1 TITLE "BARLEY AND USES THEREOF" FI ELD 10001] The present specification

descri be ri arley plants and grain therefromco educed

| evel ors‘giﬁpiﬁﬂéﬁgf SSlla protein and exhibiting desi @S@“@ﬁ’a&’?’&@ g
non-starch conponents in relatively high yield BACKGROUND [ 0002] W I dtype
barl ey seed contains approximately 50 to 60% of starch, contained inits
endosperm that has approxi mately 25% anyl ose and 75% anyl opecti n. Anyl ose
is a nostly linear a-(1-4) linked glucobsyl chain with a few a-(1-6) |inked
gl ucan chains and has a nol ecul ar wei ght of 104 to 105. Anylopectin is a
hi ghly branched glucan in which a-(1-4) |inked glucosyl chains with nostly
3 to 60 glucosyl units are connectedrggy @- (1, 6)-1inkages, so that

approximately 5-6% of the glucosyl linkages are a-(1,6)- |linkages, and has
a nol ecul ar wei ght of 105 to"BOKLEYQ0D3EA TsEREGF 'of enzymes are involved in
cereal starch biosynthesis includin - gl ucose pyrophosphoryl ases (EC
2.7.7.27), starch synthases (EC 2. 4. , starch branching enzynmes (EC

2.4.1.18) anqoe1dr chrhdepreadf hsp%glf@aﬁms&rﬁﬁs 3yatiaht bhridPdpldntd- dndBrain The

first coonmtted Step of starch synthesis is nt hesi s o? ADP- gl ucose from

d ucosetherefrem¢omprsinga rryessdlers Otrr@ém@ﬁzgfwﬁs Qj¢ln@@§@><b5bﬁtwﬁ9§w6¢yl ase.
The ADP-%I a%%l% t&rgﬁg?lﬂggrgepgsfmsr ﬁ{fé’lz}leggfy?{]ldt he synthesis of starch by

starch sy hases ucos € non-reduci ng end of
pre-existing a-(1- 4) | i nked gl ucBAﬂKGR&)IﬂNDf starch. The br anched gl ucan
chains of starch -6) |inkages,,K are forned arc
branchi ng en2y¥2} tM}%‘ﬁéjﬂet eﬁl'%? @ atagjs épl?réiﬂnéﬂ%eléff P He éo( Aar¢h. nkage
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a- (1-4) Tinkage glucan of starch. cess a-(1-6 i nked glucan”chalns are
renoved Ahyyld&bls anubsthyglirear ga@ %)tlmkﬁdughicaa;yd chmarvmth & fieva od@%)rimkeé tetwoatiur e

S K Pl. ant i 19: 171- 226,
5000;  Retitdn e B molsoelar ugiensat T0'3e.1001 Aeatopestipg; 2 Bebrpranched slican
Bi omacr CuUl €S 1:2i , I 55- 58,
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Cont r ol bef o gl 8)-tihkdpess yontiiee sdpproximu@Be Blest oil thatduangll dbkaes alré\ .o-Bl, 6)x t on

WC, McManus MI (eds) Control of primary .2 netabolismin plants. Annual
pl ant r S\AKeRS, ar\sid}aSéznolsff%rk\Wégh‘foféQf@rkp pp 258-289, 2006; Ball and

oL, T 901730 s 275050 2095000 syl G
2004) . J?(IQ)E@]u‘Eew py@pbbsphynidsas €EGehés. Z'Ya,vsataltmhesyntmm (EC exd.il 21§, hstarch ce
genone branching enzymes (EC 2.4.1.18) and starch debranching enzymes (EC 3.2.1.41 and
3.2.1.68). The first committed step of starch synthesis is synthesis of ADP-glucose from
Glucose-1-P and ATP, catalysed by the enzyme ADP-glucose pyrophosphorylase. The
ADP-glucose is then used as substrate for the synthesis of starch by starch synthases which
transfer glucose to the non-reducing end of pre-existing a-(1-4) linked glucosyl chain of
starch. The branched glucan chains of starch, linked with a-(1-6) linkages, are formed by
starch branching enzymes through the cleavage of a region of the «-(1-4) linkage glucan
and subsequent transfer of the short glucan to a position on the o-(1-4) linkage glucan of
starch. Excess a-(1-6) linked glucan chains are removed by debranching enzymes to
maintain starch in a defined structure (See reviews from Kossmann and Lloyd, Crit Rev
Plant Sci, 19: 171-226, 2000; Rahman et al, J Cereal Sci, 31: 91-110, 2000; Smith,
Biomacromolecules, 2: 335-341, 2001; Morell et al., Euphytica, 119: 55-58, 2001; Morell
et al., J Appl Glycosci, 50: 217-224, 2003a; Morell et al., Control of starch biosynthesis in

vascular plants and algae. In: Plaxton WC, McManus MT (eds) Control of primary



(H rose and Terao, Planta, 220: 9-16, 2004) and are grouped into five

di stinct ranul e- bound starch synthase (GBSS), ase |
(ssl), ‘&bgﬁﬁa’h{?ﬁase Il (SSIl), starch synthase |11 (géﬁ‘%@ggﬁﬁ&g?arch
synt hase IV (SSIV) (Li et al., Funct Integr Genomcs, 3: 76-85, 2003).
There are two GBSS isofornms (GBSSI and GBSSI1), one SSI isoform three SSI|I
isoforms (SSlla [SSII-3], SSIIb [SSII-2], and SSllc [SSII-1]), two SSII|
isofornms (SSllla [SSII1-2] and SSITIbJSSII1-1]), and two SSIV isoforns

(SSIva [SSIV-1] and SSIVb [SSIV-2]) in rice (Hrose and Terao, 2004
(supra); Fujita et al., Plant Physiol, 144: 2009-2023, 2007). Protei ns
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slig htl)( ﬁ%d,gced gel atl ni satign tenperature (Jane et al., Cereal Chem 76:

629- 637199% o%ampmpiirandeQuyph, Thegt AnpL ¢iah ) L00nSE03 $op03. e 4RS! wet ect i ve
for SSI V. stid
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honmozygous for a null nutation in the gene encoding SSIla were obtained
f ol | ow BYatiieatipen tampergpregpad renthalpyt Heanh it ejomapildtype: Hasrmib‘ayalmﬂtlbv sodi um

it agent Sidoid SEARHECEHHANIDSC TEMELEG, QR ARty Bed The

mutant |ines were further characterised by thelr altered starch properties,
reduced SSlla protein level and activity, and genetically by the presence
of a premature stop codon in the protein coding region of the gene encodi ng
SSlla (Mrell et al., 2003b (supra) incorporated herein in its entirety by
reference). This caused | oss of the SSlla enzyne in the endosperm However,
the SSIla nutant grain also had substantially reduced starch content and
this was associated with a noderate reduction in yield when the barley



[ 0010] As used herein the singular fornms "a", "an" and "the" include plural

aspects %béﬁaﬁ}lﬂﬁf’com e'>'<t. clearly dictates otherw se. §%§WZB§)§00%}§W| e,

ref erence ation" includes a single nutation,

nore nmutations; reference to "an agent” includes one agent, as well as two
or nore agents; and so forth. [ 0011] Nucl eotide and am no acid
sequences are referred to by a sequence identifier nunber (SEQ ID NO). The
SEQ I D NGs: correspond nunerically toe3the sequence identifiers <400>1 (SEQ
ID NO 1), <400>2 (SEQID NO 2), etc. A summary of sequence identifiers is
provided in Table 8. A sequence listing is provided after the clains.
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biosynthesis. The mutant barley lines M292 and M342 whicﬁ were homozygous for a null
mutation in the gene encoding SSIIa were obtained following mutagenesis of grains of the
barley variety 'Himalaya' with sodium azide. Mutant seeds were initially selected from
progeny grain of the mutagenised population on the basis of a shrunken grain phenotype.
The mutant lines were further characterised by their altered starch properties, reduced
SSIIa protein level and activity, and genetically by the presence of a premature stop codon
in the protein coding region of the gene encoding SSIla (Morell et al., 2003b (supra)
incorporated herein in its entirety by reference). This caused loss of the SSIla enzyme in
the endosperm. However, the SSIIa mutant grain also had substantially reduced starch
content and this was associated with a moderate reduction in yield when the barley plants
were grown in the field. It was not known if the yield could be improved, or how, while

still maintaining the high amylose phenotype.



[0019] In another enbodi nent, the grain conprises a fructan content of

3-11% (w 1% Conveniently, the fructan conpri e of

pol ymeri z ZgﬁﬂFP8 about 3 to about 12. [ 0020] In%§§#ﬁpﬁﬁgwgﬁglated
enbodi ment, the grain conprises a nutation in an endogenous gene encodi ng a
pol ypeptide with SSlla activity wherein the nutation reduces the expression
of the gene encoding SSlla in a barley plant or |l eads to the expression of
SSlla with reduced level or activity.-4n an illustrative enbodi nent, a
plant or grain that is honbzygous for the sex6-292 allele is provided. In
some enbodi ments, the |level of SSIla is reduced by an exogenous nucleic
aci d nol ecul ch ; n SSlla
in a barley E?(Yfﬁ g ygnlslr ﬁﬂ%%%%@gﬂ%é@ Eérﬁthgg%s (g{?og% u?@u?ﬁgéogg%m d
nDIecuIegummnmcp@ﬁnawgane silencing chineric gene, an antisense, ribozyne,
co- suppressi on, dsRNA nol ecul e, hairpin RNA nol ecule or m croRNA t hat
down-regul at es endogenous SSH expr essi on. [0021] In a preferred

enbodi ment, the present invention provides barley grain further conprises a
genetic variation which reduces the activity of an anol gene. Conveniently,
as described further herein the activity of the anol gene is reduced
relative to an unnodified control, such as reduction relative to barley
grain of the variety Hnalaya. In an illustrative enbodi nent, the genetic
variation conprises a nutation in an atrial gene. In a further exanple, the
plant or grain therefromis honozygous for the atnol-AC38 allele

(Schondel maier et al., Plant Breeding, 109: 274-281, 1992, incor porated
herein by reference in its entirety). In an enbodi nent, the barley grain
conprises a nutation in an anw gene and a reduced activity of a starch
synthase other 7 than SSIla, preferably a reduced | evel of GBSS, nore
preferably a reduced | evel of GBSSI. The grain may al so conprise an

i ncreased | evel of lysine (>4g per 100g of protein). Such grain nay be
obtai ned by crossing the barley variety Prowashonupana and a barl ey

contai ning an anol nmutant |ocus such as H gh Anyl ose G acier. [0022] The
grain may be of any useful formsuch as, without Iimtation, wholegrain or
cracked, ground, polished, mlled, kibbled, rolled or pearled grain.

[ 0023] The present invention extends to a barley plant capable of producing
the herein described grains and also to barley whol eneal or flour produced
fromthe grain. [ 0024] In sone enbodi nents, the present invention
provi des barley grain conprising a starch content of at |east 41% (W w)
wherein the grain conprises a nmutant SSlla and a nutant anol gene. In sone
enbodi nents, the SSlla nutation is the sex6-292 allele. In sone

enbodi nents, grain conprising a loss of function SSlIla nutation such as the
sex6-292 mutation, and an anol mnutation are obtained or produced and
processed to produce a food or beverage product. [0025]1n another aspect,
the present invention provides a nethod of producing a food or beverage
product, wherein the nmethod conprises: (i) obtaining or producing barley
grain as described herein; and (ii) processing the grain to produce the
product. The product may conveniently be selected fromthe group consisting
of whol eneal, flour, starch, bran, p-glucan, fructan, a non-starch

pol ysacchari de, and cracked, ground, polished, mlled, kibbled, rolled or
pearl ed grain. The processed barley grain nay be enployed directly, or in
anot her enbodi nent, the processed grain is mxed with one or nore other
ingredients to make the food or beverage product. In sonme enbodi nent, the
nmet hods further conprises (iii) assessing the level or type of starch,
starch content, anylose, anylopectin, P-glucan, fructan, non-starch

pol ysaccharides, dietary fibre, or resistant starch in the barley grain or
the product therefrom [0026]1n some enbodi nents, the food or beverage
product is a grain, flour, breakfast cereal, biscuit, muffin, nuesli bar,
noodl e, a sweetening agent, a low calorie additive, a bulking agent, a
dietary fibre, a texturizing agent, a preservative, a probiotic agent or
the like or any conbination of these. The food product may be an extruded

f ood product such as extruded breakfast cereals or snacks, or a flaked or
roll ed product. The food product nmay be a food ingredient such as a baking
i ngredi ent or baking m xes.



8 [0027] In another enbodi nent, the present invention provides a

nmet hod of Cl a barley plant or capable of produc ch has
a reduce&wﬁéggwn 9act|V|ty of SSlla protein and a starkﬁqggﬁﬁgqp&%

| east 41% wherein the nethod conprises: (i) introducing into said pl ant an
agent which down-regul ates the level or activity of endogenous starch
synthase Il (SSIl1) in the plant relative to a control plant, or a nutation
i n an endogenous gene encoding SSII ir5the plant, and (ii) selecting the
barl ey plant which produces the grain. In sonme enbodi nents, the nethods
further conprise introducing into the pI ant a genetic variation which
reduces the activity of an anp 1 QQﬂﬂPJ ghts conveniently conprises a
nucl ei ¢ aci d nol ecul e whi ch down-regul at es endogenous SSH gene expression,
such as a gelmi)0§] I e'n"biqmghclltti thisrsipem@eattm,n, anlesnthesentat requirey ptherwise, the

CO- suppr essi,o RNA qr ot her exo nou nucl.ei c acid
o1 ecut SR ORI 8 JATE G SCHHGD SRR is B CRpRbLS e i 8ogarAtes T
enbodi MpRbE, thé R IERINOUS statéatém@ﬁerﬁ@mwge@ o@%&ﬁ@%mem&ﬁs bE UfbgeraiGitinet t y
and/ or typé of starch, starch content, anyl ose, anyl opectin, gP gl ucan,

fruct anthermlmoarcéﬁnmwg alsuleat ordategel wteapyp of deraenss of @é@%tsant starch in
the barl ey g ther SQiTe, | iR Ot hods
conpri se anal @dz]ilah fqge@%?gjﬁé?él\r}mt?% Sggr%?%]fohg?e ger?gtl gl(ama (g ﬁrcleanl{IFa‘i

enbodi masdectst drdess etﬁu@entektewlehﬂ;oﬂmmﬁ vtheywied. 1Hok) forpexainpld) refsrenes so t'han
25% less than, % | ess than 5% or ?ssentlally | acking relative to that
of a comy@ionyingipdesra iRglegpuation @s ovelt & POt MOFOBWALIOB T5ferente tagaht or
Mt at | 0feent includb@0%dscht) a8 WE LG FBAL frcnliind Rl 0N provides a net hod
of produ%| ng barley grain as described comprising the steps of growing a
barl ey pl ant [Hd] haNuektiide anfleanginai avid Isequenotshere wafbroe te by, atsheuqmcesent

i nventi o ovi des t er.ei isclo or grain,or who al_, or
lour ofaas aughel 6FEQoS N9 Sy SEQ M aR0e EnbPof Sttt o1 Her ease
t he | evebquehcd Rishisficn kast-ar (SE(%@IDQI@H <f4lob1$2(SE@UDFN@@J)U%EACS@IM}'@IFN e,
p-glucan, fructan or non-starch carbo ydrate in said product or to decrease
the gl yé&edrercq Wariifiqrasproyidedimlahie8udtscamnge lighing smap dredites thy deims.
isolated fro | a le f r j.ect ion is
used. for ex izl “PenehRl Gulk SBhAlHRRAl (PLInANAMRAUPER R, T e
a bul ki e@) @emépre@nmdehaem ini halees whileedicir poitdigacegentxprasspore prxiveat i are, a

probiotic agent, .or the. like. or y conbi nati on of these, ins
enbodi e %ntjfial? Ron-finligired (hRBI disifor @@mpi%starﬁﬁgr/ﬂt@aﬁ? %Ksﬁhmlw?pr@m at ed
froma pl@pkx 1‘3§s§’dﬂ‘pro&m|o?B@ﬁlnugfelcfdcﬁ}%eqﬁénc%ge present invention is used in

t he productlon of a food product to increase the level of 9 resistant
starch, di et #013}i bRepresmtaivesahmbles of drebuieledr atie and 8mghaarihsequenmss @fi i n
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and pref er abljoo14esi sﬁtﬂmgra?ﬂl & abtail@Ioe th@@ﬁsmdns AefeRtditd dyy authbie irPrigs ent
i nvention contenpl ates a product conprising a food ingredient at a

| evel ofPest lqaéla%ﬁrem%@ﬁdatf(hwn@\ef@ﬁtdewmﬂ@n wherein the food ingredient is
sai d barl ey agy.de d :he Nefe ch, (W w)
or whol eneal %‘ﬁlsﬂ ongo %%Ijlgﬁ%d phi,\}(rﬁkefﬁom éédeln% taaftﬁlg %ﬁ%f Aﬂb{cgﬁ&{f our

conpri sasfoanartmmmﬁediémai 1t91rorantany|rngttemfwfﬁﬁi isalqmvda,as abgnal scaigtmoude of at

| east 41%(@% I n so enmbodi nent t he wh ene | or flou c?r'rPri,ses
3-11% f an WO(W ey, QL 1S¥1Pﬁc‘ira?¥lyo @gisgﬁge%agi at that priopp30]
In some QBIIR:%EOE @&Ogl'f&%ﬁh%n cfeh@ed"{ﬁ%h?ﬁ?@f kﬁ(‘wafl |n92H{er TN hSRESF ﬁlelcobmlﬁln'ﬂcan

cont ent of 5-9 ww), or greater than 9% ( . I'n other enbodi nents, the
who! enegenagal kfnlo ge ampheifsdd OSﬁﬂdﬁm‘rOlﬁ@%Vhrmltblsep@mﬁ@tmn@dete’s| on of total

hin th | 0031}, | b h
bar | oy compr TP R E=GLsrBboRificspatbe st fhodomnbrt i paer e e

enbodi meadh aniyleeeBr dbElimbs HRIsS sheRdidallp BlatdaertBerkke. consi sting of bread,
buns, breakfast cereal, cake, biscuit, pastry, crackers, muffins, pizza,

croi ssants, H¥dls, lbr@ﬁaémﬁmdgagﬁath%o@@ﬁ%% inyaRiiony nrayidedi kasiey giiki ng

M XesS, 3oM nsﬁgg??qlﬁw! £oM éb@ivﬂg%?ﬁsnggpét%ﬁtahﬁi eh el E&K&At' drdfle &Qﬁﬂf" a
bars, snac & T naceoUs goods. e produc be “a bever

such as (@/wil ghheegraing pretiuctsktherefismaidinethods of obM3RY, zﬂéhtﬁymghaemsmghbdl mant :
t he present invention provides for the use of a grain or flour isolated
froma plant or grain as described herein in the production of a food
product to increase the | evel of one or two or nore of starch, anyl ose,
anyl opectin, glucan, fructan, non-starch pol ysaccharide, dietary fibre or
resistant starch in the food product. [ 0034] In anot her enbodi nent,
the |nvent|on prOV|des a nethod of |dent|fy|ng a varlety of barley grain

S Y - o, o



- 10 - one or two or nore of starch, anylose, anylopectin, p-glucan,

fructan, pol ysaccharide, dietary fibre or hin
the grain &8Q8f¥03}§32er enbodi nents, the nethod conpri sesifi}ﬁq&B@Zh@g& ng the
level in (ii) to that in wild-type grain which is not altered in starch via
synthesis or catabolismor a grain of a parental or other control plant. In
still further enbodi nents the nethod conprises selecting the grain if the
level/s in (ii) are increased in the abtered grain. In some enbodi nents,

t he net hods conprise nutagenesis or plant cell transformation prior to step
(i). I'n preferred enbodi nents, the barley grain conprises a nutation in an
amol gengaiangle shar8dbieRd WCdtivdst thesd tvio flafifr&d &, Wl '@ﬁrmnl@e%t &3l I a,
SSlIla or GBSS, such as a reduced | evel of GBSSI. Such grain may

obt ai nedh%)%tw}bsgﬁw af ke mehoteeyalmﬁtrmtthwearcbrcommé'r Oibabll e&anqﬂmphshedg t he

sex6- 29 be, o qriet, a and a barle t ai.nin

2o muciar FUEREh SR, MR REoRIATL R BN A B UGN P e

the pr eSaerIEast mxzem(wm) mtqvasdete%t (Wﬁtmtu’d ledst dGERITWIW), NG Tede mtqwtwpfor
starch, anyl ose, | opectin, p- fructan, non-starch pol ysacchari de,
di et ar y SOPHseH? Stt‘@ |C§’tltﬁﬂtt°f§tla$%4% é@el (s) in cereal grain such as barI ey
grain, corrprl t S [

st ar ch (W' w) g‘():{:]%rdltl ﬁga %egﬁ?cﬁémg!r?%lgigm r{??tgfea?tltl :& 8%8%502%%% 1?1%6 £ ﬁﬁeaértétr ai n SO as
to extrdeast 6&% st atrletts,t 68hydsaspropentiph @b dot fo] star@l indhae grafir. UEDrger, inghmst ar ch
pol ysacchar tary fibre or {5 istant sta g angyf measurin the anmount
of extral? (ghrgergecl © SLHY CORRISSS Hy @E jcAntept @’?[ e (WP BF greateR ns? Ar ch
pol ysacqh%%_de di et ary fibre or resistant starch so as to determine the
anount of starch, anylose, anylopectin, P-glucan, fructan, non-starch

pol ysacchari d8019i etlamyothebhermbodimeetithst grin strapudes ianfrodien gorsent.of 3-11%

[ 0036] I.n ,anoth d nent e . nvention. provjdes thod for preparing
a food &™¥ v°ér‘§éé‘% c@%?rtl??q?’g tﬁ‘f %uﬁtjmt‘h’énpﬁﬁ% & eéfeﬁi% g‘ﬁy’aleﬁ?aé’(?t}cfom

obt ai n6d1bbﬁ[€3“%fdt@mby the presently disclosed nethods with another food or
bever age i ngr edient. Thus the method conprises: (i) obtaining or producing
barl ey grain [8%ri Inrmgiuather mizied crebpdiment, detgreint SpreirisgSR mujgtion é poand a
starch t [ rai o]

o1 oduce Fheapugert enk i@, a SN0 B Ron oty REERELAE ohlfidH Buiene

group cdhs B}S}tresmg)mtbf thhcgeﬁereﬂdo,dlrfg BSHa is hadaclhy phmaor lqadg kmﬂ&r\expfdfsmhaff a

non- st ar, pol and, cracked, ground, polished, mlled, Kkibbled,
foarl Eagrelaye

rolled eﬂ"?é“?fﬁi’ HA0 fpstrative e&‘ﬁt?ﬂtm@t@pﬁﬁ&?rn@atnh@atplﬁoduct
Wit h an%ﬁerzy%ag%pme%y@mamé ed;stetldea fn m&&%@@&mteﬂﬁr BRf1e 41%?%@ ighe
invention further provides a nethod for providing starc Y

anyl opeds rehluchBbgammenwwm a¢io m@t(aﬁmwhmbldpmeuegahatedehe @kp@d:s&l@}ﬂ dfi bre

or resi st starnch r on r re.indi cat health in a

mamal |, enree?nnC OfiNg %%tahg‘ga%@%ﬁ@%@ atCnhis FEPE ctdbmf’rht@ %n%zﬁen%s
CONpPOSi thiuRiCANP Mdtédug: b@ﬁllf)@sés 9"@n&sﬂ@ﬁ@ﬂ1§ﬁlﬁﬂ{en@rgehb%f antiRenRf 1852 e, @ food
or beverage obtained therefrom conpri si a reduced level or activi ty of
SSl | a pP@tSé‘PWea%QPﬁ dsRNA cAokesilee airpin étl\%t\ea!@teculfw( VRig§ORINAL gt fdsod-
product | ?&{do?&%ulg ﬁleF} rekflogone enbodi ment, the grain, flour, starch,
anyl ose opec , ?gg Bcan fructan, non- star ch pol ysaccharl de

dietary f i br ¢0@21]r edn atmaferst &ndjmdimentntﬁetmesfeﬁt invehitien hasiiderdyetoraia

beverage or a pharnaceutical conpositign. |n so enbodi nent s, the grain or
flour i gmiﬂ%rﬂft P5ieh HECHeHS d&tl%twrlpeﬂé’éfaure&%s BBy fitnehtamalh8etne or
nore i n@dﬁ@élﬂ%&lﬁfas H@@No@d IRRHRD hbfdR] ﬁl@%@gvﬂf'}”gp@l"e d?i);olbéae'ﬂgflé fladled 1@}&%@:' nal
bacteria, reduced nber of aberrant crypt Toci, 1 ncreased mnera
absorptﬂ@nﬂlMemndébdlem@bho&nmnemhmhwﬂpedukwdeQbybaéntgnnmdﬁkﬂmredmﬂed

gl ycae uced | ood pr.essure, reduced body

Ol o Mg ot S S ARt i e iz o O BPH R BLiAtP e Byl

i ncr easemobogt@tedemsatﬁﬁ'thdrrus@ﬁ@ﬁeedh@@la@lt lémglraaﬁeth&efraﬁrﬁ Ad; Bhs RAWRE
novenent, or i roved bl ood serum cardi ovascul ar profile. [0038]In a

rel at ed WEodE A nellele heSchawdahpish pr ovi dddard e fd09ar?e714'r23?rlati19l%?r one or
nore s a th | ev. of, st arch,
starchy%btr(t)'?en%u%Il l?er{lﬂqg}, tréfg[% %Z@ﬁtsnéﬁg’ﬁ% Elcgﬁ brolﬁig %ht t}he :?g };%c ih

pol ysacchaptiss, a mwattmnmnfanbmob geticesidsh agducsd aciblityl 6f & sewddl] §6ikthass aklgr met hod
conprising admnistering orally to the subject grain as described herein or
a processed product conprising one or nore of starch, anylose, anylopectin,
13-glucan, fructan, non-starch pol ysaccharide, dietary fibre or resistant
starch obtained therefromfor a tine and under conditions sufficient to
anel i orate one or nore synptons. [0039] In sone enbodi nents of the
met hod the condl t| on is seI ect ed fromthe group. con5| sti ng of d| abet es,

I L T o M. o o o, . o o o



pri mates, livestock animls such as cattle, pigs or chickens, or young

ani mal s | ves or piglets, conpanion aninmals su gr cats,
hor ses, f‘g@g?@?%?@ﬁ est animals, captive wild aninals, %23&5[{2@@%39?&5
anphi bi ans, fish, and birds, A subject, regardless of whether it is a human
or non-human organismnmay be referred to as a patient, individual, subject,
animal, host or recipient. In a particular enbodi nent the subject is a
human. [ 0041] The above summary-7s not and should not be seen in any
way as an exhaustive recitation of all enbodi nents of the present

i nvention. WO 2011/011833PCT/ AU2010/ 000968 - 13 - BRI EF DESCRI PTI ON OF THE
FI GURES ' | IeC i i ng
seed motBho aby LT asy 4 RaiIeH PRSSs rof R 1 heEl | BB SSY

mut ant s Thelkdt@inanaly &8 0dmpiH&s draintreh st 18vd] k3 Bsiamn (-ddhbeb AP0 g SEhtaaeia®uchoubl e
mut ants (HH4 and HH38 erived fromthe BC3F6 pul ati on between

H el ay &%2 BRY ?ta?m& PacEitiae § ?ybégle&nwm@%&wﬁiawna%@‘éﬁm r@rlgY so
used. [ QOARIFHOM 8181 hintdht Ri¥Nus SEARR Hikh Wshy18dd GRcREarch content as a
percentage of seed dry weight for the four ?enotypes; wld type,
SSI1a-amo/, 4€0223- arfibe grath sedyl be sofoary .useful ifgrm RRhES, DEYCRIt FIMONIQE THE

TALES LRI eda R B L A Py Shafl BB o2, ! o
100% bar | ey yéga3gnedthe present invention extends to a barley plant capable of producing the
herein described grains and also to barley wholemeal or flour produced from the grain.

[0024] In some embodiments, the present invention provides barley grain
comprising a starch content of at least 41% (w/w) wherein the grain comprises a mutant
SSIla and a mutant amol gene. In some embodiments, the SSIJa mutation is the sex6-292
allele. In some embodiments, grain comprising a loss of function SSIla mutation such as
the sex6-292 mutation, and an amol mutation are obtained or produced and processed to
produce a food or beverage product.

[0025] In another aspect, the present invention provides a method of producing a
food or beverage product, wherein the method comprises: (i) obtaining or producing
barley grain as described herein; and (ii) processing the grain to produce the product. The
product may conveniently be selected from the group consisting of wholemeal, flour,
starch, bran, -glucan, fructan, a non-starch polysaccharide, and cracked, ground, polished,
milled, kibbled, rolled or pearled grain. The processed barley grain may be employed
directly, or in another embodiment, the processed grain is mixed with one or more other
ingredients to make the food or beverage product. In some embodiment, the methods
further comprises (iii) assessing the level or type of starch, starch content, amylose,
amylopectin, P-glucan, fructan, non-starch polysaccharides, dietary fibre, or resistant
starch in the barley grain or the product therefrom.

[0026] In some embodiments, the food or beverage product is a grain, flour,
breakfast cereal, biscuit, muffin, muesli bar, noodle, a sweetening agent, a low calorie
additive, a bulking agent, a dietary fibre, a texturizing agent, a preservative, a probiotic
agent or the like or any combination of these. The food product may be an extruded food
product such as extruded breakfast cereals or snacks, or a flaked or rolled product. The

food product may be a food ingredient such as a baking ingredient or baking mixes.



[ 0046] Tabl e 3 provides a statistical analysis of the effects of genotype on

RS conte read produced with 30% or 100% barl ey f 047]
Tabl e 4 g&@&ﬁ%‘é@@% content and G |evel of breads prodhgg}(’ﬁxw{oﬁoo % bar | ey
flour [0048] Table 5 provides a statistical analysis of the effects of
genotype on RS content (ng RS per g starch) of bread produced with 100%
barley flour [0049] Table 6 provides a statistical analysis of the effects
of genotype on RS content (ng RS per - starch) of breads produced with 30%
barl ey flour [0050] Table 7 provides a statistical analysis of the effects
of genotype on G level of the | Oy breads produced with 30% or 100% bar| ey

flour [0051] &@gweﬁb %Séﬁiefj%ﬁab%dﬂﬁéﬁr et gl%ge fmﬂz&ﬁ of- g:o'ine's\@ nRAd ded

herei n. [005 provi des an am no sub- c fication.

[ 0053] Tabddacihg 3 hexleyd @bant xengipably «fnproduccg (graanlmhmh Utas anseduced Iegel or

DETA LEEctRE‘gf o{' S-EII%\Iprotein and a starch content of at least 41%, wherein the method
comprises: (i) introducing into said plant an agent which down-regulates the level or
activity of endogenous starch synthase II (SSII) in the plant relative to a control plant, or a
mutation in an endogenous gene encoding SSII in the plant, and (ii) selecting the barley
plant which produces the grain. In some embodiments, the methods further comprise
introducing into the plant a genetic variation which reduces the activity of an amol gene.
Agents conveniently comprises a nucleic acid molecule which down-regulates endogenous
SSII gene expression, such as a gene-silencing chimeric gene, an antisense, ribozyme, co-
suppression, dSRNA molecule, hairpin RNA or other exogenous nucleic acid molecule that
down-regulates endogenous SSI/ expression.

[0028] In some embodiments, the methods further comprise assessing the level,
activity and/or type of starch, starch content, amylose, amylopectin, B-glucan, fructan, non-
starch polysaccharide, dietary fibre or resistant starch in the barley grain or a product
therefrom. In some embodiments, the methods comprise analyzing the plant with one or
more genetic markers. In some embodiment, the reduced level or activity of SSIla protein
is less than 25%, less than 10%, less than 5%, or essentially lacking relative to that of a
control plant or the plant prior to the introduction of the agent or mutation.

[0029] In some embodiments, the invention provides a method of producing
barley grain as described comprising the steps of growing a barley plant and harvesting the
grain. In another embodiment, the present invention provides the herein disclosed plant or
grain or wholemeal or flour of when used, or for use, in the production of a product to
increase the level of resistant starch, dietary fibre, water soluble carbohydrate, B-glucan,
fructan or non-starch carbohydrate in said product or to decrease the glycemic index (GI)
of said product. Fructan, starch or B-glucan isolated from a plant, grain or wholemeal flour
of the subject invention is used, for example, in a food as a sweetening agent, a low calorie
additive, a bulking agent, a dietary fibre, a texturizing agent, a preservative, a probiotic
agent or the like or any combination of these. Thus, in some embodiments, grain, flour,
wholemeal, starch, B-glucan or fructan isolated from a plant, grain, wholemeal or flour of

the present invention is used in the production of a food product to increase the level of



[ 0054] The present invention is predicated upon the surprising discovery
that the r 1 & .advantages of SSIla mutant barley, alia

hi gh anyﬂggégﬁﬁgagvuctan coul d be further enhanced in aggigﬁ%anﬁgﬁﬁrlsing
a loss of function nutation in the SSIla gene together with a genetic

vari ation which reduces the activity of an ano | gene. In particular, as
shown in Figure 2, double barley nutants showed enhanced | evels of starch
over single SSIla nmutants. [0055] Accerdi ngly, in one enbodi nent the present
i nvention provides barley grain conprising a reduced |evel or activity of
SSlla protein and a starch content of at |least 41% (ww. In a rel ated
embodi TEdMstark NErd], HidaGOfRe] $8fRr A1AWY EAE6M Pﬂ%ée@tgltfbfan,afruét%% Q%64 at

| east 60% as a proportion of the total starch i'n the grain. Further, in
sone enpodiunent sto theegeathe gtpmpmuseada 161)gloti csamd c(bod eprodugt. 5 IQ%((I\MS w), or

greater than 9% ( I n ano her e i t, the grajin conprises a fructan
Qont ent cBodmer, (g jels 67 SRYlosgo-EaAR RutteRrBdTRETED FREUTY St
content 4j aE 7egr c@o#d?négf thg?%seAQn%ﬁloﬁQQﬁ’te%%@s' dYfood product E&Qﬁﬁémét arch

i S conpose ucosidi ¢ residues and is found as two types of
mol ecul esfooényglodentaatjaaaydlapfeart least Vi%oodm ealry beelghtsbasnﬂ;]uwlmned the fHbé basi s

f I I th t Any| I [
1 noar * itrcHieRdd S baloneiT b S a e iest Sr RRD e gL T 105 St @) of )
anyl opegihbbneal drMi@h! yotBinsdahed R Qhdteth Whd Rvidvidméhl Wruges db&phgyade
| i nki ng many |inear chains of a-1,4 linked glucosidic units. | opectin is

made of rgdaeedklayel ecaptivgy m&ﬁ@lhgandna sliapcd qoasifes of @éI@@ﬁtaIl%e(Wébe R OB ands
to hundr hous ent

br anche S tg Bk T ARHEn S, 8 HRAE Golthnd, Sial BB BpRE P |

si ze beﬁmeeﬂoaememghﬂﬁﬁmdreds to several thousand gl ucosidic residues with
| ess than one ercent branches (for, review see Bul eon et al | nt ernati onal
Journal of BIYRk ch symerdhe eahprdmentss thgshplemeal gygiourygoraptisgpe Ber eal
starche [ [ e th [

anylope f#%g Fg%h¥f§§Q%a Qﬂﬁgségé% s?%?%ﬁ»Thhﬁﬂé ghé%%?é?ﬁﬁgtﬁﬁtﬁﬁgt

pl ant s mdobtataal edflout cdmyprises GDVeo060% myyies dshapropattmhnysaofabutardhey the eps.
Firstly, AEE&% uc se pyrophosphoryl ase activates the nonomer precursor of
starch P Ok ¥¥Tsynt hesi s of ADP-glucose from 0-1-P and ATP. Secondly,
the activat egyglPCOfyin Hilﬂﬂ%tlve%%oﬁirﬂ@rﬁstﬁe bhuFeyt ERRFHHRSE IRGetR20D Bllele.,
non-reducing end of a pre-existing al-4 |inkage by starch synthases. -

- Thirdly, s{QﬂSah bhanncbﬁhnlg llétnﬂytms eimbodiseknt.e ther amclhctpm mtlectech iy he he

cl eavage _of a r.egi | U an f sfer

cl eavedgr NEW n'tﬂ(s) rea@tqut asd( & k%th ap.atS é’ Cf%gﬁfﬁemugtl}fr ch
branchi pgazerthtsaroegené)q)ranély dlmt'ay ﬁB@dlésh&»talqﬁgﬁngreatE:@@usﬁlﬁgtﬁmaeslscﬁlp,

|'i nkages into, a-pol yglucans an herefore play an essential role in'the
format i &HICEFt sﬁlfﬁmagégtntwonﬁt%nmy; togtiligsc grapelp prasgks arr gikestarianesees some

of the C r fhey act is
unr esol g{)?j& e bl%ha?g%%ﬁ}é%\ﬁl | e %te@‘ﬁlcﬁs’@%‘ﬂ% %%1?? Cﬁ”ﬂg{a}eggt 81{Enese four
activities a((HBB]aquIrr mbt]ﬁetrrernﬂntrdmlantstt&rpzbse@t anueihdors prdidsi for ithe idegbies
plants, multiple.i each of four. activities are found in the
Endospe BiP Hpgiafias Sss aHA Sheai Feorsibe bvh baubprunsacd crigpd

i ndi vi dHfHduthfo ﬁt&%@%ﬁ@@a Qﬁfsdn% aftw?sutsx%be*at StRAl xapﬁ)s%ty%g%%t phe
nmodi fi cation of gene expression |evels using transgenfc approa In the
cer eal ghdaspiuctan, frowrstachgedsacthasitiar dibtasy fibha e resigaitostmdhiin thbdocdr ea
endospern1 aﬂ i sof orm exclusively localised within the starch granul e,

gr anul eP gﬁ starch synthase (@GBSS) which is essential for anyl ose
synthesis, tyg3hpr " Add@er dfroBBhdrt! the HRnlet YRR REnahan Bt ﬁieﬁﬂ‘?’n{ £
sol ubl e frac ion (S SI, Li et al., Piant Physiology, 120 1147-1 1999a,
SSI|, Livamgty f. barfprxegnaa indhagh hag lmws%de\@émef ioge , 019BYO DR (BOIE2AM StakBg9b)
and a four h for ntir Iocate in the s | e fractj SSI |
(Cao et “Jp °Se>AF“E‘rPﬂ°\P8% tn,  Bgfian fﬁ% Ay %?Ii‘dS %p‘?ﬂ%ﬁa&@m@% dictag_ §58 o5000.

Li et alesistah QBAcH, IH ROk, erhbodnedts; the2@0Bod TURIpALIs (1%%1%1111@%"%211‘1&/ %Im and
SSI'II have been shown to alter anylopectln structure e , Pl ant

Cel |, 1@hichoig-alfered ingtageh viragygthesis or catabpliym, aod| (i) ﬂotermmgct@e am@98pf No
mut at i ons defining a role for SSI activity have been descri bed. [ 0059]
Three fornms of branching enzyne are expressed in the cereal endosperm
branchi ng enzynme | (SBEl), branching enzyne Ha (SBElIla) and branching
enzynme 111) (SBEIIDb) (Hedrnan and Boyer, Biochem cal Genetics, 20: 483-492,
1982; Boyer and Preiss, Carbohydrate Research, 61: 321-334, 1978; M zuno et
al ., Journal of Biochemstry, 112: 643-651, 1992; Sun et al., The New
Phyt ol ogi st, 137: 215-215, 1997) Allgnnent of SBE sequences has revealed a

o,



- 17 - and pul |l ul anase type debranching enzynes (Myers et al., Plant

Physi ol o : 9-997, 2000). Sugary-1 nutations in I ice are
associ at %O\ﬁlﬁf@%%?i ci ency of both debranchi ng enzynes ??3@33@%0%6? Pl ant
Cell, 7: 417-429, 1995; Kubo et al., Plant Physiology, 121: 399-409, 1999)
however the causal mutation maps to the sane |ocation as the

i soanyl ase-type debranchi ng enzyne gene. [ 0061] A nutant form of

barl ey, designated M292 or M342, has-been shown to have an el evated anyl ose

starch phenotype and a reduced anyl opectin starch phenotype. This phenotype
has suspected benefits for human health (Mrell et al., Plant 1 34: 173-

185, 20 . i ng . a ar, D30 ~ Bjr.0 al ., |
Nut r . 1%@ °§3§%3‘%, mg’%eo%g;g’tﬁ?fr”dag*?‘%’. aﬁﬁl"?’?%ﬁt E g‘%’;ﬁ“ g%‘%%‘i?@%%ﬁ%). | t
i s causedlybyccharide, aidtary fitte tohecsidtartolarely iv kigesgraiva g dimthef SSiHod)mémds ahed on
chronosone 7H of barley, as described.in._International patent application
PCT/ AU TS0 520piftss (&4 CPBRaTRE ﬁ\ﬁéebg/l?ﬁ(%?)‘) thshéh Bil8dB% v B PRt s

i ncor popReeg iﬁ@ﬂﬁﬁ:‘hﬂd@)ﬁyﬂtﬁésﬁ &"Gfabolism or a Hid8Aa JhEtRASH AerS@XGoMpibAL | ON

resulted fromthe presence of a stop codon withi'n the starch synthase Ha
(SSI | a) Ingetlé furtiiee egtbogineanttothe|neettiod coppesestsaleetingthei graini i theolevelfsaingfiiat i on

of the transcript.. T SSlla proteiin was not, detectabl e in,the endosperm of
Chi s Pt ria in dbe aer B e, S5 " g ot Eaptabdt BIFRSET eac
to an Salmsleacaase plant 8 hapdeinhaionypHidiasi sep ANdntjiefehredRnbodtmény, | hpect i n
pol ymers in gener aIp have altered chain | ength distrijbution, and
consequerles Sk SPMEHERS hmMEEE: ingpy 08i9d ceang andt 3 sediised Relivibhel atsharel of

t he grai t.aul: 9 I I ol -8 i.pents,
the pr eg%}%&%:an@lél%% pr%%ﬁ%eésﬁﬁgr&is(?r?ﬁso’v%lﬁ}éﬁts [saotggé%grlﬁé?/ pl aﬁg@gg :uP?ty by
i ncr easigrain irtag bel dbtadnaf by t@esihg drdanien nsutamtdVI2 9D opathenbaalely rcogipaising thée

nodi ficatio be |limted to grain or alternatively, .the nodification may
be. 1 hr odGHoLY THF® B S5 VT, SR isGoRvane g Poisy ORFHAE g8 mpel BeGH

her ei n, |odi@didhydsNgigh AmylpRAGfabRd” means a change in the plant or grain,

whi ch may be an incCrease or decrease in amount, activity, rate of

producti on, I[&38] of In nanotheyapsneat, ithet eprefenbr wakatown proedey f mothedt of

| i t diti | of material tat i
conbi nafrBiTiging g nows T fiEhe Bnfise Thstebfiin Soethi arucdin. el of
starch pyRthRERIdd, dieldf bR SFretiGhUARCRILRRE) iARelACEHBRASRICR s B84 La8R. I N the

functional |evel of a gene or protein of interest. "Functional I'evel’
shoul d bemprigiag sheowiep pboblaiare gugin pranpresied ableas ¢l Py slagshdwévh accpinding to

functiopal | Ny onbi nat i f the ac | Leve f protein present in
t he hosplaec@F?es\élgén&ﬁfeﬁgmlg’pnggfcfé%(g:ngggtl?vgr s -Sgléél%oFXfaﬁg %FO%%LIC : a@@%sredi ngly,
t he funginypatti, Guglicdi¥ruetad; ndiestaRdigolwecdhrilld) lidasi fitde Of radfGmeasidng t he
actual protein concentration in the host cell, which may readily be

achi evednbyneabwiang thyg amxpmne of ieshawi¢d gtagdn amytesedamplopbating Poglocan, fitheen,
functi onal | . ified b dul ating t pegci fi tivit
of "t he_Brseiaral PouliRte R Aaitnn o Festlw SRy e A EERE Bha ey b
achi evegalth, %ﬁsprog@,%hﬂgo@cuﬁ,rs-gmcarg rRfc@inN n¥h-iardhi iy léc&{arih&véﬁ’(fta@%.b bic

activity or by replacing the endogenous gene encoding the relevant protein
Wi t h anresistasit stasohcdodhangramuch a variant. Increase or decrease of the

ifi t iy lso b hi eved .b di fyi. ' f .
effector mol ML, "TYaRue bRl e RrUBR e LR Rl BrePi i
appr opr fadeorCingieiige SOMRTROR Nixife tlieVMrhéP'Cgrraiﬁrﬂ?la roiict ABtRMBEYRBrefdnLHPSen

such that it is at | east about 10% at [east 20% at |east 30% at |east
40% at thegustentpdisclosed mabodspaf anethrefped ogborerecdnairdient. (Thys theghethed 1009

at | eas %.. ] 0 . %.hi r r e .. about
T00s "t pB00 3, deiting 3 ey BlneParleGRhin BN Rl dr AL R0,
at | eastf 38Ha paiteihead ta sSBOCH catterlt @fiat 1e99 %] Ya(w/imdpatd i3 PWocatsinghstordd%o at

| east 96%, at Ieasé}ﬁ??ﬁiﬁ at .| east 98% or ?t | east 99% | ower than a.

[ of or enBBASH Medpdist| Thsdodyst TayRROYATIER, e Flereh EPRIPE eraipdtonsisting

[ 0064] (=3 LShir e i red 1 t I I vel or
acti vi wpkhﬂéiﬂ%’aﬁ{)??ﬁﬁ%m%ﬁ’i Ey‘é{g@égfuﬁ%\% i %’rr{ ?‘%’Leéﬁi %cgysggé}éaﬁﬁh (‘}}é‘?i ous

f or ms ofratkes; tgmouridn palished| fiiBetl, Kibbled,orollgd airrpeptied gf4innThd aeEddAfurtheed

herein, the terns "nodifying","altering”, "increasing", "increased",
"reducing”, "reduced", "inhibited", "nmutant” or the |like are considered
relative terns, i.e. in conparison with the wild-type or unaltered or

control state. In sone enbodinents, a wild-type plant is an appropriate
"control plant" however in many situations the control plant nust be
determ ned by the skilled addressee using their ordinary skill in the art.
[ 0066] The "l evel of a protein” refers to the anount of a particul ar

. o o o ~er~t 1 o - o L



[ 0068] The "activity of SSlla protein" refers to the anount of a particul ar

enzyne r in.an enzyne assay. - 19 - [0069]1t wouyl eci at ed
t hat thﬁ@égﬁ%dfé}acti vity of an enzyne m ght be al teregcglrﬁ‘qgoﬁr!ﬁt%@ﬁg if a
nore or less active protein is produced, but not the expression |evel
(amount) of the protein itself. Conversely, the anount of protein mght be
altered but the activity (per unit protein) remain the sanme. Reductions in
bot h ampbunt and activity are al so pos$ible such as, for exanple, when the
expression of a gene encoding the enzynme is reduced transcriptionally or
post-transcriptionally. In certain enbodinents, the reduction in the |evel
of prot %blﬂpﬁﬁln@%ixﬂ% YhePbrodubd with MotRl fo8@r B@/e{?a‘éé Y@k dreAprecBityr
conpared to the level of protein or activity in the grain of unnodified
barl ey, tgredfy at |east 75% at |east 90%or at |east 95% The reductr on in

t he | evel of ei.n or. enzyne act.i ne._ex occur at
by stace | nl0GE BOThERlpS IR AFELH A bulp PR SR o

during GhgldhRyi, PRgasd ﬂattetnomrtt;ta%l PolysacetReide dib@ry ﬁbrecbtrrbﬁgattrsearalﬁ ain
filling stage whil € starch is bei ng synthesized in the develqdﬁg

endos permmmovapnalor e dekicaydrs gF heattm\@n@pwmit wherepugh meghoteeamprises The
term"w S e| i el f
geneti céh%%hn ytgﬁrclﬁ E‘Béﬁs{’ %ngﬂeaﬁ n{;h%%{}ars % Hﬁlﬁ @ﬁgggvr?f ‘Dlh&lg&%gélngtfg)ﬁgdlf ed

as taugliteréfestion a fSodrer bé\e:tr@rer@@hmw ﬂhdretmpecorbmslueg/a yaluc&d ieesl @rtidagcri bed
her ei n, Euch as, for example, the cultivar H malaya [0070] The rmdrfr ed

phenot y[8 ﬁH@PH&ela@ﬁri@\ﬁeadwo%earpf af legst H ' (W/WhRY tfPijnPTBfiucttﬁé desepibessi on

of an S n T S Pégé £nd
i m*runob%lt ?}%g §°Fmee g%'ﬁ??fg%%% %o%alﬁygr of’ ysertcci n@glft?rsl y%ﬁyl??/ o gr I'ns” and
fracti ofisictahen@oftatoh poligsatdlayidé, iketplyaitirs 00 kesiptaait Btavdheis én Mfmcﬁtal foaé have
occurred to starch form ng enzynes These net hods include anal ﬁSl s .of plants

by met hBERUge ST BEEC P& ARTBICCRTA BRPRT iRkt RoyEestbo dimenidhe ggin or

m cr oar iRy ANalNS! fdim 6f £ELEQRPRSREL. In sGHE QERLAIHER e GhE 6} Hﬁi)té‘ﬂldﬂf’}tpcﬁ
chromat ogr aphy, thin layer chromatography, gas chriomat ogr aphy, gas-11quid
chr omat cg d)aplrbly imnd inciphsqolentfuoberanfc bendfigial dntehtimaietaotriap rqﬂ)lce;de @hmbqu e$.

o or 1 | ed i Th Qe A adnsr R el P R ono by e T P e R hbs. such
as mass ghReshicdgdy, k‘ec&i&éd BHchaRc 16RY matuc@d bR%E Se, TBAREH BRSAD esshR
exanpl e, reference may made to Exanple 9, Robi nson, The Organic

anst i t teshieed bpdyiveghalit, mdamdsbloeér:hdlcstFrOééevel,N@ﬁtehseArﬂiBls@holqsmol p9eio;
A 6 1
o ebcloseq 800k o BURE NGBl SGhc 0 Resl 80 AESOTBRA plapefr

423- 432;m12r@>®&dbmbdmmoaedloahsculaﬁplrolﬁdrhydrate Res., 331: 149-161, 2001 and
ref erences c@gg i‘% - ther Bq?gr bohyqr at es can be assayed usi

st andar d pro Is %vnr"[l%e‘ge‘?rg ‘ktrlt d YFofipR  BRQvides g7 7jcihe rféZfr on in
SSlia l ﬁl‘ﬁ%ho@ﬁné‘éhb‘6'rtrb[or€%¥m%?0n§’sc$‘ﬂ £¥%65Hifon tagb%ciafgdr@ﬁﬂ%\h QLY e oP&‘t%ta?fgi nmor e

genetic variations into thée barley plant. That is, the genetic variations
| ead, dstramht btarohrcontedi, raactldsg, am;alopdrrmnaBt@m@m ﬁnctam monzsyareh aclysaccharide;, | evel

in the art durin r r. deve] op t and con ent | t he
enzyne, 85“? f‘%r%WJeFIF@B{J%% ﬁrﬁ‘d? Fl%%&t’l S&timatéé’gwe@&rﬂﬁg@ ‘inﬂ“St?‘h%g@@ﬁ@tt‘i’ c
variati g §iyecP@rafin mgtcegatuag%ﬁeupct ﬁ%&@s@éd PRI EindriiddbALOH R bpt 0 the
pl ant or a progenitor cel for exanple by transformation or nutagenesis.
The genetaiah, aﬂayloac,ramylmaa,ctlatﬁ)gbtqamrftdctanbeon—smarcxhdwd:seadcahande dii¢thgriée ogenet i c
backgr ound Crossi.n as kno in the ar Iant eedrng In sone
enbodi M TS QPSRRI 15 e ced W%ir cgpdigans s fl&leatownrf‘é@tﬁta ed to
a |l evel oh@@ﬁmbf@d}nﬁﬁ&ﬂ&. 80% less than 70% |ess than 60% |ess than 50%

| ess than 40% |eéss than 30% |ess than 20% or |less than 15% and suitably
| ess than ab@f3910%n perme crbadings dfethe méthod 89g canslitiont isamlezted frasghe han

6% | han, 5% | 4% han 3 han 2% han 1%
el at§ vE TR RoROE o R B e h STl AR isands BvRORMOH clor BB oF

starch ostesiiresd /idcdanc@inponents, preferably in the proportion of anylose in
the starch content of the grain. In a preferred enbodi nent, elevated |evels
are at |east [@040te ﬂ‘i‘é[tsu@tec"c‘ﬁ[i*ﬁ r%%berrﬁﬁéfr@rratbre;prespﬁf AU eORFOHIRPERIONS  hi s
reduct i i it hari de
Such as TrERARRY, TedphPhBRL Rl SR RARSR RO BBRALEY RA-EBRAE 13
nore especially at | east about 60% at |east 65% at |east 70% at |east
75% at |least 80% at |east 85% at |east 90% at |east 95% or greater
increase in fructan level relative to a correspondi ng control plant grown
under the sanme environnmental conditions. The amount of reduced SSlla |evel
or actrvrty requr red may depend upon ot her fact ors such as the pI ant

________ - v . o o, o




- 21 - cells, tissues or organs which conprise a net inflow of organic
carbon t h ered the cells in a formother than ar bon
di oxi de ﬁ?@Foﬁi”iﬁéars or other carbohydrates. In pIant%C§gthﬂwB@?

i nclude all non-photosynthetic tissues, as well as photosynthetic tlssues
with a net inflow of organic carbon fixed by other photosynthetic cells or
ot herwi se obtained fromthe surroundi ng nedi um or environnment by neans

ot her than direct fixation of carbon-d2oxi de. Cenes [0073] In sone
enbodi ments, the present invention involves nodification of gene activity
and the construction and use of chineric genes. As used herein, the term
"gene" | es ugd Lot ei n
Lene: pRSeR AGRONIL REAUE S04l A5 SHUSRREIIL Uk IGES APiSteln
as assocalated pigletss odinpgniendninsgubwhasdogegi cats,. hoBieshlabeetery aﬂsedmrr@@ ons

are t C lI I cated adj acent to th r n e transcr
regi O%pl(%p bVS%/Wl ‘gﬁé‘lr%a S, rr?h{a% aéqudaénffmg glfs g&ﬂgg’lr %b%‘lt} e riggaréﬁes%l her
si de. | RyHelte$ itfi6 @ 3futhant diehoneiigndByrghiiSh YRS BOMIESd & ANAb&iehtl GhdiaRlual,

pronot ers, enhancers, term nation and/or polyadenylation signals that are
nat ur al Isybigeisaimat, bestyr recipicnfi Ja @ nggisalar gmby thegwhiscicls ﬁtfwmansu gnals in

wni ch aro 1| ot @R 518 AAFE AR i Rornd MRS pfe BENSen W I APIIRES e

ar e ref exhi@gdtitoreasation afatl-dnitadihaitedf the grsandaventioa. sequences whi ch are

| ocated 3' or downstream of the coding region and which are present on the
MRNA are referred to as 3' non-transl ated sequences. The term "gene"
enconpasses both cDNA and genomic fornms of a gene. [0074] The "starch
synthase Il gene"” "SSII" or the |ike as used herein refers to a nucl eotide
sequence encodi ng starch synthase Il (SSII) in barley, which can readily be
di stingui shed fromother starch synthases or other proteins by those
skilled in the art. In a preferred enbodinent, a barley SSI| gene refers to
a nucleic acid nol ecule, which may be present in or isolated frombarley or
derived therefrom conprising nucleotides having a sequence having at |east
80% identity to the cDNA sequence shown in SEQID NO 1. In a preferred
enbodi ment, the SS/I gene is an SSIla gene, or the SSII protein is an SSlI Ta
protein, each of which may be applied to any or all of the aspects of the

i nvention disclosed herein. The nucl eoti de sequence of cDNA of the SSIla
gene fromM92 is set out in SEQID NO 9. -22 - [ 0075] A genom c
formor clone of a gene containing the transcribed region may be
interrupted with non-codi ng sequences ternmed "introns"™ or "intervening

regi ons" or "intervening sequences.” An "intron" as used herein is a
segnent of a gene which is transcribed as part of a primary RNA transcript
but is not present in the mature nMRNA nol ecule. Introns are renoved or
"spliced out” fromthe nuclear or primary transcript; introns therefore are
absent in the nessenger RNA (nmRNA). Introns may contain regulatory elenents
such as enhancers. "Exons" as used herein refer to the DNA regions
corresponding to the RNA sequences which are present in the mature nRNA or
the mature RNA nol ecule in cases where the RNA nolecule is not translated.
An mMRNA functions during translation to specify the sequence or order of

am no acids in a nascent polypeptide. The term "gene" includes a synthetic
or fusion nolecule encoding all or part of the proteins of the invention
descri bed herein and a conpl enentary nucl eoti de sequence to any one of the
above. A gene may be introduced into an appropriate vector for
extrachronosonal maintenance in a cell or for integration into the host
genonme. [0076] As used herein, a "chineric gene" refers to any gene that is
not a native gene in its native location. Typically a chinmeric gene
conprises regulatory and transcribed or protein coding sequences that are
not found together in nature. Accordingly, a chineric gene nmay conprise
regul at ory sequences and codi ng sequences that are derived fromdifferent
sources, or regulatory sequences and codi ng sequences derived fromthe sane
source, but arranged in a manner different than that found in nature. The
term "endogenous” is used herein to refer to a substance that is normally
present or produced in an unnodified plant at the same devel opnental stage
as the plant under investigation. An "endogenous gene" refers to a native
gene in its natural location in the genonme of an organism As used herein,
"reconbi nant nucleic acid nolecule" refers to a nucleic acid nol ecul e which
has been constructed or nDdified by reconbi nant DNA technology. The terns
"foreign polynucl eotide" or "exogenous polynucleotide" or "heterol ogous
polynucleotlde" and the Iike refer to any nuclelc aC|d which is |ntroduced
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listing, refers to various polynucleotides. As used herein, a
"pol ynucl eatide" or "nucleic acid" or "nucleic acid nol " s.a
pol ymer o Bﬁﬁﬁﬁgggﬁdes, whi ch may be DNA or RNA or a coﬁgﬁkgpPﬁﬁﬁ&ﬁﬁreof,
and includes nRNA, cRNA, cDNA, tRNA, siRNA, shRNA and hpRNA. It may be DNA
or RNA of cellular, genomc or synthetic origin, for exanple made on an
aut omat ed synt hesi zer, and may be conbi ned with carbohydrate, |ipids,
protein or other materials, |labelled wilh fluorescent or other groups, or
attached to a solid support to performa particular activity defined
herein, or conprise one or nore nodified nucl eotides not found in nature,
wel | known to those skiBRmFiﬂEgﬁmprthmTﬂgtﬁmgj]%@g be single-stranded,
ed.

essentially doubl e-stranded or partly doubl e-stran An exanple of a

part | y- doubl elM#2lndBiguRNA bl @ qiliotographic reprepintatidNAof hysRiA)shosigy tseddhi r pi n

RNA (sh eff- I . ) i i a double s ed stem
formed by Rl L e IR GEE Mo st anf RED. el FusedroRbia “ana
a | oop sHEENGS Ishinctiants (VR3S dyHHOS 0)SSSHe amue e able 4euta e YRR AN RS S
conpl enent . Egsﬁggéngﬁ gs used herein refers to standard basepairing
between HGEIESITYER BEAED RaPWatien beipise Fhmalaya2Bomsl Bht By parstahgneso
poIynuclQﬁﬁhgg§nggpmﬁ§9@9éQBQQT%gsepalrlng (hybridi zi ng) al ong part of

their lengths, or along the fu | engt h of one or both. A "hybridized
pol ynucl eot i dd94RteanEigtiee’ iscl Yargridoilusteating stexthladrityntha sqpadehemtbetod stdds

compl enmept.. T er m:" pol ynucl eot.j de" i sed j nterchangeably herein with
the ter m&l&rmeéé}gif%r tégff .geX&ypeS’ “fllﬁ!gff%‘]’ S%F%"‘f’ b affzcaampéaﬁ%ﬂ a-gigeri al t hat

is substantially or essentially free fromconponents that normal |y
acconpany it inits native state. As used herein, an "isol ated

pol ynucl eoti de" or "isolated nucleic acid nolecul e nmeans a pol ynucl eoti de
which is at least partially separated from preferably substantially or
essentially free of, the polynucl eoti de sequences of the same type with
which it is associated or linked in its native state. For exanple, an
"isol ated pol ynucl eotide" includes a polynucl eotide which -24 - has been
purified or separated fromthe sequences which flank it in a naturally
occurring state, e.g., a DNA fragnment which has been renoved fromthe
sequences which are nornmally adjacent to the fragnent. Preferably, the

i sol ated pol ynucleotide is also at |east 90% free from ot her conponents
such as proteins, carbohydrates, lipids etc. The term "reconbi nant

pol ynucl eoti de" as used herein refers to a polynucleotide fornmed in vitro
by the manipulation of nucleic acid into a formnot normally found in
nature. For exanple, the reconbi nant pol ynucl eotide may be in the form of
an expression vector. Generally, such expression vectors include
transcriptional and translational regulatory nucleic acid operably
connected to the nucl eotide sequence. [0079] The present invention refers to
use of oligonucleotides. As used herein, "oligonucleotides" are

pol ynucl eotides up to 50 nucleotides in |length. They can be RNA, DNA, or
conbi nati ons or derivatives of either. Odigonucleotides are typically
relatively short single stranded nol ecul es of 10 to 30 nucl eoti des,
commonl y 15-25 nucleotides in |length. Wien used as a probe or as a priner
in an anplification reaction, the mninmmsize of such an oligonucl eotide
is the size required for the formation of a stable hybrid between the

ol i gonucl eoti de and a conpl enentary sequence on a target nucleic acid

nol ecul e. Preferably, the oligonucleotides are at |east 15 nucl eoti des,
nore preferably at |east 18 nucl eotides, nore preferably at |east 19

nucl eoti des, nore preferably at |east 20 nucl eotides, even nore preferably
at | east 25 nucleotides in I ength. [0080] Pol ynucl eoti des used as a probe
are typically conjugated with a detectabl e | abel such as a radi oi sot ope,
hapt en, an enzyne, biotin, a fluorescent nolecule or a chem | um nescent

nol ecul e. A igonucl eotides of the invention are useful in nethods of
detecting an allele of an SSI1 or other gene |linked to a trait of interest,
for exanple nodified starch or fructan | evels. Such nethods, for exanple,
enpl oy nucleic acid hybridization and in many instances include

ol i gonucl eoti de priner extension by a suitable polynerase (as used in PCR).
[ 0081] A variant of an oligonucl eotide of the invention includes nol ecul es
of varying sizes of, and/or are capable of hybridising, for exanple, to the
cereal genone close to that of, the specific oligonucleotide nolecul es
defined herein. For exanple, variants nmay conprise additional nucleotides
(such as 1, 2, 3, 4, or nore), or less nucleotides as long as they stil
hybridise to the target region. Furthernore, a few nucleotides nmay be - 25
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[ 0083] By "corresponds to" or "corresponding to" is nmeant a pol ynucl eoti de
(a) havi clegtide sequence that is substantially i .cal
conpleneﬁ?gagﬂﬁgls | or nost of a reference ponnucIeot?gigéggﬁ%wggsor (b)
encodi ng an am no acid sequence identical to an am no acid sequence in a
peptide or protein. This phrase also includes within its scope a peptide or
pol ypepti de having an am no acid sequence that is substantially identical
to a sequence of amno acids in a refé4ence peptide or protein. Terns used
to descri be sequence rel ati onshi ps between two or nore pol ynucl eoti des or
pol ypeptides include "reference sequence"”, "conparison w ndow', "sequence
identity", "percentage ’ O TarE tial identity" and
"identical", and are dg??ﬁgﬁﬁaﬁgﬁaﬁg§ggiFﬁygﬂgrﬁ$§?%§ﬁ1nunber -26 - of
nucl eoti des or am no acid residues or over the full length. The terns
"sequence identity" and "identity" are used interchangeably herein to refer
to the exten{00ddpt TFebludneesdes RS icostant andlGldavd ofi badle@owhalembyl- nucl eot i de
basis or an i no aci d- by-ani no_aci d basi er wi hdow of compayrison.
Thus, a "per Z@‘hsﬁge 6&6%&9@&%@&%@{ @nds pLlege) @fdar%’g%rorag}ceédm {Ong}")t WO
opti mal by &) aheshesiequences over the w ndow of conparison, determning the
nunber of positions at which the identical nucleic acid base (e.g., A T,
C, G U or {046] dedeblead pranides aastitibticasindlysis(f. the effapta, of ReootySeron Rr
Gy, val, leu ~lle, P Tyr & S, Arg,~H's, Asp, Gu, Asn, Gn, Cys
and thfmggﬁﬁpgt¥%dngﬁb§%éﬁgﬁgéghﬂk%§é@?kgﬁﬁ)rnunber of mat ched positions,
di vi di ng t he[oo4Tper Table MBprohRlds RSStdnk@h andYGItIBR:] o badads wrodeeedivithaHt | ons
in the window of conparison (i.e., the wi ndow size), and nultiplying the
resul t B§led0@oWo yield the percentage of sequence identity. [ 0084]

winsch, 3. WU 8L GO B B8 LR R PR (RGP ANRE RIS Gap

cr eat i onogemtahigyRS peragsiamhpafbread prodiicm withn 200% Harldy flibinl ess st at ed

ot herw se, t er equence, i s at.l.east 45 nucleotides in |length, and the
Gap- anal ysi s 4B me FobE B e Eisg eristavariaisr dghe ATors af seaugpe ag RS |
nucl eot p6i@ent (ngeﬁggabg Yarch{6f KHERIhrS QL REH F086 Bhrldyedsilr 150 nucl eotides in
| ength, and the GAP anal ysis aligns the two sequences over a region of at

| east 150 nuf00581 i désbleNbprevisiee faestatistigal arfabystpuel the sélgaisrfegenstyat dne@bt 300

nucl eot i } nd.th P.anal yshs .aligns fhe two sequences over a
regi on ggggwhﬁggggggggsﬁﬁg‘5@?%@%@?%6¥X§?Qﬂ€g§?%ﬁﬂb, at |l east 500 or at

| east 600 nu@losa] i dgsbles @adheCasdacrifedesfane SEQ IHON IR rdeddtEggeiho t he BLAST
famly of progranms as for exanple disclosed by Altschul et al., Nucleic

Aci ds” Res. 281053pggTahlggproydescanamiag agidsebwdisgific#ionsequence anal ysis can
be found in isky 19- f I v ol s in Ml ecul ar

Bi ol ogy", Joh&nusa}l e;é%{@égﬁg&}lf%%ex%@g%&wig@gx%&cg%%bggﬁ@é&c[ 0085] Nucl eoti de or
am no aci d sequences are indicated as "essentially simlar"” when such
sequences have a sequence identity of at least 80 % particularly at |east
85% quite particularly at |least 90% especially at |east 95% nore
especially are identical. It is clear that when RNA sequences are descri bed
as essentially simlar to, correspond to, or have a certain degree of
sequence identity with, DNA sequences, thymne (T) in the DNA sequence is
considered equal to uracil (U in the RNA sequence. -27 - [0086]Wth
regard to the defined polynucleotides, it will be appreciated that %
identity figures higher than those provided above will enconpass preferred
enbodi ments. Thus, where applicable, in light of the mninmm %identity
figures, it is preferred that the pol ynucl eotide conprises a pol ynucl eoti de
sequence which is at |east 80% nore preferably at |east 85% nore
preferably at |east 90% nore preferably at |east 91% nore preferably at

| east 92% nore preferably at |east 93% nore preferably at |east 94% nore
preferably at |east 95% nore preferably at |east 96% nore preferably at

| east 97% nore preferably at | east 98% nore preferably at |east 99% nore
preferably at |east 99.1% nore preferably at [east 99.2% nore preferably
at least 99.3% nore preferably at |east 99.4% nore preferably at | east
99.5% nore preferably at |east 99.6% nore preferably at |east 99.7% nore
preferably at |east 99.8% and even nore preferably at |east 99. 9%
identical to the relevant nonminated SEQ ID NO., such as SEQID NO 1 or 3
to 6. [0087] Preferably, a polynucleotide of the invention which
encodes a polypeptide with SSIl1 activity is greater than 800, preferably
greater than 900, and even nore preferably greater than 1,000 or 2000

nucl eoti des in | ength. [ 0088] Pol ynucl eoti des of the present

i nventi on may possess, when conpared to naturally occurring nol ecul es, one
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to define the extent of conplenentarity of two pol ynucl eoti des.
"Stringe " d herein, refers to the tenperature i_Qnj trength
conditioﬁ&&zgﬁznﬁégsence or absence of certain organic gg&@gﬁﬁgﬁmﬁﬁﬁing
hybridi zati on and washi ng. The higher the stringency, the higher will be
the degree of conplenentarity between a target nucl eotide sequence and the
| abel | ed pol ynucl eoti de sequence (probe). "Stringent conditions" refers to
tenperature and ionic conditions undeid5which only nucl eoti de sequences
havi ng a hi gh frequency of conpl enmentary bases will hybridize. As used
herein, the term"hybridizes under |ow stringency, medium stringency, high
stringency, or very high stnbﬁ TN G S) ] AgOnNdescri bes conditions for
hybri di zati on and washi ng ance for perform ng hybridization reactions
can be found [0054phus thelpr@Bthvenh@edspl)edlc@@d npan terurptsingsdisgo v féaeutlhar

Bi ol ogy, -28.- John WI So 3.6.,,.19
non- aqu@gﬁgmﬂ¥ﬁﬁ‘ﬁ§£%¥%°gé§ﬁP' ﬂﬁlym%%gbg(éf ?éﬁ@@h&%hmBy?ﬁ%?n 0%3 used.

Speci fi goliMiiel fitEedt didan&Ndiat vaoRe, ¢ehRisida 103s BERicAoR hertafonialtho®siTal) | ow
stringency hybridization conditions are for hybridization in 6 X sodium

chl or i derBoMashes i Withpegqustiseprigtionsslichfisinesictie Botivio ohas e )i gerg: AnX SSC,

0. 1% SDx %cu?a? %523 yﬁéggﬁg@!a”z‘b \Eﬂlgg%n%%/ ?@B‘Eé o%%ﬁ'e%ﬂa&%@%&e‘lso&sst%'e Sl for

hybri di |on in by one or nore was
0.2 X SSﬁanﬁmﬂQSSﬂBnahmﬁ@C 3) high strlngency hybri di zati on condltlons are

for hybridiz SSC at 45C, foIIo one or _.nore s in 0.2
X SSC, 0.1% %%it gsceo VoA QRS SPpRme é?&&,lwav?lap&oa esﬂoaﬂey

condi ti Qhgy %ﬁpﬁghg BBl T8l &nacmup oPsMis BEBté{H‘aHB skl SonddH B@ ﬁb 1ezs% SDS
at 65C, Toll by one or nore washes at 0.2 X SSC, 1% SDS at C.

PoIypepHﬂ%E§MWOOQOPTdewﬂémdﬂﬁhp@ﬁyﬁ@pﬂwdemnamdespmemeknecam@ngeﬁeWbﬁﬁy used

i nt h h t y " pol tides" d herei
'S0 i naboae gbsenge R ariem LAl e SRR BR Bl G ATebSGE OB ves
of the RalwBRRINideEe ofaid BEMpAKSRL B-LTucaS cHaskT dPRIVNRIM)Nor HRates BnRLEl N,
"substantially purlfled pol ypeptide" refers to a polypéptide that has been

separ at é¢/W) dnendiker| qnphqﬂlgnerﬁuthb &radn ewhpidses atftustanmeptantes3-Ahth Ot Waror 4-
mol ecul elsi lIItl Qné%@ércerr]n %Fntat%% ?fsldgetc%%teln 1n| tﬁeqs ?a%éi)%/}l flesat ta i% }?e(g r#()@% ﬁ{éo et:)llny’ the

subst anti 41 purt fi ypept 'S a

conmponent s w[00‘56\]\h| (S|ﬂarb1f1 i GoniyRket el wf ghrosirtresdudsiandrie fiiiap@rb types
pol ypeptide” i s neant a polypeptide made usin reconblnant t echni ques,
i.e., tRfdogscHpe EnyPes §P6rﬁnb‘/f1°1§°l?1€acé}’il9ﬁihn8?ﬁ oflistineaisbet e then basiz off | |

pref er a:’ﬁlr\c}{e&l 14 @ of Sltler gggneggis Rhﬁfl(?sregrglb?éc@leg SrEalseRlARt 111?%% {Pol§{nﬁers

[0091] Il Tustrative polyp havi'ng activity are-se t he
s equenceoinlpsi;adn of antl4dEskad lgbdosidicTeditse BhileAaoylafienth \is 2 Mégtpy ehramr[ﬂ]ed

avi ng SR T A0 Gsercts bouts ki PRUSEBND MBI ohid PRy
occurr o bed
urri g&cﬁﬁggﬁ\ﬁ}grﬁl A?l%ﬂ&lﬁ&hﬁ qs fﬁ%ﬁé bP &?8%)& }ﬂ%fe%ﬁl S %%f{] ! é;}%ht ﬁetfbg%rg %E{l h

herein ant’s ‘havi ng about o sequence
regard tensapidbéusands pohypleptsi dfehoustnds of glbeosapmltecm&t a@undhétpe%eindanl,ﬁt y

figures_ higher th an t hose prov d. above ass referr
ermbod mTEbeT B OxH B s AR BAE s TOrRORItEP mRIEChRG FEH ri 45 POIFER
figures sevdrall ﬁurmr@cise k4 @@vdrhiathoubmdPShiGEME| I(é@ldaesrwlths %%s aRar® BnB OpEd:fl
sequence which is at |east 75% nore preferably a
branches (for review see Buléon et al, Internatzonal Jou; nal of Biological
Macromolecules, 23: 85-112, 1998). Wild-type cereal starches typically contain 20-30%
amylose while the remainder is amylopectin.
[0057] The synthesis of starch in the endosperm of higher plants is carried out
by a suite of enzymes that catalyse four key steps. Firstly, ADP-glucose
pyrophosphorylase activates the monomer precursor of starch through the synthesis of

ADP-glucose from G-1-P and ATP. Secondly, the activated glucosyl donor, ADP-glucose,

is transferred to the non-reducing end of a pre-existing o.1-4 linkage by starch synthases.



| east 80% nore preferably at | east 85% nore preferably at |east 90% nore

pr ef er abl I 91% nore preferably at | east 92% f ly at
| east QS%O%PéﬁE%éferabl y at | east 94% nore preferabl ?Biﬁlﬁéﬁ)&%% % nore
preferably at |east 96% nore preferably at |east 97% nore preferably at
| east 98% nore preferably at |east 99% nore preferably at |east 99.1%
nore preferably at |east 99.2% nore preferably at | east 99.3% nore
preferably at l|east 99.4% nore prefeidébly at |east 99.5% nore preferably
at least 99.6% nore preferably at |east 99.7% nore preferably at | east
99.8% and even nore preferably at |east 99. 9% identical to the rel evant
nom nat ggl: o0 j L ; i iye to
anot her q%é@%@%%?%@%%ﬁ“%e%%%?%n{;{%%&ggg r'aG%\éF{} ?Iﬁélgsdpg%égpginédg%@%%% fﬁf‘ é:(L970
(supr a) yegoa oy si- k4 (1666 glognaivjlowed yatrgefer ofethe icbravpé whhinytosn agedp@r gap

t i . |ty=0.3. T. L t | t 15 i i i
Congtn S PRt ar |81 SkER SEUTRE R Brvinkeate B8 oD APBRY ot o
| east 1%@{11@@11?&&%—1,Mg%%agisgﬁ@d atﬂoyy%11§/éaﬁs AMETHErTORYARE Bn bieRttal h61BSAE S0

am no acids in |length, GAP anal ysis aligns the two sequences over a

regi on dfe formkiers of BOypedin. afimddy, swck debeherinpleypzyméreremeoye someqichee i s
at |l east 100.an no ids .in length and the, .GAP anal ysis aligns the two
sequenc%gan(gggpp%geﬁggﬁ%‘}g d eg}e%i‘aglésg? a‘fﬁ%}gha‘ﬁblﬁ ﬂ%leé’iaﬁg}.ls ﬁ@ﬂlvﬁgre pref erabl vy,
the query sequsgte Nehiktitieasir BatagasnesCiols abtivitieN gt Re @@ difbendantl

anal ysis aligns the twp sequences over  a ,retgi on of at | east 250 am no

aci ds. phodugrarule surhesesiaiigher phnts, Byitide isplogmsof sacht oftherEe agfviges are

ol ypepti ' ' ti : i i full
Pengthr ol o BEdha, U BeRG VAR, b sBicif Rolol L | Ren RSEGRLORD. | e
I n a paitdieidhari$ofomedethedadsie n aditatimnt], arahyaisturachroggk dd yodificatioa dfrgggeent i s

able to synthesjze starch to produce | ose chai ns having a DP of at | east
15, Bl oFSUFS I alst S FRBBI PPEaROBe arile Srpd SUOPBHGS 4678 Hegehat nt af
the defisped Satta¥ed hok folitt 1@8% Sgl]reglf &lidfeYmahn {Bf%n %@%SWel}afocél?s{éatwgm am no

acid residues |ong. Am no acid sequence nmutants of the
pol ypepthedgarchgrarée, @ oyndygiarch srintbase GeBPY)ephickds bssential rfod ampyloge

appropriat.e hucl eot | hanges...i nt nuclkei c acid t he. present
Poentt sidestt s Rynfiip e fiToH oA h e S f b b yiERR ER R 5t
mut ant s Lii Bcdly dégn Ry siokozyp! 29: 1d471-e153N19994, SSE Li end., Ahesrelisili drndtdppnsd of
residues wthin the amino acid sequence. A conbination of deletion,

i nserti &#ngiS 2ibsi08t 1Al0eA ¢ e antoyeh dorm that je epfirehhlocated an theotpdublect |

provi de : ' ept i desd. red. :

char act grraih}sﬂﬁ’ cStsslm (-tbgg} sz, s B)E g%éf“%’?zﬁ? SB??HI; e?g’dfﬁ pég i1 g’sz%oa(t)h be

pr epar ed.i asihgl 988y (figeh)ilgee ckndWiD (snprape Bhutatioke in SSHMdeSSIH have been

pol ynucl eoti de of the invention c be subj ect to ip vifro t agenesi s.
it e 5 i apTtott Plrir (e 5 2 e Cal cPonDond | o act oot s de
into a gui pRR} €l 201013424, 205§)0NY RetatiBes FFHHRY a FdIE BrRSIMGERPRaveHebRl N

such as the E. coli XL-1 red (Stratagene) and propagating the transfornmed
bact eri descobedy suitabl e nunber of generations. In another exanple, the

pol ynucl eot i f e iqivention are subjected to hufflj ng techni ques
De Broadly lsef bediss THFLY MMl SHmET Suford Mgt toisal JS0\Edg.
These DbéAnshiuffdnznge tleﬁmarﬂm Ugandiig einiedHa SBBHa) ehdbesthchingt divg@eaib t he
present invention, such_as SSI| _genes from plant species other than wheat

or bar| 6BERRu(Bedman radBaiers Eiashemigah &enpiamAn i3, pio98At Beneoantg
simlar Ppéi%t, eCBﬁbé)h?Msze a?estegﬁrh,‘m@ﬁt ?'1—3I§Q,r ! St R e Syt gﬁ,se il Vol
genes. Products detrived fromnutated/altere can readi |y be screened
usi ng t Budwiergises, dBSEABEESA, h89%iSunted adeThe VenePlyfolbgiey 19DSBIESELS, flO97).

exanpl e,,.starch hase activity., [,0Q97]I n desjgning am no.aci equence
mut ant s ,Ahtgﬂglepto?;sa%/% ﬁe%‘Ff‘?%é‘aﬁﬁ?‘éﬂeh ﬁqggll é‘?géﬁedoé ?g?élu?l%ﬁe_lﬂ"@ﬂ%ﬁtytaﬁ goihfﬁ‘_?at i on
Wil depgdeotRR slipk@ticehdiatleedls and wlBss mdidbs %%&% &k te9Ef WREMY akgon can

be nodified individually or in series, e.g., bym substituting first with
conser vabBbllb cdasseso aci d choi ces and then with nore radical selections

d di I ' 2) deleti '
(3) “Tnserti nvsPhe, TRRS . SiitRline Choti Heolfibli bR ErbhE Y e o0,

A no adefiheglauibe dasislef aleiosbsgan epRifiditidsaBoemly lagénypolebrahchiag thzfies dues,
nore preferably about 1 to 10 residues and typically about 1 to 5
contiguous residues. [0099] Substitution nutants have at | east one am no
acid residue in the pol ypeptide nol ecule renoved and a different residue
inserted in its place. The sites of greatest interest for substitutional
mut agenesi s include sites identified as the active site(s). Oher sites of
interest are those in which particular residues obtained from various
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- 31 - [ 00100] Pol ypeptides of the present invention can be produced

in a variety of s, including production and recovery r
pol ypepti‘ggsz?ﬁborli\%écti on and recovery of reconbi nant polpgigle%%]g)é@{)%gnd

chem cal synthesis of the polypeptides. In one enbodi nent, an isol ated

pol ypeptide of the present invention is produced by culturing a cell
capabl e of expressing the pol ypeptide under conditions effective to produce
t he pol ypeptide, and recovering the palrypeptide. A preferred cell to
culture is a reconbinant cell of the present invention. Effective culture
conditions include, but are not limted to, effective nedia, bioreactor,

t enper a i } I P& i on.
e i e e M e LR AL

pr oduce 280¢p| Sypapt-i dauafionhén prasennd i moeeatei associSBied hwitk dlafiwidngpi afabdty

conprises an aqueous nedj um having_assim.| abl e_carb i.trogen. a
phosphatdﬁb%ﬁ}?@%se}lzgﬁﬁs ! St i Ye & 22’54 &ll, %‘I ﬁi?'é&é ?ﬁ%};%gb%%a aby 232?”’
nutri entf%tyf%ﬁ%?’ BH: S9§-@U9,F‘13)99§1§‘d\b§ve9theté'al§sd?hﬁﬁe&fﬁn hpsaB thORnEABARnGY! t ur ed

in conventl ferment ation bioreactors, shake flasks, test tubes,
m crot i ttky isdimsless-tyandelpenehiing¢nmyes:. ge@al t uri ng can be carried out at a

t enperat ure, nd oxygen .con t L appropri at r C inpant cell. Such
cul turing cor@%lﬁonsA é“iﬁga“&mf?rﬁ} %Fpﬂéeygg%ség aitegdeﬁ()z??(%@d%@’ gg%ﬂ) eélr{l?ms”ﬁlitf)l in
the art have an eldv@d Gdjylddeestfatie pRevotypevaidt 4 esdutal englobectdl anehtphendiygd) are
oper abl )éf connected or |linked. "Operably connected"” or "operably |inked" and
the |i kdhiepkgnoppedas suipsgied Sengas yerkirasn hepdthdMarghes af-nPgnf dndd'i lddal

rel ationghi E@@D’H’o@ﬁ%ngy ¢ APRIARL Y HREBGCEES NYCHRIL MEd 9 éﬁ,qy!eﬁzgﬁ.szﬁfze

conti guously Tinked a de where necessary to’join two protel’n coding

r egi ons, 836815, §00tss Bamicks ioh BreddVmg 91 &68-61A, 20fibhdt sequessiCley & sadtapariabl y
connected to" another codin ence when RNA po rase W || transcribe
Che. tvio Ro3iAY St Sope 5T ES SRAGR S o RRIne HroL R o5 ST B en
trans| atigdriafibRalapdiéd HpplipalomPrety Ae01Y8YA920 (BUBIRIAE NS Wey 0¥8d949)oimebot h
codi ng sequences.” The codi ng sequences need not be contiguous to one

anot her déssldsprepiashielnis insqsperetsd it berdesnese ul timatel y processed to
produce the ik ed-pratein. 0010 S herein, Athe ter
"cis-acting g@?ﬁ}incgﬁl ?%ag]ieg-sg% inﬁué[a e(?neile ﬁ%te&grp th g}’%s?r;%é%lﬁia aotfoar 3S/t0|p ecgolrgl%" or
"regul atvdttyn rlegitach spithaderiild e9S71R rgehs Ndlel stiecdddkdead © prepanaders@quence of

nucl eoti des, which_ when positioned appropriately and connected relative to
an expr &sdiepslatiqepbthedranseiinte Spla pagiem waprotidstietabls Hythepndpspgan ofn

part, thg ' f it {\C T ' i t wiill
be aware tS ﬁg‘\?&g%?iogﬁgnr gg%l%@é?&%@ i Eﬁﬁeﬁ’géj %SH% chgﬁty Sl?gpég%?‘egogﬁ Eghg%a?\%ati ng,
si | enci myamgtopacti syothessp amb the ngmeining dreylapstinglol emeémgn gheerhlchast atifred
expressi pn _and/ pr,.cel | -type:specificit d/ pr devel o ntal specificity of
2 gene Stijadrnal gistiuion BRdEoMsEarey ot pmy s b BesBRarty dodhal | 1
certai nyeiindh BeHeSorah cbﬂ@i@ﬂ%@mtmo/g\mmog@n, the cis-acting sequence is an
activator sequence that enhances or stinulates the expression of an
expressi bl e 3@@1“ c I sefue gewodiments, thg pesggjinvegiien a0 %idesoion dopioygments

pr onot er. . I | ol cleatide means

o ot el Rl SNSRI ELPIRAL L B LS R thenBEAYRNELERL 05, P00,

pol ynuclThet nddifeatied mety bedisited péd )greinder aliti@ati eyl tieompdifeatiswmof ba
pronoter, which thep controlsdbge transcription of that polynucl|eotide. In
the condiiPpghqubihsplapk i vl R FSiES 8pd Parischeasd BERE:, CBEINRE OFs, it
i s gener fi I :
R R A S

pol ynuclaswuntectivhitys katé ef prodnetidnyedte bfinabievasianeratesofttheakdibsmadday bfonseen t hat
pronmoter _and th tein codin egion.it controls in its natural setting;
P et RETSE ARG HIANAT Snieyap PEABIER L R GEPR oD PR RE ar i
some vanmt asOfietelis ileuddi 36w 6 £ a6@Aty0sT AGER SRR Whi ks ih@sSe Sfiher
function. Simlarly, the preferred positioning of a re platory sequence

el ement apdngjease gy degrepsgtiarihe Brstinead devel ef a wephor poprin pf inderastt Famstendbabl e
pol ynucl i I i fi . Sjtioning
of The. o Shenpulbs FsrEo T Tg ke kPOt hillve ol IRE AR by
der i ved combination oD @i0at}udl Reveirof proteinpréspatointthe hosegliendehe gscifiesttivayei n
refers to a region of a gene, generally upstream (5') of the RNA encoding
region, which controls the initiation and | evel of transcription in the
cell of interest. A "pronoter" includes the transcriptional regulatory
sequences of a classical genom c gene, including a TATA box and CCAAT box
sequences, as well as additional regulatory elenents (i.e., upstream
activating sequences, enhancers and silencers) that alter gene expression
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- 34 - pronoter. O her endospermspecific pronoters may readily be obtained

from gen I code starch biosynthetic enzynes or ins in
t he deve@Bﬁﬁb%gt’%?n. [ 00108] The pronoters cont %ﬁ%@ggﬁ)ﬁ%&ﬁ
present invention nay be native to the host plant to be transforned or nmay
be derived froman alternative source, where the region is functional in
the host plant. O her sources include the Agrobacterium T-DNA genes, such
as the pronmoters of genes for the bioggnthesis of nopaline, octapine,
mannopi ne, or other opine pronoters; pronoters fromplants, such as
ubiquitin pronmoters such as the Ubi pronoter fromthe maize ubi-1 gene,
Christe ( t : - or.actin
or omot er g 1 Prosf: ActchdiRly, (86 funcBofal lebet ey 8¢ BBl IRk im0 e
t o Conkldecrgasitg the.actiADp@idin BS%ntra)tuﬁdmahe holst'Eelthnthcb oragsadijyr wnaxhérved f r om

viruses (incl.uding host specific viruse i al.l olly synthetic
L onot oby e Siketoh aE B arnt bRending Beristt o A Fintingal Jevelgpy Alsd b8
d'COtY'%ﬂQﬂ@&Ségbﬁﬂﬁ&nﬁ@Qh d&kﬁkﬂ&%ﬁn Qﬁ%ﬂ@pﬁﬁ&n(§&§ru&ﬂ%yﬁ&ﬁ&&ﬁ&me@@eVe

J. net 17 499-511, 198 Sal onon et al., EMBO |, 3: 141-146,
1984; Gaber mm’tc astiviy mayCes achlezed by 43pTE5RNE agaeantmcptkmrwéh higher oPloaver Ml .

Bi ol . 83 d|n varlous ter,s | ted fro | ant s
ond vl - SlectROactily ok B depinllfy HY oY abLO P IRNE ik oReh Al STBL S0
Many ti sHele @p@@tnglsﬁcmmrmmr Im@@tserw RERakNOMhe dpebi€ic dctigitg eddypilional

initiation regjons which preferential Ify provide for transcription in

cert ai n2fgwdely grodityirg SHEPSHMNOlgib AHFCtel AgHacHisndn cpiin arbadiBes.fthem
genes e Fruit
dpoci 11 o R LSl B P o el LR RF Oy SN LRSS o
descri bebodsy sDeh Kt istat last, abEuBm)% atdeasB30%,; 36RAst 3D9Q it dandt W)(oj aRemna et

al ., 63 89. Non-limtin thods far assessing

pr onot esaéef‘%{ﬁattfj% ea%(h‘?aé%wjbfgé’&l%ip %@Eﬁ%?‘?‘i}‘tgp%t at le?ﬂtgﬁ{) ocaf 635145%8{‘85 192,
1992; Mpdhekiy 1600%! highd?! @ 1etst3abo§t1ﬁ)°@2&,1eals9@m a?f%mt@@% atlesth 400k ecul ar
Cl oni ng: A Laborat or Manual (2nd ed Col d Spring Harbour Laboratory,

Col d SpﬁqaﬁgS%;m@nst , atleso70%nat lmP&%ﬂs@irle@t Sate, at(ltJﬁSS92%atife1mtst R6%o,
5,164, 3 0 t I d|t| al | t he pronoter

be an i %g%g?tb%/o, it 1‘l;al(g?%&%br a{;s‘g"gﬁé & it lé’{ SQP??dl a‘%%’rr ‘%Pfe\tﬂi’%h i s
capabl elokl,de reduﬁeﬁ E»mftﬁﬁlmeeuablefle\tdtte [ nt roduced poI ynucl eotide at an
appropriate devehopnent al stage of the plant. O her cis-acti nﬁgh)sequences

whi ch may be [HdH oy émoihee aYeok disHaguivhing dhareauied seductiandn ASibieyel or
h ; t,
e can e R R s o) P P o Rgh S u ot S e iFa &

t r ans| amodifzdd planttar graiothecefdom. and adj acent sequences The initiation codon

must be in p with the reading frame qf the. cqding sequenge relating to
the foreign mﬁgkogéﬁoﬁ@ gdi {f‘ﬁ‘trc?% P ¢ hodiYinge trg’tltg’i”é% b oYM ent i r e

sequenceincibaged' [ 'abGloMd"Orre@QRAT, Olnhsii@ag! smand" bﬁth%llﬁt%la%tccﬁeﬁt@f&a ERflvde of a
variety of origins, both natural and synt hetic. Translational initiation
regi ons 'GFaY> be- B FPIHREEISOT gl Hee soldriype oir um?étetqdansmontwh statd. Innpamat i on

1291 0. cBbolERINE { Q6 gl o PRI BINTIELERY B TR SERIENE, Gon

transcr smlatlons thedoniasl plans paukt be aleteymimdi By Qﬁh Sl@lll@& dddrdsEser 848€ their
transl atl [00110] The nucleic acid construct of the
pr esent °’f rintt{‘g‘i‘r&al |y conprises a 3' non-translated sequence from
about 50 to Pod?s@j) nygk e%bld@f DB erférsg@tl‘f@amnt'd‘f%l ctf’}au_I é}%&t?l?ri’opt' on
term nation sequence. A 3" non- trans ated sequence may' cont ai

t r anscr exame S%I nwhizhi way diegmabsudd b avgrymeansthyowiotin ithe lavideuch as, for

pol yadenyl| at| n ther regul at signal s capabl e of
ef fect i ﬁ% lg’qugﬁ Pys %8 ?ﬁH@WF&PgHﬁP@gﬁﬁal is characterized by
effecting t hﬁmd i tirge "nafvep@f YRdRAMhd Gotpilyd hfedC it tHeOth@lﬂlt?bf @{aﬂnettat he

MRNA precursor. Pol yadenyl ation signals are commonly recogni zed by the
pr esencengineHpeasiRyinag et’%é’ﬂ@@ﬁﬁ@}nl cal form5' AATAAA-3' although variations

; h.d | ud
2 polyadeny! MUERh < Bnarct i 85 STler kARG CPLERON BE Runillber F pliguel ™ ¢

pol yneratwmd"rheehsumlrtman%ﬁzﬁnémapf four or nore thym di nes. Exanples of
suitable 3' non-transl ated sequences are the 3' transcribed non-transl ated
regi ons containing a polyadenylation signal fromthe nopaline synthase
(nos) gene of Agrobacteriumtunefaciens (Bevan et al., Nucl. Acid Res., 11:
369, 1983) and the term nator for the T7 transcript fromthe octopine

synt hase gene of Agrobacteriumtwnefaciens. Alternatively, suitable 3

non- transl at ed sequences may be der| ved from pI ant genes such as the 3 end
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[00113] The present invention includes use of vectors for manipul ation or

transfer |.¢ constructs. By "vector" is neant a | |
noleculefgbﬁgﬁgﬁgbﬁy a DNA nol ecul e derived, for exanplgg%kﬁ%ﬁyﬁﬁgggsnid,
bact eri ophage, or plant virus, into which a nucleic acid sequence nay be
inserted or cloned. A vector preferably contains one or nore unique
restriction sites and may be capabl e of autononous replication in a defined
host cell including a target cell or-tpssue or a progenitor cell or tissue
t hereof, or be integrable with the genone of the defined host such that the
cl oned sequence is reproducible. Accordingly, the vector may be an

aut ononousl y i caty | g i

ot 1 achr omoa il R YO8 REPhecideihn BetFRRE skl FYEbEAR by oe

chr onos alteded irep nuwtattiibmmoee gr lespadtiva @anteiors plodsed, bitr mailtly expressivndevean

trach | t - 37 - ninich . Of. i fjci
Chr onros GHBSUHE! GEGTOE T SR e AN Popronta drgfghSlied Biuthe at i on
Al ter nataEtY\fiJ;yY(Feﬁ Dt pRAESIAY refRin B8 sBRE. NdHueHons R BBtH h& e UR@Hotl Vi Qraalge! |, 1S

integrated into the genone of the recipient cell and replicated together

wi t h t h@ossiblesbeloge(BF dxamplatvhen the erprester wlimeety enewedingathy cprpiesyst em
may conp i.ngl: ctor .ar 1 gt . MpEe vecto | asm ds,
why ch e R Pe B AP Bos B, 21 Belin FREEHHRALS BB o

él he hgs trha:le{rz]él ,of«protein_tdtr) _alama'qsat}SSIEﬁ&;y@ﬂ Odased 096 r?t bﬁ at/kéﬁtf.tl@o_"/&\bdrh%r;ycpihdltat] Iy
epend on conpatibility the vector wit e cell into which the
vect or ﬁ)‘as"ei BFB’é’t‘flﬂtof SatEsnn %?egr%léc,‘tfd%mrf?éi}ﬁ%@l %f%ex BH_@" teagle et #oRShar ker
such as gg8, &Nk 18sPH5%, IBRd RURAER i3I cﬁ%ﬂpﬁit@lﬁ Jr%ﬁky%ﬁ@Q&Fvi@eéiX}ggﬁgf ot her

gene that can be used for selection of suitable transfornmants. es of
such gemspressi@ wedyl okawowat tapy t ftagseiofthes kdiev¢lopmenthef dh¢ leaf, seed or[ ©@Wl4] The

tch s PAsiaBH e el e O, P By BResiPry T P B i EBhe o BT o
aci d sequigiRcesce Wiile RtaRKIiSBeih® kyRBeYzed 6h @t de¥BlopaiEindbiedhl ONat afiNthges

transformation of the expression cassette in prokaryotic and eukaryotic

cel I s, &f grainglorelgampyictirqush: or matusikdBie (eam Walkd-bips” ap oEnd dereiny BaS Vigct or s,
pSP- der i . - i.xved ve it | i

S cquenc A5 HRERAIEn 86 RRCLARHACIELANG nolh: BUADE: DUESLAs Taeh

repl i cabicomobfmddifed est tughts dbeat. abdme maefeaed goniddtypel ebeleqblarietioe adé Ng

anti biotic or Ferbi cide resistance, unique ultiple cloning sites providing
for mul OFsFiBed e, push; a5c iy exay Felhe cultiver Huwepldfces or genes encoded in the
nucl ei ¢ aci djAOPt I §6L m ARG HMBRHE ndy i a BRRRIH S ALITHHIAR R ot
prokaryotic :!md_ gukaryg%i(l: (e@%gci Iy “pl a?lt) cel ?sﬁam i 6@%3@]&@
"mar ker thgemxpression pfamSSHa geme Tdehniqhesaeli snewisthe adtsughanSD§HAGH anél | s

expressing t rker gene,and thus, all ows suc ransforned cells to be

di sti ngﬁrflglﬁlggbelf’g%% e %rl?%é)flgc%l Hpb({rglﬁﬁ ea?iémﬁﬁﬁtirl?g'rs.e A8t @Bgaﬁlﬁ?céloﬁﬁr ker
gene coiegsot t@idehdfyt the Platblb€ fralN@hdia Modsfda86hHs hBRSRAwIE EfASh 3eAns 0 a
sel ective agent (e a herbicide, antibiotic, radiation, heat, or other

t r eat meARZYARATRGNIRS ‘ohodringinds aRatess pleplpaty by mesbodscleagritedherdieor §ather ( or

reporteg.,g 0, r aj ~ one -4 d ' 0 rvation or
testi ng,%yi &g&%d%ywpgcgsegs#}:%gést ('%1?130%1,&{{3%9 ucl:gﬂr%%t(}jg%g%;eg{sug‘?]? %@%@ l,ap P or
ot her eqnylwdingcpaper thronectogragise thinilayanihransitbgrapkyl 6| dhe9maidbh@phpr &8F gene
and t he_.nu I;ﬁ_(jrrgéq[gseq ence oI_u_(g'hnte est do not, have to be |jnked.

[00116] 1§8 graPhye ARd £ pighmeriarpancer dlaidr sREAMSLogranky b techrigusse d
const r ugk i j r as, or
T add e B R L e b B T PRI AP 221wl
choi ce efandargnpkénows idwttityrarchyahnadgicdabtagheigues such dsumessi spaeirorfiétre and

sel ecti \rlleg i.n_combination with %he Bl aﬁt cell slof ghoi ce. Thg mar ker gene
and t he "F4FEi BREBYI LER9BRANTs SETOTORY e 6PT FEAWPlS el el MYnBE HadPe R 0 be

| i nked, EsimigR & 0Rébiassl Qraediganicofonfilienisest Ganes Pasis, fQord@X Rk, ENorth
described in U S. Patent No. 4,399,216 is also an efficient process in

pl ant t Adrlersr B, dR80; Adams er phodnal] Biockeml £§00f 7184ct 899;aY crensse bl e

mar Ker s gt eyIRRKEL Teli13bs. SRAIRY 2049 BIGHLE 4 691 91 ANSE ANEDL as ammiehl | in.
kananycin, erythronyci’'n, "chl orahpheni col” or e‘tracycﬁln rési'stance.

Exenpl a0k eTlenhpsdoh ecrnal, k€ombohpdrageRest Bodh DF9-pblartootr ans freferants citat| ude,
but are not limted to, a hyg gene which encodes hygronycin B resistance; a
neonyci n phosphotransferase (npt) gene conferring resistance to kananmycin,
paronomycin, (418 and the |like as, for exanple, described by Potrykus et
al., Mol. Gen. Cenet. 199: 183, 1985; a gl utathione-S-transferase gene from
rat liver conferring resistance to glutathione derived herbicides as, for
exanpl e, described in EP-A 256223; a gl utam ne synthetase gene conferring,

o o o, o v .y = oy v o o



Met hods of nodifying gene expression [00119] The level of a protein,

of a bar N BIMENEY be modul at od by i ner easing the | AP GNOIRRCST o

of a nucl eotide sequence that codes for the protein in a plant cell, or
decreasing the | evel of expression of a gene encoding the protein in the
plant, leading to altered fructan accurmul ation in grain. The |evel of
expression of a gene nmay be nodul ated2by altering the copy nunber per cell,
for exanple by introducing a synthetic genetic construct conprising the
codi ng sequence and a transcriptional control elenent that is operably
connect : el i i i f

PP e R S R

those wth a favourable
| evel add/at. specificity of transgene expression arising frominfluences of
endogenous s ces.in the yi.cinity of the transgene integratio ite. A
f avour abl e | ﬁ@gﬁrang‘hﬁgﬁt?gPlﬁggﬁag?‘gx%gﬁé‘mg@?}éggg%HeYeéin@'n © tir%(ﬂlcﬁg%ul ts
in a sugsb@nbi Mmbrd SHEEATAidtionk it6 i bdrRYIsnt. Tt $s, MBY gdiRtidebBsARd 1684, Si npl e
testing of Igr ain fromthe transformants. Alternatively, a popul ation of
mut agenizedgeaindirestlya g Bisaligration infenpymae eetivityoon lgvelriadle ngnppogdaringray be
screene i.ndi ] I i t o] :
[ 00120] el A5t Aot a1 285kl Plo B Splrhe SR, AE B aBieion and
t r anscr dederibed deren. "Hengerstit enchtion afbynsr b hegeslegoisnpslogudedidenibich ie pl ant
cell. The %gne-sile cing chineric gepne ma cQ’Ie introiju%gfg stably into the
plant c&f° cegle AR thep P r AbIdy PRREPERT Gendfie, SXBIPICt SaffaBEOTPRI8d At ed
transi eplidbend9S TOX RS %ia@ioﬁ'rﬁ?& sﬁb%%&hﬂy%% iHS&EMcbE R raiff&@&_ege?lbﬁ@m! ng
effect” refers to the reduction of° expression of a target nucleit acid in a
pl ant cbhdkgravmnds hy crossipg, asdimomneid thy ait of pladubiepding dih sanei dngmalimentRNée  Such

reducti gn be.the result reduction .of transcription, .in i Vi a
net hyl a?eiv(%qg %@ngﬁ%ﬁﬁg_}vﬁwro&fg&@ i r#é wneengiet to ?gﬁ\ée(l, ﬂ%ﬁtﬁ%ﬁ%ﬁouﬁ%@% Peg%lt i on
of the BNA 709),6644l BSn 609G Idsd g 0°8, IBAALER 0K s ARan %D RES than 20% or
Gene-si | enci ng i ncl udes an_abolishing of the expression of the -40

target HaeHend Sipiand svitahbn lesyanabpulr 107 lessitharc %6, lesethandy?o.dgisehan 6 6,
duratio | §0/S iCl.e t o/ I £X SSi o0f t [
nucl ei cikgsc :tl%iml ‘?10/% eSg 6?%’182%62&%fth%1ﬂ24§ s%(sgntglgljélé /?%ﬁlggi tzllaﬁo@v\/grortlgsgtﬁ]%lqtée
absencerdlétardaofa. cofiespdreirgy caofirob ppne ssadchievealevaedriedsic efl sthychadr do@asdrclabout

40% or at | east agfgt 50% or at. | east 1about 60% .or at | east about 70%
or at | EYEPOYHEyPC @%lyérr‘t}%?tprf’g%fna By g ¥ thg Stazgh @A oaBsUATIgs Y 2 or  at
| east aBREAWabolitRel1ab18@i e RGLRIfe AL WRKe Bf Bf gﬁﬂfolg.rpf@ﬂeyagg, gl ar ch
synthesis or netabolism for exanple starch degradation, but y also

i ncl udechgdioreher thindogleaides wends  int rarvbsagil oenlmoogeaou ofgenestsdeh as

viral g e not be present .in the plant cel t.bhe tipe o

!t rodo Sas i B o i BYSER SiHich B bRy R e ko' SO G G5 et

Ant i sengerd epbeialyesleaRbber 6056 0attleast 65H4C 8t IBSNT0SX B RBSH Y% 28 3&s0BMY, to the
invention., The term "anti sense RNA' shall be taken to nean an RNA nol ecul e

that i s2lclsasiSene it deast PB aet leagis?S% Qareatemingtease pbuetan deveRrodating! locul e and
capabl e ' ' . ' t . u

oot | ctreshetify Pohufot R S h Ghads e HERE SREREAR LRUSRIO e ant e ¢
occur byf tedbeadf SHlanlgvelior ctivigostuiredunay degnid apah ogee fictGs clichas thERMANt

transport from nucleus to c‘yaigpl as nRNA stability gr i nhi bitjaon of

trans| atR6IFS OFREalsEvEonEGRias A4S nHP B itfsls\f&@P*ld?ﬁ WAL 3t HREIEFAtiops ee f or
exanpl ewh{dar hEpne Rgdrdangl &2n HooHat iéjgch?é\tabl%eu”s?ﬁ% th@dl%éﬁeas i :
1999). The use of antisense techniques in plants has been revi ewe

Bour quethop¥ deserilsd herdio5: 125- 149, 1995 and Senior, Biotech. Genet. Engin.

Revs. 15: 79 1998. u 995 (supra) |l.i.sts. a.lar nunber  of
exanpl es of H%)\;:’v ntﬁ%%‘ﬁgg%sgg%tjgﬁslésmﬁ% & %88‘3?phfl}efii ]?eﬂssiuﬁsg gflﬁﬁgq%%élﬁ%rm as
a met hoglanf, fgeBfamplaaisingal iconstitdi® ploatét At @8vd BatredidrabNianNgktd8R¥ous
inhibition of any enzyne activity may not be necessary as parti al

i nhi bi t PURNYGI¢atidadhet tewm regwatey SSéguPrefeigblye 4t maybbe acprinplished intsinlsyst em

Seni or, ; r s:.th [ S€ hods. ar £ I

est abl igﬁgg’ét gl?:(#gi 3’3%@ gf n%lni(?;é{jvlea{‘ES ?dr%; %gﬁﬁélprg‘glg oﬁa. né?s\glugsyi%b%cl\é\% As
used hedsictopntcheallyaegulated panhbeen Stnkpedll rind | "siakitdsuathisalked hibreirgirsfes tainder
physi ol ogi cal conditions” means that the polynucleotide (which is fully or
partially single stranded) is at |east capable of form ng a double stranded
pol ynucl eotide with an RNA product of the gene to be inhibited, typically

t he nRNA encoding a protein such as those provided herein, under nornmal
conditions in a cell. Antisense nolecules may include sequences that
correspond to the structural genes or for sequences that effect control



[00125] The term "ri bozyne" as used herein refers to an RNA nol ecul e which

ol cavage WHAIEERRY “he’ s Phozyme contai ne a region of RGSPABLIMREA cn

are conplenentary to a region of the target RNA, enabling the ribozyne to
specifically hybridize to the target RNA under physi ol ogical conditions,
for exanple in the cell in which the ribozyne acts, and an enzymatic region
referred to herein as the "catal ytic-@dbrain". The types of ribozynmes that
are particularly useful in this invention are the hamrerhead ribozyne
(Hasel of f and Gerlach, Nature 334: 585-591, 1988; Perriman et al., Cene,
113: 15756 mrle AR j : haA s Shtefdd, th&OL
Biotech;d%E?s%%ggﬁggéﬂggggﬁfmg§£%gﬁé%g?ﬁghfﬁghggﬁgggﬁégh%ﬁn %e Synshesized
usi ng metlisoidsa feeinl otkerathen fimatidreofearbemdionily ilseas sugarpor ethercarbelydeategenet i ¢
construct or expression.vector,,for expression.in the cell_ _of interest.
Accor di ﬁbP&msalsgl - BrOVT d[écgu%yaq ﬁ’iog'ﬁ%ﬂ&%?t?%thc ?lgsugs’n?fcwgh &SN S%B{hg(?%fjl e
such astigsuefiWilrd et B 08b13enit @arbdnfiea 2y Eh@phbldeyithmenddlsdr othaekidei ng
cells, tissues, organs, plants, grain and the Iike conprising the nucleic
aci d noPeleined fropy Biecwroynding sctiyam eh ewdTongenh by plepay9ther than dreddie@tonnt o an
expressbp&ugééaﬁ&(ﬁ under control of a pronoter and a transcription

term nation S|gnaf that function in the cell. Specific ribozyne cl eavage
sites WGQenest any potential RNA target nay be identified by scanning the

target nol ec or _ribozy | eavage sites which inclyde the, trinucleotide
sequences QuﬁhﬁéLU tho?fm£ﬁ%ﬁ%ﬁmﬁﬂe im?%ﬁﬁ1@%@P?“ﬁﬁ%ﬁ%@hﬁ@ﬁ€%@“@?OBetmeen
about 5gandadfifyl HRNE! RAbiekeidn AU @S RENGHiRLri¢ %eﬁé%.e AsegHe@Mepdint e kA get

i
gene 5' "and 3' of the cleavage site nmay be evaluated for predicted
st r uct uf'gdnef eeludes anyg dedxyaibogedemilarspqeesneeipthinheinelndes arpipteiegdéing trégion

ol i gonug] eot i,de sequence | es itahle, en enpl oyed, .ripozynes my,be
el Sct e P ErESEHES e an &L P e Rl B0 ek RSy g e

ri bozymegulaxghegaibnki Hevhy aisciatogwbgisad atd tybRally heaydeadjadait taidresdng

ri bozymes and RNAse P ribozynes, and are desi gned according to nmethods
known i FPeifieoRthe trasabed degine oadgifehee’ and ghends {piye distiase O%ﬁb@uti%lsh @hce,
see U. S.:.Pat ) 7). . I; iJ i fo: i may
al so beelg\lil)%l ﬁg‘%’ecl\rﬁ b?%t gigt]alrcggtﬁ% ﬁgﬁ?qﬁ}gg@?ﬁ Hn%dcg/oqt%éﬂa{/ﬂ%rs 1 di g% | or%&f/e\n%f h
conpl enentamcyrsoterrgmation end/pdpalyadeniytagion isipmalscthatase nprundlbcassociatad sdiisa
[00126] As with antisense pol ynucl eotides described herein, .ri hozynes of
Lhe | nvERERGHTEN Bl PEOTA S SOT RO M ERYB R dY BERGo1% 1 S gReiedp oot
mol ecul eciifnefic @4AID| BheAdtqIERNAs QMG Jo@itdd0d YPeIR bstBnP Y diHISEh R8icRER | D
NG 2) under "physiol ogi cal conditions”, nanely those conditions within a
cel |, espeeitain the ok aroreseriad ta aplSanen-trendlated sdquances. Wheaequsncdsavliey cel | .

it ouREoHORG ShCREaT Bt P cgding HREh AT pCE BREH an BRI R L

whi ch megfeiRedito &CT WibonenadsigrRacuGlenctly ThHaRsa Mxpid" Ghcdhpifsés Bdth FBIN AL ag@ne
encodi ng such dsRNA nol ecul e, however does not refer to the conversion of a
singl e 8eRoapigdornIgt a8sPecul e into a dsRNA inside the eukaryotic cell or

pl ant cell. { nt e, ity ohSaP i r . jfically
reduci ng thew“LS ?héex%%gggylg[%ﬁ géraeengﬁglr %?#1}%1 I?ét#ﬁggdttlheelfeg{lggﬁgﬁ %n of a
part i cuheeleqidet signencAl énicodigp steath wisthasegilt(GSHe ih ibarleydwhightdaeaeydily be

Wat erhoyse et. al.., Proc. Natl. Acad. Scj. US A 95. 13959-13964, 1998 have
or ov1 detSAnGHIEH R G SHECHERTDY GHFGHOBSI BarF BelssBHE 5% Bftce

pr ot ei NpRIFQEHECEHBERImMER & bha&NS9I %@%ﬁe F&bis @S a McletCach] ARERER, AhidSENAbe

mol ecul es that contain a sequence that is essentially idenfical to the nRNA
of the gesentgh drrisdated tirom bpeet ot fentwdftherefare spapribipg nuhisotdeN Vg2 be

produced. from i ngl,e ter.in r inant vector t~cell, where
Phe senceasit B SufeelSORTHENL b BelTPRRedPRhe HREH I SR BTORS: i Rua
in which gréferreé REModiMEnd Nt SSENSEheSIe RUETIIRS gdheh bi theZ ST rbefiimst 1S SHRNA
region with an interveni ng sequence or spacer_region fornigg a_ |l oo

st r uct uPEteiBo epdhe oh aThigll miawNpe @ppkind e dny ot dhmof dBp aspactic ofirtee lq‘ﬁ’ég%si gn
and pro L : SUH : f I toNn. 1S

el | " Tk At R SO L P B P2, O e TR o hiER] WO

consi deputng SHQ 8D hNgese et al ., 1998 (supra), Smith et al., Nature, 407:

319- 320, 2000, WD 99/53050, WD 99/49029, and WD 01/ 34815. Accordingly, also
provided by this invention is a nucleic acid nolecule such as a chineric
DNA coding for a duplex RNA such as a hairpin RNA of the invention,
including cells, tissues, organs, plants, grain and the |ike conprising the
nucl ei ¢ acid nol ecul e. [00128] In one exanple, a DNA is introduced
that directs the synthesis of an at |east partly double stranded RNA

o o M M o . o o - e —— RN I A



[ 00130] The pronoter used to express the dsRNA-form ng construct may be any
type of r it the resulting dsRNA is specific for r ct in

t he cellg&ﬁgggggl$%fgeted for destruction. AIternativeI§?Tgﬁ§8ﬁﬁgﬁ% er may
be lineage specific in that it is only expressed in cells of a particular
devel opnment |ineage. This m ght be advant ageous where sone overlap in

honol ogy is observed with a gene that is expressed in a non-targeted cel

| i neage. The pronoter nay al so be indggible by externally controlled.

factors, or by intracellular environnental factors. Typically, the RNA
nol ecul e i s expressed under the control of a RNA polynerase Il or RNA

pol ynerase Hi not e d e t i Sw%¥§;
pronot ers. IO(W [&%@%@r &scﬁéngn@%&kﬁﬁtﬁgﬁ%gﬁr&h%gﬁf/géeégzy ata d RNA"
conpr i sibagneirupedswitR honesgldgutdquendes abraotdi egoldvomingtvenaastegdbl sequence
identity.to the coqg%gn&nt of,.a nqcleotiq$ seguence of ag RNA transcript of
the tar gRHCTYEHBES SEINARCES’ (ABCHRERIY 4SSl Dereiyss & ek o) a,gengsvBichs g5
(bot h decHiEMEs Hea8l & 4 REATBP R Gafieripe b RN prestat i ARUASKrd R A
silencing RNA is an RNA fol ecule as described in W) 03/076619 (herein

i ncor pomatleahldyy Intedrer ngenovehpr i'wlinel aut"|feerstthe puelsaser piinayy warscept i des

havi ng at, | east % sequence .identity to t e f._the target .nucleic
aci d or YFESc %‘r%ef%g]ﬁe At taﬁ%etngolfl, &15ngle¥sﬁpg%e ?ﬁ\{:‘% n@ﬂ?{g%ﬁg ?rgrqngr é‘?’y- doubl e

st r andedediggtbOnelageate SaEh BeehtHancdM) OBxdhé6@d Used herein rERO18He NI @RIASs
regulation is a specialized branch of the RNA silencing gﬁthma t hat

evol ved *PBFERCRLingdn dhe RYM waneses whisk o s shihespaiaistnBNa ortiamepres.

M cr ORNAGN Ao oG ohdeS \HeAS e GiNATRblelfAS nbhithnddlicy SOFRHEIA HIpaRAE |1 ke
el enents organized in a characteristic partial Inverted repeat. en

t r anscr idosidg trmhsiatodNA specifsthgisepieneessar drdemperaniad bhyidh asepascerdpostpentidooped
precurs RNAs, fr o, ich the mcroRNAs are subsequentl rogessed..

N1 cr oRNALS 418" {85 LI oea s ST o Qe @or euls o QR ah of oG OF BF ZELEi i Ruas
are i ncorpes aletidndcibedChdréik ang anRhiprase i MicRofi8e feqgiehdd eUnglonsWgset of
Argonaute proteins that exert sequence-specific gene repression (see, for
exanpl ethavebavgr Angenpaney hedrieodupedhinto pptapgropGaivovictes, fos extragduargssonz)s;

Pasqui nel I.i. et al., r i.n_ CGenet I - 200- 205, 2005; Al neida and
AIIshiré?ﬂq?%%gg“t%F%ygg%%Bﬁﬁggﬁgﬁﬂg§§%gpggﬁég?wherein i ncor porat ed by
reference). QoEIG)Pr @&Shsed herein, a '[cRdsiR] gehaOkdTers toRhe @ehathabisoh@ @l edive
approach that, may be used for specifically reducing gene expression is

cO- suppi2ERspits natiye lpestinanT sl LEUBERH LBRSGERPTISES FreulajRry |and Agasesibsdd but
s L NOUGR YOl Rl GRARES i 2% Glol RivhRBhertENE nitul& BRI lniRgle1
that regard may be“very simlar to many exanpl es of antisense suppression.
|t i nvolgess nayt cadpdsengegalatayt equaopy aod cadgenseqoencas fthatgare nderivhérfenfi i nt o
a plantd@ t&ﬁ "sense ori?ntation" mﬁtqirqﬁgect to a Broggg%r fgr its

expr essi ‘G Ss O S Y PAUTEFL I LOIRRSCAURESHY B af P B G $ame
transcr isphicon ban thrkdngB$ | @t hOomafuhdr tiffedGRUTDN Bfat tRREnSCAUARRE:. I ThatlieMB tO
the sequence in the target gene. The size of the sense fragnment, its

cor r espofRingerROUs) it uyeddreraie fretefas dp esybstaned thatds degradly yesehberopredyceddnt he

t ar get n r f t nt | n escri he ve. . me
 net anc ol PrEEAr el a 12 585t BRRRRDDEIIRIEES diCReh AR IRENRaobR RRC
expr essi"amio@éndusegdie! geferPlantnagen gendef ek and@al ocanele id thePadinie of an

speci fication WO 97/20936 and European patent specification 0465572 for
met hods OB32NiSHp| AF¥ATS REfeH - KEPPPELE] BYCleip ekhawésuleTHglortq dapslelc acid

CcO-S I : 1 - - . St : ise a
UPPLESS ‘ﬁ%] wicH %géd&n coftfnicted &%9&%@;&& rgmggglrg%@%mymah&@?g@g :me'

| argel y doubl e-stra RNA region, pre sing a nuc

| ocal i zatrimon "$omgiml , papnubdsntide'beokr | fexVEm@84 0p6Bh8cleotide” drO00h&dtoldgopsof

t hese technol ogj.es, far, reducin ene expression,can be used tg coordinately
Foduce. PRIMEESE i GRE Fefido SER St RGE LGt ie MucRRA e &P Becan be
t ar get echf agall B$ experlBORthYMmAiph18fi s eTh Qe MRIudVpchd keflehfd fBule@i Rt efi sbhe
genes which is” in comon. AI?e(natlver, unré%ated genes may be targeted by
i ncl udi Aepenasl the piteodueed sens dontagrsesomanedifieatifine(e. se aanutpiéeyl o prasapee ohg a
differen .TIhis n .1y .beg do fusi.n e Lt 1.QNs
inder ¢ NEeRaRE aTReTa B TG Y T Bie R Rt BHP ebilf PEHtA B eBERASC

aci ds i pekgesphaybe gehdssthht a0 ShigrtBRint0A non-nativk @Bdahidm, Aativeigenesdhtrbdaiedi ques
are available for the introduction of nucleic acid nolecules into a plant
host cell, well known to workers in the art. The term "transformation"
neans alteration of the genotype of an organism for exanple a bacterium or
a plant, by the introduction of a foreign or exogenous nucleic acid. By
"transformant” is meant an organismso altered. As used herein the term
"transgenic" refers to a genetically nodified plant in which the endogenous

e o o - T



- 47 - invention, provided it achieves an acceptable | evel of nucleic acid
transfer. I in the practical inplenentation of t f o)

syst ens f‘ggigﬂgﬁggf'nprovenent is provided by Birch, Annli)gi@“gf}%b%ﬁysi ol
Plant Mol Biol. 48: 297-326, 1997. [ 00137] Introduction and
expression of foreign or exogenous polynucl eoti des may be perfornmed using
the T-DNA of the tunor-inducing (Ti) plasm d of Agrobacteriumtunefaciens
(See, for exanmple, Unbeck, U. S. Patenp3No. 5,004,863, and International
application PCT/US93102480). A construct of the invention nmay be introduced
into a plant cell utilizing A tumefaciens containing the Ti plasmd. In
using a@nt’g"a ﬁe%fcgt%ne%hﬁl%g 'ﬁﬁﬁveaﬁosﬁ otrrcﬁﬁﬁérﬂ:r E&tﬁk.ofi "Yrg{;)gg% S is 'arﬁehét st
advant ageous to use a non-oncogenic strain of“the Agrobacterium as the
vect or Gas béearingoduded tinto aherpénongenbyom cagEnintation fprerednte. dhe carmofgendirally
transforned.tjssues is. possible. It is preferred that the Agrobacterium
har bor s BPdfl r\}m%i‘def)l ‘é’g‘rﬁ’ﬁﬂc@%s@e@ﬁ? ISE’CI‘PeﬁS Indraps WHR c%nﬂ?l?sgégtl((nl) a
first Tlmlﬁm%&lebqwcegs and i RN 6€ o8 alaan @l%gﬁ‘égﬁ_la@i'onf&fa F@& innf ceglyet i on
of transfer (T-DNA) into plants, and (%) a chineric plasmd. The

chi mer i orgsinzesrsi td vdoeh thiesmsacss havedsen dons dsdhadeprogeyi.on of the T- DNA regi on of
a wld- e Ti plasmd flanking the nucleic acid to be transferred. Binary
Ti plas 'Ogng‘)toﬁﬂgs have been shown effective to transformplant cells as,
for exanple, [60F¢ri ied fr¥sdRe ifveation dnclBiliap eGbnsogtion, ' ta@62 and HBGustiad
Hoekema et al Nat ure, 303: 179, 1983. Such a binary systemis preferred
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inter alFinpaeksio Veigsawlvmicloobdes s 1t dgrain vnpelirsleaiderpr phugdsie d i n
AQr Obactagi{c)l" M nucleic akﬁ%gﬁlélyby%g?éag 'pg%ﬁle\f Lo ﬂu&l@@ti&@?})\rﬂkh’%ﬂ@g BAEHEL igym

i nclude, but are not limted t -cultivation of Agrobacteriumwith
cul t ur eRNA odrat esdnpricdtiopnl tetef, i) incdedes§ ORNA, CRNGAS, @INA] tREA|, SiRNAL I ssues

ith A t i { t] ds, i, I St. ith
Aot obace SRR GrPRg Tt PaPRUReT R BhedRlis kehlnie 7E sPHbi OB Bt hod
as descrkiflcnadeshtAl Q.lt@&aﬁh-s/ygﬁieﬁzerﬁﬁﬁﬂj ma3Cbe BRbifed WhB: calbbBddraled93 or

in wheat (as described in WO 00/63398, herein incorporated by reference).
Thi s appipstichroiein preibar materials, lahellad: wish flopresfens o oidpegoiiph ophtizgedbaat er i um
cells. Alter i vel e _chi I C const .be introduced usin

oot i nauid s Bergbl” s BT R Y et TRt lCol PTG, HElt

Met hods niaalifidd andéaidentioodowid tengale, Melinkisoval 6 tiase WRERH iantle e | gYe f or
i ntroduci {19 genetic variation into the ant by introduction of

pl an
exogeno&8lYRifE Paydeadngle-sHangedr cseion¥ daplsrtiandsst arastly dohlerpisandpilaAr s or
i mat ur t - = sl ar S | e,
Vo sna S ahA o TpNBSIRE WEiIcKIIAUR matbyle 16 hiIBTNASEERIOY, SKAAD! ©, |
1369- 13 heirpih IOVA (isd) ansétfitempledypplaic BNiAowhNb. in@p092 d668e shansted askdnan
Pat ent %)l%i cation No. 61781/ 94, Austr.ali an PateniaL gg 667939, US Paltent No.
6. 100, 449 D% PASEPRBING DHEEEhE TREROHAG SPIFIPCARd 809 Pt 1 8 100Bat ent
No. 5, 58&hde which2ovalCAlEHindNBe nfeledide?Rque dE%ﬂl@B@@oﬁpléfrﬁ&ﬁslg@s@beﬁriﬁé ants

are produced by Agrobacterium tunefaciens nediated transformation

pr ocedugeysedvistsinFefeisde sipndayd basepaisisi betivesnaiuelcetidesi thebling UL basengirbhe
i ntroducgd into enerabl.e cereal lLls. of tissue.cultured plants. Q
expl ant s.ég‘?ﬁfe&%eé’éag e%}fbaﬁg t‘glg I Os!%gurcclae%glg%sf 3&aﬁ%pf%fer §$n%ﬁ1eé’ <%t @Iyﬁrda%zgllgs

i mvat ur eloagbparof thei UlkeegBsboy akongCtikel fig] deptlved dieobt haeses Hybtitiged

mer i stena&ﬁg%ltg(l)tg%ge. I ture enbryosis%rﬁe%gr eferablg t hose from

i nflore®e Jeeans -the pglypuclgetidey ¥jbasepaired to [igoeomlented- dBfet i c
constru ) s j | 1 rati on as,
For x il BB RuER0 A iphiQHERhah Py IAD WA S 1ot BRI RRPT B O

5824, 1985 afi®078hi mBiyotisplated'als meddt material3B8t i2 FubsRhballyl 98 @ssehtialtyhiise
techni que, plant protopl asts,.are el ectroporated.in the presence af vectors
or nucl g’i‘)@“ 58?’88“%’6%%%?rﬂ°ﬁﬁlalrl¥1@°?(§?%a\9§n lﬂu‘?ﬁ BRLvea il s%ﬁu‘éﬁ‘?ag?.relﬁ’l Bt rical
i mpul sesisefatddi phlyhticdédtidet r@nytdlatee RIckid lakido tHolRaki”| ingsnd B YIANRR08LE OW NY
the introduction of nucleic acids. Electroporated ?l ant protoplasts reform
t he cel Whight is at ippsti Raetiadlycpepwiated drqmm. pmeforakly snbstantially of @eantin]ly fisetoiethe et hod
for int LRg: 1.h i i t i Nto | cell i i

vel oci ts&/)8%§ﬁ+llgfgtﬁec& g%g({ergaogi tgig S%’f/lgggé‘% :’Vdf%law{}%l Ittags %zsi Oggt?dﬁgwn%escmprg?? icle
bonbar dmetine siaten Karopamiphs tain! "ésobaed polgmeaegtidel titiclide npellygidedide dviiioh be

i ntroduced contained either within the matrix of small beads or particles,
or on the surface thereof as, for exanple described by Klein et al.,

Nat ure, 327: 70, 1987. [00142] Alternatively, the nucleic acid
construct can be introduced into a plant cell by contacting the plant cell
usi ng nmechani cal or chem cal neans. For exanple, a nucleic acid can be
mechanically transferred by mcroinjection directly into plant cells by use
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[00143] The plants of the invention can be produced and identified after

nmut agenesi s.. . Thi y provide a plant which is non-tran i Lch is
desi r abl Z‘k]ﬁr’fmslzor]ri%gzr ket s. [ 00144] Mutants can bigi&lﬁg}oyxﬂg%gral |y

occurring (that is to say, isolated froma natural source) or synthetic
(for exanple, by perform ng nutagenesis on the nucleic acid) or induced.
Cenerally, a progenitor plant cell, tissue, seed or plant may be subjected
to mutagenesis to produce single or nultiple nutations, such as nucleotide
substitutions, deletions, additions and/or codon nodification. In the

_cogt exfjI of téhl s appli ;:_ati O;g,a' a(gr.lin"i nduceﬁl mut at i (!;]E iﬁs arhn artifi Cigﬁ! ly

i nduce i [ che ation or
bi ol ogi (}:lgﬁgg-dbg%re dn(l%téae grrallesiig, ;{gérlsgﬁgn%?g@?gns%lgst&% oﬁat%%l ngg%ti on.
Pr ef er r athtand. gt iaoPNAarfeagmeint whitlathao rbsers nethowsl fions dies eequahatsi whsh are
oonrer i kB o B ko B8 lle Bobih bl VAL ET) ol
5" and 3o eleBiRah Jikd QRSpoRsniéedubh @8 [rblehRS BAUERERatS SEHils @RS T8k ®hhal e or
mul tiple nuclbeotl dﬁs. é&f%&“ onae:g1 }rucl egfgl de se uer::i:; l\éaélrggds are }qhose in
whi ch orieecombingnepolpancdestiddess usad hawin sefarsdd a prlpnuckestide dowed ideiisefpence,
whi ch be . ined by .random.insertion wthcsuitable sgreening of the
Fesul v BRuR o ?ﬂag%ﬁﬁ a%égr?mgaa?f?gﬂpgf’ %9@;?2{5?%&;{%{%?@{ ;gzrgﬂfet val o
one or AEtoenbitkdk @olyndeisotideoniay be ia b &sraeof 1eeany vector llgesweh has
only a single insertion or deletion of a sequence of nucl eotides relative
to the WKPESEPhevesione. Ingyde  ranseripienal mnd densladongh  jegnlatory augleipsaciin

whi ch aty,LepitcoRR& e iBOhid& R thgnsgequence has been removed and a
differenp nu Iceootigcée I nserted *nsi Jéllgenp ‘ace. The preferred nunber of
n_u?::jeoti des 40479¢t e&hbpr&umsm;vemﬁdmnﬁeri; o ase{jmltt alngongeleetidas| AtsibL?sed heretrhe

wi |l d-type.gene i s.a,maxi qum ten nucleotides, nore prefera Xi mum
of 6, broyebigRiepiad B polylsTeog ST up s s GuiSResth ietioy CRoace skt | on
may be 'TATAEBE combinhfidds éM@eriialstd bubiien. oagsntRlotiabangerbhanantngvag d
defi ned }?%lmt heiﬁc%glﬁ%géd Aloher ?a;;fv}?dey, %é:onsler ydgtel ve su]%;tn]lcﬁt ggnt s1 aﬁﬁdem gned
to al t esherhéing thoesulegrdt Heto 80 ph¢legtidgst ¢avgme -3z indcleatdss dal
conservatj ti Lt se. in a rdance with, Table 10
"ol AiptE, SRR bl b o8 Br O REERAR oA EREHATE R nd By

herei n dizesofnuth ianaligdaudéedtiiatis nhe kzotreglared ufos thd firinarisn wiiachaile heetid af f ect

the activity o Lcﬂ,e g&ﬂe,_ nd fherefore includes only - 50 - alterations
BaNYHE

in the GEWECREGS Caft%b @t CANRICHEErya 88qUuFnes, onTH danggh ppcleic acid

" pol yno bsid' t fhatgagiek Brel i e i i ng
stch’ o1 Font ol SET gy SeRIEoFERRARS e Aedb i FLBRISRNE BRI RY o8
enbodi migast 18 meclpdtides, mormpicfarably adddast 1 D mudfotates) mast prdferhblgfat daSSP0 gene
or a frameshift or splice _site riatd on.in . suc e. [00147] In
anot her "pf S?té%erse%]’eg 058P%W%lytaxzeaﬁﬁagnquc&eé’ﬁﬂ?ﬁ ’élggl%gﬂrrut ation in an ano 1
gene, such a%oﬂﬁng AG3BnatlbeidRs KN ak Na t ABbLAT dre typicallyl @BdASitediABERESI S
can be achi eved chem cal or radi ation nmeans, for exanpl'e EM5 or sodium
azi de ( 2aigetabledale shelt ay 2 raligisetapa.dppteggam gnzyngg bjotin, adlupsescensfmeleedde or

gama ir L.at lon: i . . em cal t agenesi s
Pends 15" FuBhaRinatSot ntoc, DhpfuBishices ge AT s FFRE B9 on
beam ( HoB)eiettimglamtailele dfsark88Mrorasthangeikfladicd e o ®aihif duterdsy fofmetaiplon

breeding to oduce new plapt cultivars, see for exanple Hayashi et al.,

Ef f ect s 1ﬁ%£15 § g’l’”&g%napqvﬁlﬁ- oRUpRtagthesls. iferd 6EANRlg eAPIYC Bucleigcadd r ons
and Thei i ' ' ; At | : 2374239,
2007 and PAg Ao ek tare AR ohabil AL PR pHRAEH 7 SRyl

i rradi apblymenzss (ssvwsediyBCBAl factors, the dose (gy) and LET (linear energy
transfer, ke fqr_biological.effects t det er.mi ne .t he anpunt of. DNA
damage and tﬁd*ga zegoYarmko AP tliggRue E%Hiet%gti‘g IRYERUgE 1 %h“g%st %‘ggéi@f%r"éi ng to
t he desivhgthgai v, ld/oNakaepaBRi F hybli@sBener akftple, ©thé 66t41RNGhe B1saNt S,
many of them conprising deletions, that may be screened for nutations in
speci fi & 88t 104 B¢ speribe ofeprusleoiide anelscules defingdehareiantlari exampley vegants
backcro i . t;S~as je rent p i rder to
remove I sl AREBHAMER BT uBh B0 15 208, AGIERD, oPREE Rl HegS

mut ageni@gtasgeprBll hybridise (@ Qo) gdBirediogi Falthagent,sa isehutlebtidaarmguse ng
site-specific nmutants include enzynes that include double stranded breaks
in DNA that stimulate endogenous repair nechani snms. These include

endonucl eases, zinc finger nucl eases, transposases and site-specific
reconbi nases. Zinc finger nucl eases (ZFNs), for exanple, facilitate
site-specific cleavage within a genone all owi ng endogenous or ot her
end-joining repair nmechanisns to introduce deletions or insertions to

S M. o -~ a



[ 00152] The nutation may have been introduced into the plant directly by

nmut agenes| indirectly by crossing of two parental p of which
conpri se(ijk]@ﬁg{limﬁfsggduced nmut ati on. The nodified plants i’ﬁ@%@g%@?%&

pl ants may be transgenic or nontransgenic. Using nutagenesis, a
non-transgenic plant |acking the function of interest may be produced. The
invention also extends to the grain or other plant parts produced fromthe
pl ants and any propagating nmaterial gi5the plants that can be used to
produce the plants with the desired characteristics, such as cultured
tissue or cells. The invention clearly extends to nethods of producing or
i dentifyij : ] i g t:S. 3 0153]
Pl ant s SRR R Rl G R By B IR AR B hyridiee [PV NG
( Tar get ihegailgatitegémsh. Lincalditloms vanmtd daGeensiiiyde. ddsipnad fwhidt hdirelie dlotertoduced

nmut ati ops such, as ngvel _si ngl e, bas ai.r changes are induced jn a .
popul at {BFX8FPH %Wghqup‘écg?q% S’ctg? E%g,lo% é?ggée,g&ﬁ’éq RN W ‘?rﬁét‘e SPSEHEC part s
with a gheRueRbtides RESRd ﬁérefrﬁf&:b@fgis@n Probid, SIehuslYaNG AAd th BRY Sretlifséi

generati on where nutati ons w e stably inherited. DNA is extracted, and

seeds avronstherhegeinrdsaeriiel] seuuavees obeordreedvgreions thereafwrevasiante thereeSour ce
that ca ntgﬁorzlaacf%ess?odsrfg eothgrdé o v?arntsti mne. - 52 - [ 00154] For a

TI LLI NG assay, PR éri ner 8 are de I'gned to specifically anplify a single
gene target 82Nt eTRS termSPPolyhnucledlydd satspeandl"Vatiantpand ait likd refet &y get is
a menber of a %,ene famly or part of a pol,y;fl oi d gbeﬁggrr,e. Next, dye-I| abel ed
pri mer sPR¥Ruieotided 1t theln pempismentgey plogas P anpgnspbtdial srovesse pAitp| e

i ndivid t d I : t he
R T R A S

r epr esethiat kot Mistatguished rao cunefengicsi pgheuaieedideoby dbe polditions plelaiva (1SNPs)

(i.e., several pl.apts fromthe.popul atio re likely to. carry the, sa

o yror B Ion Rl leaoBa nupaig Rgestdsay Heiemns Tenlyrisiap i SR
likely t@ridh®nhandé pelymutiadides)in WHitlebnd ot S WRLRYdQ KRt 1B ailg bse of
an endonucl ease, such'as Cell, that recognizes and cl eaves m snmat ched DNA

i s the #dgtedoordieptased mithglifiergnl n@igedidgs. tIRithisgegard.Lit NGwgB pudersiogd. in the
00155 i ' : . of f SC d t
0]V e 3 QR0 s R o OGRS R PLAGL SR BB p e o

i nsertibhsnalke wehatfepdive (phigiclep)idé wirpgbygtrealtied polnhicleotidgicinotthd he
genone. Genom c fragnents Dei n%hassayed can range in size anywhere fromO. 3
to 1.6 Rigloggal dunchiog gastivity of .%r%ﬁ‘eﬁqeae%ﬂwéﬁ%@ﬁsé@wm%% tthesedmams of

fr agm”é&oﬂf)%ﬁsﬁg% nugl%ét‘?&é}s: @5t ieﬁc&feopgl?g]@pftid%s qﬁﬁtakﬁqiﬂi‘?! érrng'm?ﬂg ot6othanes per

assay, this conbination allows up to I on se pairs of genomc DNA to

be scremgshitqeractivitygl er aslyaycleotales mgpatle IAfNGrdngiaghsetdetivel gpinghes drecthed que.

ot al | hyaidtgen S T hardslahnitaReaBy hoRae e b B R oy e <O
r ef er eng@lypd AR hndif addiséquencd mltaizﬂim%\? i hbblebed seﬁﬁérﬁ:@ yaBd@fdancy

mut ati ons, hi gh-throughput TILLING technology is ideal for fhe detection of

nat ur al offse gaettistrodeslhetmsepobmucientids yasigat'i ang "snpriantkasninchsieolebydlys DNA

by hete { known sequence reveal s the nunber and position of
pol ymr%ﬁ%ﬂt{mﬁe@e@g V%Ig?lﬁs'nucl eoti de changes and small insertions and

del etions ar @088Ent By i"estrespowdsud! ng"atrrdspasniingswitds repepd polyatdeotide (a)

pol ynmor phi.sns. This has been called Ecotilling (Comai et al., Plant Jr. 37:
778- 7860avigRpa ucleRfisiespquenge ﬂﬁa*sﬁpsug%tm% lyrideniical on qompleineniany fe.eld opEWSt i on

W Ehi N 8 d RerBicd BYiiRRdd Wiben@asIbARLAMYAR 6t BAd AaRhYLHichASe® on 11 S
nmobi lity. Sequence data can be obtained with a relative smal | 1 ncrenent al
ef f ort asammoadcidjseguencefin tipeptedenay protein. This phrase also includes within its scope a
peptide or polypeptide having an amino acid sequence that is substantially identical to a
sequence of amino acids in a reference peptide or protein. Terms used to describe sequence
relationships between two or more polynucleotides or polypeptides include "reference

sequence", "comparison window", "sequence identity", "percentage of sequence identity",

"substantial identity" and "identical", and are defined with respect to a minimum number



anplified DNA that is used for the m snatch-cleavage assay. The left or

ri ght se I rimer for a single reaction is chosen i roximty to
t he polyﬁgﬁgﬁpgﬁygéequencher - 53 - software perforns ggiﬁﬂhﬁgﬁgggkignnent
and di scovers the base change, which in each case confirmed the gel band.

[ 00158] Ecotilling can be performed nore cheaply than full sequencing, the
met hod currently used for nost SNP di scovery. Plates containing arrayed
ecotypi c DNA can be screened rather than pools of DNA from nutageni zed

pl ants. Because detection is on gels with nearly base pair resolution and
background patterns are uniformacross |anes, bands that are of identical
Size ca i st ep.

%fﬁlﬁclg&ﬁcfeﬂ%ﬁj amﬁﬁ&’ém&'kés&ﬂl‘é?&' 5\% g%g%gétl HS W&Qe%% Jg;é]pée Rehglye

In this wa t1 mate sequenci ng l e an Iclent, rmade
nore so aby "ﬁdmﬂf)dcare tused mtlamhaxhgeqblgt}samﬁ tb hefes a;m;h@@ﬁtept tdt seqzaenemdaré or

screenin be su uenC|n .. ic link 00159
ac. teod MEATERON AL ov-GRrERice Dar of FRRBHNO FORdD SO SCHAPRS O EbELS and
a secondyih @Gy SofdebMPaddsnl I8Nk gpe%eﬂfa%eoé‘f FeRNOTOSSRy 'f@fcakﬁﬁiéd% | be
inherited together in nore t han 50% of nei oses, e.g., not ran domy. This

def i ni t icomppieg thde sptimells el gread; ssausnier evar ke wamdest of exaparisael desroneing ocus
f orm part of e hi fln t|o e

it uat ;o b SR8 oAbl TR K SRl e e ot B8

res ponsu«ﬂﬂmcﬂmmmhaclﬁrraslﬂu@@e d. m1er1as>t Sé&l Thetdier VAOLels IlehBhdldarkerrpl DedJs is
directly "ljinked" to the henot &%ﬁThus t he rcent of recanbi nation
obser ved\Betlite &3P+ HBL A58, BbrCY@@ﬁé t) BWU(%:@rhqt Fapsnces (e mjold thanumbss | ess
than 50.or DRkt hidis, ﬁfv?cﬁﬂ% @i‘f‘e”ﬁlinGJr 6f%aﬂcﬁé/@ BBélﬁE'n AR 1ot duptlel RffEd

| oci may be 45, 35, 25, 15 4, 2, or ess cMapart on a

chr onos eusitiofy &f ‘éneafﬂlnglowtdf@onnoakmns(l &l ehd wisloth sme)5 and\/trmlﬂtqﬂymgjltmomsult and

nost pr 00160] As used herein, the "other
genetiC%W§P§2?¥Mﬁﬁg§rﬁ§33%% ﬁﬁﬁ@&ﬂ%@édﬂﬁﬁ hare linked to a desired trait

of a cereal Emmq sUGl 85 beay 6f DoleMcleSHED MBI KeT Sctanfindeldy knepn to
those skilled in the art and include nolecul ar markers |inked to genes

det er ni tiNgefleman erd Wpogchy Jsé@é SipledS st Brmts, 197®) @alypnséﬁﬂqrmpgm)owh agr ain
lity, t
dont ent € ol JeRREY, b d B> beBpin BeRUT02. Srltacel PRE BirehfisE il ) 1

Mar ker a@ssiysdeqderrelieat lcast 45 naclvsides hie tagth, 2ad tnet}wqdaMyﬁsehlegﬂslthg tiver
het erozygous plants required when _backcrossing with a recurrent parent in a

cl assi caPTUSPESA?YE 2pi8LaRh Al TRST o OIS of Tofiraly sthierflusae frayaRdecs 36 s

gener at i QR Y |nu91‘30t1d655141 lenfR! SEPIEIBUP lyﬁg]ghgf%nfﬁ Q(NOI $& %rﬁ%g ofgr gal Iy
present in a 1:1 ratio 1 n a backcross population; 8 ecul ar marker
can be uemadn b adil@si ih@ﬁmude@thkst Wdom| prefeeablyf thbhmegesmlueﬁ;p E)ﬁtrleast 3¢ DNA

from for exa n 0 tin eci fic marker for t he
oo gr SugERIRIS et oo SO0, AR LR IAE tad e sEpBRES hF algreRar o
backcr 03&isng0d ﬁuaaﬂmemrlaﬂea@tnmogm RAS J0OSRWE GRSt S0P EIRBS [rodLH ag. f ever
pl ant s. [ 00162] Any nol ecul ar bi ol ogi cal technique known in the art

whi ch i Kefaprgs| dsomaydeaptdenty the BMAST BmibnoSgogranes a5t foe exayeple disslosbé used
in the t hey.py i i ?%ﬁh hut are not
lim tedﬁg? M?%zﬁelo%ts&el 0 g]egg g%df:? R%gl %§ ﬁ%Pi i catﬁ%ﬁﬁgig S%€8810§0|fc?e§%ed‘u%n0| ng,
nucl ei c aaaliysls kyhrbedionad iin rUrwt ﬂmsaﬂ Aasbjbyl biabk| GChrpsmi@stocsisngl Roticnknd

conf or mat.i ongl Si s ng gradlent gel el ectrophoresis
( DGGE) , 9&?5&35?@% ﬁ%g ]ﬁéi)%bgﬁg it 5¢c| eavage anal ysis (CCM),
catal ytic nugheysg awwe%kla@s@aﬁm%racﬁi &auaic@%fe%dfc?tga%Qf'esgaffﬁily Bhiigxanpl e,

Lem eux, Current Genomcs, |: 301-311, 2000; Langridge et ust J Agric
Res 52: wiga3udlo FeueRan Jb)ave 7ﬂsequemve rdenmy &fl at dedsh 80 Galgmrtidwdarlyse ledst 86Vecul ar

anp! e el Tk RN E CRFIRL & BER st sl oohe K

net hods cieae Ehétdevﬂeh&{ldﬁt& 412B8s Qe RBEDER & RbertRBY irklldrad, ErAGpERN td, @RIt h
pol ynmor phi sns (RFLP), RAPD, anplified fra%gent | engt h po1ynDrph|snB ( AFLP)

and m chasut ¢ qﬂtléegr@rs 9p Bedusaes ety mifhe RINA Semjenpes, yyoriph (Bnis. tha B4 | osel y
| i nked mell known in the art,
such asg%ﬁ#ﬁé%mggg?ggg%?&%%2?@?%269%%M¥€§Pg§g%ﬁg§ Langrldge et al., 2001
(supra). [ 00163] The "pol ynerase chain reaction" ("PCR') is a
reaction in which replicate copies are made of a target pol ynucl eotide
using a "pair of prinmers" or "set of priners" consisting of "upstreant and
a "downstream priner, and a catal yst of polynerization, such as a DNA

pol ynmerase, and typically a thermally-stable pol ynerase enzyme. Met hods for
PCR are known in the art, and are taught, for exanple, in "PCR' (MPherson
and Mol | er (Ed) Bl OS SC|ent|f|c Publlshers Ltd Ckford 2000) PCR can be

1A I S o o o,



[00164] A prinmer is an oligonucl eotide sequence that is capable of

hybri di si I quence specific fashion to the targe d bei ng
extended‘ggﬁpﬁéﬁyﬁg PCR. Amplicons or PCR products or P%ﬁ§§ﬁ§§ﬂ%ﬁw%gor
anplification products are extension - 55 - products that conprise the
prinmer and the newy synthesized copies of the target sequences. Miltiplex
PCR systens contain nmultiple sets of prinmers that result in sinultaneous
production of nore than one amplicon-2Pciners may be perfectly matched to
the target sequence or they may contain internal m snmatched bases that can
result in the introduction of restriction enzyne or catalytic nucleic acid
recognition/ ageySil i i1 1 : I ¥, al so
Contain addi 1AL IR eEand o BERERACEpd PRI ICREBe pleTres 1R

nucl eot iidkasityt figirac hightathan dhgeyrevided alsive ovillosmcompasspireieond enBepieaned

cycl es heat dengturati on of .the DNA, neal i.ng. of pri.ners t hei r
T ey fhert SHBEE lneSias Soma g disthss? inif Risterteh hei the
pol yner ag&nheiekide ic@g?ﬁ‘i@@sn%nﬁabgflnuél@&kdef isgc‘?ieehgé”' whichhg taneat sehuense. The

terms tardget or targ sequencé or tenpl refer to nucleic acid sequences
whi ch ampeetenaplyi dtileagt 85%, morg peiasily wblaasid¥) %.onowi nrelerabde aflerst O, afore

nucl eot i de. sequence e | |_kn { skil i I d_can be
rocnact e ISRE M bl of Bl Al AR MR U
SequencipigfeRdly Meeaa95%ethoddipreftatsinvit fdbit I, emoRt grofdrabipat @%A9PYE made deoxy
sequenci n chem cal sequencing or variations thereof. Direct sequencing

has t he PEGERYagelcatt Wet-eMATnPieirolly izhdleash 9P, aRgrepysierahly At §Rsla?Havei cul ar
sequenc ?norg | ﬁb‘y at leas;t %%@J mEFée f‘e’%éﬂl% Q{ géégt 9@ 3o U %I?(?G EJ%f@l'aBl J8agdioun
refers to ol e plants, but as used as an adjective refers to any substance
whi ch | 99pesaote freferablyt @i lest 99 1584mmate prafedblyr @ipasb9.6%, aterd ptaferablylaant |

h f le, plant o | , st ts, fl S),
ol o g S5y RTnSis heBRbly el ahRe S8 arored mhte PReHERe 1tshIEE S and
ger m natggisged $hd reRFMHoaInste@ s QamAiNen aatis asive IDMROYEd: 362l so incl uded

within the neaning of "plant”. The term"plant parts" as used herein refers
to one or nol@&l anPrefereblyesaopoynydeetidehiadh the einypatigmenhich omnepdss adt and

whi ch . . P , _
St uot opRgrente SERHRECN s M N Sop. RupRhf Bhapdrdferk . PR B o
seed (i medrt@idigrablytyiyer thnddepeon2o@nthckeddecindength.pl ant tissue (for

exanpl e, vascul ar tissue, ground tissue, and the like), cells and progeny

gr
of the sanme. [49§8]t ePrlynpeisatides of the present BryeRenmayY Passess Wi £operIeddpt ai ned
froma (Wl I ngl-J 0, rs : rived
from pl glhtt%lg%ll}gsacrgey?g?gp?g?&%%eg’g&ééeﬁfglgpiﬁlgp%ighgg\L }\aﬁ. grﬁ Jrleégiedri?g’r 151% ée?J[lén?lst’ cq))?v\hol e
pl ant s. sPbsimitionelof swoteytidreresiubs Mutad car be elyer'maheally veesued (that isto56 -

meant differentiated tissye in | ant .or,.obtai ned,.froma plant ("explant")
o - und preqsieader ¢ radd Saubef el Al R amBRory miaReRe ke eads,
roots, shN@ichesif bi'tehucRM dgm),. tunor tissue, such as crown galls, and
various forms of aggregations of plant cells in culture, such as calli.
Exenpl ary pl 4089 s&h@@quﬁntdﬂVefml@mf%fé@d@ thy siriagensy pa hirpridizatian ¢onditioas eur one
2yer a9 SEREXR. clRR WPXSRUASRLBSHOI QW Kol RGLUIRE P aRhSRDM 01 a0k parts
and products conprising these, parttcul ar rain conprising fructan.

[ 00ﬁ67] hégein) seﬁrshlelrthé F]E,mlidﬂzﬁ:uie@rmh ibgiba'traﬁgltfl ebﬁaiiﬁoirl]s; a?&bfﬁgén&ﬁﬁdib@énﬁa opl ant,
such as is typica arvested commercially in the field. Thuys, the term
ncl ude SRR ERARS AU, Sing BridationAndashing The highen jhe Srngeaey-d8ei ng.
Mat ur e : [ ; ; ' ont ent
of Iessqk}gﬁkg%gﬁpﬁfggggé?%OHﬁﬁgﬁm€%gg%g$@%P%ﬁr nsd%ﬁ?@agﬁgﬂ?béggﬁﬁggd

her ei n dafeded polynaclpdtidetseqiance Conba)i fiStriagerd renditinss ruetts trotemperande iand a

wi | d-type .pl ant. of the sane.spegies, variety or cultivar.. That is

t ransgenf” gpﬁoﬁh?lgnf tulngﬁfsfwg&fpean I %‘ltlgﬁudrfoﬁetqé?weﬁ th& an]&lggrii%%quef‘%y of

t ranSQGQQﬂlplelﬂﬂintér?%éséﬂ dilmatybeiant Al el Oerdif, {HRE tdrimaMsfuRidims dder The
transgene may include genetic sequences obtained fromor derived froma

pl ant ceélringersy, apedingr stsingprcye dligh sgmgsnesbnorpiveryt highusiciagensy eonstinnsét i c
sequenc I : g i deint . by
uan s P E g ons P RRSRER nd ABoRAE Lol Rl B At eigRaREh Y
can be usdomscamnise fifund ki |Ausuibelteéhel. afelds.),eCogeirZ@otochheingedoktiler Brdleph,al i s
preferably stably integrated into the genone of the plant. The introduced
genetic material may conprise sequences that naturally occur in the sane
species but in a rearranged order or in a different arrangenent of

el enents, for exanple an antisense sequence. Plants containing such
sequences are included herein in "transgenic plants”. A "non-transgenic
plant” is one which has not been genetically nodified by the introduction

e R IA 2 Y



with an "enpty vector"” construct, and rmay be a non-transgenic plant. "WId

type", a in, refers to a cell, tissue or plan t been
nodified%ggéﬁﬂgﬂﬁé to the invention. WIld-type cells, t%giggbgﬂﬁ%wggts may
be used as controls to conpare |evels of expression of an exogenous nucl eic
acid or the extent and nature of trait nodification with cells, tissue or

pl ants nodi fied as described herein. [00170] Transgenic plants, as
defined in the context of the present28nvention include progeny of the

pl ants whi ch have been genetically nodified using reconbi nant techni ques,
wherein the progeny conprise the transgene of interest. Such progeny may be
obt ai negohy Wak{ & &dnk! i\ﬁmii,t 58165 6 Nfogar 'z?@feﬁué 238 SERM fue B RetiRds Dife
crossi ng such ants with another plant of "the sanme species. This would
gener al Idgsdrbed dnnibdukrefeenth engrdthec tdanrbeoiisalt Speaidic bylwidizatioei ennditiopse

defined herein in t.he desi | ant, or plant o n,. Transgenl.c plant parts
i ncl ude r?i]%reé)gf)t}éer%mdarg e ioﬁg’f“%s Z]Bdlom gﬁ{nge%caf né%éqlﬁadmphggl té(ﬁ]ssg%rﬁeh)%:uch
as, for ng¥adRhon &bt M &didmh SHi@Sde/soaluny TitaRél (8805 aplagst Sfollowed by @R 71]
Any of several nethods naé be enpl oyed to determ ne the presence of a

t ransgeé@shes & (kRS oYGeb. 16 a?S Fto?0-8XHripPl mesium neringaicy haytsidizasieni on

PCR |4 t i d
bl ant, " erRBglf &Y kb BERelmtoR 3 R SSC i akoH 3515 BBveR b Bud REMEAPS o
ot her metdshelsin MNX 8¢, 0.eYeSDRan teelC S 3)diiph bringkrwuyt isybuislidagon condtidnsoaral

met hods and the PCR r jon carried out using prinmers to anplify a
speci f i éoqulzfl?iﬂqe% 8 et Hi: éﬂfjwq%! bycAmstel AP fpsheten O S feld®and
non-tra fsﬁs)étf@dcph?&%rf Al hCAAARIRy hPbri B BNdRRnS 8 BP R For ditiof ih!

anplify a region o romthe tranSformation vector reading into the

const r u®t5 Nhsbditre phesphateebyffer.nBh SIS agefe€, foltowedrey orene obrei wasbeestt 0.2 These
primers W I mld.fy a fragnment if the plant has been successfully
transfoPﬁ%éb’gﬁsgr?@##aéive met hod to confirma positive transfornmant is by
SouthermdngQ%ﬁhypridization, well known in the art. Plants which are
transformed nmay al so be identified i.e. distinguished from non-transforned
or wild-type %t sThy tiseny preloestse’ o expioptie’ corf ergceeraly tused
presenc ct ] n Q re t f

B For od HEEREhET, 3R TRl SREicHEN ang o fRBRRIE Ss el IPIENG KERAD
such as vatitgs,eshushal ciodficitioas eambdgsvaridyor derivativé006f 712] pdlypeisieids hdriken,

“germnation" refers to the energence of the root tip fromthe seed coat
after | ABIBHER BhOcSeRRKRsiSR: Sn oFa BrepeRupd: tistlyuri 4 pelipsiiesFeleBdds | n a

popul at i;gRh1ykHpEiRe RY a8 BeBh RSRA@RIM B BpidSInReit IafRis, b@Er P&AMRE 6nd OF 10
days, after - 58 - inbibition. A population of seeds can be assessed daily
over sewdreamaegpdestvatidwhishrit iseissdvaatebinniteative stape r Reefiralgy, the snbstantilly W t h

" ger m nEPrBR P Biaiididn B B2 et BEE ek Dine ortBitenlt R Srtcht ety
ger m nakiwdiatedl ByOtedohinahpsgpaptides @eMSarits rﬂﬂyﬂeﬁﬁ&é n@%usiBaécodbingRgeni ¢
w | d-type_ seeds. [00173] As used herein, the term"barley" refers to

any sped§BBigyes.t e, darush HBe dewmssssioncPlidi Aepoptbipahi ROYRuclseiide o, aaeellwel | as

pr ogeny f i pecies. It is preferred

t hat th§&%§%§$1ﬂg&%ggg%ﬂ%?%gghgggggvgg%aﬁ?&ﬁﬁ{%ﬁ%onnerciaIIy cultivated
such as, for [@%ipl| Hlusaasta polypartides hbviugiSSHr ackiaity et/ safoutinr teuaywancgar e or
sui tabl e for comrerci al. ugtion of. grain. Food production .. [00174]
In anot ﬁl@{m%e{@%éﬁcrﬁvﬁ@ 1p ﬁff@fﬁ So nxﬁ‘f%@’ingé’s tﬂf‘aPreéW PRUOTPRAPETeA| Mihatd
product $inghtish @%nbﬂiﬁhﬁtﬁdrpéﬁ} sgin ?Ely‘p@pti&ﬁ:@ fbbink e SRRE R1d {8chdRE edusihon,

the grain having increased | evels of starch conpared to corresponding SSlla
mut ant  dk &ERSID NiGH 2 andredwreldy bessting yhrianth cotrested versiops temeof apdvprems t o

correspondin i d-ty rain Pref erabl ¥,k he plant, from which the grain
i s obt agﬁgﬁscﬁg\é\c’l iéer?lélcfﬁglé%s &Ver hoaf/m§§bP3g éa/toc/ft’ F?ﬂ‘{é{}c‘? ieptf&- endosper m duri ng
devel opnent . [§092] pl avith eégardeaopd elRfinéd ipok@eptide) it Svilskd uppieoiateiond: %
production and in particular for conmercial,_ food production. Such food

pr oduct i¢HtiR; BEeres E’cﬂh@d@a{l [ROSEEED HEehRbIVEGUIH engemgrss qrei§iRe embpdaents t hat
m ght b | ' i€ ' : o ' ] t
L L B e e R R R L

pl ant haslyaeptidectomrprisen e amind atidissquence edsadisrat laasi YE01 mordpreférhilytay pe

pl ant. The grain may have a |level of activity of degradative enzynes,
particularly of one or nore anyl ases such as a-anyl ase or [3-anylase, which
is reduced by the presence of a transgene or an introduced nutation which
reduces expression of a gene encoding such a degradative enzyne in the
grain. Flour or dough from such grain has desirable properties for baking
or other food production. [ 00175] The desired genetic background of

I o .



[00177] Starch is readrly isolated fromgrain of the invention using

st andard t.h for exanple the nethod of Schulnan an

Starch, 4 2@@%” 5 1991. On an industrial scale, gFﬁﬁﬁgbﬁﬁwfmﬁg can
be used. Starch granule size is inportant' in the starch processi ng

i ndustry where there is separation of the larger A granules fromthe
smal | er B granul es. Food products [00178] The invention al so
enconpasses foods, beverages or pharnr®8eutical preparations produced with
products, preferably those conprising increased resistant starch, dietary
fibre, anylose, 13-glucan, fructan, or other conponents obtained fromthe
pl ant s %asgg@%n ke bidferhbly %V\}]éaf{@Sﬁ%BrefﬁQférﬂ hdt 9094 et phdtElabfeatt he
maki ng processed grail n, eneal , flour ough or ot her products that
m ght bée®h9 1%g medé prwtferabiy @b leastr Y% m@mqmieir'@recb@bu att lﬁaﬂh 93Thenge araferablytdie

i ti duct s .d t f

i o ary 1PsbP4R ST BRLH A ot E P SRR AR et SRk e 2B o
food appédscardoQfford PrefdibbTont RARVILhOR: préerdbie s 1885 O0%, mdw@sperférabryeafters to
r - Hono sapi ens. e grain can be ‘used readily in food processing

pr oceduneast 9l %oharase qreferablis @t -leash 9% 3o e mare roreiseablied 1aast | WeB %ogmerad,

ki bbl ed lsb d
(400 oAbl PR 8 9L kG AL PLASHE b3 OB T DR BI epoBReocd of
may be mhen pmferhblywatvlezrst 69.5%, moate prefeiabdlysat leat 99)8%1@&1& ebat imvacprefisatdyoduct s

such as b ere , ads, cakes i its and the |ike or food
addi ti vé‘% § eH’iﬁE éﬂ&}%fef?ra%wmlﬂﬁeéégﬂt@uﬁb £o make drinks, noodl es,
pasta or qui qbo%}upsmem%&rtﬁy b dpcﬂ&&éfiﬁﬁ&%el@ﬁ&é Y@Qn&tﬁ&%&l%pﬁ&@'oﬁn (BE t he
i nvention are particul ar@%/mesr re breakf ast cereals or 'as extrud

pr oduct sleteThinedtbar@AP ¢Ne an awhPonseit é%‘h&sulw)) aredspoGE @ gragnaro) Wah or

oi | products such a garine_or tshortenl al-ad dressin e ducts
such’ as Ry SRt gle £y B Bl Pution B sa 3 a3R A685TPtse SERBEE.
cereal pseehiabacRYeh le@gthl\/ﬁﬂ@ﬁthef(BABranalfyﬁiélaﬂlghslt}&&&ro segheiced Oads @gloﬁQﬁ’d

materials, or the starch _or other conponents nmay be processed into

bever agdhlegst Fopamosgids. Adonsmaefgrabiiathe qusrs seAueace 1raé kestatt amimoegids inpast a,
noodl| es e

pr oduct et AR AR AR Bk SBe UAF kMRt IERLELE & BIEROENY, . o1
may be ianids hé\/lbmrprefefabﬂy ahe qmerrywquimneaad a‘rrdagstsl()bammmaedi arr 1eh@fo 4nal/ th  or
nor e of | our, or whol eneal, prefera substituting at |east 30%
and eve raég'ﬁﬁlé@&g%ﬂ&? %o %eﬂ‘é@}"e%ﬁ%ro% TqeHa &%tl elrtQOfarnBH? 361% swhorBneal .
The for m8tjreRraBg ke Hh& ?%@Qﬁéﬁc@% af RasteX Rhfo 4di@UM 1€8oBalHdSthe GAP

hi ghf ructan starch 30 par f at parts, salt 2 parts, inprover 1 part,
yeast 2 agalysis pgnsTthe tye srfvendesaverfa lteH@anf@attaWOtamlwatad$ apl d dough

t echni que or 8(5 r tesclrlrrél ques as.i.s kgro ) t.h se sr:%?;l {}

[ 00180] Al tedhitively S HSEF Bdlic Orgct ¥6\ \Venfirgne Bémyrpc?B g%r‘ afed
into a faricrasopslypaseld afalsd mvphitdiiddss tHdvefudl h, Which mbGhahsQf ddﬂ’h@d

i nvention_enployed | n the pasta conposition ein the ran(ge of 5-20%

(W w) b&g"é%r% of t‘rlr@ @Hrlargther@mepélfief aft @a@%@gﬁﬁﬁt wiefearednembodiaent. cﬁhr arly
in the g i

readily gd]g%ﬁ%isye%cq y a"‘%g“éé? tsghgbis {egﬁgétﬁgcrhatrg ??g%éﬁgmrr%{e e"?‘%‘% %rrlﬁ%g al so
be added B of heleas rfﬁoﬂmﬂogmaﬂl)oactmafmghmntquanme alny Giredhs dggpsas(theyl kaintaihi t es,

or both r.ot ei n subst es. su rotein ar, fi.sh protein.
Ut ot oGt BeRiB Bhird BRGNS R BHC T olR ol e b R S d sidhbs B ne
di sodi um hydneess) phaspbat&d m&m 'ih%tarﬁb‘”&f %@t&ry;ra{m&ésy%?rﬁab present

nonost earate may al so be added [00181] O her 'parts of the plants of
t he i nvérvangan ichatbeaprepased byenrm@ucmg am@dpla&te foooldetide changanmte ansudlgiti on or

as feed _for i.nma, eaves extrac o] rts of
t hese corr%r?@&lﬁ leseﬁhnve?&frh %en |”8nsy1n ro aﬁﬁgsfieﬁlﬁegs%o%%? 1§% L?%lg - 61
- for humgamnts inckideyddr @@ﬂﬁilkfrmele@lﬂns Imsfm@ge& Jubstitatiadt ofSesidlGl, witht @eY
fibre, amyl ose, 13- gl ucan or frucéan content of the plants of the

i nvent i 6H11%91€F16é?qu§n%e‘r€6mb}?&90%9 Jelgteom inpsrtioagad spbititgim ¢ap beraags to

t | le,
ot cob - afriASartile Fi Lo pyRfbd AN HEXBRPbEIAILAR pbesddl He abibl! ©

characteristics.




Met hods [ 00182] The products or conpounds of the present invention
can be f | at in pharmaceutic conpositions which ar cordi ng
to conve%&%ﬂ@’/ﬂqgﬁgr maceut i cal conpoundi ng techni ques. Egi},xlﬁ@{()%@??g | e,
Rem ngton' s Pharmaceuti cal Sciences, 18th Ed., Mack Publishing, Conpany,
Easton, PA, U S. A 1990). The conposition may contain the active agent or
phar maceutical ly acceptabl e derivative active agent. These conpositions may
conprise, in addition to one of the agbi-ve substances, a pharmaceutically
accept abl e excipient, carrier, buffer, stabilizer or other materials well
known in the art. Such materials should be non-toxic and shoul d not
interfere wit e ﬂa'ﬁta@yt : IVE- 1 i . i t ake
a wide vari etlgﬂ% fg{ﬂrlns depgl(r%g)l %ﬁﬁgﬁéz%dhne&f %ﬂr%%{ugfg ug@gpagggf&ihgﬁfuge@ﬁwggﬁf or
adni ni stthatitonFor example0@138ynuetaotide alf thdinméngtonatanobg stbjectedripdumdgocan be
forrrulateqintoslid or ul e

iigages Soolbimhre rUhepBiREE S BrlHE ruRRoSR i B Rl

t abl et s,™Y

CONMPOoSi ti@ns suithbR Mctdt) srasFoin@h fthtdet@f intdg "Hikabr Pl B Wsi tBalE Bdi a may
be empl oyed, such as, for example, water, glycols, oils, alcohols,

f1 avor i Rg--Agent(Stratagenss apd prepasatingothe tfangfosy et bacterdq &y enshitalleaijoples ofand
the like._ 0.t C L O] 10 S: , e,
suspens csheeid; CRP EndheEimdle. Mt oRERREAMCOR o SIS ol MpRIRIRLS, o
di | uent HNGrsanfiliag tsehnmgenssbrohdilyrdesaiticd ,bydilmdearaa, TeadsnBieghatongo.agent s

and the |i in_the f aral solid preparations (sych as, for exanple,
pomders,g%ﬁg%% é@ieaﬁﬁfgb‘a%@ff@yg tesbEiES T BRGNP géagser#ﬁe%%ﬂmsgtqfa_ on,
tabl et s p0dnCARSHIOBS st BRI &RENEenk! BofPAhnAGYAB! SYEOHan Wikt SWRASE déaarotr form

in which case solid pharmaceutical carriers are obviously enployed. |f
desi r ed,in¢ladd &ffsrembgerivs fenug the-sewatpbant encagingyindlac prateies, bychstsahelwhdat or

ner apedtia s iR deoralib e el aei P BoRT R PR B 0 e °

rate angeddilfEbe etb&RAOIsiiRd tcBhighésaddsofibatl hireHERLAele@iiné e tHRgt psSesaNtbr
severity of the condition being treated. Prescription of treatnment, e.g.

deci si of¥agpleggalsynthasgashvitet c. is within the responsibility of general

- 62 - practihagpner : i.al:l i : t t he

i sorder 1o BOPNCL T esBREE h eGP it 8 KRBT SPUN millabhS,
of del i wie ypd the natetchoafithef meaidtiommstl dapéralnorapleshradtédstic{saad de anddified The
practitigners. Exanpl es of technjque nd protaqcols can he found i

Remi ngt 5}{855%%%}1%&85{11? E‘élm@g‘i%éﬂ@gg’ﬁ@ﬁ'ﬁd?.se“es’ e'g'{%igaurbquﬁéu‘%gﬁmor _
bever ageyif cHRFABGE Wilif@lacill &RAean@NhERYyiREnRAC kAGEA stRBGWs' Qpe@he OF N
bulk form The invention also provides nethods of preparing the food,
bever agepor thzaspiis echipeesl (Dr égletingt thorfangkt rasaluenoe ()i insertisg dthee cespdssor

i nstructi,ons .f repar . such foods or beverages. The net hods may

conpri séd{aﬁéntgé){ehﬁgo‘g%qe%%%esti ng the plant or plant part, separating grain
from ot her pl{@ogs] parABinoCadis eGence Xdelcivhs N@nerlly | dafge fE@APkbBGL 1CARNNENG,
packagi ng.or other processing steps known in_the art. The nethods or

r eci pes TeidyessMorR: Preserabhyegbothd | taded tasiluss apd turicaborkaskilnlg ? Kenpgunys
product of sthe invention and/or admi xing it with other food ingredients,
such as heating or baking the m xture or the product to, for exanple, at

| east 100C. To99%ret ISodistitatyon noltacte bhdve st dgusoforpackdgi rgid hesigureodctheso

that it is ready for sale. Industrjal use . : 00186 he pl.ant, products,
pref er al?Pf)’ P@Pté‘? {no%ﬁﬁ}lsebrgnlﬁ’é’ &4 2 ard‘%%lfﬁ’&tt %eélﬁuafmﬁehagé@ 1“_% é’l]-ac_ﬁr %ﬁcﬁl?s ch as,
for examgplast gitdleftbr substitutiohfAASEEentHie iRIIEREH es iMteIRkE A8 tHeSackiVE LREE).
described by the followi ng non-limting Exanples. - 63 - EXAMPLE 1:

| LLUSTRAth/BigETHODS egiNDe orER Ah&hRpagineularaesidile obtained from various strains

or species are identical. These positions may be important for biological activity. These

sites, especially those falling within a sequence of at least three other identically conserved
sites, are preferably substituted in a relatively conservative manner. Such conservative

substitutions are shown in Table 10 under the heading of "exemplary substitutions".



[00188] Barley (Hordeum vulgare) |ines used were froma back crossed

popul at i rti wth a cross between parental varieti i mal 292

( M292 (sé%ofz%)ﬁﬁ?&.gg to 11), Morell et al. 2003b (supra;"f(%mhﬁ%c?@r/?gai ned
the SSHa nutation designated herein as the sex6-292 allele, and the variety
H gh Anyl ose G acier (HAG also nanmed AC38). Suitable parental varieties
are available in the art. The HAG variety, for exanple (H gh Anyl ose

d acier, also naned AC38) is avail abk8l1from CSIRO or fromthe Australian
Wnter Cereals Collection, Tammorth, NSW Crossing of barley plants was
carried out in the greenhouse by standard nmet hods. The back cross

popul ati ons e : r | A9 | e)
o HAG (1 emalt oy e e e S oL g ey "eR 5™ The
seeds f moaystineluding fradiction @sg revereryneimatiralspdBgiplides grdduchion hel Brove8BD wer e

nanmed as .BC3F4.. To i ncrease the. quant.ity of. seed or _each line,.2 or 3
urcher Seerabingits PREPERGRsuAnd B pB BB, §h s cp SLF PR B Bear
gener at iegibodafsht Useofaedd pdliSeptidd @Y the present[ihB8h iS@Yanicyd BEhRutas hey
lines were grown at CSIRO Pl ant Industry, Canberra in pots under otherw se

nat ur al ceBrapeblef erpreasms. thropelypentids, wndsr condidivay efieedve ddnpseduceohs and
t . : ' i sel d
o o BB Baftedlertdlaim/ncBBAL °X preRERANIN Y ARAE (P8 HE@HATnY >o0

grown eicthef thxt preSinRnehton. Biftodte yyltuGanbeditions incladeg) g s ustelimited ko,
natural | ight and.at the tenperatures 1 night) and 24C (day), or jn the
el actoditeo Mgty SATEHIal GPORISEr A oih goPn  conitofo0 b0 PEaK ey
spi kes %[}%e%@&ebﬂoagctﬁﬁ. ann2EtRESE AN eRf tRhny BRAAWISh FHiSH aaRPEar ed

through“the top of the flag | eaf containing the €nclosed spi ke. Devel oping
seeds wenbuledripegtoduccap P@ypkpjisle pafstheapiebrrdiiovgibion) Such ahedwmr ypoaly of

the enbryo t.he devel opi ng,.endosper m.wa xt r,uded..t hr ou he, cut surface
g ot orcbfebibes AL AR B RARRRE AR Bito bR U by kel e
obt ai nedng app@behialshls, Mintralinidids Aud bihal haticdbspiieh dsanealiss. Qotlieet then,

Tamnorth, NSW Australia. Genotyping of the BC3F6 popul ati on by PCR
anpl i fi @asEBininvention gancdeoplivyed, iy copyertionad Agaentatioh Bersatiersrehase dleskt i on of

the b - | At : : il FTS
Syt o, SRS AR el o il ot orl SEREREABNR slehBRARE [ T3
fast DNAR id oxgeeorcditegt dppropréats pp teeombinast calic t Swwhscul @iy Cyedigns are

00193] Eqr. genotyping.of the SSIla.putation, priners SSIIaF (51-
E:CTGGAL@A%T‘T%&@&E%‘%T?A ng o P@@@ﬁyﬁ%@t § st aPti ng at nucl eo'gi de 1616 and
SSl 1 aR (5" - A CERSHTEMAI Gleibn efefs 5 Q dnkdnGvhith Jars§ éﬂljﬂgoﬁieg%g%emi de

2044 of the SSITa cDNA (GenBank no: AY133249) were used for  the
anpl i fi diakpdn"Qferably Bonpgetest oolu Cepespaninkgd't laad 3Bt [lkemetat foon likege af

(see ol S5 PabRERtQPhER BERMEoRT (ARIGHhS otk B Bselotedi e habe”
for the adilt @qtiémess afe ¢ditigasmdly Muked bad) wiseré hetassay ad jain 165. ot 0bding

chronosone 1H and was closely. linked to the anol |O,Cl’.IS also at 68.0 cM
Pri mer s 'HBRHSOAMEYCES aphasadinecTanaaceadneTSPARIredtAqesrabdaconnectedH’ | D NO;

Bt abas &) e o ke P SR ORI RN, Ty ok R o

| ocus. into a sifiglo FMNMA, WoichaficlanPAR] iethehitonslefed20toi 4 bingkOpaigpepade ki dnDNA,

1.5 MM MyC12, 0. 125 ac NTP,.. 10 pnol priners,. 0.5 Mglycine betaine, 1
i DNBORHED s (fed TSR o 4ting otelhiesE oo MR} Aot GE 19h bE POR
react i oRgniRIoAs ¢ B G RRerUR m% as ENEBAIR KSR s dabh @8 rd BRI AGy Gatesicg gt ed
Sciences) with 1 cycle of 95C for 5 mnutes, 35 cycles of 94C for 45

seconds praBice thsrdegedsprotiitls, and 72C for 1 minute, 1 cycle of 72C for 10

m nut es and e AQf Lhute. The P reducts for the detection
of the SSII ajr?r(lﬁl%bgl i é% l%/\séc?gl egﬁ?%e%lf: g%cf ﬂlwi étalﬁagtﬁneg ?egsﬁ?llr?ciec’t icésﬁa%nﬁlﬂer}%mﬁftalo& at
37C over'nisgbgulatBot fegiting @st"echuldftory SFbha omuingilar agtin sl Ko tikeh e sicafl ahf or

anol nutation) PCR fragnents re separated on 2% agarose gels and

vi sual i ZEHRF ’d’é?ﬂeoag% Pﬁ(gﬂ?ké%er( PRALY agpiopriately] Fslroppeded 1ektivettapRi ng.

[ 00195] i | ' r

popul at ieo ef)et ; té%&ﬁ@n%‘?éé’fd%f%bwgé%‘él?% tgb%%%%ﬁggag’ntgé %gﬁega&%/\g%geused
as descgehatt sehuonee.frose blilldé iretheiaorwidl bet dverrS8iak a cimutegtiliatony fapdon may éat al

i ne Hi mal aya292, and the microsatellite marker EBmac0501 was used for the
detection of the amol |ocus fromparental line HAG For the SSlla nutation,
three types of PCR fragnent patterns were evident after digestion of the
PCR product with NlalV foll owed by gel electrophoresis, that differentiated
the nutated and wildtype SSlila alleles. A single DNA fragnment of 347bp -
65 - indicated the presence of the nutated SSlla gene, a single 236 bp DNA

. . o o Y b1 o ~er~t 1




Grain characteristics [00196] Grain was harvested from plants at

mat urity. | ess herw se i ndi cated, average seed weig i ned by
wei ghi ng "_(gg‘@"ébsg%m th 3 replicates. The seed wei ght fgg"TQ@f‘%@?Oteog%g} nes
was al so determ ned as average seed wei ght of 500 seeds for 3 replicates
for BC3F7 field grown materials at Yanco, NSW Seed noi sture content of
grain was neasured by standard nucl ear magneti c resonance (NVR) net hods

usi ng an Oxford 4000 NVR Magnet (Oxfog@-analytical instrunments Limted).
Grain texture was neasured using the Single-Kernel Characterization system
4100 (Pei-ten Instrunments Inc. Springfield, IL 62707 USA) using the RAC

Coreal CHAMEE kol hg] Blent£51 L PRLNRArd2rlr AL 1R HTFRESS Y6 gFouPed

as three categories: Shrun unped. M Croscopic
exam nakkpessién hal'drenelidppdsmcdistysadior daseloproergalapadifigitebbe genpriequence

m crosco .J.00197] Transverse sections approximately 1 t hi ck of

The m dat Ehepumscip i ob g A S A e o B SRR Sy RRTI G SHLPRAHE wi ¢ n
razor blad@gonand cﬂmﬁﬁ/@% 86k isTREXHMROE s@fusceCtBat @haMéds br GahM1AE thecl es
and exam ned with a JSM 6400 Scanni ng El ectron M croscope (SEM operating

at 15 Kexpuesion eiganogxpessible genetic s§queu®8] Grain was ground to whol eneal t hat
woul d pass t a | e w YUSd i ! 93,
Teoator - Snedii Sl TheHRap SeBht s UHHoRe S B clfhichs [ BaicEBat?

P- gl ucapobmdclpetided simanapddcyisd She transcr{HablE9PHlyddelgitideate. £ o presain-amasdiagsayed
as described in Megazyne Met hod (AACC32.21?»), usi ng 20ng of whol eneal for
each of PPhmseleplidn orcether Eansplidy unges the segylatorygnirolofnd Brpmetsts Whaestherd

usi ng t Re. Bk hp@ QBB BRI of %%5%?1213&@&)&9”[@% glee Wagkiaesh doheAtfLRE three

replicate sanples. Starch extrac 00] Starch was isolated from
whol enegrorhytesstprotirelagane esombamitions, imit pandrallybprefested tetposition ajprOmotsalor Sci ,

2: 257-271, 1984) foll b t hi .and | the taili .
St ar oh GBS SR R efled AREROS CHb G SR, B8 atis Gon e B trE
(Koni k- Bag@uéleotde whidR ¥ afpessaindlely thEGhmle oS ey dibtaadtabetabéh that promdo@2284]

Total starch content of grain was assayed as described in Megazyne Method
( AACCT 6 thigpraofein egdingrigeion iheentertean its glatusalcsetione; tign dbe gep fierr whichnhres.

Anal ysi %roorflot%; 3 %Qn%%irm&sg ii§ ik?l@wﬁnﬁ ﬁl@agrﬁcgo%é %/raf.'i&t%n in this distance can be
accommodated without loss of function. Similarly, the preferred positioning of a regulatory
sequence element (e.g., an operator, enhancer etc) with respect to a transcribable
polynucleotide to be placed under its control is defined by the positioning of the element in
its natural setting; i.e., the genes from which it is derived.

[00104] "Promoter" or "promoter sequence" as used herein refers to a region of a
gene, generally upstream (5') of the RNA encoding region, which controls the initiation
and level of transcription in the cell of interest. A "promoter" includes the transcriptional
regulatory sequences of a classical genomic gene, including a TATA box and CCAAT box
sequences, as well as additional regulatory elements (i.e., upstream activating sequences,
enhancers and silencers) that alter gene expression in response to developmental and/or
environmental stimuli, or in a tissue-specific or cell-type-specific manner. A promoter is
usually, but not necessarily (for example, some Pollll promoters), positioned upstream of a
structural gene, the expression of which it regulates. Furthermore, the regulatory elements
comprising a promoter are usually positioned within 2 kb of the start site of transcription of
the gene. Promoters may contain additional specific regulatory elements, located more
distal to the start site to further enhance expression in a cell, and/or to alter the timing or

inducibility of expression of a structural gene to which it is operably connected.



[ 00202] Anyl ose and anyl opectin contents in the starch of the grain, or the
rati o of I anyl opectin, was determ ned by Sephar - el
filtrati o‘&glégﬁ?(ﬁﬁ%vvs (Gel filtration nethod). Approxi @Fiﬁ\j”%’“ﬁg%gf t ot al

starch was dissolved in 3.0 M of 1M NaOH and fractionated on the basis of
nol ecul ar wei ght by chromat ography on a Sepharose CL-2B col um (Regi na
etal., Proc Natl Acad Sci USA, 103: 3546-3551, 2006). The anount of starch
in each of the fractions fromthe col@gn were neasured using the Starch
Assay Kit (Sigma) according to the suppliers instructions. The total anount
of anylopectin (first peak, higher nolecular weight) and anyl ose (second
peak, |ower pd&yl af NGl ! &L@éﬁgaﬂ@l ifdotsCexPFesGiBATR RS

det er m ned. m ’J[Og“%%tgﬁe%pg}rsﬁlg%e?\?}ee?y, a fosee{:ﬂgﬁl&&elﬁ%c vvaxgger?glasurreag usi ng
a smal | opembly (iRked) tetnacriie)l bageme adsoapt iconalheishaed (Mar planonThederm
Laignelet, J Cereal Sci, .I: 9-20, 1983). wW.t 0 nodi fi.cations .as

dosor | bEBIH RGN HIEr e s BobppePSAbib gIe ORGPl BIST BubPon

[ 00204] <oy IeRe6 bl ehaipesl 80thB teSdehb By bXRBs8@ $n AR rBthe G defll types,
debranchi ng of the starch sanples, by the nethod of O Shea et al.,

Car bohy @ttheegh sog@7variation in 199BisudiengletechbioESelsaiveceprdskign’y aisedthespnor esi s
system ck ul.t er W Aust ral i.a) w.th argon eryinduced

fl uor es%%ﬁ{:sepg(i%f(%%s%gé? ea(l: :a%n?xcnbsfvé;‘?}l & £ gérl}eiﬁc()ergp ot 1; ql\?\e/erp éangtfeﬁuect%a? Sédfotr)y

subt r actekaigplehendospdra, ieibly o heives, Ifaig tubeed &t tobh) Ui bad efmbodifei, fai ggdmstear ch
fromthe nornalized distribution for i,t rch from an iso&eni,c non npdi fi ed
cont r ol 15 exprgsged in all photqsyptheiiq tiswe, WRIChAY serewAnd &hpl Ratial RS Yfthfes of
starch Sampl &5 GRimPIE HeASHGRA el 19 Avlved Snlodhldeient kol sepngl

cal ori rrét er’ (Perki nplEI nmer , Ielorwal C'Il V(EJ%A .nTﬁ’gﬁvissgosi %yeo tarc !

sol ut i opboteaynthesisreaciurs dubisca siRali sibhis qgpermngirs SEre (dRviAmaieslpontfer to
Scientific Pty Ltd ri.ewood dney), .using condi tions.as reported by
Bat ey eteX%rIefq's,lgI?Staér%ﬁ‘?\ég%: d§%g99§§%§éil§t§ég.s ‘\"heanng%?HEtsgflé Bhit eﬁﬁ?/’ ¥e 'Heasur ed
i ncl ude epPRYoh&SEDET diffeldnld StaB@XI MHMIARE oP &S Efr¥dsfmahiti¥ InduoMidlbPgeddinengt h,
final viscosity and pasting tenperature. Pasting properties may be neasured
usi ng t KBVIFRENeNtal conditiapa oy fertmeatst Seleelis expression @ thyyelprs bedensgrasted

distill (2. . . r . Of L Si..eM NS
at 500, PRl bbbl e, SNBSS 80 kbl
50C, hohddatm&d6r hidof theiceaditibheexpedsneddynhs plagt. er s are: Peak viscosity at
95C, Hol di ngl@it reﬂgt h, at. end of 95C hcil di ng period, Br eakdov/[vn = Peak
Viscosity - HJP&0hg Sslerdyppmpresgiondnas s tssitt yn epmpsimestationoliibs soddctper i od,
Set back bhal ity < i t th f Lhe for
W ndows O\ilserE gli{%nex .gsgf(a%le\%ors{)éé%?:éije tg?tfltg:s‘ggt&y E]{g}PSeN%I\?V%%@P?Eﬁ{gI rrgrr%gé%e used
for col ICenipaomeatadioanal ppéaifiofsubedlalar locations| 082063 thterdosdelngytosblime of

flour or_starch ma e determ ned accordi to t.he.nmet hod of Kopi k- Rose et
2" oo PRIl aRRMeclSs DR TEY BEGEREVRLE) ik iubitR i tectueBle b e by

wei ghi ngrdduet 518&(}3&@@& 8ibndle fanehngpdreto Hextq@rddnRllfilap UémFéﬂrﬁéxﬁ! &hinsigpl € in
wat er at defined tenperatures (for exanple, 90C) and follow ng collection

of the §aicaafithe seui-peoremaps organglieh (plasiis| andipitorhendidg), bypintagrationgefrtbe and
i FZEd THat C oy
Tem (o SHPgs P AR ropulatory HUGREL oA G APLRURL AR, Ko 008 ™

bi ref ri ngenc§0007f hé\ &isanekpegifanpioamtask be "ergamispeidfiaproteset iibadroaternor i
et al., 20Q0 g%ugrﬁ% . Granul e size.distributiop (by volune) of the starch
sl urri edDahds PHRAPIERHIRE B¥RISTSRY 1 oM SFUSPT PS8 Tl VR dP tTANeOBrY BSHRRIY s er
(Mast er g 1 [hg7sTpt rn, >Plf.&{}gl T t age
of snal I%k%ﬁﬁ ’J%gﬁg%bé%ﬁggggﬂﬁlgéﬂlms giﬁ%ﬁkﬁgéﬂg i ng ?}g%atll_ybﬁ% pgl&lgrgr\%? er of
7 pm Lipéxpressed gisi kel 10-fold higb@0ig]thd sppezifid fissiel oc orghe thanmnthee tassaped by

NVR ing an ford 4000 NVMR Magnet ford Anal ytical .l nst nts.Limted,
Ok For Ofbaht A isralt e oo SudBBY Blom ! Bishe PRBRMHEER i bRl iiEE Weight "ur | o
seeds afEMWeNgliRASHRde,UBxNg WWRhand xpragsdde drergrhiisly Ghé PiHee dBlbStg Oi |

controls extracted fromcv. H malaya or M292 grain. - 68 - Protein
cont ent endaspemn cdneeral, pleiss thyrtBer SRdesRermnpeeidls piomoses include the high

molecular weight glutenin promoter, the wheat SSI promoter, and the wheat BEII



[00209] Protein content was determ ned by measurement of nitrogen content
usi ng Ma ter Method using a Europa 20-20 iso

spectrone %&838&7 Hggﬁ aut omat ed nitrogen and carbon analygiﬁlkﬁ@6§w§?|on
system Three to 8 ng of whol eneal of barley was used. A nitrogen to
protein conversion factor of 6.25 was used for the cal cul ation of the
protein content in barley seeds (Mdsse 1990). Lipid content, nbisture
content and ash content were neasured3dsi ng the AOAC 983. 23 net hod, AACC
Met hod 44-19 and AACC Met hod 08-01. Total dietary fibre assay [ 00210]
The gravimetric nmethod of Prosky et al. (1985, AOAC 985.29) was used to
det er M RohgiRl okl Ypdifoibrimblerd gy Wl %%@btan%dipﬂrbrﬁ%fe ResSAARheS
were assayed. Non starch pol'ysacchari de assay tal neutral
non- st arembodsaitarslabiohprthelasenzNgry omGlegt:remeunsenh thy davemning geit.i on of the gas

chr omat ogr a dure of The t, a t 78: .1030- 1044,
Cooe raa ab 1Bl Gk i BlerL £ RO ST ohbis msisral DB Py RGP e. aci
f ol | owedhd Yo §nt itd BE afahnSfdrhed bLARY el RSO Bbeh NORItaAsiv foutdehdhehtygheo! ysi s

of the supernatant using 2 Mtrifluoroacetic acid for sol uble NSP.
Resi st arfe2igp 4 Eynctignalyin the hosy plgnt Hthotnsourreyiinglady thscéenopaciimbdiNA o

determ t ) eC

firstly, %ér%‘%fl?% élgetc és;xg(r)r%ﬁs % %ﬁhseg%oltgggodg{}%@&gmsr mﬂt 11? #1 %H&f ogi cal
condi ti omrmopme,omdttyer dping podurdérs; premetare floweplahisy sxw@rhsmgimmgpﬂmbtéﬂse

resi dual t et erm ned. after honogeni zati gn, and dryin t he sanpl e.
Star ch GG Tt TPmOTRS T U5t mrRE Car b EeRs: GrTROsETEA L6 5 861 ho

resi st any ssbaksiNe0n8N028f of A&irSA¥Rlofers; THRLE 3pdific bfdn%tbr%a(E@e %ia%rpbfe of

whol e neal along with appropriate standards were mxed with artiticial
sal i va dhatent io.r 489.2ahtto bodnldingne/u@at B vd 1Y 1B3Y93nter éalwamedn"ﬂe@aeltogtee)
enzymes sj0ol o |caI ure he a t of i dual ,.starch
i a1 & oot AR RGN R SR SRt R SR
spect r opaerhowBt Nun@d’lldusl bﬁ)nli(ﬁérls Shandre mlehalcmheﬂé &ld albetyssataﬁd)@ ﬁéﬁtfseSSEd
as a percentage of sanple weight or total starch conte 13] On

day 1, & WRBEROWBN et see, b SCBPIS, §HCYR Jt Mof)@‘lpprlrgﬁ@fef cér"c?@h%}dr é?@ was

wei ghed rakl 0 e
pr epar ec? Wdﬁlgsofvr ng 1{3%)4&14{%&%%3 anr?fﬁ%%?&a&l (?éié(g%f |1%@28%’r oXI rrately
90 niL plBarlfarenI adgtRiunt Mdﬂrﬂz@l1592}55-85@;f19]83l,\/|n@ﬁiﬁg BHiOuss pramtdtens iasidtedl ! 1 L

2l st | AR HETGo PTG 501 # e THOLDoF FRgceliad s P aien ARV o 19SEo 1 ve

days. AfM@d !ufs'u@ 'sﬁécﬁ@éfdﬁ@ot@ﬂe@dn@ RrERIYVAL MOMEr BRat%cH mﬂ_ﬂl&rﬁtl Hitidi AW RRS
(Sigma A3 e Vi-B from porcine pancreas) per the carbonat e

buf f er \Mdfgcfp p@é@ﬁet@allymoard@ufw teshsaripéionrini Cfert@matlssyas pr/ anéml egrfapn growth

appr oxi f ood.. was About
15750 s Bhg it Wil Bote ol B ienaaih igin B ARIE B orfonsoREorery) mt
pepsi n (pﬁbtgtlﬂia)Fﬂuft @ecﬁﬁc Mrdriﬁdt,erspdﬂe %ISG 1m6&@§oﬂ@stﬂih sasotdr ib8e) Egvpsonasteed t o
each flask. The m xing of the anylase and then Bepsr n mmcked a human

chewi ng desfsl §%r‘i’ﬁlleellﬁ@?6reéa§m§ﬁ4 ng: PE1-FD. HOR8 apd DedlePemmauts st.efla 37C

f 30 t th 5
07 20, TRy B3 oo s BT, o RRBEIY ghiBeiatt
pancr eatblyri\/IedmyryeeterxtRlaet Ceiit &i I5pP22 1692, rMeﬁbem:}r ezatzzl NPlai gni, 6 19e624, ne

4x .USP t 28U of | f
hapor o1 11705 SHHEPOK A HocklbuBLLFErTE ShEaber ey Jase pOR! 1 bt SERLS | aok
was  cappesbovr tihbatusry NCHM S@tﬂg BRG0P af D aﬁd M@htebn 1p ahQ@r§tP&ﬁ‘erﬁ

reci procating water bath set to 85 rpm On day 2
cont ent NwP,164846).1 ask was transferred quanti tatr veI y to a 50 nmL

| | f
Permorature. WHSE AIRRERIND R SR rtin iy Hoche BB SR bg s e ce

times wiokh d’éi/dﬂpﬁ&htdl\l?’t Rgulagdnproyiowd rwigxh ig cih®ld ubanwngte)@@btom&hthbo
break up the pellet ol | owed by centrifugation. 50 uL of the |ast water

wash wadntfeeedipolyarelentideotanTainsRmsial deslonmentt sase efbbepdatoPtier eés-

| ucose. t rified
neter and TonaREhoS yHeh, HRFTE SHRRRARENNE IREEHAE Shop dihsQoRi
TP18/ 10 emh&rﬂaemnEﬂ%N&Gegwmpereswa@ khowh to Phsooskikbeit & the met, gpuhedn inatuideel y
transferred to a 25 nL volunetric flask and made to volunme. The contents
were m xed thoroughly and returned to the pol ypropyl ene tube. A5 nL sanple
of each suspension was transferred to a 25 nL culture tube and i medi ately
shell frozen in liquid nitrogen and freeze dri ed. [ 00215] On day 3,
total starch in each sanpl e was neasured using reagents supplied in the
Nbgazyne Total Starch Procedure krt Starch standards (Regular Nhrze

~ o P~ NN S\ S o o " o o o ~ o



Quantification of water-soluble carbohydrate contents [00216] Tot al

wat er sol uhl rbhohydrates (WBC) were extracted from f OW ng
the net ho‘gg&ﬁllﬁﬁhﬁ?and Hatch, Planta 197: 385-391, 1993@§#Wﬁ?é"°%%| owi ng
nodi fications. Wol eneal is defined herein as the product obtained by
mlling mature grain, wthout subsequent fractionation (e.g. sieving) to
renove the bran. Therefore whol eneal contains all of the conmponents in the
grai n. [00217] Barl ey whol emreat3§400 ng) was extracted three times
with 10 M of 80%ethanol (v/v) in a boiling water bath for 10 m nutes. The
supernatants from each extracti on were pool ed, freeze dried and

r e- suspend&d'G tarlational ihitiaQonebd don andhdjQuatiidness. The SMERTFo0d0h HARSEe and

fruct ose. vveée nmeasur. ed ugi ng_.a colorimetric mcrotiter plate enzymatic
assay asHELRFi Ul (hearmtwel frameapt they caging Fsguensgr fedating: top Bz 2@8ign1 999
Ruuska etxdpenousFpdiGhuditdnie @ QlsuRdt 630 000 o8 TR L9s8:and
fructo-ol i?gs%%cgﬂ?i%es (fruct aSHs) r\?\%s?%ogl és)fot}%nglﬁg/rges y CE’i aﬂ@&aalg?l%?%nce
ani on exedaiedesignaksoat dytiatidny cOMPARGn brs ofl@s varidig fi origug) shaah aiatahl. an2006

(supra). b. hods. resul.t.ed in conparabl e val ues. [00218] To
determ nsé’%(arr%ﬁtltc gelt;éar?sg%lé’lngl,s 1131%1@&@ srﬁ%lﬁgg TR3Y% (b5 PROY lcﬁaoﬁﬁoﬁ’arﬂlleefomél sl

wer e assaymedriptaantihisiblivn asgidas ef ifRed DY nbeledoge

beta. In: Colow ck and Kapl%n (eds), I\/Et%o S ineeqr)lgzy%% @?HA%QQ%?@NY

p. 149, Fg¥&Ice & Rlon e odaivedafigay dhe gloutceont thorpromepear sdented ds drvd ows.
Total su : e. di Jald. | tose standard 10 bes)

wor o or caRIErIRGE af bt bR A op MPiak RS, SHRIBAGE ol i
dilution of ni@ditYe Themucddiahcidugasiaicoobf el jrosat Hivbhtﬁdrpﬁ?)ca}’t@%oﬂbﬁ@é% avth 1
m of digitr(%sal i cgl i c acid col our reagent. The sugar solution was then

i ncubat et "SPUPHYECH SFIUSTAT HOmeaboahil obP¥bnucieqtise brscpaisrahich may Tesuds
reagent grigd8crimiodr tdRSnaRde aACR UG ¢ j e . e s | es were
nmeasur ed at ACSISF(E)l W t h alspec?er%%ﬁﬁo%etge%%nﬁ/ﬁﬁ?lg%g g\chq\sﬁg%eséﬂ_%'etcgﬁﬁpnné‘d by
HPAEC astraiseertiaselgraivetien simal whichsmay or may not[i862dOk gudyalenglaaisc bighynt hase

activity,in nm S devel.opin ndosper.m.of cereals nmay be neasured
by ext ra%rftdi o%g‘,ofgt%e?otrgg‘ag%%hdSlggiléy CB‘gab&eoﬁe‘fff%’&ggdé’%@?‘beﬂoFWSWbeés art
et al. Rbayddefbion Sg@l s dHatdctdriAd by L8R5 hEAAd; ic RS EQls
120(1): 20&-56, io?n99é Tﬁse assays usg 14Clrl%tbe[ edlgk%%gglgggﬁgggagﬁt?%ﬁeasure
i ncor por8thon €8 of He BNgniecwiseto Pelyadaiylasionysiemels.ar¢ petmodiyakcognidedrys of

starch hasgel rat | el ectrophoresis and
assayedStiﬁﬂ?gel ( 20?%08131%21 Rgéﬁ%ﬁnpﬁﬁ%%gg rlgg[@%‘g'?n?@%bgéﬁ%%ﬁ aggnot

devel opiungomewds Treangctieiqu epaination séqugn&Rniipleda sk welihos PEBh S uifoa! .
pH7.5, 5mM 'FDde 3?0%. I%rg%r ot, 10 ﬁ Pef abl oc and Q. 05nM di t hi ot hrei t ol
(DTT). A& §MIR SFTnaters Toebefl of BolyI Bﬁ%Ppwrﬁeﬁ@ewﬂfl%wr@pms@m@ﬁfqmng t he
sanpl e, driwgorgtitmidRet. FxaaHds ' ikt &éﬂh 4C .and th

super nat ant drhésltl\/\ll:lw4 of f. Tﬁ{ebtl pr.of;égiﬁ%lggnrgﬂént?%ﬁt%dggeﬂn gargh%%?ﬁ%ngoﬁfbeﬁay be
measur edousraaglatedoieaipsis ecoptadniog ra Relygdamylationotipyed fsdraniiarpaken syntlskr act s

may be - if. the praotein tracts,are to be run on native gels.

For denZ%ﬁéfggagégégﬁedgger’ op gf eg%l‘gfnsl%ﬂa%fe} @&T&ﬁ?ft Ard Reseeld ioPh 1983 and

13- mer captl olet feanidhtoaist thhq 7riatkeiR ok thel ARERAS ShitiRe ROAd b %&%En& ro4mn
[

to denature the proteins. Electrophoresis is carried out In‘Standar

denat ur i"HEYBEFSA Yipraativaly, sefable,Eineg-tewslgtsd\saquepreninde bs dprvat frog rdeits

overl ai it ) I ] g dl . After electophoresis, the

o ot ¢ e hen el aP T TR B S LTSI Do #0105 PRI B 1 or

a_mi ni msayhehn 2ierage Ipeotginn gertel earbiu fHeesmaly etur0 oftithe aibd1dssi IMDbAbhdsBASE 100N

of buffer . for, ea change. For non-denaturing gels, the denaturing
step wi tcﬁrbgﬁga%len@g%ﬁﬁié@ébg% ﬁgmgﬁl h‘g% eleaynigdaosmIoghesetafdkill wnthe he
gel s. Aagt @mnClss pat Bva@bs i J ri.s: i Tris,
0. 19M gl yci ne) ° 0. 1%% }émﬁ{e&?nms‘%%hja?%w%m eégﬂéggg{%g&%ﬁ%%g%na g 1nmv
ADPG :sul?é'taj*l?fti eniagrones, deteeranapldedesetibest by din, siabivisia Banemiodyolb ovesp, by
st ai ni ng95\43%%%@00}??%%%%@8%peefersoI ution to detect the starch product.

- 72 - Ive 8% h synt hase or other starch

bi osynt het i ¢ [@H2yhredsnthy [HeAdetaaice dndctes BHIRS #S it&gs&gﬁﬁh%ﬁiaﬁaﬁ Ishodi es
(ELI SA) . Cgh%ti Stiff%lg aaal yses of the relationship between genotypes and
seed coAPOHERTAET B thecofg ssAwsR licedhe untranshtethd [leabenséqsenceals TAHR), yaes wer e
performed using Genstat version 9. Analysis of variance was performed for
seed weight, total starch content, anylase content, beta-glucan content,
sugar content, starch granule size and anyl opectin chain |length
distribution to obtain the | east significant difference (LSD, P < 0.05),

| ooki ng at vari ati on between the genotypes. EXAMPLE 2: CGENOTYPI NG PLANTS




[ 00222] A population of lines segregating for the presence or absence of
nmut ati on t Ila and anol | oci was generated by perform ee
backcros?ggzpbgﬁy§§sex6-292 donor line (H nmal aya292) in?ggéﬂgg@gw&% 8
recurrent parent. Three generations of single seed descent were perforned
fromthe BC3F2 lines in order to generate sufficient fixed genotypes to
investigate the relative inpact of the sex6 and anol loci, alone and in
conbi nati on, on starch synthesis and-86ain conposition. A marker for the
causal mutation in the SSIla gene was used to genotype the sex6 | ocus in
BC3F6 lines (Morell et al. 2003b (supra)), while the tightly Iinked

m crosag J 0, l&ﬁﬁ% ﬁnﬁ Lke. bt 1-38
st at us éfmﬁgéiﬁgﬁiggéﬁ Exéﬁg?é%?¥éﬁo fg% 23]M%$§ﬁga?hgﬁzo BC3F6§F?nes
genot ypéeiderl 4equeness iehusleh those ythatu sompriseh sedresessssgdodediria digst cpAGasn

alleles (sex6-292/ amol -.AC38) apnd were ref ore consi der a L]l a- anol
oubl & FRSRIET of 707, st eferleRBkelisoph s PaRirge cBRE SEHBE, S ey e amo
1-al | el e&quenesGnd9dé apeefdrredtonsantis tsb@fcatObidhashdnated @mbBslalmRXNW| e

mut ants, 10 lines were honobzygous for wild type sex6 and nutant anp 1- AC38

al | el es SEbiits aRgl /apvent ARppIoPaal Wiiationhelr Bmstationeasi in sxaarissdessibeds brgl e
nmut ant s ;. Mhi 15,1 ¢ type for both sex6 and anol
(sex6-mﬂ?%ﬂﬁ%%%¢(”gﬁgggggﬁgﬁ%?%%ﬁas wild type. The remaining |lines were
het er ozygous [6@r12ki tAllditicnhBy,Sevg6tingl sajuentes (17ayl ben@sploped foomrgehtheEBrano501
mar ker . 00224] . The DNA marker for t.he SSIlla e which wa

ol yrmor SEUCBAMBE O FACORHP I TG 5296 b B e BT 08) s
al so usegahple 9Nk YRorbPRstO Qvithin Plat RASRERIOUS dxtrB&SIulal hnS/irdARMS IFpr Shoved
the presence of the SSl1la gene fromHAG in 26 |lines, and the SSllla gene
from Hi sudmypla29nuclsicaacid isageencagoengling e tBEsit jonsignge pentidseteawends mae be
EBmac0501 a I e [ i oy 0, es.
R e e R
starch g ehéistrivelfed; did ehmited, sighal bagilegan aianpst thetdazzBete @ padicand 1
line genotyped with the SSII]a, gene marker gave recombi nant phenotypes.

Thi s i néditeaseldat phextprsHulaf destinsbieny arb rth M bh opRenelenPaskéapdftkiady and

t he ano S ol r i.ndi.cat at the
anol gekghan 'g%%%#égbggg%qﬁ@?%%b%%éﬁ?cgﬁﬁ¥ﬁgfgfﬁﬁg?a%€gﬁIﬁgkgﬁgggw ﬁlIinked
i n bar | @ytracellular fRED2Ees,Thegparcede@ismiar ireticubsnwevauales o velsiélber glastid, n t he

hul | ed or. hul | t - HAG i | | ed i et f .barl whi
i o ay 2953 R, P Gl R B ma PR TisRs ERILP AT o0 S REFBE SEGRBBAPRG | or
this chagaet @'a.laﬁﬁédcplgﬁﬁiﬁ(j 16 Repefiaig: bipaNelkOsllcd Rea Ghariedr ianllalhm &UPgROoUpS-

hul I ed or hul | ess. erefore, the four genotypes of barley lines
di st i ngghlohedasss retherctippdel tabextesale Tbuss e gestieie agid ennstrpgtved e ouysstionanel v:

wildtyp i s ngl : - Al j t ant I ubl e
mut ant & S2hd i SBent B0 TP Rui M Rieol BB GB Fraulite ST
five grdimped bawethe pronadtyisiegioafand tler okeigt angsogesbus tpolshuticotide. WSC, CE and
seed nDRphoIogy. One line fromeach genotype was used for endosperm

st ruct urtecEg starch granul e norphol ogy. El even wildtype lines, 9 lines of
amol nutants 3?011;:13' | 188 pRsemShiduiBH iR Hds ufe bf NRFor® forHAdigRSH APHRLH At ant s
and 6 |ines ul | ed Houble mutants were used tor the ahalysis of grain
conposi oif gepetanydnsgects.oly éwectaridis seemht wenuplidic asidf mbleows, pSdadblyéd INA

[ 00226] _Aver seed.wei ght, (average of, 100 seed wei ght) was .neasur.ed for
horozy SOHLSTET Fofh ERETHESREToE B BiFieRDraner ol IEhGFp kT 82 7

5.0 Ny hEleilaci $edtidiRe rhdyBSinsérted®or cdorRd A vieBtor greﬁéiﬁbw doRf$ns o3B-of mated MU
for.13 SSlla mutant lines, and 47.6 4.5 ng for the 6 hull ed doubl e nutant

|i nes am@iqeg restrictiopries eird mpy bg capablecafauinmarioss Fplisaion infedelingh Bew cgllr e no

statisticall. i if t..di - e . See kghts, ;

i an; . P R he b7 BRI s RERNEE AR Bleghllfe Tk

mut at i othagahonetofalid éxfined éest sveh diat thekdwedaequenbe isaepredacibleaicsdriinglyl, y
significant differences (P<0.05) between each of the SSlla single nutants

and doublite VRRIPTa At (PRUPR SHIOINENEY| ERIAIREIVEHMIN 166 & KEFIPhE cXBEpRTAIlve

ot her geuRhiPGRosoridll biftlty, ORRENYRI008 N viliéh is ififtepend&ifd owm&f.éso%alt he 4
genotypes were al so obtai'ned for BC3F7popul ati ons 1'n separate gl asshouse
and fi ekreplicaiien,se.@f at hieedrioreglosed 200%ar Plhemilirgor extiravhramesonradehandngdar esul t
was that the reduced seed wei ght caused by the presence of the SSIla

mut ati on, known to be due to the reduced anyl opectin synthesis in the
absence of SSlla activity, was partly offset by the conbination with the
anol nutation. Seed norphol ogy [00227] Intact seeds from four
representative lines for each genotype were exam ned by stereoscopic

m croscope on both dorsal and crease sides. The SSlla single nutant |ines

o o . oy



[ 00229] For higher magnification exam nation, transverse sections of the

barley s rQ |1 genotypes were exam ned by scanni I roni

m croscog\&g?zml.rl%& the surface of the sections at theggESFlAslgﬁf%Ol%Edg,g t he

wi | dtype barl ey grains showed square shaped al euronic cells of
approximately 20-25 i _tmx 20-25 fAmsize, with differentiated subal euronic
cell layers, and the endospermwas filled with flat-round cells with clear
cell boundaries of approximte size 2B0-pmx 130 pm For the sex6-w/ano

1- AC38 nutant, the aleurone cells were rectangular in shape w th dinensions
of approximately 20-25 pm x 10-15 | am Sub-al euronic cells were clearly

di f 1 er enpinthRinafthd Nt £NAAHRR! RfRNBHREdRE | Rbiof hiyS Wikl flyCREAEL:
boundari es which were | onger and narrower than thosé fromthé wldtype

| i ne, wiasturmgpeldxieplitagioni Akerg80vely, thavect@nanbe ditvewkioh.ovxglihtrnduced -intp

mutant - 75.-.displayed jrrequl ar.pectangul ar, shape | eur one cel,l s of
2520 i @ el esiReyES bf s imare lRHAPEN R Gaf BbficReditiiy Siln o

di ff er enhih&dmedd)dntoh@hiRN HOSR et GRBdralede Vetforgidtan 188} &&n@ﬁse%sﬁ%ej tm x
25-30 pm si ze. For the sex6-292/anol - AC38 doubl e nutant genotype, the

al eur onivectOe P Blagmid tyye Hr more yeeipis-os pksedds ndidpleesthpheandiy thEototahDNA0 | Am
si ze, t : i e I I rentdat ed. C not
pe- i denty P o adt i tEsndmEBE e Rt o p ap uBAGR Prehbick WY,
boundar ivad tppicalppdependwhehy cdriiPatibihity c@@hgmectorotidh tietaail dhtocwintie e vector

[ 00230] .Total .staych ntent was asured as _described in Exanple 1 on
BC3F6 sédfP P intydecett RhegRIE YR Skl T AHLAP AT atER BAROHIRG, £ o
wi | dt yp%s!iétﬁ&?c%é%eﬁz; 2 herdi 36 feOiktaBDse Y Mler e hat 34h B Waed- BRI RIS @
mut ant |ines, .8 w2.8%for hulless double nmutant lines and 47.6 w 2.3%
f or hul Issdatde tbhsormanis tExkinples of FiaugeseP)re velipamado thost o€ skilllinthepet. | i nes,

anol nutants, | e doubl.e t ant hul |.ed. doubl e nut ant nd .Sl | a

nmut ant | i nes Q@%ﬁi n 9“0%%3 Uy S%S’?r%t. 9% Shiv58He A)C?%stﬁelél?rf’gléﬁeg lln£:°s§ t ot al
starch. vEb@geswhl Hes wekmidt Plabrsid ¢adtby dipidaBy eintludeidditiongl hiuvieicdheaaps
(P<0.05) except that the values for the hul]less and hulled groups were not
si gni fi cagiengesdithatepionide Eyngasyt sslection) AmpiHicalion #d weasforRaiaesd hei ght s

of the fi d t.al <0. for 3 i 0 cpar at e
ol asshossbs b HRSeHE IF RIS R BIIRR B0 Bl < & p e ET Brets SRR e
seed weidglived obstersy qgrlGEMFrderived SStioss, gyfif-detoueld] eecmrt,aot pBSedtsived nqeatoed t o
the SSIla single nutant, seeds were due to increased starch _content. Anylose
cont ent Audicii! figlos 3FidGiraee BoRKE A eIRS! Tl CaRaH TSP 5F KOO8 ¢ he
four gengia@sn AMHOFEtE0 HeRBablARASIr E QY 3 8rdleraBly2AdoRingMhiHi¥RE Jri Nes,
49.5 w 2. 7% for ano 1 nutants, 57.6 10.0%for SSIla nutant” lines, 62.2 w
4. 1% f orhethidile gesistondsl anique anlgplandomiog Sitep pBxiding foiivdtiblesitbd & mstdnt s.

Statistical.analysis showed that the. SSlla mutant |ines and doubl e t ant

i nes coRBEinR SRR AL E Meghfindht et B eoneBER, B DuE R
those f reamameBlansfotamich eiidolurydicynd euknestic te@g&veﬂry plag) amyl ose contents of
SSl1a nutant and double nutants were not signitficantly different (P<0.05),
showi ng t hat (9% SESHY: "mepket gee" iansantr €58¢ Hyt dmparsy & géitinropheaptymiPose i n

t he tot . Qf ' t (o nqx&g& LQf (i ot
further %Ell%%\}?ﬁé%gl ttPénﬁﬁl%? gg%e@ﬁgeﬂggé&%cgﬁa%{f& - § ll:% a%{hgéheg.cu l%ﬁgse
di f f er erdimes celis thaydoset looyattienmatiet.we edegteblotnygrker gene eonferssa shiefivr whicBC3F7
i nes grown in,2007.. Starch Chain length distribution . .100232] .To
exani ne PR celees %ﬁeﬁeno‘i%@_g%ho 8PS VE HaPH g dhedbicidts BERTONE
starch wWagats&ohakedr biveritamen! daepild MBRLREHLINOYBeIR). AREre-BCHO nfHasS
popul ati on and anal ysed by Fl uorophore Assisted Carbohydrate .

El ect r of88% €XirspIiAGENe) chnéerpe tiedribapae shn ddratifisthiersh Quoeiveton ot testiigs

consi sti.ng " - 8 1 . 15-24.. 3534 35-44 and.DP >45,
There wita bﬁfg {‘)Féae&“%t i(%f-%’,»ﬁ@-g@sgﬁ?@%{’%ﬁﬁmgﬁ%feeﬁgﬁc S(E%?E<61}7@§36 aoty § ¥%e bins
for SSI Ipgesonitt mnirsrankiolhes selipubhematkeantse andlthdulucRatide vkvenssibBititdest
However, there wa a} ma%or di fference (P<0.05) between groups containing
the wl diot"s?béa‘@sfpﬁlﬁ wked| e conpared to groups cont ai ni ng the mutant SSlla
allele. Thos t viRe ' fhe : I | L.nereased
proportion o O‘gﬁg ng%ﬁ%%_@&é}%@ﬁﬁ%ﬁ%@% r%%}ﬂt%ot&e gﬁl@%:e alg(ﬁg %%? Sﬂtn%qs

si ze, anldsizdbdpcampiises realsetdbleroopaetnable wirkehgémesispdr iDRAGHib4 to, Thesoraiks o

exhi bited a decreased proportion of chains with DP 15-24. The w | dtype
lines had | ess than 5% DP6-8 chain | engths. The anol nutants contained a
statistically significantly decreased anount of DP 9-14 and an increased
anount of DP 15-24. Starch granul e size distribution [ 00233] To
investigate the effects of sex6 and arnol genotype on starch granul e size
in endosperm starch, the starch granule size distribution was exam ned for

. S r Y ' ™ NS N N o - ——r



[00234] The nean granul e sizes of the distribution peaks |arger than 10 pm

i n di anmet starch granul es) were al so evaluated. Th
starch gr‘gh&ﬁﬁémé\%g 18.9 0.5 pmfor wldtype |ines, $§WI€B§IS%O§§%6& anol

mutants, 16.4 2.6 pmfor SSIla nutants, 18.7 1 0 pmfor hul | ess doubl e
mutants and 17.5 0.6 pmfor hulled doubl e nutants. Statistical anal ysi s
showed that anpbl nutant seeds contained significantly smaller A starch
granul es than seeds from each of otheggfour groups of barley (P<0.05). -
77 - There were no statistically significant differences (P<0.05) anong the
A gr anul es in seeds of wildtype, SSlIla mutants, hull ess double nutants and
hul | ed C I r f;ied
barl ey s lé% eEH% ?6] k]ﬁ?cil%étg{ef ?g%&?ﬁéd étil % Ogrégl{f}%g%{/vlesr %Ots%rg(?%ﬁ%ngﬁé itO(thl ne
and exalfmnmdnalr(der seloctive)) it cgibinaiiar osthahy plaﬁouesllssd)feaitomm The traelkar geny| ose

cont ent ranul es fromal l enot ve l.e .c r.after
st ai ni n@naﬁfehfgf RECXOgTRARYS Redynge) EQF ?%&fﬁr 521 F’Bgég P’E{e‘? KPPS89 of
the st anGhsBfRHbneSt Mmaﬂf?&%wef& eedapiangesafinda ﬁle@@s PahavRd. 1heohnal t ose

cross" birefringence signature of crystalline starch granules. However,
| ess t hahaldogs ICtehép@lCaﬁSahP@naﬁ@nSéfsmfatlom SSlla nut ant or doubl e mutant

seeds exhi bi bir fr| qenes. 0 [ SEM
grain fromt ﬁrdt%&‘%%’l” ¢ s ea>(<: ik ]i tsgl CtﬁB%n%f @r et cal at?l? arc%t t;érggﬁeul es,

while t faﬁtﬂﬁfm& redistamde gﬁmoay REYAVE, KARdnhRin, S@bﬂﬁbm@&lnAchlbﬁdnﬁ:ﬁhegfoah Wk es
that matched the results fromthe anal ysis descri bed above. Starches from
the SSI |teé1aamlr@orﬁﬁﬁt@nﬁ>ﬁﬂ13aﬁfnpéaééd%le%th‘a}mrb?rééwﬂ%ﬁwwf%t|t@f15@é%1?tﬁed

starch gran 8 off nbEniie GUA 9L el Winh AT eRIA &?1&996’%&%&% athe

SSlla nutant  |I'ine produced tubu ongate 26 vimx 12 ttm
while t Imeoxhgactmeslﬁlodmdﬂaesfmtsant(nptéec@nex mobfdtnnig rmcsastmaanomncb@amybui ar

el ongations of the r I 28 un X

ocat | oReGRIGRATE O G s Te oriet BHAIDL e Rr AT S PO h bl
transvergiges ¢99:1 18351945 ahButhdidne)s- ﬁ%ﬁ’e&ase\@e'néff%ﬁ?rdt iR Scon@Hind E@(&tdﬂéét iple
flat spherical starch A granul es surrounding nmultiple small B starch

gr anul ego ﬁhﬁtatblonﬁéelaﬁ’ﬂﬂ hﬁﬁhlcmﬁ ap,i feexatitlai deserited| ltllﬁtﬂ A 1358323 3 glytrandag

h ul h
coul d neraes a3t (UERRR, PER! iRt i AR O AT SRERGET .
sect i onsnhibitdrk &s8h dﬂ;ubh@sphhioﬁﬁimﬂ iage forc etngplele dedceibéd dul WO yAsed7 skarch A

granul es ti grhtl packed in the endosperm zel | s. Beta-glucan content
[ 00238] ey} 1 2B fTam SHieroIRICSE U édpctisynogerey W{Efgrrmgdﬁﬁlﬁtﬂ%ceéestbe

popul at 'sQchtnB gééh@ gﬁog]grﬁhgtﬂhm\ﬁa% &P exBnple Qi'é?d?ﬂiea% 1;:‘,9% 527%%5 .08 e ege/‘) for

| dt ype |'I nes, (rangi ng rom 7.6%to or ano l i nes,
7 6 1. @%c(dnngl@ &gnblsbmrﬁat@%-plmsphat@%lnth@se EEHSB.S)rTmMmmg thletance. m%\li or

hul | ess _dou nd 6.5 0.8% (ran .5%to 79 o] ull ed
doubl e RoaRpEomEh RN RS Tap aryinie. SRR Ph AT el A et 2t an
and hul liess @'%ldb|g@nénébﬁlﬁ}ru%l%éﬁsteﬁq@éltaghxﬂﬁtdbﬁlagﬁbsf h@aﬂair le¥ample/ @escribed 8n

13- gl ucan than seeds fromw | dtype Iines and hul | ed doubl e nutant |ines

( P<0. 05)WOI{020d by @ wiElape sspaitsuel jas abiny fonydilebsdin ogrdmerwhick eandery anol
mutant s oSk MIANLS AN SIoeSy doublis, Jutant syo0n dgtue e i bjupe and

hul | ed 5 ucan content, respec

[ 00239] rddietasé GDHERI) Qahe eorditryiag Sesﬁsma’ncb e aRitRelcrat Q?dhllﬁzt triaies. szb @Henv e
gr oups grovvn under_ gl asshouse or field conditions showed that for each
6l 3500n] 2555 g

trial, 1 2 Pytanh acatelactate sypthasereene hEa) eI resATancEdd f r om
doubl e it B041iddng eﬁﬂfoﬁgrﬁﬁa Weier S }r@lmlﬁhga%m@a& (B 20§85 200 31@lche@n

content between S tant or double nut seed
anthranilate synthase gene that confers resistance to 5-methyl tryptophan or a dalapon

dehalogenase gene that confers resistance to the herbicide.

[00118] Preferred screenable markers include, but are not limited to, a uid4 gene
encoding a B-glucuronidase (GUS) enzyme for which various chromogenic substrates are
known, a f-galactosidase gene encoding an enzyme for which chromogenic substrates are

known, an aequorin gene (Prasher et al., Biochem. Biophys. Res. Comm. 126: 1259-68,



Pent osan cont ent [ 00240] Pentosan content was neasured for |ines from
the five ' ntosen content was 4.9 0.6%for wl

1.1% for gh%ﬁp%ffg t lines, 7.3 1.4%for SSlla nut antsg%%h)@%@r@ﬁﬁf

hul | ess double nmutants and 6.5 1.0%for hulled double nutants. Stati stl cal
anal ysi s showed that both SSlila nutant |ines and hulled double nmutants
significantly contained nore pentosan than that fromw |l dtype |ines, anol
mut ant and hul | ess doubl e nutant |ineg9(P<0.05), but, there was no

significant difference between SSlla nmutant |ines and hull ed doubl e nutants
or anong w I dtype lines, anol nutant and hull ess double nutants in pentosan

content, ]’19,&% t pRAgur ed
for see sggﬁ%ﬁéﬂ gﬁye/begér%gﬂ g&pkgﬁgl&‘)“rﬂ Seer?gi[t&/ggol}% %Qf(%‘r%m dtype seed,
2.6 0. 2%ubesscariplotemtgant (ISiedeer &., Pland. @%R@DWSSM éOBmI%SD sslaeiderag, (11c)0. 1%
for hulles ll.ed. doubl e .mut ant seed.

ot ol B ORne Do dlitongt it wsf Lo vhih aloyRrfor Biolfgintarnes sOH5ant o

nut ant S8 deheFORMATNROME BN Bl "¢aidilel moRS1ca9h ugézam e sk MespecifBAtigiUk ant  or
hul | ed doubl e nutant seeds, but, there was no significant difference anong

wi | dt ypendainhesnoleawls thatithynits ehemeisal aatnraumpeidesian Bhaly el lridentifisblesfigednt ent |
respectl I ohydr ermne the
of f ect ]i;% f 0111tv\?ets tlegnr]] Sn%gél)l? of @’r g‘lotéé%cf%lﬁ%b tferenéqu gt{slélrp?gﬂf Itjbl

car bohqur[edhedgeﬂmaﬂif',%mgrgeharekpmssleﬂds four lines were anal ysed from each
group. Conpared to the water soluble car bohy rate conposjtion_in wl dtype
seeds, anol deUd3I gl (lilen](?t’elc8f1taap¥9t‘°slpg§‘i’r aya’éllqn?é‘inénltnvP]é@‘él@ Yeregot al
VEC, freg gbucgs SfloBbertiPb £BA 1ﬁtr1~h Gl 3. Y&y imbdstha b ant
and dou% relgrré&%anifevgg%ggsgocor??gﬁrne - -aSI gni f |cnelmt y gr eallt er Sa%nts of
each of levboé exmetﬁmtydf amsle()ﬁi&)s@ﬁ):nce‘lmet weles sorothe tpnete®Sinl @ pkinhgéle arut ant s

cont ai ned si i ca ntll nore .fructose, succﬁ%g and, t ot ahg\é\g Fﬁt eltn
cont ent 9°cred n% 255 %‘PE%SFEOE& e RO I GG, ! anfe lepfinedtpy o
groups. aReRHEhRtHMREERaNES inl Bradh. The 8%el 6F eMréHiRE S@2EInayld thoddlatkdo f or
amol nmutant seeds, 12.6 0.9% for SSIla nmutant seeds, 14.6 0.6% for

hul | ess bioulisriagrihie Py seweber aren oell, dor exapeple iy Milodueing GuBynthetist aenetiseed:s.
Bot h hul e i.ned i re
e ot ei n PRScRAlRRHHRE dnd Wit SR 80K SRR RLRA e R b e T°

t her e weperably &ingadiéd dandto dmﬂftbatamfm&tlbﬁﬁl\meh\e bell.| & pburality dmkdneﬁrmambl e

nmut ant seeds or betvveen anol tapts and w | dty s in prot inc ntent.
Li pi d c o e Selecied ?@o%aqneén}éir&ﬂ%nwe (2 Eoupble ég g0 SweEEoy

five gr Qlléﬂg%eng%( es§1blp'aﬂsﬁgrﬁcﬁﬂtmﬂ\@eﬁcgs St erQ}o%eﬁ(flﬁrse hdifdby RE IR SRRty %‘fS
0.3% for a ant seeds, 6.4 0.9% for SSI'la rrut nt seeds, 4.9 "0.3%for

hul | ess thﬁ)tntﬂsgemnmgtat@e@ds Alrfaiv@ra(ble I&V@%lﬂmatttml df dichnsigemb Ieepntmmgmts geeds.

ul | od dUR! ST In Sauulat gy i SBlmle Rl b s Aedtb b SndE  her o
Wer € No té&diaR iof s frofh thé %ﬂﬁsﬁﬁa@em@muk}uﬂyl £p6paaebr e thedgstrdal gaieant

seeds or between anpl mutant and w | dtype seeds. Di scussion [ 00245]
The obj édapyation of plangureari bisediay Pigesam snaxbmsciecnen doy mdisridual liops Hethween

recessi \éﬁeﬁgﬁtﬂ% aglnd%flﬁh IEH sex6 and anol | oci. _ Each of_ t hese nut etl ons

results in an e eva ‘ose phenotype relative to wildtype, with anyl ose
contents typi[eei20y Mduaiﬁg/ogenetdxpresmam ahayobe SShieaedntlir@ngh SetestRictdon add- 45%

i n anol - AC38, seed Deter nation of the 4 Si Ie not ype r the sex6
(sex6- \Nttraéﬁ-‘dll’é‘@%’??9§)"neaﬁ NEHSI C%QIB?\%‘} g5’ é‘htgo @%@PIF“E}C‘? ?w&ge &Re

i mport a@ﬁetﬂgr%@ﬁmﬁflctgl%h@ nngtrEH'&eH%a@N 111@6‘916%15@%‘?1% Anbfle eﬁre?éraﬁl9e gﬁX(S

| ocus were e to be unanbi guously disti'ngui shed using a marker based
t he caugatleangeapingnoi mmméesn@e@we@ yrnmmlef 4 egemple OThevmle/ccTse mhmsude of
the nutation,at tSl e carm pﬁ% rsen?é S chno t her efg 2 a tc Oi l,i nked
mar ker 585 IR REd” R TE I RaIE R epie e ohadutecr Bl feior ¢ he
pr esencen @fpldri@elt, hiwioR SaiTBe heldewd l@OlEltr@ﬂlﬁUti@ﬁ drhesiigidhg IRIEAISSuch reduction
may be the result of reduction of transcription, including via methylation of chromatin
remodeling, or post-transcriptional modification of the RNA molecules, including via

RNA degradation, or both. Gene-silencing includes an abolishing of the expression of the



- 80 - [ 002461 One objective of the current study was to exam ne the

i npact of ini t hese nmutati ons on anyl ose content.

t hat theFQB%ggﬂﬂgggtatisticalIy significant difference Pﬁqﬁﬂgﬁ%ﬁ%%% tion of
anyl ose when the SSlla nutant and anol - AC38 | oci were conbined relative to
lines carrying the SSIla nutant |ocus al one. However, the conbination of
the SSlla and anpb 1- AC38 nmutations did have unexpected consequences on
starch synthesis and grain weight, iRdbeasing starch content and seed

wei ght relative to the SSlla nutation al one. [00247] Barley SSIla

mut ants contai ned starch with a high percentage of anyl ose. The data showed
that =SSk geiTicait aaa%rrgeﬁ@ 2Ry & AR %ﬁ@&ﬁh"&@t@ep&m{m‘tﬁ % RSidR HisShB Gt as the
wi | dtype grain on a per grain basis. The high anyl ose phenotype of SSIla
mut ant  $e¢thelgselt dfw&pd:aeom of thegrigkbnenicit atidrisducpicemcof dmydilspeing iRNA whi ch

was decreased 759 onmpar.ed t.o | ose ich.was only decreas 25%

In the & OéNe(SftB%/tHQs[é%laﬁ%?g thea%olfbifg%egﬂf e)@?rg?shon ’E’ﬁ%?’-’g %Ceg syogtdle ecr ease

in anyl ape@td0%,sotn: st sboud FPR] eﬂatleawabdttty@)e/ (c¥ ¥ dastiabiiut 0%, brikt lasst

i ncrease_ in anyl ose content él ncr eased ? per seed. These results were
oIPE

i nt ri guheut gg@@t laagt aboat 9 %eowdpasgéh@t;?é et frest abaryO%ar Thetapeated in
anyl ope I S 2481
Previ ougluélt@h es o b§ géé ?ﬁ &erdqﬁ s&? %{%fﬁﬁgﬁﬁlﬁﬁ Ifenee{ R ktsrtéggl ent
starch syphiasing buhnﬂyalhsodmpmds ahpd)t]ﬁﬂ&lngomtoaﬂ geneB) aaltsgairqssorcﬁxogélﬁﬁs

663- 674, 2005 to conclude that, starch %gnt hase.l ] ﬂefgaﬁﬁil ve regqul ator
of st ar SISy MeHed) Tl efnesyEaich Y Pk e&tat&he%wa P YBR& are
known,  §gtdduRtiéner Seldahent t hese genes, SSllla is expressed in the
endosperm during starch synthesis whereas SSIIIb is expressed early in
endospeAmtisenss RNdemolegules not dur i ng periods of highly active starch
synthesis |l a i rain fillin an, et Bo 56.. 3229-3244,
2005) - Mt at 10121 o Bk trqpinfhel TR FeadbvartedBe ReRSialiE Honever

t her e Was tieninbéitiodaThe tedmamili@ase RNmt"edmtallfbeaakeaheuﬁeaifa%moAaﬁafbesmagteﬁtl ng
that a decrease in anylopectin synthesis and a concom tant increase in

any| ose IS gAPRIEIeR AR dO B dlgast euPpitap ¢laa epegfic mBidy maiegmeapnd cepphls ofent
with th S (AYS ta et
2 o003 RSO oM EelAGKERS e BRI RS BRI b how
desi gnatsecdxeﬁ& ﬂdt}E)ldtIﬁ ntaen@rhcantl B rthcnfghv\/rteat)cmnr bymsmerﬁerm,g avithocatposta not

i nconsi st ent, the | ocati f the u3|n bar| ey I la gene
wns 1 neversristadl siieh o svR srmimat Bl s CudRlnm mRUR sBRd

| ocus. HeynRNsifion @K REAIIARIM STHAIBRE hhideast mBods tw&ﬁkhé@n BRI gkel sé’@ﬁ)r
expressed in - 81 - anol nutants and had starch synthase activi

t hat t hekamplgs Hartmess mbil Findresn A@wat obdutizease S&rhadalagnd Kdwwerl lg%ﬁe@he

e 4R0of BcRCt Al i pBRICRAs begn rovibBOF P Bofiniel TREF e 15 25ty e

backgr ound, 199t amdt SﬁmﬂﬁeBzOfech hGeﬂd’l‘DlEngmt Rabs. alst goel 19ausesl @cﬁirq@htwdscr ease
in short chain lengths (DP 9-14) and an increase in the DP_15-24 fraction.

I n SSI | SupieRs pireyPenherol exa@pienohdpwomtisense serpiengssthave beer wdlizsd 1B hai n
| engt hﬁglaﬂ rs’z?t'féfn' 5 O4) X.‘%etﬂ?@ldfg%éﬂe ma&t'f’xfaﬁgﬂt rSﬁé étlso Qt@te§§h£ta F&ihﬁl tl(ﬁj%el e
had a maj or ect on anyl opec

In structure and thus chain
distri btinhibimipmo:ﬁenﬁamymg: &Ch&ltplwm bermem‘ssa;hcas partia hinhbi{@Pwe1 Bloam'dhaﬁ)P

9-14) an ecr ng with 25. : 250]. The orrbl nation of
the bet MG EATrR iRl Gt B s8of R sonior 188 Bt el nht e
starch eAh@RtareRcly 38RE, Well BRAbIMBE® teBRithdtor YndnBSll /I0ehe emee%ﬁ o the
properties of lines containing only the SSlla mitant allele. EXAMPLE 3:

GENETI C MARKHEH 22] NKsD1sed by, BARIER mtewgswolynucleopé@z@lqh nrtaidages |

par | ey OB IoB R 5O BB o s SRS bR by, it TR BRRRIE, "

genet i c simgfkatmded)nised lédsosqiaﬂblet of fdmuagmldohblmm,ande]d SkRnfGtatilcewiBeguence
Repeat) nmarkers (Ransay | ., .Genetics. 156(4).: 1997-2005, 2000) | ocated
bet ween RO&) gao aﬁthee'@neéo gwéﬂb%‘r brieallrehe A&&Pt@g}gm@ew%%d and
tested tanfr Hi gh
Anyl os efﬂgse i)l er%&%Ihﬁdeﬁ?ﬁaégﬁégéﬁﬁtﬁgsczuSé%%n%ﬁﬁﬁgggéﬁgér%hIgl fn@Fug 405
Brag0105equBnessChs;ortdspviEro tEBrte@®8D genekBmic0EqisncBated 64dst BrtcDOB2,
Bmag0113, Brmag0211, and Bmag0350. The priners for these SSR markers were
synt hesi zed according to the sequences listed in the G ai nGenes Dat abase.
[ 00252] For each PCR reaction (20 1.11), 50 ng genomic DNA, 1.5 mM MyCl2,
0.125 mM each dNTP, 10 pnol primers, 0.5 Mglycine betaine, 1 p,1 DVSO and
1.5 U of Hotstar Taqg pol ynerase (Q ACEN, Australia) were used. The PCR
COI’]dItIOI’lS for the arrpllflcatlons for the SSR mar kers were: 1 cycle of 95C

. Y ~ AP~ ”~ o ~r o~ 1 N o~ o




el ectrophoresis on 2% agarose gels and visualized with gel docunentary

(Wi tec) t Red (Biotium staining. [ 00253] SSR

mar ker s v@b@g{léoﬁ%’a 2 of 11 markers, nanely Bmac0032 IBQ@&BQ&O 86 cM
and EBmac0501 | ocated at 58.0 cM gave different sized PCR products for DNA
fromthe HAG and Hi nmal aya292 parental plants. That is, these markers showed
pol ynor phi sm between the two parental varieties. The size of the
anplification products were 175 bp and1189 bp fragnments for HAG and 230 bp
and 150 bp for Hinmalaya292, with the Bmac0032 and EBnmac0501 narkers,
respectively. Both SSR markers were then used for the genotyping of the 70
BC3F6 | i gend depfissibhi€or Is ficind B PerbrbkdingIBe (RMBGARRZ. NRGHSke RYe t he
sanme sized fragnents as HA ich showed that all of the |ines had

r econbi nedespenduie thet ¢reliBneegdocs thathraeted ghuasgsior ddS' tundrag8ieduedion (BhB20032

t tight]y.dnked with th | .y trast. .of the 70 BC3F6
T hes g@holop i i torib b 5 A rar Y b BRIy ot TorMBRE or
t he ot hggquehcdshevificiagnBnte paplliced RSt dofing e Berheamehpests hitnieSpreBpably

di spl ayed the EBnmac0501 marker from HAG and 31 exhibited the EBnmac0501
mar ker ~ FPBRicRcREAra paDIR oxp sequienges of the targstheene: Havigne! hepgpasidn eraicker di d

Ther or opb ol SGFRONRS, B dRRChh: LESOR pRRS okl P BEkep o

mar ker fidiibisionl - AC38 | ocus. Markers based on the SSlIi1la gene of barley

[00254] It t.hought th the anp 1 | ocus m ght near to the.SSlIla
gene of bar}lvi@lzgﬁ pg[hé‘§tle’?gajif’§fﬁ§es§mbqep§et VIR %‘Oﬁg{jg? 6{)? S cﬂ’éﬁ("é’ﬂm based
on the FaLikbiddepR AL 18%t 2B UrtI0RS5@hublBSRS! hh® nfbd BrofiBlyf dtM184st
isolated fromthe two parental varieties. DNAs from HAG and Hi rmal aya292

wer e uséfof 200,t308 empdeG neceatisies,db PeRximagmdinths fullilergthof ke gelateleon t he

wheat SSI,l.. i Lj et.al. 0Q0.. .Th
ol gonudtibfseda TS Pt 3E IR Bablonfudf o dirrtieit St Heierlipncbe )
| ocat i ngsdd) Teabngth a8 ehoSEhiek@ibly 5'00 Q000CAHAGREAAKI e ACHE Blehffiz@fl the NO

8)) locating in exon 8 of the eat SSllla %gn'were 0used for the PCR
anpl i fi @BESeHEE sFquancesty the tHeslt dransoript shadd Doak lpash 29 Yoornd moregerpieray ng

o1 voi ne ‘Bergyhore ARSRNA o U AR of P Gre e MRS sedlee e

The PCRwhédcmiyp fisictien ¢o stebitine thednalsiubgy 1 cycl e of 95C for 5 mi nutes, 35

cycles of 94 r. 45 seconds, 58C for 30 seconds d 72C for..1 - 83 -
Y rute. 1 oy i3 “DReRORoREuG S m oeger RN T R e Y. A
464bp f HARBMY pMATOteY %ﬂ@ﬁ‘t@ tb_rh &%Fdﬂ ﬁlnﬂhleitéﬂ ﬁgéﬂenm alhenRGRsEr 8a&mMcn, Wer e

treated V\A_{ﬁ% 0.5 units of Shrinp Al kaline Phosphatase (USB Corporati on,
USA), 2vdighias susefl lereinurdieraste theateseisg PERidbiohf elative) INGHN, orersaticd jof)

accor di . t.-he prqQtocol. fr USB Cor-por at i.gn and,sequenced .usi ng,the

aut orat St B5 ARE AR TR AR P S e R SRED R MO B

manuf actell.eAscordingly, aldd0z%%ided e HheApedticigienhaclbiRdacid Sedewine sudhi 4§ &r ence
whi ch provided _an NialV restriction site in one fragnent but not the other.
Ther ef ofBIM&iCe BN §PIBE foR AnpRIESERs R s ofathennvaRtione AugIHding ellpvissussy

el ectro ' ) - QN . .ept way to distinguish
t he SSI ﬁa%gg’ﬁié%“g%%ﬂta g%ﬁﬁo%p%gﬁlﬁsgﬁgqgggﬁg??ggf.arﬁliﬁg&ggoducti on of only the
464 bp Dhibodymaeggnent i ndicated the presence of the SSIIla gene from

H mal aya292, h rodugt.j on of, both 303, bp and 16 fragnents

i ndi cat ed thé‘?‘ﬁgéle 1B 15 ¢ ROk a8 ﬁ%%gerﬁﬁb?ﬁf%i\ aég&ﬁ&lg%fulﬁﬂg%gm ALS
FOR SSI kfecthdally oAk Md idihet substrate RAOR 3G cd@iy2¥aliyialetydghe TypRhly, the
perfornance of "the SSI|la-anmp 1 double nutants when growing inthe field, 3
hul | ess ridoathe conteinsta kigiess of audledtidss vduelblere pemplemenianed) agegigh|dsbe SS| | a
mut ants, 1 .h ed Ja utant |ine, 1.hull . | d e barl i ne

(cul ti vgarlgelto é\r’lse)n,%ain%ﬁﬁ tél Oﬁqedf%ﬁge%tg?ﬁllgigﬁr#&e t&éﬁ % g\rl%ﬁt S an%‘%dr?éar a,

Sl oop) whyGolgpRWN catdiliers; abtlexanslndnMie ell NSWhichugier BboAmenad§0fnd Each of
the barley |ines was rgr own under both irrigated and non-inrrigated

(dryl an@y2seeaii regiongeigired i hersinas dhe “saglyficodanaipy.  Bhgipes plerieayees thihn

under e ndi 14,0 0 I i 1 p eds
(120 gy AapatRElably el ROUE ShichiGoh Bué hEMRMGRG bR (FRCIEY o2F:

obt ai ne@GealatlgrVdrarey 234:158G-d c h9§8; PerrimarDec@h@ene200B 1s1 G3ed 992 )exhd the
Narrandera, under irrigation, the double nmutant, SSlIla nutant and hul | ess
vvi | dtype |lines produced 2.23 d 0.16 kg, 1.14 0.57 kg and 1.65 0.79 kg of
grain, respectively, per plot. Under dryland conditions, the double nutant,
SSlla nmutant and hulless wildtype |lines produced 0.55 0.34 kg, 0.11 0.12
kg and 0.41 0.16 kg of grain, respectively, per plot. At Mree, under
irrigation, the double mutant, SSIla mutant and hull ess wildtype |ines

a ~ o~ ~ o~ A "~ A A ~ NS




dryland conditions, the double mutant, SSlIla nutant and hulless w | dtype

e PSSR RO, O %3 Koy 0,38 827 ko and Lo Ok ity g o

non-irrigated conditions at both sites, hulless double nutant and hul |l ess
wi | dtype lines produced simlar yields of grain, that were significantly
greater than the yield fromhulless SSIla nutants. Gain yield of hulled
barl ey |ines: [ 00259] At Narrandera, under irrigation, the double
mutant, SSIla nutant and hulled w |l dtype |lines produced 2.77 0.37 kg, 2.09
0.76 kg and 4.39 2.59 kg of grain, respectively, per plot. Under dryland
conditi b t 7 | Bt u t

produceglla%p Pﬁo&‘}gié (LS‘EJ}JBS g, (?{@143201‘% Olgngg Z%@}ég\l\% gg?%?ﬁ ngntﬁe
respect iribbekymes can bq &Qﬂlﬂies}lzd& uMmgemethmdslewelil rknogat iiontheoardi aridomayt bhe
doubl e nutants, .SSIla nutants hul | ed wi | dtype.lines produced 0.81
o 1o ecBpoysteg glans eBnors SensBROl ) Bre i el Sl PP tsRoS THabe SFBOT Under
dryl and igendi tA&i&?dlnglgeaH@ Eht gamtsanve%ﬂohas H%h@l@losa&d‘ﬂloméhlees@cﬂ\faé dtype

| i nes produced_1 0.60 kg and 2.13 0.23 kg of grain,

r espect ichisngric BRYA gpding for a rlquamzezﬁ]thvnevemnemcum celby filssuep, gigeed and

arai n  RE B R B bo R ng b BppBly o BN PrydiARR, MERARE) 20

doubl e rut@tits therrilthuzged isisertgd &itd ah teaprekmxbri edhsébtsl hmlemabdmrdl f al:‘;%éqMBteE 5.

PRODUCTI OF FOOD PRODUCTS [00262] ¢ n harve ted from el even
bar | ey |a.ﬂﬁééra@%mwﬁerpﬁeatfqnaleméthavgweagn Ns‘j/"ltf’ CAUs%Pa‘Flflaft REBR0Eca98a
mlled %Re%ﬁﬁ'iﬂ%%y%b%ﬁal RK& tla}g@?l%a}"@é t‘de?auhatt h@ta%@tméoute?fobul I ed
doubl e nmut ants l'a nutants 1 ncluding H nma aya29 dt ype

(cul ti vax’oszyrrant:ang@easﬂanwhmhrmblalyla)heammucﬂeamﬂ sequerEnes C{U%@UUTM@ ghti&i.n

Oanr o AHGERE oy BT Safnses fieoRdee S Ama0s Raly A dtiaprisd g e ee”

produce cBhesyonalttgttov@e feBRM 6f eéeetirded o300 5 laRl I GnMBlkedleavidPe sRETRL BE
regi me was applied before dr umat mlling [00263] Two types of

smal | - s@¥plaated dep) predisted Stinetuzal faataigs egh Q?a‘@ﬁ%ﬁafbi strggvredbat| magerender the

Smal | -s t ty. t t can
bo 1 ena LIRS URLAOSERTul Rl MESE ol BN B IRISHRS rhifibd ARCARAAA CE0
with 10086 gmubeqonﬁlbmng oﬁaammeﬁilﬁead ribozymgs, ddipint ubtmtrh@d aRshedé sibonaek, above,
whil e the othe ad was made with a b 0 % fl our and 70%
o mer eI vAELiE TS, TRGA o fp Bt e AT P( 188G} B ho
ot her i @9§1§§écﬁ£ﬁc§rd{‘§g t% Hetteds kAs®n & ﬁﬁ%thbasE@ oﬁetﬁé( éiglk‘!ﬂ& Gteﬂ/lglté}?our | BBt t 1 e

in a 35-g mxograph. The reci pe used, based on th of f n each
case wagforfistance.1809.S sBatent2g. Mdrad, @7éasThelsu5%ﬂltoegtetaaaldiceteotatgemmajanldo

i nprover_1. 5% The, wa additiaon | evel nthe m cro, Z- arm wat er
abbor pt P6n <UaEt “PhadeSlid el Hecseiy "B SNBTRRE i SRR ng. and
panni ng olies ucttiided, ﬂsﬁt‘@@@hﬁ@&&s@?ﬁﬂédtﬁﬁ as$a@ps at 40C and 85% room hum dity.

Baki ng was done in a Rotel oven for 14 nm at 190C. [00264] After
baki ng, the 1426t edd Wih\andisohse rcdymyclegtides dengtibed herain, cabagais afdhet he

or cads, "ARd ¢ handfbe JAERAS of Albd flind W Re el adlniflele A AMINEL,

| evel s. akomRiNYe drSodingta pblypepiide prmdedoasprS@QedDr 82} endem&shysipsogitaant

starch cont.ent I|c ted sappl es omt ead .oaves,

opor opr FORTGH SRRy o ESTTHS WA BEOESSCrfS aPraionsae et el | ant
bol us V\@§Cﬂwﬁéa@@r%ﬂé’y Q@ancreatic and gastric enzynes at physiol ogi cal pH
and tenperature. The amount of residual starch in the digesta was

det er ni VA dsfenfgrene/dupl¢oRNA enzynatl c and spectrophotonetric techniques,

per cont age. ofoathi e ErgaRRE artigge BBk HIRNELPORERRE B o ey

| evel s, igfodubtion bf@sm(ﬁﬁblédﬁlel\/aﬁhwlseﬁhy Bg. oedirediidogénduslyl By tiehsdrpaeal S
[00266] RS content, and G |evels were first determ ned for the whol eneal

milled fiogmaceiimens &che greding sueh HalRNaymglasley Jewevamdossnaigistea i sthper e
0.9% cénvegsﬁr{%f ? sfhgleost;zbﬁﬂe&-R%?A ﬁ{b@ecgle% tooa RN inki ggt kag)t)tn@r?:te ] opul I ess
doubl e mut ant, l'e nmutant, SSI a mutant an V\/no eneal

r espect iplesit ;cel(l TB.bIIAe irftyrierenesx RIS ASdis ypartioddrlst heeftlufdrespscifinallhdduenhgdiba bl e

mut ant whol eneal contai ned approximately 3.5-, 2.3- and 10-fold hi gher RS
content than the anol nutant, SSIla nutant and vvil dtype whol eneal,
respectively. Inportantly, wholeneals fromboth hulless and hul |l ed doubl e
mut ants contai ned significantly nore RS than whol eneal fromthe SSIla

mut ant. There were no statistically significant differences in RS content
between huI I ess doubl e rrut ant and huI I ed doubl e rrut ant whol erreal or

oy o o 1 S o _I:.:.:_,___I



- 86 - RS content of breads containing 100% barley flour [00267] The
RS conte for ads that contained 100% barl ey fl our 1L ned and
are gi ver%ﬁﬁoﬁé%?%’gz The anal yses showed that the RS cgﬁﬁ}ﬁ{zgﬁ)?oﬁg%%eads
made with 100% barl ey whol eneal as the flour ingredient were 2.2 0.3 %
5.5 0.1%, 5.6 0.3 % 2.1 0.4 %and 0.8 0.3%for anol nutant, hulless
doubl e mutant, hulled double nutant, SSlIla nutant and w | dtype grain (Table
3). The statistical analysis indicated3that breads nmade from whol eneal from
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stabilize the molecule. The RNA molecule may be a hybrid between different sequences

targeting different target RNAs, allowing reduction in expression of more than one target
gene, or it may be one sequence which corresponds to a family of related target genes such
as a multigene family. The sequences used in the dsRNA preferably correspond to exon
sequences of the target gene and may correspond to 5' and/or 3' untranslated sequences or
protein coding sequences or any combination thereof.

[00130] The promoter used to express the dsSRNA-forming construct may be any
type of promoter if the resulting dsRNA is specific for a gene product in the cell lineage
targeted for destruction. Alternatively, the promoter may be lineage specific in that it is
only expressed in cells of a particular development lineage. This might be advantageous
where some overlap in homology is observed with a gene that is expressed in a non-
targeted cell lineage. The promoter may also be inducible by externally controlled factors,
or by intracellular environmental factors. Typically, the RNA molecule is expressed under
the control of a RNA polymerase II or RNA polymerase III promoter. Examples of the
latter include tRNA or snRNA promoters.

[00131] Other silencing RNA may be "unpolyadenylated RNA" comprising at
least 20 consecutive nucleotides having at least 95% sequence identity to the complement

of a nucleotide sequence of an RNA transcript of the target gene, such as described in WO
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01/12824 or US 6,423,885 (both documents herein incorporated by reference). Yet another
type of silencing RNA is an RNA molecule as described in WO 03/076619 (herein
incorporated by reference) comprising at least 20 consecutive nucleotides having at least
95% sequence identity to the sequence of the target nucleic acid or the complement
thereof, and further comprising a largely-double stranded region as described in WO
03/076619.

[00132] MicroRNA regulation is a specialized branch of the RNA silencing
pathway that evolved towards gene regulation, diverging from conventional RNAiI/PTGS.
MicroRNAs are a specific class of small RNAs that are encoded in gene-like elements
organized in a characteristic partial inverted repeat. When transcribed, microRNA genes
give rise to partially basepaired stem—looped precursor RNAs from which the microRNAs
are subsequently processed. MicroRNAs are typically about 21 nucleotides in length. The
released miRNAs are incorporated into RISC-like complexes containing a particular subset
of Argonaute proteins that exert sequence-specific gene repression (see, for example,
Millar and Waterhouse, Funct Integr Genomics, 5: 129-135, 2005; Pasquinelli ef al., Curr
Opin Genet Develop 15: 200-205, 2005; Almeida and Allshire, Trends Cell Biol. 15: 251-
258, 2005, herein incorporated by reference).

Cosuppression

[00133] Another molecular biological approach that may be used for specifically
reducing gene expression is co-suppression. The mechanism of co-suppression is not well
understood but is thought to involve post-transcriptional gene silencing (PTGS) and in that
regard may be very similar to many examples of antisense suppression. It involves
introducing an extra copy of a gene or a fragment thereof into a plant in the "sense
orientation" with respect to a promoter for its expression, which as used herein refers to the
same orientation as transcription and translation (if it occurs) of the sequence relative to
the sequence in the target gene. The size of the sense fragment, its correspondence to target
gene regions, and its degree of homology to the target gene are as for the antisense
sequences described above. In some instances the additional copy of the gene sequence
interferes with the expression of the target plant gene. Reference is made to Patent
specification WO 97/20936 and European patent specification 0465572 for methods of

implementing co-suppression approaches. The antisense, co-suppression or double
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stranded RNA molecules may also comprise a largely double-stranded RNA region,
preferably comprising a nuclear localization signal, as described in WO 03/076619.

[00134] Any of these technologies for reducing gene expression can be used to
coordinately reduce the activity of multiple genes. For example, one RNA molecule can be
targeted against a family of related genes by targeting a region of the genes which is in
common. Alternatively, unrelated genes may be targeted by including multiple regions in
one RNA molecule, each region targeting a different gene. This can readily be done by
fusing the multiple regions under the control of a single promoter.

Methods of introducing nucleic acids into plant cells/transformation

[00135] A number of techniques are available for the introduction of nucleic acid
molecules into a plant host cell, well known to workers in the art. The term
"transformation" means alteration of the genotype of an organism, for example a bacterium
or a plant, by the introduction of a foreign or exogenous nucleic acid. By "transformant" is
meant an organism so altered. As used herein the term "transgenic" refers to a genetically
modified plant in which the endogenous genome is supplemented or modified by the
integration, or stable maintenance in a replicable non-integrated form, of an introduced
foreign or exogenous gene or sequence. By "transgene" is meant a foreign or exogenous
gene or sequence that is introduced into the genome of a plant. The nucleic acid molecule
may be stably integrated into the genome of the plant, or it may be replicated as an
extrachromosomal element. By "genome" is meant the total inherited genetic complement
of the cell, plant or plant part, and includes chromosomal DNA, plastid DNA,
mitochondrial DNA and extrachromosomal DNA molecules. The term "regeneration" as
used herein in relation to plant materials means growing a whole, differentiated plant from
a plant cell, a group of plant cells, a plant part such as, for example, from an embryo,
scutellum, protoplast, callus, or other tissue, but not including growth of a plant from a
seed.

[00136] The particular choice of a transformation technology will be determined
by its efficiency to transform certain plant species as well as the experience and preference
of the person practicing the invention with a particular methodology of choice. It will be
apparent to the skilled person that the particular choice of a tfansformation system to

introduce a nucleic acid construct into plant cells is not essential to or a limitation of the
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invention, provided it achieves an acceptable level of nucleic acid transfer. Guidance in the
practical implementation of transformation systems for plant improvement is provided by
Birch, Ann Rev Plant Physiol Plant Mol Biol. 48: 297-326, 1997.

[00137] Introduction and expression of foreign or exogenous polynucleotides
may be performed using the T-DNA of the tumor-inducing (Ti) plasmid of Agrobacterium
tumefaciens (See, for example, Umbeck, U.S. Patent No. 5,004,863, and International
application PCT/US93/02480). A construct of the invention may be introduced into a plant
cell utilizing 4. tumefaciens containing the Ti plasmid. In using an 4. fumefaciens culture
as a transformation vehicle, it is most advantageous to use a non-oncogenic strain of the
Agrobacterium as the vector carrier so that normal non-oncogenic differentiation of the
transformed tissues is possible. It is preferred that the Agrobacterium harbors a binary Ti
plasmid system. Such a binary system comprises (1) a first Ti plasmid having a virulence
region essential for the introduction of transfer DNA (T-DNA) into plants, and (2) a
chimeric plasmid. The chimeric plasmid contains at least one border region of the T-DNA
region of a wild-type Ti plasmid flanking the nucleic acid to be transferred. Binary Ti
plasmid systems have been shown effective to transform plant cells as, for example,
described by De Framond, Biotechnology, 1. 262, 1983 and Hoekema et al., Nature, 303:
179, 1983. Such a binary system is preferred infer alia because it does not require
integration into the Ti plasmid in Agrobacterium.

[00138] Methods involving the use of Agrobacterium include, but are not limited
to: (a) co-cultivation of Agrobacterium with cultured isolated protoplasts; (b)
transformation of plant cells or tissues with Agrobacterium; (c) transformation of seeds,
apices or meristems with Agrobacterium, or (d) inoculation in planta such as the floral-dip
method as described by Bechtold et al., C.R. Acad. Sci. Paris, 316: 1194, 1993 or in wheat
(as described in WO 00/63398, herein incorporated by reference). This approach is based
on the infiltration of a suspension of Agrobacterium cells. Alternatively, the chimeric
construct may be introduced using root-inducing (Ri) plasmids of Agrobacterium as
vectors.

[00139] Methods for transformation of cereal plants such as wheat and barley for
introducing genetic variation into the plant by introduction of an exogenous nucleic acid

and for regeneration of plants from protoplasts or immature plant embryos are well known
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in the art, see for example, Wan and Lemaux, Plant Physiol. 104: 37-48, 1994, Tingay et
al., Plant J, 11: 1369-1376, 1997, Canadian Patent Application No. 2,092,588, Australian
Patent Application No 61781/94, Australian Patent No 667939, US Patent No. 6,100,447,
International Patent Application PCT/US97/10621, U.S. Patent No. 5,589,617, U.S. Patent
No. 6,541,257. Preferably, transgenic plants are produced by Agrobacterium tumefaciens
mediated transformation procedures. Vectors carrying the desired nucleic acid construct
may be introduced into regenerable cereal cells of tissue cultured plants or explants. The
regenerable cells are preferably from the scutellum of immature embryos, mature embryos,
callus derived from these, or the meristematic tissue. Immature embryos are preferably
those from inflorescences about 10-15 days after anthesis.

[00140] The genetic construct can also be introduced into plant cells by
electroporation as, for example, described by Fromm et al., Proc. Natl. Acad. Sci. U.S.A.
82: 5824, 1985 and Shimamoto et al., Nature, 338: 274-276, 1989. In this technique, plant
protoplasts are electroporated in the presence of vectors or nucleic acids containing the
relevant nucleic acid sequences. Electrical impulses of high field strength reversibly
permeabilize membranes allowing the introduction of nucleic acids. Electroporated plant
protoplasts reform the cell wall, divide and form a plant callus.

[00141] Another method for introducing the nucleic acid construct into a plant
cell is high velocity ballistic penetration by small particles (also known as particle
bombardment or microprojectile bombardment) with the nucleic acid to be introduced
contained either within the matrix of small beads or particles, or on the surface thereof as,
for example described by Klein et al., Nature, 327: 70, 1987.

[00142] Alternatively, the nucleic acid construct can be introduced into a plant
cell by contacting the plant cell using mechanical or chemical means. For example, a
nucleic acid can be mechanically transferred by microinjection directly into plant cells by
use of micropipettes. Alternatively, a nucleic acid may be transferred into the plant cell by
using polyethylene glycol which forms a precipitation complex with genetic material that

is taken up by the cell.
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Mutagenesis

[00143] The plants of the invention can be produced and identified after
mutagenesis. This may provide a plant which is non-transgenic, which is desirable in some
markets.

[00144] Mutants can be either naturally occurring (that is to say, isolated from a
natural source) or synthetic (for example, by performing mutagenesis on the nucleic acid)
or induced. Generally, a progenitor plant cell, tissue, seed or plant may be subjected to
mutagenesis to produce single or multiple mutations, such as nucleotide substitutions,
deletions, additions and/or codon modification. In the context of this application, an
"induced mutation" is an artificially induced genetic variation which may be the result of
chemical, radiation or biologically-based mutagenesis, for example transposon or T-DNA
insertion. Preferred mutations are null mutations such as nonsense mutations, frameshift
mutations, insertional mutations or splice-site variants which completely inactivate the
gene. Nucleotide insertional derivatives include 5' and 3' terminal fusions as well as intra-
sequence insertions of single or multiple nucleotides. Insertional nucleotide sequence
variants are those in which one or more nucleotides are introduced into the nucleotide
sequence, which may be obtained by random insertion with suitable screening of the
resulting products. Deletional variants are characterised by the removal of one or more
nucleotides from the sequence. Preferably, a mutant gene has only a single insertion or
deletion of a sequence of nucleotides relative to the wild-type gene. Substitutional
nucleotide variants are those in which at least one nucleotide in the sequence has been
removed and a different nucleotide inserted in its place. The preferred number of
nucleotides affected by substitutions in a mutant gene relative to the wild-type gene is a
maximum of ten nucleotides, more preferably a maximum of 9, 8, 7, 6, 5, 4, 3, or 2, or
only one nucleotide. Such a substitution may be "silent” in that the substitution does not
change the amino acid defined by the codon. Alternatively, conservative substituents are
designed to alter one amino acid for another similar acting amino acid. Typical
conservative substitutions are those made in accordance with Table 10 "Exemplary
substitutions".

[00145] The term "mutation" as used herein does not include silent nucleotide

substitutions which do not affect the activity of the gene, and therefore includes only
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alterations in the gene sequence which affect the gene activity. The term "polymorphism"
refers to any change in the nucleotide sequence including such silent nucleotide
substitutions.

[00146] In a preferred embodiment, the plant comprises a deletion of at least part
of a SSII gene or a frameshift or splice site variation in such gene.

[00147] In another preferred embodiment, the plant comprises a mutation in an
amol gene, such as the AC38 allele known in the art.

[00148] Mutagenesis can be achieved by chemical or radiation means, for
example EMS or sodium azide (Zwar and Chandler, Planta 197: 39-48, 1995) treatment of
seed, or gamma irradiation, well know in the art.

[00149] Chemical mutagenesis tends to favour nucleotide substitutions rather
than deletions. Heavy ion beam (HIB) irradiation is known as an effective technique for
mutation breeding to produce new plant cultivars, see for example Hayashi et al., Effects of
ion beam irradiation on mutation induction in rice. Cyclotrons and Their Applications
2007, Eighteenth International Conference 237-239, 2007 and Kazama et al, Plant
Biotechnology 25: 113-117, 2008. Ion beam irradiation has two physical factors, the dose
(gy) and LET (linear energy transfer, keV/um) for biological effects that determine the
amount of DNA damage and the size of DNA deletion, and these can be adjusted
according to the desired extent of mutagenesis. HIB generates a collection of mutants,
many of them comprising deletions, that may be screened for mutations in specific SSIla or
Amol genes. Mutants which are identitied may be backcrossed with non-mutated wheat
plants as recurrent parents in order to remove and therefore reduce the effect of unlinked

mutations in the mutagenised genome.

[00150] Biological agents useful in producing site-specific mutants include
enzymes that include double stranded breaks in DNA that stimulate endogenous repair
mechanisms. These include endonucleases, zinc finger nucleases, transposases and site-
specific recombinases. Zinc finger nucleases (ZFNs), for example, facilitate site-specific
cleavage within a genome allowing endogenous or other end-joining repair mechanisms to
introduce deletions or insertions to repair the gap. Zinc finger nuclease technology is

reviewed in Le Provost et al., Trends in Biotechnology 28(3): 134-141, 2009, See also
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Durai et al, Nucleic Acids Research 33(18): 5978-5990, 2005 and Liu et al,
Biotechnology and Bioengineering, 106: 97-105, 2010.

[00151] Isolation of mutants may be achieved by screening mutagenised plants or
seed. For example, a mutagenized population of barley plants may be screened for low
SSIla activity in the leaf or grain starch, mutation of the SSIla or amol gene by a PCR or
heteroduplex based assay, or loss of the SSII protein by ELISA. In a polyploid plant,
screening is preferably done in a genotype that already lacks one or two of the SSII
activities, for example in a wheat plant already mutant in the SSII genes on two of the
three genomes, so that a mutant entirely lacking the functional activity is sought.
Alternatively, the mutation may be identified using techniques such as "tilling" in a
population mutagenised with an agent such as EMS (Slade and Knauf, Transgenic Res. 14:
109-115, 2005). Such mutations may then be introduced into desirable genetic
backgrounds by crossing the mutant with a plant of the desired genetic background and
performing a suitable number of backcrosses to cross out the originally undesired parent
background.

[00152] The mutation may have been introduced into the plant directly by
mutagenesis or indirectly by crossing of two parental plants, one of which comprised the
introduced mutation. The modified plants such as cereal plants may be transgenic or non-
transgenic. Using mutagenesis, a non-transgenic plant lacking the function of interest may
be produced. The invention also extends to the grain or other plant parts produced from the
plants and any propagating material of the plants that can be used to produce the plants
with the desired characteristics, such as cultured tissue or cells. The invention clearly
extends to methods of producing or identifying such plants or the grain produced by such
plants. '

[00153] Plants of the invention can be produced using the process known as
TILLING (Targeting Induced Local Lesions IN Genomes). In a first step, introduced
mutations such as novel single base pair changes are induced in a population of plants by
treating cells, seeds, pollen or other plant parts with a chemical mutagen or radiation, and
then advancing plants to a generation where mutations will be stably inherited. DNA is
extracted, and seeds are stored from all members of the population to create a resource that

can be accessed repeatedly over time.
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[00154] For a TILLING assay, PCR primers are designed to specifically amplify
a single gene target of interest. Specificity is especially important if a target is a member
of a gene family or part of a polyploid genome. Next, dye-labeled primers can be used to
amplify PCR products from pooled DNA of multiple individuals. These PCR products are
denatured and reannealed to allow the formation of mismatched base pairs. Mismatches,
or heteroduplexes, represent both naturally occurring single nucleotide polymorphisms
(SNPs) (i.e., several plants from the population are likely to carry the same polymorphism)
and induced SNPs (i.e., only rare individual plants are likely to display the mutation).
After heteroduplex formation, the use of an endonuclease, such as Cell, that recognizes
and cleaves mismatched DNA is the key to discovering novel SNPs within a TILLING
population.

[00155] Using this approach, many thousands of plants can be screened to
identify any individual with a single base change as well as small insertions or deletions
(1-30 bp) in any gene or specific region of the genome. Genomic fragments being assayed
can range in size anywhere from 0.3 to 1.6 kb. At 8-fold pooling, 1.4 kb fragments
(discounting the ends of fragments where SNP detection is problematic due to noise) and
96 lanes per assay, this combination allows up to a million base pairs of genomic DNA to
be screened per single assay, making TILLING a high-throughput technique. TILLING is
further described in Slade and Knauf, 2005 (supra), and Henikoff et al., Plant Physiol.
135:630-636, 2004, herein incorporated by reference.

[00156] In addition to allowing efficient detection of mutations, high-throughput
TILLING technology is ideal for the detection of natural polymorphisms. Therefore,
interrogating an unknown homologous DNA by heteroduplexing to a known sequence
reveals the number and position of polymorphic sites. Both nucleotide changes and small
insertions and deletions are identified, including at least some repeat number
polymorphisms. This has been called Ecotilling (Comai et al., Plant J. 37: 778-786, 2004).

[00157] Each SNP is recorded by its approximate position within a few
nucleotides. Thus, each haplotype can be archived based on its mobility. Sequence' data
can be obtained with a relatively small incremental effort using aliquots of the same
amplified DNA that is used for the mismatch-cleavage assay. The left or right sequencing

primer for a single reaction is chosen by its proximity to the polymorphism. Sequencher
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software performs a multiple alignment and discovers the base change, which in each case
confirmed the gel band.

[00158] Ecotilling can be performed more cheaply than full sequencing, the
method currently used for most SNP discovery. Plates containing arrayed ecotypic DNA
can be screened rather than pools of DNA from mutagenized plants. Because detection is
on gels with nearly base pair resolution and background patterns are uniform across lanes,
bands that are of identical size can be matched, thus discovering and genotyping SNPs in a
single step. In this way, ultimate sequencing of the SNP is simple and efficient, made more
so by the fact that the aliquots of the same PCR products used for screening can be
subjected to DNA sequencing.

Genetic linkage

[00159] As used herein, the term " genetically linked" refers to a marker locus
and a second locus being sufficiently close on a chromosome that they will be inherited
together in more than 50% of meioses, e.g., not randomly. This definition includes the
situation where the marker locus and second locus form part of the same gene.
Furthermore, this definition includes the situation where the marker locus comprises a
polymorphism that is responsible for the trait of interest (in other words the marker locus is
directly "linked" to the phenotype). Thus, the percent of recombination observed between
the loci per generation (centimorgans (cM)), will be less than 50. In particular
embodiments of the invention, genetically linked loci may be 45, 35, 25, 15, 10, 5, 4, 3, 2,
or 1 or less cM apart on a chromosome. Preferably, the markers are less than 5 ¢cM or 2
cM apart and most preferably about 0 ¢cM apart.

[00160] As used herein, the "other genetic markers" may be any molecules which
are linked to a desired trait of a cereal plant such as wheat or barley. Such markers are
well known to those skilled in the art and include molecular markers linked to genes
determining traits such disease resistance, yield, plant morphology, grain quality, other
dormancy traits such as grain colour, gibberellic acid content in the seed, plant height,
flour colour and the like.

[00161] Marker assisted selection is a well recognised method of selecting for
heterozygous plants required when backcrossing with a recurrent parent in a classical

breeding program. The population of plants in each backcross generation will be
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heterozygous for the gene of interest normally present in a 1:1 ratio in a backcross
population, and the molecular marker can be used to distinguish the two alleles of the gene.
By extracting DNA from, for example, young shoots and testing with a specific marker for
the introgressed desirable trait, early selection of plants for further backcrossing is made
whilst energy and resources are concentrated on fewer plants.

[00162] Any molecular biological technique known in the art which is capable of
detecting alleles of an SSII or other gene can be used in the methods of the present
invention. Such methods include, but are not limited to, the use of nucleic acid
amplification, nucleic acid sequencing, nucleic acid hybridization with suitably labeled
probes, single-strand conformational analysis (SSCA), denaturing gradient gel
electrophoresis (DGGE), heteroduplex analysis (HET), chemical cleavage analysis (CCM),
catalytic nucleic acid cleavage or a combination thereof (see, for example, Lemieux,
Current Genomics, 1: 301-311, 2000; Langridge et al., Aust J Agric Res 52: 1043-1077,
2001). The invention also includes the use of molecular marker techniques to detect
polymorphisms linked to alleles of (for example) an SSII gene which confers altered
fructan accumulation. Such methods include the detection or analysis of resiriction
fragment length polymorphisms (RFLP), RAPD, amplified fragment length
polymorphisms (AFLP) and microsatellite (simple sequence repeat, SSR) polymorphisms.
The closely linked markers can be obtained readily by methods well known in the art, such
as Bulked Segregant Analysis, as reviewed by Langridge et al., 2001 (supra).

[00163] The "polymerase chain reaction" ("PCR") is a reaction in which replicate
copies are made of a target polynucleotide using a "pair of primers" or "set of primers"
consisting of "upstream" and a "downstream" primer, and a catalyst of polymerization,
such as a DNA polymerase, and typically a thermally-stable polymerase enzyme. Methods
for PCR are known in the art, and are taught, for example, in "PCR” (McPherson and
Moller (Ed), BIOS Scientific Publishers Ltd, Oxford, 2000). PCR can be performed on
cDNA obtained from reverse transcribing mRNA isolated from plant cells expressing an
SSII gene or on genomic DNA isolated from a plant.

[00164] A primer is an oligonucleotide sequence that is capable of hybridising in
a sequence specific fashion to the target sequence and being extended during the PCR.

Amplicons or PCR products or PCR fragments or amplification products are extension
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products that comprise the primer and the newly synthesized copies of the target
sequences. Multiplex PCR systems contain multiple sets of primers that result in
simultaneous production of more than one amplicon. Primers may be perfectly matched to
the target sequence or they may contain internal mismatched bases that can result in the
introduction of restriction enzyme or catalytic nucleic acid recognition/cleavage sites in
specific target sequences. Primers may also contain additional sequences and/or contain
modified or labelled nucleotides to facilitate capture or detection of amplicons. Repeated
cycles of heat denaturation of the DNA, annealing of primers to their complementary
sequences and extension of the annealed primers with polymerase result in exponential
amplification of the target sequence. The terms target or target sequence or template refer
to nucleic acid sequences which are amplified.

[00165] Methods for direct sequencing of nucleotide sequences are well known to
those skilled in the art and can be found for example in Ausubel ef al. (supra) and
Sambrook et al. (supra). Sequencing can be carried out by any suitable method, for
example, dideoxy sequencing, chemical sequencing or variations thereof. Direct
sequencing has the advantage of determining variation in any base pair of a particular
sequence.

Plants

[00166] The term "plant" as used herein as a noun refers to whole plants, but as
used as an adjective refers to any substance which is present in, obtained from, derived
from, or related to a plant, such as for example, plant organs (e.g. leaves, stems, roots,
flowers), single cells (e.g. pollen), seeds, plant cells and the like. Plantlets and germinated
seeds from which roots and shoots have emerged are also included within the meaning of
"plant”. The term "plant parts” as used herein refers to one or more plant tissues or organs
which are obtained from a plant and which comprises genomic DNA of the plant. Plant
parts include vegetative structures (for example, leaves, stems), roots, floral
organs/structures, seed (including embryo, endosperm, and seed coat), plant tissue (for
example, vascular tissue, ground tissue, and the like), cells and progeny of the same. The
term "plant cell" as used herein refers to a cell obtained from a plant or in a plant and
includes protoplasts or other cells derived from plants, gamete-producing cells, and cells

which regenerate into whole plants. Plant cells may be cells in culture. By "plant tissue" is
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meant differentiated tissue in a plant or obtained from a plant ("explant") or
undifferentiated tissue derived from immature or mature embryos, seeds, roots, shoots,
fruits, pollen, tumor tissue, such as crown galls, and various forms of aggregations of plant
cells in culture, such as calli. Exemplary plant tissues in or from seeds are endosperm,
scutellum, aleurone layer and embryo. The invention accordingly includes plants and plant
parts and products comprising these, particularly grain comprising fructan.

[00167] As used herein, the term "grain" refers to mature seed of a plant, such as
is typically harvested commercially in the field. Thus, the term includes harvested seed
and seed on a plant that is ready for harvesting. Mature cereal grain such as wheat or
barley commonly has a moisture content of less than about 18-20%.

[00168] A "transgenic plant" as used herein refers to a plant that contains a gene
construct not found in a wild-type plant of the same species, variety or cultivar. That is,
transgenic plants (transformed plants) contain genetic material (a transgene) that they did
not contain prior to the transformation. The transgene may include genetic sequences
obtained from or derived from a plant cell, or another plant cell, or a non-plant source, or a
synthetic sequence. Typically, the transgene has been introduced into the plant by human
manipulation such as, for example, by transformation but any method can be used as one
of skill in the art recognizes. The genetic material is preferably stably integrated into the
genome of the plant. The introduced genetic material may comprise sequences that
naturally occur in the same species but in a rearranged order or in a different arrangement
of elements, for example an antisense sequence. Plants containing such sequences are
included herein in "transgenic plants". A "non-transgenic plant" is one which has not been
genetically modified by the introduction of genetic material by recombinant DNA
techniques. In a preferred embodiment, the transgenic plants are homozygous for each and
every gene that has been introduced (transgene) so that their progeny do not segregate for
the desired phenotype.

[00169] As used herein, the term "corresponding non-transgenic plant” refers to a
plant which is isogenic relative to the transgenic plant but without the transgene of interest.
Preferably, the corresponding non-transgenic plant is of the same cultivar or variety as the
progenitor of the transgenic plant of interest, or a sibling plant line which lacks the

construct, often termed a "segregant", or a plant of the same cultivar or variety transformed
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with an "empty vector" construct, and may be a non-transgenic plant. "Wild type", as used
herein, refers to a cell, tissue or plant that has not been modified according to the
invention. Wild-type cells, tissue or plants may be used as controls to compare levels of
expression of an exogenous nucleic acid or the extent and nature of trait modification with
cells, tissue or plants modified as described herein.

[00170] Transgenic plants, as defined in the context of the present invention
include progeny of the plants which have been genetically modified using recombinant
techniques, wherein the progeny comprise the transgene of interest. Such progeny may be
obtained by self-fertilisation of the primary transgenic plant or by crossing such plants with
another plant of the same species. This would generally be to modulate the production of at
least one protein/enzyme defined herein in the desired plant or plant organ. Transgenic
plant parts include all parts and cells of said plants comprising the transgene such as, for
example, cultured tissues, callus and protoplasts.

[00171] Any of several methods may be employed to determine the presence of a
transgene in a transformed plant. For example, polymerase chain reaction (PCR) may be
used to amplify sequences that are unique to the transformed plant, with detection of the
amplified products by gel electrophoresis or other methods. DNA may be extracted from
the plants using conventional methods and the PCR reaction carried out using primers to
amplify a specific DNA, the presence of which will distinguish the transformed and non-
transformed plants. For example, primers may be designed that will amplify a region of
DNA from the transformation vector reading into the construct and the reverse primer
designed from the gene of interest. These primers will only amplify a fragment if the plant
has been successfully transformed. An alternative method to confirm a positive
transformant is by Southern blot hybridization, well known in the art. Plants which are
transformed may also be identified i.e. distinguished from non-transformed or wild-type
plants by their phenotype, for example conferred by the presence of a selectable marker
gene, or conferred by the phenotype of altered fructan content of the grain of the plant, or
related phenotype such as altered starch synthase activity.

[00172] As used herein, "germination" refers to the emergence of the root tip
from the seed coat after imbibition. "Germination rate" refers to the percentage of seeds in

a population which have germinated over a period of time, for example 7 or 10 days, after
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imbibition. A population of seeds can be assessed daily over several days to determine the
germination percentage over time, With regard to seeds of the present invention, as used
herein the term "germination rate which is substantially the same" means that the
germination rate of the transgenic seeds is at least 90%, that of isogenic wild-type seeds.

[00173] As used herein, the term "barley" refers to any species of the Genus
Hordeum, including progenitors thereof, as well as progeny thereof produced by crosses
with other species. It is preferred that the plant is of a Hordeum species which is
commercially cultivated such as, for example, a strain or cultivar or variety of Hordeum
vulgare or suitable for commercial production of grain.

Food production

[00174] In another aspect, the invention provides barley plants and grain, and
products obtained therefrom, that is useful for food or feed production, the grain having
increased levels of starch compared to corresponding SSIla mutant grains, and increased
levels of non-starch components compared to corresponding wild-type grains. Preferably
the plant from which the grain is obtained has a reduced level of SSlla activity in the
endosperm during development. The plant of the present invention is useful for food
production and in particular for commercial food production. Such food production might
include the making of flour, dough or other products that might be an ingredient in
commercial food production. In an embodiment which is desirable for use in food
production, the seed or grain of the plant has a fructan content that is increased relative to
the wild-type plant. The grain may have a level of activity of degradative enzymes,
particularly of one or more amylases such as c-amylase or -amylase, which is reduced by
the presence of a transgene or an introduced mutation which reduces expression of a gene
encoding such a degradative enzyme in the grain. Flour or dough from such grain has
desirable properties for baking or other food production.

[00175] The desired genetic background of the plant will include considerations
of agronomic yield and other characteristics. Such characteristics might include whether it
is desired to have a winter or spring types, agronomic performance, disease resistance and
abiotic stress resistance. Other varieties will be suited for other growing regions. It is
preferred that the plant variety of the invention provide a yield not less than 80% of the

corresponding wild-type variety in at least some growing regions, more preferably not less
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than 85% and even more preferably not less than 90%. The yield can readily be measured
in controlled field trials.

[00176] In further embodiments, the starch content of the grain is at least about
42%, at least about 43%, at least about 45%, at least about 47%, at least about 50%, or at
least about 55% (w/w), up to 65%, and more preferably not decreased relative to the wild-
type. Wild-type barley grain grown commercially usually has a starch content in the range
55-65%, depending somewhat on the cultivar grown. Alternatively, the seed or grain of the
invention has a starch content of at least 90% relative to that of grain from a wild-type
plant, and preferably at least 95%. Other desirable characteristics include the capacity to
mill the grain, in particular the grain hardness. Another aspect that might make a plant of
higher value is the degree of fructan or starch extraction from the grain, the higher
extraction rates being more useful, or the protein content, the ration of amylose to
amylopectin ,or the content of other non-starch polysaccharides such as B-glucan which
also contribute to the dietary fibre content of the grain products. Grain shape is also
another feature that can impact on the commercial usefulness of a plant, thus grain shape
can have an impact on the ease or otherwise with which the grain can be milled.

[00177] Starch is readily isolated from grain of the invention using standard
methods, for example the method of Schulman and Kammiovirta, Starch, 43: 387-389,
1991. On an industrial scale, wet or dry milling can be used. Starch granule size is
important in the starch processing industry where there is separation of the larger A
granules from the smaller B granules.

Food products

[00178] The invention also encompasses foods, beverages or pharmaceutical
preparations produced with products, preferably those comprising increased resistant
starch, dietary fibre, amylose, B-glucan, fructan, or other components obtained from the
plants or grain of the invention. Such food production might include the making of
processed grain, wholemeal, flour, dough or other products that might be an ingredient in
commercial food production. The grain of the invention or products derived therefrom
containing resistant starch, dietary fibre, amylose, B-glucan or fructan may be used in a
variety of food applications for human consumption. As used herein, "humans" refers to

Homo sapiens. The grain can be used readily in food processing procedures and therefore
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the invention includes milled, ground, kibbled, pearled or rolled grain or products obtained
from the processed or whole grain of the plants of the invention, including flour. These
products may be then used in various food products, for example farinaceous products
such as breakfast cereals, breads, cakes, biscuits and the like or food additives such as
thickeners or binding agents or to make drinks, noodles, pasta or quick soups. The grain or
products derived from the grain of the invention are particularly desired in breakfast
cereals or as extruded products. The starch or other components may be incorporated into
fat or oil products such as margarine or shortening, salad dressing, egg products such as
mayonnaise, dairy products such as icecream, yogurt or cheese, cereal products such as
wheat flour, fruit juices, other foods or food materials, or the starch or other components
may be processed into beverages or foods such as bread, cake, biscuits, breakfast cereals,
pasta, noodles or sauces. Fructan is also useful as a low calorie sweetening product.

[00179] In bread, the ingredients comprising fructan which may be in the form of
flour or wholemeal may substitute for 10% (w/w) or more of unaltered flour or wholemeal,
preferably substituting at least 30% and even more preferably at least 50% of the unaltered
flour or wholemeal. The formulation might therefore be, for example, flour 70 parts, high-
fructan starch 30 parts, fat 2 parts, salt 2 parts, improver 1 part, yeast 2.5 parts. The
production of the bread may be by a rapid dough technique or other techniques as is known
by those skilled in the art.

[00180] Alternatively, the product of the invention may be incorporated into a
farinaceous based pasta product. The amount of fructan of the invention employed in the
pasta composition may be in the range of 5-20% (w/w) based on the total weight of
farinaceous material more particularly in the range of 10 to 20%. Suitable other
farinaceous materials will readily be chosen by a person skilled in the art. Other material
may also be added to the composition for example dry or liquid eggs (yolks, whites, or
both) or high protein substances such as milk protein or fish protein. Vitamins, minerals,
calcium salts, amino acids, buffering agents such as disodium hydrogen phosphate,
seasoning, gum, gluten or glyceryl monostearate may also be added.

[00181] Other parts of the plants of the invention that are edible may be used as
foods for human consumption or as feed for animal use. For example, leaves, stems, or

extracts or parts of these comprising cells of the invention from any of these may be used
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for human or animal consumption. Increased resistant starch, dietary fibre, amylose, [3-
glucan or fructan content of the plants of the invention and parts thereof may provide
advantages for use of these materials as animal feed such as, for example, as feed for pigs,
cattle, horses, poultry such as chickens and other animals.

Methods

[00182] The products or compounds of the present invention can be formulated in
pharmaceutic compositions which are prepared according to conventional pharmaceutical
compounding techniques. See, for example, Remington's Pharmaceutical Sciences, 18
Ed., Mack Publishing, Company, Easton, PA, U.S.A. 1990). The composition may contain
the active agent or pharmaceutically acceptable derivative active agent. These
compositions may comprise, in addition to one of the active substances, a pharmaceutically
acceptable excipient, carrier, buffer, stabilizer or other materials well known in the art.
Such materials should be non-toxic and should not interfere with the efficacy of the active
ingredient. The carrier may take a wide variety of forms depending on the form of
preparation desired for administration.

[00183] For oral administration, the compounds can be formulated into solid or
liquid preparations such as capsules, pills, tablets, lozenges, powders, suspensions or
emulsions. In preparing the compositions in oral dosage form, any of the usual
pharmaceutical media may be employed, such as, for example, water, glycols, oils,
alcohols, flavoring agents, preservatives, coloring agents, suspending agents, and the like
in the case of oral liquid preparations (such as, for example, suspensions, elixirs and
solutions); or carriers such as starches, sugars, diluents, granulating agents, lubricants,
binders, disintegrating agents and the like in the case of oral solid preparations (such as, for
example, powders, capsules and tablets). Because of their ease in administration, tablets
and capsules represent the most advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. If desired, tablets may be sugar-coated or
enteric-coated by standard techniques.

[00184] The active agent is preferably administered in a therapeutically effective
amount. The actual amount administered and the rate and time-course of administration
will depend on the nature and severity of the condition being treated. Prescription of

treatment, e.g. decisions on dosage, timing, etc. is within the responsibility of general



3.1 a 0.2 hulled double mutant 4 54a 0.4 3.0 a 0.1 SSlla nutant 6 1.9 b
18b %8 2011/011833 PCT/AU2010/000968

-62 -

practitioners or specialists and typically takes account of the disorder to be treated, the
condition of the individual patient, the site of delivery, the method of administration and
other factors known to practitioners. Examples of techniques and protocols can be found in
Remington's Pharmaceutical Sciences, (supra).

[00185] The food or beverage or pharmaceutical preparation may be packaged
ready for sale or in bulk form. The invention also provides methods of preparing the food,
beverage or pharmaceutical preparation of the invention, and recipes or instructions for
preparing such foods or beverages. The methods may comprise the steps of harvesting the
plant or plant part, separating grain from other plant parts, crushing, extracting, milling,
cooking, canning, packaging or other processing steps known in the art. The methods or
recipes or instructions may include the steps of processing the plant product of the
invention and/or admixing it with other food ingredients, such as heating or baking the
mixture or the product to, for example, at least 100°C. The method may include the step of
packaging the product so that it is ready for sale.

Industrial use

[00186] The plant products, preferably grain, may be used in production of
industrial products such as, for example, ethanol.

[00187] The present invention is further described by the following non-limiting

Examples.
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EXAMPLE 1: ILLUSTRATIVE METHODS AND MATERIALS
Plant material

[00188] Barley (Hordeum vulgare) lines used were from a back crossed
population starting with a cross between parental varieties Himalaya292 (M292 (SEQ ID
NOs: 9 to 11), Morell et al. 2003b (supra)) which contained the SSI/a mutation designated
herein as the sex6-292 allele, and the variety High Amylose Glacier (HAG, also named
AC38). Suitable parental varieties are available in the art. The HAG variety, for example
(High Amylose Glacier, also named AC38) is available from CSIRO or from the
Australian Winter Cereals Collection, Tamworth, NSW. Crossing of barley plants was
carried out in the greenhouse by standard methods. The back cross populations were
generated through 3 back crosses from Himalaya292 (male) to HAG (female), and then 3
generations of single seed descent (SSD). The seeds from the 3™ back cross were named as
BC3F1 and from the 3™ SSD were named as BC3F4. To increase the quantity of seeds for
each line, 2 or 3 further generations were grown. These were designated as the BC3F6 or
BC3F7 generations and used for this study.

[00189] Seventy BC3F6 barley lines were grown at CSIRO Plant Industry,
Canberra in pots under otherwise natural conditions in 2005. To confirm the selected seed
compositions and parameters, a subset of the BC3F7 barley lines which were selected by
seed weight, amylose content, and the presence of SSIla and amol mutations were grown
either at CSIRO Plant Industry, Canberra in a glasshouse, with natural light and at the
temperatures 18°C (night) and 24°C (day), or in the field at Yanco, New South Wales,
Australia in 2007.

[00190] Barley spikes were labelled as at anthesis 2 days after the awns first
appeared through the top of the flag leaf containing the enclosed spike. Developing seeds
were harvested at 20 days post anthesis (DPA) and after removal of the embryo the
developing endosperm was extruded through the cut surface and stored at -80°C.

[00191] Other varieties as described herein were obtained commercially or from
the Australian Winter Cereals Collection, Tamworth, NSW, Australia.

Genotyping of the BC3K6 population by PCR amplification
[00192] Young wheat leaves from the BC3F6 generation of the back crossed

population were collected and freeze-dried (freezer FTS systems, Stone Ridge, New York).
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Genomic DNA was isolated with a fast DNA® kit according to the suppliers instructions

(Q-BIOgene).

[00193] For genotyping of the SSIa mutation, primers SSIlaF (5'-
CCTGGAACACTTCAGACTGTACG-3' (SEQ ID NO: 3)) starting at nucleotide 1616 and
SSIIaR (5'-AGCATCACCAGCTGCACGTCCT-3' (SEQ ID NO: 4)) starting at nucleotide
2044 of the SSIla cDNA (GenBank no: AY133249) were used for the PCR amplification
of a 451 bp product spanning the SSIIa mutation site at nucleotide 1829 of Himalaya292,
as described by Morell et al. 2003b (supra) (see also SEQ ID NO: 9). The microsatellite
PCR marker EBmac0501 was used for the detection of the amol mutation as it located at
68.0 ¢cM on chromosome 1H and was closely linked to the amol locus also at 68.0 cM.
Primers HHac0501F (5' CACGACGTTGTAAAACGACACTTAAGTGCCATGCAAAG
3' (SEQ ID NO: 5) and HHac0501R (5' AGGGACAAAAATGGCTAAG 3' (SEQ ID NO:
6)) (GrainGenes Database) were used for the amplification of a PCR fragment from the
amol locus.

[00194] For each PCR reaction of 20 pl, 50 ng genomic DNA, 1.5 mM MgCl,
0.125 mM each ANTP, 10 pmol primers, 0.5 M glycine betaine, 1 pl DMSO and 1.5 U of
Hotstar Taq polymerase (QIAGEN) were used. The PCR reactions were conducted using a
HYBAID PCR Express machine (Intergrated Sciences) with 1 cycle of 95°C for 5 minutes,
35 cycles of 94°C for 45 seconds, 58°C for 30 seconds, and 72°C for 1 minute, 1 cycle of
72°C for 10 minutes and 1 cycle of 25°C for 1 minute. The PCR products for the detection
of the SSIla mutation were digested with the restriction enzyme NlalV at 37°C overnight.
Both digested (for SSIla mutation) and non-digested (for amol mutation) PCR fragments
were separated on 2% agarose gels and visualized with gel documentary (UVitec) after
GelRed (Biotium) staining.

[00195] For genotyping of barley lines from the back crossed barley population
between Himalaya292 x HAG, primers SSIIaF and SSIIaR were used as described above
for the detection of the SSI/a mutation from parental line Himalaya292, and the
microsatellite marker EBmac0501 was used for the detection of the amol locus from
parental line HAG. For the SS//a mutation, three types of PCR fragment patterns were
evident after digestion of the PCR product with NValV followed by gel electrophoresis, that
differentiated the mutated and wildtype SSI/a alleles. A single DNA fragment of 347bp
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indicated the presence of the mutated SSZIa gene, a single 236 bp DNA fragment indicated
the presence of the wildtype SSIla gene, and the presence of both the 347 bp and 236 bp
fragments indicated the heterozygous genotype lines. For the amo!/ mutation from HAG,
the EBmac0501 microsatellite marker also gave three PCR fragmentation patterns. A 167
bp fragment was detected from the amol mutant, a 141 bp fragment was detected from
wildtype lines, and both 167 bp and 141 bp fragments were detected in the heterozygous
lines.
Grain characteristics

[00196] Grain was harvested from plants at maturity. Unless otherwise indicated,
average seed weight was determined by weighing 100 seeds with 3 replicates. The seed
weight for selected lines was also determined as average seed weight of 500 seeds for 3
replicates for BC3F7 field grown materials at Yanco, NSW. Seed moisture content of grain
was measured by standard nuclear magnetic resonance (NMR) methods using an Oxford
4000 NMR Magnet (Oxford analytical instruments Limited). Grain texture was measured
using the Single-Kernel Characterization system 4100 (Perten Instruments Inc. Springfield,
IL 62707 USA) using the RACI Cereal Chemistry Official testing method 12-01. Seed
plumpness was grouped as three categories: shrunken, semi-plumped and plumped.
Microscopic examination of barley seed cross sections and scanning electronic
microscopy

[00197] Transverse sections approximately 1 mm thick of the middle part of the
barley seeds were produced by cutting sections with razor blades, and photographed. They
were also coated with gold particles and examined with a JSM-6400 Scanning Electron
Microscope (SEM) operating at 15 KV.
Milling of grain

[00198] Grain was ground to wholemeal that would pass through a 0.5 mm sieve,
using a cyclonic mill (Cyclotec 1093, Tecator, Sweden). The wholemeal was then used for
the analysis below.
B-glucan and pentosan analysis

[00199] p-glucan content was assayed as described in Megazyme Method
(AACC32.23), using 20mg of wholemeal for each of three replicate samples. Pentosan
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content was measured using the method from Bell (1985) using 20mg of wholemeal for
each of three replicate samples.
Starch extraction

[00200] Starch was isolated from wholemeal by a protease extraction method
(Morrison et al., J Cereal Sci, 2: 257-271, 1984) followed by water washing and removal
of the tailings. Starch was then washed with acetone and air dried at room temperature
(Konik-Rose et al., 2007 (supra)).

Total starch analysis

[00201] Total starch content of grain was assayed as described in Megazyme
Method (AACC76.13) using 20mg of wholemeal for each of three replicate samples.
Analysis of starch composition and characteristics

[00202] Amylose and amylopectin contents in the starch of the grain, or the ratio
of amylose to amylopectin, was determined by Sepharose CL-2B gel filtration as follows
(Gel filtration method). Approximately 10 mg of total starch was dissolved in 3.0 ml of 1M
NaOH and fractionated on the basis of molecular weight by chromatography on a
Sepharose CL-2B column (Regina et al., Proc Natl Acad Sci USA, 103: 35463551, 2006).
The amount of starch in each of the fractions from the column were measured using the
Starch Assay Kit (Sigma) according to the suppliers instructions. The total amount of
amylopectin (first peak, higher molecular weight) and amylose (second peak, lower
molecular weight) was calculated and the ratio or contents determined.

[00203] Alternatively, amylose content was measured using a small scale (2 mg
starch) iodine adsorption method (Morrison and Laignelet, J Cereal Sci, 1: 9-20, 1983)
with some modifications as described by Konik-Rose et al., 2007 (supra).

Chain length distribution

[00204] Amylopectin chain length distribution was measured, after debranching
of the starch samples, by the method of O'Shea er al., Carbohydr Res, 307: 1-12, 1998
using a P/ACE 5510 capillary electrophoresis system (Beckman Coulter, NSW Australia)
with argon laser-induced fluorescence (LIF) detection. Molar difference plots were
generated by subtracting the normalized chain length distribution for modified starch from

the normalized distribution for starch from an isogenic non modified control.
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[00205]) The gelatinisation temperature profiles of starch samples may be
measured using a Pyris 1 differential scanning calorimeter (Perkin Elmer, Norwalk CT,
USA). The viscosity of starch solutions may be measured on a Rapid-Visco-Analyser
(RVA, Newport Scientific Pty Ltd, Warriewood, Sydney), using conditions as reported by
Batey et al., Starch 48: 338-344, 1997. The parameters that may be measured include peak
viscosity (the maximum hot paste viscosity), holding strength, final viscosity and pasting
temperature. Pasting properties may be measured using the Rapid Visco Analyser as
follows. Starch (3.0g) is added to distilled water (25.0ml) in the DSC pan and the RVA
run profile is: 2mins at 50°C, heat for 6mins to 95°C, hold at 95°C for 4mins, cool for
4mins to 50°C, hold at 50°C for 4mins. The measured parameters are: Peak viscosity at
95°C, Holding strength at end of 95°C holding period, Breakdown = Peak Viscosity —
Holding strength, Final viscosity at end of 50°C holding period, Setback = Final Viscosity
— Holding strength. The software Thermocline for Windows version 2.2 (Newport
Scientific Pty Ltd, NSW Australia) may be used for collection and analysis of data.

[00206] The swelling volume of flour or starch may be determined according to
the method of Konik-Rose et al., Starch-Stdrke, 53: 14-20, 2001. The uptake of water is
measured by weighing the sample prior to and after mixing the flour or starch sample in
water at defined temperatures (for example, 90°C) and following collection of the
gelatinized material.

Starch granule morphology, birefringence and granule size distribution

[00207] Granule morphology was examined by SEM (JSM-6400) and light
microscopy with polarized light. The shapes and birefringence of the starch granules were
examined as described (Yamamori etAal., 2000 (supra)). Granule size distribution (by
volume) of the starch slurries was determined using a laser diffraction particle size
analyser (Mastersizer 2000, Malvern Instruments, Malvern, England). The percentage of
small B-type starch granules was determined using a cut-off diameter of 7 um.

Lipid analysis

[00208] Total lipid content may be assayed by NMR using an Oxford 4000 NMR
Magnet, Oxford Analytical Instruments Limited, UK. For each sample, 1 g of seeds is
dried at 38.8°C for 64 hours. The dried seeds are then measured using NMR and compared

against a pure barley oil controls extracted from cv. Himalaya or M292 grain.
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Protein content, lipid content, moisture content and ash content

[00209] Protein content was determined by measurement of nitrogen content
using Mass Spectrometer Method using a Europa 20-20 isotope ratio mass spectrometer
with an automated nitrogen and carbon analyzer preparation system. Three to 8 mg of
wholemeal of barley was used. A nitrogen to protein conversion factor of 6.25 was used
for the calculation of the protein content in barley seeds (Mosse 1990). Lipid content,
moisture content and ash content were measured using the AOAC 983.23 method, AACC
Method 44-19 and AACC Method 08-01.
Total dietary fibre assay

[00210] The gravimetric method of Prosky et al. (1985; AOAC 985.29) was used
to determine total dietary fibre (TDF) of the wholemeal. Duplicate samples were assayed.
Non starch polysaccharide assay

[00211] Total neutral non-starch polysaccharides (NSP) were measured by a
modification of the gas chromatographic procedure of Theander et al., J AOCAC Int 78:
1030-1044, 1995. The modification involved a 2-hour hydrolysis with 1 M sulphuric acid
followed by centrifugation to remove insoluble NSP and a further hydrolysis of the
supernatant using 2 M ftrifluoroacetic acid for soluble NSP.
Resistant starch assay

[00212] An in vitro procedure was used to determine resistant starch (RS)
content. The method has two sections: firstly, starch in each sample was hydrolysed under
simulated physiological conditions; secondly, by-products were removed through washing
and the residual starch determined after homogenization and drying of the sample. Starch
quantitated at the end of the digestion treatment represented the resistant starch content of
the sample. Typically, triplicate samples of whole meal along with appropriate standards
were mixed with artificial saliva and the resultant bolus incubated with pancreatic and
gastric enzymes at physiological pH and temperature. The amount of residual starch in the
digesta was determined using conventional enzymatic techniques and spectrophotometry
and the resistant starch content of the sample expressed as a percentage of sample weight
or total starch content.

[00213] On day 1, an amount of sample representing up to 500 mg of

carbohydrate was weighed into a 125 mL Erlenmeyer flask. A carbonate buffer was
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prepared by dissolving 121 mg of NaHCO; and 157 mg of KCI in approximately 90 mL
purified water, adding 159 pL of 1 M CaCl,.6H,0 solution and 41 pL of 0.49 M
MgCl,.6H,0, adjusting the pH to 7 to 7.1 with 0.32 M HCI, and adjusting the volume to
100 mL. This buffer was stored at 4°C for up to five days. An artificial saliva solution
containing 250 units of a-amylase (Sigma A-3176 Type VI-B from porcine pancreas) per
ml of the carbonate buffer was prepared. An amount of the artificial saliva solution,
approximately equal to the weight of food, was added to the flask. About 15-20 sec after
adding the saliva, 5 mL of pepsin solution in HCI (1 mg/mL pepsin (Sigma) in 0.02 M
HCI, pH 2.0, made up on day of use) was added to each flask. The mixing of the amylase
and then pepsin mimicked a human chewing the sample before swallowing it. The mixture
was incubated at 37°C for 30 min with shaking at 85 rpm. The mixture was then
neutralised with 5 mL of 0.02M NaOH. 25 mL of acetate buffer (0.2 M, pH 6) and 5 mL
of pancreatin enzyme mixture containing 2 mg/mL pancreatin (Sigma, porcine pancreas at
4x USP activity) and 28U of amyloglucosidase (AMG, Sigma) from Aspergillus niger in
acetate buffer, pH6, were added per flask. Each flask was capped with aluminium foil and
incubated at 37°C for 16 hours in a reciprocating water bath set to 85 rpm.

[00214] On day 2, the contents of each flask was transferred quantitatively to a 50
mL polypropylene tube and centrifuged at 2000 x g for 10 min at room temperature. The
supernatants were discarded and each pellet washed three times with 20 mL of water,
gently vortexing the tube with each wash to break up the pellet, followed by centrifugation.
50 uL of the last water wash was tested with Glucose Trinder reagent for the absence of
free glucose. Each pellet was then resuspended in approximately 6 mL of purified water
and homogenised three times for 10 seconds using an Ultra Turrax TP18/10 with an S25N-
8G dispersing tool. The contents were quantitatively transferred to a 25 mL volumetric
flask and made to volume. The contents were mixed thoroughly and returned to the
polypropylene tube. A 5 mL sample of each suspension was transferred to a 25 mL culture
tube and immediately shell frozen in liquid nitrogen and freeze dried.

[00215] On day 3, total starch in each sample was measured using reagents
supplied in the Megazyme Total Starch Procedure kit. Starch standards (Regular Maize
Starch, Sigma S-5296) and an assay reagent blank were prepared. Samples, controls and

reagent blanks were wet with 0.4 mL of 80% ethanol to aid dispersion, followed by
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vortexing. Immediately, 2 mL of DMSO was added and solutions mixed by vortexing.
The tubes were placed in a boiling water bath for 5 min, and 3 mL of thermostable o-
amylase (100 U/ml) in MOPS buffer (pH 7, containing 5SmM CaCl, and 0.02% sodium
azide added immediately. Solutions were incubated in the boiling water bath for a further
12 min, with vortex mixing at 3 min intervals. Tubes were then placed in a 50°C water
bath and 4 mL of sodium acetate buffer (200 mM, pH 4.5, containing 0.02% sodium azide)
and 0.1 mL of amyloglucosidase at 300 U/ml added. The mixtures were incubated at 50°C
for 30 min with gentle mixing at 10 min intervals. The volumes were made up to 25 mL in
a volumetric flask and mixed well. Aliquots were centrifuged at 2000 x g for 10 min. The
amount of glucose in 50 pL of supernatant was determined with 1.0 mL of Glucose
Trinder reagent and measuring the absorbance at 505 nm after incubation of the tubes at
room temperature in the dark for a minimum of 18 min and a maximum of 45 min.
Quantification of water-soluble carbohydrate contents

[00216] Total water soluble carbohydrates (WSC) were extracted from
wholemeal following the method of Lunn and Hatch, Planta 197: 385-391, 1995 with the
following modifications. Wholemeal is defined herein as the product obtained by milling
mature grain, without subsequent fractionation (e.g. sieving) to remove the bran. Therefore
wholemeal contains all of the components in the grain.

[00217] Barley wholemeal (100 mg) was extracted three times with 10 ml of 80%
ethanol (v/v) in a boiling water bath for 10 minutes. The supernatants from each extraction
were pooled, freeze dried and re-suspended in 2 ml milliQ water. The quantities of sucrose,
glucose, and fructose were measured using a colorimetric microtiter plate enzymatic assay
as described (Campbell et al., J Sci Food Agric 79: 232-236, 1999; Ruuska et al., Funct
Plant Biol 33: 799-809, 2006). Sugars, maltose and fructo-oligosaccharides (fructans)
were also analysed by high performance anion exchange chromatography (HPAEC) as
described in Ruuska ef al., 2006 (supra). Both methods resulted in comparable values.

[00218] To determine maltose levels, total sugars extracted from barley whole
meal were assayed essentially as described by Bernfeld, Amylases aplpha and beta. In:
Colowick and Kaplan (eds), Methods in enzymology, Academic, NY, p. 149, 1955, using
maltose standard solutions for comparison, as follows. Total sugars were diluted 10 to 100-

fold. Maltose standards (10 tubes) were prepared as 0.3 to 5 micromoles per ml. One ml of
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each dilution of maltose (in total sugars or maltose dilutions) was mixed with 1 ml of
dinitrosalicylic acid colour reagent. The sugar solution was then incubated at 100°C for 5
minutes and cooled to room temperature. Ten ml reagent grade water was added to each
tube and mixed well. The samples were measured at Ass with a spectrophotometer.
Maltose was also determined by HPAEC as described above.
Enzyme assays

[00219] Total starch synthase activity in samples such as developing endosperm
of cereals may be measured by extraction of proteins and assay by the methods described
in Libessart et al. Plant Cell. 7(8): 1117-1127, 1995 or Cao et al., Plant Physiol. 120(1):
205-16, 1999. The assays use 14C labeled ADPG substrate and measure incorporation of
the monomer into starch polymers. Individual isoforms of starch synthase in extracts may
be separated by gel electrophoresis and assayed in-gel (zymogram) as follows. Extracts
from samples such as developing seeds may be prepared using 50mM potassium phosphate
buffer, pH7.5, 5SmM EDTA, 20% glycerol, 10pM Pefabloc and 0.05mM dithiothreitol
(DTT). After grinding the seeds to a pulp in the buffer or homogenizing the sample, the
mixture is centrifuged at 14,000g for 15min at 4°C and the supernatant drawn off. The
protein concentration in the supernatant may be measured using Coomassie Protein
Reagent or other standard means. Extracts may be stored at -80°C if the protein extracts
are to be run on native gels. For denaturing gel electrophoresis, 100l of extract is mixed
with SDS and B-mercaptoethanol and the mixtures are incubated in boiling water for 4min
to denature the proteins. Electrophoresis is carried out in standard denaturing
polyacrylamide gels using 8% polyacrylamide separating gels overlaid with 4.5%
polyacrylamide stacking gels. After electophoresis, the proteins may be renatured by
soaking the gels in 40mM Tris-HCI buffers for a minimum of 2hr, changing the buffer
every 30 min and using at least 100mL of buffer for each buffer change. For non-
denaturing gels, the denaturing step with SDS and B-mercaptoethanol is omitted and SDS
omitted from the gels. A starch synthase assay buffer including Tris-glycine (25mM Tris,
0.19M glycine), 0.133M ammonium sulphate, 10mM MgCl,, 670pg/mL BSA and 1mM
ADPG substrate may be used to detect starch synthase bands, followed by staining with
2% KI, 0.2% I, iodine solution to detect the starch product.
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[00220] Alternatively, starch synthase or other starch biosynthetic enzymes may
be detected in samples using specific antibodies (ELISA).
Statistical analyses of the relationship between genotypes and seed components or
starch properties

[00221] Statistical analyses were performed using Genstat version 9. Analysis of
variance was performed for seed weight, total starch content, amylase content, beta-glucan
content, sugar content, starch granule size and amylopectin chain length distribution to
obtain the least significant difference (LSD, P < 0.05), looking at variation between the

genotypes.

EXAMPLE 2: GENOTYPING PLANTS

[00222] A population of lines segregating for the presence or absence of
mutations at the SSIla and amol loci was generated by performing three backcrosses from
a sex6-292 donor line (Himalaya292) into an amol-AC38 recurrent parent. Three
generations of single seed descent were performed from the BC3F2 lines in order to
generate sufficient fixed genotypes to investigate the relative impact of the sex6 and amol
loci, alone and in combination, on starch synthesis and grain composition. A marker for the
causal mutation in the SSIla gene was used to genotype the sex6 locus in BC3F6 lines
(Morell et al. 2003b (supra)), while the tightly linked microsatellite marker EBmac0501
was used as a surrogate marker of amo1-38 status as described in Example 1.

[00223] Among the 70 BC3F6 lines genotyped, 14 lines were homozygous for
both sex6-292 and amol-AC38 alleles (sex6-292/amol-AC38) and were therefore
considered as SSIla-amol double mutants, 17 lines were homozygous for the sex6-292 and
wild type amol-alleles (sex6-292/amol-wt) and therefore designated as SSIla single
mutants, 10 lines were homozygous for wild type sex6 and mutant amol-AC38 alleles
(sex6-wt/amo1-AC38) and were therefore designated as amo! single mutants, while 15
lines were wild type for both sex6 and amol (sex6-wt/amol-wt) and designated as wild
type. The remaining lines were heterozygous for either the sex6 mutation (7 lines) or for
the EBmac0501 marker.

[00224] The DNA marker for the SSIlla gene which was polymorphic between
the HAG and Himalaya292 parental lines (Example 3) was also used to genotype the 56
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homozygous lines. This analysis showed the presence of the SSIIla gene from HAG in 26
lines, and the SSIIla gene from Himalaya292 in 30 lines. Among the 56 lines genotyped
with the EBmac0501 and SSIZla gene markers, 5 lines showed recombinant genotypes.
When the genotypes and phenotypes including the plumpness of seeds and the starch
contents were correlated, 4 lines genotyped with EBmac0501 and 1 line genotyped with
the SSIIla gene marker gave recombinant phenotypes. This indicated that there was some
recombination between the markers and the amo! locus providing the starch phenotypes,
and also indicated that the amol gene and SSIlla genes were genetically distinct even if
closely linked in barley.

[00225] The parental varieties were also different in the hulled or hulless
phenotypes- HAG is a hulled variety of barley while Himalaya292 was hulless. The SSIia-
amol double mutants were segregating for this characteristic, and therefore they could be
classed in two subgroups- hulled or hulless. Therefore, the four genotypes of barley lines
distinguished as described above were categorized into five groups, namely: wildtype
lines, SSI/a single mutants, amol single mutants, hulless double mutants and hulled double
mutants. Four lines were used from each of the five groups for the analysis of starch
granule distribution, WSC, CE and seed morphology. One line from each genotype was
used for endosperm structure and starch granule morphology. Eleven wildtype lines, 9
lines of amol mutants, 13 lines of SSIJa mutants, 4 lines of hulless double mutants and 6
lines of hulled double mutants were used for the analysis of grain composition, amylose
content and seed weight as follows.

Seed Weight

[00226] Average seed weight (average of 100 seed weight) was measured for
homozygous lines from the BC3F6 population. Average seed weight was 52.7 + 5.0 mg for
11 wildtype lines, 52.8 + 2.8 mg for 9 amo1 lines, 38.7 # 2.5 mg for 13 SS//a mutant lines,
and 47.6 +4.5 mg for the 6 hulled double mutant lines and 44.7 + 1.0mg for the 4 hulless
double mutant lines. There were no statistically significant differences between seed
weights of the amol mutant lines and the wildtype lines (P<0.05), showing that the amo!
mutation did not affect seed weight. However, there were statistically significant
differences (P<0.05) between each of the SS//a single mutants and double mutant (hulled

and hulless) and each of the three respective other genotypes. Similar observations on the
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seed weights of the 4 genotypes were also obtained for BC3F7populations in separate
glasshouse and field trials of the lines in 2007. The surprising and unexpected result was
that the reduced seed weight caused by the presence of the SSIla mutation, known to be
due to the reduced amylopectin synthesis in the absence of SSIla activity, was partly offset
by the combination with the amol mutation.

Seed morphology

[00227] Intact seeds from four representative lines for each genotype were
examined by stereoscopic microscope on both dorsal and crease sides. The SSIla single
mutant lines produced shrunken seeds while the wildtype and amol single mutant lines
produced plump well filled seeds. The double mutant seeds, both hulled and hulless, were
observed to have an intermediate phenotype, plumper than SSIle mutant seeds, yet not as
well filled as amol and wildtype seeds. These observations were consistent with the
seedweights.

[00228] To further illustrate the nature of plumpness of the seeds from these
genotypes, transverse sections of the middle part of seeds across the largest diameter were
examined (Figure 1). Transverse sections from wildtype and amol mutant lines showed
fully filled endosperms while SSI/a mutant lines showed incompletely filled (shrunken)
seeds with a considerable reduction in endosperm packing density. The SSIla-amol
double mutant lines showed an intermediate phenotype with an endosperm that was more
filled than the SSIla mutant endosperm and yet less filled than wildtype or amol mutant
lines.

[00229] For higher magnification examination, transverse sections of the barley
seeds from all genotypes were examined by scanning electronic microscopy (SEM). On the
surface of the sections at the dorsal side, the wildtype barley grains showed square shaped
aleuronic cells of approximately 20-25 um x 20-25 um size, with differentiated sub-
aleuronic cell layers, and the endosperm was filled with flat-round cells with clear cell
boundaries of approximate size 210 um x 130 pm. For the sex6-wt/amol1-AC38 mutant,
the aleurone cells were rectangular in shape with dimensions of approximately 20-25 pm
x 10-15 pm. Sub-aleuronic cells were clearly differentiated and the endosperm contained
flat cells with clear cell boundaries which were longer and narrower than those from the

wildtype line, with approximate size 230 pm x 30 um. The sex6-292/amol-wt mutant
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displayed irregular rectangular shaped aleurone cells of 45-50 um x 5-10 pm size, the sub-
aleurone cells were not clearly differentiated, and the endosperm contained irregular cells
of 90-95 um x 25-30 um size. For the sex6-292/amo1-AC38 double mutant genotype, the
aleuronic cells were nearly square-shaped and approximately 20 pm x 20 pm size, the sub-
aleuronic cells were so poorly differentiated they could not be identified, and the
endosperm contained flat-round cells with clear boundaries of approximately 110 pm x 90
pm.
Total starch content.

[00230] Total starch content was measured as described in Example 1 on BC3F6
seed for the four genotypes. Starch content averaged 64.3 + 2.4% for wildtype lines, 57.2 +
2.8% for amol mutant lines, 34.9 & 4.0% for SSIla mutant lines, 50.8 & 2.8% for hulless
double mutant lines and 47.6 + 2.3% for hulled double mutant lines (Figure 2). Compared
to the wildtype lines, amol mutants, hulless double mutants, hulled double mutants and
SSIla mutant lines contained 7.1%, 13.5%, 16.7% and 29.4% respectively less total starch.
These values were statistically different among the five groups (P<0.05) except that the
values for the hulless and hulled groups were not significantly different. Consistent
relationships between the seed weights of the five groups were also obtained (P<0.05) for
BC3F7grain from separate glasshouse and field trials in 2007. These data showed that the
increased seed weights observed for the SSIla-amo!l double mutant seeds compared to the
SSIla single mutant seeds were due to increased starch content.
Amylose content

[00231] Amylose content was measured for all lines from the four genotypes.
Amylose content ranged from 32.0 + 3.2% for wildtype lines, 49.5 & 2.7% for amol
mutants, 57.6 & 10.0% for SSI/a mutant lines, 62.2 & 4.1% for hulless double mutants and
59.8 + 2.3% for hulled double mutants. Statistical analysis showed that the SSI/a mutant
lines and double mutant lines contained significantly higher amylose contents in the seed
than those from amol mutants and wildtype lines, however the amylose contents of SSIla
mutant and double mutants were not significantly different (P<0.05), showing that the
SS1Ia mutation was increasing the proportion of amylose in the total starch of the grain but

addition of the amol mutation did not further significantly increase the proportion of
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amylose. These differences in amylose content between genotypes were consistent in
BC3F7 lines grown in 2007.
Starch Chain length distribution

[00232] To examine the effects of genotypes on starch chain length distribution,
starch was isolated from four lines from each group of the BC3F6 cross population and
analysed by Fluorophore Assisted Carbohydrate Electrophoresis (FACE). The percentage
of chains were pooled into bins consisting of DP 6-8, DP 9-14, DP 15-24, DP 35-34, DP
35-44, and DP >45. There were no statistically significant differences (P<0.05) among the
bins for SSIJa mutants, hulless double mutants and hulled double mutants. However, there
was a major difference (P<0.05) between groups containing the wild type SSIla allele
compared to groups containing the mutant SSIla allele. Those genotypes with the SSIla
mutant allele contained an increased proportion of chains of DP6-8, with greater than 10%
of chains of this size, and also an increased proportion of chains of DP 9-14. They also
exhibited a decreased proportion of chains with DP15-24. The wildtype lines had less than
5% DP6-8 chain lengths. The amol mutants contained a statistically significantly
decreased amount of DP 9-14 and an increased amount of DP 15-24.

Starch granule size distribution

[00233] To investigate the effects of sex6 and amol genotype on starch granule
size in endosperm starch, the starch granule size distribution was examined for four
selected lines from each group of the BC3F6 backcross population. The results showed
that B starch granule (defined as <7 pm diameter) contents in the wildtype, amol mutants,
SSIIa mutants, hulless double mutants and hulled double mutants were 20.2 + 6.4%, 30.7 &
3.6%, 17.5 £1.8%, 19.7 &+ 3.6% and 18.3 * 7.2% of total starch in each line, respectively.
The amol mutant seeds contained significantly more B starch granules than seeds from the
other four groups.

[00234] The mean granule sizes of the distribution peaks larger than 10 pm in
diameter (A starch granules) were also evaluated. The mean size of A starch granules was
18.9 £ 0.5 pm for wildtype lines, 10.9 0.3 pm for amol mutants, 16.4 + 2.6 um for SS//a
mutants, 18.7 £ 0 pm for hulless double mutants and 17.5 £ 0.6 um for hulled double
mutants. Statistical analysis showed that amol mutant seeds contained significantly

smaller A starch granules than seeds from each of other four groups of barley (P<0.05).
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There were no statistically significant differences (P<0.05) among the A granules in seeds
of wildtype, SSIla mutants, hulless double mutants and hulled double mutants.
Starch granule morphology

[00235] Purified barley starches from lines from the five groups were stained
with iodine and examined under normal light microscopy. Consistent with their amylose
content, starch granules from all genotypes gave a purple color after staining with iodine.
Under polarized light microscopy, more than 90% of the starch granules from wildtype
seeds and amol seeds showed the "maltose cross" birefringence signature of crystalline
starch granules. However, less than 10% of the starch granules from SSI/a mutant or
double mutant seeds exhibited such birefringence.

[00236] When observed under SEM, grain from the wildtype lines exhibited
normal spherical starch granules, while the amol mutant genotype gave smaller spherical
A starch granules that matched the results from the analysis described above. Starches
from the SSIla and double mutant seeds showed predominantly smaller deformed starch
granules. Of the two mutants giving deformed starch granules, the SSI/a mutant line
produced tubular, elongated A granules (26 um x 12 um) while the hulless double mutant
seeds exhibited more pronounced tubular elongations of the A granules (28 um x 21 pm).

[00237] The location of starch granules in the endosperm matrix was examined in
transverse sections of the barley seeds. Wildtype lines contained multiple flat spherical
starch A granules surrounding multiple small B starch granules while the amo] mutant line
contained multiple loosely packed starch granules surrounding smaller B starch granules.
Starch granules could not be clearly identified for the SSI/a mutant seeds in transverse
sections. Hulless double mutant lines contained lenticular shaped starch A granules tightly
packed in the endosperm cells.

Beta-glucan content

[00238] Beta-glucan content was measured for all lines from the BC3F6
population. B-glucan content was 6.0 £ 0.5% (ranging from 5.3% to 7.0%) for wildtype
lines, 8.2+ 0.5% (ranging from 7.6% to 8.4%) for amol mutant lines, 7.6 + 1.4% (ranging
from 5.9% to 11.3%) for SSZla mutants, 7.1 £ 0.4% for hulless double mutants and 6.5 +
0.8% (ranging from 5.5% to 7.7%) for hulled double mutants. Statistical analysis showed

that amol mutant, SS//a mutant and hulless double mutant seeds contained significantly
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more B-glucan than seeds from wildtype lines and hulled double mutant lines (P<0.05), but
there was no statistically significant difference among amol mutants, SS/Ia mutants and
hulless double mutants, or between wildtype and hulled double mutants seeds in -glucan
content, respectively.

[00239] The statistical analysis for these selected F7 lines from five groups grown
under glasshouse or field conditions showed that for each trial, seed from amol mutant
lines contained more B-glucan than seed from double mutant lines. There were no
significant differences in B-glucan content between SSIla mutant or double mutant seeds.
Pentosan content

[00240] Pentosan content was measured for lines from the five groups. Pentosen
content was 4.9 £ 0.6% for wildtype lines, 4.9+ 1.1% for amol mutant lines, 7.3 = 1.4%
for SSIIa mutants, 5.0 £ 0.3% for hulless double mutants and 6.5 + 1.0% for hulled double
mutants. Statistical analysis showed that both SSI/a mutant lines and hulled double mutants
significantly contained more pentosan than that from wildtype lines, amol mutant and
hulless double mutant lines (P<0.05), but, there was no significant difference between
SSIla mutant lines and hulled double mutants or among wildtype lines, amol mutant and
hulless double mutants in pentosan content, respectively.

Ash content

[00241] Ash content was measured for seeds of the five groups. Ash content was
2.5 &+ 0.1% for wildtype seed, 2.6+ 0.2% for amol mutant seed, 3.1 + 0.3% for SSIla
mutant seed, 2.1 & 0.1% for hulless double mutant seed and 2.7 + 0.1% for hulled double
mutant seed. The SSIIa mutant seeds contained significantly more and hulless double
mutant seeds contained significantly less ash than wildtype, amol mutant or hulled double
mutant seeds, but, there was no significant difference among wildtype lines, amol mutant
lines and hulled double mutants in ash content, respectively.

Water soluble carbohydrates

[00242] To determine the effect of the mutations singly or in combination on
water soluble carbohydrate contents in barley seeds, four lines were analysed from each
group. Compared to the water soluble carbohydrate composition in wildtype seeds, amol
seeds did not contain significantly different levels of total WSC, free glucose, sucrose or

maltose, or fructan. However, SSIla mutant and double mutant seeds contained
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significantly greater amounts of each of these carbohydrates (P<0.05). The seeds of the
SSIIa single mutants contained significantly more fructose, sucrose and total WSC.
Protein content

[00243] Protein content was measured in seeds of the five groups. Protein content
was 10.3 & 0.8% for wildtype seeds, 10.4 + 1.1% for amol mutant seeds, 12.6 = 0.9% for
SSIIa mutant seeds, 14.6 = 0.6% for hulless double mutant seeds and 13.8 + 1.4% for
hulled double mutant seeds. Both hulless and hulled double mutant seeds contained
significantly more protein than SSI/a mutant seeds, wildtype seeds or amol mutant seeds,
but there were no significant differences between hulless and hulled double mutant seeds
or between amol mutants and wildtype seeds in protein content.
Lipid content

[00244] Lipid content was measured for seeds of the five groups. Total lipid
content was 2.9 £ 0.2% for wildtype seeds, 3.5 + 0.3% for amol mutant seeds, 6.4 £ 0.9%
for SSIIa mutant seeds, 4.9 + 0.3% for hulless double mutant seeds and 5.0 + 0.3% for
hulled double mutant seeds. SSIla mutant seeds contained significantly more lipid than
hulless and hulled double mutant seeds, wildtype seeds and amol mutant seeds, but there
were no significant differences between hulless and hulled double mutant seeds or between
amol mutant and wildtype seeds.
Discussion

[00245] The objective of the current study was to examine the interaction
between recessive mutations at the sex6 and amol loci. Each of these mutations results in
an elevated amylose phenotype relative to wildtype, with amylose contents typically 60-
70% in the starch of SSIla mutant seeds and 35-45% in amo1-AC38 seeds. Determination
‘of the 4 possible genotypes for the sex6 (sex6-wt and sex6-292) and amol (amol-wt and
amo1-AC38) loci was an important aspect of this study. The mutant and wildtype alleles of
the Sex6 locus were able to be unambiguously distinguished using a marker based on the
causal mutation in the starch synthase Ila gene. The precise nature of the mutation at the
amol locus remains unknown, therefore a closely linked marker (Bmac0501, concensus
map location 58.0 ¢cM) was used to assay for the presence of the chromosome region

containing the amo! locus.
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[00246] One objective of the current study was to examine the impact of
combining these mutations on amylose content. The data showed that there was no
statistically significant difference in the proportion of amylose when the SSI/a mutant and
amo1-AC38 loci were combined relative to lines carrying the SSIla mutant locus alone.
However, the combination of the SSIla and amol-AC38 mutations did have unexpected
consequences on starch synthesis and grain weight, increasing starch content and seed
weight relative to the SSIIa mutation alone.

[00247] Barley SSIIa mutants contained starch with a high percentage of
amylose. The data showed that SS/Ja mutant grain on average contained only 40% as much
starch as the wildtype grain on a per grain basis. The high amylose phenotype of SS/la
mutant seed was thus due to a preferential reduction of amylopectin, which was decreased
by 75%, compared to amylose which was only decreased by 25%. In the case of the SSI/a-
amol double mutant grain, there was also a decrease in amylopectin synthesis compared to
wildtype (31% reduction) but an increase in amylose content (increased by 37%) per seed.
These results were intriguing, suggesting that the amol gene product not only participated
in amylopectin synthesis but also repressed amylose synthesis.

[00248] Previous studies of the role of the starch synthase III gene in transient

. starch synthesis in Arabidopsis led Zhang et al., Plant Physiol. 138: 663—674, 2005 to
conclude that starch synthase III was a negative regulator of starch synthesis in leaves. In
rice, two starch synthase III genes are known, SSIIla and SSIIIb. Of these genes, SSIlIa is
expressed in the endosperm during starch synthesis whereas SSIIIb is expressed early in
endosperm development but not during periods of highly active starch synthesis later in
grain filling (Ohdan ef al., J Exp Bo 56: 3229-3244, 2005). Mutations in SSIIIa in rice did
not decrease starch content, however there was an increase in amylose content from about
15% to 20% suggesting that a decrease in amylopectin synthesis and a concomitant
increase in amylose synthesis had occurred (Fujita e al., 2007 (supra)). Consistent with
this observation was an increase in GBSSI and SSI activity (Fujita et al., 2007 (supra)). Li
et al., 2000 (supra) located the SSIII gene (now designated SSIIla) to the short arm of
wheat chromosome 1, a location not inconsistent with the location of the amol locus in
barley. The SSIIIa gene was therefore a candidate gene for the causal gene disrupted at the

amol locus. However, experiments demonstrated that the SSIIla protein was expressed in
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amol mutants and had starch synthase activity, and that there was a recombination event
between SSIIla and amol genes, indicating they are distinct genes.

[00249] The impact of the amol mutant allele on starch chain length distribution
was subtle. In a wildtype background, the presence of the amol mutant allele caused a
slight decrease in short chain lengths (DP 9-14) and an increase in the DP 15-24 fraction.
In SSIla mutant backgrounds, the impact of the amol mutant locus on chain length
distribution was negligible. In contrast, the SSI/a mutant allele had a major affect on
amylopectin structure and thus chain length distribution, increasing the proportion of short
chains (DP 6-8 and DP 9-14) and decreasing chains with DP15-25.

[00250] The combination of the SSIla and amol mutant alleles provided an
unexpected phenotype in which starch content and seed weight were partially restored

compared to the properties of lines containing only the SS/J/a mutant allele.

EXAMPLE 3: GENETIC MARKERS LINKED TO THE BARLEY AMO1 LOCUS

[00251] The amol mutation locus has been mapped at approximately 56.5 ¢cM on
chromosome 1H of barley (Barley- BinMap 2005, GrainGene database). In order to test for
genetic markers linked closely to the amol locus, 11 SSR (Simple Sequence Repeat)
markers (Ramsay et al., Genetics. 156(4): 1997-2005, 2000) located between 56.00 cM
and 64.60 cM on chromosome 1H of barley were selected and tested for the amplification
of PCR products from two parental lines, High Amylose Glacier (HAG) and Himalaya292.
These SSR markers were EBmac0405, Bmag0105, Bmac0063, HVM20F, EBmac0560a,
EBmac0501, Bmac0044, Bmac0032, Bmag0113, Bmag0211, and Bmag0350. The primers
for these SSR markers were syntﬁesized according to the séquences listed in the
GrainGenes Database.

[00252] For each PCR reaction (20 pl), 50 ng genomic DNA, 1.5 mM MgCl,,
0.125 mM each dNTP, 10 pmol primers, 0.5 M glycine betaine, 1 ul DMSO and 1.5 U of
Hotstar Taq polymerase (QIAGEN, Australia) were used. The PCR conditions for the
amplifications for the SSR markers were: 1 cycle of 95°C for 4 minutes, 15 cycles of 94°C
for 30 seconds, 65°C to 50°C with decreasing 1°C each cycle for 30 seconds, and 72°C for
I minute 20 seconds, 30 cycles of 94°C for 15 seconds, 50°C for 15 seconds, and 72°C for
45 seconds, and 1 cycle of 25°C for 1 minute. The PCR products were separated by

0.3
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electrophoresis on 2% agarose gels and visualized with gel documentary (UVitec) after
GelRed (Biotium) staining.

[00253] When the 11 SSR markers were tested, 2 of 11 markers, namely
Bmac0032 located at 64.6 cM and EBmac0501 located at 58.0 cM, gave different sized
PCR products for DNA from the HAG and Himalaya292 parental plants. That is, these
markers showed polymorphism between the two parental varieties. The size of the
amplification products were 175 bp and 189 bp fragments for HAG, and 230 bp and 150
bp for Himalaya292, with the Bmac0032 and EBmac0501 markers, respectively. Both SSR
markers were then used for the genotyping of the 70 BC3F6 lines. All of the lines
genotyped with the Bmac0032 marker gave the same sized fragments as HAG, which
showed that all of the lines had recombined between the Bmac0032 and amol loci and the
SSR marker Bmac0032 was not tightly linked with the amol locus. In contrast, of the 70
BC3F6 lines genotyped with the EBmac0501 marker, 56 were homozygous for one or the
other of the fragment patterns. Of the 56 homozygous lines, 25 displayed the EBmac0501
marker from HAG and 31 exhibited the EBmac0501 marker from Himalaya292. These
results showed that the EBmac0501 marker did not have a high frequency of genetic
recombination with amol locus. Therefore, the SSR marker EBmac0501 was a tightly
linked microsatellite marker for amo1-AC38 locus.

Markers based on the SSIIIa gene of barley

[00254] It was thought that the amo! locus might be near to the SSI/la gene of
barley. To test this possibility and to develop a DNA marker based on the SSI/la gene in
barley, portions of the SSIIIa gene were first isolated from the two parental varieties.
DNAs from HAG and Himalaya292 were used for the amplification of PCR fragments
using primers based on the wheat SSI/Ia genomic DNA sequence (Li ez al., 2000 (supra)).
The oligonucleotide primers SSIIIaF (5-GGAGGTCTCGGGGATGT-3' (SEQ ID NO: 7))
locating in exon 7 and SSIIaR (5-GCTCCAGGAAGTAAACGGTCAGG-3' (SEQ ID
NO: 8)) locating in exon 8 of the wheat SSIIIa gene were used for the PCR amplification
of a 464 bp product. For each PCR reaction (20 pl), 50 ng genomic DNA, 1.5 mM MgCl,
0.125 mM each dNTP, 10 pmol primers, 0.5 M glycine betaine, 1 pl DMSO and 1.5 U of
Hotstar Taq polymerase were used. The PCR reactions were conducted using 1 cycle of

95°C for 5 minutes, 35 cycles of 94°C for 45 seconds, 58°C for 30 seconds, and 72°C for 1
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minute, 1 cycle of 72°C for 10 minutes and 1 cycle of 25°C for 1 minute. A 464bp
fragment was produced in each amplification. The PCR fragments were treated with 0.5
units of Shrimp Alkaline Phosphatase (USB Corporation, USA), 2.5 units of Exonuclease I
and 1x PCR buffer (QIAGEN, Australia) according to the protocol from USB Corporation
and sequenced using the automated ABI system with dye terminators as described by the
manufacturers.

[00255] The 464bp fragments had a sequence difference which pfovided an
NlalV restriction site in one fragment but not the other. Therefore, treatment of the PCR
products with this enzyme followed by electrophoresis on 2% agarose gels provided a
convenient way to distinguish the SSIIla genes from the two parental varieties. The
production of only the 464 bp DNA fragment indicated the presence of the SSIlla gene
from Himalaya292, and the production of both 303 bp and 161 bp DNA fragments
indicated the presence of the SSIIla gene from HAG.

EXAMPLE 4: FIELD TRIALS FOR SSIIA-AMO1 DOUBLE MUTANTS

[00256] To evaluate the yield performance of the SSIla-amol double mutants
when growing in the field, 3 hulless double mutant lines, 2 hulled double mutant lines, 4
hulless SSIIa mutants, 1 hulled SSZla mutant line, 1 hulless wildtype barley line (cultivar
Torrens), 2 hulled wildtype barley lines (cultivars Tantangara, Sloop) were grown at
Narrandera and Moree, NSW, Australia in 2008. Each of the barley lines was grown under
both irrigated and non-inrrigated (dryland) conditions at both sites. Two plots for each line
were grown under each condition at both sites in a randomized pattern. Barley seeds (120
g) were sown in each plot (19 m?).

[00257] The grain weight obtained after harvesting each plot in December 2008
was measured. At Narrandera, under irrigation, the double mutant, SS//a mutant and
hulless wildtype lines produced 2.23 + 0.16 kg, 1.14 + 0.57 kg and 1.65 + 0.79 kg of grain,
respectively, per plot. Under dryland conditions, the double mutant, SS//a mutant and
hulless wildtype lines produced 0.55 £+ 0.34 kg, 0.11 = 0.12 kg and 0.41 + 0.16 kg of grain,
respectively, per plot.

At Moree, under irrigation, the double mutant, SS/Ja mutant and hulless wildtype lines

produced 1.62 = 0.72 kg, 0.54 + 0.40 kg and 2.11 = 0.08 kg of grain, respectively. Under
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dryland conditions, the double mutant, SSIJa mutant and hulless wildtype lines produced
0.88 +0.33 kg, 0.38 + 0.27 kg and 1.14 & 0.34 kg of barley grains, respectively.

[00258] Therefore, under both irrigated and non-irrigated conditions at both sites,
hulless double mutant and hulless wildtype lines produced similar yields of grain, that
were significantly greater than the yield from hulless SSI/a mutants.

Grain yield of hulled barley lines: |

[00259] At Narrandera, under irrigation, the double mutant, SSIJa mutant and
hulled wildtype lines produced 2.77 + 0.37 kg, 2.09 + 0.76 kg and 4.39 + 2.59 kg of grain,
respectively, per plot. Under dryland conditions, the double mutant, SS/la mutant and
hulled wildtype line produced 0.60 + 0.06 kg, 0.35 + 0.14 kg and 0.59 + 0.46 kg of grain,
respectively.

[00260] At Moree, under irrigation condition, the double mutants, SSIIa mutants
and hulled wildtype lines produced 2.15 & 0.81 kg, 1.24 + 0.12 kg and 2.73 + 0.96 kg of
grain, respectively, per plot. Under dryland conditions, the double mutants, SSIIa mutants
and hulled wildtype lines produced 1.19 & 0.40 kg, 0.76 + 0.60 kg and 2.13 + 0.23 kg of
grain, respectively, per plot.

[00261] Therefore, under both irrigated and non-irrigated conditions at both sites,
hulled wildtype lines yielded more grain than hulled double mutant and hulled SSIla

mutant lines, and hulled double mutants produced more grain than hulled SSIia mutants.

EXAMPLE 5. PRODUCTION OF FOOD PRODUCTS

[00262] Grain was harvested from eleven barley lines grown in the field at
Yanco, NSW, Australia in 2008, and milled to produce flour. The lines were 3 hulless
double mutants, 2 hulled double mutants, 3 SS//a mutants including Himalaya292, 2
wildtype (cultivars Tantangara and Himalaya) and 1 amol mutant (HAG). The grain
harvested from these lines was milled using a Quadrumat Jor. mill (Brabender Quadrumat
Jnr, Mill, Cyrulla's Instruments, Sydney, NSW Australia) to produce flour that was then
sieved to 300 um diameter. No tempering regime was applied before Quadrumat milling.

[00263] Two types of small-scale (10g) breads were baked for each of 11 barley
lines. Small-scale loaves were baked for these test purposes, but the method can be readily

scaled up to commercial quantities. One type of bread was made with 100% barley flour as
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an ingredient, milled as described above, while the other type of bread was made with a
blend of 30% flour and 70% commercial wheat flour as the flour ingredient. Flour (13.02
g) and the other ingredients were mixed into a dough, to peak dough development time in a
35-g mixograph. The recipe used, based on the 13.02 g of flour in each case was: flour
100%, salt 2%, dry yeast 1.5%, vegetable o0il 2%, and improver 1.5%. The water addition
level was based on the micro Z-arm water absorption values that were adjusted for the full
formula. The moulding and panning were done in two-stage proofing steps at 40°C and
85% room humidity. Baking was done in a Rotel oven for 14 min at 190°C.

[00264] After baking, the 10g bread loaves were stored at -80°C for three weeks
for the batch of 100% barley breads, or for 1 week for the ba;[ch of 30% barley breads, and
then analysed for RS content as described in Example 1, and GI levels. For the RS content,
the in vitro procedure determined resistant starch content. Duplicated samples from the 10g
bread loaves, along with appropriate standards, were mixed with artificial saliva, and the
resultant bolus was incubated with pancreatic and gastric enzymes at physiological pH and
temperature. The amount of residual starch in the digesta was determined using
conventional enzymatic and spectrophotometric techniques, and the resistant starch content
of the sample was expressed as a percentage of sample weight.

[00265] For the determination of GI levels, an in vitro procedure was used.

RS content of barley wholemeals

[00266] RS content and GI levels were first determined for the wholemeal milled
from each of the groups of barley genotypes. The RS contents were 0.9%, 3.5 + 0.3%, 3.4
+ 0.1%, 1.9% and 0.5 &+ 0.1% for the amol mutant, hulless double mutant, hulled double
mutant, SS7Ja mutant and wildtype wholemeal, respectively (Table 1). Unexpectedly, both
the hulless and hulled double mutant wholemeal contained approximately 3.5-, 2.3- and
10-fold higher RS content than the amol mutant, SS//a mutant and wildtype wholemeal,
respectively. Importantly, wholemeals from both hulless and hulled double mutants
contained significantly more RS than wholemeal from the SS//g mutant. There were no
statistically significant differences in RS content between hulless double mutant and hulled
double mutant wholemeal, or between amol mutant and wildtype wholemeal. Although GI
levels differed among wholemeals from 5 groups of barley, there were not statistically

significantly different.
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RS content of breads containing 100% barley flour

[00267] The RS contents for breads that contained 100% barley flour were
determined and are given in Table 2. The analyses showed that the RS contents in breads
made with 100% barley wholemeal as the flour ingredient were 2.2 + 0.3 %, 5.5 £ 0.1% ,
56 +0.3%,2.1%+04 % and 0.8+ 0.3% for amol mutant, hulless double mutant, huiled
double mutant, SSIJla mutant and wildtype grain (Table 3). The statistical analysis
indicated that breads made from wholemeal from both hulless and hulled double mutant
barley yielded significantly higher RS contents than that from SSZ/a mutants, amol mutant
and normal barley lines (Table 3). There were no significant differences in RS content
from breads containing 100% flour of hulless and hulled double mutants. The breads from
hulless and hulled double mutants produced 2.5-fold, 2.5-fold and 6.7-fold higher RS
content than bread made from SSIJa mutant, amol mutant and normal barley, respectively
(Table 3).

RS content of breads containing 30% barley flour

[00268] The RS contents of breads that contained 30% barley flour were
determined and are given in Table 4. RS contents of breads made from amol mutant,
hulless double mutant, hulled double mutant, SS7la mutant and wildtype wholemeal were
1.9 + 0.3%, 3.1 £0.2%, 3.0+ 0.1%, 2.0 £ 0.3%, 0.9 + 0.1%, respectively (Table 3).
Breads from both hulless and hulled double mutant barley yielded signiﬁéantly higher RS
contents than bread from SSIla mutant, amo/ mutant and normal barley grain (Table 3).
There were no significantly differences in RS content between breads containing 30%
flour of hulless and hulled double mutants. The breads from hulless and hulled double
mutants produced 1.6-, 1.6- and 3.3-fold higher RS content than bread from SSIIa mutants,
amol mutant and normal barley lines, respectively (Table 3).

[00269] The calculation of RS content as mg RS per gram of starch was
performed to analyse the nature of the increase of RS in breads made from the double
mutants. These data were analysed to see whether the increase of RS content was due to
the increase of total starch or due to the changes of starch structure. The results showed
that bread produced with 100% barley flour from amol mutant, hulless double mutant,
hulled double mutant, SSIIa mutant and wildtye grain had 41.7, 105.1 & 2.8, 106.9 + 3.3,
75.0 + 8.1 and 16.3 = 4.5 mg RS per g of starch of breads (Figure 4.6). Both hulless double
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mutants and hulled double mutant breads yielded approximately 2.5-, 1.4- and 6.5-fold
higher RS than breads from amol mutant, SSIla mutant and wildtype grain. The statistical
analysis showed that although breads from all 4 groups of barley contained more RS than
that from the wildtype lines, the RS content (mg RS per g of starch) of breads from both
double mutants were statistically significantly higher than that from amol mutants, SSIla
mutants (P<0.05). Bread from SSIla mutant grain contained statistically significantly more
RS than that from amol mutants.
Gl level of 100% barley breads

[00270] The GI level of breads that contained 100% barley flour from all barley
lines were determined and are given in Table 2. GI levels of breads from amol mutant,
hulless double mutant, hulled double mutant, SSIla mutant and wildtype grain were 68.5 &
2.1,63.5+4.5,60.8+4.1, 63.9+10.3, 80.3 &+ 2.9, respectively (Table 7). The statistical
analysis indicated that breads from both hulless and hulled double mutant, and SS/la
mutant grain produced significantly lower values of GI than that from amol mutant and
normal barley lines (Table 7). There were no significant differences for GI values for
breads containing 100% flour of hulless and hulled double mutant, and SSIla mutant grain.
The breads from hulless and hulled double mutant, and SSIJla mutant grain yielded
approximately 80% of GI level as that from amol mutant and normal barley lines,
respectively (Table 7).
GI level of 30% barley breads

[00271] The GI level of breads that contained 30% barley flour from all barley
lines were determined and are given in Table 4. GI levels of breads from amol mutants,
hulless double mutants, hulled double mutants, SSIIa mutants and wildtype lines were 84.5
+3.5,83.2+2.1,83.5+0.8, 82.3 £3.9, 87.8 + 4.5, respectively (Table 7). The GI values
for breads made from the 5 groups of barley were not statistically significantly different.
Conclusions

[00272] Wholemeal from both hulless and hulled double mutant barley grain
contained significantly higher RS contents than wholemeal from amol mutant, SSI/a
mutant and wildtype grain. Wholemeal from both double mutants contained approximately
3.5-, 1.8- and 7.0-fold higher RS content comparing to wholemeal from amol mutants,

SSIIa mutants and wildtype lines. In a similar pattern, bread made from the double mutant



WO 2011/ 011833PCT/ AU2010/ 000968 - 95 - Table 8 Summary of sequence
I denti fi | D NO. DESCRI PTION 1 Hordeum vul ga .
starch S%@@ﬁg&%ﬁ??mm conpl ete cDNA sequence. Accessﬁ)gﬁ%.ﬁﬁ’w%%

2972 nucl eoti des, protein coding region: nucleotides 114-2522,

chronmosone 7 of barley. 2 Am no acid sequence of starch synthase |

on

gare
249,

encoded

by SEQID NGO 1; 802 am no acids 3 oligonucleotide primer starting at

nucl eotide 1616 of SSlIla cDNA (SSIIaR8 GenBank No. AY133249 4

barley grain contained significantly higher RS content than bread made from SSIla
mutants, amol mutant and wildtype barley. The increase of RS content was not only due to
the increase of amount of high amylose starch, but also the changes of starch structure as
the increase of RS content was observed per g of starch.

[00273] Breads from both double mutant and SSIla mutant grain yielded
significantly lower GI values than that from both amol mutant and wildtype grain. The GI
values of breads containing SSIla-amol double mutant grain and SSIIa mutant grain were
approximately 7% and 20% lower than of breads containing amol mutant and wildtype

grain when the breads were made from 100% barley flour.

EXAMPLE 6: LARGE SCALE PRODUCTION OF FRUCTAN

[00274] Having about 10% fructan, the barley grain mutant in SSIla and amol
can be used for the isolation and purification of fructan as well as other products such as
high amylose starch and B-glucan. Such production from grain which can be readily
produced in broadacre agriculture will be cost-effective relative to existing methods of
fructan production, for example, involving the extraction of inulins from chicory.

[00275] Large scale extraction of fructan can be achieved by milling the grain to
wholemeal flour and then extracting the total sugars including fructans from the flour into
water. This may be done at ambient temperature and the mixture then centrifuged or
filtered. The supernatant is then heated to about 80°C and centrifuged to remove proteins,
then dried down. Alternatively, the extraction of flour can be done using 80% ethanol, with
subsequent phase separation using water/chloroform mixtures, and the aqueous phase
containing sugars and fructan dried and redissolved in water. Sucrose in the extract
prepared either way may be removed enzymatically by the addition of o-glucosidase, and
then hexoses (monosaccharides) removed by gel filtration to produce fructan fractions of

various sizes. This would produce a fructan enriched fraction of at least 80% fructan.
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Table 1
RS content and GI level of barley wholemeal
RS
GI wholemeal RS
Genotype Line name | GI | average | SD| (g/100g) | average SD
amo] mutant HAG 646 | 64.6° 0.9 09°
Hulled double mutant | HHF7-88 | 81.0 | 79.0° | 2.8 3.5 3.4° 0.1
Hulled double mutant | HHF7-122 | 77.0 3.3
Hulless double mutant | HHF7-4 773 ] 78.0% 0.9 3.3 3.5° 0.3
Hulless double mutant | HHF7-7 79.1 3.4
Hulless double mutant | HHF7-29 | 77.8 3.8
SSIla mutant 292.0 68.2 | 68.2° 1.9 1.9°
wildtype barley Himalaya | 76.6 | 70.8" |9.6 0.6 0.5° 0.1
wildtype barley Glacier 76.0 0.4
wildtype barley Tantangara | 59.7 0.4
LSD (5%) 22.6 0.7

L.S.D.: it is the least significant difference; differences greater than this are significant (P <

0.05).

a, b and c: based on LSD, mean values with the same letter are not significantly different,

and with the different letter are significantly different at significant difference (P < 0.05).
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Table 2
RS content and GI level of bread produced using 100% barley wholemeal
RS content
Sample ID | Genotype Line name (g/100 g) GI level
Z21.2.9.1 amol mutant HAG 2.39 70
71.2.9.1 amol mutant HAG 2.01 67
10.1 Hulless double mutant HHF7 29 5.46 57
10.1 Hulless double mutant HHF7 29 5.6 62
6.1 Hulless double mutant HHF7__4 5.53 66
6.1 Hulless double mutant HHF7 4 532 61
21 Hulless double mutant HHF7 7 561 70
2.1 Hulless double mutant HHF7__7 5.65 65
11.1 hulled double mutant HHF7 88 5.76 66
11.1 hulled double mutant HHF7_88 5.96 62
1.1 hulled double mutant HHF7 122 5.29 57
1.1 hulled double mutant HHF7 122 52 58
Z1.1.8.1 SSIla mutant 871 1.96 49
ZL1.8.1 SSITa mutant 871 2.08 53
ZI.1.1.1 SSIla mutant Himalaya292 1.49 57
ZL1.1.1 SSIIa mutant Himalaya292 1.58 60
4.1 SSIla mutant HHF7 50 2.22 74
4.1 SSIla mutant HHF7 50 2.26 74
3.1 wildtype Himalaya 0.65 82
3.1 wildtype Himalaya 0.52 82
9.1 wildtype Tantangara 1.04 76
9.1 wildtype Tantangara 1.05 81
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Table 3
Statistical analysis of the effects of genotype on RS contents of bread produced with 30%
or 100% barley flour
RS RS
content content
No 100% 30%

Genotype Sample | (g/100g) | SD | (g/100g) | SD
amol mutant 2 2.2° 03]1.9° 0.3
hulless double mutant | 6 55°% 0.1]31°% 0.2
hulled double mutant | 4 54° 0413.0° 0.1
SSIla mutant 6 1.9° 04[18° 0.3
Wildtype 4 0.7°¢ 03]1.0° 0.1
L.S.D. (P<0.05) 0.5 0.3

Note:

RS content 30%: RS content of the breads that contained 30% barley flour.

RS content 100%: RS content of the breads that contained 100% barley flour.

L.S.D.: it is the least significant difference; differences greater than this are significant (P <
0.05).

a, b and c: based on LSD, mean values with the same letter are not significantly different,

and with the different letter are significantly different at significant difference (P < 0.05).
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Table 4
RS content and GI level of breads produced with 30% barley flour

Sample

ID Genotype Line name RS (g/100 g) GI level
ZLL.1.4.1 | amol mutant HAG 2.15 82
ZL1.4.1 | amol mutant HAG 1.72 87
Z1.1.5.1 | Hulless double mutant HHF7 29 3.01 83
Z1.1.5.1 | Hulless double mutant HHF7 29 3.07 82
71.2.7.1 | Hulless double mutant HHF7 4 3.03 83
Z1.2.7.1 | Hulless double mutant HHF7 4 3.27 83
71.2.6.1 | Hulless double mutant HHF7 7 3.15 84
Z1.2.6.1 | Hulless double mutant HHF7_ 7 3.03 84
Z1.1.3.1 | Hulled double mutant HHF7 88 3.04 83
Z1.1.3.1 | Hulled double mutant HHF7 88 3.09 86
Z1.1.10.1 | Hulled double mutant HHF7_122 3.01 81
ZL1.10.1 | Hulled double mutant HHF7_122 2.71 84
Z1.2.1.1 | SSIla mutant 871 1.87 77
Z1.2.1.1 | SSIla mutant 871 1.82 81
Z12.3.1 | SSlla mutant Himalaya292 1.7 80 -
Z1.2.3.1 | SSlla mutant Himalaya292 1.87 82
Z1.2.2.1 | SSlla mutant HHF7_50 2.15 86
7Z12.2.1 | SSIla mutant HHF7_50 1.69 84
ZL1.2.1 | wildtype Himalaya 0.96 93
ZLL1.2.1 | wildtype Himalaya 1.02 94
Z12.8.1 | wildtype Tantangara 0.84 83
71.2.8.1 | wildtype Tantangara 0.89 85
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Statistical analysis of the effects of genotype on RS content (mg RS per g starch) of

bread produced with 100% barley flour

RS
content Total starch mg RS

No of 100% in breads per g
Genotype samples | (g/100g) | SD (%) SD starch SD
amol mutant 1 2.2° 0.3 574°% - 41.7°
hulless double
mutant 3 5.5° 0.1 52.7% 1.8 | 105.1° 2.8
hulled  double
mutant 2 5.4° 0.4 51.8° 47 | 106.9° 3.3
SSTla mutant 3 1.9° 0.4 25.1° 3.0 | 75.0° 8.1
Wildtype 2 0.7° 0.3 51.6° 26 | 163° 4.5
L.S.D. (P<0.05) 0.5 8.9 16.3

Table 6

Statistical analysis of the effects of genotype on RS content (mg RS per g starch) of
breads produced with 30% barley flour

RS
content Total starch mg RS

No 30% in breads per g
Genotype Sample | (g/100g) | SD (%) SD starch SD
amol mutant 1 1.9° 0.3 61.9°2 - 30.7°
hulless double
mutant 3 3.1° 0.2 65.3° 2.2 47.5°% 0.8
hulled double
mutant 2 3.0° 0.1 63.7% 1.1 47.1% 3.0
SSIla mutant 3 1.8° 0.3 58.0° 23 | 31.6° 0.3
Wildtype 2 1.0° 0.1 65.1°2 0.1 14.6° 1.1
L.S.D. (P<0.05) 0.3 5.6 42
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Exemplary and Preferred Amino Acid Substitutions
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Ala Val Leu Ile Val
Arg Lys, Gln, Asn Lys
Asn Gln, His, Lys, Arg Gln
Asp Glu Glu
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Thr Ser Ser
Trp Tyr Tyr
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Val Ile, Leu, Met, Phe, Ala, Norleu Leu
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- 104 - (ii)processing the grain to produce the product. 19. The method of
claim 18 e product is selected fromthe group .81 f

whol emaI%§P§ﬁOHI§3 tarch, bran, 13-glucan, fructan, a ngﬁ%&%ﬁ@ﬁﬁ%&

pol ysacchari de, and cracked, ground, polished, nilled, ki bbl ed, rolled or
pearl ed grain. 20. The nethod of claim 18 or 19 wherein the processed
barley grain is mxed with one or nore other ingredients to nmake the food
or beverage product. 21. The nethod-goterding to any one of clainms 18 to 20
further conprising: (iii) assessing the |level .or type of starch, starch
content, anyl ose, anyl opectin, P—glucan fructan, non-starch

pol ysac i r i rch in the barley grain or the
product?Fﬂéégﬁﬁ%ﬁ?(%%% 4%éb%gfs zfﬁ%ﬁﬂﬂo%gﬂOf claims 18 to 21 wherein the
f ood orThgwpea@erwddUtt15§9d3@63ﬂw7 rour br eakfast cereal, biscuit,

muf fin, __nmuesl i ar agent, a Iom1ca|orie additive, a
bulklnngﬂﬁﬂge ‘%fggglﬁf83e§ﬁ§%€§;#@glzing agent, a preservative, a

pr obi otveroﬂgmtza@rEﬁéwzkﬁdwazqrecﬁnw oenbiggaiogen of these. 23. A method of
prodUC|n a barley plant capabl e of prodUC|ng grain which has a reduced

| evel Wdhetmu&flef@’SWoﬂéﬁ A748d1W4st arch content of at |east 41%
mhereln h r S Qi i 4S pl ant an agent

whi ch d wﬁﬂPg%%lgg%gggﬁjmﬁgfg 9&%”42# %? 9]%%§gbﬁ%%s starch synthase ha
(SSlla) Yamatnbﬁ apt @niynh £17ador \A@plGez@etcmn)t BDLBSQIZG(DII or a nutation in an
endogengus gene encoding SSlla in the lant, and (ii) selecting the barley
pl ant WHABATSHEAdCeL ¢gh;] Hpﬁggﬁﬁ-ﬁﬁd 529eA0 ¢ variation which reduces the
act|V|tYaQ%eg% apl,AER8; 2443110y qesgod of claim 23 conprising introducing
into the plant "a genetic variation I ch reduces the activity of an anol
gene. ZMM@@&&IQﬂmaeBEGWﬂALEDﬁﬁ&&ﬁ@QﬁEﬁ- 105 - 25. The method of claim 23
wher ei n,t he nt e aci d nol ecul e whi ch down-regul at es
endogenBlér §§%ﬁ§mﬂgﬁgR%Q%L§¥aﬁ§%% g%% The met hod of clai m 25 wherein the
nucl ei ¢ acid nol ecul e conpri ses a gene-silencing chineric gene, an
antisense, ribozyne, co-suppression, dsRNA nol ecul e, hairpin RNA or other
exogenous nucl eic acid nol ecul e that down-regul ates endogenous SS//
expression. 27. The method according to any one of clainms 23 to 26 wherein
t he met hod further conprises assessing the |level, activity and/or type of
starch, starch content, anylose, anylopectin, 13-glucan, fructan, non-starch
pol ysaccharide, dietary fibre or resistant starch in the barley grain or a
product therefrom or analysing the plant with one or nore genetic markers.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Barley grain comprising

(1) a mutation in an endogenous SS/la gene or an exogenous nucleic acid
molecule which down-regulates the expression of a SS//a gene in a barley plant,
wherein the mutation reduces expression of the SS//a gene in a barley plant relative
to a wild-type SS/la gene and/or leads to the expression of a SSlla polypeptide
having reduced starch synthase activity relative to a wild-type SSlla polypeptide,
(i1) a mutation in an amo/ gene which reduces the activity of the amo/ gene,
(i) a reduced level or activity of the SSIla polypeptide relative to wild-type
barley grain, and

(iv) a starch content of at least 41% (w/w).

2. The grain of claim 1, comprising a starch content of at least 43% (w/w), at lcast
45% (w/w), at least 47% (w/w), at least 50% (w/w), or whose starch content is

between 41% and 65% (w/w).

3. The grain of claim | or claim 2, comprising an amylose content of at least 50% or

at least 60% as a proportion of the total starch in the grain.

4. The grain of any one of claims 1 to 3, comprising (i) a B-glucan content of 5-9%
(w/w) or greater than 9% (w/w), (ii) a fructan content of 3-11% (w/w) or 4-11%
(w/w), or (iii) a fructan content of 3-11% (w/w) or 4-11% (w/w), wherein the

fructan comprises a degree of polymerization from about 3 to about 12.
5. The grain of any one of claims 1 to 4 which is homozygous for the sex6-292 allele.
6. The grain of any one of claims 1 to 5 wherein the level or activity of SSlla is

reduced by an exogenous nucleic acid molecule which down-regulates the

expression of a SS//a gene in a barley plant.
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The grain of claim 6 wherein the exogenous nucleic acid molecule comprises a
gene-silencing chimeric gene, an antisense, ribozyme, co-suppression or dsRNA
molecule, a hairpin RNA molecule or a microRNA that down-regulates endogenous

SS!la expression.

The grain according to any one of claims 1 to 7, which is homozygous for the

amol-AC38 allele.

The grain of any one of claims 1 to 8 which is wholegrain or cracked, ground,

polished, milled, kibbled, rolled or pearled grain.

A barley plant capable of producing the grain according to any one of claims 1 to 9.

Barley wholemeal or flour produced from the grain according to any one of claims

1t09.

A method of producing a food or beverage product, wherein the method comprises:
() obtaining or producing barley grain according to any one of claims 1 to 9;
and

(i)  processing the grain to produce the product.

The method of claim 12 wherein the product is selected from the group consisting
of wholemeal, flour, starch, bran, B-glucan, fructan, a non-starch polysaccharide,

and cracked, ground, polished, milled, kibbled, rolled or pearled grain.

The method of claim 12 or claim 13 wherein the food or beverage product is a
grain, flour, breakfast cereal, biscuit, muffin, muesli bar, noodle, a swcetening
agent, a low calorie additive, a bulking agent, a dietary fibre, a texturizing agent, a

preservative, a probiotic agent or the like or any combination of these.
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A method of producing a barley plant capable of producing grain which comprises
(i) a mutation in an amol gene which reduces the activity of the amol gene, (ii) a reduced
level or activity of a SSlla polypeptide relative to wild-type barley grain and (1) a
starch content of at least 41% (w/w), wherein the method comprises: (a)
introducing into a barley plant an agent which down-regulates the level or activity
of endogenous starch synthase Ila (SSlla) in the plant relative to a control plant, or
a mutation in an endogenous SS//a gene in the plant, and (b) selecting the barley

plant which produces said grain.

The method of claim 15 further comprising introducing into the plant the mutation

which reduces the activity of the amo/ gene.

A method of producing the barley grain of claims 1 to 9, comprising the steps of

growing a barley plant and harvesting the grain.

The barley grain of any one of claims 1 to 9, the barley plant of claim 10 or the
barley wholemeal or flour of claim 11 when used in the production of a product to
increase the level of resistant starch, dietary fibre, water soluble carbohydrate, 3-
glucan, fructan or non-starch carbohydratc in said product or to decrease the

glycemic index (Gl) of said product.

Use of starch, B-glucan or fructan isolated from a grain of any onc of claims 1 to 9.
a plant of claim 10 or wholemea! or flour of claim 11 in a food as a sweetening
agent, a low calorie additive, a bulking agent, a dictary fibre, a texturizing agent, a

preservative, a probiotic agent or the like or any combination of these.

A food product comprising a food ingredient at a level of at least 10% on a dry
weight basis, wherein the food ingredient is a barley grain of any onc of claims | to
9 or wholemeal or flour obtained therefrom wherein the wholemcal or flour
comprises (i) a reduced level or activity of SSila polypeptide relative to a wild-type

barley wholemeal or flour and (ii) a starch content of at least 41% (w/w).
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The food product of claim 20 wherein the product is selected from the group
consisting of bread, buns, breakfast cereal, cake, biscuit, pastry, crackers, muffins,
pizza, croissants, bagels, pretzels, pasta, noodles, baking ingredients, baking mixes,

soup, sauce, thickening agent, confectionary, and other farinaccous goods.

Use of a grain of any one of claims 1 to 9 or the wholemeal or flour of claim 11 in
the production of a food product to increase the level of starch, starch content,
amylose, amylopectin, B-glucan, fructan, non-starch polysaccharide, dietary fibre or

resistant starch in the food product.

A method for preparing a food or beverage, comprising mixing the barley grain of
any one of claims 1 to 9 or the barley wholemeal or flour of claim 11 with another

food or beverage ingredient.



