as well as reconbi nant DNA technol ogy
described herein are those wel$? khown and comonly
enployed in the art, It is understood that the

i nverHBEGHN IITdONaGt |imited to the 20 particular
materials and nethods descri bed, as these may vary. It
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they naturally cccur. Conventional nucleic acid
purificaticn methods known to skilled artisans may be used
to obtain isolated pclynuclecotides. The term alsc embraces
recombinant pclynucleotides and chemically synthesised

25 polynucleotides.

The term “recombinant” means, for example, that a nucleic
acid sequence 1s made by an artificial combination ¢f two
otherwise separated segments of sequence, eg., by chemical
30 synthesis cr by the manipulaticn of isolated nucleic acids

by genetic engineering technigues.

As used herein, “substantially similar” refers to nucleic

acid molecules wherein changes in one or more nucleotide
35 Dbases either resuits 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 may be conprised of one or nore segnents
of CcDNA, genom c DNA, synthetic DNA, or mxtures
thereof The term "isol ated"” polynucl eotide refers to a
15 polynucl eotide that is substantially free from ot her
nucl ei ¢ aci d sequences, such astand not linited to

ot her chronosomal and extrachronosonmal DNA and RNA
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Post - hybri di sati on mashes deternrne stringency
“Synthetic gene” cr “synthetic nucleic acid fragments” can

be assembled from cligonuclectide building blocks that are
chemically synthesised using procedures known to those

25 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

30 component nuclectides 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,

35 the nucleic acid fragments can be tailored for optimal
gene expression based on optimisation of the nuclectide

sequence to reflect the codon bias cof 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

room tenperature for 15 mn, then repeated with 2 X

SSC, 05% SDS at 45C,. for 30 min, and then repeated

twice wwth 0.2 X SSC, 0 5% SDS At~ 50C for 30 mn.. A
more preferred set of 15 stringent conditions uses
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fragmenesdean be tailored for optimal gene expression
based on optinisation of the nucleotide sequence to

reflect the codon hjas t he hqf %: The. -, 14 4
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sequendéngnierwatdeon "Netavai ¢@d‘e.refers to a gene as found
in nature with its own regulatory sequences. “Chimeric
gene” or “exogencus gene” are used herein interchangeably

25 and refer to any gene that i1s not a native gene,
comprising regulatory and coding sequences that are not
found togethexr in nature. Accordingly, a chimeric or
exX0ogenous gene may comprise regulatory sequences and
coding segquences that are derived from different sources,

30 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
gens in its natural locaticn in the genome ¢f an organism.
A “foreign-gene” refers to a gene not normally fcund in

35 the host organism, but that is introduced into the host
organism by gene transfer. Foreign genes can comprise

native genes inserted inte a non-native organism, or



"Candi date gene allele"” refers to normal alleles of the
candi dat e gene sequence as well as alleles carrying
vari ations that predi spose individuals to devel op
hybrid 10 vigour or hybrid debility, Accordingly, as
used herein, the terns "cande%@é‘gene sequence, " and
"candi date gene allele" refer to the doubl e-stranded
DNA conpeirdcngerae: Aerieagegaencel s a1 |HINe, tHRTr 8gf dicen
as weldtrasiuectihent ©ftid@ensimaghbe- stianded rblAsScn procedure.
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normally found in 35 the host organism but that is
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apnoR-RALhYS é%ékﬂ%éﬁﬂ519§1é 1 Lhid®ikisc genes. . A
"transgene" is a gene that has been |ntroduced into

t he genone by a transformation procedure,.
“Conservative modified variants” applies to both amino

acid and nucleic acid sequences. With respect to
particular nucleic acld sequences, conservatively mecdified

25 wvariants refers to those nucleic¢ acids that encede
identical or essentially identical amino acid sequences,
or where the nucleic acid does not encode an amino acid

sequence, to essentially identical sequences.,

30 Because of the degeneracy of the genetic ccde, a large
number of functionally identicel 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

35 <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

"amino acid sequence honol og" or "identity" refers to

a protein wth a simlar amno acid sequence. One of

skill will realise that the critical anino acid

sequence is wthin a functional donmain of a protein.
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nucl éi c sequences, conservatlvul modi fi ed 25

veriants refers to those nucl ei c aC|ds t hat encode
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any of the correspondi ng codons described w thout

altering the encoded pol ypeptide,. Such nucleic acid

vari aheohsl apweitsidigntrvars atddnsohtahincanone aciltl topg are

@ergﬁs@a?v&@m@rs%tsttyehyl&oéilﬁdxe%n\éaahaﬁh@fls Every

BSF; Cld se&Hen%e herelg) %@h%gnﬁggog%s a

2) Aspartlc acid (D}, Glutamic acid (E);
3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (X);

25 5) Isocoleucine (1), Leucine (L), Methionine (M), Valine
(V) and
6) Phenylalanine (F), Tyrosine (YY), 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
modlified variation.

35
“Regulatory sequences” refer to nucleotide sequences

located upstream (%' neon-coding sequences), within, or




al so describes every possible silent variation of the
nucleic acid. One of skill will recognise that each
codon 5 in a nucleic acid (except AUG which is
ordinarily the only codon for mnethionine) can be
nodified to yield a functionalt¥y identical nolecule.
Accordingly, each silent variation of a nucleic acid,
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uDStreanﬁ(or QRQM&P%EQ 1§f9¥SFQ%§a promo%er ﬁromoters may
be derived in their entirety from a native gene, or may ke

20 compcsed 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
cf & gene in different tissues or cell types, cor at

25 different stages of development, o¢r 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
“Translaticon leader sequence” refers to a nucleotide
sequence located between the promcter sequence cf a gene
and the coding segquence. 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
Lo mRNA, mRNA stability or translation efficiency.




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

associ ated codi ng sequence Regul atory sequences nay

i nclude pronoters, 5 translatiolf |eader sequences,

introns, polyadenylation recognition sequences and
sequeréE® ehaft af fattl adpionc éeagp Y eSxBIEELSoRaVe been
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fron%%lf erent pronoters found in nature, or may even

conprige synthetic nucleotide segnents It is
understood by those skilled in the art that different

pronﬁhﬁﬁstﬂﬁﬁséﬁﬁﬁﬁir%@@r@xﬂéaﬁﬁi%ﬁod@%targ§ﬁﬁ%ﬂﬂbtfrom RNA
eren
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Sequ%g%gisTyg‘é&??ﬁﬁ?%hgg i?%ﬂﬁﬁmiﬁqﬁggggns and that can be
translated into polypertides by the cell. “cDNA” refers to
DNA that is complementary to and derived from an mRNA
template, The ¢DNA can ke single-stranded or converted to
25 double stranded form using, for example, the Klenow
fragment of DNA polymerase I. “Sense-RNA” refers tc an RNA
transcript that includes the mRNA and so can be translated
intec a polypeptide by the cell. “Functional RNA" refers to
sense RNA, antisense RNA, ribozyme RNA, or other RNA that
30 may not be translated but yet has an effect on cellular

processes.

The term “operably linked” refers to the association cof
two or more nucleic acid fragments on a single

35 polynucleotide so that the function of cne is affected by
the other. For example, a promoter is operably linked with
a coding sequence when it is capable of affecting the




is present in the fully processed nRNA upstream of the

35 translation start sequence.. The transl ation | eader
sequence may affect processing of the primry

transcript to nRNA, nRNA stability or translation
efficiency.. - 18 Exanples of t%anslation |eader
sequences have been described (Turner and Foster
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18 p@OQW@EHSed%atalyzed transcription of a DNA
sequence.. Wen the RNA transcript is a perfect
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into pol ypeptides by the cell. "cDNA" refers to DNA

that wing 608N BORNLAT 1t @a§ﬂé’r&?ré>§{:§:@ f&emfafref@mto the
randed or converted

Lo BOUBT LR (Taea POPRRLel e 1 GrABSaRRL 6 TR ISE in
Kl enewoufit agmerntragforDNAnpotyateraisidelr. f*Sensea RN’ normal or

bef ensnl 08N FAVAved 1:388GEERL  that includes the nRNA and
so can be translated "into a polypeptide by the cel

"Functional RNA" refers to sense RNA antisense RNA
ri boZymeuRNAyrareiot"her BNA tdiat “mature” when used in

describing a protein refers to a post-translaticnally
processed polypeptide; i.e., one from which any pre- or
25 propeptides present in the primary translation product
have been remcved, “Precursor protein” or the term
“precursor” when used in describing a protein refers to
the primary product of translaticon of mRNA; i.e., with
pre- and propeptides still present. Fre- and propeptides
3¢ may be but are not limited to intracellular localization

sigrals.

“Transformaticn” refers to the transfer of a nucleic acid

fragment into the genome of host c¢rganism, resulting in
35  genetically stable inheritance. Host organisms containing

the transformed nucleic acid fragments are referred to as

“transgenic” organisms. Examples of methods of plant



30 may not be translated but yet has an effect on
cellular processes.. The term"operably |inked" refers
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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 inducikle 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  treanscription termination site, and/or a polyadenylation

signal.

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

35 amplification of specific DNA segments (U.S5. Pat. Nos.
4,683,195 and 4,800,159).



pre- and propeptides still present. Pre- and

propeptides 30 nay be but are not limted to
intracellular localization signals.. "Transformtion"
refers to the transfer of a nucleic acid fragnent into
t he genone of host organism Fe%hITing in 35
genetically stable inheritance. Host organisns
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SeIpphsRI %t al.., Coning Vectors: A
Laborat ory Manual, 1985, supp. 1987; Wi ssbach and

Vi ssbaghanVethpds Jan-Phant Ml ecilae Bival 88Y . been altered
Academ c. Press, 1989; and Flevin et a

I Pl ant ,
Mol e |§PGB%8FBayﬂfﬁiﬁhﬁ af? %f%%%F“ﬁth@nFS?QCUle into that

Publ icsfiéer.s, 1990.. Typically, plant expression vectors
bpcl ude, for exanple, one or nore cloned plant genes
under. the transcriptional cont of 5 and

A)S ' " 0| 3'
regulfat GF§PERHUENEES™Mnd 1 Aot HANCTs SFEEEABI 8F HEF ker .
Such spbartiuenpressi it ivectior sved sthegafroont af na atransformed

plant cell or protoplast, wherein the plant DNA contains
an introduced exogencus DNA molecule not coriginally

25 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 cf the

30 criginal or wild-type gene product or the level or pattern

cf expression of the gene,

A “wector” is a DNA molecule capable of replication in a
host cell and/or to which another DNA segment can be

35 operatively linked s0 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



25 pronoter regulatory region (e g., a regulatory

region controlling inducible or constitutive,
environnental | y- or devel opnental | y-regul ated, or

cell- or tissue-specific expression), a transcription
initiation start site, a ribbé%ﬁé’binding site, an RNA
processing signal, a 30 transcription termnation site,
and/ 6rs &'pEKGEEERYY 95w FhgRalls 2TPARCeRNUBBT y RS E
chai sdngagkboncat snyviledenewnpby those skilled in the
art as a technique used for the 35 anplification of
speci fic DNA segnments (U..S, Pat. Nos. 4,683,195 and
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pl ant” or "Set of parental plants. 5 "Regeneration" is
the process of growing a plant froma plant cell (eg,

pl antaspiigtaphasdiOF w@xpkanh) “nsed-eote@dtPNAmekSs & diploid or

segnment, of DNA whi ch _has been 10 .introduced into a host
conond vBtart, vin OBl sf B i SPnef tnel df e

#Br e dXdgendusa enes didriheckl| ereimes gkoe) expresxithgt one
an exegesous gene in a host cell, for exanple, a

pronoter and a terminator. Benefit may be realised by

i ncl udi ng one or nore enhancer elenents with 15 the

sel edsedsplteyein,r dhef oempd oeldrodvgodaséenpanmhose DNAsence

has heeniaktesed aibxithe (ktroductd onvah ganexogenous

EEA nDLgculg into tﬁ;t cell., 20 A ™"transgenic plant"

i3 afpfrant“of’ progeny “6f "any subsequent generation
derived therefrom of a transformed plant cell or

prot apl asta mberei nchbecplantn A certai ASans an individual

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

chrcmosomal segments.

EXPERIMENTAL PROTOCQOLS

25
One aspect of the invention relates to a method of
identifying candidate genes. The term “candidate gene”
refers to a gsne or genes that have the potential to
produce hybrid vigour or hybkrid debility. The terms

30 “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

3% are heterozygous and functicnal in one animal or plant and
which lead to hybrid vigour. In one embodiment the alleles

of each gene will comprise nucleotide sequence variation



an introduced exogenous DNA nol ecule not originally 25
present in a native, non-transgenic plant of the sane
strain The transgenic plant may additionally contain
sequences which are native to the plant being
transformed, but wherein the "Qe%(o“genous" gene has been
altered by gene technol ogical neans in order to alter
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20
In one embodiment, the candidate gene would have cne or
more nuclectide sequence variations, which ccde 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, cone that was identical te the coding
sequence of the second allele and hybrid mRNA meclecules

30 that comprise a combination of excns from both alleles,
Obvicusly depending upon the number of exons the number of
different species of hybrid mRNA mclecules 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 (2g Agarwal P et al., Diagn Mel Pathol 2000 Sep:;
8{3): 158-164; Ryan D et al, Mol Diagn 19299 Jun; 4(2):
135-144) . Such systems would alsc be adaptable tc use the
invention described, enabling real-time monitoring of
25 nucleic acid amplification and allele discriminaticn for
detecticon of gene mutaticons and polymorphisms if

appropriately designed.

Once a candidate gene has been identified it can then be
30 isolated or preoduced 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 regensrated.
35
Methods for generating transgenic animal cells typically
include the steps of (1) assembling a suitable DNA



In one enbodi nent, the candi date gene woul d have one or
nore nucl eoti de sequence vari ations, which code for
amino acid variations, wherein the variations are
found in different exons on different alleles.. 25 The
candi dat e genes woul d preferabl§5pToduce MRNA of at
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such .as th
in conjunctlon with DNA seguences for regulatory elements

and genes readily availasble in data bases and the
commercial sector, a person of ordinary skill in the art
can readily generate a DNA construct appropriate for

25 establishing transgenic animal cells using the materials

and methods descriked herein.

For example, if the entire nucleotide coding segquence for
a candidate gene is not obtained in a single cDNA, gencmic
30 DNA, or cother DNA, as determined, for example, by DNA
sequencing or restriction endonuclease analysis, then
appropriate BNA fragments (eg., restriction fragments or
PCR amplification products) may be recovered from several
DNAs and covalently joined to one another tc construct the
35 entire coding sequence. The preferred means of covalently
Jjoining DNA fragments is by ligation using a DNA ligase
enzyme, such as T4 DNA ligase. The isolated candidate
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G bson et 20 al.., din Chem 1997; 43: 1336-1341), and
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Pat hol 2000 Sep; 9(3): 158- 16420 Ryan D et al, M
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entirety. Once the desired DNA sequence is inserted into

pofect n'"

the nuclear genome, the locaticn 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 cother donor cells of the

30 invention, can be used as a nuclear decnor in nuclear
transfer methocds. The means of transferring the nucleus
of a c¢ell 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



15 repressors as well as elenents for ribosomal binding

to the RNA transcribed fromthe DNA construct These
exanpl es are well known to a person of ordinary skil

in the art and are not neant to be limting.. 20 Due
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t he construct into the cells..

Preferably, the donor animal cell and cocyte are placed in
a 5000m fusion chamber and covered with 4ml of 26°C-27°C
fusion medium (0.3M mannitol, 0.ImM MgS0Os, 0.05mM CaCl:).

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

30
In a preferred method of c¢ell fusion the donor animal cell
is firstly attached to the enucleated occyte. 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 occyte membranes. The compound may be
any compound capable of agglutinating cells. The compound
may be a protein or glycoprotein capable of binding or



Tar get sequences fromthe DNA construct can be inserted

15 into specific regions of the nuclear genone by

rational design of the DNA construct. These design

techni ques and nethods are wel|l known to a person of

ordinary skill in the art. See?8for exanple, U S.

Patent 5,633,067; U .S., Patent 5,612,205 and PCT
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Pat . . 997,384 b rat(yerdgthalk
(|ncorporatedzﬁy r SPEFefgaly pinduced shock;
3). Penetraticn by sperm;
4). Increasing levels of divalent cations in

the oocyte by introducing divalent caticns into the oocyte

25 cytoplasm, eg., magnesium, strontium, barium or calcium,
eg., 1ln the fcrm of an ionophore. COther methods of
increasing divalent cation levels include the use of
electric shock, treatment with ethanol and treatment with
caged chelators; and

30 5). Reducing phosphorylation of cellular
proteins in the occyte by known methods, eg., by the
addition of kinase inhibitors, eg., serine~threonine
kinase inhibitors, such as 6-dimethyl-aminopurine,
staurosporine, Z-aminopurine, and sphingosine.

35 Alternatively, phosphorylation of cellular proteins may be
inhibited by introduction of a phcsphatase into the
oocyte, eg., phosphatase 2A and phosphatase 2B,



its entirety herein) for a further discussion of this
process.. A variety of electrofusion nedia can be used

i ncludi ng eg., sucrose, mannitol, sorbitol and

phosphate buffered solution. 15 Fusion can al so be
acconpl i shed using Sendai virus?4s a fusogenic agent
(Graham Wster Inot, Synp, Mnogr,, 9, 19, 1969)..
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preferred method of cell fusion the donor animal cel
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The activated reconstituted animal cells may then bhe
cultured in a suitable in vitro culture medium until the
generation ¢f cells and cell colonies., Culture media

25 suitable for cultfturing 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), Eagle's and Whitten's
media. One of the most common media used for the
collection and maturation of oocytes is TCM-1929, and 1 to
20% serum supplement including fetal calf serum, newborn
serum, estrual cow serum, lamb serum or sSteer serum. A

35 preferred maintenance medium includes TCM-199 with Earl
salts, 10% F5C, 0.2mM Na pyruvate and 500g/ml gentamicin
sulphate. Any of the above may also involve co-culture



descri bed above al so conprises a further fusion step,
or the fusion step conprises descri bed above conpri ses
one 10 donor aninmal cell and two or nore enucl eated
oocytes. The double fusion nmethod has the advant ageous
effect of increasing the cytopt@shic vol une of the
reconstituted cell,. 15 Areconstituted animal cell is
t ypi cellthy cagervatedbyrelel 6gPeE callcamy grranvlosa cells,

non- e)-getuki-cak1 neanskibefanse, adurifgsincar@dNoe aféiesTo cells.
fusion of the nucl ear donor and recipient oocyte (See,
for exanple, Susko-Parrish et al., US,. Pat. No
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osphoryl ation, of cellul ar protei may be, inhibited
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cultured in nmediumwell "known to those of ordinary

skill in the art, and include, w thout
The reconstituted animal cells are cultured on the feeder

20  layer until the reconstituted cells reach a size suitable
for transferring to a recipilent 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

25 4 to 128 cells, and most preferably at least asbout 50
cells. The culturing will be effected under suitable
conditicns, i.e., about 39°C. and 5% C0,, with the culture
medium changed in order to optimise growth typically about
every 2=-5 days, preferably about every 3 days.

30
The methods for embryc 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

35 present inventicn, 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
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Foster methers preferably are examined for pregnancy by

25 rectal palpation or ultrasonography periodically, such as
on days 40, 00, 90 and 120 of gestation. Careful
observations and continuous ultrasound monitcocring
(monthly) preferably is made throughout pregnancy to
evaluate embrycnic 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

rathological examinations.

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

components which may be harvested therefrom, are also



oviduct cells, BRL cells and uterine cells and STO
cells, Afterward, the cultured reconstituted ani na

cell or 5 enbryos are preferably washed and then pl aced
ina suitable nmedia, eg.., TCM 199 nedi um cont ai ni ng
10% FCS contained in well plates Wwhich preferably
contain a suitable confluent feeder |ayer, Suitable

f eedersIedFers 25| APl Ray tbe E%@ﬁﬁﬂtelnF?BFbﬁmas¥?;ls

and %Ltﬂi@ullaklﬂtopﬁ@fé&ecﬁghatf ths obd s tzs1and predidel be a
epithelial cells, derived fromungulates, chicken
flbraﬁlasts murT ne (eg., nouse or rat) fibroblasts,

STO and SI-n220 feeder cell lines, and BRL cells 15 In
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In one embodiment, the candidate gene will be a plant gene
wnich 1s capakle of producing hybrid wvigour as discussed
supra.

25
Traditicnally a hyvbrid plant is produced by random event
by crossing one elite inbred plant with one or more cther,
genetically different and diverse, inkred plants. The
crossing consists of taking the pcllen from one inbred

30 elite plant and transferring to the cther elite inbred
plant. The seed from crossing of two inbreds is a first
generation hybrid and is called a F;. The I} of
commercially valuable inbreds have better yields,
standability, and improvement in other important

35 characteristics than either of the parents.

In the present invention once a candidate gene has been



- 31 recipients are reviewed in Siedel, G E, Jr,

("Critical review of enbryo transfer procedures with

cattle" in Fertilization and Enbryoni ¢ Devel opnent in

Vitro (1981) L. Mastroianni, Jr. and J. D. Biggers,

ed., Plenum Press, New 5 York; ¥ ] page 323), the

contents of which are hereby incorporated by reference
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PeCOonSkbbhEed. Ani-TRliiGekl, t Acld #ated ibacenssi taded 35

ani mel 691 k6! S AN9200 RS, W ARCRE; JUEL DY (N 8RS,
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

25 specifically incorporated herein by reference in its
entirety), etc. Through the application of technigques such
as these, plant cells may ke stably transformed, and these
cells developed into transgenic plants. In certain
embodiments, acceleration methods are preferred and

30 include, for example, microprcjectile bombardment and the

like.

Where one wishes to introduce candidate gene DNA by means

of electropcration, it is contemplated that the method of
35 Krzyzek et al. (U.S., Pat. No. 5,384,253, incorpcrated

herein by reference in its entirety) will be particularly

advantageous. In this method, certain cell wall-degrading



such nmethod, and cells, nuclei, and other cellular
conponents which may be harvested therefrom are also -

32 asserted as enbodi nents of the present invention It

is particularly preferred that_the term anim

produced be a viable aninmal, &4 The present invention

can al so be used to produce enbryos fetuses or
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many Trediféartahgan v aratiany by hek aph e dmidliadi ngneerady
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t aki ol | en ron1 nb 30 el ant
trangggﬁﬁr Bh?%tt Qﬁl? aélitgggﬂbréﬁmakpaﬁbouTﬁgygﬁéﬁ
froml&®ésdsi ngvlodan wikhimistedsetsah. fi¥%t7), and tobacco (Lee
20 et al., 19389),

One may alsc employ protoplasts for electroporation
transformation of plants (Bates, 1994; Lazzeri, 1995). For
example, the generation of transgenic soybean plants by

25 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 bkarley {Lazerri,

30 1995), sorghum (Battraw et al., 1931), maize
(Bhattacharjee et al., 193%7), wheat (He et al., 1994,
tomatc (Tsukada, 1989), and scybean (Dhir et al., 1892).

A preferred method for delivering transforming candidate
35 gene DNA segments to plant cells in accordance with the

invention is microprojectile bombardment {U.S5. Pat. No.

5,550,318; U.8., Pat. No. 5,538,880; U.8. Pat. No. 5,610,



generation hybrid and is called a F1,. The F1 of

comercially val uabl e i nbreds have better vyields,

standability, and inprovenent in other inportant 35

characteristics than either of the parents.. In the

present invention once a candf dat € gene has been - 33

identified it is isolated or synthesised and either ,
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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 bestween 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 moncocot

35 species such as maize (PCT Application WO 95/06128),
barley (Ritala et al., 1994; Hensgens et al., 1993), wheat
(U.8. Pat. No. 5,563,055, specifically incorporated herein



enbodi nents, accel eration nethods are preferred and 30

i nclude, for exanple, mcroprojectile bonbardnent and

the 1like,. Were one wishes to introduce candi date

gene DNA by means of electroporatlon it is

contenpl ated that the method of3%35 Krzyzek et a

(U.S. Pat. No. 5,384, 253, |ncorPorayed herein by
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Agrobacterium-mediated transfer is a widely applicable
system for introducing genes into plant cells because the

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

30 described by Fraley et al,, {(1285), Rogers et al., (1987)
and U.S5. 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



No. WD 9217598 (specifically incorporated herein by
reference). Other exanples of species for which

protopl ast transfornmation has been described incl ude
barley (Lazerri, 30 1995), sorghun1(Battraw et al.

1991), mmize (Bhattacharjee ®t3A4lS, 1997), wheat (He

et al.., 1994), tomato (Tsukada, 1989), and soybean
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screen dlsgerses t he EIC es 5 t hey are not
exXpressing varlous polypeptice codlng gefies. The vectors

described {Rogers et al., 1987) have convenient multi-
linker regicns flanked by a promoter and a polyadenylation
site for direct expression of inserted polypeptide coding
25 genes and are suitable for present purposes. In addition,
Agrobacterium containing both armed and disarmed Ti genes
can be used for the transformaticns. In those plant
strains where Agrobacterium-mediated transformation is
egfficient, it is the method of choice because of the

30 facile and defined nature of the gene transfer.

Transformaticon of plant protoplasts can be achlieved using
methods based on calcium pheosphate precipitation,
polyethylene glycol treatment, electropcraticn, and

35 combinations of these treatments (see, e.g., Potrykus et
al., 1985; Lorz et al ., 1985; Omirulleh et al., 1993;
Frcmm et al., 1%8%6; Uchimiva et al., 1986; Callis et al.,



delivered to the recipient cells in | arge aggregates.

It is believed that a screen intervening between the
25 projectile apparatus and the cells to be bonbarded
reduces the size of projectiles aggregate and may
contribute to a higher frequen % of transformation by
reduci ng the danmage inflicted on the recipient cells
by prioj%ct Mrescthatetard. -t 388Parge,. 30 M croprojectile
bonbar dnent techni ques are mndely applicable and may

be u%ﬁ%ﬂl% Erggsggryqégéwﬁi ﬁxﬁave f%fé} n§p§§% s%fi%ns
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specifically incorporated herein by reference inits
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be|OMIt ge effected as described (Vasil, 1889). Also, silicon
carbide fiber-mediated transformation may be used with or
without protoplasting (Kaeppler, 1290; Kaeppler et al.,
1%92; U.S5. Pat. No. 5,563,055, specifically incorpcrated
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 Applicaticon 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



macroprojectile stopping plate. If desired, one or nore
20 screens may be positioned between the accel eration
device and the cells to be bonbarded,.
Agrobacterium nedi ated transfer_is a wi dely applicable
system for introducing genes Tnid plant cells because

the 25 DNA can be introduced into whole plant tissues,
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distance, and helium pressure., It is further contemplated
that the grade of helium may effect transformation
efficiency. For example, differences in transformation

25 efficiencies may be witnessed between bombardments using
industrial grade (92.99% pure) cor ultra pure helium
(99.999% pure), although it is not currently clear which
ig more advantageous for use in bombardment. Cne may also
optimize the trauma reduction factors (TRFs) by modifying

30  conditions which influence the physiological state of the
recipient c¢ells 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 adiusted

35 for optimum transformation.

Both physical and biological parameters for bombardment



1985).. Moreover, recent technol ogi cal advances in

vectors for Agrobacterium nedi ated gene transfer have

i nproved the arrangenment of genes and restriction

sites in the vectors 20 to faciljtate the construction

of vectors capabl e of expres§iﬁ%'Various pol ypepti de
codi ng genes. The vectors described (Rogers et al.,
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t hese {zmeatppahss (Ssee, e.g., Potrykus at al.., 1985;
Lorz et al., 1985; Omrulleh et al., 1993; Fromm et
al ., 1986; Uchimya et al.., 1986; Callis at al.., - 38

- 198%;) Nhreotak Raragleters988). Application of these
systens to different plant strains depends upon the

ility to regenerate that particular 5 plant strain
ﬁ?onﬁpr&?BpﬁégF%@cﬁlIustrative met hods for the

regeneration of cereals from protoplasts have been
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sor glma (Bat opaw erd Udal, | an199d)gased shock wave (which leads
to tissue splattering and increased tissue trauma), and
deeper penetration of microprojectiles. Longer gap

25 distances would have the cpposite effects but may increase
viakility and therefore the total number of recovered

stable transformants.

2. Flight Distance
30
The fixed nest (contained within the wvariable 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
microproiectiles. Increased stability in flight increases,



barl ey (Lazerri, 1995), oat (Zheng and Edwards, 1990)

and 15 nmaize (Omrulleh et al,, 1993) To transform

pl ant strains that cannot be successfully regenerated
from protoplasts, other ways to introduce DNA into
intact cells or tissues can be ttiTised. For exanpl e,

20 regeneration of cereals frominmmature enbryos or
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enters as the cells are punctured, This technique has

been jusad sgyecessfildy with, for exanple, 30 the
nonocot cereals mai ze (PCT Application WO 95/06128,

specifically incorporated herein by reference inits
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5 mcroprojectiles. Biological factors include all

steps; gAY QlMed 4 yni pul ation of cells before and
i medi ately after bonbardnent, such as the osnotic

adjustnent of target cells to help alleviate the
traumy assopiddetbmiath theonbee deehtrurntdee ofi ewpatiomicks,
ap | MR e ehE U UardQaOoLBeled AT AR hiiSSYBorSLAtI M in the
to the particle trajectory ,
gas acceleration tube.’ Dptimum pressure for stable
transformation has been determined te be between 1000 and

12C0 psi.
25 5. Coating of Microprojectiles.

For microprojectile bombardment, one will attach (i.e.
“coat”) DNA to the micrcoprojectiles =zuch that it is
delivered to recipient cells in a form suitakle for

30  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

35 microprojectile may comprizse the physical reversal of
bonds between transforming DNA and the microprojectile
following delivery of the microprojectile to the target



and al so the nature of the transform ng DNA, such as

linearized DNA or intact supercoiled plasmds It is

bel i eved t hat pre-bonbardnent mani pul ati ons are

especially inportant for successful transformation of

imature 15 enbryos. Accordiﬁg?%,‘it i s contenpl at ed

that one may wish to adjust various of the bonbardnment
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Physi cal factors are those that involve nmanipulating

the DNA/ nicroprojectile precipitate ar those that
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have been specifically disclosed herein. DNA may be bound
to microprojectile particles using alternative techniques,
however., For example, particles may be coated with

25 streptavidin and DNA end lakelled with long chain thiol
cleavable biotinylated nucleotide chains. The DNA adheres
tec the particles dus to the streptavidin-bictin
interaction, but is released in the cell by reduction of
the thiocl linkage through reducing agents present in the

30 cell.

Alternatively, particles may be prepared by
functionalising the surface of a gold oxide particle,
providing free amine groups. ENA, having a strong negative
35 charge, binds to the functionalised particles.
Furthermore, charged particles may be deposited in

controlled arrays on the surface of mylar flyer disks used



condi tions, such as osnotic environnment, the

bonmbardnent paraneters, and the plasm d configuration
have been 10 adjusted to yield the maxi mum nunbers of
stable transformants. (i) Physical Paranmeters 15 1.
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20 Various other methods may also be used to increase
transformation efficiency and/or increase the relative
proporticn of low-copy transformation events. For example,
the inventors contemplate end-modifying transforming DNA
with alkaline phosphatase or an agent which will blunt DNA

25 ends prior to transformation. S$till 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.

30 patent applicaticon Ser. No. 08/995,451, filed Dec. 22,
1997, the disclosure of which is specifically incorpcrated

herein by reference in its entirety.

(ii) Biclogical Parameters

35
Culturing conditions and other factors can influence the
physioclogical state of the target cells and may have



3.. Tissue D stance 10 Pl acenent of tissue within the
gun chanber can have significant effects on
m croprojectile penetration. Increasing the flight
path of the mcroprojectiles will decrease velocity
and trauma associated with the $hock wave.. A decrease
in velocity also will result in shallower 15 _
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in the centre of the plate is higher than the particle
velocity at further distances from the centre ¢f the petri
dish. Therefore, it ls advantageous t¢ situate target

25 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

30 most likely to regenerate a plant toward the particle
stream. For example, the scutellum of an immature embryo
comprises the cells ¢f greatest embryogenic potential and

therefore should be oriented toward the particle stream.

35 It also has been reported that slightly plasmolyzed yeast
cells allow increased transformation efficiencies (Armaleo
et al., 1990). It was hypothesised that the altered



m croprojectile. It further is contenpl ated that
transformation of a target cell may occur by way of
direct 10 reconbinati on between the transform ng DNA
and the genomc DNA of the re0|§|ent cell. Therefore,
as used herein, a "coated" nict projectile will be one
which is capable of being used to transforma target
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on culture medium containing 12% sucrcse. A second culture
on 12% sucrose is performed for 16-24 hours following
bombardment, Alternatively, type II cells are pretregted
on 0.2M mannitol fcor 3-4 hours prior tc bombardment. It is

25 contemplated that pretreatment of cells with other
osmotically active solutes for a period of 1-6 hours may

also be desirable,

2. Plasmid Configuration

30
In some instances, it will be desirable to deliver
candidate gene DNA to cells that do net contain DNA
sequences necessary for maintenance of the plasmid vector
in the bacterial host, eg., E. coli, such as antibiotic

35 resistance genes, including but not limited to ampicillin,
kanamycin, and tetracycline resistance, and prokaryotic

origing of DNA replication. In such case, a DNA fragment



concentration of DNA used to coat m croprojectiles may

i nfl uence the recovery of transformants containing a
single copy of the transgene. For exanple, a |ower
concentration of DNA may not necessarily change the 10
efficiency of the transfornatldHS'but may i nstead
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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 mecst 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 liguid, but this may be
solidified by adding the liguid to materials capable of
providing a solid support. Agar is most commonly used for
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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 cof fertile transgenic plants.
Transformation of immature embryos obviates the need for

30  long term develepment of recipient c¢ell cultures, Pollen,
as well as its precursor cells, microspores, may be
capable c¢f functioning as recipient cells for genetic
transformation, or as vectors to carry foreign DNA for
incorporaticon during fertilisation. Direct pollen

35 transformation would obviate the need for cell culture.
Meristematic cells (i.e., plant cells capable of ccntinual

cell division and characterised by an undifferentiated
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20 will not respond in such a& fashion. An example of non-
embryogenic cells are certain Black Mexican Sweet (BMS)

corn cells.

The development of embrycgenic calli and suspension

25 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.

30
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, embrvogenic tissue, generally results in an

35 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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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
20  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 identifving recipient cells

35 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
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covers any treatment of, or prevention of disease in a
plant or animal, and includes: (a) preventing the disease
from occurring in a plant cr 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 develcopment; or (c) relieving or ameliorating the
symptoms c¢f the disease, le., cause regression of the
symptoms cf 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 cr 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 technigques.
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I nvemtToON, —€Qg., as reciprent ceffs for rransformation,
has been
Two allelic forms of the gene DNMT2 have been described

(Franchina et al., Hum. Hered. 52,210 (2001)). DNMTZ
encodes an enzyme, which is involved in the process of DNA

25 methylation. One cf 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 seguence of DNA within exons 2 and 4
30 Dbetween each of the two allelic forms of DNMTZ2 permits the
allelic origin of exons 2 and 4 in a final mRNA mclecule
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 moieculss unique to heterczygous

offspring.
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4 in the mature mRNA molecule. ©One of the clones
however, included a splice product that comprised exon 2
from the DNMTZ2 I allele and exon 4 from the DNMTZ II
allele. A further clone comprised exon 2 from the DNMTZ II
25 allele as well as excn 4 from the DNMTZ T 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 consegquential o
some form of mitotic recombinational event, mRNA species

30  were examined similarly from the BBL of subject III 2.

As shown in Table 1, 11 of 14 clones contained inserts,
which reflected bi-allelic expression of DNMTZ and cis-
exonic assembly. The structure cf a further 3 clones,
35 however, indicated that hybrid mRNA molecules had been
assembled., Two of them included exon 2 from the DNMTZ II
allele and exon 4 from the DNMTZ I allele. The sequence
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"adm nistration," adninistering, and adm ni stered”

ar e ¢ i — For exanple, the
candidat e gene prodlicts may be adm pi stered orally 13

I ncl ydi ng sublinguat, topically, or parenterally in 5
dosage unit formnulations containing conventiona
non-toxi ¢ pharnaceutically acceptable carriers,

adj uvant s,°tand vehi tles. The term?arenferal as used
herei*n i ncl udes subtut aneous i nj ections, aerosol,
ntr . - o .
injection or 10 infusion techniques or rectal or
vagi nal I y. Throughout the specification, unless the

Cont%é&e[eq¥ﬂé%%HK&SE%S“%@ET2t£?%¥Q#%g 8HP££E$

: ’ "8 é Y subjects
vari ati ons such’as cggprlses nprising”, wl|
be uddér 3t obBI to iamsl YIS

0

2t RéTignd JBPEK £/ alstmtetpiects 11
| Nt egernar 1 gr ouf HfedeiteQer sy hpddigiele thelgxcs usion of

any qther lnieqer ora9%0uR Pl dMEI8Ss pwmre 1 and pamT2
I'T parents of subjects III 1, III 2, (IT 3 and II 4) was
also subjected to RT-PCR and the products cloned and

15 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 invelved in trans-

exonic bi-allelic assembly of spliced mRNA molecules.



| DENTI FI CATI ON OF A NOVEL BI OCHEM CAL PATHWAY THAT
FORMS 20 HYBRI D nRNA MOLECULES | N HETEROZYGOUS
OFFSPRING Two allelic forns of the gene DNMI2 have been
descri bed (Franchina et al., Hum Hered.. 52,210
(2001)). DNMI2 encodes an enzyh®,” which is involved in
the process of DNA 25 nethylation One of the alleles
DNMT AL IRATEGHSOF WBHE ] &dt THESSTRYGE YTddi CRAREROA B
exon mandre€ GAnpoSHiicn prREPOOE BXO0R 4ip°The al ternative
al l el'e, DNMIZITincludes nucleotides A and T in these
positions respectively. Thus the difference in the
sequélice igiveDNACRK ¥hih rexoRs Zuaiekd BOwabadeny edth Of

the tarealhek 6ni§9rtﬂ§ e @Nwawp marmtllaatlal;l ekifoles. It

origin of exons mMRNA, nol_ecul t

et ernead Eentade fertodofal e leul T o st ik lrper owing
hybr iatef dlissbfaniRMA arry berflophedld mcrtetb@r Gz2gousn any way
_offsmsl rag rta}étwggfcpfor&t It@l@ @En@%gmﬁtﬁ rcﬁﬂntﬁéclﬂnﬁéﬂlﬁiﬁj

I nto SC % é ?ov C La %i hﬁéeb¥ ntion has
generati g nove ?Jol fﬁeﬁ’flfaé Bt SHEITY FBFetll 3

G qu:@etnodhecemq@gnusﬂet@flﬂspbpwgf -isxelpfiondee the

deterlrae@l%l\ﬁ@@gh%nw hewiehEbchentd m&&w&mw @Eiélses, it
t her eof f@ ach DNMT% allele c

n

i nt o "t'He %ﬂﬁf e SﬁBchEﬁl% aq‘q} e lél%IngFal& BT KEe
5 prirmar )lltnliaﬁSctcp pthisrRNAewas #5b¢atsed fromthe
peri pheral bl ood | eukocytes (PBL) of two subjects |1l

1 and |11 2, o were confirne r egat on_studi es
167 Da Rechr 82y oueTt o ToRE PR BT s o GERRSUF S ©F
(see arfr gachinal®t fEloldddral Heherh tys2 Ww2e0 €200499d .tol0
The @@%@e§@§o§u@fQ9k?@a%% BIOEE&S&%&'ﬁ%e&%k?ﬁésan@hﬂﬂér of
anplified a region gf cDNA of pr oxi teI% ?O hat
i ncl ddéd8x8Rs5 2 attd Z‘PCFPBFn 2an T’F? SRf:
of approxdmatehyo#Z&0hp panthienth lflrcdmgsubjlephgmwpel or

ggg 'd'%ge%ée 2, Mek e &lned and; 8s seriggof clones from

The bilological phenotype of HD may be caused directly by a
reduction in the activity of hybrid proteins such as
enzymes. On the cther hand, some hybrid proteins may be

25 recognised as immunclcgically 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 phenctype is generated in hybrid
offspring by the formation of novel proteins. The hybrid

30 offspring must inherit allelic forms of the relevant genes
which must differ according to the structural criteria

that have been defined supra.

EXAMPLE 1 OSTEQOPOROSIS AS A MODEL QOF HV IN HUMANS

35
Osteoporosis is a bone disorder suffered by almost 40% of

post-mencpausal women. It is caused by increased bone



product were sequenced.. As shown in Table 1, inserts
from 13 of 15 clones sequenced fromsubject I11 1
reflected bi-allelic 20 expression of DNMI2 and as
expected, cis-assenbly of exons 2 and 4 in the mature
MRNA nol ecul e. One of the clonex® ~however, included a
splice product that conprised exon 2 fron1the DNMT2 |
al | elresamgtésonoy dtemclhe tDNMILindalinePacr pafoft theer

cl on%{e@l@magzl gne&i BxOnRadhr @ﬂb&@@tltm\il\ﬁﬁ%yl ko2Boat | ete-tases.
ess t.

exon e e
Fepr SAIELRP T y- i og8 PN g SR PO eaer Y (g inds
p055¢@|WhEyC@h€EtQﬂw§ KW@erpar@mtoqﬁﬁgqlgsﬁﬁhmpd reduces

ngl eqyles foUNdcd nsubeet bbhd decre consequential to
sone formof mtotic reconbi nati onal event, nRNA

species 30 were examned simlarly fron1the PBL of
subj gebohlet2et alAs shiowHol nGaadl e ,2128118f8 1 dhaforgpwn

cont ainRedsp @é@§awhdMyr%hhéﬁéi&%§q%$stb§|b@h&gtype
expres ion O exonl c .asse

PR e A O R e S T Srie0e, Vbt Satiaye
that hhgbei dooNAlaToligqgukes hambinﬂﬂﬁ rasgenb| ool e Tiae adfures

the”bbﬁ%hgggdb§&9ﬁn%c&%oﬁhéh§ré»ﬂﬂﬁ% vbyoudl Est erand Le0Ri1d
4 from ﬁmwﬁ | el e. The sequence - 53 of a
furtﬁgpecﬁﬁ T®veal ed that a spliced nRNA nol ecul e

had been assenbl ed by incorporation of exon 2 fromthe

DNMT'Z .1, 8l bejsl?ov?é"dch%x%gloﬂ foom tdie JNME21Lb 8dd %kﬁ‘ang@s that

MRNA was then_ i solated.fromithe PBL of a further
dubj &6Fede| fLEenfpY ram&nzDF?%h%%wadéFfoﬁenﬁu%fl He%efa’rms of
52, 210e( 2004) Yoo rwerptoonf Thered dedlibe hemwaygous figtions

eachw@Eet bectywo, & ternatibde @4 8ldesf 0naBR5 PN Zhe AMAble

vitro prepared n1xture of equal, quantities of MRNA
fr om2106§€| i jec‘?%‘f’ 19ncedgngt Fiea Felf ed T H {He afBine
way asifdRpBsifiremiibjreetsas |prdligmed okl Lelciusedidyo be

5C|Qg@o&9 b§“%ﬁ%ﬂ@ Elh¥ &D@fef&ﬁ%é%yg %HLHF@%%AJQME% am%no

nol ecul es tound In of, subjects 111 and I1
may ﬁﬁ%@ B%%+Flon 447 The dlStrlbuthD of nucleotlde 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
25 of novel or hybrid forms of calcitconin receptor in
subjects who are heterozygous for different allelic forms

of the calcitonin receptor gene.

According to the invention described herein, permitted
30 combinations of amino acids at positicns 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
35 calcitonin receptor which affect bone density and

susceptibility to bone fracture.



generated in vitro due to tenplate switching in the PCR
15 stage of the RT-PCR due to the formation of
truncated reverse transcripts. As shown in Table 1, no
hybrid nRNA nol ecul es were found by reference to the
sequence of inserts from 13 ©l®hes, Taken toget her,
these findings establish that aInDst 20% of al

spliced DNMI2 RNA 20 nol ecul e32Bkapt i se hybrid forns.

- 54 - TABLE 1 Distribution of spliced DNMI2 mRNA
o E2at R BACER ny 200 fouk g £5,2060 08! i
W thin eree 29 Hj ad NN

lEl 2 Mx* nt 104 of exon 2 at1 5 Hf exon 4 G O or )

13 11 13 AT) GIl) or ) 230 AC Note: The

genotypes DNMI2 I/11 were confirned in subjects 10 Il

1, | 1Anipo gaddDMMX 9 and BRMI2 11/ Pirg sobfezieyqnative

3 and Il 4 respectively by pedigree analysis.. *A
m xture of nR romthe honDz gous DNMI2 | a MT 2.
Il parents ofhﬁaéjects 1, ﬁll 2, (I'l 3 angi Dmi cine

Wwls al so subj&tted to RT-PCR and the product SRl dhednine
and 15 sequenced.. No inserts were obtai ned which
specified GT % A-C spliced M2 mRNA nolecgbe?..l.
These results *tonfirmthat ouf findings reflé he 7€
presence of ani4h vivo prinmary transcript spli¢i hgucine
systeminvolved in trans- exonic bi-allelic assenbly of
Egliced MRNA nol ecul es. - 55



VALI DATI ON OF THE USE OF THE STRUCTURAL CRI TERI A TO

| DENTI FY GENES WHI CH PROMOTE HV OR HD(c) The invention
will now be further described by way of 5 reference

only to the follow ng non- I|n1t|ng exanples It should
be understood, however, that thed exanpl es fol |l ow ng

are iIIustrative only, and should not be taken in an

way BHEMELEedtricti BHYORHCHAREE AGIRRIR PRl M LIAN
i nvention descri bedvaimyeor hawperédxamian], whrheat he
invention has 10 been described in detail above, in
relation to the identification of candi date genes

usi ngFTDRIVIPRRE) | F ekeast 5 wWitFfebane| &Yy cuh@érst ebdthe gene
t Bat shenf leﬁdbﬂ@§ ﬂ%%ﬂ’zy&h@ear@@ilﬂldmdﬁﬁiaﬁ:@ L hhse germ.)

or aIIeIe% ﬂ¥ any IS, when an. of r'ﬂ%i(ﬁ%%ﬁ yﬁsfﬂb286R

enhanéed artlcular

when @Mﬁﬁéaw@ exﬁfrres%sqaeﬁlef w@%&an@uﬁﬁeltoé%r&'r "E ast.
pheng@bgecte ehwear@fhomot@rg@aseﬂ%ls eaLdlB( QF OBEHE s:nwmﬁ

an orgsprin reauceq, 1 or n a

b1 of GUEE CAHBRBLYRISE 20 A CRGLe VALY, Comiarce 1o fo
éﬁredﬁgﬁﬁﬂmheobthﬁcﬁﬂﬁﬁﬂ ophendt ypEsofkiaBrmay be caused

di r eGldgy nBycaucEaductdQrui-aat he activity of hybrid
proteins such as enzynmes. On the other hand, sone

hybrid proteins may be 25 recogni sed as |nnunolog|cally
f or eilgn iandeéhusecadid seals ghat of n sONESHFGIAE WOP HOVHAA &

I nduedur&gn@na@yépm w&e Bﬁfoﬁgﬁssuch E@e NS@.\(@BB BON and

BP0l GO LaLP phenOES pE 4 GRor BBt 111 Mo ° BRYSprinig ced

by tiperhotﬁataofpxm qmowellprgbe¢rM£d'Wherﬁybradtéﬂﬂty Of ASTL
of f sprd @gsﬂyeédl ('s!‘e%r I tfoal kekigid, orm@r theale| eyamiol.

gene r accordin the st uctu
critéfi ?E%?gﬁ e %%giﬁ 68F?E%QF aer Eerence :
OSTE@RCG'R%Ilsl% v iVMBDER cORe HYS 1: NP HINVANS BEL Q286R) are

@@t eQPRKASESr | Sed @p%cdbeeigerdﬁﬁé‘r%rne@sbwh@&me 4Q%=ted
WE%%lgEQOP %igh:%%Qngons %ﬁe%&yﬁeotlﬁe Qﬁgﬁﬁif%hat

generate aspartic acid or glycine at amino acid position

bone

87 are located in exon 3 whereas the nucleotide changes

that encode glutamine c¢r arginine are located within exon
25 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
30 different mutant forms of the ASL gene.

EXAMPLE 3 CYSTINURIA AS A MODEL FOR NEW BIOCHEMICAL
PATHWAY

35 Cystinuria is a human discrder characterised by impaired
renal absorption of cystine and cother aminc acids. One

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



- 56 resorption by osteoclasts resulting in decreased

bone density and increased susceptibility to bone
fractures. Calcitonin is used to treat osteoporosis
because it binds to the caIC|ton|n receptor on

osteocl asts and reduces 5 their %blllty to cause bone
decay.. Taboulet et al., Hum Mol , Genet ,7,2129(1998)
havefgﬁb%ﬁentﬁéfw%u%ié@t§aWﬁ@da?% WRR%%%@??géGsaf%@ne

W | d-despgna€aliciic THy N Hopeephosia) | @l reswutast Shewis id¥ SLC7A9

Table 2 havgu& hk%n%ﬁgbo e%g§$§|%%n? %WE rgdgggﬁgélsk

of bone frac res’ npare 0~ SuDbj
honoAR§eGS iPor i hféysst&ﬁ@ \xﬁﬁasomfp@ral 1As é@owrra%y egfgnt et
shows: 1t he raxonol osatdon oof 08¢t @ot) detehangessibatfodBach
encode. diLierent amno acidsg 71995””%“ ah! ehig farrs
of t%e ISCIIPOI’]I n recep t or. ese codl ng sequence

vari arte@S@ﬁgatmm eoF ewate@@drfe@]@mmondatlab_ﬁgémng Acslt_h the
showmddR 1t hﬁcﬂ_&biﬁie %ha%lﬁ@@ *i e enneode eht berrdauci ne

or arginin po n wh r ol |
é% e ﬁ%? %gugﬁ gw%saEd g; %%cf%%gﬁde$%?@§é$éﬁcé§ST’

\lviot hlrﬁfsesdenl@ atorsidno © asfdl posttriamii487yTheThe

di st rlio*éutlagatpesn et hde1 seauencdandiebl fheseesnMtLhacn

encod e ternativ m no a Si
oniCHE BE BiSE IR 2R SO Al SBPSLE Pt Whuctural
st r uctarakevent ®ricedegqlicr emnthﬁ@r@blwrmhélﬁoﬁmv%@m 7A9

25 oﬁnn@ﬁﬁge@fsrwﬂyid}éf9@H§r9£¥§éuénﬂd%nhﬂyr@@@QS@rtHéqthree
are or,. different allelic

subj ects gous
?g g EER g%“@%l ﬁ%ﬁgﬁgrg%%%?d¥3d@he According to
the invention described herein, pern1tted 30

conbizRatibeRs, of amdﬁ%E@@EgsAﬁhxﬂﬁﬁmﬁﬂﬁﬁﬁ #26vandr 44dr nEw

wi thimthe cal citonin receptor prlse (a)
| euci ne/ proline, (bﬁngHEM; ALcﬁth.,\c)

argi nine/proline and (d) arginine/leucine, tw of

wbl cffblggg@ég 8§s va chm&mese@i&% 65 JMhekeas Lhecrthglod wo
rlse % forns of t e 35 cal ci toni t or
t

rece
ohi R SFPBY L B GaRsrgbundte be cont 201 Tl SRRy

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)

25 insulin release is impaired because cof 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.

30
Table 3 details the exonic locaticn of nuclectide changes
that encode different amino acids in alternative allelic
forms of the enzyme glutamic acid decarboxylase. Coding
region sequence variations were retrieved from NCBI

35 databases. As shown in Table 3, exon 1 includes nucleotide
differences that encode arginine or glycine at amino acid

position 12. Exen 4, on the other hand, includes



susceptibility to bone fracture - 57 - TABLE 2 Exon

| ocati on of nucl eotide changes which encode amno acid
differences in alternative calcitonin receptor 5

alleles AmMno acid position Exon Amino acid alternative

126 1 (L) Leucine 10 126 1 (R*%rginine 447 9 (P)

Proline 447 9 (L) Leucine 15 - 58 EXAMPLE 2 .
ARG NINOSUCERRI €1 ATTBURNA EASH 20 MANMAINCAN 2 SHBPEE 1 FOR INBS 1 ne
B|| l(x:llé_EMa?&%hoPé}&_fo Vﬁosliftiféblphnﬁﬁs,a@twhéﬁasats idichhenendr proline
alleljic for of . the I ch_.enco t e .
argiﬁ?hggﬁég?%%t%§$yag%£ﬁﬂsg)ﬁﬁﬁ%ﬁglVE%%%%EeEE?f%%ﬁﬁg%atlve
Sone agfinphami dASLY ISR, aASH( CRS8BR)CigN@tABREABDBD)232 are
fer ?ﬁ@@@ba, b?nf@@*&dﬂﬂﬁénﬂiffﬁéf@mﬁés Aal:.hifnsbjbbﬁc%,s M@ ine
are haomyzygous_for each o ese nut ant. .
prodﬁge %gpﬁa% ive %6P§|%P%t%% %ﬁ%%ﬁ%%lfﬁ ?égggﬁﬁ 4§?hln

t he oroet Sof ad di sidmye skAaowne agr Frjiimiengsueefhiton 326 by
aci dyficacht 148 ¥eldgdecagnigedxdhato in of fspring who
inherit nutant allelic forns of ASL such as ASL( Q286R)

and 15 ASL(D87G) i n heterozygous formfrom each of their

aPf edihed dipar émtsiorn fonmcdeo e ssoysaceediherabyes that

act i Wrlopaef aASkrnd 8 Ve Sheh8da ¢ 588, a0 hexagpteindlde! in

at al., J..Biol. em . 272 67%7 %3%]) i_ncor por ate .
her ei*f“BY Fefgfé%bg?fF-??hgagi? T%é i@ﬁxgﬁg%g%f $ieria
ASL( D872G) nand ASI{QIBBR) Lare 2O wit@mratreriyseddbyorms of
nucl eati-dg: di {1 £4 ences i ehsar e, lasateds whbhihe
ffﬁégnt ASL exgps The nuclegtldeéfq%ngestthiiﬁlic forms of
ner&t& 94Par T ¢ Heitd Yol g Toi HE &t A ABCat
posi tthenenzyme referred to in Table 3. For example, by
reference to the alternative amino acids which can be
encoded by nucleotide differences located in exons 6 and 8
only, the combinations of (a) glutamic acid/arginine (b}
20 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,
25



87 are located in exon 3 whereas the nucl eoti de changes
that encode glutam ne or arginine are |ocated wthin
exon 25 11. The | ocalisation of nucleotide sequence

di fferences which encode the alternative am no acids
at positions 87 and 286 in exotrs 3 and 11 respectively
satisfy the structural criteria required to permt the
synthesis of normal ASL enzyE®3%bh Jubjects who are

het er ozygous for two 30 di fferent nutant forns of the

ASL ge 2 M E n %It%déscﬁ‘an 23 wh g% |

characteri sé@l%\mmeﬁ@ﬁs aan@ltWWu @ﬁaué@mw@q%

agd ot her am no acuﬁﬁmgn@xyj@g@1aﬁuﬁystbmm@u@s(referred

to as non-type 1 cystinuria) - 59 has been shown to be

caused by nutations in a gene designated SLC7A9.

Honmo 2y ¢esi egifoposiitianmt f or nBxet SLC7A9inguahidsa FOBR: L ve

V170M and A354T results in a marked reduction in

cystine reabsorption. As sho by Font et 5 %. Lum

Mol . . Genet . 10, 5(2001), heterozygosity for e cﬁ Iof

ttAese nmutant fokdrs of SLC7A9 rlesults in drané&i 6lycine

restoration of oystine reabsorgption.. In keepingswatdyine

the nodel nucl otlde changes wi thin SLC7A9 gﬁigh ine

result in genéra ion of the nutant alleles 05K’

V170M and A354T.3310 reside in4exons 4, 5 and@0Glutamine

respectively.. {Hw [|ocalisatigon of the nucl@gtbdeiine

%Eanges whi ch ode each offghe three HUt%%é é gsmlc scid
C7A9 satisfy tte structural ~ requirenents ed-t

synt hesi se noreddy active SLE’A9 in subjedﬁ$ ﬁhmcam%

het er ozygous f argg@any tmo of tQﬁ t hree S Mukanhr§ Of e
of SLC7A9 showg ove. 4 DIABETES AﬁEA
MAMMALI AN HD( ¢) L FOR N Bl OCHEM CAL PATHMY 2

Di abetes is a c@fon serious dilsease i n whi d&)bkRbadine
ghucose | evel s gie unable to ke controlled pEPPELLYine



because of inpaired insulin secretion or resistance to

its action.. There are many different nmechanistic

forms of diabetes.. In type 1 diabetes (diabetes of

t he young) 25 insulin rel ease is i npai red because of

i mmune attack on the islet celfs,"the cells within the
pancreas that secrete insulin. G utam c acid

decarBEx WPAE eOF C2HD &5 HIETERLEEHESS Al Yral bt UTQRNT I8Py INDUCTION
aut o- anti gen targeted by the inmmune systen1|n type 1
dlab 30 Table 3..details th [ 0

nucleéi%ﬁe 3na%Ff%%q%es %n o%ié %% (ggﬁﬁf a%?%OQ%Q%(Of

in aﬁﬁ@ﬂﬁaﬁﬁvéuéf¢¥ﬂﬂ§:TYP@rﬁBdG@quﬁﬁ @ripretyl dtase onset
aci d deqanboxyl aseshLadird@ of eghOTr S8GURReRaYAt i &ldONSlibeit
wer e reErleveg @rPn1NCBI 35 dat abases. As shown in
Tablet3 &xon 175 Hcl udes nucl eotide differences that
encode arginine or glycine at amno acid position 12.

E>r<]on ™ k?ﬁp%ﬂ@ @i%rerld%@ﬁ@orisn&mﬁsﬂqs @ad Hy@&)@l@ééld?e that
change al _encoae_ el [..as n

anin %@FS ﬁ%%?i?%ﬂ$9f2%agg5m%$f:§s diuténéﬁzkoﬁ t%%ﬂl ne

ab podirvconrdb3crMaplia 31abve gdows: tilvat Otfhéybrld forms of
al t er@A@%Bveha@r@rm:a@@ @aeghm@zﬁ@ creas@odls@r aghy@we;m@,
p03|t| n 23 r§¥SHen% g b¥ nucl eotide .diff q£§§§%%

Wi t hlaﬁl 8x8ﬂ Siené S8P T §sHe & P6STHEY oh Y

nucl @@tﬂpdepéh@T\%}ESlr\MmOﬁrﬁyp@xbrﬁJ@beéﬁ@ eéibhertal diisvdts of
or glay%e@n@tc@fﬁ&etﬂe%1386sbud Imttllelee@h@p,gesﬂos Biol.

S audncE a1 L erred At roh Q%%ég R AU S b e 2o

aC|d@landfth@mtkyehuqm@kudednmrmaknammsdlabﬂtl@ s@imctE0as
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u | e

e rid forns of utam c_acid
e aPBOETr sce e Can e A s ot Gl or BoTRiiie A5t
any twaoiohtshehdidfeehentzabtded i oA diwes sefie Ehetermd\imaes .

E@f erhedet @i hdk AADIL 1 3nglors wmi %nv@%toggf@iaelr}@emtaca novel

he alternatjyve am no acids which
jole} ypeptides or proteins, formed tﬁe novel bilochemical

pathway in subjects who ars heterozygous for different

forms of alleles, which fulfil inventors structural

criteria, synthesise auto-antibkodies more readily than
25 subjects who are hemozygous for the same GAD65 alleles.

On the other hand, types of diabetes which cccur later in
life, some of which are associated with obesity, are not
caused by an auto-immune process. These forms of diabetes

30 are referred to as type 2 diabetes. The most
consistently recognised type 2 diabetes candidate gene
located on chromosome 2 is calpain-10 (CALP-10) .Nc mutant
forms of CALP-10 have been found to explain the
relationship kbetween this gene and develcpment of type 2

35 diabetes even though it is assoclated with the highest
risk for develcpment of type 2 diabetes. The HD model for
the asscciation of CALP-10 with susceptibility to



encoded by nucl eotide differences |ocated in exons 6
and 8 only, the conbinations of (a) glutamc
acid/arginine (b) 20 glutam c acid/lysine (c)

gl yci ne/ argi ni ne and (d) glycn£§/Iy5|ne at am no acid
positions 232 and 286 are for I n accordance with

t he new bi ochem cal pathway. Two of these_conbi nations
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conpriiselihybr tdatf arars; 2% ferbit -aTABlilE JokExenof ocatR-Ar have
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£ S TR N AT
é@ruﬁﬁoﬂ9 paltents suffering Type | diabetes prlor to
di sease onset 5 as well as in the serun1of their

aSynH%%n§t| dgﬁr%dagfo e%%zxﬁé lgeggggh?r|£E$5%HM ng
i NVENtors ings a hypot'hesi s
candldate type 2 diabetes susceptibility gene found to be
located on chromeosome 10 by genomic scanning. IDE is

15  involved in the proteolytic degradation of insulin, most
likely as part of termination of the insulin response.
As with CALP-1{, no disease causing mutational forms cof

IDE have been found.

20 The exoconic location of nuciecotide changes which encode
different amino acids within the insulin degrading enzyme
is shown in Table 4.The coding sequence variations were
retrieved from NCBI databases. As shown in the Table, exon
3 contains nucleotide sequence differences which encode

25 the alternative aminc acids phenylalanine cor leucine at
pcsition 298.Moreover, amino acids leucine or
phenylalanine may be encoded at aminc acild positicon 582 by
nucleotide changes located within exon 5 and serine or
glycine at amino acid position 854 may be enccded by

30 nuclectide differences within exon 11.Asparagine or
aspartic acid may be encoded at amino acid position 947 by

variation in sequence included in exon Z0.

The distribution of nucleotide sequence differences which
35 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



het er ozygosity for GAD65 alleles which fulfil the 10
structural criteria allows generation of hybrid forns
of GAD65 that enhance the i mrune response agai nst
GAD65, auto-antibody |evels should vary according to
GADG65 genotype even in non- typ% ~ di abetic subjects.
Results of a recent conprehen3|ve study by Boutin et

al ,, Po8eBiok. huErid BEME2003} ek ARt "eARBLYTe 1N

aut o-amtjicbedywhevels wt%roaygaui i ﬁ@”ltain)y highee tie

I bet t b
nor o 09061 80l £ SUDLREIR 28 el s Ebeag ALl oy
sane-@gﬁgmpsceftgtﬁﬂkﬁﬂaﬁ &ﬁ@0d9@t¢¥Hﬂ¥?nﬁhélaﬁéd 20 only,

h@ﬁD?ayrg%SaE@a s i5R cADeS ?&éﬁh&ﬁus-z@ﬁlfhgﬁa findimgside
stron agggort |nventor§Pgl I mthat no el
t |

pol yp of AT RS, ARt HY 1R Thovefcte (<)
bi ochBricéak/ 2 hawiynd @nsulbfecy by s /asealét er a2igousio of

for dirfer @B&blﬁ@il@d@fre@lle@teﬁll&\kﬂﬁﬁ bk s | V@RS She

structural  criteria SLS ntibodi es nore

r eadiAy thak® %P@%%T%%g§g % %?%m%éﬁgf% oGS “¥of t he
§@me GAD65 al |l el es. On the other hand, types of

di abet es whi ch occur later in life, some of which are
associated with obesity, are not caused by an

aut o-i nmmune process. These forns of diabetes 30 are
referred to as type 2 diabetes. The npbst consistently
recogni sed type 2 di abetes candi date gene |ocated on
chronmosone 2 is cal pain-10 (CALP-10).No nutant forns
of CALP-10 have been found to explain the relationship
bet ween this gene and devel opnent of type 2 35 diabetes
even though it is associated with the highest risk for
devel opnent of type 2 di abetes. The HD nodel for the
associ ation of CALP-10 with susceptibility to - 63
devel opnent of type 2 diabetes is strongly supported by
findings that many different allelic forns of CALP-10
have been identified, such as L34V, T504A,

R555C, andV661l that satisfy the structural criteria
that are required to form



5 hybrid enzynmes in heterozygous offspring via the
novel biochem cal pathway.. In keeping with the nodel,
i ncreased susceptibility to devel opnent of type 2
di abetes has been shown to be associated with
het er ozygosity for different “atielic forms of
CALP-10(see within Cox et al,, D abetes 10
53, 19(2004)), Insulin-degradaf®@Eehzyne (IDE) is
anot her strong candidate type 2 di abetes
susceptibility gene found to be |ocated on chronpsone
10 by genom c scann|no IDE is 15 |nvoIved in the
pr ot eol B9 Ipsgitad Ahang Q8
part ofcierdifitrconesf it f'tel‘ddﬁﬁlldttllﬂel‘ ES@@ItEIE"deg/%‘ad\Mﬂghenzyme
CALP-10, no disease causing nytatignal forms of |DE
have been found. 20 The exonrt—%otaflon of nucleotide
changes which encode different am no acids within the
i nsuldm ndegradi pes &izyne i seshown i n zkabbeadidhelternative
codi ng sequence variations were retrieved from NCB
dat abases. As shown in the Table, exon 3 contains .
Acl eoti de seciffhce differences which encodéf25Ppfeylalanine
alternative amgw acids phenyl & ani ne or |euciingcatine
position 298. over, am no agi ds | eucine or, .
phenyl al ani ne ey be encoded a% am no acid po% PF%% 532
by nucl eoti ded%hanges | ocated5wi t hi n exon SFanghseyigenine
or glycine atgggr no acid positiion 854 may he)epeoded

30 nucl eoti di fferences w,thin exon 11 ragi ne
g aspartic 5%&% may be encode at am no acFASB? ??on
947 by variat3®h in sequence i2qcluded i n exdn %@Paﬂ¢ﬁﬂne
di stribution ofsnucleotide sequence differenegsavbhehic acid
35 encode alternative am no 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 - 64 synthesise hybrid fornms of insulin
degradi ng enzyne in subjects who are heterozygous for
any two of the




alternative alleles shown in Table 4. For exanple, wth
reference to alleles encoded by exons 11 and 20 only, 5
am no acid conbi nations at positions 845 and 947

include (a) serinelasparagine éb) serinel/aspartic acid
(c) glycinelasparagine and (d)°%lycine/aspartic acid

Two of these conbinations reflect wild-type enzynes

wher ég2MPRE Sot her FMAAToHRPEL SEHHYhSUFPRB A ThE Pt OF NaW
enzyme. 10 - 65 - TEABIcEr&rEXonpAToaty am aff nucl eoti de
changes which encode amno 5 acid differences in
alternative insulin degrading enzyne alleles. Am no

aci d Cpasilepent EXoH At A6 agi exafemdvattiage LIpe 208 S vEe
Pbenytlhaltapw@s 298 rpdehnkeusi e b8 b pibhkliswsi s tB82 ogen

Phen Ialanlne 845_11 (S) Ser.i e 4
€] yc?pne Iill\‘i) t&spa%ﬁgﬁnéege@f?t 6‘3(5%)g él efr(erPt
aC|dall@@lCE%ANPLEﬁBCBEANTh%MEXR?QNWMQ%HSUﬁPQRWSmﬁﬂEOf which
ROLE o@F £ NEW n Bl GHEMACAL cPATEMWYi N HV Cat al ase 1

(Cat-1) is an oxi doreductase type of enzyne 5 that

pl ays an inportant role in the breakdown of hydrogen
peroXindéoia pllahsid ferpapzeCatat]l | Gxsndgldpffer ent. , Arch.

al | elBllgcﬁ@ﬁnsBmpr@%t le@V€9®e?1’9?2dQnBﬂafsl @denﬂp@ltedafm

whi chy % gt dA? 197313,

hybr Pa2F6F nt't é%%r% 6%85%%‘?? e?tr ﬁl"“’,o, E%m“ allelic

Bi ocHemmBi ophys:--1153, Te85nRoYR)Jatms endegnei Faedhiavn to
pl antsstbat mersfeter ez¥geuss fidfodnen: dbif erepraldel ic

1% compared tce 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 Dbiochemical 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 pelymeric forms of the
enzyme .

25
EXAMPLE © 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 encoding
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(DBT7G) and ASL{QZ86R) 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
conpared to either of the honbzygous parental forns..

The amino acid changes defining alternative allelic

forms of Cat-1 are instructed %9'hucleotide

differences |located in different exons within the

Cat - PrigéA&er Thed ndi ZGthivBehédi REV Patitndy Vpr ovilesteg each
pl ausisbl-eeexpbanaddoivef aniet he horarmd ifermgf ot heshybrdwhl

Cat - 1.l ecul es.with s%%hae%sg Dl gehey %%lingrggeigﬂuecieotide
conpared to'w dztypes that “does = hot rel’y on h

f or matii@G rof thot yiran drflervaguat 4 s eARgnBT FPOB products
EXAMRok 6 i h DENTH i LA THGNcOE  EYBRIH AT oMeHECWML ES: g ced .
outlined below, it is possible to prove that active

ar gi ni nosucci nate | yase(ASL) can be generated in

of f spwirrg=302 0t laffeEcodd cpanent gemratsel dspontles RT-PCR

W | dt-ppeceBCcodimdneexensett ogeachQf akhasdibs erentozesr)

nmutant alleles.into th sane mol ecule. b Yy, af
the HGHLS TOBRITT % ° Y 6cReTt At Satihay > o) Jug 2nd
sPudicds-havenghowt tehxenswhéhe coriatats ofisipfeBBs from
| NactippeoASka P ANIs} SMCR185e ANLIBLE) wanddASKE QREOR)
are 1nherited.in het rogygous forn],a%tEV|L¥ %g ‘1 the
par t PRAPGPCY BstigPe £2CPTREr B ore’® MIMATEER Bl Tool ated
f r omskingr obbastand WBns genetiyver aforaxdobiety Whbp dfs wild-
proveRpko-haye i ahenintedoeash roftdhe ibWookNaet e activity.
2 lelic mutant forns of ASL. Total nRNA can then be

bj ected to RT-PCR using oligonucleotide prinmers that
spantXadPYE dlal ex@SOCTREIRT -PCRYBRIGUERBOS NOMAILHESNYITH
these regions are tdersCchoRednpnd3RdeeRssdron
Approxi mately 85% of "cl'ones generated fromthé RT- PCR
products fromthe subject genotyped as
ASL( D87 &} / {EPBGRIN beoekdreordd rimdn istey, chblilaldielpancreatic

expresstep Ot Hle AR o405 Chse AseI Ol neXPNSe 1ThE apetes.

sequence _of inserts from
g If the patient %s heterozygous for GADES alleles, which

have nucleotide changes in different exons which encode
non-synonymous aminc acids (see Table 3), the patient
would have high titre GAD65 auto-antibody in his/her

25 blocd.

Total pancreatic mRNA can then be subjected to RT-PCR
using oligonuclectide primers which span exons 1, 4, 6, 8
or 10, according to the patient’s GAD65 genotype.
30
Tt 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
allieles. The sequence of a further 15% of clones would be
35 expected to contain inserts that confirm that a hybrid
form of GADP65 is synthesised in islet ¢ells 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
same clone and thus generate approximately 15% of wil d-
type enzynme accounting for restoration of enzyne
activity,. 15 EXAWPLE 7 ASSCT! ZTI"™ON OF HYBRI D GAD65
MOLECULES W TH GADG65 AUTO- ANTI BODY PRODUCTI ON Tot al
mRNA Eefifepengxet beted farewmh Pl edDeeldss dsff ipaAcrertd cand has
20 tissueabt aynetbdy mta-pat ivodi sdfifrerinagrt ypeod.

di abetes., If the patient is heterozygous for GADE5

al l el es, which have nucleotide changes in different
exonsThﬁhﬁéﬁeeﬁé@@@lm%@lsyﬁéﬁym Hmanelacpbse (seell

Tabl %p%)c,letshﬁh@@ti@rﬁecow@ul dnbay et Qh kel bEEsHEADED under
ﬁ%mlggrtﬁls?mjgt v gnusj/ es {:Qéigﬁogrﬁﬁqt%a%l hg‘:’r‘ncrff‘eles as

ol i goimichest B@l@rwarrﬁbrt@emn@hu%@amf ercelel 1n Yhig) tge gene
10, accekdirBgsé® the featientas GADES genotype.. 30 It
woul d be expected that the sequence of inserts of

approxi mately 85% of clones would confirmbi-allelic

eXpr é8si sathnde tesiags darbhjedf alexon ifer @grehche ofe tdr@mples

tvvo o@llgfebﬁg ad hﬁb1§%@d¢@ﬂ@@ ohe asddirdheny16%ef €d@irsogies
be 35 ex taLn inserts that co f|r

Uhat °2 RYBRF 0O G eGP SEADSS TEMSYRnGE) SB4°TR 141 ea i
cel | $hereit-a patient suffering type 1 di abetes mho i's
het erozygous for - 68 different allelic forns of GADG5
as defined supra and has circulating GAD65

auto-anti bodies in their blood The sane experi nent al
rationale is applicable to all 5 species when it
becones known that the offspring under investigation
has inherited genes that have alleles as defined supra
and the tissues or cells in which the gene is

expressed is identified.



10 The net hodol ogi es i ncluded above are neant to be
exanples only and do not exclude the use of any other
technol ogies or experinental protocols famliar to
anyone skilled in the art,. - 69 THE CLAI M5 DEFI NI NG
THE | NVENTI ON ARE AS FOLLOWS: ~1°9 A met hod f or

i dentifying candi date genes capable of producin

hybr iTdE C§EGYS | PERH At FRE éNV€W¥ﬁQN MRECSAPFPEIAYE t he
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tge lﬁ?@@ﬁgmﬁg fﬁeSﬁﬁgmaBEnal ordpL?nt (i)

i dentifying nucl.eot|] e | f-fer e [ e
alleles froms |d aﬁm§h§%9§ Qﬁ ?u%&$ogﬁ%%x§ %u$n$$
hybruaél@ﬂgéu@fmwd@@@egeﬂgﬁ b i escifg oBegueneignal or
vari gtiz@n; wabéh J&Hﬂwllt)s hgismdifxyigftgut H)@ftht bee arﬂih@lécﬁ;@'d@
sequence var bet ween_al § he cand

oIt al BRSPS 2 RE RO A8 Fron tne
sequencestahbEhsalal @mlla@ét ed mamin two or nore

di fferent exonmvyl tlr&!el?httlli'?ln@arﬁlﬁ’dl@:ttqd@eBSqu&ch? dl/fferences
met had corfjan_g3 qi é wher.ei %ﬁ ?n1n9 h exhlblts
sequéﬁc Vartatioh Hbsgé s%?V§Fl§g i Bte
vari avboad 250@ir Ashheddas chyrdiang oo aglidi aeduengter ei n
the a-Retride) tkrgequence variation is a

n- conservati ve difi var i |on
égcordlng to cﬁdfﬁ?ideﬁﬁéF%ﬁqgt s t8p a%bn%faCl&jsequence
idenWﬁﬁyahgomrhﬁuNﬁﬁne@ﬂﬂdéeseqﬁéﬂcec@mﬁﬁéﬁéﬁc@ene in said

conprihnsga1t be sten ol saayensing hRa BUcheotéf@nces which

se uence
9 located within two or more different exons within the

candidate gene.

20
2. A method according to claim 1, wherein the aminc
acid sequence variation is a conservative modified
variation.

25 3. A method according teo claim 1, wherein the amino

acid sequence variation is a non-conservative modified

variation.

4., A method according to claim 1, wherein the step
30  of identifying the nucleotide sasquence difference
comprises the step of sequencing the nucleotide sequence

iscolated from said plant or animal.

3. A method according te claim 1, wherein the plant
35 is selected from the group consisting of karley, rye,
sorghum, malze, 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 selected
fromthe group consisting of barley, rye, sorghum

mai ze, soybean, wheat, corn, potato cotton, rice,

oi | seed rape (|nclud|ng canola) Osunflower alfalfa,

70 sugarcane, banana, bl ackberry, blueberry

st r avEIREFanan doarasph SLeg KPe BRY al DAHREe reay  GErawberry, and
caul lﬁds@%&rypocﬁiﬁtﬁalo@é@U@EEEot,eggsllﬂla_fﬂl,ow@f:ap&Sffee,

honeydew, . egttg%ﬁhlgﬁ%pgoraﬁgglogbn Qﬁgp ;Rapaya, pe

peppers pIrnéa sweet ¢ofn
t obad&d ot ol O ViRERE VTR BA2AS r ORUTTEIS pflﬁ@ﬁ?@-’b%sm%h

gppl %,qup@at(;hsw@@@raobﬁhe&blysaaad E%diﬁ’@toandiathéeﬁgl@w €osaceous
rassi ca as I 0OCCO age a

bruszgl éﬁrgg ghéﬁ% q%fa éfgﬁ%13§g cf%pgzy ?rgﬁéhﬂg gnd
vegetvaseésonh osea hieldst ygechays ber atrmdged c2bef@el ude
bar'%ﬁul@?ﬂbﬁ@i Eﬁuhé%dospﬁbﬁfgsaﬁdLﬁdhiréﬂﬁh a@th?flfrops,
or an ermns a ana_.t angeri nes rti.choke
cherrF@stsnﬁ?g ?é§$%§ thgEO ﬁﬁ#aangpﬁeaﬁgt © ?EFQﬁfd

leek, incduts, baukdy asuarfowr odY S Carbnt czéagga%ulwrsmcpl as
radi %'ian}é@m BMesls, p%trm}:l)@f@ﬂﬂt b@fﬂ:["%ang125lﬁes'/‘\ mlhgﬂ;ke,

t |
Otk b R stornasy BhE v AR, Bebilr R Tive
manmaleek20r Pt sel vrthed st herpannal i &0y depssSPYE mltEsiip,

Rodentihdsh, Lf&@w@a pEehaseand GRlaRisvor a,
igrlssodacty and Artiodactyla.. 8. A nethod

cording to claim7, wherein the 25 Artiodactyla is
sel eét.ed frcnnknm@upbdthQC¢¢¢mnqzﬂﬂIcnesm 1 Suitaresin the animal

Tayasgukdagmmdd ppopat-am dae, Canel i dae, Traguli dae,
Graffidae, Cervidae, Antilocapridae and Bovidae. 30

9. A nethod according to claim@8, wherein the ani nal
7. A method according to claim 6, wherein the mammal

20 is selected the mammalian Orders Primates, Rocdentia,
Lagomorpha, Cetacea, Carnivora, Perissodactyla and

Artiodactyla.

8. A method according to claim 7, wherein the

25 Artiocdactyla 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 Bevidae 1s 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 selected

fromthe group consisting of cows or 35 bulls, bison,

buf fal o, sheep, big-horn sheep,_horses, ponies,

donkeys, nule, deer, elk, caribbu,™ goat, water

buffal o, canels, |Ilam, alpaca, and pigs. - 71 11, A

nmet hod according to claim®6, wherein the aninmal is a

fish.11.5 12. Avmeihied aceording 4o Glaammsllyhyhereidhe animal

t he fISh |s sel ected fromthe group consisting of

zebr af |sh European carp, salnon, nosquito fish

t ench, Ianpreys, round gobies, tilapia and trout.. 10

18.. 1?12 .met hod @Q@&&@'dngcté@?@i@ gﬁc&cl}éﬁiﬁlr ein vheraim reale fish

is a human ho or I.denti candi

genes capa teéo% Pro u0|ng %y%PnS %ﬁﬁé E %f §H§E

ani mavrepephapdr, 15 18empr mgﬁﬁ@lweflsﬂthepé;e@ﬁh ( ampreys,

conpaidung Ebeissicleatdsde seguense: of allel es of

candi date genes isolated froman animal or plant which

exhibits said hybrid debility (HD) with the nucleotide

$8quérces from tiethosr pespoRtihg aldlelias 8 20vhers iat édie animal

fromitshe pargnts of said animal or plant; (ii)

i dentifying nucleotide sequence differences in the

alleles fromsaid animal or plant which exhibits said

hybr ild .debi | i t& efibpdwipehidodds fiow aphAddaiksd dyenes capable

Sequ%@chMaﬁéfﬁéQQﬁnﬁﬁﬂdgéliity)uuﬁeﬁhlEM'Bﬂlﬁ£ﬁhniﬁﬁant,
equ vari ation between alleles of the

i\g‘un% amgls o
ndi“daFe* gene F &I& ghimal or plant is encoded by
nucl eoti de seqUencesmphir¢hy are rlwdaodddni Bhdwetago aor

mor e odibfgsent exQNRsiaWet BhRel hesoGARMT ¢abR 98NEhimad0or
plant which exhibits said hybrid dekility {HD) with the
nuclectide seguences from the corresponding alleles

20 isoclated from the parents of said animal or plant;

{ii) identifying nuclectide sequenge differences
in the alleles from said animal cr plant which exhibits
said hybrid debility (HD) which codes for aminc acid
sequence variation; and

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

candidate gene.

30
15. A method according to claim 14, wherein the amino
acid seguence variation is a conservative modified
variation.

35 16, A method according to claim 14, wherein the amino

acid sequence variation is a non-conservative modified

variation.



15. A nmethod according to claim114, wherein the am no

acid sequence variation is a conservative nodified
variation. 35 16.. A nethod according to claim 14,

wherein the amno acid sequence variation is a

non- conservative nodified vafision. - 72 17. A

nmet hod according to claim 14, wherein the step of
identifying the nucl eotide sequence difference

conprises the 5tr@p;mfd segueathdg:d hﬁanulclleptxind@rem the step

seque 9 }fr9p1§ m% %nl
nethogpgg%BFg fq:c alﬁm%ﬂglg equenﬁw g? |s a
weed CORPELRER ﬁ%@uw ;@lfaﬁ@quqr@cargz tRematRdEC BEEDrIfidgnce
te clizioaids vhetfeddid Reand8nbpBiniia pest.. 20,, A
met hod according to claim 19, wherein the pest ani mal
is a rodent, rabbit or fish" 15 21. A nethod for
produci-ng hybri dafhgeuRCEPr &yt it deBll Lty Whermn the plant
ani mals ar wpkantx ©OomRr nskagus her steps of @ (i)
conmparing the nucl eoti de sequence of alleles isolated
froma gene froman animal or plant which 20 pronotes
AYbril@-vi gour Porueiyed dcdebddng yronctthinhéd , nved woti gée
sequences1from thescorresponding alleles isolated from
the parents of said animal or plant; (ii) identifying
nucl eotide sequence differences in the alleles from
sai d 28ni mal ord gieamrdwaredr prranotce c281Ryb?i divdrgoar toe pest
hybrizdidebi L ity wieh, cedepioroaming acid sequence
riation; and (iii) identifying that the amno acid
sequence variation between alleles of the candidate .
geneZiln sai d famstakdofoplmmdias nenbgbedd byl e eat haerid
sequerees: Whi th 30 s Biah 06ateth Wt RicRpk e 85 Y &teps of:
di fferent exonF within the
comparing the nucleotide sequence of
alleles isolated from a gene from an animal or plant which
20 preomctes hybrid vigour or hybkrid debility with the
nucleotide sequences from the corresponding alleles
isolated from the parents of said animal or plant;

{ii) identifying nuclectide 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) identifying that the amino acid segquence
variation between alleles of the candidate gene in said
animal or plant is encoded by nucleotide sequences which

30 are located within two or mcre 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 censtruct 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
hybrid vigour or hybrid debility within said animl or
plant; 35 (v) transformng said construct into a

reci pient plant or animal cell; 7fvi) regenerating a

pl ant or aninmal, which - 73 - expresses said construct,
froms®ieasls said construct, from said cell.



