WO 2010/ 063288PCT/ DK2009/ 050315 1 Barl ey and nalt-derived beverages with

| ow DMS | evel s Al'l patent and non-patent references cited in the
appl i cat iwo 2aroe6Bmgeby i ncor porat ed by 5re|ference i n t heco/paovesyirs Fl ELD
OF THE | NVENTI ON The present invention relates to barley-derived beverages
characterized by notably 10reduced | evel s of both di mret hyl sul fide (DVb)
and/or its precursor S-net hyl] -L- net hi oni ne , or | acki ?[3 one. or

preferably bddardeysand dma)ltudwlvad ZbﬁVﬂr(ﬂgeﬁ”IWIth/l’,@W MS levelso

met hods for producing the above-nenti oned beverages - and also to barley
pl ants useful in the preparation of such beverages, as well as other plant
products prepared fromsaid plants. Wiile the invention enabl es production
of 15beverages characterized by inproved taste profiles, it also

facilitates &lwaienpantaprpatent refarernestdtenh imibe Replicatipn Arerhereiyl incorperatadi s

in the ther mplrgRCL GVinbiBHiirery Particularly with respect to boiling of wort.
BACK ND OF % %N\/El\ﬂ'l O\rleﬁl() Beverages, notably beer, may be produced on

t he basis of barI ey - Hordeum vulgare, L. - which is a nonocotyl edonous
crop plant lel"ilr-Q/QFeH"E INVENTIOMir t s of the world. Barley is economically
inportant, both as a raw material for industrial products, including beer,
and also as a source of animal feed. 25 In beer, as well as in many

veget abl es arlieeRsst tivgrgion relﬁtelsd@lba@eyt@%rlve@@@wag@ﬁ ¢haracignved bygr@tabrlyt S

(such agru ”)redu%\éﬁ?éve%cgf 'Botf?d?rqreﬂrgnﬁflﬁaés(m@ﬁg/o\‘ ﬁgﬁFé%Qrs?)? s=méyR-adds

prom nent, generally beneficial odor and flavor to the product.
However, a hrrrgq’rhlp@lveKSMM)mvﬂaqkmgmftesbr@rerfer@bb/rboﬁmgftSaifhgormoumﬁlég|aridrﬂp@

usual 1y desoiidfidliing:Ra%k Rk FONKindhpSHBTL ERRSORS beverages —and

"bl ackcurrant I'ng on be s typical Ty may be up
to 144 pg/ L aisd tsbadey mgtswaafurleaMPmamtloh oasucnal@vgrrabeﬁ worvqjlga{SLc)ther\mlam

sai d CO”F’O!J”g;&l{urE%\'};r&S’é‘rE%BMtéa'}Qpl&‘?tﬁ ffélhrearﬂ?veﬁrtu 89%@& E{r%gﬁét Bl

"cabbage- ik oun (S sonetlnes
desi r abl%e i nbeegregehdwracigrided hyalylpto@rad tasteiprefites, Ipallsafa@llrta]e:% aesw pawdigm
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threshold is exarnp e around gaard, 1982).
The DMS flavcpartrcularlgmrtbrrmpleyt tndnbrlrngbfweﬂl when DVS | evel s are <10 ppb.

BACKGROUND OF THE INVENTION

20
Beverages, notably beer, may be produced on the basis of barley — Hordeum
vulgare, L. — which is a monocotyledonous crop plant cultivated in many parts of the
world. Barley is economically important, both as a raw material for industrial products,
including beer, and also as a source of animal feed.

25
In beer, as well as in many vegetables and foodstuffs — including tea, cocoa, milk,
wines, spirits (such as rum), sweet corn, and numerous cooked vegetables - DMS
adds prominent, generally beneficial odor and flavor notes to the product. However, a
high level of DMS imparts a flavor that may be undesirable, usually described as

30 "cooked sweet corn" or sometimes as "blackcurrant-like".

Depending on beer type, DMS levels typically may be up to 144 ug/L and sometimes
can reach as much as 150 ppb (150 ug/L}), with said compound often contributing to
undesirable "cooked vegetable" or "cabbage-like" flavors. However, a low level of the

35 compound is sometimes desirable in lager beer as it may contribute to palate fullness



5SMM herein al so denoted DVS precursor (DVMSP), is synthesized in

germ nating barley kernels by the action of functional conponents of the
SMM cycl ewOBED18/063288. Here, the nethionine (Met)-S nmet hylPCranebhev@sss( VM)
enzyne catal yzes the transfer of a methyl “group from S-adenosyl - net hi oni ne
(AdoMet) to Met, formng SMM The |atter corrpound can in turn serve as

nmet hyl donor f nt heS| froml (Hc a reactio

catal yzed by 2 é?veﬁﬁy SRR SERYTY ARSI Be 25 RNARD: TORPE AU OHE - s
debat e on t hesdgfli mndiigugrdr eda2)ofhd\iflis ﬂat/oma§gérﬁbrbllyarhdmoﬁ&éanmpbms |Behy ent
Met pools for protein synthesis from being depleted by an overshoot in
AdoMet synt hé§ STQ RRRId and Dat ko, 1990). The SMM cycl e al so has been

suggested to function in the |ong-distance sulfur transport in plants, with
a major flux fromMet to 15SMM i n | eaves, lgh oem transport of SMM and

reconversi on S(MMSW'F@'WG”PFWW%I%%“WW( MSE)-ds syntbrsrad i3 pRKNIPEYues

(Bourgis et %larley ﬂ&ﬂ&%by%adt@h%ffdn@ﬁﬁr%ﬂ &@ﬁsdnenw&rth@smcy@/md;emthat
said cycle nanages contr ol Ado | s rat her than preventin

depl eti on of HeE® '@%\@H&@f&n%w%{} -S- m%b}dﬁnsf?xﬁseww haFvme %E%Y%ﬁ‘féb‘i’ gﬁﬂ%ﬂf t he
physi ol ogi calof b Ale@ny? ro'ﬂWdrﬁlsLHd@nb@l Fr%'trﬂérﬂﬁe EKUdI\)I'EQ) toaget! RirhPY SMmetky | ene

synthesis (Ko 20et a 04), principally w the i deas nanifested
t hrough st udl'fgtoerﬁﬁ’rf‘ﬁoqué’c‘&’?ﬂ'ﬂ fapsene aéﬁ‘?i%ﬁ@ﬂ%rﬁpbwﬁh@mih%éﬁf%&yl ate

synthasg fr Ofﬁbﬁ\%@%telﬁé (FI&W Q@é@ﬁoﬂ&éﬂyﬁed Mtﬁbreﬁk’ rﬁé‘P‘lcy’-@%Qﬁ?lﬂaﬁéf&%@é have
specul ated that it le to regul ate SMM synt hesi S br}dusm for

exanpl e, ant KE‘MH@@‘”(“@H%E‘P@‘? de%WéPe dﬁf('f‘ H&i r&@rﬂfé""ﬁ@ﬂfa‘ga%WB‘@ RigreseEd

rel evant tar gepregemadettdobi rﬁeféﬁesynwse ﬁorﬁveglngnesletee%ytéwéve?m& inkel i hood
of a positive outconme was questionabl e as reductions in SMM | evel s

coul d be har ArgMet &y igsisMugdaRdPatkry 188%|TB% Cygie alsp Hae PORN 8H19§Eieans

for obtai ni ng fAWRn .h@N@Iongfdls%\‘l\Ae\@erf@r tRPsp&Ht FCSRE dvillya Mafdrfioy framdvidtas obsen
(supra). In addition, discussed in _detail below, antisense technol ogies

have not? beer$“@Yle'@§%‘f%PhB?e§‘dé?@|§P?’e8f$MM@8F“{5 EsFopYergigmef MM (P Meldni sh gene

expressi on. da{@ppi H?Tﬂérﬂbhé .or BeheBinR GgsucaI (BodryRi dt ab) 1399f9§)rBLﬁ'I£é}6\réU|BGacer
transgenic barl ey ants that conpletely |ack expression of a given

protein. In @én%rmnt$ gvepisf |tha Sa@;ﬁdP'Pd‘%ﬂWa@ﬁs EPNEOF Agoldet Ievalhiatifididn ead to

transgenic pl fitirsd dd pletRIVE f4$ (RehozpgRt Af, 200¢). nh@tein@tlw@emmeﬁ bRthd see
for exanple Robbins et al. 1998; Stahl et al. 004; Hansen et al., 2007).

WO 2010/ 063288FaipgiRaloee /) S 51 Blanis sefatestq @@trP%a%ﬁ@Hy'q@rSyﬁméﬁéKK%g

speci fizp nmut at bOPROYE iphBciSAlly WRthi the [RNAS BRifsted tHr@UdH SteGE LAt REDIRS $- have
not been devel oped for use in barley plants. Inline with this, and despite

i ntensive ef @HF@%CYC'PHWB%%FSC%HOXV'H@ ﬁyf‘g’@%ﬂ‘mwaﬁb‘%ﬁth%ﬂew Hie- avare of
any published exanpl e on successful ollgonucleotlde directed gene targeting
in barley. 5Although not pursued in barle | i da and Terada (2005 note
that oli gonuM@PV&@d Jarqhsen élﬁgééﬁevec %Pre@é% eﬁdh%td%mﬁég?l PpEsille dp fequ

t obacco and VSMMS ntA&is bfuﬁhb f6RSRMP, tﬁtlé&%eh@d’rﬂb@bﬁqﬂéﬁé)étrﬂiﬁuu%@é
acetol actate synt ase (ALS) as a target. Accordi nLgHto t he concl usi on by

lida arP Ter ¥f& P(%Yﬂﬁda?” rei'etvaf‘tet?rﬁgenge@‘%? tp@ntisangsy B fevpseeried thatdne

above- ment i ongslinsbd ai&gasnnm JutcaRPWap fliadtiename ak iHgé réanéuoriSSn 8RM icwakl e to
genes other 10than those directly selectable, such as the ALS genes,

Targot ed mut S8UHDSINETIRY o ParieN ardwih BF IRrelpRHeEs AP BESAWORN BY RBRINNSD)

that pot enti gver IGRUbITSIAM oavenat HiEEudsBY 85 McBRLY ARG JhdbbRas {suphl) aRtaditieh, 09y
or nodifications in crop gl ants (Durai et al 2005; Tzfira and Wite,

2005; Kumar é&f éﬁcusseﬂdfbé? | REQY: ?ﬂtnen?'%te&ageogl%baw&nen pacceastvbeen

pur sueEr su4ppRESHBEHYY BRMpRsely BbBIRN RYe ekprebbiBet hel ess, barl ey nutants
may be prepared by random nut agenesis using Irradiation or chem cal
treatnment, such as by treatnent with sodium azide (NaN3). An exanple

concerns bar ILeYork@BRG), $o MEtAEHRUré @daﬁa’ﬂ»f@l’égbrebﬁﬁlgiﬁ@sgémm%y ABfkts that
subsequent|ly screene ‘for hi gh levels of free Pfoate in an effort to

screen for | &RMpletely lack expression of a given protein. In genera r barley, application of
antisense techniques lead to transgenic plants still expressing some of the protein in

35 question (see for example Robbins et al. 1998; Stahl et al., 2004; Hansen et al., 2007).



20phytate nmutants (Rasnmussen and Hat zack, 1998); a total of 10 nutants out
of 2,000 screened kernels were identified. Al though far from al ways

possi bl e,wbizntvasgesa parti cul ar nutant after NaN3 treat meot/DKR0daBesIdent on
persi stence and an effective screening netthod, and thus far from al ways
successful . 25A difficult part related to identification of prom sing

nmol ecul ar tar ts i tra i tjanal Iant breedi n concern di ff ies to
ascertain whi naratiacs TorPrePy T Gesn e 6 ahons P pacRyc aAIPhAGE

perturbed inspsg dﬁécté@ml@fd@)@ﬂ@ﬁs héee ld:ﬁbleéﬁde@élérﬁdéfbt ot infbatiBeplayst BiMmne eae
out, and thus .the a |I|t t o, esallsh f[eg ree@ng[ nmet hod, 30Beer
ﬁﬁéefséf‘hﬁ’ '

producti on-r '%rtaé‘& SRRy ‘%”BWEG P %wwa Qg ot 0D\ AR NGLAVATE
drying of malahy pablishe@ekargplada Sbﬁtéslsfwomjonw&btlde mwtddrybn@eargbmg iadarley.

conversi on of SVMM to DVS. ere r particularly
705" bot 19 g AURAROIGTo! GNRyedYebase Iz ar tarBiraabos atndasoisngE Bt Gur | ng
kil ning and Wﬁééte@?bhé fé@gé’ﬁﬁg hBg bk teste? ih AtaiA, BHaRECER ridd — beITR AN 8hsHses
above -70C, the volatil of DMS decreases to verzo\ | ow 35l evel s (Scheuren

and Sommer, Xbdhe h%l;nc,d@ rﬁﬁlﬁtapggque&@fa@tp.saﬂ@%% LiS) 28 Rprask iAgaedB towo
2010/ 063288%5@ MQ@WnQﬁQQJ%%nﬂ TlePaddl @BHAAY lit rEmbindX6 g6 eét@Mﬁ@ad wieerrid d tine

or vigor of wort boiling is inadequate to convert resid SWM DMS may
continue to PBPYR-BISNHNERYiteqyowiiivaprprapriate Mgﬁﬁ%ﬁt'sﬁpav@ﬁ’@rtolgﬁf‘%s P‘Iﬁ‘@r

beer. 5iechnedpohesd dirRtipesisciboie, §L%%'tﬁQALQ%eh6§eﬂ d@te%tdg@n@ﬁ@ﬁsﬁgve
been devel oped. Thus, 38578/ 93 described a met ho reduci ng DM5 | evel s

in malt, comamcginaar et r%%mawh%é@qﬁth?épptent'@i'y@tl@rﬁﬂowﬁwwecat| on US

2006/ 0057684 |ﬁ\/@stﬁ’§a$|8ﬁﬂncﬂ5rs%rﬁlérﬂ fbiold@y &tmcﬁhf.caw&ﬁs ifl @R ;slmg (Diravéing, pedsods
conprising heat treatnent of n%eratures of 70C and above. And in

U S. Patent Ngfirasnsd¥hiis 2003 ’ﬂh"dﬁrlﬁ‘é?" grq )- PésaiBdie 6338 INBURPGREEIR @S NPor

preparing | OWeéﬁFL?l%hé(&ibﬁéLﬁch@ﬁﬁuy apfELinbatieg et hods conpri se extensive
boi li ng of wort by carbon di oxi de washing of said wort. However,

all of the aforenentioned treatments consume hi gh levels of energy, and
further they NgR¥thaldsSIbdriag nfftatd flagberésere®by FRHdbnOMuMEEResisLising MVARY  OF

THE | NVENTI ON The, present invention discl oses beverages prepared from

barl ey, or pdfadatioRér sbemicplirgaimente sycarasfyelreanent Wilptasise agifa (NgNs)-7ie

bever ages di %‘RérﬂFl@d:ohé‘érﬁk Ba@é@htebhéls u\%eh@\éﬁ@r%@gfﬁﬂhé uak oPNEBIN, @hdeven no DVS
a

at all - particulaly beverages wt | evel s bel ow taste threshold and
t hus char act EPPsRSYeBYy sorRenspJetieh @Ve'méfr@%efﬂ%sphm'@@o@ﬁoﬂﬂ%grs@mr&yv;s of

the inventi ophj@remEtaRRr (RAEmuSSERtANPR2AdK $998)AF 0d| OF NG hittariidisutte p@oages  of
the invention are characterized as particul arly bal anced and 25dr|nkable

with a high @6§eBed kemnels e egtifieg 6%‘?49@ farfErTh piyays PPpeRIB findyig g partigdar

invention preyjtasftbeNEKagesmeht B depERidebh Bers|sRE aRH QRREERG seRAfthgon t he
absence of DVS or |ow DVS levels. It is herein found that DVB stri ki ngly

i nfl uences tWée'Pﬁf’rréﬁdH@Wééﬂfqrﬂﬁ'vﬁfység?%s?f“&orrpounds in beer (cf. FIG 1B),
consistent with a 30nodel provided by the inventors in which DVS masks the

taste of sai d conpounds
25 A difficult part related to identification of promising molecular targets in traditional plant

breeding concerns difficulties to ascertain which component(s) of a given biochemical
pathway should be perturbed in order to produce the desired alteration of the system

read out, and thus the ability to establish a useful screening method.

30 Beer production-related incubations at elevated temperatures — such as kiln drying of
malt, or heating and boiling of wort — may induce chemical conversion of SMM to DMS.
Due to inherent properties of DMS, particularly its boiling point of only 37°C-38°C, a
major part of the DMS formed during kilning and wort boiling may be lost to the
atmosphere. At temperatures above ~70°C, the volatility of DMS decreases to very low

35 levels (Scheuren and Sommer, 2008), while manifesting conditions for further oxidation



It is considered of profound inportance that the present invention provides
barley or malt kernels with defects that specifically block formation of

t he DMS pwecorwwss288l n this way, the above-descri bed naskPCm@®KD0SHBSY t aste
by DMS nay be avoi ded, which 35enabl es new opportunities in the industri al
utilization of barley and malt. In addition, WD

2010/ 063288PCT/ 0 031 nalt kern th defe h t
apeci 1 oal Ly G i fredRVEOT Mo ia e tr dSor s ele 't gduate
properties cadsrmtt RYdLASMISBNEEMEY coNRUP €S fob@-asMBd ABH YoolS al viktHosubls 8yl

malt type m?ht be exploited as a raw material in effective industri al

appl i cat i ons 'eBsReNiP @@tbﬁﬁT i sh tailored production settings far beyond
contenporary Scapabilities. In particular, inprovements relate to issues of
beer quality_and environnental sustainabi lity in beer producti on,

speci fi cal | nyesfﬁno'qq't;a' Rediods 49 rREUGENG Bk 1ve) ef DMP imReerdtsveibers dewalered. (i)

Beer having a'ﬁusrmﬂgsm/%a@srdbémhﬁetrwooéflré@c.rﬂgomlel@ﬁ@ﬂ%@ﬂcsmsﬁsgb{gl nput
for beer production; uced energy. cons

product i on. BN reqimgm%f Séﬁ’if“ﬁ'ér‘%@ﬁ*@”? RAiicationdds §a&éﬁo@%§ﬁ6%ﬁ@a@@dar e

provi ded by tFRghtidistaBE all \WH@BéédﬁBed @@mﬁﬁg m@&thQHém @él%h@ﬁ%gtn%ht of mash
t heoretical considerations on how the metabolism o coul d be interw ned

with ot her biPblegHeEalIresbER <@ akye- ARSI BRIt Klat 3.61¢-694 rReuilrr. Het
provi defh oppasWekEiRs rﬁ&hsd@oﬂoppﬁep%% @Wa%&lyame béaefh&rginané nicisbast r i al

use of barley plants defective In synthesi's. 20 The present .invention
di scl oses t h&Pmﬁé%?ﬁﬁ%%vec%'l‘%&f&qﬂz@@w l?yo%”PQJ\/@P@d%Wam pERAIY wertt ast e

and an i npr ovRRleQst, &l ¥f ﬂle%v&emém‘ddea,trea&ﬁlérqg c&%weagwlews@fofaﬁ&g}/ and
particul arly bal anced and drinkable - e. wWth high degrees of treshness,

aromatic, andrthepfnay mavRlsr the W%'SBP%@JP@HO’TW% barl ey plants, or parts

thereof, carrying a nutation 25in the gene encoding MMI, which causes a
total loss of MMI activity. Such plants are herein denoted "null - MV
bar | ey.15Thus, the invention relates in one aspect to beverages prepared

froma barl esyMRmARY OF THEARVENTI®@KREOf , wherein said beverage contains a
| evel of DMVS bel ow 30 bbp (such as 30l ess than 30 ppb DVS), and wherein

said barley plant carries a nutation in the gene encoding MMI, causing a
total |oss offhnMdfese@t invértidn discloses beverages prepared from barley, or parts thereof, in

particular beer with improved flavor. The beverages disclosed herein exhibit very low
20 levels of DMS, or even no DMS at all — particulaly beverages with DMS levels below

taste threshold, and thus characterized by the absence of DMS taste.

Moreover, the beverages of the invention have superior taste properties. Accordingly,
the beverages of the invention are characterized as particularly balanced and

25 drinkable, with a high degree of freshness, aromatic and floral flavor.

Thus, the invention provides beverages with remarkable flavor properties based on the
absence of DMS or low DMS levels. It is herein found that DMS strikingly influences
the human perception of estery compounds in beer (cf. FIG. 1B), consistent with a

30 model provided by the inventors in which DMS masks the taste of said compounds.

It is considered of profound importance that the present invention provides barley or
malt kernels with defects that specifically block formation of the DMS precursor. In this
way, the above-described masking of estery taste by DMS may be avoided, which

35 enables new opportunities in the industrial utilization of barley and malt. In addition,



WO 2010/ 063288PCT/ DK2009/ 050315 6 part thereof, wherein the barley plant
carries a nutation in the gene encoding MMI that causes a total | oss of
functi onavokMi/meszsgne. | n addition, the i %ventl on r el at @STIDXK2p0%050315r oduct s
produced fromsaid null-MJVI barley 5plant,” including, for exanple, malt and
wort conpositions, or barley- based syr ups or extracts, or malt-based syrups

or extracts,  or ad Adj. s in cont ext unmal t ed
bar Loy bt ko B LS Res Mt dE s et SeclrER s TarT i o T BBt od b | ey
for prepari ngravordor albS$Rye MRIP@pedibs paRiedbytBe SBdcthchaF Dms pdraat Notadly, wel |

as nmet hods of preparin ever ages and ot her plant  pr cts,, are
or ovi ded by £AB S2BPR oL el Bipe TR eepIdRd 28l enaPetptsl EEFeie MgneFEL: i on on

t he i nter nat izppidatiegeddidip Ssblich Yaidrsd proclutsivh ¥eBingsad béwmrdoht&r@dré}gm obal
gr eenhouse- gas rn ssion reductions and environnental K benef obj ective

of the i*hventPB3Pfi€stIRdrgICcY é'?‘BroﬁPB’\?PﬁéeBErtPéiﬁ“féﬁ} a%ﬁrguak%@uﬂ for
product i on ofenbigsimantal ROstaabiRyas B¥erqRbubibMGspaEfitagsor: Accor di ngly, barl ey
pl ants of the invention are useful for production of beer using nethods
wherein time spans of heating steps are reduced, or the tenperature in
heating steps ar @)reauéemvurwwleablemmm tégtewi ng nmet hods. O

fundanent al inportan e benefits |n ) of kil n drying and wort
boi | i ng procedur@b &ﬁ?ngﬂ%a%@pé@‘éq gerﬁ @?&ﬁﬁ?'?hortened or perforned at

| ower tgyTper at ur ¢f) C Repacetericlgysihpmdar sbdp bdduaoraadd beer producti on

regi mes, reducin n consunption to rOV|de re sust ai nabl e net hod
for beer product ?Eﬂ)n ﬁ?gé%ﬁ{ﬁf& QEHNRES Hé"’c?th’fB E'?'BH can be nore fully
understood fromthe follow ng detail ed description and the acconpanyi ng
sequence lis rized i 10), whic or s a of this
aonl ot i on. BelPubBHR aiegies EilPdseiambiabmetan phoi i hadsahar are
descri bed 3(hveetigHi.n, the designation of the oligonucleotide priners as
wel | asbr)t he cDNA and gDNA cl ones that conprise the nucleic acid fragnments

encodi ng’ pol ypeptides representing all or a substantial portion of these
pol ypept i des Soanihdh®egrbord by tHedgeticaieddhbitie@itiofsSeth Pt ptabdisen sESMENCE

descriptions a se uence | j st ed heret conpl jth t rul es
Gover nf ng. nucpBaeeqReRaLM S R REbElenE L ees G CorBL PRt et
35appl i cat i opst proMbDa&Bﬂ;ﬁdrﬂﬁ&%g&P&dldﬂ@QQ@(pﬂﬁQ&@br@e@E@% FTLSNaIQfse[RAW NGS

5FIG 1 sho el ect ed one of the SMM cycl e and average fl avor
scores. (A) W%@ﬁ%‘(:?' ts@&%ﬁ%ﬁt&@fsw HeS& M cycle in which SWis
synt hesized by met hyI transf er from S-adenosyl net hi oni ne (SAM to

met hi oni ne ( ) t he enz rre Met th as

SW can in t REB RO o PO ediA SR bVt ke HB rE)T e, ne
(Hey), in a rsg@@ﬁd t@@tecaafdadnwmdovl@m ety %@ﬂaypifefllblCa/nd&r beéf@bbs/tHatamferase
(HMI). The illustration shows t he essentj al irreversible reactions

are connect e®@rtey@Hy Pa'@ﬂcecs’fartwmé%'fae B M 1o eledee oo VaRaReaa e g
fegencrat es g Mhich Wiy Bo FepAREtioRIbARY didhta dp Bard ﬂ\%red?ladargl?@ Fufehol

shown). (B) lllustrated are e average flavor scores st andard devi ati on,
given RP a speeaiensenseding VG, whishrealsema il loss<af MM b aelpity+ $uch plarnigaie
estery, and BVRin d&{otQeeHuINANTR! Bitey.

Thus, the invention relates in one aspect to beverages prepared from a barley plant, or
a part thereof, wherein said beverage contains a level of DMS below 30 bbp (such as
30 less than 30 ppb DMS), and wherein said barley plant carries a mutation in the gene

encoding MMT, causing a total loss of MMT activity.

In another aspect, the invention offers barley plants useful for preparing said

beverages. Accordingly, it is also an object of the invention to provide a barley plant, or



15Control sanples of standard beer were spiked with beer only (col ums
marked with "0"), or spiked with a m xture of esters giving the follow ng
concent r avpann/detesBeer : 5 ppm et hyl acetate, 1.5 ppm i seamproer@mbas 0. 05
ppm et hyl hexanoate, 0.13 ppm et hyl octanéﬁte (col ums mar ked "1"), and the
af orenenti oned ester nix including 100 ppb DV5 (colums marked "2"). 20
FIG 2 shows t nol ec nolve in the alkaline formation of t

1 vor escent . EOMIRY, SURIEEHRE bRTRY Pl aiks & mifaipE oS apteoamime bl et of

experinments t@uygnjbﬁnkﬁgonmhbmﬁhﬂwmﬁpaagﬁhype of Mutant 8063 and Mt ant
14018. (A) An exanple on HPLC-based separation of an extract from shoots of
cv. Prestige, showing elution of aspartic acid (Asp), glutamc acid (4 u),
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cells was us@fleftora control and separated in |lane 8. As detailed in WO
2010/ 063288PCT/ DK2009/ 050315 8 Exanple 12, the 120-kDa stained protein
bands represent MMI, while the 80-kDa band in the E. coli extract is not
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transforned with vech@68$ T19b  ( FIG ,14B, Q). shows the absence
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free DVB. (BP"E{ERE" ORGTHEEH A GRNEDEL SIIBL" CRREFE BIASEE and
free DMS, anduskmablearsthomfde busi prodidiibant 8063 malt was extrenely low in
free DM5. 20 FIG 6 shows flavor profile conparisons established by a

10- person-1 arge beer taste panel; tests conprised beers brewed with nmalt of
w |l d-type cv. Power and Mutant 8063 (null-MMI). This type of analysis nakes

quanti bl o TRIENGETISANGTY0. o “A7F 1 Bvor 15 | udged 2888 *extremelyt.
corresponding to score 5, only if its property is considered maxi mal for
The invention can be more fully understood from the following detailed description and
the accompanying sequence listing (summarized in Table 10), which forms a part of
this application. Said table lists the nucleic acids and polypeptides that are described
30 herein, the designation of the oligonucleotide primers as well as the cDNA and gDNA
clones that comprise the nucleic acid fragments encoding polypeptides representing all
or a substantial portion of these polypeptides, and the corresponding identifier (SEQ ID
NO:). The sequence descriptions and sequence listing attached hereto comply with the
rules governing nucleotide and/or amino acid sequence disclosures in patent

35 applications.



t he beer type being analyzed. (A Summary of the beer taste panel's

eval uation of the beer spiked with esters and alcohols is |isted in Table
1. (B) Suwoeny/@eisai |l ing the taste panel'g eval uati on ofcCamKmepishad beer.
30FIG 7 shows an illustration on a way to propagate NaN3-nut ageni zed

barl ey kernels. Kernels of generation MO develop into plants that set
kernels of generation M. These may be sown and develop into ML pl ants,
whi ch produce new kernels of generation M2. Next, M2 plants grow and set
kernel s of generation M3. Kernels of generation M3 may be allowed to

3010/ 0630aPCFSUIBAEM B TERWINES’, < <. “VB scods may also be sown and the

fl owers of the correspondi ng plants used for crossings to obtain plants of

eneration F shows Si ljfied, tic overview of a ferred
Doy o duct Fia bihauis EselS hrinaeh s B s R G AT B Ao (opred (4]
germ nation (S%)ectdd domnpbhghBBf (r?e)SMm dybieﬂ@wfhfchtSMMdi b@fihésied tyhhethprashi ng

(5), filtration oi li resence of adde hop (7).,
o) ment at | on PstER RO edsnoey s it (PP faae s (MaD: Gieyen bwibd;
1211 I1§ rati gnl (bal)z m@mk@ghe%ltrahﬁgrafs@r(mmrmm ,cahor tdnesergéaemetwl gbh@r fbt ke
, an a In . e |1 ndl vl rocesses n e Into

Socti one compatsygbsia rom Ermsusteih (HRDaR < Sanir ot g aostim pams Hoys-
fAI er hrrentﬁl ion n(e?h;ﬂt)aramfuiawhwW)emaé lmtjswuoafsgb\helhbwmmb@énb@@nrré\ﬂe@sublﬁ) :

t ough a prererre met ho | ustr a nat|ve ways e
ol Sag0d t DETARNS reeanesied tRach il He Srieds il o | SoTURIES AR ol e,
may be omi tte@bamvarm@mvdmytsrvmﬁletaenwﬁt@mpwamlﬂishbomlaular@tmmrsotrmywb)e(B)dded
(e.g. addition of a%j uncts or carbonate). Beer may al so be oduced usi ng

i xtur es of Mstagd ﬁ%lthﬁrﬂ’{ﬁfalg@d'atﬂ%rrﬁ%ﬁﬁs iﬁ@”dﬁﬁ‘ﬂ‘iﬁ"lﬂ%&“@rﬂ‘ a"fi‘PFé%P'a 5 whi ch

case exter nal,egn@¥idgsanaf éh ﬁ]é%%@'ﬂ)frdﬁéni’éidﬁgoﬂuéétag ér'?t?DN?f%ﬁhbf"lee%Qﬁl%Fe% FI G
9 shows, in a schematic form the organization o barl ey gene encodi ng

MM, | 118ust r &loatiol semmies @3tmdppsl b%ﬂgveg%ﬁ@h@%w%a@@rﬂf@ (cerONEmaUEBYith whi ch
spans the 26y rcﬁ‘%ﬁ'k@& '\Aﬁ’tﬁaa' mixh g b é’é?&s%ﬁ\}ﬂ{b tﬁ@‘?&l’&%ng@bﬁ%@émﬁ’aﬂl@né l?]tﬁé%'f’—ss ar €

shown as nunbe oxes and unnunbered |nes respect|ve Y.
illustrated ®&meaihdeceiatiedd prin isgaMmylacetaten 8- Q&mmﬁﬂhym%e@at@rp a)?p ppm ethyl

transcription andat @&érlnﬁ% h%ﬁedN"l'(')l %fhg%f&lém@ﬁtr&eﬁeefs?err rﬁlf?lntcfﬂﬁinétm@%b?’

end of indicated exons ative the first base of the trans i onal
start codon. DM alumnssmaeed o2’ étre t he approxi mate | ocations of PCR
stretchgs that correspond to the 25anplifications using the primer sets
listed in Table 2. FIG 10 shows the cDNA sequence for barley MMI of cv.
Presti ge, spﬂﬁﬁi%@*‘QVYﬁethﬁmﬁ%qUéﬁSi'GY%\!ed%éﬁﬁa'ﬁﬂtﬂeé@rﬁﬁt'%ébﬁﬁ@,ﬂUPr.eéQGrtthe codi ng
region (SEQ BB svif-bpaed with the translated sequence (SEQ I D NO 6),
using the one letter code for amno acids. 30 FIG 11 shows a sequence

al i gnnment of the alnost identical MMI enzymes of barley cvs. Haruna Njo

(SEQ I D NG Z)ZI@”ﬁsrPdv#‘sSFe'sQ% c(f$h_i2d &d%éiérn JH%xE&ﬁ’rﬁér%@o @éﬁf@%e@ﬁ!ll%lﬂ?s' due

differences are highlighted as boxes with white lettering.

2010/ o@sspmﬁm@m@/ ufent13063 amdrbﬂt@ntlwoéﬁd\hé ARGXamRIe %H%@éﬁﬁe%oes

activates cr %Q% rﬁtlérpi)ﬂ aﬁﬁee)éfr'a%ﬁ?orh @h&cﬁ@oﬂ&ﬁ@rééﬂbe WBWIF(Q%lUl‘%ﬁBAflaSBQ{Ib 3apt al
arrows bel ow t | ustration of genom c Structure of gene for MM

i ndi cate the (%iiﬁr%{'iaﬁ‘ﬁﬁ éC'@lfFﬁléblaiSﬁ@faﬁ'd%|(f\$r6nSQ5F‘epf§Prr}@f‘d SMM. 1I§gor§$qenq:g@f e 4.
OPA-derivatized extracts of barley shoots were excited at 340 nm and emission

measured at 450 nm. (B) HPLC-based separation of extracts from the indicated

30 mutants and wild-type cv. Sebastian. Separation of components in a mutant extract
provided a chromatogram without SMM-specific peaks. (C) Western blot results of size-
separated proteins from shoot extracts of wild-type Prestige (lane 2), Mutant 8063 (lane
3), wild-type Sebastian (lane 5), and Mutant 14018 (lane 6). Reference proteins with
the indicated masses in kDa were separated in lanes 1, 4, and 7, while recombinant

35 MMT from E. coli cells was used as a control and separated in lane 8. As detailed in



(B) Visualization of DNA bands foll ow ng agarose gel el ectrophoresis of
reverse 5Stranscription polynerase chain reaction (RT-PCR) anal ysis of
product s wei2ny/ded¥&st enpl ate from eit her vvi8l d-type cv. PPETMKPeoInsoEt ant
8063. (C) Illustration to show the intron-exon structure of PCR products in

panel B, using the same graphical elenents as in A Exon 5 of Product 4 is
shorter in c ari s at, of the wld-t r owheads poi nt
To the appr oBPRAPI Todit 1 AHOS aFed reitel vapis Hresen il SuS Hedbrcs - 160ue
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owever, predict at NA al so r e an : taile
11 st r at Fon BT KEls Farmegoan vgg@wﬁﬂ@ﬂ%ﬁ%ﬁ%ﬁm ed (Mit.) and
wild-type (W) 5 splice site inintron 5 wth the nutation site indicated
by the derl base rovvs b i.d ne bel e d 4, mark
The dondr - and'Gck s he padica RN EGeRy yosd piitsoufienritst bt 5 and
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to splicing of t cri ro anel O and to
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| ower and Up@afupcr&ﬁﬁ[SHﬁAmrt@Met gsrpaeg SMIBA, Ywasonitoksd BoddirdiRatidnEoutlingy afteew of
the conposition of 5 and 3' splice sites in nonocots (Sinibaldi and
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MMI of MJt anthoBHeHewty @nthb&z%%@el@d(@(o@ﬁét'WMpTl@éﬂlhéiﬁatﬁoﬁ%ls'&%@ﬁv@'ﬂ%ﬂ@mvl
expression of aberrant MMI's of Mitant 8063, and alignnent of encoded

pr ot ei ns. (A)Naﬁlqbﬁgqtr'ramuéﬁﬁ“é'f'oqt?ré’UNEEﬂse'ﬁdﬂflilosﬁroﬁtﬂ’% peof‘t?iﬁﬁf?ﬂcé‘l@ Nests-of

i ncludi ng selpg@t dtahesid Wid-iyp8 plinttfere MHBFLEH, NG fHdnh daérv&em&éM\dﬁdfvmag do a
sequence speC|f ing a His- tag F* sequence MGHHHHHHHHHH; SEQ ID NG 6 S) In
frame with aRl@teroki nase site (**; sequence SSGH DDDDKH, SEQ I D NQO 70).
Del etion constructs are iIIustrated in (B) (C) and (D). (E) Alignnent of
t he encoded MMI sequences 15 for constructs shown

in A B°c ah S'?Oé%sp%E‘?W%ISW off&e%{}JMSPe@m%fr%BMSo@n&%ﬁ BWEHHPH 8T BUlthe

sequence st r e mARMRbKEshdMden (A Beth g?‘rgén &P kikhe8 tn d105F MIRARISREE PAd @btably
pol ycl onal ant i bodi es agai nst_ the ba % The sequence spannlnq eS|due

hunber s 333 AeRrceaingeyels abONSEAR fes Db i $V&eqt§9‘5% bRYFA Ity Gty
VO 20107 063233t KD DULIORR ed VIS AN 'aﬁso%éﬁh’ab@dsmg MexaHtBbes ilr?an vm,

extract of E. coli cells transformed with vector pET19b, as well as an
ali quot of p&xEeBRMIoOEYNREIPMS- experi nental control sanples. Gel areas
bet weerpd anes 4 and 5 of both blots, conprising data irrelevant to the
instant application, were electroni cal | y erased follow ng scannin (A

HPLC prof i | e$18f6 P Tespppratie gompagsonsxasiaplished by Epetsgilarge pper taste

transformed wWahd); fbe doﬁfbru@é’d BéerB bastBddgith Ak ofRMREHa kY Vo APE MRantidnes
profiles are also an integral part of FIG 18. (B) Wstern blot results of

si ze- separ at &3VIMT & Thés WP R{ atRINR Bakesete T Zrnusiaer gERTe-dsined flReri cel | s

transfornmed wfibutes asshelen ke YMp hkh&%@nﬂﬁabl@&? 4 3Balb irdABAE3A REASH3s (Ubgae 3) .
PET19b- Li ne8063- Prod4 (lane 4),. and 19b (]l ane 5). Reference proterlns,

with tHe 10i R8i RLea! ha%%ré‘f‘épi)"r‘\d RO, Sc\%ar@ %%gp%p@aertwspgﬁgdgred(r@xm@g@rer n
bl ot results g b&drZ@re being analyzed. (A) Summary of the beer taste panel's evaluation of the

beer spiked with esters and alcohols is listed in Table 1. (B) Summary detailing the

taste panel's evaluation of an unspiked beer.

30 FIG. 7 shows an illustration on a way to propagate NaNs-mutagenized barley kernels.
Kernels of generation MO develop into plants that set kernels of generation M1. These
may be sown and develop into M1 plants, which produce new kernels of generation
M2. Next, M2 plants grow and set kernels of generation M3. Kernels of generation M3

may be allowed to germinate, and samples thereof, e.g. coleoptiles, may be used for



separated proteins fromextracts of inclusion bodies of E. coli cells
transfornmed with the plasmds as noted in legend to figure part B

her ei nabowe.20fe3388i mary, pol ycl onal anti %gdi es used i nPCHDOKISEHEBENI1S

anal yses were rai sed agai nst a synthetic -resi duel ong peptide of barley
IMMI, corresponding to the amno acid stretch marked wth 15asterisks in
FIG 13. FIG 15 illustration o roach to identjfy alns
that are chaPaEbEs I egents PLABEGFEOUA AL TOTET A DREOGEMHN O RATE brod
Mut ant 8063. fdrAYrodsihgshe obpaiifet btgénargtRetiien 1 and reaction 2, priner set
20, cf. Table 7, yields a 271-bp PCR fragnent and 20no fragnent,
respectively, as schematically shown by an ethidi um brom de-stained band
fol | ow ng ag®mEsesigRls £5iaplific) Betiesdte dvfar\ﬁéveompwewm@mbengrddaamni $0&estC) .
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i1 lustregionwit ﬂrb@c@@ﬁwpf@memanun@ Qfaridlﬁe@@étﬁfs rét@th’r/MEbl ﬁn;lsh@dgéatﬁot he
appr oxi nat e in ositio r1ner se , cf. Table 4.
P ouali vat | od 2D At bShy A el el Tttt aldnaBieaddpmobeet Caseddrscr
g 2 82 gct ?C;Js :De ehitRIsfd rpé aé;ﬂctfeﬂ @fﬁp@l(ﬁlﬂﬂronv\ﬁdr exaniple, fay be Satnest cbr?tfd))F))égfayl\/Ut ant
ctl straet elin exon, structure o
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bostti o of obPiarmrLed Paien witir S taaneonat (guend SRBREings ©
prinmers, theths odsiibgpadeest conprise exon 1. It is, however, predictable
that the nRNA al so conprises exon 1. (D) Detailed iIIustration on the

transcripts resulting fromthe nutated 5(Mut.) and wild-type (W) 5" splice
site in intr®G2 shdvis)ir Hechamaitiferm, $hei@rgamdatmtcﬁdld)%rteb@eu@dﬁd:ddirl‘geldl\/h'ase.
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sequence MGH HHH 6 in f a i th nt er oki nase site
(**; sequenc H@}M%ggdeﬂff%f%?ar %ﬁ'\é‘ﬂ%ﬁ“?&ﬁ@t@?u%ﬁaé‘”wzh%hom in
(Ng)S (g) 2gn¢k§ﬁ£lr)atéor(a3taﬁlalng@wﬁodoﬁs |30thteh>©diag¢@g|@ﬁé(3‘m |Lsem11epem§1e6$E@| I)D
1 4 r constr 0 i.n A B, an respectively
The sequence g pertiite iR NEHR o st 8t 3Boe Rrategrotte
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cvs. Haruna Nijo (SEQ ID NO:2) and Prestige (SEQ ID NO:6). Two separate amino

acid residue differences are highlighted as black boxes with white lettering.



respectively, with experinental details described in Exanple 15. Pure SWM
and extract of E. coli cells transfornmed with vector pET19b served as
experi merweal20n0e8288l sanpl es. For conpar ailéve pur poses, PCRMK2aGIFHATS

mar ked with asterisks are also integral ts of FIG 14A. 30 FIG 19 shows
an illustration on a genetic approach to identify grains characterized by

t he Gl462->A tation in the ne f of Mutant 14018. . I n the

by pot et ool FlasT srifiout ined i siondosY e @t seloe alts i filn adhg 1051 1 g
g 121- bpthRMM'gqutnaﬂmﬂrlmt%Irag%gslﬁglofw t?além&strawcei of, th@ger&ﬁﬂlﬂeﬁﬁmtar@l deneS hown
y an et hi di um 0 - St al an (0] agar o e I esi s
o The cor roSmnaiTuIT IhBOE Pasex e S8 0r e ot SR b5 A 15
hypot heti cal (Bpwistialrasor3ofaNIA #afdd) followihy abaresé Qélteﬁéctl@@ﬁ@rbéﬁs%ﬂi reveReR
fragment_ (12 ‘?ra rrows in ful uence maf ¢

Hor i zont al
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Vst ern bl ot t@ngbeStain Bitlid? walB-taid ¢v. Mdktiga bt Mocby]t 8@63390) mestration ZOsHdvathiyMI
enzyme in a wild-type kernel of cv. Sebastian but 5not in that of
Mut ant 14018 '”t@tnaﬁ’éi%{‘rﬁr“ﬁ%? &f %@R\Bé?‘@c%selﬁé’ﬁa?'&l “?‘ngt%%a”ie g(aPhicat glgments
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| NVENTI ON 10 Definitions In the description, figures, and tables which
fol l ow, a nuRFENNeRdsRAMEC HieARpsREMatePOositigNs H%Or?'ﬁ‘ét%%gﬁnsr'@t@&{ai %%C%F?Rﬂ‘s

cl ai ms,1d ncl yxliend chbige 6 §d;9rpﬁer%0th9%rcgiu\é%rbosr¥&Boﬁn@i‘"é@exdngq alf@fz‘)'It'lQVHo%ver
def|n|t|ons are prOVI used herein, "

dependi ng on PfaicteG ek the MRANGIsaFanprises B, 1 3SR D) QPH"Q%&'PﬁtFﬁfﬁf‘@f theai ¢

describes a pARSOIHWIeSUIBhg ﬂ@rﬂ%é mutdtéd (M@f) aﬁd%l@ﬂ%é@ﬁ)SEQBITcets"tblth es to
t he performance or econom c val ue of said plant ch traits include

u
di sease resi $HERG Withiaeeuiaties sie Becatedyrile upedlinadhnss; Atewaiofiss by solid

resistance, ¢hé&d)®HYelddod @rﬁcﬁmcrﬁarkhhegbor&wahala%&eﬁt&*ﬁé@ﬂﬁl&ed)ﬂbﬁh@spli@ln@r&f
kernel size fractionation),

hei ght, days to maturltEDy kernel gra IQgFﬁﬂH@

kernel 1 trogérrucharBArTedugt ¢ Hespgalwely [Earihe palfandipe, marked2erRAie t o
the process @f spiRlgnd theeRild-typatrahsdtipf{Priid i in Ps@d ) andesksr-Sfickderdmict | ng
process, means barl'ey kernel's. In al]l other cases, unless otherw se

speci fied, "BdFt 5§”e'r@aﬁ§3qskﬁé exens @ ipiremp a(%r'%‘ifrﬁ'\?d{pg&’SF gase|letfers,i ne| udi ng

any variety, radpResasy. IﬁﬁrnUcI@Btlcﬁe h@)fd)@fv@\lrvav‘ﬁlherﬁiﬁ’nd&ltlaﬁbf aind Pplrekaéd py
pl ant, for 30exanple any tissue or cells. A "cereal" plant as defined

herein is a ﬁ?é?ﬂ?é?tsé$'”tb|@lé" ephMetiles 1&98htcoma?ﬁe|dyfwthctn? 18?%”@6 OhitrRAPiIM $hef or

thei r siar chyepatRINNINGT FReFHssodEr eal plants include, but are not |imted
to barley (Hordeurr) wheat (Triticum, rice (Oryza), nmize (Zea), rye

(Secal e), oat 35(Avena), sorghum (Sorghum), and Triticale, a rye-wheat
hybri d. FIG. 13 shows expression plasmids for heterologous expression of aberrant MMTs of

Mutant 8063, and alignment of encoded proteins. (A) lllustration of the Ncol-BamHI
fragment of pET19b-MMT — including selected restriction sites — encoding wild-type

25 MMT fused to a sequence specifying a His-tag (*; sequence MGHHHHHHHHHH;
SEQ ID NO:69) in frame with an enterokinase site (% *; sequence SSGHIDDDDKH;
SEQ ID NO:70). Deletion constructs are illustrated in (B), (C), and (D). (E) Alignment of
the encoded MMT sequences (SEQ ID NOs: 6, 11, 13, 15 for constructs shown in A, B,
C and D, respectively). A synthetic peptide corresponding to the sequence stretch

30 marked with asterisks was used for generation of polyclonal antibodies against the
barley MMT. The sequence spanning residue numbers 333 and 1084 is not shown for
the wild-type enzyme (SEQ ID NO:6).

FIG. 14 shows the results of heterologous expression in E. coli of wild-type and mutant

35 forms of MMT from cv. Prestige and Mutant 8063, respectively, with experimental



WO 2010/ 063288PCT/ DK2009/ 050315 14 "DMSP" as used herein is an abbreviation
for DVS precursor or DMS potential, i.e. the nolecules that can be

convert edwpDaods3288r i ng t he productl on of1peverages SMRCTAK208a303 5t he

maj or part of, if not all, DVSP. The | evel of DVSP is defined herein as the
quantity of DNB that can be generated from DVSP in the speC|f|ed pl ant
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removed by spldsaiidigad motg@maegdrr ta fighlelUset BrRsea206ve. RNA p{rmaﬁ%)polymaal

25"splice site etween exons are typically determ edb Sus
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a del etion oforigh®ptitd 6Owarky MVT Nedriespdrding e hmfvsaid ﬂtetanmaa(em\iiﬂni ng or
fusi on 10% t he ends of érrhe remai ni ng RNA on either side of the excised
i nt ron. 1230Th@SELFE MJdPm%hati on" as used herein neans the begi nning or
resunpti on of growth by a barley kernel in various conpositions, such as

normal soil d in nat Cerm nati o so tak | ace in.t soi |
o ot s ol nolio: o' Sitssar ileher oF aRbEAU R SR F9nt BEEal dSFaddibi Bee o
wet filter pmes@?asﬂdnutatmtuam@a? elfabmuvat@frl\xrutaatsoessdmmememypdmum
malting (for exanple in steep tanks or _germ nati on boxes of the 35malting

factory). Get”?ﬁqtl'a't‘ il GRdi r§a°é'8H§r BIMST srtdBr St tRRe { o/i¢lRe P $dé bﬁf&%{r?%eﬁtfaﬂdhe
WO 201063288 Rahiiahe 0apeehBL as kendiritralsshowidy dméthRiun BRni&s-8.ireqand

i nducing growt h of the enbryo. Environnmental factors affecting (g:gr m nation
i ncl ude noi stbaf‘%fO"PWWSé\QéfQ?PéJeé?JHCWQE%?'% A\ corpesEPNEng reastiets Gavigi oprent

I s observed. h?ﬁ&hé‘t&%ﬂrd&@t"&ism aﬁdW(B)ebrﬁ'fy tHeSI@{té\{g#ﬁerdi@éié\PCﬁ"f?égrﬁm mat eri al
is renoved fromits origina
Horizontal arrows indicate full sequence match to template DNA, while arrows with a
sharp bend indicate a mismatch. (D) Western blot analysis with an anti-MMT antibody
25 recognizes a 120-kDa MMT enzyme in a wild-type kernel of cv. Prestige (lane 2), but
not in that of Mutant 8063. Standard proteins were separated in lane 1, with the

corresponding masses in kDa indicated.

FIG. 16 shows how barley Mutant 14018 activates cryptic splice sites in the gene for
30 MMT. (A) Small horizontal arrows — below the illustration of the genomic structure of
the gene for MMT - indicate the approximate annealing position of primer set 16, cf.
Table 4. (B) Visualization of DNA bands following agarose gel electrophoresis of RT-
PCR products using RNA template from either wild-type (cv. Sebastian) or Mutant
14018. (C) Depiction to illustrate the intron—exon structure of PCR products in panel B,

35 using the same graphical elements as in A. Exon 2 of Product 8 is truncated in



envi ronment. For exanple, a naturally-occurring pol ynucl eotide or

pol ypeptide present in a living organismis not isolated, but the sane

pol ynucl ew0i2d®/w82880! ypept i de, separ at ed ﬁ%on1sone or alPCTaK200p0503016Xi St i ng
materials in the natural system is isolated. Such pol ynucl eoti des could be
part of a vector and/or such polynucleotides or poly- 10peptides coul d be

part of a conposition, d still i d because such vector or

P orposi ¢ on_FoRBtSRH I et dthe wid s VerloR cmmaRRcs RaIl 1 AP @i Agle

ldefi ned Ej 0 C?ﬁﬂtlomﬂdﬂ@nﬁffﬁ?éanﬁélescocﬁE§Q?lﬁtemh@drédléﬁ Gfrp”rﬁiﬂledrﬁ&ﬁéi the
emua and pa t arley varieties the a ereto
Iothe aaryhodrSluglsHalia campist S T HES MR Pt et RRLERNA G owever
naked bar| ey cempiieds &®nal. b) Deaidd illisiratiiese thel tisciaty epsitigifidnf theenétetne
Ienna and pal ea and t ernel " and

esh out free as.in eat. The ter )

o D R R WO TR EP el Sieth s, Sth T MGG aTR IS RBREY Lo
th;a Eelrl od lrmebardeﬁmea blaké eArfynd Jumjea h’;ltsoﬂitﬁ@e@?pawlédv bed Birr]rhdrIZﬁ{eldtJl’m_or angvhi ch
rrea0|creserv alr. S (0] Sl a , n | CS, a no
e Ao o Soetararsigs D220 Re ot Phobeny SR Bro b saivgeld sanel s
vari O:Jis ti Sflszhdﬂbrbh@wklﬁﬁfrﬁlﬁﬂked 8 gomt%rtd@pmﬁﬁgrmf tlh@];ﬁ/'iltlﬂl-i'typ@ t%m&@iérﬁ,(P%ﬂdct 5in
scut e um eadl to er ne er | I.N an endal
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MMI acti vi ty cofmpardaatithetiie Be@iEnce of hebe RIfbitad gbe fos pMNaT i MgtaMMA0aBNA of sai d
barl ey and determ ning 30whether the protein encoding by said cDNA is
capabl e of catalyzing transfer of a nethyl group from SAMto Met, thereby
form ng SMWM FTbel sHoms ermrdssba\p&rsag@ for Bél@fcﬂo@o@sb&pf@&@i@@&f aoerpat BTeIfNg

malt, option re wt rln red suc m of
ol t e Bha kAo B A A Sadnd eftey asliedclal ettt vcd%ﬁﬁd
including a sfagmedf of pETUBBIMNID —NdIlidiNg $dlediod ré&ﬂrtc%n sﬁ@dielﬁtﬁ)\d fﬂ&lﬁéﬂt or
exarrpl e, be beers or maltinas. W) 2010/063288PCT/ DK2009/ 0503 The

term " fer ment@dT fged tpavenygiice speFiving & Wisiag (* perrspageMihiHHAEEEH b en

fermented, egkq mm@twwdfrym& kvith @AEnteroKi ﬁ@éﬁt@%%q@&id@ﬁSGHlDﬁjLﬂ(ﬁ to
the enzymatic activity of the barley nethionine S et Zl;lktransferase

enzyne. I n t REQRBEhNEXEO)JreletiRd qanslietis aresnontiinB). (GhandiR) (FlAfioningnt ¢fe
MMT- cata yze%m@ubamws@csuehb@s d iy Nas018,0h, Mptostier ydrtrdctSMYbwiRER

t hough t he enz% be calp le of catalyzing other reactlons for the
pur pose of d@t@rﬁf‘ Pﬂ@espﬁ%t'vﬁbfﬁl \ﬂet%‘?%?r‘%l\ﬂ’f’aa&'&@f%ﬁ'% Tunkene %F%%@f‘t's not

invention, oRhywh R tRMVld-8hBichgyA@astd b NO:s&oul d be considered. FIG 1 B
outlines the b| ochem caI reactions wherein Met is converted to SMM by

met hylation. "Malting” is a special formof germ nation of barley kernels
t aki ng pl ace FrIBdeg sHowat Pl C-B8sRNeipeRmBRRl RisukPHtHddreIdgolidlexppddsidnah E. toil t ed

to. st e2e ' a%k‘(&vnc??y%e%%ldnr%Lﬂgﬁtlforms of MMT from cv. Prestige and Mutant 14018,
respectively, with experimental details described in Example 15. Pure SMM and extract
of E. coli cells transformed with vector pET19b served as experimental control
samples. For comparative purposes, chromatograms marked with asterisks are also
integral parts of FIG. 14A.

30
FIG. 19 shows an illustration on a genetic approach to identify grains characterized by
the G1462—A mutation in the gene for MMT of Mutant 14018. (A) In the hypothetical
reaction 1 and reaction 2, primer set 29, cf. Table 9, yields a 121-bp PCR fragment and
no fragment, respectively, as schematically shown by an ethidium bromide-stained

35 band following agarose gel electrophoresis of the corresponding reactions (C). In



15 boxes of the malting factory. In accordance with the process of the
present invention, malting begins to occur during and/or after the barl ey
ker nel s hwoeotyawsesst eeped. The nal ting prﬂgess may be stPropmacoiyosodtgi ng of
the barley kernels, for exanple, in a kiln“drying process. In case the malt
has not been kiln dried, it is denoted "green malt". A malt conposition
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hydrol ysis that can occur. Protease action may al so be of inportance.

Mashi ng can occur in the presence of adjuncts, which is understood to
30conpri se any carbohydrate source other than nalt such as, but not

limted to, mai ze, or rice either as
whol e kernelgﬂ%#ﬁgﬁéégggggbgﬂygg¥%Eheqﬂgfgiﬁﬁi or starch all used
principad |y as an additional source of extract (syrups are typically dosed
during wort Eﬁklln . The requirenents for processing of the adjunct in the
brewery depe e state and type of adjunct used and in particul ar
35the starch gelatinization or |liquefaction tenperatures. If the
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mutati orp i s folathggefipitibosa@ygousegyeneti c characteristic, for exanple in
5generation AVI 3, the correspondi ng barley plant is, interchangeably
herein, denoted as "Mutant", or as "mutated line", or as "Line".

“Mitations” iARQIsed@ecfbi, el @hsmedeRs bri rBH®, depdpdinigtantthe@ Bentektrignsicarisis ons and
point rmutations in the coding and noncodlng regions of a gene, wherein the
noncodi ng redf8h 10preferably is pronoter region or introns. Deletions may
be of the entire gene or of only a portion of the gene Poi nt mutati ons

of pne base o one. base result i p codons,

concer chan S n st
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e o (Pt LR i PO R TP s iR, deog P BnAe
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propagated in._a _breedin a neration an irectly
pr opagat ed gPEFﬁ?CﬁHEWBg*Re@g{%gggﬁﬂFQQ&WEQ H%ﬁkﬁeneratlon i ncl udi ng the
pl ants 2shereof, may be ternmed "raw nmutants". Further, still with reference
to FIG 7 her the .term "breed] er.s o grai.n eneration
bonts and aodPesetdee Bace l?ﬁﬂe.pmeaa?ﬁaa%'ﬂ% ORIl we S o
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to another breedin |n wth a se , .Specific trait u erein,
L he tor mn o oo spedied Mol FERa te iarSPeionL B il s b
met hyl tr ansfaay 56t Nihei®as pditist,a warleyldnt MY beaimly@rtdf antariey plaat, ar | ey
pl ant :gﬂpr|5|nﬁﬁ§ nutati on %q t he gene encodlng MMI that results in a

t

t ot al s of*? Y HSPUNNIES'Si i arly, "nul | - MVT kernel s" are kernel s
conprising a nutation in the gene encoding MMI, resulting in a total |oss

of functi onaIA "E’M@al“%ﬁ‘a%%? d]ef?r{etdkheréﬂ is a member of the Graminae plant family, cultivated

primarily for their starch—containing seeds. Cereal plants include, but are not limited to
barley (Hordeum), wheat (Triticum), rice (Oryza), maize (Zea), rye (Secale), oat

35 (Avena), sorghum (Sorghum), and Triticale, a rye—wheat hybrid.



The term "parts of barley plant”, for instance conprised within the neaning
of the phrase "barley plant or a part thereof"”, includes barley plant

cell s, bawbeyiopleazss prot opl asts, plant CGH ti ssue cul t eceDK20eM50315Ch

barl ey plants can be regenerated, barley ant calli, and barley plant
cells that are intact in plants or larger parts of barley plants, WO

2010/ 063288P 009/ 050315 18 such as epbr , _pollen, ovules, flowers,
ool eanaiSEr B8 UEST AR if Bp btk ERaf B 8PS hrebotsar b RS paiital | S By
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RT- PCR on a, bi ol ogi cal sanpl e ai ns, at detectipg expressed

A G oo SRSty Brege s BofG AERR MaROr U RO KECBCAS R R T HEP udes

obt ai ni ng a M ear batoheriedsPeppedME. cont ai ni ng MRNA for MMI

10performng a RT-PCR on the sanple with a reverse transcriptase, a

pol ynmerase, and a pair of specific priners, to anplify the RNA if present,

ﬁ,,r\',# det eg_ti n@%mﬁgoﬂm@;bf i'em@bdliw irgﬂ@cbd)ﬁtexﬁ@f aaépdcﬂidﬂfﬁlablbi@rac]@ifisl‘rﬁ&gpr esence of
encodi n 1.n € sa e. I mers Work 1n irs - "forwar, rimer"

(or upper SCPRRESIED PO BRISTPF RSN P e Shefiied Peeipsa i PIeRd ( or

"l ower €t r angvhighi diebdegs a BrotéTR mayupAce fomtrandlgledisBq@dnces (é.9. ihfiehsl bthint 0- 3'

direction. By the term"plant product" is ant product resulting from
The’ pr ocessi Hgnrted Thaan ofhe pRERE 35t of By b such BIRpeT e tara s sA® pr oquct
may be malt, sagudnced (d.riMeDNaY. Tie inRmdtnMEBLIReh bewasingeencddb@dtkpeaiied feed
product. 20 A "speci afl I at beer taste panel”™ within the neaning of the
present appl P¥d1G &5 9'CO4%hnel of specialists extensively trained in
tasting and describing beer flavors, with special focus on esters, higher
al cohol fatity ids. sul fur.conpone At ho f
el yui Gl ¢ astesBEpEEm. Pt TP AR EBh R0 h BB s DB DB

25si gni f i candrensdriptibmand acmimuwaioo@iperseTtBNArae adtisdnse (INA derivad Sessa

anal ytically. vV X Lex o i e val e e
apecial ot s MHHEIREE TS ERPRA SRR L s GRe e el S riRLot el o
st andard beemf s&NA e @ halypdrdide. been spi ked with specified concentrations
of beer conponents - for exanple isoanylacetate, ethyl acetate, ethyl
hexanot e and i soanyl al cohol. 30 By the term"splice site" is neant the
boundariCes bé&hedtem ‘geoa'smeants thatsegmsniadf DNAjEReved inysodwirgpd palgpetititie chaiy; be

the border gging flQ iS%é’EreEQdiEé;%Eé’ lowl Sﬂﬁ’e§c?d'$g?% ?on"(ﬁ%?r?ortersaintq?" - or the
border separating intyon Fromexon al so denot ed a@cep or site.™ A splice
site in pl antagningdorg.curhecoorpy plsdgenes sendsconsrepusivathsprofeine ebicodatdoyof an

intron in 35 r . i . V. i i | he
Ry and o AEN SonaEoEoR e B BT s i I Bt 0.
usual | y consigtons@fe entaved dywetiting towgsnecité d mat@e mMéssedyerdFNA (eRBA).ahef an
intron us GONRLISEeS ' f | t 3 [ [
compr 1 %t neSHJEe SR b iken, exBPE R vuiGa el ity ooy SBhecifeS 5l fone
present i nvemsispige digralsiolr theespiicibg pofcess) congisting af & deldtibeof the intron from the
primary RNA transcript and a joining or fusion of the ends of the remaining RNA on

either side of the excised intron.

30 The term "germination" as used herein means the beginning or resumption of growth
by a barley kernel in various compositions, such as normal soil as found in nature.
Germination can also take place in the soil of pots placed in growth chambers an the
like, or for example take place on wet filter paper placed in standard laboratory Petri
dishes or during malting (for example in steep tanks or germination boxes of the

35 malting factory). Germination is generally understood to include hydration of the



5 (1) The 5 splice site consisting of the nost 5 dinucleotide of the
intron, which in general is GI; or (ii) The 3" splice site consisting of

t he nost WO 2dioneaiseot i de of the intron, V\/I{]1 ch i n gener alPCrOK2@/BB15Cr ypti c
splice sites” are not recogni zed under no conditions and thus do not
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progenitor of 20 today's cultivated forms of barl ey The transition of
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m)r e closely enercatthtRDrmampln aubbrallafoscmmag puly hacldxdide @y polypeptide pnesent
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or gani zati ons, r| gty" are used i nt erchangeably

herein. 30 B;‘/‘OE”RS, n%vﬁérkjpg'lsvr%g%rgﬁ?nqmo? aw d extract of malt, for

exanple mlled malt or green malt or mlled green nmalt. In addition to said

melt, the li q"l’\b‘i’erﬁ?(tke o |§E¥flr{eﬁ t&'&@lﬂﬁﬁfedthfe QFQaT'@ér%’a@s%d a%gcﬂehb@e%ternal

conponent s, such as a Itironal starch-contalnin eri al converted
into fernent &6¢d te@@ma amhealg@rin mast barleyewereeﬁs tbeﬂezmrne@nwammhﬁr@ to

350pti 1y o kb &) |

ool dual? sugi PR R s Bt e e ol E PERSTER, Boukler At q%&'%s
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conducted i nftl‘ﬂ'? et ek frIeHBsg?\va@a?hT d febrRE vkePlerBaRf Qftin' g%gé’tﬁ ih¥er aln%\%

separation o 1e extracted liquid fromspent grain. wort obt al ne
after mashi neredn.generally referred to as "first wort", while the wort
obtained after sparging is generally referred to as the 5"second wort". |f

not specified, the termwort mi{o be first wort, second wort or
combi natd on ofrabtevelmmmenigefise o the patied indyarieys fite Ciy§'“§é'??é|b§9'ﬂ§wﬂ§6| | ed

t oget her W t ferfiRRSon mmcmﬁemﬁr@iréybﬁve@tegbéugbrsnangusb&bﬂaﬂeés FRcl so be
referred to as "sweet wort", whereas wort whi ch has been boiled with or

wi t hout hops PRERPIIE 3rein@ AFigs ang PIRieINSEe BePRRies. withigpdpgthosl vanuaienaesingy s
a famly of R dHous V¥l iRBTE IRYnel HRH OHHTS YathD 8dsta, Sfdirorf) ARE 8AREINIM, IIGadk)-

to kernel enlargement, kernel filling, and ending with kernel maturation and desiccation.
25

The terms "total loss of functional MMT" and "total loss of MMT activity" refer to the

lack of the MMT enzymatic activity, i.e. a barley plant with no detectable MMT activity

when using the assay described in Example 2 herein below. Alternatively, MMT activity

of a barley plant is determined by isolating MMT cDNA of said barley and determining
30 whether the protein encoding by said cDNA is capable of catalyzing transfer of a

methyl group from SAM to Met, thereby forming SMM.

The term "malt beverage" refers to beverages prepared using malt, optionally in
admixture with other ingredients, such as mixtures of malted and unmalted barley,
35 preferably beverages prepared by a method including a step of incubating malt with hot

water. Malt beverage may, for example, be beers or maltinas.



15sidered the progenitor of today's cultivated fornms of barley. The
transition of barley froma wld to a cultivated state is thought to have
coi nci dedwwi2otv/m328adi cal change of allele érequenci es aPCmIOrEerous031sci .
Rare all el es and new mutational events wer positively selected for by the
farmers who quickly established the new traits in the donesticated pl ant
popul ati ons, denoted "barl ey | andraces”. These are genetically nore closely
20rel ated to nodern cultivars than wild barley. Until the late nineteenth

century, bar [Tey térandéraratedanhls bedkrage" hefghl ty ntgt veageemich mavetbeer Jerof
i nbred Iinesn%%g(rybrld Segre ﬁtes, including few plants derived from
random cr ossimMgeeq F-L 4K @:d@& dF8tY ons. Most of the |andraces have been
di spl aced in advanced agricultures by pure line cultivars. Internediate or
hi gh | evel s enefi c_diversi haracterize the remjning | andraces.
D5ini 11 1y, TS TR RCGH telate 0 e Erepr e Guo Rt berpame PR S
Ibandr aces. Th&ﬁl@fl}t\‘ﬂ(;fs@arh@é iévr!izyﬁhér. invgd ﬁfam@m c?]‘lﬂlﬁ‘é?@%?ér\ét%\feﬁﬁd)rﬂSMMT @crtiﬁ_ﬁﬁ'efthe

et ween established pure |ines, ch as thos iver geogr aphi c
ori 01 ne. © By oRETReh Srathkioh A s hed QB Met (oW RSB BNt e base
in many, prolabt gnairhe magwareapablaer tatsllibg 6fer ERIRMGHSE fbr\thd purhadedsfaRes.

nodern barley cul tivars hav unmer ous .1 nproved propertie 1992;
Bovon Bot hmaiiniie g actyiny O MM ALED g0 B resaht TREREg: ooy MOSYBH sty
naked k&r nel sictiityishoSie®ed cdasio@adyrId HBioutlides GrSsodhesicd| fsHztions wherein Met

35(1v)Environnental tolerance or .exanple to drought or soil pH); WO
2010/ 063288P@9W§6®%P€§U@%@Y rﬁét Y{Obr opor ti ons of |ysine and other anino

acids; (vi) Protein content; (vii) N trogen content; (viii) Carbohydrate
conposi tion; ,5(jx)Hordein conposition. Wthin the present invention, the
o oy Ml R oA (OB oT e it o Hirlky Kenelt ROBABI B! ot ot
any balrl ey p|c@?ﬁ*ofll©drehyiirdmrl1@tén¢bﬁtﬂig@rﬁoihrbLIthet |gﬁit§ tenagqci tmgr%ﬂd ?émmdt][ohng in
a tota 0SS . O ctl ona . ver, . ererre rne ants.for use
o Lo EHE or b8 SIGe eMER Bhey Baskaoat e wodse o B nidedt kR The
balr | ey gu:c ti Vﬁlt%ﬁg%d@&susedcwﬁduhng Bﬁd/fbf agf&gmﬁe bmrkte'rr?ms mmmﬁdearst@paﬁmm be
sel ecte romthe roup co SIstin 0 epa 1 gn, esl e angent , . X,
Prest| ge,  SaMGING REFEAT B S PR, CTRREGBLE TRLRY B9k Inb GHaRPIoEP AT g,
g | ppler, C%SF_rdeym’vl? pr@ces@.cg?(d:a%e i ﬁi&hﬁbﬁho%deﬂ kli(lnlgaadxgt is Mah@tétliJ rgrééefrialt). A ‘
npel , eri rona, ... mar gue ar I Kado rls ni on, ym
reat 5. CRoumall Shmsiigh Bromtbt ok ey R SoRATS oo em TR orc
No. 1, 2(22'[ 0 nhat, sucveds miry nGPMMT Fajtior Blhy blendNefme® ta@prisitph UkMMTNhIR, Mdbei | 0
No. 17, agi N
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"milled malt" or "flour".

"Mashing" is the incubation of milled malt in water. Mashing is preferably performed at
25 a specific temperature and in a specific volume of water to allow the desired enzymatic
depolymerization of substrates. The temperature and volume of water is of importance
as this affects the rate of decrease of enzyme activity derived from the malt, and hence
the amount of especially starch hydrolysis that can occur. Protease action may also be
of importance. Mashing can occur in the presence of adjuncts, which is understood to
30 comprise any carbohydrate source other than malt, such as, but not limited to, barley
(including null-MMT barley), or maize, or rice either as whole kernels or processed
products like grits or starch, all used principally as an additional source of extract
(syrups are typically dosed during wort boiling). The requirements for processing of the
adjunct in the brewery depend on the state and type of adjunct used and in particular

35 the starch gelatinization or liquefaction temperatures. If the gelatinization temperature



20preferably fromthe group consisting of Haruna N jo, Sebastian, Tangent,
Lux, Prestige, Sal oon, Neruda, Power, Quench and NFC Ti pple. Accordingly,
in one emvodnmess2ssf the invention, said zant i S a nodecm/nxendensoxal tivar
that carries a nutation in the gene encoding MMI, resulting in a total |oss
of functional 25MMI, preferably one a cultivar selected fromthe group of
barl ey cultivars described herein above. .In this enb i t

nccor i ngl y. 17 SRR RS SICaS LR P BN EI +ace. The
barl ey pl ant gamyinibed bifid Rqefisdibedkd sddigy mth&aiasexanpl e, the barley plant
according 30to the invention may be a viable barley plant, a dried plant, a
honogeni zed plant, or a mlled barley kernel. The plant may be a mature
plant, an emiyviysh a givee hitikdlivh esifitearadel horloA@blegenedic RRAracRriSid, fe @xambleas
kernel or the like. WO 2010/063288PCT/ DK2009/ 050315 22 secti on of a

ker nel , %enbr ganerelier =Mst B coFaRRONgingRgREPlaniis gatefchengeathaberely. entedasmy
al so be a fr agltizar, of asreseganat 6r agLideact i on of an extract, or a fraction
of a mlled barley plant or kernel. 5In one enbodi ment of t he i nvention,
parts of barley plants may be cells of said barley plant, preferably V|able

cell's that mayyRBoR"GRAGR! RetioRs Vihddrions| SibBXATRS, GrahBverQbhs Mid boidSHEa-
cultures. In particular, in one enbodinent said cells may be cells that are

not capabl e tiBPs Rdbe P‘PQ‘H@G ARq BonGediBgtregianDalrd esnepWhRtein thediongedingragiplt ar e
not a reprodpedibiBly iBioRidté region Or ln@8Rs. Deldtions M of MMl eftiRe YERe dPdiIly

present invention relates to plant products, such as beverages prepared
from barl ey §IRERA of dfhe grita: otk Buéasions §‘é.”°(?”b8fﬂal"@93 Bf et %aS@aﬂrros'ﬂPr*?@S%Pa'r

nmutation in the nesgnesdich sMWoodbﬁ§ W dmdagift MuthBS &fani.wgé.a aodtitlvifis enzy e,
for exanple | oss of at |east 90% of MMI activity, preferably at |east 97%

nore prefer atFionadie mulafions gophogewhiehasciyrasyelp £61t9in el iaispugboiihe glan

activity conpagesk ﬁ& |ﬁH’é$|té‘cpt6rtl¢é5 ﬁébﬂ@bﬁé&ah@r\/@erinﬁné"#n'uﬁbﬂoﬁ@bé/rpl?e Raht @Yany
preferably corrﬁgre to an arl ey cultivars described

her ei n Bbove cetvbiibe prast @m%ﬁweynf&m%r\/\é' \é?r%'qedot': el Baleiney wBigh Presesisigje.
Most f

W, Fesult | Raevish B6L bRl GRba Py B bRlR T b et prBRRARL N0
functi onal Nmalquwmerm?nw bad dilediy pioragetesigraine Yreaedfsersf arp sukseanpite,
the total gﬁaé}fa ér\*%do‘?@ﬂhe%t{méyﬁ MY bd %mﬂa& "rB\UvC}H&thtE‘a'FquH&F L@ ”9

protein in s arit uncti’oni’ng a nuta
MMT pr ot e| n Wlthhefﬁtﬁr@ett@a(iaﬂl keereiot theiteryn "bmﬂdlngdmteérﬂf@rs to a@mﬂ\mf gpn@taéorm of

the mut gga%nigwghgﬂl#ﬁg% b mJ%&f?ﬁ\splﬁts MXFe (erlng kn%x%Xhe

simlar y be bas ere Chani s for exarrp ctioning
MMT pr ot ei n. result of a cross to a cultivar plant, or the result of a cross to another breedlng line with

a separate, specific trait.

25 As used herein, the term "null-MMT" refers to a total loss of functional methionine S-
methyl transferase enzyme. Thus, a "null-MMT barley plant” is a barley plant com-
prising a mutation in the gene encoding MMT that results in a total loss of functional
MMT. Similarly, "null-MMT kernels" are kernels comprising a mutation in the gene
encoding MMT, resulting in a total loss of functional MMT, and so forth.

30
The term "parts of barley plant", for instance comprised within the meaning of the
phrase "barley plant or a part thereof", includes barley plant cells, barley plant proto-
plasts, plant cell tissue cultures from which barley plants can be regenerated, barley

plant calli, and barley plant cells that are intact in plants or larger parts of barley plants,



Preferably, the activity of a mutated MMI protein is determned by its
capacity to catalyze transfer of a nethyl group from SAMto Met, thereby
form ng SvBI20TMi63288my, for exanple, be ung§rtaken as degcringedoyvesodganpl e 4
herei nafter. Preferably, the 35am no acid sequence of a nutated MMT is
obtained by determning the translated WD 2010/ 063288PCT/ DK2009/ 050315 23

sequence of the corr ondi n ol ted ar | cDNA. This be_ done
codenti al Iy SUCHESETDRES HolCmat bR N aTarEIas (oS oG, fo ToRe AU et g"
mut at ed MMI @hy@aRaf h@lanpl ant of the invention is obtained by heterol ogous

expression in a bacterial cell culture as described in Exanple 11 and
Exanpl e 12 hereinafter, followed by verifying that the 5reconbi nant protein

is :naCEI i \ée ﬁCRroMlgﬂily?rMN?\%@chaT{h@abtwnais \Alé@srawown tfyuﬁ@%d Qﬂ@b_irﬂ/fw’éldma/ds f)e |

reall ze Yy acC (0] oteln acC protern ea 0 0SS

O Tt Ieknloa S0 (df e, Shpipe it apaeile MK SRERNRYD S Pas e ver v

|1:) }\/;[VlT e, p[ ef arcas| wgmgm?&mimbwm KIB. Cdt@lb ﬁAlthevérw&@ﬁg‘eﬁFﬁUnt gmfam%isof
protern e e ny s a e (0] son

SR TR Ph e ReTRbows oy fiegrskile o BF SrioPutamined BAdaR AR MPbidiaats Sal

t echni ques \Maematrud‘t@&ﬁngre%r@sgbd meatse@mﬁarbw@rmbf InCre@ﬂérll kadivers RTIRER

o E ot gs T b R d D Sl 65 & Bssbciattaf Came e B AL Y

monocl ol opefoimitd amal-PCRrowftRe 3dinple vhmmérseS@nécrﬁiMSebQ%@&le@é@ and a
15pol ycl onal s |

t hat recogni ze several different e es mnt n the NMI
el 0T Bak oG et SUBHY AR RN PrEserbANg RS RIS M eTRIEANS. f or
MM atct ivity p&ﬁmefée' gr?mumatuoansma% prdsem&ofmmfr%rntb@stdn@mdh {nnﬁméar@;ﬁletmenera
i nventi on, e ant is, sai carr a Lon n the gene encoding
A A R S SN AR AR R L

detectabl e i nre&ansd pRihrAt (or TIdSlNér&trthlphﬁlbr") tF’iln‘ﬁeHs@qtﬁéﬁbeQéE@hdﬂbm@lm WMB
20pr ot €] vvitsh a$] aggroxi mate mass of 120 kD, 10% is detectable in said
bar| ey %{ant 105 GEFBt y in kernels of said barley plant, as anal yzed by
western blotting. The total | oss of functional MMI may al so be a result of
no or very litt refe abl nscr i on of an . The skilled
person v 11 B rBaGEnt marehS sl A e bR iR PE Rt o 2 SRRTH 1 |
resul t in therphaepseoniFoMdiamplel Liidplakt @beud blay, beowe wert, atfértnen@dedr | 0ss
of functi onal is,a result O%@d U%%ﬁlon f (an aberrant MMI transcript.

c

Sai d transcr NBETHAPNHORYPAEy A Laberrant splicing event of

the pri2tary transcript, for exanple, due to a nmutation in a splice site.

s ph P65 e SRR W BB L LPRRA Sl 8516
MMT in the baf Bmclqhbmrw(henewelyheirmdes tasting an@desamblngﬁ)eeaﬂm&ws lwthcspemalr nor e
LA v, TalSp IR BLARNE Bk 1A, ARGl LGRS B8kl NGRS,
regul atory WOmpedofpesaedREIs BXATFOOSGEERIRG flavor components, the relatlve
25 significance of flavor-active components are difficult to assess analytically. However,
such complex properties can be evaluated by taste specialists. Their continuous
training includes tasting and evaluation of standard beer samples that have been
spiked with specified concentrations of beer components — for example isoamylacetate,
ethyl acetate, ethyl hexanote and isoamylalcohol.
30
By the term "splice site" is meant the boundaries between exons and introns of a gene.
Thus, a splice site may be the border going from exon to intron — also called a "donor
site" — or the border separating intron from exon also denoted "acceptor site." A splice
site in plants typically comprises consensus sequences. The 5' end of an intron in

35 general consist of a conserved GT dinucleotide (GU in the mRNA), and the 3' end of an



24 regions, for instance within the pronoter, or introns, or said
mut ati on(s) nay be in the protein coding region. Thus, the | oss of
functi onavOolMb/0sB388al so be detected by anglyzing for nuraripkeeoyesoilhe gene
encoding MMI. Mutations in the MMI-encodi gene may, for exanple, be
detected by sequencing said gene, followed by conparing it 5to the
w | d-type sequence, preferably the wild-type seguepce_of cv. Prestige given
et i e SETD k] CopRiraia conseyed dntBid At Sl s Boia ey ShiufEr bl y.
?f t eR/I\/:T dent i ftbﬂjsl‘t@)rr]fpriﬁb‘:_i el Bnd bhgn in@ss, am[:c)i tgél acgdlgxe@siie;sccﬁgmfsbs gb'lélyid foesh i ng
or activity, r jnstgnce as desc ed 1 n exanpl e of (a e. 4.
10The. £ e m M BIHADD SWERA e S5 TR0 GLS piksentim & NBRGR SRAYP SUeer & intign
barl ey as setséiet:h in SEQ ID NO 6, or a functional honolog thereof. In
this context, a functional honolog is an MMI protein with the sane |evel of
MMVIT acti‘r\/ity, 25% as that of the MMI protein of barley as set forth in SEQ
I'D NG 6, whereinjheThdB ggiteé ¥itd yoriskstiAg bEIhEINRRA Sedinglkstite Rethel iftrdn AMIhe 2
or Exanpl e 4 herel nbel ow. 9%5 gil_e barl ey plant with |l oss of at |east 90%
such as 95% for exalp¥EeH4E “Su¥h as 99.5% MMI activity or with total |oss
of MMTI activity By TREBrisiee sitdedrisisying oNLikinghAB' dfiudaitiebadleyintton, which
non-functional, truncated formof MMI, such as an N-termnal or a
C-terninal truncated T2 8 B&rley plant may conprise nore than one
truncated form of 20MMI, such as 2, or for exanple 3, or such as nore than
3 different truncated forns of MMI, which may result from aberrantly
Sl i cod trancEOPE SoCaser oo HRUE e e I OBE AL orsHiopS A0 RSt
fragment of Myfmallyrcaasslsplicmg. Howes, iia@sdripiabedring@amit nuldtions ethinyReurbMT,
said truncated forns of MV C ri se additional C-term nal sequences
not found i n &AM FHE RIGE c28 ed“ﬁ%?ij %ﬁﬁ'c'@?‘@”ﬁﬁ'nal sequences may, for
25i nstance, be translated intron sequences, such as those conprised in the
mut ant NA due to aberrapt splicing.. Preferably, said tryncated MVI forns
Compri B at ¢ HesURe Ui 3 6o PG israRaT Mg Y fels ot Hresasoor even
gg(r) e pref er ahifereit ftyd@e oraszbllédﬁﬁn 6&&1ch}t@ﬂs argggizpd ehepaid of aa;bl?lﬁthﬁ)tr) l@ﬁ@ﬁnplbhﬁ

, even nore prefera t the nost the et nore preferably at the
most 311, or PRICPAYSHh CEBEOR RRUPH: RCTSATRINalKS 30r esi dues of SEQ 1D
NGO 6. This is in particular the case when said barley plant has a total

t he MMI | ess as no

| oss of MMI iyity. However al so co IS uc

more than 30a0is bandy HEORUR Y Udare sy SpOBST NS i FOTaers e PEdST B0 1 or

%grﬂ e@t t Way@_sdultf&/bl@_dI&ﬂlsfdf(ggrlé%(gmiﬁlléﬁgﬁiﬂomﬁflﬁzaéteb}aﬂgrr%élg/il% &i’a}\ ﬂ@ti\VOEOIéQ(;BOtS 8225
termnal ,am.,po S O . . .

3201 e vertS B Ll BB saiNeis Wi s isster o MR dri ety SORE of of

am no aci ds lackdl Thes@biagen2atdlly noréd8selly rdERdIt®n¥dem amtlatpthibenal byrley.

additional Cterm nal sequences not present in wild-type MVI. Preferably,
said additional C-term nal sequences consist of at the nost 50, nore

preferably atThthenimsld-tgsh" bavey rdi@rs ¢o 2pbafctiatlly gaherlaber ey pkdi; pyereraby e
prefer y of at the np most 1 am no

D1 of or et entSERRATIOrT RAS barRy AR TPBHRGH NINFTRAY B8 T eF BrGrbientin
accor di ng toh&bédh MNAived, i.e0theSiehtBl Pentd.3Vil@typSHRXIbY kRIS Bre dlrigalyf t he
el O S S Tt o SR e e SR s eGP
may consi st @b. agségenetically similar kernels that are listed by national plant breeding

organizations. The terms "cultivar" and "variety" are used interchangeably herein.

30

By the term "wort" is meant a liquid extract of malt, for example milled malt or green

malt or milled green malt. In addition to said malt, the liquid extract may be prepared

from malt and additional components, such as additional starch-containing material

partly converted into fermentable sugars. The wort is in general obtained by mashing,

35 optionally followed by "sparging", i.e. the process of extracting residual sugars and



acids 1-147, or of amno acids 1-133, of SEQ ID NO 18, and optionally
additional C term nal sequences not present in wld-type MMI. Preferably,
sai d addiwpanaloe®2s8er m nal sequences cons'gﬁit of at the mOTIDKR009/050316
preferably at the nost 40, even nore preféerably at the nost 39, or at the
nost 33, or at the nost 30 amno acids. In a 15very preferred enbodi nent,

S5 | b oo S b o ek o P B i e Be ol eb el Sk
| D NO 246 ]9r CSIE@o]lcteB iN@la@teat]gua, émhififtﬂagr MItherippamRtus ﬂE@V{g%@bTaﬂB@df the
truncate or ) or. exa e esent. 1 n a barle ant

DOonr Cyi ng o eriaded [ Ko seS R ar o hRG PR GO HieEMeeNng 1 GPneiR B BHed

i Bt roducte_s at%)éf!'fﬁétwvc?t",s\hl;ﬂ@ 66 dhart dﬁm&cf ity sbﬂg?lggﬁggn@ﬁlgﬂgfdﬂ@dtto a]§ tr%eh
apovenenti ong runc orng_.o . n a re rre e (0] nmen 0 e

i nventi oh, th%eoea%l'wv@\?* .jyd%tsp%%{ F*?et?rrawﬁétr{%g%%'rsf‘é’omﬁc?rﬂ WL Pl Bed into
MRNA, whi ch @@ﬂ?ibrniaﬁ@ﬁoﬁfdm,mbmg beet pratilictionf wbit & yéneekly horedhetienaitspl i ced

t oget her without jnterventjo e.lntron-exon structure the wi|d-type
W gene of - DaPt YOk BlebRmou PRy Rarsstias Shb bR raeres o g sweel wortY
accordi ngly mhefsasivash Whigh hbéBedMioilkBWAhWr witheuthipk @yayeidierRead ag'itglet 0
the invention conprises at the nost exons 1,2,3,4, and 5 spliced together
wi t hout i nt eMPEnt i on, or for exanple at the nobst 30exons 1 and 2 spliced
t oget herp wi t hout intervention. In addition to said spliced-together exons,
the MMI' nRNAs of the barley plant according to the invention may conprise
additional 3 term nal sequences derived fromw |ld-type introns and/or
exons, wher eiBarlegpiplants separ ate exons sequences. Preferred exanples of
aberrant MMI' nRNA of barley plants according to the invention - as
determ ned by RT-PCR and accordingly 35with fragnent lengths in bp - are
il lustrated iBarlgy (S.a fhpilgndplEhts. W18 baNey, ¢lopdeinevadang, ssp ViPontaneum, is con-
2010/ 063288P [0 5.26, the aberr f \/ t
accordi T:SS to%gﬁgeélzt ﬁgz)mq%gﬁ&aorfgoqa&}éscgﬂ]?%reagﬁnés{rogg)léﬁ %;}).Elh%"i‘rrabg%’lor%%%y from
conpri si ng exonibl tt asudtivatedtstathés thougmdh have ¢direideddNAR a tddicst claingd of alldiéd G

16, further [ Sin . ' r r ef "
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in the gene felecleNfordynpe faesrawhwtigitklp rstablished phea weav Saiteinwng tomesticetelMVT
gene, which r i berrant. | p ‘ j d
mutation is Bf?iﬂ’ %%urlléetl} n?’noeeé]r?%%n% )Fg% Sb&t% ﬁ%%sgel\%éese%\}gawn@?@%?% erably
in the B splreleiedso redefn autiviard tham wild betieyadntirthe tede Binetgehthoeendiry,daoay i nt r on
1 (the intron rati ' : : | ite on
Fntron 2 (1 heRRRRE AR IO, he@itenbounRbFEs SotBelin fhq Wb SEgir o
site on intr gated, ifithdingfiew plantseyesived from rendors c®saingds #) garrgenastions. Most 5'

the & apl i oo Leradfedt g BebA bipReRT PRGN &, TR Bing HTa" L0,
as in the 5 Igpineasiatg ot Bigb teviefst af genétiq divegsitynthacattergpdhatanminieg Gmsrageand 7) ,

t Y N, y Li i i . I |t ]
orof eyt nattal RBrRos B’ bERR o nE kel deBbiGe PR B s e o
t he af or ementatemdsdived froorsiccddsive,cyaley ef gropsesfietwesth enfaldishenpurs liae<zstigh

nut ati on of ¢ term 5' . intr r > ti of e
s 5" base 2aindsEid uhBlsesgBR Rich or dits Blleyaiyl 1 R A Aok Blncliify
may be pr epaioéthelgenatiybasei it alEng, prebéldy ak recwanded agnieulpees dlongdaréd with i n t he

art, prefer al?al r%?c;ést M'Sgé?ﬁvtpﬁgﬁ%/ gﬁiﬁ%{rgﬁgfewrﬁérnu$ ﬁ*&?&({ég#)arba%wﬁse @\}eiv8,n1 992;

"Preparing barley plants 0SS 0
30 von Bothmer, 1992), for example, but not limited to:
(i) Covered and naked kernels;

(i) Seed dormancy;
(iii) Disease resistance;

35 (iv) Environmental tolerance (for example to drought or soil pH);



251 n one enbodi ment of the invention, it is preferred that the barley
plants with total |oss of MMI activity, according to the present invention,
have physwol2ogimwaissand devel opnent al grai? and pl ant chacamepessdIIs
conparable to wild-type barley. Here, it % hence preferred that the
nul | -MMI barley plant is simlar to wild-type barley with respect to
agriculturally i ort nt Chara feJ’IStIC? such as plant height, number of
tillers 30per pl FRROFIAEE O [YSREANAPMES @Mite Adber of grains per spike.
In a very pref err(\ﬁ;i erbsiginentent;t he gene encodi ng MMI of the barley plant
according to the inve tlon has t he sequence as set out in SEQ I D NO 8.
Thus, it is pref & edNRIENCRBERL, | ey plant according to the invention
carri es a G >A nyiiat i carsthy®asecdiposd@R6 of WO
2010/063288PCT/DK2009/05 15 27 SE ID NO 3 (wherein SEQID NO3 is the

wi |l d-type genom &Xkeqli® T"UPPWP of barley, cv. Prestige). One preferred
exanpl e of a barley plant having total loss of MMI activity is the barley
5pl ant deposit. h A can T e | I ection
CATo0) , ot eMTER fBrsssy I aisns eripye aariey” tsrumees HRpSiae A5 16

Uni t ed St at esnveRfor’ @izt6d ®hnly®afsy piBar ¢RiyingHpmdetioh \iithe aere ehédtthBURS, .

Thus, the barI pl.an t he i nvent H@M may be barley Line 8063 deposited

0
with ATCC 13 "¢Rfthgde aé@t@&oa%qf@qgap@ Peposit Designation: PTA-9543), or
any progeny barley plant thereof, wherein 10the gene encoding MMI of the
barl ey pl ant t he se uence as set out |

ﬁCCOI’dI egtothelnv ion hs % n SEQ
| D NO 8. WEG" BF e ayley Hge wit eg‘?iﬁ%e A6 R %arﬁ/mod&f” iéay
Ib%r :\Ieoylgl a% camoa}trs@r p.retlmfeg hmddﬁh;rlﬁvzzumgegh{aﬁeMBéd mﬁu&m@saﬁ wﬁ@hg@uﬁ]aj{,ﬁofﬁQ
us | S re rre a e oraln 0 e
ot ion eniramblebesSRERTHOR tnh Oumcbog it o rbeti. Bblesty SIPHB L hher of n
gEt()? I tD_ NO) 16 Pléieast‘gb%mbénmeﬂrua glanmgtm K@{yﬁem@nléprsdwwné}f Sﬁrﬂrﬁd; Q%!lpp@l’\/l T
epast | . r a arl e S WM a NCl1 Ona
recor i T ¢ o PR ene, dneit Rl dydaied S, Gispat CREeiBRat unct i omal
I\/Krr may bg pfr(bmrr l@ha&ﬁt}éD@tﬂaﬁﬁMﬁSrﬂiﬁ?lﬁMf BeRAVKY AsBRi HETLOA, Slwah tlati in
the art re e re nt. .o P
met hod corrpn@f‘%gN%/lﬁ"ée gPE’pE‘ kﬁ'gﬁgﬁét@@iam%ﬁbh fr]'é@ﬂ??ﬂa%‘{g'e%ygp Pﬁ/s
thereof, for NijsaNelSoldear BaykiceNijpeBsijo N6017I Aweg N)N) AgirRg TolgnaAthagelipol i ng

bar | | t f d
o er tsfi ol Bidriie SRR M aclont, Hagtr s Blo, saaet! Qubian. ise fiobibiagd demssn and

very effg ci erptefé@btyemnmg]ermbmp)@brtscstuaé bDMlarfuﬁé Nijd eBdtidistiag tTangeraf Lv@Peesigs,| ey
pl ants. 30Ac§ iodl ”ﬁ %ﬁ ec ¥§H_o the present invention to
provi de net hodLo8s Npldg ‘?"H‘ﬂ UB% N M%at carries a mutation in the
gene for MM, which causes a total |oss of MMI activity. Sal d net hods
comprise t heAScE:ngc)ilngR/ in one err%bo%?régrgstso SeR%:\Tén ion 03%?(4 glgr(l)t%%g modern barley cultivar
that carries a mutation in the gene encoding MMT, resulting in a total loss of functional
25 MMT, preferably one a cultivar selected from the group of barley cultivars described
herein above. In this embodiment, it is accordingly preferred that the barley plant is not

a barley landrace.

The barley plant may be in any suitable form. For example, the barley plant according
30 to the invention may be a viable barley plant, a dried plant, a homogenized plant, or a
milled barley kernel. The plant may be a mature plant, an embryo, a germinated kernel,

a malted kernel, a milled malted kernel or the like.

Parts of barley plants may be any suitable part of the plant, such as kernels, embryos,

35 leaves, stems, roots, flowers or fractions thereof. A fraction may, for example, be a



(1) Mutagenizing barley plants, and/or barley cells, and/or barley tissue,
and/ or barley kernels, and/or barley enbryos, thereby obtaining generation
MO bar | eywoant/oe8i88 Pr opagati ng (e.g. bregéii ng) sai d nuraegax2aedshas| ey

pl ants, kernels, and/or 5enbryos forgeneralions, thereby obtaining barley
pl ants of generation M, V\,herein X is an integer 2; and (iii) Obtaining a
sanpl e of saidl\/k arl e nts n iV erm nin ev of SMMin
sai d sanpl o: SEPN CHIE AL SN LAV R W
conpri ses | essotdeanirddliop @ a vMogéhkie &4 ﬁrécﬁi@h)bf beestraddiadt Hfrdntibn SMVmilngar e
preferably n qetectable SMM and (vi) Sequencing at |east part of the MV
gene; and (vi ?563S%|F‘ﬁthrikﬁ el ants carrying a nutation in the MMI gene:

t hereby obtaining a barley plant, which carries a nutation in the MMI gene

that causes ]15a to | oss of functr onal above |i st
o ee B SRPdEN oihe b Baidne et ey PEBisurbehe pf Bl ERE Herigt
consi sting ofpldpdrdrefgraplyaidtiie cOIRIth&dmSEbe §ropb§étb@iﬁ ViirG, Soreaxahivld @Yceki oF nel s

and barl ey enbryos e erabl sel ected fromt onsj st i of barley
ol ante. bart gl & Tt sy ety b sop ol Py b LelS el e
kernel s. Mit aggdtes bBmBRYind i@ en Eatira®ari&y plany i.6 WdllgHae areidiadeprobu&ivg

enbodi nent, nut agenesi s 1s perforned by incubating a barley plant or a part
t her eof fo nce barley kernels or individual cells frombarley -

wi th a 1t ageni zing agent. Such agents are known to the person skilled in
the art, and may, for exanple, be selected fromthe group consisting of
25sodi um azi de (NaN3), ethyl nethanesul fonate (EMS), azi doglycerol (AGQ,

nmet hyl nitrosourea (M\IU) and mal ei ¢ hydrazide (MH). In another enbodi nent,
nmut agenesi s | s radi ating, for exanple by ultraviolet |ight,
a barley plarf %@P?PMMQI%'W M&uch as the kernel. In preferred 30
enbodi nent s of the |nvent| on, the nut agenesr sis perforrred according to any
of the t ho outIl erein n the section " é enesi s".
% nonc1 15 t1 1o Siaral B vetton rediet b PNk arpdnatit op Pergagr Mg dar n
Exanple 1 of b'alrl@ plBAts £ort paNG thefedi? Oaid Barlé\plBiite ddaping K. m@btid in thageneol as in

Exanpl e 2 herein bel ow. 10/.06 CT/DK2 09/ 050315 29 | referred
Ehat " mit agendBIE. BEURH indotasd Nret Al SIE P o oraemiirdons ittt o aiancy
of desired mmMNLEtVity, Brefersnsht |9a§,97wmbr@§reférablpet reaﬁmﬁ%)fye@rrﬁ)réo 5 for

X le in the.r rain when r
gf aggn:r ati gﬁ?%r%i}% at ?easPQQQS‘EA; of%ﬂl\;ﬁ actrvrty compare tgltheséorresgondsr(i:g I%(\? Ig)ar ey
20 type barley, preferably compared to any of the wild-type barley cultivars described

herein above, more preferably compared to wild-type barley cv. Prestige. Most
preferably said barley plant carries a mutation in the gene encoding MMT, resulting in a

total loss of MMT function.

25 The total loss of a functional MMT enzyme may be based on different mechanisms. For
example, the total loss of functional MMT enzyme may result from a malfunctioning
protein in said plant, i.e. a malfunctioning MMT enzyme, such as a mutant MMT protein
with no detectable activity. For instance, the MMT protein of the mutant may be a trun-
cated protein. The loss of MMT activity may similarly be based on different

30 mechanisms, for example malfunctioning MMT protein.

Preferably, the activity of a mutated MMT protein is determined by its capacity to
catalyze transfer of a methyl group from SAM to Met, thereby forming SMM. This may,
for example, be undertaken as described in Example 4 hereinafter. Preferably, the

35 amino acid sequence of a mutated MMT is obtained by determining the translated



5 1n a preferred enbodi nent, barley kernels are nutageni zed. These are
desi gnat ed generation MO (see also FIG 7). Subsequent to mutagenesis,

bar| ey plwotei0/ws28parts t hereof, with no gt ect abl e NMMIPLCO/DACDIMISDIASAr e
sel ected. Preferably, selection conprises®0btaining a sanple froma barl ey
pl ant, preferably froma gerninating barl ey plant, even nore preferably

froma barley plant i ch has or 4 d i referredthat t he
Saml o 1o 11 SebuETEsios i cereS T Malaia Taley PR ThiserErSlIE FHERIAY RS ar
Thus, the Sardak@b@ayn EimﬁplamraaéuﬁaﬁdaeAlteanéthalyrmagmtatfedwlmnot@barlwrplbetacff
tissue. 15 T e sa nq% 3 b cted and anal yzed foII i g ﬁ%nemdy

devel oped nuitR§ '8¥ 'OBH% @'BPd é@%qlﬁﬁpf?ﬁ@ i @ PACST CﬁE Yl 88iccessi ve
use of diffewestrivealivERdrEpland d@urﬂi@ﬁ@lm esrembfier, fdllo@ed By akrifyihent @l e may
be extracted, for exanple with a solvent _or a m xture of solvents,

preferably WhEMbRRYL B &P GFRPEVE A5 AEINT epRUNGr gani ¢ sol vent 20nay, for

exanpl e, be an al cohol, preferably net hanol - or the organic solvent may

for exanple an al kyl - ha e, eferably chl or ne preferred
bobod wont - tRe g lgener actignaiT e i ooiat gkl MMt Gk B m
Said extr ﬁCL IMMIT BEoteiB ANRIBEQGLIBES bYMIDE faRdtionr TR, Wi dadleirbiinDGay tompaseand| e,
u3|ng a Snaker or

a olid ded to the
ol Vot e BEofly yeamulss biagbraitotieueiabie My ol Th6ese gt ALebs5858°f | 1 a
pref er{md ewrrtnmirk mmfm rﬁdmyﬁeadenéc&way a@mgta:o@aﬁemz o&/n:ctﬁtﬁeaf.:{eﬁﬁbrfﬂ(ﬂmd in the
eneratl on rnel s ereln x Is_a I N er , rerera A e range
O e 00, e O P AT o TE) Kol ooty e rices Whete/h BT Brefi”
enbodi nent, ﬁsh@tbﬁ&@by@ﬁeﬁ%&dhbo&@dﬂfaﬂdﬁogﬂidei\/lM'MSa@ﬂeﬁhrlﬂqﬁ@inQJ'adSHS or in
sanpl es thereof such as sai d enbodi nent ferred

n | S
mut ageni zed EXFTBY: R%Wﬁétﬁg‘ @Pﬁaéﬂé?%&ym‘?n' HP@“B‘PWT@S%% g'i‘ S%QPP%
plants, whi clngbduseougnbé ynoabelokdl @3 peliclbeal OPietdrablieodeiver, @éud@mnsdscaés@ra M

The procedure js re ted until kernel s of enerat.i.o re avail|able (

Fa oy R opoh iR S5 G eR s6voR0RET S ostons Bt el SelimanSueY cvei
i s preferabl yidaasatbtedied heurmweﬂor pxa:rﬁ@dmyandmscg fop e ety dbt@trﬁrneﬁcsn.ngl Y,

t hi s net hod Iows foreg g‘?»da ro(iJrg ut scree I ngs ren ertl ng &H]feasi ble to
identify barl 893 i8Rt 8"LH Reqize ea'”i’%‘ﬂ'é?f‘ 7 Baleygtlant i eqie SheA™VMT. 51 n
genfer al bIt er mﬁnutéthﬁ mrﬁid“gmhewmﬁﬁh@MMT ltnwsaéatsmgrmcag i03g of lgm/ld'lsﬁébﬂpitﬁ wHeh nr?
preferably an tract ) sa ar.e escri bed above th a
conpound cap%ﬁ PEﬁte'Bﬂ%q%‘?tﬁ‘g %W n‘??' p(ﬁﬁg %IH%FC’%BP Erée K W%MW& gma,
cat . no.20P7914iot6ih withl 47 approxifigteehasfdrapo ks t10°%6f ie deRdtab® idSaldArlel Blant —
particularly useful for determning SW levels. OPA reacts, anongst others,

with SW to PEReRaPldD h%’l”é@tﬂféa'ﬁé’ﬁﬂ?)‘ elgnt gs agalmwe%wo ifg-G. "2). The
reaction preferably involves incubating OPA wth an extract of the sanple

prepared as described above. In addition, it is preferred that 3-nercapto-
propi oni ¢ aci'@eitalasfeef furrtiopal MMA YRS HPS 8 (PRIt of AR OV little. prsfesplly 8Pabl y

kept at al kaldanscriptibn 8f £ RIVEDHMRNANThE Skill@Ng& set il dekndedde thEDthE aBééﬁc%r abl'y
in the range ?H 9 to pH 11, even nore preferably in_the range pH 9 to pH
10. 5, S%fbh ad a@NMIt:[@nscrlpt also will result in the absence of MMT protein.

Preferably, however, the total loss of functional MMT is a result of expression of an
aberrant MMT transcript. Said transcript may preferably be caused by an aberrant
splicing event of the primary transcript, for example, due to a mutation in a splice site.

30 Expression of transcripts encoding MMT may, for instance, be detected by Northern
blotting, or by RT-PCR methods.

The total loss of functional MMT in the barley plants of the present invention is caused
by one or more mutations. Thus, the barley plants of the present invention, in general,

35 carry at least one mutation in the MMT gene. Said mutation(s) may be in regulatory



151 ncubation is preferably perforned at a tenperature in the range of 0C to
10C, preferably in the range of 1C to 8C, even nore preferably in the range
of 2C to ¥wQ2010a163288r e preferably in the rg@ge of 3C to PCI/paoby/me3tat 4C.
| ncubation time is preferably O mn. 20BaSéd on the observation that
SMM OPA absorbs and emts |ight of 340 nm and 450 nm respectively, its
detection was possible b ng, fl uorescenc ectrosco The i |t|
br 0cess of | dZrUETs i Tace AT e T veS R AL SERaP BT Ko Gt baneBP unm,
85 2f 221 ggl goorpgeua%amm@mzo ng :*IPe ﬁb& o@gjngmhad Rineneag ars, b(jeCcliitedTéd by

- enomenex ol | owe scence tion using a
i gt hr ough BV ar st ghine s aisougd Mt MiRaae gt iy i Furepats
Per formance Igeslnthy Gor exahgsle) idetedtbl By&@mbmmsambge@w)ouomb;gmﬂpérmg it
i dentify and su@e the fl uoresce(r}ﬁtk? ﬁ f ol ecul es ha|¥ g excitation
at 340 mn and rYPe SQAUpERS. ATeTeRRM ﬁ%‘i"ﬂg YRETEIURRTHIFY- FIFSIRPUt abl e
Srl\]/l\/l neans tfh@reﬁ\bé@ﬂ&@ I0fNO8t ecthabbfevessmauad sSEQ D N®16)ebtaf@rawwtéﬁe$l\/l\/l I'n
t hi s context,

a chromato i.de ed an
RN T M T A e S
cf. FIG 3, irstarecisdicsgibedn®Exsapei XdarB@npk 4epresent a SMM peak. Thus, by
way of exanple, the upper two chromatograns as shown in FIG 3B are

considered to depict "no detectable SMM', whereas the | ower chromatogramin
sai d/ figure rra/an@sremvsr prorirsie padgamt toosbvef tha f?lﬁl@ﬁd;tﬁ mwrdtféuhrmggﬂ}é\ﬂ as 38D

2010/ 063288P 050315 tection o refera one as
described in @Eﬁé%ﬁ@ ﬁ%%r%@é?‘%‘&”ﬂé‘loﬁ%ogf%?reg I'réﬁ‘ﬂﬁpﬂﬁ‘t%rq Cttﬂ”ﬁ ts
accordi ng t0hbh\@ldgﬂé!@ﬁ‘l\ﬁl\@ﬂpr&elﬂﬂﬁtﬁf’thé)%in@%rvél dmiwracm Exagyp| & tRat of the
germnating barley plant, even nore preferably froma arley PI ant, which

has ger ni nat ¥Mf BFOth”éPf barlaysasrist fasihdn SFQ 1D N CawherimibsMIMh@gti é¥rieni ng

nmet hod i s Spaetdrmiedas\ess®iedlin Ekample 20dr Blampld# hafibglowcal nmethod is
novel. Furthernore, it is a significant advantage of the above nethod that

it is eStablished for deternination of SMMIevels in gerninating barley

plants, suchTag Haﬂé?’ﬁl%nﬂhut@l@é%m‘]édwg@%r b 22l Y Jor agnpld 99Rsieh asanpl i ng
fromthe ger mi nat i n_lg barl ey makes an unexg?_ectly cl ean preparation for
Ity

UPLC- based dé&Pect My aetiviskmi W@! foka! loss b MMIT acByitydRanerarrisget Rarty Hinstians| es

of simlar giaprerably dafmifliRQRBnaD AR ELiokRSf MMM IsBXh h&lak NORRARIWAI &1 cand
can generally not be utilized in the mentioned chronatography nethod for

det er mi nat i offrBYNasiNNGaEcEiosM. AbgEayplaRt MR LCeMRISedBPEI Pt RS WC@fedatompf ey
pl ant hayi ng M@s ssutchc'-aa 216r ﬂapbxaﬁh% 3lemdieh %Fsﬁ‘ﬁtlr& tmam ﬁ@ﬁs@ha@u&a%u\‘brrw@f

cor r espondi ng‘ﬂ ene, or part thereof, is typical ésequence to
det er m ne wh 'WErW'ﬂ %mﬁéirr?%&ﬁf%’l”hﬁ?erf%t'&ﬁ%lécﬁpérﬁ”%%ﬂﬁ’tso ald) tHEepieddermss havi ng

a mutation ”&oﬁlbﬁsé\M gﬁmﬁterrﬁﬁhélﬁégnﬁ)érﬁmmwmﬁ é&‘dlﬁﬂn' 2Kk N)’[eﬁhﬂﬁélﬂr@lgﬁ@nt of
det ect abl e SMM and erei n one nor e bases of -encodi ng gene are

di fferent asWerhmna My TwS2iA "rtU'H%"ﬂ"‘(?‘\‘/ij fQﬂme%M'\éTeEi‘@éﬁ[%@p”%‘? %dc{'tl‘%‘ﬁ" SdeErdd. | n

this context sed@rides Hbﬂf@urﬁd’ih&/vlﬁietgb@mﬂ ISnidPsRfiRInAbE Yerhtifal SeqURREE nfaQURRE | N
the corresponding wld rps%{@e barley cultivar, preferably the sequence given

herein 4% SEOSIRASIraRsES el P Bch A8 RseCOMpEEhENBs MM .
Sel ected bar lngyNAWLARS SbdFRt BSichdl PRESraBly ORADBLIRshe AN TILARS SorffristusRuent

most the 500, more preferably at the most the 450, even more preferably at the most
the 400, yet more preferably at the most the 350, even more preferably at the most the
320, yet more preferably at the most 311, or at the most 288 N-terminal amino acid

30 residues of SEQ ID NO:6. This is in particular the case when said barley plant has a
total loss of MMT activity. However, the MMT may also comprise less, such as no more
than 300, for example no more than 250, such as no more than 200, for example at the
most the 150, for example no more than 147, or no more than 133 N-terminal amino
acids of SEQ ID NO:6.

35



25generations re-screened for SMM content. After selection of useful barley
pl ants, these may be included in breeding prograns utilizing those
convent i omal2omeatbasds t hat are descri bed hzéelnbelom/in Poe/meety/sn315Pl ant
breedi ng". 30Pl ant products The present ention in one aspect relates to
beverages or other plant products mnth | ow | evel s of DMS, prepared from
barl ey pl ant art the

carrying a putation in the en for
caus hg’a t otaPns ¥EY PR TRre B EEah e FirEr EONYS fym Bak RS %cts
in general, qoppf bﬁﬁn%@ra)tldlsq\ﬂfzé@ﬁﬁﬂ‘:m% r\@@anE@bﬁ&ﬁny@a@nor@uehteﬁﬁ.aalt
2010/ 063288PCT/ DK2009/ 050315 32 (groducts in general also conprise very Iow

level s of SMVERAWARGEHPRERIEEANt N Wil B(F’@M'\QTI%ﬁfﬂr%tt}blsé'dcﬁddm%@CWt"H&Jt bei ng

bound by theeéauereeebbmﬂwatrtﬁsmt g6 rhdratpréBRb @rﬁtc@]oetfsdoeoéremoaéﬁd
mal t-derived SMMresults in ve ow | evel s of i n beverages, and, al so

i n ot her® pl aRfe'pRBYA e PPEA é‘%F mwerﬁr%fata@'yﬂ%trat B e raek %tr”i‘%glﬁl’sbllat"!f@s of

a 5functi onalycyMh @V@ry'ﬂiﬁaferfé@@fﬂb@(ﬁm@ﬁt H%eth}Hcatqu@rTm 8fr Mﬁltr%é"y b§tl'1‘éfbr§t§|n
beverages, prepared fromb havi ng t

are descri bed‘C%F"@Grﬁ%ﬁtE&'D N@ 11s°rp$Fe@éW\%I %tP&tSEsc%llfblNQe%t\‘é’Qéy th@rpr%tﬁiné

pl ant productssEQADINOAY, dOSEQ HE ROt Hak SEIYD ROefsesRBNctbes MV @Az 3R, nor e
preferably |less than 15% even nore preferably |ess than 10% DMVS; "and/ or

(ii)Less than 30% preferably less than 20% nore preferably | ess than 15%

even mofee prgf §ﬁ@théﬂve|rﬁ%%rmrbrﬁ&é]m§rﬂcﬂﬂe%nbﬁ§§ Ml\mafbré%aj SinsRxandhifiol ess
than 2% SMM 15 of SMM cont ent resgectlvel , of a simlar

beverage or Br&Atl- M%dh@fa"ﬁt”ét?&tdéd*ﬂ3%rﬁf\§ﬁcblql§| 18 and eptigalinadditignal ©s even
more preferr @é’rnﬁrﬂb’t‘%eqﬁ?én@?@ﬁc‘/teﬂré&‘?ﬁ in \l\?ifd tzéé finpt . qi?efepib‘ﬂﬂ'égbsaddﬁlgﬂ%l% n: 20

(i)Less than 30 ppb, preferab | ess , hor'e preferab | ess than
20 ppb, even tefpinal 9@@#6@&%9%ﬂlséeéattthem%ts%wﬂpre@éqfer@bty@ttheeme$tat9| §véress

than 10 ppb, n?df@Bré?Q‘éBly%”tﬁTe%éQ'sté Bte§t~°thé H%Qt I%PQtthhé‘?ﬁostTQ@%rrﬁHoeéc%salﬂté( no
det ect abl e DV5; and 25(11)Less tha Ivrpre erab | ess than 40 ppb,

more préx er abpy pr@fgzgeg kApOodiment, the truncated form of MMT may be the protein according to
SEQ ID NO:22, or SEQ ID NO:24, or SEQ ID NO:26. None of the proteins of SEQ ID
NO:22, or SEQ ID NO:24, or SEQ ID NO:26 are functional MMT enzymes.

Abovementioned truncated forms of MMT may for example be present in a barley plant

20 carrying a mutation in the gene encoding MMT, wherein said mutation introduces a
premature stop codon resulting in a gene encoding abovementioned truncated forms of
MMT.

In a preferred embodiment of the invention, the barley plant comprises a gene that is
25 transcribed into mMRNA, which comprises some, but not all, of the wild-type MMT gene
spliced together without intervention (the intron—exon structure of the wild-type MMT
gene of barley is shown in FIG. 9). In one embodiment, it is accordingly preferred that
the MMT mRNA of the barley plant according to the invention comprises at the most
exons 1, 2, 3, 4, and 5 spliced together without intervention, or for example at the most
30 exons 1 and 2 spliced together without intervention. In addition to said spliced-together
exons, the MMT mRNAs of the barley plant according to the invention may comprise
additional 3' terminal sequences derived from wild-type introns and/or exons, wherein
introns separate exons sequences. Preferred examples of aberrant MMT mRNA of
barley plants according to the invention — as determined by RT-PCR and accordingly

35 with fragment lengths in bp — are illustrated in FIG. 12 and FIG. 16. More preferably,



30 ppb, even nore preferably I ess than 20 ppb, yet nore preferably |ess
than 10 ppb, even nore preferably I ess than 5 ppb, even nore preferably no
det ect ablwO3MM063BBN addition, it is pref%]red t hat t hePplram2ogprisoiist
conprises |less than 30% preferably |ess an 20% nore preferably |ess
than 15% even nore pref erably | ess than 10% of the DMSO content of a

0 2010/ 063 2 HHPETORDTRIASE B BT R Behr Ae 1 MDA 2% 0 o e R Fon
present i nvemiGor, f@her compmgn@eRRel1, a2 Hiathé 6Yerke bntlemRIAS Yiusigatad mut at i on
| oss of function The plant product may al so be

resulting in t .

conposi ti ons Fi%-;ﬁ?@f'}‘?@“%@P@'%?’f?éﬂ a hﬁ%}%osi tions prepared fromsaid

kernel s, as vveII as other plant products prepared from said kernel s. 51n

compos 1 on I ENEPaHE e EORGTEPHEP SrbPTAYSED S FoUeY Pkt Gy 2

{nﬁt a:l on in ]fn![ilﬂat%nﬁtr%’g?@@t lfaugleWc;om?paisés Bgndtationl in la@ﬁceoﬁ:,.tel%.ra%telmmtry By
eterm"nmaltin IS 1O naer St e ar

ornel 5t ak ORISR Al S DRI MR Do eraBl oy TuEen i3 or

exanpl e as id|prIﬁ(brh’eiit|ﬁ@nllrﬁtrdﬁ| cﬁthe?»Mg/ng@érfe' Bgeri HoRe mféfé@ﬁﬁblﬁmﬁe lswpﬂé@kutee@f an

steep|ng an rm nati aon owe 1 N re era Irn r

The bar ey g, gttty §spiiastednd L Bt Pikn SGara n o) o ai ns

are referred sb@n a§m"tgé gedpliv@kite on wirbe 2 (RYintedresepaeatiagRixamd 2 Bh@dYstlich as in

15according t resent. Thi s equence of ven S i.s,lnportant

n
for the synt #% ?L’SQ‘pP) ¢ fi§RerBY ttgnvgﬁg OnsKrREra %E’éort?r%?’ﬁ’ M n

processes t hapligerdite@npatrdrys gré moh@eﬂaﬁmhg/esefnswartdka dmchsendmebmmbl

wal | s and nobilize ain nutrients. In the in ess, flayor and col or
(For " exanpl o BT EUFo Y SEPPU s 2o WeHEbadnTe DEPlRapcamion

reactions. Alst(reugtiort fpapiting®ixynsi6 @an@f7), Madst preﬁerasr&m tHe ey eplRg&ite oA thirini DN,
it can so be utilized in other industrial processes, for exanple as an
enzyme Sour c& [MOFRe baking industry, or as a flavoring and col ori ng agent
in the food industry, such as nalt or as a malt flour, or indirectly as a
mal t syrup, etc 25l n one aspect, the present |nvent|on rel ates to nethods

of produci ng E%P@f%dtthﬁb?ﬁ% uigtipp 2 Crive MR8 R s tefraipaly’ Pa%ﬂfﬁp? g% he

steps of: (i Wiauvh&l |ﬂ90rb@'“l'|h@¥ W%fe‘?erféoorﬁh@tlmrsl £ ﬁmah%ﬁrof bh'e"igrnﬁnal
mutation in the gene encoding , causing total loss of MMI activity;

30(ii) St eepi Pgbaseid ikenriklosa Qﬁﬁlmut@mﬂﬁfrﬁm ogt @' hesg oliei@tidker nel s under
predet ejgn ned condi tions;

The barley plant according to the invention may be prepared by any suitable method
known to the person skilled in the art, preferably by the method outlined herein below in

the section "Preparing barley plants with a total loss of functional MMT".

25 In one embodiment of the invention, it is preferred that the barley plants with total loss
of MMT activity, according to the present invention, have physiological and
developmental grain and plant characteristics comparable to wild-type barley. Here, it
is hence preferred that the null-MMT barley plant is similar to wild-type barley with
respect to agriculturally important characteristics, such as plant height, number of tillers

30 per plant, onset of flowering and/or number of grains per spike.

In a very preferred embodiment, the gene encoding MMT of the barley plant according
to the invention has the sequence as set outin SEQ ID NO:8. Thus, it is preferred that

the barley plant according to the invention carries a G—A mutation of base no. 3076 of



(iv) Drying said germnated kernels; WO 2010/ 063288PCT/ DK2009/ 050315 34
t hereby producing a nalt conposition with a | ow | evel of SMM and/ or DMS .
For exanpWwe,20tons3288l t nay be produced by ggy of the met roiDKreNSIIISd by
Briggs et al. (1981) and Hough et al. (19 5However, any ot her suitable
met hod for producing malt nay al so be used wth the present invention such

2 methods e FIRMRE heSh SER Ae B b S R el 1
conpound wi t Ibafefp@i] Pragtigegl Nt of 37C-38C 10( | mashuku, supra), and during

mal t production, for exanple during kiln drying, the conposition is
generally subjected to heat, such that substantial anounts of DMS evaporate

away. rO\é\B}/efOnerlébﬂ@d @Q%bl@@f@fbaﬂegplbﬁﬂﬁavn@ tbtaqlla)g@@SMMTOéhtlwltm&Qh@b@IdyH%’ be
genera e ro e nmgj or _aadv en
oty & | & ML iEE h 3 A Jringr 7008 il SmeBeeh TEo8 bR CaesthndARCRE T
corrpos lt ti ?n (Patent b@&mﬂ} @0801 BhiersipBivdVMdredsad, wzoaducumt@dmes alnd
contentratl on esc Se ne ely on
ront St oot moretened Tt HA8y dBatm vpisae e 0y Shub e Balveentos et Y
for exarTrEI e dwrehngw el Be BaNéVDné 808D L& dsred wtgmbwhfo@lct@bed zm]E(A?racofDNB

St eam us, atnment o rra readuce the eve 0 ee in
™ ooy e Pt DRBb S S b RTA b ey ey Sy aaY PFLRerE HETeial ¢
but onl1o af f &g gdrieeericeviag MMIT SMWetbariay peas&dcoftRey ©ahe Avemtinathsahove, it is
preferred that the planéwf ggﬁg5d$5 the invention, such as nmalt
conposi ti ons SEBHPICESS SEbAY! : Both DMS and SW I n one enbodi nent of
the invention, the nalt conpositions of the invention have only 25been

subj ected to Ilnlted eat nent. i nyql vi ng vol d renmov fre

L o b0 p e TRy Rt e adte Soerne ol P AR B PR g
vol ati zi ng angltheamntiog hbs e dolyfrentsl a30et betaMSEQ IDIPOKIY. Mhak, ytn@greferred that one
enbodi nent of the invention it is preferred that the malt accordin o t he

30i nventd on KDY PREEACEI e &thﬁn'@wnaorb%ma% 8 GafmutaliRnAthass gpa

bromate or ca&re HYNDF@@H@rein SEQNB'NO%MSﬂ’\%vfnléi'itﬁ/ﬂ)'@éermnﬁl@@é@ﬁﬁmeff&ﬂ\/llﬂ*@'ffm e,
by mlling thereby obtaining mlled malt. Thus, the plant product according

to the i nventPBRY f4ySERESEFY- ki nd of malt, such as 35unprocessed malt, or
mlled malt, or flour thereof. MIIled nalt, and flour thereof, WD
2010/ 063288PCT/ DK2009/ 050315

20 Preparing barley plants with a total loss of functional MMT

According to the invention, the barley plant with total loss of functional MMT may be
prepared by any suitable method known to the person skilled in the art. Preferably, the
barley plant of the invention is prepared by a method comprising the steps of

25 mutagenizing barley plants — or parts thereof, for example, barley kernels — followed by
screening and selecting barley plants for individuals with total loss of MMT activity.
Interestingly, the present invention relates, in one aspect, to a new and very efficient

screening method to allow for identification of said barley plants.

30 Accordingly, it is an objective of the present invention to provide methods of preparing
a barley plant that carries a mutation in the gene for MMT, which causes a total loss of

MMT activity. Said methods comprise the steps of:



35 conprise chem cal conponents of the malt, including dead cells that |ack
the capacity to re-germnate. The nmalt conpositions of the invention

pr ef er ablwocomprsszse at the nost 3, preferghly at 5t he mpeT/DEK2000058315
preferably at the nost 1, even nore prefefably at the nost 0.5, such as at
the nost 0.2 pg/g free DV5. In addition, it is preferred that the malt

conpositions of the ention preferably conprises at the st,. 2,
rebarabl y at t n) oY e Pl ry S BT Bl oS an o6 bR SR
preferred aspect thebawﬁrnaﬂ andor ibdesy embityos,anBesy bbamindg drdlertiorM0 se at
t he nost 200, pref er% 3/ at the nost 150, nore preferably at the nost 100,
even nore preferabl y°8i€% AR npst 50, such as at the nost 25 ppb free DVB.

In addition, it iy prejrigadty thpbrddtthgyehiy rﬁtﬂﬁ?&ﬁiédiUbﬁ*l%y@fantsf'lﬁerin@réeﬁﬁd/@rn
preferably conprise at the nost 1000, preferab at the npst 500, nore
preferably at the mp&MPHHS, Ore??eQPr\‘?@t@”iéB?r@PéPB !’Eﬂgatfar\ebi@'ar%%?fgfﬁér%'ﬁﬁ yet

nore preferably at thg WR&lirPiskPoneyM >J.tapyys al so preferred that the malt
conmposi tions of the invention conpriSe at the nost 1000, preferably at the

most 500, nore pfigk ePpAIRNge seRele@fseididr bpiry, Plgris; ansk e preferably at the
most 50 ppb DVBP,p OUété'i‘Hlﬂwtl he?e"«}é?BﬁSI\t/lmn'sQMes%H ‘Ré‘aﬁ@' ates to green malt

conpositions conprisin the nost 5000, nore re erabI%/ at the nost 2500,

yet nore preferally %%pmg PiBRts Wheoan twmp@nm%ﬁé@% gn 2@ pPmeMibst 500,
yet norg preferably aFeférBag”&%tthﬁé’ppE@Ml\%ﬁ&’e'p‘?ef@Fabr%h?ocdi@éétaBié%mﬁbarBNSP

It is also preferred that reen 't conpositio onprises at
most 200, preferé\b]ySggqugrﬁiéQasw@rtomeéﬂl\ﬂTée@@aﬁﬂriy 25at the nost 100,

even nore preferahhysglechiffodRstc g SYfltafsh fRlthd MRITRste; 25 ppb free DVB.
I n anot her aspecg\m)the 8‘@53? pr ogﬁgltns ac%gr dllng to the invention are

syrups, such as a barley syrup or a barley malt syrup. The plant product

may al so be e 6ﬁ§|h|n%f a hatel, et WHicH Blrfies 4 mu?ﬁﬁhh?fhe%w?%renettlﬁﬁ CQU@%'[

products according to the invéntion are wort conpositions prepared from
mal t cotposi talt@'iﬁéloé%PifU@@iloﬂﬁUWMB'arl ey kernels that carry a nutation in the
gene for MMI, causing total |loss of MMI activity (cf. Exanple 6; FIG 5B).
Said 35worts may be prepared fromnull-MMI kernels only, or mxtures

conpri si ng ot (i) b @IV G6TPRBIPCTIVORRITENFERIIVEIIB IR Mederal seleqied fromThe
invention al g §8laEESILtRgUPHENGAIRAS] BdriRP ey, BRALEHsUS Hel Wiihals and

barley embryos, preferably selected from the group consisting of barley plants, barley

20 kernels and barley embryos, more preferably barley kernels. Mutagenesis may be
performed by any suitable method. In one embodiment, mutagenesis is performed by
incubating a barley plant or a part thereof — for instance barley kernels or individual
cells from barley — with a mutagenizing agent. Such agents are known to the person
skilled in the art, and may, for example, be selected from the group consisting of

25 sodium azide (NaNs), ethyl methanesulfonate (EMS), azidoglycerol (AG), methyl
nitrosourea (MNU), and maleic hydrazide (MH).

In another embodiment, mutagenesis is performed by irradiating, for example by
ultraviolet light, a barley plant, or a part thereof, such as the kernel. In preferred

30 embodiments of the invention, the mutagenesis is performed according to any of the
methods outlined herein below in the section "Chemical mutagenesis”. A non-limiting
example of a suitable mutagenesis protocol is given in Example 1 of U.S. Patent No.

7,420,105 to Breddam, K. et al., as well as in Example 2 herein below.



MMI barl ey, or parts thereof, alone or mxed with other conponents. Said
wort conpositions may be first, and/or second, and/or further worts. The
wort conpweibiodes2ssay be sweet wort, boi I?g wort, or a mCYth2e0%dsesisof. | n
general, a wort conposition 5contains a hfgh | evel of am no nitrogen and
fermentabl e carbohydrates, the latter mainly being naltose. In FIG 8 is
illustrated hec met hod f or aratjon of wort frommalt. |

gener al - vior 1§ B ERLNB PRI PERG TS © AdeIeharet hAFng Srpssipthg

pr ocr:]esz ” Dur rfralguémghif ﬂgﬂrddhﬁutﬁﬁﬂstlé ek adt 00 BNES A4 inGhe Fagells ompml, ejrent ed

with additional c ydr at e ons, r exa rley, mize,
or 1 e hdj aARTOBRIDORANGSH CaTwaP Paa (R 8 "GeR SFEFTORATRASE o cont i n
very |ow | evgbﬁe,@ﬁoremaynes maki ng suppl enentation with nalt or exogenous
enzymes necessary for sugar conversion and/or extract generation, including
generatﬁ%n of free amno nitrogen. In one enbodi nent of the invention, the
pl ant productn myefaeewémad)dumdnbeaﬂlwkermg afe rhbfagenigmpkee afedeshpatesef ul  as
adj unct duri ng ma?hi wg PFC%? the first step in the wort production
process is tH ”W?'?Wﬂg(ﬁﬁe \q dh that water may gain access to grain
particles in the mashing phase - which may be considered an extension of
the malting process with enzynat de oI rrerlza i on of 205 bstrates. During
mohi ng. 1 USSR ey EGaIAR e Bk M S o e LIACeprouit s dptectlls Tiv

i ncubatjgon tamﬁw@ws@emd mrbﬁeéblyeatecmﬂcsdmtseé bﬁ@tm@'mmm@smﬁngban@
the Initla

gradual ly inc referred enbodi nent

Penperat ur o @565 HgrabRCEuR o AN Inging Bt FAhven dore BiaTegbYgoe & PR 1 or
exaLrpI e the lﬁmnt vericHTess g ar@rirfa@aiofer WU & prajermed thal theansld @fréth aZdfechb@Me69C,
sSuc as |1 n the

e of 5 r_ ex le ip the .ra f 55C to
S5C. Tt the PAPPT AP RESHERG PIOeiBEY 400 2 5L TGS RSP Y. O b
enzymati c ac&mykmgebﬂ1bmaom&mhbanﬁmnay reduce, or even aboli sh, deS|rabIe
enzymatj c activities, which will result in an altered quality of the wort.
In eith case, sol uble substances produced in nmalting and nashing are
| i berat ed i ntthesampld rhaylbel ekirftdéd A arfslywieb SERWETY a ﬁé\hrg/rdat/élo;be&mm&ustreﬁ
separation of the mor @xuﬁ¥and r Sld al solid 30parthfl$ﬁ6| a@ter
denot ed spenf™YPH! r?s°' &” FINAYPNNG fresicaesheetye A Aifigrenlsrlyentapp
filtration, @md&@qaatdnmnh genel, lige sﬁmaem@@ B@yematregl f@gemmdﬂe ath aveivenht
Non- I|n1t|ng exanpl es of sujtable roc ﬁF for E % &ﬁ” of mor} are
descri bed by OB?@g%"ee?f S&IVG”QSzLB@fBra Y]H’a OéPrgé‘P §%) | he ggganic solven
2010/ 068188 PeElyDIs? @R&HhPIe08d an diokbIr ;sﬁefer@&@ﬁﬁdwanandofftuétok‘@nudw\tew Ry fére

conbi ned, and subsequent]y subjected to boilin The non-boiled wort,
ei ther a pur &#Mplstoagsyglkhalde prieiaaly dusreform. n gne greferest erabedienls thes yeet

wort™, whil e sgiberis BMikiuRdof WatéRheBfanoe bRé tRIdrd@nASaid@itlagtbivaey “ . | f the
wort is to be used in production of beer, hops are frequently added prlor

to boiling. % W@a%ﬂ“?'y(p@rﬁ%@fm‘?%wh'ﬂ%’y”xﬁlgsf?rl%a'ﬁp@pﬁ?”é@al§paiferﬁ(9{18é‘?'?(ﬁ’fg
nul | - MMI' bar Isgiyg le%@ﬁ%aypde RRIdSo tHesRRysSHSIB magtu R frighredld sdMTsihant s,

or parts thereof, one or nore suitable enzynes, such as enzyne
conposi4d ons aS@rQ'Wztgﬁ@é m xture conpositions, for exanple Utraflo or
Cerefl o (Novozynmes). The wort conposition nay al so be prepared 10using a
m xture of malt and unnalted barley plants, arts thereof, or unmalted
barl ey only, |rb9tPerﬁré¢Cl Wé@ﬁimﬁgt Hlﬁeaf@ﬁe”r%‘ﬂ@”%?@ ”é"%ﬁi?‘?fﬁ‘sfrmﬂﬁwa%[l d

pr epar at | on, \hAE iR xAUh AR 20! HERRASER KBEEIBIADIY 16 Indk and/or

(1-3,1-4)-13-gl ucanase), an or anase (such as arabi noxyl anase), and/or
pr ot eases, orpr@ﬁrzptmn texenge st Tonp i sivaty wekerred empélrrtﬁnt tth@leaebrf&hcﬁ%ua oned

the 1 nelant CFeRHARd i DS SRR R & i Rt M (N AITERY, rog Y,
embodiment, it is preferred that mutagenized barley kernels of generatlon MO are
grown to obtain barley plants, which subsequently are crossed to obtain kernels of
generation M1. The procedure is repeated until kernels of generation M3 are available
(cf. FIG. 7).
35



More specifically, barley of the invention can be used together with malt
in any conbination for mashing, with or w thout external brew ng enzynes,
such as, woronae3®B8l i mted to the proportg(gns of barl ey PCTma{20090508018: 0, or
75:25, or 50:50, or 25:75. In traditional “brewi ng nmethods, the wort is
boiled for along time, in general in the range of 60 mn to 120 m n, one

Vol atil o FoRIIIITAURE BhEFHMIPYELS AreleR e ed anant bp e PRURIE dspciiter
25reasons, f @éloaxafr@bstumgws memddeaudwé fdrQiigH-thebugB pLt ScBenpigeNenae@y iener gy

ST ecker ol dtRARe BrESTY bipeie Sar Rgeae o R ek LT M. wor

W th Iowlevels of DM5 can be produced fromnull-MJVI barl ey even w thout
extended boilin Thus he rt a to a preferred enbodlneni of the

di
i nventi oh is "hafmed t%*?s ofp erz’fg'yd'i‘ Iveg e 'ngtrt&?r%a"?)‘?%rf%upé‘ﬁ?&? Yo" at
t he nost 30 rémactfo@sa@sampleepffe@éreatastd@scrmwtabwemnthab@mp@nmcaa@bbledfhat

over time. 1 ARG irasToind ot e 0m b Sloree BB BRE Bt b R
mai ntains a |h@Vé|ﬁeﬁM€Justfefd3P@ to\6B IR, ii$ pstibaaBntdedl| ot de@iinidd8MM 1Baéls.

obt ai ned aft boi | romal wort V\D 201 /06 28 P 009/

o an add t 1 IR RS0 AT AR OB HE SNAHD TGS N ool fasian da 26 MR wor t
is not ®ubj eg¢ifedIG. Q).%bbeabt@hmfé@bwswlm is¢UbaBOHOPRA With droéttiaagofahe Wor t
and prior to fer wort coppositiagns of the

ntati . 5Preferably, t
T emt on comprPEaearred B dRCaea ahova, I resigh § s GRS E Mg R e o
prefer ab:c y | %ﬁ@l(}id’@ﬁbla% ammbg t@URTrea&ion rmmfegrraab:cnmxthgﬁs.s préfamb{l,ﬁeppit yet t
nor e pre era es R even rerera SS an ye
e Dot or Bl D rteranly B B eroe a B o B4 Smb e G rahoR (e FeR e b
| ess than 40 pppbl, en® ﬁ]opsf eesraty y] themgehang 3Qo ppIoIO. @\saah a@éewnef erably

|l ess th 20 10 no refer | ess .t han 10 e
oref er abl y 0 A3Rehn L teBRbh et e ieararanieg 16 apocet S8 SRt The
pl ant producipsefe@blypittesrahfie bR, to(Bf°CI mnpﬁ@squerabwntmea@ngaw 2l de, f ood

conpositions, feed co |t|ons I grance raw i os|t|ons
S har oS5 onmr Vebat Tarai. i 6E EnoR oY At BUAET Py o ErlcRoat R IRES s o T,
causi ng totabnﬁggswchowmﬁ act|V|ty Food conpositions, for exanple, may be,

but are not limted to, malted and unnmal ted barl ey kernels, barley flours,
bread, porridge, cereal m xes conprising barley, health products such as

beveraggrs ComakES bAhdsHseRMtion fHat SMIMDPASbsofdithrid éviRdightiofl d4echrPBn@ 6@ uded
barl ey conpositions. Feed conpositions, for 20exanple, include conpOS|t|ons

conpri sing baf &SPEEHvRS &s daicalicsy was arssible by bgiPa flvescoRcerapegtiogFopy- 1h

conposi ti ons i@ pfRess biededligh %ké?eu*é@lyQWol\B@%xtrQM%@bbt%ﬂor@b@é? dQahes to
m xtures of the plant products described herein. For exanple, the invention

in one aspecPrafelehlycd 4 30s2 BORESIT Poi- 1§ @pipedopomenps cakeo. A #3980 A
conposi tion eREREHEET 280 afoﬁl@\biedjb@moresgenée B@t%&tldnrl?é'r?goé hl%—?ﬁrrowt;ﬁlﬁjtﬁqwd

mutation in the gene encoding MMI,” causi ng total | oss "of
25 chromatography system preferably an Ultra Performance Liquid Chromatography

and

(UPLC system, Waters), designed to identify and measure the fluorescent level of
molecules having excitation at 340 nm and emission at 450 nm. When using this
method, "no detectable SMM" means the absence of detectable compounds that co-
elute with SMM. In this context, a small "shoulder" on a chromatogram peak is

30 considered an artifact peak. A small shoulder on the right hand side of the Asn/Ser
peak, cf. FIG. 3, is accordingly not considered to represent a SMM peak. Thus, by way
of example, the upper two chromatograms as shown in FIG. 3B are considered to
depict "no detectable SMM", whereas the lower chromatogram in said figure represents
the separation of a sample comprising SMM.
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(it) Amlt conposition prepared fromnull-MVI kernels. 30ln a preferred
aspect, the present invention relates to beverages, nore preferred to

mal t - der iwecolysersages, even nore preferrﬁg t o al cohol i eCrdrIev@yssilssuch as
beer containing |low | evel s of DM5, whereih said beverages are prepared
using null-MMI barley or parts thereof. W) 2010/063288PCT/DK2009/050315 39
Thus, in a preferred vention relates to nor e
orefer od t b DRACOREr SUBEMBLDRgbY Delpih SroraciRErs EratidEe. ARCORERY c

bever ages, sutdih@bfobesectingdatleP pMalsa@esrdiiy tb&es inoetiodiitedribsd hér’eﬁ?@&el’ilhan
30 ppb, pref ablégéess than 25 nor e referabb$§less t han even

: ppb,
nmore prefera X?”‘P 9efRiRaYg ??ﬁl?e%é‘ﬁ GYSP 8195¢ Bfels3 r%%@a@%ﬂarfowﬁ'ﬁ%,
even nore pregsgabhidatedss 4 dans ﬁbt@tﬂb,thatme mfve nﬁérﬁ‘oﬁé@b&ryem getiretiabl e
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oot ornth o | bhieyigr vt st sRBT e AR dndied Betirs Py PBRL TS ppb, yet
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even nore pr r no detec e Is preferred that the v rage
O oy e B Bl Qe e ey Dhte: Biet] &5 Rvas ol sepmpatng fikudian,

ext (r]I actz ]Eherl'ﬁ@ftllrrrnd@ﬁsaﬁ?pﬂﬁ@fr@mh{y(eb@ﬁrﬁf&rﬁﬁtﬁblb@ﬂepfna%@ién Dﬁ@ﬁ)@@lﬂﬂcle@d ng malt
pI’O uce rom nu - one, or (o) I nat1 Qn t ot her

o e ant o Prehiaearian 1or P e-RhseaalitioRar Somg AR RSty oo oresta TPike B er age

:c S a n01|1}I fer @ambe@ dﬁ@Mﬁléﬁgl%lmsfa%Fdoe%&rﬁiﬁd' FHove bta tﬁbrcefrﬁle&bh ¥ompsditigh, ap@ el
rom nul | - a (o]0) rlse within the pre i nvention

Lhat ol bogenaaly et Sdin sra e et i 4tos apar melon S B aign e

t hereof , prefaammaidvglst rom unmalted nul | - MMTI barl ey plants or parts thereof.

The beverage may be a non-al coholic beverage, such as non-al coholic beer or

ot hers 25ki nds of non-al coholic beverages, such as non-al coholic malt

]pever agesl, s @ubs@suefdiotthd Rienflictien abd parldyoner@aying a%éks@ tllikﬁll/ﬁl peSive1, pr epar ed
roma t conposjtio r.sjn ernel s
v of ey, OBy e e SR g foec ey BE MY of T " B3 eBE Sknown o
t he per 58” skgvdudhamyl ts)bdjudn_b@d afdetednnn@waemebmdluaﬁey plahtig qlbéﬁronl cain tetlaseifiadpl e,
a | ager beer e beer | r SI ng, a t osition
oy si . g heNas ednwiareT e MR dore. BAEk RS LoRres oY RIS RSvever
al so conpri Zeletb‘ctmlle SMN’p@ﬁ@Whérenf orie @><raﬁ|1§| tRases bﬁmewmeﬁeé(éjc/ﬁrﬁb §éne are
unger m nat e real s, suc pe barl e and/ or
non- ger mi nat gﬁ‘%lr%aﬁgpgpp@dgvlt[h%e W(I:Ig?/t[;fﬂe %eguenc}/e are tﬁen Selected. In th|¥ cbntext

20 the wild-type sequence is preferably the sequence found in the corresponding wild-type

barley cultivar, preferably the sequence given herein as SEQ ID NO:3. Preferred

mutations are described hereinabove.

Selected barley mutants may be further propagated, and plants of subsequent
25 generations re-screened for SMM content. After selection of useful barley plants, these
may be included in breeding programs utilizing those conventional methods that are

described hereinbelow in the section "Plant breeding".

30 Plant products

The present invention in one aspect relates to beverages or other plant products with
low levels of DMS, prepared from barley plants, or part thereof, carrying a mutation in
the gene for MMT, causing a total loss of MMT function. Interestingly, such plant

35 products, in general, comprise very low levels of DMS. Furthermore, such plant



WO 2010/ 063288PCT/ DK2009/ 050315 40 sugars or conpositions derived from

mal ted or unnalted raw materials, including syrup conpositions. It is

gener al | ywohowgtes2sshat DMS over tine may 9 gener at ed f POmDBYBP/GSAISUdi Ng

5SMM Thus, even if no or very little DM Tnitially is present in a

beverage, then DVS may accunul ate over tinme. However, it is an objective of

the present invention to provide beverages that tain little, or no, DNVS

- even aft er PE%F dggem%regqlaq RYTRrIseE OBV RYEIHPr §'ﬂ  BRERERAPIKASRVEDNOYs t o

g{) ovi ge bar:cw/ell;sloa'ruill\ﬂsl@r\i\mn@htb@b@\tﬁ;ua@@sith,][appﬁc&h%abc@gweau h'hatitggabgaﬁset han
ppb, prefer ess an , hore preferably s. t han pph, even

o &7 oy e er at Datela koo SR fes MRt wlts oy sty bRES e veRerates X,

e¥en nor e pr%fs]pri@b{h)ér lb@ﬁﬁpr’b?@cﬂs Ei(dpakbdf]]ztﬁ?ﬁ sénlarbarlw efpa@blizedny kldﬁ(ﬁ%\t abl e DSM

after storag )r ast ek, prefera at | east weeks, nore

o efer ary afercBaud My ERate. BGHbidGal vi B ot s Suth FobeRragtaeeks,

such as in tpeepatéd fr@dn®arief plantdtalingtetaBosOsTtNIAT abtVityed@melseriddd Hdiginafegrge

of 3 nonths to 6 nonths, such as in the range of 6 nonths to 12 nonths, for

exanple for nore than one year. Storage is perforned at a tenperature in

the range of 5 picferddiGhatsitdb@seradest Biesdidpiget [rodudds; coatat@C.  20Fur t her nor e,
it is preferred that the beverages according to the invention are
characterized by superior taste properties. In particular, it is preferred

that the bever agg;f ag@@ermiaﬁgﬂ%optdf@rablwmtthﬁm@%,ems&wrla@t?y Ié@?th?ﬁ 16%,n9|
nmore aromatic and fragrant tha correspondj 'nor " beer (cf. Exanple
7: FIG 6). Wthout 6@%@%@%@3}&%%&% ﬂ/ﬁré‘g R invention provides
thﬁ thegry that ftihe Lf@w then 8b%, pmf%re:g@nsexs%&aém%tlm,emom‘pra&&fwrésfwhm@%se t he
enhance perceptlon of aromatl r rato vors. Prefer , aromatl c
o agr ot 1 avor s SHBQR B faraatieny TAn {0 GUER Bh Hss i LenBherer i

enbodi nents where thesbéverzgasmng; beer, then the test panel preferably

consistfssof 30prof essi onal beer tasters. Herein a "professional beer taste
panel " also referred to as a "trained taste panel™, or a "specialist

beer taste pangle'DMBlahbSMIN cbhtenhe réspeaided, kN vheidobeveiade dMMarerodset has a
prof ound effect on r{rhe t.azte tgari)gﬁ)erti es of beer, sone taste panels may
exhibit a t eRERRESH YN YaHdYRG karley RlaVs at e eval uations of nultifaceted,

sul fur-like flavors. The reason is sinply that panelists remain

oo o S S T 5o SRR S b LR B e
2010/ 068288PCT/ DK2009/ 050315 41 sol ved, as described herein, by
Casters. who are(bki FFEtGD S0PPbi A3 L8 LAPGSIRG: FAGt Botr OpIerdtror
esters, higher al cohabgpbsauehiiore @ratomnentisss taad 15pdy, yet noeeprefirdibig Idsast e
ga{lgl shoul d thus CO[[LSaInSfO p%cb, g;[/erll r%grse;[ prgfeFr)a rlysl%gg ’[haFr)lrSGgp?br, ?/‘gtl rf\gorlenprét}e]zgabqyar?oge of
detectable DMS; and/or
25 (i) Less than 50 ppb, preferably less than 40 ppb, more preferably less than
30 ppb, even more preferably less than 20 ppb, yet more preferably less
than 10 ppb, even more preferably less than 5 ppb, even more preferably

no detectable SMM.

30 In addition, it is preferred that the plant product comprises less than 30%, preferably
less than 20%, more preferably less than 15%, even more preferably less than 10% of
the DMSO content of a similar beverage or plant product prepared from wild-type

barley plants.



20 persons, such as 9 to 12 persons, for exanple of 10 persons. Each taste
panel menber should preferably be extensively trained, in particular each
menber shwol2dioe3zsRi | | ed to eval uate the gste properti esTaK2e8035 hi gher
al cohol s, sul fur conponents and body of b Each tast panel nenber may
then evaluate different flavor notes on 10a scale fromO to 5. The flavor
attributes ar efer bI selecte fromthe consistin f ter

Tt ensi ty. biTe Bl iR ESACSHS (O MAEY e iSh esah oa ARey e Ry
aromatic, esﬂ(@ﬂ’n)éls @IngPigal inafatioh wetting il Al 030 PyhctioS:s IMMTISTheMarity ,

gr ai ny, caranel ﬁEurnt henolic, sulfur acug$$_ and sweet ness. 15In

usi ng t he ab&RIUGEREY BlraderpIPoatiANS Famprising %ist"‘H COPRESIHRNGAeRALRd of

the inventi ofrofi 38d RerfiblgNgy weICes ethbopladiprb®asd prepsred Biodd &fi@kéied! | east
two, even nore preferably for at least 3, yet nore preferably for at |east
4, evenf%nre preferably for all aromatic/fragrant properties selected from

the group comsbsd aé’t@cﬁfthéipléﬁiﬁirb@uctééécﬁﬁlﬁ tcaih@cmmntu@ni Je: M@mbombwﬂi@ﬂ and
et hanol 20content, an

ho as conpared sim

e a ' oRrepad B foBEs B, bhfled @?%%tfcawa@ut AT GensTioeing

eﬁt e[) I al coholvinT ofaukieg tethl O:bggdsr WV%@&\Q@SBW@ t@ﬂli|1: Uﬁélﬂﬁig i® tdse ﬁmc_férétaédh and

t he beverages are ar e 1N mnne urt her e, using the
hboves ment  oGean Rt deepet BRUSCkERTR BRG Rlge PHASTRVES ekt VBe Hesoh ne

i nvent i havenditidisgheexadpleasfinstratedlie&ss. gne, preferably at | east two,
even nore preferably for all of the three general properties selected from
the group consisting of bal anced, freshness, and drinkability as conpared
to a beveraga/lamirtghsaigﬁd)deas oftdramned @t@é@uﬁ@tand géﬂnlﬁétmafoﬁﬁwéd pyruging | d-type

ever set. ar PARARY K VAL Epe 5. Lot cBiis MroveshA g aed

approach, it blaﬁe;p@r@fr@rarr@ﬁbféﬁr@d totdseglmweﬁagewm@rﬁ rrtalyealsorbee@blaanprbaua a score
| east,. O. referab at | east eshness

val ue o hi gher faor. f

bl or A&t er peatbng i oo st I BEly wlis Spv e iotr S MG i Ent  and
pr e]palr ed f][Og}S/rgth@mé gf- rﬁw@rob@éhze/ynesgh@tfc%uwbnaur}; mea‘nca/nonlﬂ@p@fcess@@ematt he ester
proriies o everages are . a e S

D020/ 063295PEIR ORIHGS] BHD SRR BErFE e dean o deapenh el andiRpblize o iat i on.
the ester/ al eatiehtsprrothé lagyingproosss, figroednd @olbﬂ(f@rl dXahfple WORN coloe) gk corrpounds
nentioned in Taple 1 are ad usted to simla % S%&ﬁe al so Exa ? 7),
i.e. the bev@FOég’égd BOACANTF ﬁBC%%f eavcaém?&h?ns \2&3)8“ the QEMaY use iy
mﬁnt i orpd izggdfétfélvé?a@)e pﬁtﬁmﬁ?}ﬁ)&t%h amrlﬁeali’tﬂl_zrec'p‘ln(mﬂi@lnﬁtﬁrsmél fﬁﬂoﬁbés?ls fof it hI S

t he sane, rerera 1t he u eferred,that the
bover ages of CKABPEBAR SroNe SPUET LG i issks v DISPRES 7o bdingy 32
conmpounds of ageiit.in kHesfobdthdustryl 3bttead mandr Bx anmdiefiol), or Idirectly as a malt syrupl )
Acet al dehydel, 20 ppm 20% (ii) Ethylform ate0.24 ppm 20% (iii)

Ethylacetate?§’40 ppm 20% (iv) Isobutylacetate 0.05 ppm 20%

25 In one aspect, the present invention relates to methods of producing said malt compo-

sition. The methods preferably comprise the steps of:

(i)  Providing barley kernels from a barley plant carrying a mutation in the gene
encoding MMT, causing total loss of MMT activity;
30 (i) Steeping said kernels;
(iii) Germinating the steeped kernels under predetermined conditions;

(iv) Drying said germinated kernels;



15(v) 1-Propanol 13. 80 ppm 20% (vi) Isobutanol 9. 60 ppm 20%
(vii) Isoanylacetate 3.43 ppm 20% (viii) 1-Butanol 0.23 ppm 20%

(1 x) I'soawpl2aloowbas8 52. 00 ppm 20% 20( x) F%hyl hexanoat e POTHE2pgwns20%  ( Xi )
n- Hexyl acet at e0. 01 ppm 20% (xii) Ethyloctanoate0.33 ppm 20% are
characterized by having a score value of at least 1, preferably at |east 2,

nore 25preferably at |east 3, even nore preferab | egst yet nore

et eranl y et areearoRu Ol b manpE e DperuBroRicveLs S ek SRS oper ti es

I(whetn czlletS er meﬂ@rﬁp@ﬁtlhdeﬁagrrinbﬁde iproEf@dTWBO(Qn]g)ftEé Méﬁrﬁﬂs@é@?ﬁﬁéd(t@@][g@s?f Ialat t

eas .0, r era a €as ; I1)"Freshness” score or a eas
PTggTaans Bolon 5t3°lafa

2.5, prefera preferably at least 2.9, yet nore
preferably at least 3.1); (iii) "Drinkability" (score of at |east 2.5,

preferably at least 2.7, nore preferably at |east 2.9, t nore preferably
D 1 cact> 3. Oyloweyes. a0 Ooh S saBcre BRE Gy Sl sad aty ey pisb DR BRANEN cCor e
of at |east Jrdsenbih@émivAbduchals rh&Bsds fdr grodUBticR dbspédalgrhitsainclue@g) b ridt ;
(v) "Estery" .gﬂscgre of at |east 2.5, greferably at least 2.7, nore

pref erabl y~ atliMitgd g, methods\plrogsipa e Belbr abl y at | east 3.0): 5(vi)

"Al coholic/solvent"” (score of at least 1.5); (vii) "Floral" (score of at

|l east 1.7, preferably at |east 1. 9? o (viii) " Hoﬁpy" (score of_at |east
1. 8); Interestingly, DMS is a rather volatile compound with a’boiling point of 37°C-38°C

10 (Imashuku, supra), and during malt production, for example during kiln drying, the
composition is generally subjected to heat, such that substantial amounts of DMS
evaporate away. However, during cooling of a normal malt composition, more DMS
may be generated from DMS precursors (DMSP). One major advantage of the present
invention is that no, or only very little, DMS is generated in the malt composition (cf.

15 Example 6; FIG. 5A).

Methods for reducing DMS contentration in malt have been described. Many of these
methods rely on heat treatment of malt. Said heat treatment may simply be heating of
malt, for example during kiln drying.to volatize free DMS by application of steam. Thus,

20 steam treatment of malt may reduce the levels of free DMS in malt. However, these
methods mainly reduce the level of free DMS in malt, but only affect the level of SMM
to a lesser degree. As noted above, it is preferred that the plant products of the
invention, such as malt compositions comprise low levels of both DMS and SMM. In
one embodiment of the invention, the malt compositions of the invention have only

25 been subjected to limited treatment involving volatizing and removing free DMS by
steam, or alternatively have not been subjected to treatment involving volatizing and

removing free DMS using steam during kiln drying.

In one embodiment of the invention it is preferred that the malt according to the
30 invention has not been treated with a bromate salt, such as potassium bromate or

calcium bromate.

Malt may be further processed, for example, by milling thereby obtaining milled malt.
Thus, the plant product according to the invention may be any kind of malt, such as

35 unprocessed malt, or milled malt, or flour thereof. Milled malt, and flour thereof,



nore preferably the follow ng properties (when determ ned as described in
Exanple 7): 10 (i) "Freshness" (score of at least 2.5, preferably at | east
2.7, norewvpnefoawaisBy at | east 2.9, yet m)ég pref erably &CTIDaeey/@odp; (ii)
"Drinkability" (score of at least 2.5, preferably at |least 2.7, nore
preferably at least 2.9, yet nore preferably at least 3.0); 15(iii)
"Aromatic" (score of at |least 2.5, preferably at |east 2.7, nore preferably
at least 2. 9FoMpliss chapical compplsrds ef e malt ehsihogesd eacinal Ak e ePpelst
2.7, nore pred prghinaé. | east 2.9, yet nore preferably at |east 3.0).
20Thus, it is preferred that the beverage according to invention has: (i) A
"freshness" score of at least 2.5 on a scale of 0 to 5 when evaluated by a

gr gf essi onal lm@ﬁaetodb?ﬁw?tioa@df tae irl(vieh?orgpr'gtyrdébgya@hbr}i%%'t _tmmbettsquréiérab@aelﬁt

. on SCale O 0 en ev uat e a Proression as pan ;

oo 81 e st 2 s PRI Mned Tobver mp B Eeahly Bins sk 8. St 1 o

?l when eval uaketlthHeymaestDrDfigg $iee MaNS tiaskeitioanak prad@deddthaf the maiconfisibys
avor" score

f at least 2.5 on a scale of O to 5 when evaluated by a
or of 6ssi onal 0 ReavaRiHe PGB ABTPHSE 211 MORL QLT BEPRI L MO IS of ¢ he
beverage is afeferadiycatimbst 5 pgplsvM, Table 1 in the colum "null MM to
which Mx 1 and Mx 2 are added. In particular, the present

invention discloses that the presence of DMS in a beverage 35may nmask an
estery fmst eln Apesdetiedgdpect the inv@nfdh pldjides mek compbbiory tASEdmprid¥entieon to

WO 2010/ 063288P é(gKZOO%\/REYSOtzhw 44 ovi de bgever agEi t hat 8 ve a hi gher
score for estéYtadle@P arNet 15 Mosh PO qrePieerally PLEE &ershy DPAMED taste
panel - pref erabilaplyat tifeamnbschol a@dr&adsoameé rr:@fst Z8 pptefsd DQISIgTTéIﬁﬁt&‘on-, itis a
conparison wth a verage prepared in e sa mapner, but conprising at
bt 100 ppbBRES BREHEde dos Pa gL B IVEORT B eBUeH B e gt e

1000, preferably at the most 500, more preferably at the most 250, even more

15 preferably at the most 100 ppb, yet more preferably at the most 50 ppb SMM. It is also

preferred that the malt compositions of the invention comprise at the most 1000,

preferably at the most 500, more preferably at the most 100 ppb, yet more preferably at

the most 50 ppb DMSP.

20 In another aspect the invention relates to green malt compositions comprising at the
most 5000, more preferably at the most 2500, yet more preferably at the most 1000,
even more preferably at the most 500, yet more preferably at the most 250, for
example at the most 150 ppb DMSP. It is also preferred that said green malt
compositions comprises at the most 200, preferably at the most 150, more preferably

25 at the most 100, even more preferably at the most 50, such as at the most 25 ppb free
DMS.

In another aspect, the plant products according to the invention are syrups, such as a
barley syrup or a barley malt syrup. The plant product may also be an extract of barley

30 or malt.

In another aspect, the plant products according to the invention are wort compositions
prepared from malt compositions derived from barley kernels that carry a mutation in
the gene for MMT, causing total loss of MMT activity (cf. Example 6; FIG. 5B). Said

35 worts may be prepared from null-MMT kernels only, or mixtures comprising other



5conparison with a beverage prepared in the sanme manner, but conprising at

| east 50 ppb DMS, such as in the range of 50 to 100 ppb. Said higher score
for esterwyotamwwe3iss preferably at | east O % poi nts, prefPeraK2goswtsodidéast 0.7
points, for exanple at |east 0.9 point hla mhen theestery taste is
determ ned on a scale fromO to 5 as descrlbed above. 10 The invention also
relates to t hods of duci ng the a gve- men i oned . bever ages refe ably
Comr | oi ng t HEmesasaval TReTveRtl s Balnia ¢ob brpos tars mr et vSraad

gerrri nat ed RMMEMEQ}(@F pah§theaegf IdldrBrd?(h(ﬁﬁéd With Stﬁedcmdneﬁmggﬂ\mrgn into a
everage; thereby obtaini a bev e cont es an e
referan y I GoRRbHERIBALBE St ch serunaBigior alerwitie 565 ek coBBanons e
preferably | @@eﬁ/ ﬁdweelﬁloﬂpbonem&onnaf & nitefeethéleby In ?@'ﬁarélhém/oit@oﬁ@bmti@r\'en
nore preferab

| ess .than 5 p et nore refer det bIe DIVS.
o one. i of e PEBTE AT RuRr ST HEVTaE BUneRanS CHvo T e See0s, ke
processi ng Smlpbéﬁgrmﬁl'tbye q@miasesuu@treueartmé\gommh nietity feAp@pamitibn of
conposition, for exanple, g of the t hods descri bed herej nabove, and
tole'gebrab

fermenting s3iof iRgp ma I PreRaRRd DLINENG EaielEy WRies N2 BavH G s

beer - may bermeyfmmnghfrrgomermé|t/wateaa@%pdssmumrmb>te@Isﬁmérﬁyntgd aiths. Ml t,
contriputes to be avor.  and col or

in addition to ho ast
T ot or 6. RO RO g e o g LENS for S EIA BASER. SRaro EAGIRNES- as a
source 1f enzjRsted /éers;@h@dmrﬁdtearreegynesemykaéwmfb &Intdin geasalevelisas efsynids,

30beer production is shown 8, while detail ed descriptions on
ot hods T or - Rk PR A wih il e NPBRITRYS raim s afrasEay Tor IR | cat i ons

by Briggs et cahver{id®8ad/opsdradogeterationainclutih@heratibier fedesamine Gittogehy
updat ed net hods for anal yses of barley, nmalt, and beer products are
avai l abl e. These include, for exanple, but are not limted to American

Assdtzci ati on( o ofeee@BbdifdeandiIhes inkdRm) theA@tipeatuctoay )Béyanﬁnglt&l Bmfld?gwhichf
35Chem sts 992), European Brewery Convention (1998 and Institute o

B evi G VD MBS SRR 1R OB ESPUHOS LIS BRI - 11 1 recogni sed  hat
many specific procedures are enployed for a given bremery, W th the nost
significant vyariations r I.n to | ocal consuner ef erenc

rethod of pr JHBRTTY: DEArhsip DY ek P TROSIShE THOBAE Mt SUTREY mal
conposi tion Qfatérhﬁa;ﬁg?é?rﬁ ao@mRt t®geth Mﬂ@ésﬁi@&ﬁe makhifg peasg- (vlchexanid e beer
malt drinks, or non-fernented wort - , for exanple, be obtained b

any
of the met hogendieed ?B@dteﬁé'PB|°ﬁﬁl§d(}@t'”g/WPPe§W”b%”zMr@ﬂ&F’%@P'W@ﬁ'ﬁ%&” g mal t

conposidg on. shb&rdtdd. Puried %sﬁ'ﬁg{%ﬂlg@ﬁiaﬂ‘tgs Peabatbd Gith Watid, RicRhbeadry Thévol ves
boiling said wort. During ot her ingredients nmay be added, such

as cereal syingysatian tﬁeﬁgrat%&emr?ﬁ@ asteBk (SP1AFHALAESIRG). Hrasedudly t he

typical bitt a{cr@ds@dalrncarwefe@reawbo@m%rﬁt%@mnfau haShinG@rhpdratufs do&y fot @ksed
causes aggregation between poI yphenol s and denatured proteins, which may

preci pi tate dQr¢ReemPhsinssditexieedPdsestys fob@é?mﬁlPétﬂﬁl@tt?bWaSW%o boi | i ng
of wort may ¢aHS&EaRYSRAYBkiiPthedhnydbR30°Cao 69N RUAESS in tAE katlend 5BAGto

However, as

25 69°C, for example in the range of 55°C to 65°C. If the initial mashing temperature is to
high, it will affect the enzymatic activity in the mash and may reduce, or even abolish,
desirable enzymatic activities, which will result in an altered quality of the wort. In either
case, soluble substances produced in malting and mashing are liberated into said liquid
fraction. A subsequent filtration confers separation of the wort liquid and residual solid

30 particles, the latter denoted spent grains. Said wort may also be denoted "first wort"
After filtration, a "second wort" may be obtained by sparging with hot water. Non-
limiting examples of suitable procedures for preparation of wort are described by Briggs

et al. (1981) and Hough et al. (1982).



15not ed above, wort prepared fromnull-MMI barley contains little, or no,
DVS, thus making it possible to reduce substantially the boiling tinme of
such wor tw0 2Afotes288ei ng cool ed, the wort 5; t ransf er r ed PCO/II20008050351 on
tanks containing yeast, preferably brewer™s yeast of the species
Saccharonyces carl sbergensis. The wort wll be fernented for any suitable

time period, generally in the range of 1 to 100 d. ring.the.

0oeyvor al < daf TR oSG, AP oo Bt be CobRisaf. 71 HBRULY SHhieclpe ol and

gog , concolrri tbamﬂd;.yrbn@i ridh-tidned d@wgéiﬂmrﬁ;r@ﬂrsswmg of & 3¥Mbingd hﬁaﬁ@i@@ﬁ@l rlefe(;redl
ubsequently, the beer m e further processed, for instance chilled. It
e o b ot WAl S e ang Sy B BEe e Bras By lacuret s  Heieh

aroma and a kebss uyahistprodiktibmytieer Mope ansifleduentig atdded Broraslgsithg. Furt her nore,
CO2 may be added. Finally, the beer may be pasteurized and filtered, before

it is bottled or canned. Various methods are available to deternine whet her
a barley pl amhe@orecophpdiitiop hglsdo be preperangdndubatih@niirVEYbPledpfaneor Vi ng

a mutation in th ene for MMI, caus total 30l oss o functi on.
Bt o onucartherstrsusB s, amaugh A bR e s 1ae 5 e BN BN ORNTPIOM ¢ he
pl ant ut i:)lNiA\Z egitébné ehAydndel lﬁmbulcasj @ﬁyrlnytbmpoﬁﬁ&brﬁs, ot éhzhyﬁmh&iUBe kamnpesiggrumis of
genom C , ut ev ar r t extracts, suc as wort, conpri se
O nom ¢ Da erap S Ratl el (Npeymog) TieuoT B BaSian Bay 28 BEeroRih o
bleer , wdcormsrngsaemgmn@ai @ alPbiid G ereRbalep piitits, oBladdlelsdf, Sor @hmMKY bavley

pl ant product, it

may . 35 est abl i shed _whether th | ant. from whi ¢ch the
BN e STV e i R T S R R e
nutation in }p?ﬁicl@ﬂém@l@éewl chﬁ@dﬁ&i(ﬂl@]féialblwah)-b@_s&rW—S,Wﬁhﬁﬁglml\;ﬁ"_nb%), afdibd
mut ati1 on cou , or exa e, . be an t he tations 1 n the ene, .
G e R RN e g A B L
genonm ¢ DNA iy obmordél thie atbréyiedivyied 2akythedretdradding i eragnmeaiN@RE ORGedr by
anpl i ca{# pn-?%(g nmet hods, including 5PCR-based nethods. If a particul ar

n

mutatio PEYTBP) MMT is assumed, then pol ynor phi sm anal ysis may be
enpl oyed, for exanple SNP anal ysis. Such anal ysis may be perforned as

descri bed hereinafter .in Exanples 13 an 7. The skille erson W.ll be
et o e B AR oL R ot Y AP i e SR 4 AT BN PHOLBIRARAGIG O use
vv:th ot he(r]I deltéislﬁétSfidaﬂy,Qiahéy ostha]grtvieﬁgobrrr@altrﬂdsd @dled tdgethér witremalppvgrynment i oned
pant pro uct s nty are repar el I O, rie ants carrylin tation In
the gene for SRRpMakorter AESENEowE of GHiotDexeaR Prants GRYMERGH R ASRA L8 vs.
absencef bamitey tdMNE prdPeftictiddf 6arldyNTmir-01@0:0, oreng: 28, 605080,i0rd6Tat | ve of
whet her said plant product is prepared fromnull-MMI barley. Accordingly,

exam nation of the 15 plant product by western blot analysis, or other
protei n anal ystraditioial biewilg MeRoderthdwolNes bt dotd Bhg &M@l ysgederadin thy rarideer

MRNA anal yses TRNCE P e Dedcoste honalaf 2R A oA S h Sl g when

DMS, which is volatile. However, extended boiling is undesirable for a number of other

25 reasons, for example because extended boiling requires pronounced energy supply. In
addition, said boiling may lead to the generation of undesired Strecker aldehyde off-
flavors. According to the present invention, wort with low levels of DMS can be
produced from null-MMT barley even without extended boiling. Thus, the wort
according to a preferred embodiment of the invention is boiled for at the most 45 min,

30 even more preferably for at the most 30 min, for example for at the most 15 min. It is
notable that even if a wort is extensively boiled, DMS may still be generated from
DMSP over time. Interestingly, the wort according to the present invention maintains a
low level of DMS, which is substantially lower than that obtained after boiling a normal
wort.

35



The amount of SMM and DVMS in a plant product nmay be determ ned by any

sui tabl e nethod. SMM may be determ ned essentially as described herei nabove
in the sewODi20n/d6B288pari ng barl ey plants V\dﬁéh a total | o®sTAK2DeMISDII6NA
MMI™, wherein is described 25determ natioh"of SMMIlevels in a barley
sanple. Thus, SMM nmay be determ ned by coupling it to a conpound, such as
OPA, and det rm n fl uorescen for s a UPLC system For
 quanti t at 1 Jeonatda ERESIARBE Shno RUEBHTA S8 e el A T o SWM
peak nmay be debjectati fearbSd Hiokids washBgRUBSdRen®aBIng of Wbe aadpHatts of both
DMVS and DIVBPésucFaéas SW, the latter conmpound neasured as DMS after
activation, &BEHRUPRr ably deternined using high resol ution capillary gas
chromat ogr aphy. Tot al DIVB in sanples of wort or beer are defined herein as
the quantita |ve m.of free DMS and_jts precur sor forms denot ed DNVSP.

Using th s déffRidoe ‘%’%C%[U%‘Fﬁtloﬂqﬁ of fhepplipm comprize leg: thga &P Pe npl e can be
35det er m ned pagetabfy |6k them 26@pb Rdreatefetplyabsd BN COBRBE Lsved mdsretdr@emlyl ed

sanpl e, pref | e bo t I|n condi ti ons
ot T s B Pk YRR ol Ros reta Opb SEHnpisre e st e
non-boi I ed sampbeyet n@?@'ﬁ%f@ra@lﬂﬁi@étéc&a@éﬁl\ﬁalah@/ov\@ké§tﬁa(h goessbUpRféradgl s of

total and free Chem cal nutagenesis In order to generate barley

pl ants carryi§f§ tlaar}ﬁg Bk (SYr‘PrPﬁerWé‘bgé?ﬁs tBAE 34 PAk q\\/mmqggggqf?f@blydqsgﬂhqarbgg of
MMT actqiovi ty ppeCit ﬂidﬂ@ pfcferbbI§ 1d¥5888 0 by, @0EH Ridre Brefehbly Ic3E A BIPRE leveh

barl ey nutants ca repare by any suitable nutagenesis nethod, for
10exanpl e by rrﬂ%%ptﬁ;%raefg ¢aple genesis of barley kernels - a nethod
that is known to induce mJt atl ons at random Muitagenesis of barl ey nay be
perfornmed usi_ng an){ mut ageni zi g% chem cal. Preferably, however

per formed by PSRN REPIKEEn@ R ?%G%R@h?@feseﬂ 'G’e”f'))” rﬂ‘aé’t@t'$9159fol9€ sur Vi vi ng

kernel s ger mcBabBsitidrid, fdawRdnpwsiaom, vl ﬁagﬁan@é favﬁﬁlraté‘r‘igl & sﬁrona'hfétm ant
generatjon growi ng fromthe nutageni zed kernels, referred 15to as M,

cont ai i het EPERYSR bRy AR GATE 3 HIaton e MerashaEneeinehble sousna i

col l ected af & of ®IMT B&HMItY FIddQBdnoSIti6RS, BrfekEmbR, AraytbRebiMlard fbBnatedas, in
whi ch a given nutation segregat es into the correspondi ng heterozygotes and

hombzy got es. MENESANA GNBERP® TRy KeEtals RRR TRHE reath SO GPApa MiXT
treating a siabsihgbhi, hehitn pradlins e ot Bevdiaialompkingibakibp, tarieqt ment

will contain sone non-mutant cells and a variety of cells having
nut ati ons. MIYAPFGHY flaked. ideq psextiuded Bprley Gampagiions- W&Pd(ﬂ?@”ﬁ@?'t'?r@a@rto t he

germlize, MeRAEMPE, m@aetcb@pgménslc%rﬁdﬁsﬁqarbgﬂéy kdrReBLdrRESNoLR. FRRYrARW reR! | S
that devel op into reproductive tissues, which contribute to devel opnent of

generation MMateil pgMpetians arp desibranprainfeleWon ef fici ency, al bi no
chinmeras and al bino plants may be counted in generations MO and M,

respectively. Scoring nutant nunber as a function of surviving pl ant s gi ves
an estimate fIHF ITUGELOR ISP rdeests metwae of thamianePodeets dgseived Meralufiver as a

function of fe&%bl@dthéﬁfmtl&’ﬁ Pvdrdespbhieearidnh RednipRaiGoN Brepbrdadiyh Sk@ME ki on
effici e2ncy and kernel kil
(i) A composition comprising a barley plant, or a part thereof, carrying a
mutation in the gene encoding MMT, causing total loss of MMT activity; and

(i) A malt composition prepared from null-MMT kernels.

30 In a preferred aspect, the present invention relates to beverages, more preferred to
malt-derived beverages, even more preferred to alcoholic beverages, such as beer
containing low levels of DMS, wherein said beverages are prepared using null-MMT

barley or parts thereof.



It is notable that cells have quality assurance nechanisns at virtually
every step of gene expression, possibly to noderate the effects of damagi ng
mut at i onswoQnw/0sed88- st udi ed exanple in eug ryotes i s nomsemgeoompdiatsed nRNA
decay, denoted NWVD, 35which prevents the @nthesrs of potentially

del eterious, prematurely truncated proterns

2010/ 063288P / DK2009/ 050 ual ch 2001; t al
2007) . I NNEMUS, 1§ BRFTRAE BIOBRETSHL (i 1UaHen o BIF=ds DpYSsPdRR Florgrefarest o

posi tion rel atdiveerived Beveraddseaverinstctretarat ng akbedR Heseralybld, aUtDBS bé&at
generate prenat termnation (nonsense) codons, denoted PTCs, sonetines

e
i ncrease thesﬁtg&@vgra@?saft’%qrﬁat‘gw% spliced transcripts that skip the
of f endi ng 5mut ati ons, thereby potentially savr ng protein function (Mendell
and Dietz, 2001). PI re 10Cr devel opnent can be_seen as a
engthy Br ocess. ihat LBSHAS Siebh: KRGt (5% G oo oY e B al {555 #i26hm ¢ he
perspective of a planp pbb&ﬁ/éﬁrmorbfﬂalré?er%b@'pe&fthgrﬁl1H®Mbrye‘BHtoTre preferapll &6 t hat
has a | ess desirable overaII rofil e of agronomc aits than do current
Commer ci ol vari et es M R Yl Bl BHIUGIeRB N cT Shth Jet RO AN el | on,

the objective is accaé@bmmkma$m @mﬂmide agronom caly useful barIey pl ant s
that carry a 15 on in ene sing total .| oss
funct i onal WA (R abrs 18R X0 GoBrBSTeral KT e A0 PPty RioReDEIaGaY P Yot o s
\thi fh also rray be C|OBGlpﬁbr@‘énlnﬁbrbb@ef_@ﬁablyﬂéssgﬁﬁanfpbﬂgje@nWﬁ@fl PIIpR arhill lgx8l ti ng
arley variety, inc ut not Iim to n ield, kerne| size,
ond par et or " that . TAoEP R HEl oI ETARY e Fiencr PR BYThGORODEIT S fmnce.
Since many - if not abldetec@hblesssiiM.traits are under genetic control, the
present invention also provides nodern, honpbzygous, high-yielding barley
cultivars which may be prepared fromcrosses wth the null-MJVI barl ey
plants. Ker nelis prfferfdictiatthie beYerab @Rt e prey byl fermeRiion aMUTEVIRIT krey-tdaout
functional MMI enzyne. The skilled barley breeder will be able to cross the
nul | - MMP bar IPa{fs f1eaenl, efextraesitharesiti fonexantme by kreenstion gt vesy Pfﬂdaﬁﬂé%“s'%ﬁtd
subsequent | y o3l £68uRB%AEYALARTAU L5 PAIBAIS: iR RYBBalisPhiltS oltfe} Flrdcfed. t 11
superior cultivars. Such off-springs are al so considered part
present invention. Al ternatr vely, the barley breeder may utilize plants of
the present ipyanbi %tt&r?rtwoweﬁtswtregmm th@pORREIAL & MFefritby ar s
derived from null-MVT bar barl ey plants according to the present
i nventi on mapewerage.fes @@mnlmwgrte@qter@lsewept@aéﬁst:fmrmnhtl;l\/tl\di mal- Sigialebl e
schene. o9 V0 2BLBHAAAERRREE PESORHBRAHRAITEL 0Ll hal b bRAMRIS R new
nul | - MMI' barley ant by crossing a first parental plant wth a
second par entigna %ﬁ‘ baneymlaims or paies tepreot peeferaplytfragt U@é@' YT bagley
nul | MMI' bar | gy, ts:/,d'i/ﬁ’datrt's(?ﬁ@flebfy both first and second parental barley plants
represent a E)uln barl ey variety. Thus, any such of the follow ng methods
using the null-MVI 5barley variety are part of this invention: selfing,
backcr ossi ng:ThErb%§§r'a 8 ntay JROPHRAIMtic b@@é’rab@%ubh k& noMalcoRbIRNBer BF QL‘HH%Ed
using a nul | - MMl y variety as a parental generation, are within the
scope &4 t hi i“”idﬁ@éﬂ‘t)fi @ﬁohcrhﬁéteueraags tSHefs as bP%ﬁK@h@@mlb%@rﬁgeérﬁ%rﬁSet i es
derived frompygydhy | - MMM barley variety. The null-MJI barley can also be
used for genetic transformation in such cases where exogenous DNA is
i ntroduced and

Preferably, however, said beverage is prepared from a malt composition comprising
null-MMT barley kernels. More preferably, said beverage is beer. This may be any kind
30 of beer known to the person skilled in the art. In one embodiment, the beer is, for
example, a lager beer. The beer is preferably brewed using a malt composition com-
prising germinated null-MMT barley. The malt composition may, however, also com-
prise other components, for example other germinated or ungerminated cereals, such

as wild-type barley, wheat, and/or rye, or non-germinated raw materials that comprise



10expressed in the null-MVI plant or plant tissue. Backcrossing nmethods can
be used with the present invention to introduce the null-MVI trait of a

nmut at ed bwiol2el/qeBzwat | nt o anot her vari et y40for exanpl e, PCHtDK2a0va15hs
cultivar, such as into cv. Scarlett or cv. Jersey - both of which are
contenporary, high- 15yielding malting barley culti vars In a standard

backcross protocol, the orl riet i nte t, t he recurrent
paront ol pf agtoos of eetiortiBed B didle or UGS i mayab glding Sitp
non-recurr entcopbsitiéral. pl ant) carrying the single gene of interest to be
transferred. The resulting null-MJVI progeny plants fromthis cross are
subsequently crossed to the recurrent parent, with the process being
rﬁpea:1 ed unt ilt||s Qelﬁt&éllyetﬁo@rﬂltlgatiw&bVétitlﬁfdina?@e‘gbﬁﬁér@ieﬂ fllfb‘ﬁﬁlBMS'PaihblMdiaM of |
the c aracte s specifie e _recurr arent a ant are overe
- the. goner A FlsnBven ihnaray B oS il s e eant ook pBveage, Hsb OIS Y or
the nul | - MMT nidyaddeudlilateiéven @imrel BEWEVEit |s|caaf<ﬂﬁécml/e pt @Blpredevitinter@tlonyto t he

| ast - gener at ed backcrossed plant is sel f gi ve pure, null-MJTI breeding
progeny pl antpéov'dﬁ':tP‘i‘é’\‘?farQ@Séh%GP'ﬂt%‘l'Et'er’@f:ﬁ? r'%M? r?é’reﬁﬁﬁe'i%tor@lg@f erable in a
successful backcrossing proce- dure, the goal of which includes

i ntroduction of the null-MMI trait into the original variety. To acconplish
this, the gedSEPrEingly anpbiset afiee presentiaentionisite Pipvids basigy Plaskidoived t hat of

the nul 10 MMT be(érbbed, 5080 hBedtaBniaffiny I'é@@fhaﬁ@b%%abre%@m les¥iMdre2g ¥R ni ng
essentially all of the genetic 6)ropert| es fromthe ori génal vari ety

Al t hough bacFiqre8eafergblyirsstiiani20 APle eYPREFIATe PesieraR iessHRaEnerb. debmeb-érty

bei ng transf grdie@plySessfsh 1o geb ep %F@é@b@«hé@l tRan stppb SycPAforé PreferbiBly
backcross that of the recessive nul to accelerate the

process of pI”&rﬁ’tetE’&Faé’&jpﬁbﬂ Fighptoragesior af leasii! whake Prﬁfeirﬁlét’ Bbli§agi2 Werlsr BCER

nutants by appifb@dlyi 22 kagf 3 WesRd@ven hoks Sre?é?gbhz RIAUNRGSE 4 RBekL Sl S4RShe ThUsS,
35anot her aspect of the present invention s provide cells, which - upon

growt h thd  VeReERid/ @%Q%ﬁ@ﬁ”ﬁl@ﬁ@@%@@@@l@'ﬁaaﬁ Ple? BYRPIN&L? Qrﬁ”Q”tﬁ!ﬁ Selte

barl ey plant gshaietaindd6r abhthWAA 12 Fdhths, fof ExaX@ERbramorRtRAtbIIdydBRYStbigel ve
traditional crossings, preparing fertile anther-derived plants or usi n%

ni cr ospor e- cift PRHATHET Rbe FRSERETalgTY injtae FEangg 0f 3° (e I HH Cnayh Qﬁ'”ttrl'f‘eraﬁﬁ%é’éﬁ?
i nvention toipagrg.de barley plants that not only carry a nutation in the
gene encodi ng MMI, causing a total |oss of MMI activity, but also one or
nore additional useful mutation(s). Such additional nutations may, for

exanpl e i nclrypRembratii i9Prefbmed that merueeyragsélgcc%nm@tormeImv@ﬁwg&@ase 1
(LOX-1), such as a nutation causing a |ower |evel LOX-1 activity (for

exanpl e the GOPARETERERY PyRsHIon GSte Rﬁ@rt'%t‘%%”'ﬂ&ar 8'%@6“5’@?@ %3 Huma, A C

et al.), or aehethgéd @dboﬁcﬁrh@ioﬂge#]v@ﬁ‘mﬁb%hé@@fén@éd é@%l HHP&bioﬁthlc%HQh as
any of the mutants disclosed U S. or PCT patent

application V@Q?@E@POW@SPW%@BW'" Reeré?f 5¥amp'Pr7 553‘ tq)cW!t'é‘P“tPﬁ't”Qnt S

conpri sing apgenepy meéﬁﬁ/qH%rtS-‘réséﬁt ifvB At vuéé‘&ﬁ@'tl'ﬂébry% fheaw MvdisNgr &@nSEQ
ID NO 2 or SEQ I D NO 6 of S. Pat ent 420,105 to Breddam 15K et al.

nul | - L3R 1 nﬁpﬁencéso‘co‘%'g@ﬁngéi‘/"wr?ay%thét?@{?é’h‘ﬁ‘hﬁ%??é’éo?o&f RMetiaARd fagrent
applicationsgfagsyl d provide, by itself, a raw material for |owtenperature
Kiln drying in the malting process of bar | ey. A conbi ned

nul | - LOX- 1-nul | - MMI' doubl e nut ant woul d, however, 20be superior and highly

useful in therserMynardntdidsht YrabRmtisRrdalcieddmiindl ByRXpbfeRMnal taste panel.
In embodiments where the beverage is beer, then the test panel preferably consists of
30 professional beer tasters. Herein a "professional beer taste panel" is also referred to as
a "trained taste panel", or a "specialist beer taste panel". Although there is good
knowledge that DMS per se has a profound effect on the taste properties of beer, some
taste panels may exhibit a tendency to generate inaccurate evaluations of multifaceted,
sulfur-like flavors. The reason is simply that panelists remain inappropriately 'calibrated’

35 as a consequence of differences in their flavor perception. This complex obstacle was



MMI activities would be inactivated. Such barley plants nmay be obtai ned by
crossing barley plants according to the present invention with those
descri bedwpDreold/m328Pat ent No. 7,420, 105 or ,PCT pat ent appCroma20@ms080s5

2005/ 087934 to Breddam K. et al. 25 EXAMPLES The exanples herein
illustrate preferred enbodi nents of the invention, and should not be
considered as |imti for the inventio 30 Unl ess rw se |nd cate
bas o ol ecuralefias BRPIERd HelSh AR RBe RSN SR P e PEPES Rghe!
nucl ei ¢ aci def aiﬂé@ét@ Ber ta%&ds At Sreiskilles idepicsliyasa vate hamduieplopanidsidussel

2001 WO 20 288P 09/ 050315 51 anmpl.e 1 DMS nmasks the ester
'Easte) of beeresé’ g‘l‘gi@f@f:? ?lSHE“ "SR P ?W{%’&%ESW notes is generally Y

considered difficult, even anong general beer panel tasters. Oten, the
beer taste paneli st usst eneric ter sul fur th nthe
et al T od” dHEH Pz saould e Eonk: ¢k Bastd borkde ohah 2Bt fadantsel S
E; Eo ;:har i’ict @0ipefsons Ssiich s Yo tBGQQJer%EE)FoFQmm}Qe @fﬂ@bérlsgﬂi‘d%tbh @fstéipanel

aster - ar ane were extensi v rap.n I N ra al oa
o o o e SR R W el alTae I 4 £t e égaﬂﬂﬁ?mn
of sul fur COfiplﬂétﬁm@/aﬁjat@mgha’st@bf@l@mekb@eﬂ@fs?ﬁl@?bl%c&fols;ﬂshlﬁfr comPBRents 4
corrponents a to ower Sscore or taste an
ot 0f "beer 2 kAR G ek deatodes: pane e S RrE heharelia® AR v S ng
thlef panel . BeejcaRdrgph 630 5smd<f@d/omaﬂﬁbultusgme@M@@btyrs@tdcwmslr@fﬁ tHeadréup ced
Su ur-contal nin co nen prese ane re askKe
P L ant o mna PG BRAE Mty it BLSRE g, betaceg, Doy Se ghabIny . oo
scale from Oaéﬁb@t&néétetyoaﬁolﬁ@msb%ﬁr& florBR@BpBE Fetousf mbRg tgfaihy) Chtimes, a
standard, conmmercial | |Iab§§ty rp;svs(eﬁ two, for the panelists, unknown

’a

sanpl es. 20 PHTMEREENQ ?E' Yy 145 €SS8sults of the average scores
froma test series conprising beer sanples spiked with ester and ester/DV5,

respectj vel The expected result was that dd|t|on of DMVS, n conbi ned
ehCetae ! 1n e LB BN uPGod e S rareer b T b B st T Lot ht
obéI ai ngd R% wekticogive tahmge@t Qéor@fﬂr)at Ielaﬁk@w ﬁfefehrtablgz alé)%@lﬁt tdobedn moree vvas
reauce 1 I N I N W t an t he scor

ronerey. " hereltBhh oetdast 36l olie PieTelamy bt e THS SRy g

taste panel’ ar@batlcvftasgrérﬂ ptcﬁ&ﬁ%s%e&ict‘@| feonh trRV@OUE CoTRAIAG bf arlbﬁ%\ﬁb Sestéry be
round’, as deter er. aroma

hi ghly depend on or. 30back h

oo trent o SBhafiToohAEr fbrh A oBPY Fo T HE P 455 LoVerae WIE Simier P8R0 o' P G
1B, ha: 1)) Ior owlbﬁltedt BAS prephfyd fidhe apvikistgby barr@yemf@ﬁblbﬂomr@wdwagmlnewreages
Wt ow eve

bever ages, tser/ B&P%@rmsa‘?{t ?‘r{ g‘% %%t%fﬁéa@g%@ iq §e ?'HP . hd Itr?egbes"%(r:ages

are prepared in the same manner.

Furthermore, using the above-mentioned approach, it is preferred that the beverages of
25 the invention have a higher score for at least one, preferably at least two, even more
preferably for all of the three general properties selected from the group consisting of
balanced, freshness, and drinkability as compared to a beverage with similar ethanol
content, and prepared from a wild-type barley, preferably from cv. Power, when the
ester/alcohol profiles of both beverages are adjusted to be similar.
30
Using the above-mentioned approach, it is preferred that the beverages of the
invention have a score value of at least 0.1, more preferably at least 0.2 higher for
freshness and/or estery as compared to a beverage with similar ethanol content, and
prepared from a wild-type barley, preferably from cv. Power, when the ester profiles of

35 both beverages are adjusted to be similar.



35synt hesi ze SMM - such that utilization of the corresponding raw materi al
in beverage WD 2010/063288PCT/ DK2009/ 050315 52 production not only could
enabl e f owogervarwasgson of products with Ie%? or no DMVS, [pat/pad20@/08031K

prom ses in inprovenents for the estery note. 5Exanple 2 Screening set-up,
approach 1 Kernels collected frombarley plants of cv. Prestige and cv.
Sebastian were incubated 1l0separately with the nmutagen NaN3, foll ow ng the
experinmental details provided by Kl einhofs et al. (1978). This procedure
was chosen begeson@it bitthe kRN apslicetidn, e éér/dicuhorpiadlepOtdtisidBiédioigens i n

t he barl ey genaom c DNA. t he experinents. ated grains of generation M
were. or opaga SR FED iyl reounas FlesHarF e ind RElon S e RS et
eventual |y yigdehiSt9ERarRbIET) RIeOPRIbevORges chRBRANE e Bf aRbentof2gene it {on M3
for screening purposes. Mitated grains of generatjon M3 were expected to

cont ai n Yyene CRIPAYTGRENERNe] if TaRfdncle sthagolgoptest iseonsiderge Ginglaafiids the

(Kl ei nhof s etgaak. 12K rBkratly thbSahet adeg. that M2 grains were not screened.
20l nterestingly, the present invention describes a rapid high-throughput

screening procedure for detection of M3 nmutant barley grains |acking MMI

activity, preyi,ding ol&iePhafberlanbes ot grw_eht*i‘ﬁ Lf%dféjl%ﬁaidrie _alfB%Héngef thdhus,

applicants found that SMM nmai nl'y acctnulated in col eoptile and primry
| eaf of germf(H@tNi'ngo%ﬂnﬂw,nd&ﬁH&f-Hia‘l!ngdétT@élei'b@ﬂCbEXW(?éin be perforned by
extractjgng am no acids fromcrushed | eaf tissue of 4-d-old 25germni nated
grains, followed by reacting the extracted amno acids with OPAto form
hi ghly fluorescefil pAcdlatlebydecf. FRQGppm)t20Pm practical terns, each assay

was performed by .germ i - mBr‘%) ol astic box with one piece of
VWhat man #1 fil ter('gpaaﬁpﬁ%}ﬁggtexm%% r%_fztﬂv@g grains fromeach of 94

30potenti al nut afitis &fd/ldcetatev | d23. y@pppls@0%s. The assay was repeated for
mul tiple, potential nutant grains ésee bel ow). At the begi nning of

germination, 25 &) ofsopdlylaratels 44O BEMEdOt® said plastic box, followed by

addi tiopal 15 nLgf HaRoMaiser atq1Rs6lpph 128847 nation. After 4 d of
germnation, 1-3 cmof |eaf tissues were transferred to storage pl ates

(ABgene), in whi ¢H) edsohughok he 962.60 pPmi=2(fd;:| s cont ai ned a 5-nm  35di anet er
%a;glgleggBSQgpr&%%b/y%gééfg %_Qé/ée{rlﬂvi)zo%;xt ure of water: nmet hanol : chl oro-
(viii) 1-Butanol 0.23 ppm +20%;
(ix) Isoamylalcohol 52.00 ppm +20%;
20 (x) Ethylhexanoate 0.13 ppm £20%;
(xi) n-Hexylacetate 0.01 ppm £20%;
(xii) Ethyloctanoate  0.33 ppm £20%.

are characterized by having a score value of at least 1, preferably at least 2, more
25 preferably at least 3, even more preferably at least 4, yet more preferably at least 5,
even more preferably all of the following properties (when determined as described in

Example 7):

(iy "Balanced" (score of at least 2.5, preferably at least 2.7);
30 (i) "Freshness" (score of at least 2.5, preferably at least 2.7, more preferably
at least 2.9, yet more preferably at least 3.1);
(iii)  "Drinkability" (score of at least 2.5, preferably at least 2.7, more preferably

at least 2.9, yet more preferably at least 3.0);



53 form The plate was then shaken for 45 sec at a frequency of 30 Hz in an
MM 300 | aboratory m Il (Retsch). Subsequently, the plate was transferred to
a centrifwgeo(0ResmAt a 460R, Hettich), and,spun at 4, 000 PCpMmK2009/583151 n at
roomtenperature to precipitate insol uble terial. 10 pL of the
supernantant was transferred to a 96-well 5 storage plate (Waters, cat no.

186002481), and m xegd with 200 pL_H20 and 60 pL of r tion solution
containing a 15, Gbb: PTG CRTBCLrECE! SpRTYBELNA S GO S0 &t
| houbat od ot 48 T are Ik C10  ht o bt ain & aUARLLEAL Ve der jvat LZat T on
of Sample anino 491 deEsiPyh sepk o gt st 2SRl At eert gk S eicterE at pped
Wi th at f Iduor escgng:re g%tseg_g,gyeé nga_préiereblﬁ/fahﬁeaém_gyati zedt mi i(t ur (ep\évas
separatea on a Z. 1X - ) (nni Cco 0 >-pm parti cles enonenex,
cat . no. DOA- 4439{8b) ,Alﬁégajl'd%@?’%’éﬁ @?Pree?f@g’géﬁt {39)’m' xi ng nobil e phase A (a
?O-nM ;\laHzlPOtﬁl_ bufii r:'Fla?j"q_gcﬁcﬁ_éllot@t|@%¢rt]178breaé1tdbnytabidagt pbﬁsg 5 Egh45: 45:10
V:VvV.V sol uti on, Q; etopLtrile: ~water as escri pe enonenex,
DofH ki

2006)]. Excitati 6Aof TRIAY; &FOESA ves was at 340 nm while |ight
em ssion was 15 neasured at 450 nm An exanple of a chromatogramis shown

e 2 ko8l BRSBTS SR e 2Pl

conmpounth was i ncluded, as the overall project aimwas to identify a barley
pl ant t hat Iackeg the_capacity to t hesj ze SfMVl i.e. lant fo i ch
the correspondi n§) chridfd W@Pa%?ﬁ@&igaﬁgskje&w%ﬁﬁbﬂy %ﬁea&?ﬁeﬁm 9re§ﬂ;§@m_ 20
Scr eeni ng set-up,h apptleast2.@ yLenmPagrp\lefeﬁd;b|yviat|ba§tkae1)gbove-descri bed
experinments int instant exanple, atte S re 25carri out t

oo bl sh & very (Fas DURALURY FOOHSOADIFbE S HET kel FFEs L IPTB P aPbly
seedlings | acEi ng actt Mgstl‘ﬂf\,gj yggﬁ]bfﬁﬂpre%ﬂélﬂl ¢labiBadtiBe0)f ap:j tha’;] sai ﬂ sefadl i ngs
can grow i n the presence -S ni te, praqyi that t ants
cont o et ve Mt NGERYE: Eone P el least s, PecrSiapBiat ogebs de Lot erapy ot
visually score for seedt2eys with reduced growth in the presence of said
Consi sting of 2008 el (Soorebtr FUaRSL rit A EFbhe R 15 Pely MAVS PRTaP G,
generation M3, were Rasc2d, ydl nigraptdferablyaykabi 3.0pd Wi th standard
Vermeculite growth nedi um suppl enented with 250 pM Na-selenite. Kernels of

the spikes were allowed to germ nate and develop into -15-cm | ong

seedl i 5. AThosal is pfeféied hhbihkDeobragaateiriing byerntdduzed growh , i.e.
seedlings <15 cmin length, were transferred to 35fresh soil and allowed to
devel op further. However, none of said plants were found to WO

2010/ 063288PCT/ Dig2 009/ "fre ks s'Sebohayieat @2 SthnNMcafe bl Viot 5/ whé@s edgigedbygd by
conparison with w il d-ﬁ%g | evel s of EMVI Accordi ngly, the above-descri bed

screeni ng approach yP PrAbEREPAEE a"YRH was therefore terminated. 5

Exanpl e 3 Potentiigl mutam=diilPActetdlat BhstDS 243 sabie 080868 viNRINGvaubRidas)
kernel s, _of barley cv. Presti astian, respectively, were

and cv. S
screened for SWM con?é’ﬁ?fef%?’%??ﬁberm afgf%ﬁ Exanple 2), with the aimto
identify those hiighl wnreduesid flavors ddle epatiest 2V8hea ecapaf @cb Bivhbnwi | d-t ype

grains. Only 2 potenti al ants of th eneration were identified,
narmel y grains of sarrﬁ}’%“%tga ¥ ad¥YeEY_rd \t/aeslvge g? AYOrpr st i ge, and

herei nafter denofied Mut"astery flavor" score of at least 2.5 on a scale of 0 to 5 when evaluated
by a professional taste panel;
30
provided that the ester/alcohol profile of the beverage is as indicated in Example 7,
Table 1 in the column "null MMT" to which Mix 1 and Mix 2 are added.

In particular, the present invention discloses that the presence of DMS in a beverage

35 may mask an estery taste. Accordingly, it is an objective of the present invention to



158063, a designation also used for grains of subsequent generations; FIG
3B), and grains of sanple no. 14,018 (derived fromcv. Sebastian, and

her ei naf two 2devessd Mut ant 14018, a desi g%?ti on al so usedTaogr@Edas of
subsequent generations; illustrated in Fl 3B). Grains of each mutant were
propagated to the M4 generation t hen harvested and eventual ly

re-anal yzed. The, result v f| ed r ai nt 8063 20and Mt ant
018 I o Pl SIS avs Bider Jute M et Ba YIPisas CaE | o
separ at e expeyalBRl, g\éﬁ&hlﬁﬁﬂabﬂe%n@ﬂablﬁé&!rébly\@&ra#%@daét@ puRéliok ¥t ehaty Mut ant
8063 and Mutant 14018 | acked MMI' enzyne. Grains of the nutants and the

cor r espondi ngambeds tyipa cpMaAtPNMites BererrgrRiedated in the saRISMaRIEr4AW on
filter paper%o 'Ega{ BadtaioB pb%ﬁ\@%d&ﬁ%%rh P r ﬁﬁgﬁ%o%@% QOM"B 3br|\,f§1%fre{red

to an Ep endor contai ning 250 nogeni zed using a

pi stil. ol | @wnﬁgr@nl\miw hevesagp @ren@neﬁﬂrm@etsame raennes, o comprising 8t Ipastd0 t he
liquid ext ra‘bbb‘t‘ﬁ\ﬁs fEuéﬁQsYM the randdor3h té1§ aﬁd i FQJQ: F@f&?%gt% Ta@t@ |§DS
sanpl e buffer. By using t same | mmuno- ne escri Exanpl e

12, and an alrreieieblyst |€tah‘b0 §m@t%rﬁ>r¢feww aéﬂﬁasb@apom é@ﬂee@rﬂphe eowtag

exanpl e, pr Otp%In@ﬁu Rér, mgmr?ee%w t%%fe%s%étetrr%eéfoﬂ eéE%rétﬂd?ﬁ‘@q 53 TdELAeRd
kernels were ectrophoretl cal separated by size and app?l ed to western
bl ot anal ysi @bOVlEhe absence of a stal ned 120-kDa protein band, correspondi ng
to MMI,igrvas noted for the size-separated extracts of Mitant 8063 and Mitant
14018. However, ‘a 120-kDa protein band was clearly visible in extracts of
ger ni nat ed wiThginvppeorkelppegiates [ methedy of Bedesing ierryoveranandenad kevefagere

west ern anal éfi_ééam tdnd |§m?tﬂ§@£{§§%9ﬁ SMWMin extracts of WO

2010/ 063288P /DK2(¥09 50315 55 tant 8063 and Mutant 14018, but presence
of SMMin extracts of wld-type kernels (cf. FIG 3B), substantiate that
Mut ant 8063 and ta ,;HJ"QQI the MM
trait. 5 Exanple IW M?)I%’O actlélﬁa?wﬁeﬁnggﬁlgﬂgﬁngr%ﬁ@%t éﬁté&é%gmnﬁgﬂﬁeﬁas

enzyme tatal yzes (It)heF’mC@ﬁelﬂefsaléfmaAt GREAegition i@ g bevei#gSAM t o Met, formi ng
SW (cf. FIG 1B). Using [3H SAM as a substrate, in which the methyl group
is labeled with tritium transfer of said nethyl group can be nonitored by

sci nti | | at i otheseRnehtagingra kaverageeataintg kepe thea P8 nPbnprefegals/mes Biarada PRt ed
charcoal . Th*?ndr@bl;eﬁféraﬁgrr&%tlﬂéh %Nps'e dvBg rr?dt'@?f;eﬁ‘@rtasly |é)s'étth£}P‘i5 br;E&‘ yReMbe

synt hesi zed, | abel ed oduc Pinenta e % i1's all owed for
det er m nat i orWerﬂaMVer%dhﬁr\‘/ﬂQp@% %\/ﬁa NENR/PESPrEBIN @SS thareS PEPt Yot MPEe BieferAkY as
describgd in E)&@[‘g&lteﬁﬂ@ pMg extracts of 15 shoots of each of Mutant 8063 and
cv. Prestige |G 4). Data exam nation verified that MMI catal yzed the

formation of SMMin wld-type kernels, a property that was absent in grains

of Mitant 8063onLPreberAiinfbaRiment, the beverage is beer. In this case, the processing step

preferably comprises preparing wort from said malt composition, for example, by any of

the methods described hereinabove, and fermenting said wort.

25
In general terms, alcoholic beverages — such as beer — may be manufactured from
malted and/or unmalted barley grains. Malt, in addition to hops and yeast, contributes
to beer flavor and color. Furthermore, malt functions as a source of fermentable sugar,
and also as a source of enzymes. A schematic representation of a general process of
30 beer production is shown in FIG. 8, while detailed descriptions on methods for malting

and brewing can be found, for example, in publications by Briggs et al. (1981) and
Hough et al. (1982). Numerous, regularly updated methods for analyses of barley, malt,
and beer products are available. These include, for example, but are not limited to
American Association of Cereal Chemists (1995), American Society of Brewing

35 Chemists (1992), European Brewery Convention (1998), and Institute of Brewing



Pilot-scale malting and brew ng of null-MJI kernels of Miutant 8063 25

Mal ting and brewi ng anal yses with malt of Mutant 8063 and reference nmalt of
cv. PowerwDrroolosazsst he fol | owi ng st eps: (',\)}Ger m nat i on, PCm@KdémFoRseepi ng,
to generate green malt, sonetinmes followed by kiln drying to obtain kil ned
malt; 30(ii) Wort preparation; (iii) Wrt separation; (iv) Wrt boiling;

(v) Fernentatio .wort with the yeast Saccharomyces carl sbergensis; (vi)
Lager i ng of k8 Tas(Sion et sy SPEF TG PRERI SRS S RGN BUVET1 ng of
geer : (V\Df ZOb%\/%@,ZﬁﬁﬁﬁK/nﬂggQi@QiﬁQ&lfﬂ@é@t@ﬁs F@gtir]{@ﬁb hbbdau&mtm&ﬁ/g%fa@ﬂbss?/.

ower (reference sanple), . t was, use r brew ng. .t sanpl es
were 1 bed AGUEh ks R G DeenaL et WED eSS HR eS¢

Mashi ng-in was performed at 60C for 20 mn, followed by a 5-min ranp to
65C, at which tenperature the incubation was continued for 55 mn. The nash
was 5t heh appghfdeplt @mpostionohthealpremsntaied ReyR@os i ifHding RaSATRIC RFter a
5-m n i ncubatMrinRYRS GHFEHAERMEY— ARG R eRASpIE NS LEAUDY lanf bt fheat i on, a
1-h-long boiling step, and separation in a whi r?pool . A 7-d-long

f er ment at i on mathgefisrdesgribegiereinabgvegWert mabe pigpgieddronnsrie maltreogipesitionyl ass
bottl es were according to specifications for standard brew ng practice, for

i nstance as described by Briggs et al. (1981), and Hough et al. (1982). In
total, 100 33helfirgstep a&dpragedgpagelrom mwerbelerahyy nvelves balinarsdid wer. ring- t ype

?rgldt mutgnt  Mabing loindPigrebien nRVe eahcBVER N £V&ksal sruBS 8F hdpRdGhefeimink! - WMT

latter component may provide the typical bitter and aromatic beer characteristics.
Boiling of wort also causes aggregation between polyphenols and denatured proteins,
which may precipitate during the subsequent phases of beer production. Also, boiling
of wort may cause evaporation of volatile compounds, including DMS. However, as

15 noted above, wort prepared from null-MMT barley contains little, or no, DMS, thus
making it possible to reduce substantially the boiling time of such worts. After being
cooled, the wort is transferred to fermentation tanks containing yeast, preferably
brewer's yeast of the species Saccharomyces carlsbergensis. The wort will be
fermented for any suitable time period, generally in the range of 1 to 100 d. During the

20 several-day-long fermentation process, sugar is converted to alcohol and CO,,

concomitantly with the development of some flavor substances.

Subsequently, the beer may be further processed, for instance chilled. It may also be
filtered and/or lagered — a process that develops a pleasant aroma and a less-yeasty
25 flavor. Also additives may be added. Furthermore, CO, may be added. Finally, the beer

may be pasteurized and filtered, before it is bottled or canned.

Various methods are available to determine whether a barley plant or a plant product is
prepared from a barley plant carrying a mutation in the gene for MMT, causing a total
30 loss of MMT function. Plant products will in general comprise at least some genomic
DNA from the plant utilized for its production. Thus, malt will contain large amounts of
genomic DNA, but even barley or malt extracts, such as wort, may comprise genomic
DNA from said barley or malt. Also barley-based beverages, such as beer, may
comprise genomic DNA from said plant. By analysis of DNA in a plant product, it may

35 be established whether the plant from which the plant product is prepared carries a



20Beer was brewed frommalts of null-MVI and cv. Power as described in
Exanple 5. During the malting and brew ng processes, |levels of free DV5S and
DVBP wer ewOebsvass2sed i n green and kil ned Hrglt (FI G 5A) pcapkaeddosexsi n t he
correspondi ng sweet and boiled worts, and also in the finished beers (FIG
SB). 25DMS and DMVBP | evel s were determ ned essentially as described by

Hysert et al 1980), with s speci f e usi.ng st ati c _headspace
aschr omat oty e Songd it 6 R ot 15 e MND o ehioE s GG or o)
Sanpl i ng was cpaafmrgminmélwegar@rbfw EIEtiens npe VI TgerldSestObdbrambBeve in

DNVE and OVEP TeSSRPE s Cb P MR S alte Somomls PHATebe snaized by | °°
obt ai ned by bai uiéwg r’hbmoaeﬁmﬁetslsé@mmglcﬁ@y@ﬂdﬂbatﬁinhﬁswm&ml incBmgf or 1
DS | eve . | RORibateh Belbdy it eiteJer gt s e op b s RS unel s
level s in theolfiorssreardlysis maymé dnigieyddVRrieRample SNP bespaadButy analybiei | ed
sanpl es was defined

o equal th nmount .o I P. T t|t of
o e Bt seome e atiBed DRt L DR s i i e SRl sy
al ., supra). wnmalaé@dM&%&cmémﬁmb@mm@&amgmgu@eer

brewed with nu |t 5 Seeking to est blish how a prof essi onal beer
taste panel onéﬁr q%fqnéto-rgg‘ﬁféta&”@dﬁ%tﬁ &'beer brewed with null-MT nalt,

a profifce tastl ng was perforned on beers neasured to contain 4 ppb DVS. As

ref erence wasf thé bbovEefieationet pint beguctefonktare phepaidal fremiberidesantgrcamiagd
using malt of cv, i i

r. 10 Prj to.the taste anal |s.t e profiles of
beer Jenter s abiandnie darbdapmhten@ings i dersisy MY Plokiomdtestrasings ve.
ana: ySIZ Thebbare dPbaiey MP\N\MRN&JéndhﬁMMW\pﬁﬁethN@j @sdﬂe&dmtuv@éfvar?ether
analyze conpoun e test isti ng
of et hyl acet é?g’ pﬁ’?’ﬁ&?h??@ﬁdéé‘%%&aéed %?m nd WBE‘W oé‘P%Ofd'”ﬂJy e@ﬁ”'ﬂ%tt?” Oztﬂk?the
b_ee_rI brﬁslfved b&mpﬂmdnul Hyvb@éferﬁ'@ldtaniale@&ﬁWﬂ&artphgémfdgélyEMOoHb’ayg%T PO bebjad
simil ar eve ose avor - tiv unds t hat cont ute to a
St andard out Sy erabER Sty ARy MRNATERARS ol i nedeBiRg. Sch anmkSis
make a hi gh- esd @rpapetilar weéfl wndrahegthnt brdott inaiafts. Therefore, Mx 2 -
consi sting of isoanyl acetate, ethyl hexanote, and ethyl octanoate - was

spi ked into beer of cv. Power nmalt (Table 1), while the beer of null-MJT
malt was spiked with 20both Mx 1 and Mx 2. The above-descri bed beers were
then te ted M 18£qﬁ$son-l arge trained beer taste panel, which eval uated
20 spe an i butes - each on a scale, or score, fromO to 5
(FIG 6). 25 As detailed in FIG 6A for the high-ester beers, there was a

notabl e ef  egi.ap | AERSERA M o ARG AMARLLILAYIES ol B8ie

very-| ow rewed on nu as ‘conp ared ard beer
spi ked t o thenesfaore SMiV elay t}dlctﬁ’nemlrm&ssnm;/esttdestefdbeﬂdmereamaboué irt the section

aromatic-fr aglsr%ggrlrﬁé gé’r%&fp rragﬁg %ﬁﬁ%‘i’otaﬁxg‘ r])fI fﬂra#_lp% q\@@ﬁ'" Q{rﬁpé% ‘s c!\é\égrl Oomal t,

whi ch was spi ke ester profi ere was noted a
enhancezb per defrmmatiod ot ldMdevainini bdrieygaame. ﬂ'has'cSMM neayabendsthionined) by hat a

oL o B AR et € Sho AR A

aronmati c beer co oun ana i on’'on t t hat
DVMS i n beer mbaskmgtahdPlt@sysdenf Ful eqsmtitatiae msmrenfenameamrorfnbw@m araghi ch

represent | MQLLANG S 'sRE Dk REY Hettermined.

30 For a more precise measure, the amounts of both DMS and DMSP (such as SMM), the
latter compound measured as DMS after activation, are preferably determined using
high resolution capillary gas chromatography. Total DMS in samples of wort or beer are
defined herein as the quantitative sum of free DMS and its precursor forms, denoted
DMSP. Using this definition, the quantity of DMSP in a wort or beer sample can be

35 determined as the difference between total DMS (measured in the boiled sample,

preferably in a sample boiled at alkaline conditions for 1 hour), and free DMS



35freshness is assessed. WD 2010/ 063288PCT/ DK2009/ 050315 58 Table 1. Ester
and al cohol anal yses of beer. Concentration of flavor conpound Malt type
Added f| avore10/ea2s8r conmpound cv. Power nh|J7I -MMI' M x 1 WCI/THK2009R30315
Acet al dehyde 1.00 1. 20

(measured in the non-boiled sample). Example 6 details preferable ways to measure

levels of total and free DMS.

5 Chemical mutagenesis

In order to generate barley plants carrying a mutation in the gene encoding MMT,
causing total loss of MMT activity according to the present invention, a very large
number of barley mutants can be prepared by any suitable mutagenesis method, for
10 example by the use of chemical mutagenesis of barley kernels — a method that is
known to induce mutations at random. Mutagenesis of barley may be performed using
any mutagenizing chemical. Preferably, however, it is performed by treating kernels
with NaN; (cf. FIG. 7), letting the surviving kernels germinate, followed by analysis of
off-spring plants. The plant generation growing from the mutagenized kernels, referred
15 to as MO, contains heterozygote chimeras for any given mutation. Progeny plants
collected after self-pollination are referred to as the M1 generation, in which a given

mutation segregates into the corresponding heterozygotes and homozygotes.

Treating barley kernels with NaNj3 is not equivalent to treating a single barley cell,

20 because the kernels after the treatment will contain some non-mutant cells and a
variety of cells having DNA mutations. Mutations will be lost in cell lineages that do not
lead to the germ line, meaning that the goal is to target the mutagen to the few cells
that develop into reproductive tissues, which contribute to development of generation
M1.

25
To assess the overall mutation efficiency, albino chimeras and albino plants may be
counted in generations MO and M1, respectively. Scoring mutant number as a function
of surviving plants gives an estimate for the mutation efficiency, while scoring mutant
number as a function of treated seeds provides the combined measure of both

30 mutation efficiency and kernel Kill.

It is notable that cells have quality assurance mechanisms at virtually every step of
gene expression, possibly to moderate the effects of damaging mutations. One well-
studied example in eukaryotes is nonsense-mediated mRNA decay, denoted NMD,

35 which prevents the synthesis of potentially deleterious, prematurely truncated proteins
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(Maquat and Carmichael, 2001; Wu et al., 2007). In NMD, a termination codon is
identified as premature by its position relative to downstream destabilizing elements.
Mutations that generate premature termination (nonsense) codons, denoted PTCs,
sometimes increase the levels of alternatively spliced transcripts that skip the offending

mutations, thereby potentially saving protein function (Mendell and Dietz, 2001).

Plant breeding

Crop development can be seen as a lengthy process that begins with the introduction
of a new trait. From the perspective of a plant breeder, this step often may resultin a
plant that has a less desirable overall profile of agronomic traits than do current
commercial varieties. In one preferred embodiment of the instant invention, the
objective is accordingly to provide agronomicaly useful barley plants that carry a

mutation in the gene for MMT, causing total loss of functional MMT.

In addition to the null-MMT trait, there are other factors which also may be considered
in the art of generating a commercial malting barley variety, including, but not limited to
kernel yield, kernel size, and parameters that relate to malting performance or brewing
performance. Since many — if not all — of such traits are under genetic control, the
present invention also provides modern, homozygous, high-yielding barley cultivars
which may be prepared from crosses with the null-MMT barley plants. Kernels of such
barley plants provide a new raw material without functional MMT enzyme. The skilled
barley breeder will be able to cross the null-MMT barley plant of the invention with
other barley plants, and subsequently select and develop off-springs having traits
which result in superior cultivars. Such off-springs are also considered part of the
present invention. Alternatively, the barley breeder may utilize plants of the present
invention for further mutagenesis to generate new cultivars derived from null-MMT

barley.

The barley plants according to the present invention may be utilized in breeding efforts

according to any suitable scheme.

Another objective of the present invention is to provide agronomically elite barley plants

that comprise the null-MMT trait. Accordingly, the instant invention also is directed to
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methods for producing a new null-MMT barley plant by crossing a first parental barley
plant with a second parental barley plant, wherein the first or second plant is a null-
MMT barley. Additionally, both first and second parental barley plants represent a null-
MMT barley variety. Thus, any such of the following methods using the null-MMT
barley variety are part of this invention: selfing, backcrossing, crossing to populations,
and the like. All plants produced using a null-MMT barley variety as a parental
generation, are within the scope of this invention, including those plants developed
from varieties derived from a null-MMT barley variety. The null-MMT barley can also be
used for genetic transformation in such cases where exogenous DNA is introduced and

expressed in the null-MMT plant or plant tissue.

Backcrossing methods can be used with the present invention to introduce the
null-MMT trait of a mutated barley plant into another variety, for example, into another
cultivar, such as into cv. Scarlett or cv. Jersey — both of which are contemporary, high-
yielding malting barley cultivars. In a standard backcross protocol, the original variety of
interest, i.e. the recurrent parental plant of interest, is crossed to a second variety (i.e.
non-recurrent parental plant), carrying the single gene of interest to be transferred. The
resulting null-MMT progeny plants from this cross are subsequently crossed to the
recurrent parent, with the process being repeated until a barley plant is obtained
wherein essentially all of the characteristics specified by the recurrent parental plant
are recovered in the generated plant, in addition to the transferred genetic set-up for
the null-MMT trait of the non-recurrent parental plant. Eventually, the last-generated

backcrossed plant is selfed to give pure, nul-MMT breeding progeny plants.

Having a suitable recurrent parent is preferable in a successful backcrossing proce-
dure, the goal of which includes introduction of the null-MMT trait into the original
variety. To accomplish this, the genetic set-up of the recurrent variety is modified with
that of the null-MMT trait from the non-recurrent parental plant, while retaining
essentially all of the genetic properties from the original variety. Although backcrossing
methods are simplified when the genetic property being transferred is specified by a

dominant allele, it is possible to backcross that of the recessive null-MMT trait.

A way to accelerate the process of plant breeding comprises initial multiplication of
generated mutants by application of tissue culture and regeneration techniques. Thus,

another aspect of the present invention is to provide cells, which — upon growth and
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sequence of the barley MMI gene, irst step was to purify genomc DNA
(gDNA) from I%%f?é%orﬁ‘fc“@urﬂlgdﬂ‘éfh%ﬁl ey seedlings, cv. Prestige, following the
i nstructions provided by the supplier of the Plant DNA Isol ation Kit

(Roche, cat.no. 1667319). WO 2010/ 063288PCT/ DK2009/ 050315 59 Next

ol i gonuc,5l eot |H%35P|aﬁﬁ‘@qu%r‘t@é§ieg¥i%%”ﬁ Bventan t ravite Wpéaé‘ém@ﬁb@té’ﬁbfodl ng
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tenpl ate, standard PCR anp ications were carried out with 6 different
priner sets, aﬁﬁ’é’”ﬁ[ﬁiﬂ‘%@&ﬁ@ﬂ%@é “WfUWPt@HorKP)eSPP%F%t'QW' Taktien® Mapgiof wi se,
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the transl ati onal start codon d 2, exons 4, exons 4 and 5, exons 5

and 9, exons @ adReatian causNIL BT IpYel Al 4O (“?tWEY (fai W@”&?ﬂ%tnﬁ’ﬂ'ﬁ%‘tﬁéfaqﬁsé'f'b‘il%e

transl afg onalin PR PESHNG) 6,660,985 & Dbmﬂaa&@r snarytdrcmdtaﬁbﬁﬁcé a4 8ffiplete
gener at ed DNA fragrrents s anni ng exons 2-4, exons 4- exons 5-9, 10exons

9-11, and exdss of FOKS! fU(E‘P OrFF‘@?h P anypfdhe H‘éﬂ&ﬁt%ﬁs%{%%’ inAkLS aps%tﬁrhté\dp
generate 7,420,105 or PCT patent application WO 2005/087934 to Breddam, K. et al., in

particular mutants comprising a genomic sequence of the gene encoding LOX-1
according to SEQ ID NO:2 or SEQ ID NO:6 of U.S. Patent No. 7,420,105 to Breddam.
15 K. etal.

null-LOX-1 malt, as described in the abovementioned patents and patent applications,
could provide, by itself, a raw material for low-temperature kiln drying in the malting
process of barley. A combined null-LOX-1-null-MMT double mutant would, however,

20 be superior and highly useful in the brewing industry because both of the LOX-1 and
MMT activities would be inactivated. Such barley plants may be obtained by crossing
barley plants according to the present invention with those described in U.S. Patent No.
7,420,105 or PCT patent application WO 2005/087934 to Breddam, K. et al.

25
EXAMPLES
The examples herein illustrate preferred embodiments of the invention, and should not
be considered as limiting for the invention.

30

Unless otherwise indicated, basic molecular biological techniques were performed for
manipulating nucleic acids, proteins, and bacteria as described in Sambrook and
Russel (2001).

35



a DNA fragnent spanning the translational start codon and exon 2 (i.e. the
reaction with prinmer set no. 1 as listed in Table 2 and FIG 9), but only
react i on wotnfoaeszsswer e observed. Al though,the reason fecTm2e0disbiiscul ty
remai ns elusive, a remarkably high content of G and C bases in the gene

segnent of int erest m ght be the cause for failure 15in correct sequence

anplificati o% (ﬁiquent 'y, nunmerous conmmercially avail able PCR reaction
suppl ements —*@"'Hed to facilitate anplification of GC rich gene regions
- were enployed in attenpts to anplify a DNA fragnent downstream of, but

still containj the start codon of the MMI-encoding barley gene. Desplte
numer ous att E‘asgﬂth%?ﬁ?pﬁ% ?ﬁﬂo besrng gDNA tenpl ate failed with respect
to anplification of the 20fragnent specified by the prinmers in reaction 1

as listed in _Jabl eriments with lCtIOI’l of gDNA,
" Bl S0 s | G ORI 2R HOTHRAL T TR BV RM T SEar Py C iy i ren aniond

constitute agfetié}@'{ b@ﬁ@bnéleﬁmér@t eftémthabpdrithéte phhalidt 0destthe gbhigtchb®sone exon
1 sequence of the gene for MMI. Accordingly, 25total RNA was extracted and

purified fron?tl'fé@f raiper than H‘ednﬁ'iecﬁpﬁa'ﬁ|7§§’ SELYINORSs &gy MesERRLEn gé‘y 957 oyi ng
the corrponemsmf.a@daddn@waﬂo%gra%tentze% JiAsh/ e ProGreen Kit (QBI Qyene,
cat.no. 6045-050). Aliquots hereof were uséd in 8x2 standard RT-PCR
reactions [i.e. 8 conbi nations of prinmer pairs (Table 3), each with 2
reacti ofy buf fF%na;bin%@aaeﬁéhﬂséneef 4 8.3 dier-hfgstdanet h%'ﬂrﬁ)efré)\yvelﬁz@(téﬁ%ﬁé Pairklr iRCR
kit (Qagen, cat.n 210212 30Fragnent’s were separated on 1% agar ose
gels, with trﬁr@c:@gtﬁs@@mémoféhavryf@nwﬂwmmwnt%awrpr@aglv|r@wamg)tﬂ'a the coul d
onl v be obt aieAgHlo ¥ 4uPLriricRts oAy ek the QF% RiferQforhgit erest were
then purifi ec? us?ng t he QQQrE%tE(e “gel é%tractl oEn)ercl rp&a erq Ocat no. 20051).
Separ at e RT- PORPaRgIt$.f4 @raperahlgamm Fp lewehegoressior Ags esterylteste@ﬁd bedy piheerTabl e
3), in the presence of Qsolution of the aforenentioned RT-PCR kit. DNA
35fragments of interest were also in this case purified. Follow ng

i nserti®n of In Aeothefcie PhrIperimAms BMS wescEsPTivrhiItTDIe PasesBeer Bruples,
fragnents i ”%Buk&@%t%ud%%%c‘%nt%%%]&ﬂ $yd éﬁlﬂ%&wtaﬁﬁﬂ’g d&Pn oﬁéﬁg%@r‘észres%ﬂ%d

transfection of E. col he construct, he correspon

sequences of pthenangl. Mhgarere agkaddo deste ppg mth%m@ﬁem%@éfb@w" "eﬁery and
conbi ned, abopyredess LoALTEhIcNabSerlf 8% @ldrémef! Eubh biRoATsaibhyale @ genom ¢
sequence spanning the translational’ start op codons of the gene for
barl ey MMI oftadardpresmegially sEalabls Mx@r:@pd tvmrfgmf@ﬁ panelgifﬁmnlanwn $amePleRDNA and
genom cysequences, i.e. alignment of SEQIDNO3 with SEQID NO 1, it was
determ ned that the barley gene for MMI, as illustrated in FIG 9, includes
12 exons (in/nbi®1& 'Sﬁ%t?atﬁg}h%@w?sa&fé@ BYerage $aeresoinaM @itestisgries canwising) .

The derived %@bpéér@ééjsamm@stéroénd'\@ﬂerﬂjmgVres;?éc%‘%lygﬁne' %e&?é’ Fé’suff' G
10, and listed as Except for a and -*Tyr in

t he af or ementyagnieat, adg@'@i‘ @EBN@rﬂNﬁ@” gemeingd yite rster fattectonmegatively thPrpégieiV@é a
conpari son Wigkfarf é’t%tre 9$m6é(red 'f@fHéF@thnb@ b? |'Rﬁ@%th3é‘s,‘€e‘?%'ﬁ|3p leQ\QnseAtﬁQ%QQF 0;

SEQ I D NO 2) reveal ed conplete identity 11). Prlrrersfor
anpl i fi4fat i oROEY NeRVEFTABYREE - bleh%mﬁéﬂgémé@&ﬂn@quaw@ﬁnwcedﬂh@ fregre dartthafo.
property.

The above-mentioned results demonstrate that the specialized taste panel's ability to
taste a single flavor component appears to be highly dependent on the 'flavor

30 background' as determined by other aroma components.

The surprising finding from the taste tests, summarized in FIG. 1B, also provided basis
for the present invention by providing beverages with low levels of DMS, and barley
mutants useful for preparing such beverages, i.e. barley mutants lacking the capacity to

35 synthesize SMM - such that utilization of the corresponding raw material in beverage



PCR product ends * Forward prinmer (5 ->3" DNA sequence)** Reverse primer
(5'->3" DNA sequence) *** 1 1-1462 ATGGECTGCGGCGECGEGEEGACGIGG (SEQ | D NO
37) CCTTC®AAGBHGABEACTTTTCTGC (SEQ | D NO 43) 2 1268- 2212CT/DK2009/050315
AGGATTCCAGCAAAGAAAGAACGC (SEQ | D NO 38) GAGCACAGTAGTTCGCTCAAG (SEQ I D
NO 44) 3 2118-3075 GATTCTTAACCCCAATCCAGAGGEC (SEQ I D NGO 39)

CTGCATAATTTTTGITTGCCAGAGT ( SEQ | - 45) 4 2886- 4409
GGGTTTTGTTGA@EQQ@@%W‘%@& %@%ﬂa@'ﬁl}% 9Ay AHPRCABLRPFP BT RIERANMT P4 1 D

NO 46) 5 43@koWihSromises in improvements for the estery note.

5 Example 2
Screening set-up, approach 1

Kernels collected from barley plants of cv. Prestige and cv. Sebastian were incubated
10 separately with the mutagen NaN;, following the experimental details provided by
Kleinhofs et al. (1978). This procedure was chosen because of its known potential for

inducing point mutations in the barley genomic DNA.

In the experiments, mutated grains of generation M1 were propagated in field plots

15 through two subsequent generations, eventually yielding a high proportion of
homozygous plants of generation M3 for screening purposes. Mutated grains of
generation M3 were expected to contain gene mutations at a frequency of 0.9-2.3 per

10,000 grains (Kleinhofs et al., supra). It is notable that M2 grains were not screened.

20 Interestingly, the present invention describes a rapid high-throughput screening
procedure for detection of M3 mutant barley grains lacking MMT activity, providing lack
of detectable SMM synthesis during malting. Thus, applicants found that SMM mainly
accumulated in the coleoptile and primary leaf of germinating barley, and that detection
of SMM can be performed by extracting amino acids from crushed leaf tissue of 4-d-old

25 germinated grains, followed by reacting the extracted amino acids with OPA to form

highly fluorescent products (cf. FIG. 2).

In practical terms, each assay was performed by germinating — in a closed plastic box
with one piece of Whatman #1 filter paper (296 x20.9 mm) — two grains from each of 94
30 potential mutants and two wild-type plants. The assay was repeated for multiple,
potential mutant grains (see below). At the beginning of germination, 25 mL of tap
water was added to said plastic box, followed by additional 15 mL of tap water at 2 d of
germination. After 4 d of germination, 1-3 cm of leaf tissues were transferred to
storage plates (ABgene), in which each of the 96 1.2-mL wells contained a 5-mm-

35 diameter glass bead and 500 pL of a 12:5:6 (v/v/v) mixture of water:methanol:chloro-



TGCTGCTTTCGTGAACTTATT (SEQ I D NO 41) AAAATGGAGGCGITTACTGCAGAA (SEQ I D NO
47) 6 5130- 6459 CATATGGATCTGGACCGCAGCTTCTT (SEQ I D NGO 42)

CTAGT TGCTWQCAINTIGABETTAGCACC (SEQ I D NO 4 % *) Base pa&Co/Dentyarsidlg as
that of the genom c sequence for MMI (SEQTD NO 3; see also FIG 9). **)
Sequence at the 5 end of the fragnent listed in the col urm | abel ed " PCR

* % % '
i DR MR ot A A N B T R
anpl i ficati omwetatblyanit m&sagqsmu@rmypmewatbarakemnmed B & gertrilge NO.
T PO P oougk e isor! PRI Bl 5B o200 2 B SRS b s ™
NO: 49) GTACGH(igah cGRESIINEm SR 10QLNS th €D pePnantark WAS transferred to a 96-WeII
5 storage plate (Waters, cat no. 186002481), and mixed with 200 yL H,O and 60 pL of a
reaction solution containing a 15,000:45 (v/v) mixture of OPA reagent (Sigma, cat.no.
P7914):3-mercaptopropionic acid (Aldrich, cat.no. M5801). The mixture was incubated
at 4°C for at least 10 min to obtain a quantitative derivatization of sample amino acids
with OPA. Using a Waters-based UPLC system equipped with a fluorescence detector,
10 2 L of the derivatized mixture was separated on a 2.1x30-mm C18 Gemini column of
3-um particles (Phenomenex, cat.no. 00A-4439-80), using gradient elusion by mixing
mobile phase A (a 40-mM NaH,PO, buffer, adjusted to pH 7.8) and mobile phase B [a
45:45:10 (v:v:iv) solution of acetonitrile:methanol:water as described (Phenomenex,
2006)]. Excitation of eluted OPA derivatives was at 340 nm, while light emission was
15 measured at 450 nm. An example of a chromatogram is shown in FIG. 3A to illustrate
the elution profile of aspartic acid (Asp), glutamic acid (Glu), asparagine (Asn), serine
(Ser) and SMM. The latter compound was included, as the overall project aim was to
identify a barley plant that lacked the capacity to synthesize SMM, i.e. a plant for which

the corresponding chromatogram peak was very small or preferably absent.

20

Screening set-up, approach 2

In parallel with the above-described experiments in the instant example, attempts were
25 carried out to establish a very fast screening method for the identification of barley

seedlings lacking active MMT enzyme. Based on the fact that said seedlings can grow
in the presence of 250 yM Na-selenite, provided that the plants contain active MMT to
convert Na-selenite, a screen was designed to visually score for seedlings with
reduced growth in the presence of said Na-selenite concentration. In practical terms,
30 22,704 spikes — each consisting of 20-30 kernels — of NaNs;-mutagenized barley cv.
Prestige, generation M3, were placed in plastic trays filled with standard Vermeculite
growth medium supplemented with 250 yM Na-selenite. Kernels of the spikes were
allowed to germinate and develop into ~15-cm-long seedlings. A total of 812 plants
characterized by reduced growth , i.e. seedlings <15 cm in length, were transferred to

35 fresh soil and allowed to develop further. However, none of said plants were found to



ATGGCTGCGECGECEEEEGACGTGG (SEQ | D NGO 50) GCCGCCG (SEQ I D NO
58) WO 2010/ 06328861PCT/ DK2009/ 050315 9 1-200 ATGGCTGCGECEECCEEEEACGTGCG
(SEQ | D N©D 2810y0662BSCCGAAGCACT CGAGCCC (SEQ‘S%:E,TNQ 59) 10 PCIDK2009/050315
ATGGCTGCGECGECEEEEGACGTGG (SEQ | D NO 52) GGATGCGGAAGTGGAAG (SEQ I D NO
60) 11 1-247 ATGGCTGCGGCGCGCGEEGGACGTGE (SEQ I D NO 53)

CTTGGAGGT GGA S ID NO 6 12 131-200. .
mwoe%%@%@g %é&‘ﬁ‘é %aﬁ %rmﬁ)%@@é@w&w&a@e@w I D NO
62) 13 131- 2ZMNEKICCFf SR eE el MeCHACHBEIdG dr & d 4ppPN6achSidided no mutants, and

CGTGEAT chlsj ere oré ’%Irzrginlage)zdl.\IQ 63)

Example 3
Potential mutants

10 A total of 10,248 and 3,858 NaNs-mutated kernels of barley cv. Prestige and cv.
Sebastian, respectively, were screened for SMM content (cf. approach 1 in Example 2),
with the aim to identify those highly reduced in said content when compared with wild-
type grains. Only 2 potential mutants of the M3 generation were identified, namely
grains of sample no. 8,063 (derived from cv. Prestige, and hereinafter denoted Mutant

15 8063, a designation also used for grains of subsequent generations; FIG. 3B), and
grains of sample no. 14,018 (derived from cv. Sebastian, and hereinafter denoted
Mutant 14018, a designation also used for grains of subsequent generations; illustrated
in FIG. 3B). Grains of each mutant were propagated to the M4 generation, then
harvested, and eventually re-analyzed. The result verified that grains of Mutant 8063

20 and Mutant 14018 had extremely low SMM contents, possibly totally lacking SMM.

In a separate experiment, western blot analysis was used to verify that Mutant 8063
and Mutant 14018 lacked MMT enzyme. Grains of the mutants and the corresponding
wild-type plants were germinated in the dark for 4 d on filter papers soaked in water.

25 One grain of each sample was transferred to an Eppendorf tube containing 250 pL
H,O, and homogenized by using a pistil. Following a 10-min-long centrifugation at
13,000 rpm, 15 uL of the liquid extract was mixed with 5 pL of a standard 4-fold
concentrated SDS sample buffer. By using the same immuno-methodology as
described in Example 12, and an aliquot of the same anti-MMT antibody detailed in

30 said example, proteins of sample extracts of the aforementioned, germinated kernels
were electrophoretically separated by size and applied to western blot analysis. The
absence of a stained 120-kDa protein band, corresponding to MMT, was noted for the
size-separated extracts of Mutant 8063 and Mutant 14018. However, a 120-kDa protein
band was clearly visible in extracts of germinated wild-type kernels (FIG. 3C).

35 Combining the results of the western analysis with the absence of SMM in extracts of



14 131- 247 GCCTCCTCGGECGCCGTGCGACGECG (SEQ I D NO 56
CTTGGAGGTGEGEGTCGAGGACGACG (SEQ D NO 64) *) Base pair nunbering as that
of genomwozeguesse for MMI (SEQ | D NG 3)5 **) Sequence Pat/DiK2e0935088d of
the fragnent noted in the colum | abel ed FOR product ends". ***)

Conmpl enentary sequence at the 3' end of the fragnment noted in the colum

| abel ed "RT-P r ct s". ample 9 T ne encodi ng MMI of barl ey
Mitant 8063 Mowteapagns Hhisns 14016 Bl BeSenae st Gt pOes Aot Gitda: of
SMM i n bar | eycfseles 3BRGabsthnidié &1t MBROS 8063 exd Mete 140 Bvepresahismtmtiotanpl e
3), inline with the abse f MMl activity (Exanple 4). Based on this
finding, it Y& r??R?@Etloits%F/@Er&ﬂ'&t her base substitutions in the MMI-encodi ng
gene were caused by the original NaN3 nutagen treatnment of the barley
kernel s._ Consequently, 15attenpts were nmade to anplify, clone and sequence
sai d ger‘?e of Mutant 8063 in order to establish the nolecular basis for its
nul | - MT phemExawipte 4Havi ng anplified with 6 prinmer sets the nucl eotide
sequence of the wild-type gene for MMI of cv. Prestige (Table 2; detailed

in Exanple 8 sj.m | ar _approach fqll d 20for barley Mutant 8063. In
brief, genom %m{'%\gmsﬁfl@ G PWMEPﬁé" tant, and MMT gene-specific,
anplified fragnents thereof were inserted into vector pCR2.1- TOPO
(I'nvitrogen, _ca . K4500-01), cloned, sequenced, | oi ne EQ I D NO 8),
Sha 11Ty, d5RBMMEantTCaiRres e Snder SR gub RoMehBis Slstamg
identified i SMMecfPFIE. BN W&l [AIg|SAM bs afsubdieate) emahfchrthdviMBthyHgneBy & labeled
conparing intron sequences of nutant and 25w | d-type genes reveal ed a G >A
base t ransi ¢ MR T HEEer SF sahute Tt PP £ b8 MINIEIRasD: HETIRION SOYENSE SEG
! fo NO 8) . Saiaflel@fmvhlsof e Fen@ni?@?lr—lli_SAMIbk/ia@ﬁlﬁéd &la\(ﬁéodl.lﬂ'_[hre_%ttéi,co@ﬂr}_d%r\m% N .
af fect primr rocessin t he gene, i.e. ) C ni bal di an
Vet trer 1005mdsdie SiiGSRy bithedine i STt trsShibeer PR ShaPhb Bitena s
15 al., 1995). This allowed for determination of MMT activities and SMM contents, the
latter determined as described in Example 2, in extracts of 15 shoots of each of Mutant
8063 and cv. Prestige (FIG. 4). Data examination verified that MMT catalyzed the

formation of SMM in wild-type kernels, a property that was absent in grains of Mutant

8063.
20
Example 5
Pilot-scale malting and brewing of null-MMT kernels of Mutant 8063
25
Malting and brewing analyses with malt of Mutant 8063 and reference malt of cv.
Power involved the following steps:
(i) Germination, including steeping, to generate green malt, sometimes
followed by kiln drying to obtain kilned malt;
30 (i) Wort preparation;

(iii) Wort separation;
(iv) Wort boiling;
(v) Fermentation of wort with the yeast Saccharomyces carlsbergensis;
(vi) Lagering of beer;
35 (vii) Bright beer filtration; and
(viii) Bottling of beer.



To assess possible roles of the base nutation with respect to perturbation
of normal gene splicing in the MMI-encodi ng gene of Miutant 8063, a detailed
anal ysi s wa0mawsised out of rnutant-deri veg RNA i n or der PCO/Dded@atsoxHpl i ci ng
i nternedi ates. This approach was chosen b %ause alterations in the 5 GI

di nucl eotide of introns may |ead 5to accunulation of splicing internediates

(Lal et al. 9 fr i ntere anal Si S foI | oned t he
oo mennt | EReboh A SR Al ol BWG listerites ST Il & SRR HER P

lQ a?Fn, ca]E %ﬁewna QZélQéadrrluﬁés Wenraﬁhmé@ ahasherseg \Aﬂat%)rgNaH@dd@Had) 1g%dgfcsrr@mf ;
eaflets o see 1 Ngs O CcVv S an t urifie

e eaeri bed PRy MieSR B WER pRteried AL PO o7 28 T B IRER Y 3 Ranie

reaction was 66&$laﬂmhtt@m@€ﬂa|tméifhd|h&J@©lBﬂWa€@bﬁﬁhL}%ﬁmmmeXﬁ@m'ésﬁWéseXOﬂ 7
of transcripts for e Presti an nt 063 (FIG 12A).

Fol | owi iy anﬂ“?”ﬁ@é{?ﬁ’ B 1?&5’&@’6& Op?%QuE‘P”aC é@?& Ped tSS/a 888t r ophor esi s
on a 1% agar gsebg®in. (FIG 12B). 15 Exam nation of anplified products

reveal ed only a single band fromthe reaction with wild-type RNA (FIG

12B). This was excised fromthe gel, purified using the conponents of the

?’laexll kit GQosgfient BKr%gvg)ﬁybopefé}@ﬁi)nclddBEWdrﬁmtd réti@hoavgﬁlbﬁg bFiml?ngtép, PO
nV|trogen cat. - Ccl one an sequence a S _ .

enonst r ot od SIBALTHPESEHTRORIA £H855 BsmPRayve ROR BRGNS G feenetog, ¢
SEQ I D 0. 9) be6hialgasdreglagstsbtinys \ders @@uartng td gpstificatidnd for sthadard Peswih@g bases

442-1323 of the full-length c fo Lld-typ le

Based on ¢hi SN Aiern il usan At (R A Reed g T oy
wild-type gemﬁalexm 833 0bttied WBrdhaBERIth @36t derivel! fsm mbiabf wirsypé BRE niutarithe
previ ous para aph except for the application of purified tenplate RNA
from Mut ant 3 generated three specific DNA fragments - denoted Product
2, Product 3, Product 4 in FIG 12B - each different in length fromthat of
Pr oduct 5% anplified using wild-type RNA (FIG 12B). Accordingly, pre-nmRNA
process1 g is obstructed by the single base nutation in the 5 splice site
of 30i ntron Examglde gene for MMI of Mutant 8063. This scenario conpletely
abol i shes the use of said 5 splice site, but activates the use of cryptic,

cause for ob AN CEP IeyBlRCR st AT TAREReRT  agrent ¢ 10 ot ant

8063, each was prepared for DNA 355equen0|ng usi ng the procedure as t hat
describ d abave in

010/ 063288PCT/ 50315
63 deri SR B0 el BT a0 BV 4 ek X0 B | ong
E(3 Pr aﬁu?:t % [ drmulﬁhgsthelrﬁalgng?%%b@mmﬁg ﬂr@besseedeﬁmgméwtémecdnddm\élagwa;éé ol nt IrE onI 5

Il e Product an roauct

No 1) ver o S8 HRe iSeeD ) TRt Lgeath SarT At TG ey  he
882- bp fragnmant bbilanmvaitd, dnt e imid fmistied bdes;O(FIG)tﬂB)n above). DNA sequence
anal ysis of Product 3 revealed a cryptic splice site in the mddle of
intron 5, while that of Product 4 was in exon 5 (FIG 12 D). It also was an
i nportaag fi rmnsmn@DMmlew&mmuaemnemebweenytas dbssasBtety Hysnedt ar. e

E (r)a{lﬁleat ! onal(1938to ,pwiﬁ1osdu?fn?—sée%ﬁ@d%?ec?on using s Gétlc%egé)s%lage 823 C rgr%a o%sraa(l)phyco(rzloar di ng

350B Sulfur Chemiluminescence Detector (Sievers). Sampling was performed using an
automated apparatus (HS-40 Automated Headspace Sampler, Perkin Elmer). Total
levels of DMS, i.e. the sum of free DMS and DMSP in wort and extracts of green and

30 kilned malt, were obtained by boiling the respective samples under alkaline conditions
for 1 h. Samples were then subjected to headspace analysis for determination of DMS
levels. As described previously, the difference between total DMS levels in the boiled
samples, and free DMS in the corresponding un-boiled samples was defined to equal
the amount of sample DMSP. The quantity of free DMS in beer was determined

35 essentially as that in wort (Hysert et al., supra).



10base nunbering of genom c DNA frombarley, cv. Prestige (SEQ ID NOG 3)],
Product 3 [TGA at position 3088-3090 according to the base nunbering of
genom ¢ DM@ 2brooesisarl ey, cv. Prestige (SEQ I D NO 3)], amdTRdectsodds[ TGA at
posi tion 3289-3291 according to the base nbering of genom c DNA from
barl ey, cv. Prestige (SEQ ID NG 3)], yielding 315, 315, and 289 am no
acid-long transl ated proteins, respectively. 15FI G 120 provides a

gr aphi cal conparison and sunmmary of the sequencing results of Product 1,
Product 2, PExdnfgle 3, and Product 4, while the illustrations in FIG 12D
and FIG 12E provide specific data on the specific bases involved in the
events of alternative splicing. 20 Table 4. Priners to detect alternative
splicing of trastiggBeececmeadidngtibaullmmMvalt Pri ner set no. RT- PCR product
ends * Forward primer (5 ->3 DNA sequences)** Reverse priner (5 ->3" DNA
sequencer) ***x 15t 442-1323 GITTATGGTCTGGATATAAACCCAAG ( SEQ I D NO 65)

AAAT CCAGCAACARGKITJ X E£tar\ah (WOQ pridfdSelohd)bebb EastAdarzBavaluates pilot-scale

AGGATTCCAGCAAA SEQ | D CIGCATAATTTTTGI TTGCCAGA SEQ ID
NG 68) 1) FBrOMPEPERe PG MU GBI Bl ch PIREARRUGOES pertormed on beers
measured to contain 4 ppb DMS. As reference was utilized a normal beer of 76 ppb

DMS, said beer produced using malt of cv. Power.

10
Prior to the taste analysis, the profiles of beer esters and higher alcohols were obtained
by gas chromatography analysis. The beer of nul-MMT malt had lower levels in 3 out
of 12 analyzed compounds (Table 1). In the first taste test, Mix 1 — consisting of
ethylacetate, isoamylacetate, and ethyloctanoate — was spiked into the beer brewed

15 with null-MMT malt, to assure that the two lager beers had similar levels of those flavor-

active compounds that contribute to a standard ester profile (cf. Table 1). The aim of

the second test was to make a high-ester beer with enhanced flavor notes. Therefore,

Mix 2 — consisting of isoamylacetate, ethylhexanote, and ethyloctanoate — was spiked

into beer of cv. Power malt (Table 1), while the beer of null-MMT malt was spiked with
20 both Mix 1 and Mix 2.

The above-described beers were then tested by a 10-person-large trained beer taste
panel, which evaluated 20 specific flavor attributes — each on a scale, or score, from 0
to 5 (FIG. 6).

25
As detailed in FIG. 6A for the high-ester beers, there was a notable effect on the
perception of aromatic-fragrant flavors in the "very-low-DMS-beer" brewed on null-MMT
malt, as compared to a standard beer spiked to the same level. Higher scores were
noted for all of the aromatic—fragrant flavors assessed. Even in the beer of null-MMT

30 malt, which was spiked to a normal ester profile (FIG. 6B), there was noted an
enhanced perception of the aromatic—fragrant flavors, again showing that a low level of
DMS confers a positive effect with respect to perception of aromatic beer compounds.
An explanation on that phenomenon is simply that DMS in beer masks the taste of
pleasant aromatic—fragrant flavors, which represent important factors when beverage

35 freshness is assessed.



$) For RT-PCR using RNA tenplate of Mutant 14018. *) Base pair nunbering as
that of cDNA for MMI (SEQ ID NG 4). 25**) Sequence at the 5 end of the

f ragnent wot2eth/icses8he col umm | abel ed " PCF%groduct ends" PCTDR20@0pd18ent ar y
sequence at the 3' end of the fragnent noted in the columm | abel ed "FOR
product ends". Exanple 10 30 Expression plasm d encoding wld-type MMI
Because of the follow ng two observations: WO 2010/ 063288PCT/ DK2009/ 050315
64 (i) E coli cells lack MMI and the ability to synthesize SMM ( Thanbi cher
et al., 1998)rable 1. Ester and alcdhol andRys2gtof bddr. can be synthesized in E. coli
(Taganount et al., 2002); 5 heterol ogous expression of nmutated or truncated
barley MMIs in the aforenentioned b@&ﬁc%ﬁlr%n%f'f@%t% QVEy way to simulate
for, or confirmtheir | ack of, nn7yrn:11' L Cc activi 1'\]/ s reconmi pant ,
wild-type barley MMI fromE. coli Walitdpeserve as a pdsidedWavarentrol in such
experinents, task was to des] and congLIrgct am E.-Col I expressi on

pl gsm‘ d for ﬁ@f%‘?%?%@gus ex.[??’glg%\?' n_of" I?Mmiy MMVIT Mﬁ‘)?an’pl W)ﬁ/frel evant

sequences, total RNA was first extracted fromepmeafl ets of 4-d-old seedlings
of cv. Prestige etailed in le 9), ,and 1 pg hereof used as
tenplate in @EP&%Z‘X&%I RT- PCR regﬁt r(‘gpn, excépP that priner set 17 was added
to the react iE(g%fa;ﬁmafét ure (Tabl e Byg The anplbufi ed product was inserted
into vector p . 1-TOPO (I nvitrogen), vyieldi na pl asm d 8CR2 1- TOPO- WM.

Fol | owi ng cl &NIYRFEEHet he pl asmi d23te enti 184Pnsert wWh8¥sequenced (SEQ I D
NQ 5), and cosppatypdepitd h that of @yps Prestiges(SEQ ID NGO 4). Three

PCR-i nduced nucl eotide differences were identified in the cloned product
(T1310->A, TAg¥2raml and G3031- >AP:80gi vi ng 1888 MMTI ami no aci d

20substituti g leuA37-*H's, Tyr985p*Met, ag@pd yl011l->Ser (as determ ned
by conparing SEQ ID NO 6 and SEQ ID NO 7). None of the am no acid changes
wer e expect edsaavtasetdteini se acti oB.05f reconbi4dant MMIOBA a waldS®hat coul d
be of rel evaqg&itgﬂﬂt he instant appljscation. TBis conclusion was based on
the finding that the expressed protein was active and coul d be recogni zed
by anti-MVT dstainytadéabel{ cf. 25Ex&RPI0e 12) . 5ROQt, pCR2. 1- TOPO- MMT was cut

wi th Ndel - Ec | ing a 569-b el - EcoRl.,5" fragnment an 2699-bp 3
EcoRl fragnent.ylhl%ggﬁéﬂgf r agnment vvg'sdgidnsertegoﬁnt o Ndel EcoRlI - IdtlJ'ﬁseari zed
expressi on veetaxylgeEBlOb ( Novagenp.0dat.no. 69677-3), and in the 30EcoR

site of the rE?r?yLI'olctténno%tem asm d wasoizraserted bqg above-b’rBl?ti one&!1§699- bp 3

i |

*

Sum of 2-methyl-butyl acetate and iscamylacetate concentrations.

5 ** Sum of 2-methyl-1-butanol and isoamylalcohol concentrations.
Example 8
10 Sequence determination of the gene encoding MMT in barley, cv. Prestige

With the aim to establish the genomic diversity that underlies the difference in MMT
activity between wild-type and mutant barley plants, a primary effort was to determine
the DNA sequence that spans the start and stop codons of the corresponding barley

15 gene. To establish the previously unknown genomic sequence of the barley MMT
gene, a first step was to purify genomic DNA (gDNA) from leaves of 6-d-old barley
seedlings, cv. Prestige, following the instructions provided by the supplier of the Plant
DNA Isolation Kit (Roche, cat.no. 1667319).



fragnent, thus generating expression plasmd pET19b-MMI (FIG 13A). This
expression plasm d encodes MMI |inked to an N-term nal Hi s-tag

( MGHHHHHHMBIEB0/6ER81 D NO. 69) and an ente gkl nase site PETEH2DBDBKHS SEQ I D
NO 70). WD 2010/ 06328865PCT/ DK2009/ 050315 Table 5. Prinmers to anmplify the
protein codi ng sequence of the barley gene for MMI. Priner set no. RT-PCR
product ends * Forward primer (5'->3" DNA sequences)** Reverse priner
(5'->3" DNA sequence)*** 17 - 1 3267 CATATGATGCCT CGTGG ( SEQ

| D NO 71) GANEKE bAgehnliclebide hrin £ Gietd AEKigtdd to bildothé EDNR sédlienceBmsedipgi

ot onsi ons. UM L GEIBERECop ot ABIA et EhHOLH VRS SOt oo cop

codon, res pectémmaieystandard PCR ampnﬂcaﬁ@rmwmeza&tedtdmzﬁh BRI rent pinhﬁerfsét@gm@nt

noted in the | um | abel ed ." RT- s", .as defined 5t he
e e ot G SEEBCGR RIS aE ISE h LR EE PoBANWSS 4G PEGBIIIOTR RIBTHP e
underline. C@ﬁnéarméiom&yl ( dedovinR@edn oentétfﬁnstah@nélrsmmabnm{oe@, in
the colum | abel ed " R%’ t end ECOR qnde | i ned

transl at i onal®*8%H Y doTons c’°l ﬁéO’Ea ?”‘b EP‘i‘?BS sPREEXAR g2
italics. (including and upstream of the translational stop codon). Flve of the aforementioned six

reactions generated DNA fragments spanning exons 2-4, exons 4-5, exons 5-9,

10 exons 9-11, and exons 11-12 (cf. FIG. 9). One reaction also was assumed to generate
a DNA fragment spanning the translational start codon and exon 2 (i.e. the reaction
with primer set no. 1 as listed in Table 2 and FIG. 9), but only reaction artifacts were
observed. Although the reason for this difficulty remains elusive, a remarkably high
content of G and C bases in the gene segment of interest might be the cause for failure

15 in correct sequence amplification. Consequently, numerous commercially available
PCR reaction supplements — claimed to facilitate amplification of G-C rich gene regions
— were employed in attempts to amplify a DNA fragment downstream of, but still
containing, the start codon of the MMT-encoding barley gene. Despite numerous
attempts, all efforts utilizing gDNA template failed with respect to amplification of the

20 fragment specified by the primers in reaction 1 as listed in Table 2.

Alongside the experiments with amplification of gDNA, it also was studied if RNA-
derived cDNA of barley seedling leaves might constitute a functional template for
amplification of the troublesome exon 1 sequence of the gene for MMT. Accordingly,

25 total RNA was extracted and purified from leaflets of 4-d-old barley seedlings, cv.
Prestige, employing the components and instructions of the FastRNA ProGreen Kit (Q-
BIOgene, cat.no. 6045-050). Aliquots hereof were used in 8x2 standard RT-PCR
reactions [i.e. 8 combinations of primer pairs (Table 3), each with 2 reaction buffers], as
detailed in the instructions for the OneStep RT-PCR kit (Qiagen, cat.no. 210212).

30 Fragments were separated on 1% agarose gels, with the subsequent analysis
revealing that reaction products could only be obtained by using Buffer 1 of said kit.
DNA bands of interest were then purified using the QiaexIl gel extraction kit (Qiagen,
cat.no. 20051). Separate RT-PCR amplifications with primer set nos. 7, 10, and 11 (cf.
Table 3), in the presence of Q-solution of the aforementioned RT-PCR kit. DNA

35 fragments of interest were also in this case purified. Following insertion of the individual



10Exanpl e 11 Expression plasm ds encoding truncated MMIs of Mitant 8063 The
gene encodi ng MMI of Mutant 8063 was in Exanple 9 shown to contain a G >A
15base t rao=nto/wsessn the 5 splice site oé intron 5, thecemKaeXi50as5i ng two
cryptic splice sites that result in the e %ression of three abnorna
transcripts (cf. FIG 12B,C), each containing a premature stop codon To
confirmthat nmut a t transcr nonf unctj on
S0cor  espondih BRERSHE IR Rt Reh2 IO AT roest. sra R4sd LY PRS o an &
col i expressitansféeinadf E. asli g withhiesl chredtrat, tHet coresperidaiy BNARaGudiwesof t he
alternativel% Rllced transcripts specifically t hose giving Product 2 and
Product 3 (FPESTOBFEILNE 'E@H?*cal proteins. Accordingly, only two
expression plasmds were sufficient to deternine whet her abnornmal ly spliced
genes of_barley Mutant 8063 enc ge functlo Know é#e
made

dequence of . (KT IAgBIeE i orBane GUaUE-GorsToR EATHS SURaLe 1 1 eroe

it possible tacgefmaﬁiud daqubhes gpejnamgnrﬁe gemgatioabl Sart émrst@mb@@rss &ﬁlh@b@&fﬂbd

8 oo T st eloriey MBS BN LB NG e By Biiomaert BLIAE SOBR AT conen

18, as liste genes
as Sacl | - Banbbﬁérﬁ@@qbéndéfs iy, @n@mﬁerﬂ of SEQ IDINOIR vath) SE@nd Ney:odtwbs 3 (SEQ I D

NO 28). Th b 4 t

O P19, NVFCtTeRITest g ey ash e MG s 75 PHarLsib ClG: S AR tond (-

gET1I9|b-4To‘ ne8@@ar3%0cbbt) _éE;iaGategtbeh g |rgrtd13r(mé&b3192ﬂﬁ50ﬁ€e dé?rv@)d%rr(uer &sid 130) .
arall el -runni n react.l s _utillze riner

D010/ 063265 08PRE R0 26 515 BaRE, S EaEL i dGs 1 Arpitalefiay sed b NG

PET19b- Li ne8@6<8ed?rf@rd=ﬂroﬁ§7§ma1a?da M#OBE SNt Moretfedtiohbd, @ rilé@ampRURRCE Of

Product 4 for cloning), designed for synthesis of a truncated NMMT
cor r espondi n§eI¢LNCRAL" IMIT é\& Rrgstieoa GemParigaprwithshey of pygylarusa Nip (GeBank

provi des a dekaddsRf rRITAR0288/0d SEEAINANO0 ) FVFRREI BRI idehlitg(EIEa1 VM wi t h

t he trupncated products encoded by Mutant 8063. Table 6. Priners for
anplification of DNA fragnents of Mitant 8063 (for plasm d constructions).
Primer set no. PCR product ends * End product (SEQ ID NGO ) Priner sequence
* % L > 1
(5 3 iabFéeﬂulgrri]r%gl)s for amplification of the genomic sequence encoding barley MMT.
Primer set PCR Forward primer Reverse primer
no. product (5'—3' DNA sequence) ** (5'—>3' DNA sequence) ***
ends *
) 11462 ATGGCTGCGGCGGCGGGGGACGTGG CCTTCGAAGGGCACCACTTTTCTGC
) (SEQ ID NO: 37) (SEQ ID NO:43)
5 1268.2214 AGGATTCCAGCAAAGAAAGAAGC CTGGAGAGCACAGTAGTTGCTCAAG
(SEQ ID NO:38) (SEQ ID NO: 44)
5 1183075 GATTCTTAACCCCAATCCAGAGGC (SEQID | CTGCATAATTTTTGTTTGCCAGAGC
NO: 39) (SEQ ID NO :45)
. 28864409 GGGTTTTGTTGAGGACCAATTTGGC TACACCATTTGAGCTTGGCAGACT
(SEQ ID NO: 40) (SEQ ID NO: 46)
5 43015188 TGCTGCTTTCGTGAACTTATT AAAATGGAGGCGTTTACTGCAGAA
(SEQ ID NO: 41) (SEQ ID NO: 47)
6 5130.6459 CATATGGATCTGGACCGCAGCTTCTT CTAGTTGCTACCATTCACCTTAGCACC
’ (SEQ ID NO: 42) (SEQ ID NO: 48)
*) Base pair numbering as that of the genomic sequence for MMT (SEQ ID NO:3; see also FIG. 9).
**)  Sequence at the 5' end of the fragment listed in the column labeled "PCR product ends".
20 **) Complementary sequence at the 3' end of the fragment noted in the column labeled "PCR product ends".

Table 3. Primers for amplification of the cDNA sequence encoding barley MMT.

Primer set RT-PCR Forward primer Reverse primer
no. product (5'—3' DNA sequence) ** (5'—>3' DNA sequence) ***
ends *
; 169 ATGGCTGCGGCGGCGGGGGACGTGG GTACGCCGCGTCGCCCGACG
(SEQ ID NO:49) (SEQ ID NO: 57)
8 1470 ATGGCTGCGGCGGCGGGGGACGTGG CCGCCGGCGGCGAAGCGCCG
(SEQ ID NO: 50) (SEQ D NO: 58)




1-27 27 and 28 For war d: GGCCECGEEECTCGAGTGCTTCCGCAC
736-781 Rever se: GGATCCTCAAAGAATTGCTATCTGCATAA-

(SEQ ID NO 73)
TTTTTGTTTGCCAGAGC

(SEQ | D N©D 20106328827 29 Forwar d: WCGAGFWTC@GD@KZOOWOSOMS

10

15

20

25

18

9 1200 ATGGCTGCGGCGGCGGGGGACGTGG GTGCGGAAGCACTCGAGCCC
(SEQ ID NO: 51) (SEQ ID NO:59)

10 121 ATGGCTGCGGCGGCGGGGGACGTGG CGTGGATGCGGAAGTGGAAG
(SEQ ID NO: 52) (SEQ ID NO: 60)

1" 1017 ATGGCTGCGGCGGCGGGGGACGTGG CTTGGAGGTGGGGGTCGAGGACGACG
(SEQ ID NO. 53) (SEQ ID NO: 61)

12 191.200 GGCTCCTCGGCGCCGTGCGACGGCG GTGCGGAAGCACTCGAGCCC
(SEQ ID NO: 54) (SEQ ID NO: 62)

13 13191 GGCTCCTCGGCGCCGTGCGACGGCG CGTGGATGCGGAAGTGGAAG
(SEQ ID NO. 55) (SEQ ID NO: 63)

" 131947 GGCTCCTCGGCGCCGTGCGACGGCG CTTGGAGGTGGGGGTCGAGGACGACG
(SEQ ID NO: 56 (SEQ ID NO: 64)

*)  Base pair numbering as that of genomic sequence for MMT (SEQ ID NO:3).
**)  Sequence at the 5’ end of the fragment noted in the column labeled "PCR product ends".
**) Complementary sequence at the 3' end of the fragment noted in the column labeled "RT-PCR product ends".

Example 9

The gene encoding MMT of barley Mutant 8063 is mutated in the 5' splice site of

intron 5

The content of SMM in barley seedlings of Mutant 8063 is extremely low or absent
(Example 3), in line with the absence of MMT activity (Example 4). Based on this
finding, it was investigated whether base substitutions in the MMT-encoding gene were
caused by the original NaN; mutagen treatment of the barley kernels. Consequently,
attempts were made to amplify, clone and sequence said gene of Mutant 8063 in order

to establish the molecular basis for its null-MMT phenotype.

Having amplified with 6 primer sets the nucleotide sequence of the wild-type gene for
MMT of cv. Prestige (Table 2; detailed in Example 8), a similar approach was followed
for barley Mutant 8063. In brief, genomic DNA was extracted from the mutant, and
MMT gene-specific, amplified fragments thereof were inserted into vector pCR2.1-
TOPO (Invitrogen, cat.no. K4500-01), cloned, sequenced, joined (SEQ ID NO:8), and
finally compared with that of wild-type barley. No mutation was identified in the protein
coding part of the gene for MMT. However, comparing intron sequences of mutant and
wild-type genes revealed a G—A base transition at the first base of intron 5 (nucleotide
no. 3076 of SEQ ID NO:8). Said base is part of the 5' splice site of intron 5, and will
affect primary RNA processing of the gene, i.e. RNA splicing (Sinibaldi and Mettler,
1992; see also FIG. 12).




19 (SEQ I D NGO 75) 667-703 Reverse: GGATCCTTAGCAGCCTTGI CCTGGECCGECCTCCCATG
(SEQ ID NO76) 1 0*) Nunmbers refer to nucleotide nos. in the correspondi ng
SEQ | D Nwa=oiwwsmsd i n t he nei ghbori ng cog#mn. **)  Si nglPETIMKREON (503180 | S
used to mark Sacll and BanH sites of the forward and reverse priner,
respectively. Double underlines indicate stop codons. 15Exanple 12

Reconbi nant forns of Mutant 8063 are jinactive To verify that MJI
del etion for %Pesf\ﬁﬂoéﬁ'tb'es@gaé OEF*}? t@??ﬁ*ﬁ'&?‘i‘%‘a‘w?'yreﬁﬂ%&‘? 9%’Turé‘?t'°6‘d1fi”°%a'cel | s

of strain BL3bnyepiRirRen aiealImTYeridoding fgehseiMotdnh 8pd R srdettsicp BhaEis was
Bnd subsequeRFTGOBHbPHIPEHBVER KV ROrPeT @ SaiecbTRRR I TIHIe Brai (Le)
medi um cont abpicagh aaP ichbddni bacadselal’Patiths & he BOGTAfinRIIdE bl httoies was leadded
o o
i nduce expression of heterologous protein. Follow ng incubation over- night
G e | e b et et b B P S Path arguces for
resuspended iuge of FRTHROR Kith©Re StepIRTEHCRAroheRRIGah, dataezzrozh2vAstemptate and
cventual Iy | ReshaLed Lon 30, MM soh 2Efe B LIS BLESReE il P el B S o
30- m n-100Ng GARNA&NtISDBYaiuriEied a§ ddsdiBad IrpBxanddle 8t Usifg pamat setcisl (Tatsiel4yibhe

RT-PCR reaction was designed to amplify the gene region spanning exon 3 and exon 7

of transcripts for MMT of wild-type Prestige and Mutant 8063 (FIG. 12A). Following

amplification, reaction products were resolved by electrophoresis on a 1% agarose gel

(FIG. 12B).

15

Examination of amplified products revealed only a single band from the reaction with

wild-type RNA (FIG. 12B). This was excised from the gel, purified using the

components of the Qiaexll kit (Qiagen, cat.no. 20051), inserted into vector pCR2.1-

TOPO (Invitrogen, cat.no. K4500-01), cloned, and sequenced. Analyses demonstrated

20 the presence of a 882-bp fragment (Product 1 in FIG. 12B,C; SEQ ID NO:9),
characterized by a sequence identical to that spanning bases 442-1323 of the full-
length cDNA for wild-type barley MMT (SEQ ID NO:4). Based on this finding,

alternative splicing is considered irrelevant for wild-type gene expression.

25 A RT-PCR reaction like that described in the previous paragraph, except for the
application of purified template RNA from Mutant 8063, generated three specific DNA
fragments — denoted Product 2, Product 3, Product 4 in FIG. 12B — each different in
length from that of Product 1 amplified using wild-type RNA (FIG. 12B). Accordingly,
pre-mRNA processing is obstructed by the single base mutation in the 5' splice site of

30 intron 5 in the gene for MMT of Mutant 8063. This scenario completely abolishes the

use of said 5' splice site, but activates the use of cryptic, additional splice sites.

In an effort to address the underlying molecular cause for obtaining the above-
mentioned, three PCR fragments in Mutant 8063, each was prepared for DNA

35 sequencing using the procedure as that described above in Example 8 for the PCR-
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1) For RT-PCR using RNA template of Mutant 14018.
) Base pair numbering as that of cDNA for MMT (SEQ ID NO:4).
25 **)  Sequence at the 5’ end of the fragment noted in the column labeled "PCR product ends".
**) Complementary sequence at the 3' end of the fragment noted in the column labeled "PCR product ends".

Example 10
30
Expression plasmid encoding wild-type MMT

Because of the following two observations:



10The preparation of anti-MJI anti body, as described herei nabove, was used
to probe blots of cell-soluble and pellet-derived proteins of E. coli cells
transf or &0 20i0ite3BET19b- MMT (FI G 14B, C; nes mar ked " PCY/DK2009/050315
pPET19b- Li ne8063-Prod3 (FI G 14B,C, | anes rked "3"), pET19b-Li ne8063- Prod4
(FIG 14B,C, |l anes marked "4"), and pET19b (FIG 14B,C, |anes marked "5").
Despite differences in the overall banding 15patterns of cell-soluble and
pell et-derived proteins (with the latter generally appearing as a snear of
protein bands thay SEabtblﬁceﬂlé ldcRMNMPpnathd dstlitg & symirtesRt SIS TRaWICHepet 1€
bottom of the gel), gég? | ength MMI' was recogni zed as a pr ot ei n band
co-mgrating with t he 0-kDa marker protein (lanes nmarked "1") in extracts
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cells transfornmed with pET19b- 20Li ne8063-Prod3 and pET19b-Li ne8063- Prod4
are expe5ct ed to correspond to the strongly stained bands in the bl ot region
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mut ant ,10 s aekievdlogeEXpEHsBiBhbf basy MRIFaci ty to catal yze the conversion of

Met to the DMS precursor SMMis restricted to wild-type barley, as opposed
to Mutant 8063. 30 Exanple 13 Mnitoring systens for barley Mutant 8063 WO
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because of no base pairing between the 3' end of the reverse prinmer and
tenpl ate (Fl €@Mpam)d SEHMBVNY:6 aadBEQ BHNPCR. Bperiatthe pgincseatid ananags wert
primer set ng p@&edf&c%anGBnémlchéd Gﬁéb&ﬁ‘blﬁ‘éﬁtml\g?rm%y%ceuldMétcﬁnt 8063
(SEQ I D NO 34 FI G 19A), the reverse priner sequence match to
the tenpl ate releygnegin %@tlnﬁ@nt applicafipn.chhigenfisiusio wis hased ppdie Bistngethaktiei oned

primers listed Je@éed)ﬁrbf’é‘ﬁ{w§§éctr\‘/@%nd%gulﬁ% r%éo%mie\ﬁcbyfé?ﬁl N dntib Gl d @f‘ of a

fragnment cont al ning t 6->A nmutation in the MMI gene of Miutant 8063,
and t weZ¥ or tEPFé”GlEW@ >A 20mJt ation in the MMI gene of Mutant 14018 (SEQ ID
NG 36, cf. Exanple 17) - is designed to nonitor the presence of a nutated

gene for MMI that contains both of the aforenentioned nucl eotide nutations.
Next, pPCR2.1-TOPO-MMT was cut with Ndel-EcoRl, yielding a 569-bp Ndel-EcoRI 5'

fragment and a 2699-bp 3' EcoRI fragment. The 5' fragment was inserted into Ndel-
EcoRI-linearized expression vector pET19b (Novagen, cat.no. 69677-3), and in the

30 EcoRI site of the resulting plasmid was inserted the above-mentioned 2699-bp 3'
fragment, thus generating expression plasmid pET19b-MMT (FIG. 13A). This
expression plasmid encodes MMT linked to an N-terminal His-tag (MGHHHHHHHHHH;
SEQ ID NO: 69) and an enterokinase site (SSGHIDDDDKH; SEQ ID NO:70).

35



Each of the above-nentioned PCR anplifications is experinmentally conducted
as a 25 50-pL RedTaq pol ynerase reaction (Sigma, cat.no. D6063),

consi st i nyoah102B6288g genoni ¢ DNA and 50- 1§%ppm)l of eacRCpMKEBE9/(5H318
specific prinmer set (Table 7). Foll ow ng lification in a standard PCR
cycler (1 mn at 95C then 30 cycles of: 94C 60 sec - 64C, 30 sec - 72C

30 sec; endi ifth 10 m.n at | i quot h a
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techni cal procedure and anti- MMl antibody as detailed in Exanple 3. In

practical terms, kernels of cv. Prestige and of Miutant 8063 were germ nated
at 20C for 4 d, followed by separate honpgeni zati on of one wld-type and
one nutgnt kgrxaﬁ{ le ¢fch in 250 pL H20. Follow ng centrifugation at 13, 000
rpmfor 10 m n, fS pL of each 10supernatant was mxed with 5 pL SDS | oadi ng
buffer, boiled for 5 mn, |oaded onto a 12% SDS- pol yacryl am de gel,

separ at ed by Expesdsici? lafsﬁﬁéléen&icﬁﬁ bpcatcddadmTa o Mitamiaosil Y pr O_bEd with
t he pol yclonal anti - anti body (FIG 15D). A distinct MMI protein band of

120 kDa was easily recognizable in the extract of cv. Prestige, while no

| munor eact VeThBrg@hébHc&fmcjr:ﬂgmf NRAHER 6083 NN RERSmPleldsHOWR td 2Bntalica BRIACT

protein. 15Accordi ngl af orementi oned western blot analysis nmethod is
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confirmwhether a given grain is derived from Mitant
Prinmers for SNFingetrsemplore ¢/PP KRt 8063. Prinmer set no. PCR product ends
Final product (SEQ ID NO ) Forward prinmer (5 ->3" DNA sequence given) *'

To confirm that the mutant transcripts encode nonfunctional MMTs, each
20 corresponding open reading frame was amplified and inserted into an E. coli
expression vector, as described below. It is notable that two of the alternatively spliced
transcripts, specifically those giving Product 2 and Product 3 (FIG. 12B), encode
identical proteins. Accordingly, only two expression plasmids were sufficient to
determine whether abnormally spliced genes of barley Mutant 8063 encode functional
25 MMT enzymes.

Knowing the sequence of the cryptic splice products in Mutant 8063, cf. FIG. 12D,
made it possible to amplify the relevant gene parts from expression plasmid pET19b-
MMT - the construction of which is detailed in Example 10. Primer set 18, as listed in

30 Table 6, was used to amplify the 3' parts of the genes as Sacll-BamHI fragments of
Product 2 (SEQ ID NO:27), and Product 3 (SEQ ID NO:28). These were subsequently
exchanged with the corresponding fragment of pET19b-MMT (cf. FIG. 13A), resulting in
the expression plasmids pET19b-Line8063-Prod2 (FIG. 13B), and pET19b-Line8063-
Prod3 (FIG. 13C). Parallel-running reactions utilized primer set 19 (Table 6), to



Reverse priner (5 ->3" DNA sequence) **' 20 2831-3101* 33
CGATTCCAGCTTCCGGITG (SEQ I D NO 77) CATCTAGTCACTCAAAGAATTGCTAC (SEQ I D

NO 81) 2IwWO8Bh/@B3Bs** 34 CGATTCCAGCT TCCGG%‘ G (SEQ | D NOPZ&)DK2009/050315
CATCTAGTCACTCAAAGAATTCCTAT (SEQ I D NO 82) "22 2831-3101** 1361-1483*** 34 36
CGATTCCAGCTTCCGGITG (SEQ I D NO 79) GGCATCCAGATTCCATCTTCAG (SEQ | D NGO 80)

CATCTAGICACTCAAAGAATTGCTAT ( SEQ, I r 83 G ( T (SEQ | D
NG B4y |+ ERSES PR ABaC RE T AL N POR R OGAAG-d o ML SN I s ce
for MMI ( SEQIistidgNeE S¢quence of Product 4 for cloning), designed for synthesis of a truncated

MMT corresponding to that related to Product 4 (cf. FIG. 12B).

5 FIG. 13E provides a detailed amino acid sequence comparison of wild-type MMT with

the truncated products encoded by Mutant 8063.

Table 6. Primers for amplification of DNA fragments of Mutant 8063 (for plasmid
constructions).

Primer set PCR product End product Primer sequence **
no. ends * (SEQID NQ:) | (5'—3' DNA sequence)
1-27 27 and 28 Forward:  GGCCGCGGGGCTCGAGTGCTTCCGCAC
(SEQ ID NO: 73)
18 736-781 Reverse: GGATCCTCAAAGAATTGCTATCTGCATAA-
TTTTTGTTTGCCAGAGC
(SEQ ID NO: 74)
1-27 29 Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC
19 (SEQ ID NO:75)
667-703 Reverse: GGATCCTTAGCAGCCTTGTCCTGGCCGGCCTCCCATG
(SEQ ID NO:76)
10 *) Numbers refer to nucleotide nos. in the corresponding SEQ ID NO as listed in the neighboring column.

**)  Single underlining is used to mark Sacll and BamHl sites of the forward and reverse primer, respectively.
Double underlines indicate stop codons.

15 Example 12

Recombinant MMT forms of Mutant 8063 are inactive

To verify that MMT deletion forms of Mutant 8063 are enzymatically inactive, E. coli

20 cells of strain BL21 were separately transformed with plasmids pET19b, pET19b-MMT,
pET19b-Line8063-Prod3, and pET19b-Line8063-Prod4 (cf. FIG. 13), and subsequently
propagated over-night in 5-mL standard Luria Broth (LB) medium, containing ampicillin.
A 1.25-mL aliquot of each culture was added to 100 mL of fresh LB, and incubated at
37°C until the cell density reached ODeggy = 0.6. At this point, 40 pL of 1 M IPTG was

25 added in order to induce expression of heterologous protein. Following incubation over-
night at 20°C, cells of the individual cultures were precipitated by centrifugation for 20
min at 4,000 rpm, 4°C. Each cell pellet was resuspended in 5 mL H,O, then applied to
several freeze—thaw cycles, and eventually incubated for 30 min at 37°C in the
presence of ~750 units/L nuclease (Sigma, cat.no. E8263-25KU}), to reduce sample

30 viscosity. After a 30-min-long centrifugation at 4,000 rpm, 4°C, to separate cell-soluble



**) Base pair nunmber ng as that of the genom c sequence for MMI of Mitant
8063 (SEQ ID NGO 8). ***) Base pair nunbering as that of the genomc
sequence worois338 Mut ant 14018 (SEQ I D %lp 19). ****) SeqmKr0e@/@Ed31s5he 5’
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25*****)  Conpl errent ary sequence at the 3' end of the fragnent noted in the
colum | abel ed " FOR
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to affect the primary processin t he gene transcript (FIG 16).
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set up to 25apRkirbténtidletireRs tHa2 of B SNIARENAErE X Bordin Edtheﬁbaeﬁbe(ﬁf strfigar
MMT- encodi ng gene of cv. Sebastian and Mutant 14018 | G 16A). Fol |l ow ng

DNA anpl i fi c®EREHN thegipmaipompeliencelieiransippeadayin RFTH§hrl b 0gaProd3 and

el ect r ophor epES 1984 InB8dELPFRBUhdicE Bt Mefhrit 8063 fackd B caphdlly!tdgehdratehat
described for Mutant 8063 in Exanple 9, wild-type RNA fromcv. Sebastian

yi el ded one PEWEMNdnent, Product 5 in FIG 16B, that in length and DNA 30
sequencg cf. SEQ ID NGO 20, was identical to that spanni ng bases 246 to 933
of the full-length cDNA for wld-type bar|ley MV D NO 17). This
result enphad %e@eraéeswrm%ﬁ a@l'eide?tr’fﬁf'ﬁy\ﬂg e NepRP 6§ "‘1‘?5? the ¢apReilr @ of
Wi | d-type gergnési @fsdrigth, active MMT. 5-uL samples of cell-soluble and 10-uL samples of

pellet-derived proteins of the above-mentioned E. coli extracts were separated by
standard electrophoresis, and probed with a rabbit polyclonal anti-MMT antibody

25 directed against a 15-residue-long peptide antigen of barley MMT [cf. FIG. 13E
(sequence stretch marked with asterisks); the affinity-purified 12-mL-large preparation
of polyclonal anti-MMT antibody was purchased from Invitrogen (Project No.
L0402801K; animal No. C7511), and used in standard western blot analyses at a
dilution of 1:1000 (FIG. 14B,C)].

30
In detail, the aforementioned proteins were loaded onto a 10% SDS-polyacrylamide gel
and separated by electrophoresis at 150 V for 75 min, after which the proteins were
transferred to a polyvinylidene fluoride membrane (Immobilon-P, Millipore) via an
electroblotting apparatus (Trans-Blot SD Semi-Dry Transfer Cell, BioRad) that was run

35 at 2.5 mAmp per cm? (max. 25 V). Transblots were placed for 1 h at 25°C in blocking
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the stained, 80-kDa protein band is not MMT-derived as it also appears in extracts of

negative control cells transformed with vector pET19b.

25 Based on the experimental results with heterologous expression of MMT forms, as
described hereinabove, and designed to generate recombinant MMT forms of wild-type
barley and Mutant 8063, it is concluded that only wild-type MMT, not the MMT forms in
said mutant, is active. Accordingly, the capacity to catalyze the conversion of Met to the
DMS precursor SMM is restricted to wild-type barley, as opposed to Mutant 8063.

30

Example 13

Monitoring systems for barley Mutant 8063
35



Utilizing the same procedure as described herei nabove for the 394-bp
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25const ruct i GR8§ forMTTn'@r Wapt 483, % E"H%Fat%‘b'ﬁféﬁc& @s5d Vﬂt@ Ch@f@&"%’éﬂ‘i?e‘?fce) * PCR

product ends ofidorfticRatiddpRAtiCletd s hCrabdfd 7.
For war d: GGCCGCGGGEECTCGAGIGCTTCCGCAC 1- 27 (SEQ I D NO 85) 23

Rever se: CGAGATAAGATAAATATCTACGG
10 A PCR product of 271 bp — with the sequence given as SEQ ID NO:33 - is generated

when primer set no. 20 is applied in a reaction with genomic DNA of barley cv. Prestige
as template, while no product is amplified when genomic DNA of Mutant 8063 serves
as template — in the latter case simply because of no base pairing between the 3' end
of the reverse primer and template (FIG. 19A). However, a 271-bp PCR product is

15 obtained with primer set no. 21 in a PCR amplification with genomic DNA of Mutant
8063 (SEQ ID NO:34; FIG 19A), as the reverse primer has full sequence match to the
template. Primer set no. 22, which consists of the four above-mentioned primers listed
for primer set nos. 20 and 21 — two for amplification of a fragment containing the
G3076—A mutation in the MMT gene of Mutant 8063, and two for the G1462—>A

20 mutation in the MMT gene of Mutant 14018 (SEQ ID NO:36, cf. Example 17) —
designed to monitor the presence of a mutated gene for MMT that contains both of the

aforementioned nucleotide mutations.

Each of the above-mentioned PCR amplifications is experimentally conducted as a
25 50-uL RedTaq polymerase reaction (Sigma, cat.no. D6063), consisting of 200 ng
genomic DNA and 50-100 pmol of each primer of a specific primer set (Table 7).
Following amplification in a standard PCR cycler (1 min at 95°C; then 30 cycles of:
94°C, 60 sec — 64°C, 30 sec — 72°C, 30 sec; ending with 10 min at 72°C), a 25-pL
aliquot of the sample is applied to standard electrophoresis on a 2% agarose gel. As
30 illustrated in FIG. 15C, PCR with genomic DNA of cv. Prestige in the presence of
primer set no. 20 and primer set no. 21 yields a 271-bp DNA fragment and no
fragment, respectively. And PCR with genomic DNA of Mutant 8063 the presence of
primer set no. 20 and primer set no. 21 yields no fragment and a 271-bp DNA
fragment, respectively. In those cases where the latter result is the outcome of a PCR

35 with genomic DNA of a barley grain of unknown identity, there is a high likelihood that



245- 307 30 AACAAGAGGTGCCAATCTTCGAAGGGECACCACTTTTCTGC (SEQ I D NG 86)
For war d: GGCCECGEEECTCGAGTGCTTCCGCAC 1- 27 (SEQ I D NG 87) 24

Rever se: AX\GQWMMATGTCTAACTTCTGCAGGTCCC%’G 285- 354 3@CT/DK2009/050315
TTTGCAACAAACGAGATAAGATAAATATCTACGG

10

15

20

25

the template DNA is identical to that of Mutant 8063. Further efforts to support the
conclusion include analyses to test for levels of SMM (cf. Example 2), and for MMT

activity (cf. Example 4).

A separate way to verify that Mutant 8063 lacks MMT involves western blot analysis,
using the technical procedure and anti-MMT antibody as detailed in Example 3. In
practical terms, kernels of cv. Prestige and of Mutant 8063 were germinated at 20°C for
4 d, followed by separate homogenization of one wild-type and one mutant kernel,
each in 250 pL H,O. Following centrifugation at 13,000 rpm for 10 min, 15 pL of each
supernatant was mixed with 5 pL SDS loading buffer, boiled for 5 min, loaded onto a
12% SDS-polyacrylamide gel, separated by electrophoresis, electroblotted, and
eventually probed with the polyclonal anti-MMT antibody (FIG 15D). A distinct MMT
protein band of 120 kDa was easily recognizable in the extract of cv. Prestige, while no
immunoreactve protein of Mutant 8063 co-migrated with the 120-kDa marker protein.
Accordingly, the aforementioned western blot analysis method is useful to check
whether a germinating barley kernels produces MMT or lacks this capacity. Further
molecular and biochemical tests may be employed to confirm whether a given grain is
derived from Mutant 8063.

Table 7. Primers for SNP detection of Mutant 8063.

Primer PCR Final product | Forward primer Reverse primer
setno. [ product (SEQIDNO:) | (5'—3' DNA sequence given) ™™ | (5'—3' DNA sequence) *****
ends
- se3tat0rr | 3 CGATTCCAGCTTCCGGTTG CATCTAGTCACTCAAAGAATTGCTAC
(SEQ ID NO:77) (SEQ D NO:81)
o1 28313101% | 34 CGATTCCAGCTTCCGGTTG CATCTAGTCACTCAAAGAATTGCTAT
(SEQ ID NO:78) (SEQ ID NO:82)
2831-3101* | 34 CGATTCCAGCTTCCGGTTG CATCTAGTCACTCAAAGAATTGCTAT
o (SEQ ID NO:79) (SEQ ID NO:83)
1361-1483 ** | 36 GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAT
(SEQ ID NO:80) (SEQ D NO: 84)
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Base pair numbering as that of the genomic wild-type sequence for MMT (SEQ ID NO:3).

Base pair numbering as that of the genomic sequence for MMT of Mutant 8063 (SEQ ID NO:8).

Base pair numbering as that of the genomic sequence for MMT of Mutant 14018 (SEQ ID NO:19).
Sequence at the 5" end of the fragment listed in the column labelled "PCR product ends".
Complementary sequence at the 3' end of the fragment noted in the column labeled "PCR product ends".
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(SEQ I D NG 88) For war d: GGCCCGCEGEECTCGAGTGCTTCCCCAC 1- 27 (SEQ I D NG 89)
25 Reverse: GGATCCCT ACT GGCAGACACCT AAAAGITTC AT AT AAAGT- 329-394 30
AACCTGAGTWOAIBIEIRACTTCTCC (SEQ I D NO. %)) PCT/DK2009/050315

The gene encoding MMT of barley Mutant 14018 is mutated in the 5' splice site of

intron 2

Following the discovery of extremely low levels of SMM, or nothing at all, in extracts of
5 germinating kernels of barley Mutant 14018, the plant underwent analyses under the
same experimental conditions as those detailed for Mutant 8063 in Example 9 above.
However, wild-type plant material was in this case from cv. Sebastian, as it was utilized
for mutagenesis with NaN; in the batch of kernels comprising Mutant 14018.
Experiments to identify the mutation, which caused the null-MMT phenotype, were

10 designed and accomplished as described herein below.

First, a comparison was performed of the distinct genomic DNA sequences for the
MMT-encoding gene of cv. Sebastian (SEQ ID NO:16 for the genomic DNA sequence;
SEQ ID NO:17 for the cDNA sequence; SEQ ID NO:18 for the translated cDNA

15 sequence; in all cases with sequences identical to those of cv. Prestige as described in
Example 8 herein) and Mutant 14018 (SEQ ID NO:19 for the genomic sequence, and
SEQ ID NOs:20, 21, 23, 25 for cDNA sequences), with focus on the regions spanning
the translational start and stop codons. A G—A base transition was identified in the
sequenced gene part of Mutant 14018, specifically in a donor splice donor site

20 immediately downstream of exon 2 at the first base of intron 2, more specifically at
nucleotide no. 1462 — and consequently anticipated to affect the primary RNA

processing of the gene transcript (FIG. 16).

Second, using primer set 16 (Table 4), a RT-PCR reaction was designed and set up to
25 amplify the gene region spanning exon 2 and exon 5 of the MMT-encoding gene of cv.
Sebastian and Mutant 14018 (FIG. 16A). Following DNA amplification, reaction
products were applied to agarose gel electrophoresis, with the result depicted in FIG.
16B. Similar to that described for Mutant 8063 in Example 9, wild-type RNA from cv.
Sebastian yielded one PCR fragment, Product 5 in FIG. 16B, that in length and DNA
30 sequence, cf. SEQ ID NO:20, was identical to that spanning bases 246 to 933 of the
full-length cDNA for wild-type barley MMT (SEQ ID NO:17). This result emphasizes

again that alternative splicing is not a feature of wild-type gene expression.

Third, template RNA purified from Mutant 14018 was utilized in a PCR reaction, which
35 generated three specific fragments — denoted Product 6 (SEQ ID NO:21), Product 7



26 Forwar d: GGCCGCGEGEECTCGAGIGCTTCCGCAC 1-27 31 WO

2010/ 06328874PCT/ DK2009/ 050315 (SEQ I D NO 91) Reverse: GGATCCTT AT
ATCCAGACGHD 2008/06388CTGAG TAAATGTCTAACTTCT. (,'5(2 (SEQ I D NC PeZ)pKIA®/BTFHS
For war d: GGCCCGCGEEECTCGAGTGCTTCCCCAC 1- 27 (SEQ I D NG 93)
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(SEQ ID NO:23), and Product 8 (SEQ ID NO:25) in FIG. 16B,C — that were different in
length and sequence from the amplified product of the wild-type template. This
observation suggests that the single mutation in the 5' splice site of intron 2 in the gene
for MMT of Mutant 14018 obstructs pre-mRNA processing by elimination of the normal
splice site, but instead activates the use of cryptic, additional splice sites. In this
respect, for both Product 6 and Product 7, there was identified a cryptic splice site in
intron 2, while that of Product 8 was in exon 2. A graphical comparison is provided in

FIG. 16C of the aforementioned sequencing results.

In addition, DNA sequence analyses revealed premature translational stop codons in
Product 6 [TAG at bases 1579-1581 according to the base numbering of genomic DNA
from barley, cv. Sebastian (SEQ ID NO:16)], Product 7 [TAA at bases 1840-1842
according to the base numbering of genomic DNA from barley, cv. Sebastian (SEQ ID
NO:16)], and Product 8 [TGA at bases 1916-1918 according to the base numbering of
genomic DNA from barley, cv. Sebastian (SEQ ID NO:16)], yielding 186, 180, and 163
amino acid-long translated proteins, listed as SEQ ID NO:22, SEQ ID NO:24, and SEQ
ID NO:26, respectively. In parallel with the results described above for Mutant 8063
(FIG. 12D,E), the illustrations in FIG. 16D,E provide specific data on the nature of

specific bases involved in the alternative splicing events

Example 15

Expression plasmids for synthesis of truncated MMTs of Mutant 14018

The rationale and strategy for construction of expression plasmids that direct synthesis
of three truncated, recombinant versions of MMT derived from Mutant 14018 were like
those described in Example 11 for Mutant 8063. In short, the experimental aim was to
verify that the aberrant splicing events of Mutant 14086 generate transcripts encoding
inactive MMTs. Recombinant gene stretches should accordingly encode proteins
whose sequences — listed in SEQ ID NO:22, SEQ ID NO:24, and SEQ ID NO:26 -
reflect the aberrant splicing events leading to Product 6, Product 7, and Product 8 (cf.
FIG. 16B,C).



Rever se: AGGITTATCCATGCAATCTTGATACCTCTTG 198-277 27 32
GGTTTATATCCAGACCATAAACCATTGCCC- ACATCCCAGCTCTCCTACTG (SEQ I D NG 94)
For war d: G80CEOBGRABET CGAGTGCTTCCCCAC 1- 27 7 PCT/DK2009/050315
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Using plasmid pET19b-MMT, cf. Example 10, as template in three standard,
consecutive PCRs with primer set nos. 23, 24, and 25 (Table 8), resulted in a 394-bp
amplified fragment (SEQ ID NO:30). This was digested with Sacll-BamHI and ligated
with the large Sacll-BamHI fragment of pET19b-MMT (FIG. 17A), giving expression
plasmid pET19b-Line14086-Prod6 (FIG. 17B), designed for synthesis of a truncated
MMT corresponding to Product 6 as depicted in FIG. 16B.

Utilizing the same procedure as described hereinabove for the 394-bp fragment, but
now with primer set nos. 23, 24, and 26 in three consecutive PCR amplifications (Table
8), a 376-bp fragment was generated (SEQ ID NO:31), which upon digestion with
Sacll-BamHI was ligated with the large Sacll-BamHI fragment of pET19b-MMT (FIG.
17A), giving expression plasmid pET19b-Line14086-Prod7 (FIG. 17C). This expression
plasmid is designed for synthesis of a truncated MMT corresponding to that giving
Product 7 as depicted in FIG. 16B.

In a parallel running experiment — conducted in a similar way as that described above
for pET18b-MMT, but with primer set nos. 27 and 28 (Table 8) — there was amplified a
325-bp fragment (SEQ ID NO:32), which upon digestion with Sacll-BamHI was ligated
with the large Sacll-BamHI fragment of pET19b-MMT (FIG. 17A), giving expression
plasmid pET19b-Line14086-Prod8 (FIG. 17D) for synthesis of a truncated MMT
corresponding to Product 8 (cf. FIG. 16B).

Table 8. Primers for amplification of DNA fragments of Mutant 14018 (for plasmid
constructions).

Primer set | Primer sequence PCR product Final product
no. (5'—3' DNA sequence) * ends ** (SEQ ID NO:)
Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27
(SEQ ID NO:85)
23 Reverse: CGAGATAAGATAAATATCTACGG- 245-307 30
AACAAGAGGTGCCAATCTTCGAAGGGCACCACTTTTCTGC
(SEQ ID NO:86)
Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27
(SEQ ID NO:87)
24 Reverse: AACCTGAGTAAATGTCTAACTTCTGCAGGTCCCATG- 285-354 30
TTTGCAACAAACGAGATAAGATAAATATCTACGG
(SEQ ID NO:88)
Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27
(SEQ ID NO:89)
25 Reverse: GGATCCCTACTGGCAGACACCTAAAAGTTTCATATAAAGT- 329-394 30
AACCTGAGTAAATGTCTAACTTCTGC
(SEQ ID NO:90)
26 Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27 31




(SEQ I D NGO 95) Rever se: GGATCCTT AT AGATTGGGAGACCA- 246-325 28
TCGTCGTCTAGTGCATTCAAGTAA- 32  AGGTTTATCCATGCAATCTTGATAGCTCTTGG (SEQ I D
NO 96) WwoONotowesisat the same forward prigpr, with a SaeCl/pa2oe/0iosiér | i ned,
is utilized in all reactions. For reverse&%ri mers, 5 extensions w thout
annealing to tenplate DNA are indicated wth a wavy underline; BanmH sites

are shown i p—italics, LA | —stop codons—inbold
type letters. Nunmbgrs.Lef@h -toraecleatide nos. in the.gokresponding SEQ I D

NO l'isted in the ngi ghboratigacamhiemmachekxanpl e 16
(SEQ ID NO: 92)

Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27
(SEQ ID NO:93)

97 Reverse:  AGGTTTATCCATGCAATCTTGATAGCTCTTIG- 198-277 3
GGTTTATATCCAGACCATAAACCATTGCC-
ACATCCCAGCTCTGCTACTG
(SEQ ID NO:94)

Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27
(SEQ ID NO: 95)

Reverse:  GGATCCTTATAGATTGGGAGACCA- 246-325

28 TCGTCGTCTAGTGCATTCAAGTAA-

AGGTTTATCCATGCAATCTTGATAGCTCTTGG

(SEQ D NO: 96)

32

*)Note that the same forward primer, with a Sacll site underlined, is utilized in all reactions. For reverse
primers, 5' extensions without annealing to template DNA are indicated with a wavy underling; BamHI sites
are shown in italics, and complementary translational stop codons in bold type letters.

**) Numbers refer to nucleotide nos. in the corresponding SEQ ID NO listed in the neighboring column.

Example 16

Recombinant MMT forms of Mutant 14018 are inactive
10
The procedure of Example 12 was followed, Mutant 8063—derived constructs being
replaced by those of Mutant 14018. E. coli bacteria were transformed with pET19b-
Line14018-Prod6, pET19b-Line14018-Prod7 and pET19b-Line14018-Prod8 (FIG.
17A-D, with the corresponding amino acid alignment shown in FIG. 17E) — but the
15 experiments excluded western blot analyses as the anti-MMT antibody described in
Example 12 was raised against a sequence stretch absent in the Mutant
14018-specific part of MMT.

None of the extracts of the transformed bacteria revealed capacity to generate SMM
20 (FIG. 18), so the same argumentation as that provided in Example 12 above provides

basis for the conclusion that barley Mutant 14018 generates non-functional MMT

enzymes, which lack the catalytic capability to form SMM, the DMS precursor.

25 Example 17

Monitoring systems for barley Mutant 14018
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Each of the above-mentioned PCR amplifications is experimentally conducted as a
50-ul RedTaq polymerase reaction (Sigma, cat.no. D6063), consisting of 200 ng
genomic DNA and 50-100 pmol of each primer of a specific primer set (Table 7).

25 Following amplification in a standard PCR cycler (1 min at 95°C; then 30 cycles of:
94°C, 60 sec — 64°C, 30 sec — 72°C, 30 sec; ending with 10 min at 72°C), a 25-pl
aliquot of the sample is applied to standard electrophoresis on a 2% agarose gel. As
illustrated in FIG. 19C, PCR with genomic DNA of cv. Sebastian in the presence of
primer set no. 29 and primer set no. 30 yields a 121-bp DNA fragment and no

30 fragment, respectively. And PCR with genomic DNA of Mutant 14018 in the presence
of primer set no. 29 and primer set no. 30 yields no fragment and a 123-bp DNA
fragment, respectively. In those cases where the latter result is the outcome of a PCR
with genomic DNA of a barley grain of unknown identity, there is a high likelihood that
the template DNA is identical to that of Mutant 14018. Further efforts to support the
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20 Table 9. Primers for SNP detection of Mutant 14018.

Primer PCR Final product | Forward primer Reverse primer
setno. [ product (SEQIDNO:) | (5'—3' DNA sequence given) ™™ | (5'—3' DNA sequence) *****
ends
2 13614481 | 35 GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAC
(SEQ ID NO: 97) (SEQ D NO: 101)
%0 13611483~ | % GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAT
(SEQ ID NO:98) (SEQ ID NO: 102)
13611483+ | 36 GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAT
Y (SEQ ID NO:99) (SEQ ID NO:103)
2831-3101 *+ | 34 CGATTCCAGCTTCCGGTTG CATCTAGTCACTCAAAGAATTGCTAT
(SEQ ID NO:100) (SEQ ID NO: 104)

%

&
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—— e

Base pair numbering as that of the genomic wild-type sequence for MMT (SEQ ID NO:16).

Base pair numbering as that of the genomic sequence for MMT of Mutant 14018 (SEQ ID NO:19).

Base pair numbering as that of the genomic sequence for MMT of Mutant 8063 (SEQ ID NO:8).
Sequence at the 5" end of the fragment listed in the column labelled "PCR product ends".
Complementary sequence at the 3' end of the fragment noted in the column labeled "PCR product ends".
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(5'->3" DNA sequence given) *' Reverse priner (5 ->3" DNA sequence) **'
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NO 99) CGATTCCAGCTTCCGGITG (SEQ | D NO 100) CTACGGAACAAGAGGTGCCAAT (SEQ I D
NO 103) CATCTAGICACTCAAAGAATTGCTAT (SEQ I D NO. 104)
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SEQ | D TypeDescription Barley cDNA of cv. Haruna N jo, spanning the start
and stop codons of the gene for MMI. cDNA, open reading frane for MMI.
Sequence wWR2DBO6BI88f r om GenBank accessi ongno. AB028870 Seqmaro@/So315bar | ey
MMI of cv. Haruna Nijo, translated from SEQ ID NO 1. Barley gDNA of cv.
Prestige, genom c sequence spanning the start and stop codons of the gene
for MMI. Barl C of cv. Prestige, spanning the start and stop codons of
the gene for Teﬁﬁ?%ﬁﬁ\“%&lﬁ'é% of the open reading frame for M.

Re-cl oned barley cDNA of cv. Prestige; recloned cDNA of the open reading

frame for nni the stapéscipforst op codons of the gene for MM, but
cont ai ni ng%%t&gf’ons (cf. Exanple 10). Uilized for heterol ogous

expressi on of rre | N E. B&yl cDNICEUSN F8run@INifdaspRini e SfartGhd
Prestige, tr&ﬁgﬁ‘ate U%%EQ | D %4. Seguence fojra I\/ﬂl)vrl' oryvgarl ea/_, CV.
Prestige, translated from SEQ $&P Resas Qg genedor MMTs iabifeQred '6RIRAT in E.
coli. Barley gDNA of Mutant 80@sne fRMWTSSREHENERrdcd MW Gepsamk ng t he
start and stop codons of the gene for MMV, Sequence of anplified RT-PCR
fragment of barley cv. Prestig@Cesdien B_ytcR%to Product 1 in FIG 12B,C.
Sequence of ampbifi edotBh- PCR fsaqienbé f@bahay Meyr Mk anbruB8®Bio, €aHsigspondi ng
to Product 2 in FIG 12B,C. Entire transl ated sequence derived from

m s-spliced RNA of Mitant 8063TRBSER BRNXOtlinctioning as tenplate in the

RT- PCR anpl i iNeat i omugier] stidg B% NA of &v. Btdstigd ZnemicSetuenéesinnin
anplified RT-PCR fragnment of barrlmgwwm ant 8063,g (Q:Q%Hespondi ng tl%f Pr gduct 3
in FIG 12B,C. Entire transl at®8s @P ety & thergsmede MW ced RNA WO

2010/ 063288 PHTS:PK200RIRROZIS 88arkfy JINA 65cMitatibe, &PBRARING &iccktiAnd bidpt | oni ng
as tenplate in the RT-PCR anplifjcation él el di nl\%_rl_Product 3in FIG 12B,C

NO 14Nucl ei ¢ acid Sequence of ZR#9N? P 188 agihmBedensa Pl B oM ant
8063, corresponding to Pr oductreédhg fiahfe folRIKTC. NO 15Protei nEntire

transl at ed sequence derived fromms-spliced RNA of Mitant 8063, sai d RNA
f uncti oni ng ‘PenpMNYCEIq 3Fiq heRWLOP@zbgw ¢INR 9 PoTsatigPdiergnes 6aNE© 4 i n
FIG 12B,C. NO 16Nucl eic acid taobey reddiy fifim&ior MBED 8sdrindy thEs R
sequence for MMI spanning the start and_stop codons _of thep?grgne for MMI

NO: 17Nucl ei ¢ acid Barley cDNA PP eodonsh g yens OMNA, BrifpBIRING ¢ e opén
reading frame for MMI mutations (cf. Example 10). Utilized for heterologous

expression of barley MMT in E. coli.

NO:6 Protein Sequence for barley MMT of cv. Prestige, translated from
SEQ ID NO4.
NO:7 Protein Sequence for MMT of barley, cv. Prestige, translated from

SEQ ID NO:5, utilized for synthesis of MMT in E. coli.
NO:8 Nucleic acid  Barley gDNA of Mutant 8063, Genomic sequence for MMT
spanning the start and stop codons of the gene for MMT.
NO:9 Nucleic acid  Sequence of amplified RT-PCR fragment of barley cv.
Prestige, corresponding to Product 1 in FIG. 12B,C.
NO:10  Nucleicacid Sequence of amplified RT-PCR fragment of barley Mutant
8063, corresponding to Product 2 in FIG. 12B,C.
NO:11 Protein Entire translated sequence derived from mis-spliced RNA
of Mutant 8063, said RNA functioning as template in the
RT-PCR amplification yielding Product 2 in FIG. 12B,C.
NO:12  Nucleicacid Sequence of amplified RT-PCR fragment of barley Mutant
8063, corresponding to Product 3 in FIG. 12B,C.

NO:13  Protein Entire translated sequence derived from mis-spliced RNA



spanning the start and stop codons of the gene for MMI.

NG 18Pr ot ei nSequence for barley MMI of cv. Sebastian, translated from SEQ
I D NO 17.whiGnamsesBei ¢ aci d Barl ey gDNA o§3 Mut ant 14018 pCGRININS8HqUENCe
for MMI spanning the start and stop codonS™ of the gene for MMI.

NO 20Nucl ei ¢ acid Sequence of anplified RT-PCR fragnment of barley cv.
Sebasti an, corresponding to Product in E 16 NO,.21Nucl ei c aci.d
Sequence of anplified RT-PCR f?@@ﬁ@%?"%mBQ&&@‘C’E@%H{”%%&%?S 9'%@;5’6ndi ng
to Product 6 in FIG 16B, C. NGnhdRTRPPOReiniplifsitiohididiag Stafuetd Feraence
derived fromms-spliced RNA o tant 14018, said RNA functioning as
tenplate in the RT-PCR anplifi 'Fon yielding Product 6 in FIG 16B,C

NO: 23Nucl ei c N4l SeqigrRcai®f 88qlenté ebamPiifBERT-PERTRItnedt ofdtsred WUAtitant

14018, corresponding to Producf. 7 in FIG 168, C.  24Pr gt ef nNEntire
transl ated sequence derived fr 3nF%r-r%sBPP‘é'BQI%?%deg‘ﬁ'ﬁrﬁr'gyaﬁgant 14018,
If)ai g RNA7f yncp\t'g:qé@i gg’é@tgint ﬁrcr)plzgmir% ﬂahﬁgteﬁl;&eaﬁﬁc@m@méc} ﬁ@hin?:gfplioghdim%m
r oduct in , C. i eic acid. ence. of anpli . RT-
fragment of barley Mitant 1401%%&98%@%%0%&%8&@”@%5‘9&3tgmph?q:'f‘gge 16B, C.
NO 26Prot ei nEntire transl at ed REERIephRGtMeHelhgProtset 2ph FIRA2BNA WO
2010/ 063288PCT{ 009/ 050315 84  of I ant 14018, said RNA
funct i ont ng. SO TepRAEEG 36 he R ERTA A FERAR B CoTaT RGBS BdIct 8 i n
FIG 16B, C. Sacll-BanH fragmentvafspanaidy te Saft Bh&Gstop2Bdéns oMthé Gere BamHl
site introduced directly doms&lw_am of the translational stop codon - for
d

construction of expression pla pPET19b- Li ne8063-Prod2 (cf. FIG 13B).

Sacl | - BanHl f mnagnent NekleRy auiict BarldyFIDBIA 324, Spbastiah 'cBNBasddensé bethent r oduced
directly downstream of the translatiogna st%) I@ on - for construction of
expression plasnm d pET19b- Li ne¥EIR{BYEaEFOr 130) (identical to SEQ

| D N0627)d gacl | - :Barﬂ(;ﬂ f l’angentsﬁa;nnﬁEQlﬁbJthﬂélnGElc@coPBBs &) the \yehd for I\,?éiml site
i ntroduced directly downstreanmof the_trans jonal stop _codon - for
construction '%xprpé%tginon pl gé‘?ﬁ“(?”ﬁ%ﬂé’ﬁgﬂ &%§YP§%@%’“?%¢ ranglatgd 13p) .
Sacl | - BanHl fragnment of Productfrém@EHEED N6B,7C)- with a BanHl site introduced
directly dowmnstreamof the.translatiqgnal_ sto - for construyction of
expressi on pll\géflrgd ;')\%ff%aq'ﬁs nggﬁwﬁtﬁ\l%%ﬁtj t?@qq% Gepgijic sequence for
Sacl | - BanHl fragnment of Product MMT(dplaGning & §8art andl stopacoBamdbf thé gené furr oduced
directly downstream of the tra@ tional stop codon - for construction of

€

expression plasmd pET19b-Lin 18-Prod7 (cf. FIG 170).
Sacl | - BanHl f nagoent Nekleky suidict S&quehtésof draRifiey - RTWPCR feaghBasmitbf tsdrkeg cvnt r oduced

O o o D o0 Al FBred B B PRIBEET o7 O

NO:21 Nucleic acid  Sequence of amplified RT-PCR fragment of barley Mutant
14018, corresponding to Product 6 in FIG. 16B,C.

NO:22  Protein Entire translated sequence derived from mis-spliced RNA
of Mutant 14018, said RNA functioning as template in the
RT-PCR amplification yielding Product 6 in FIG. 16B,C.

NO:23  Nucleicacid Sequence of amplified RT-PCR fragment of barley Mutant
14018, corresponding to Product 7 in FIG. 16B,C.

NO:24  Protein Entire translated sequence derived from mis-spliced RNA
of barley Mutant 14018, said RNA functioning as template
in the RT-PCR amplification yielding Product 7 in FIG.
16B,C.

NO:25 Nucleicacid Sequence of amplified RT-PCR fragment of barley Mutant
14018, corresponding to Product 8 in FIG. 16B,C.

NO:26  Protein Entire translated sequence derived from mis-spliced RNA



PCR fragment generated from genom c DNA of cv. Prestige, anplified using
primer set no. 20 (cf. Table 7). PCR fragnment generated from genom c DNA of
Mut ant 80w®,20e0mpBisBi ed using primer set ng 21 (cf. TablPeT/DK20®CGRO315Sagment
generated from genom c DNA of cv. Sebasti ?1 nplified using prinmer set no.
29 (cf. Table 9). WO 2010/ 063288PCT/ DK2009/ 050315 85 NO 36Nucleic acid

NO 37Nucl ei ¢ aci d NGO 38Nucl ei c cid ei c i d NG, 4QNucl ei ¢ aci d
NO. 41Nucl ei ¢ acid NO 42Nucl ei cOTR&8Y %%’gﬂ#@%l e'djiﬁ'gfwé'%%ﬁ Bmplaig; g
NO: 45Nucl ei ¢ aci d NO 46Nucl ei cinalké RTNQ R dMptficition gieidthg\¥&od&dech G, aci d

NO. 49Nucl ei ¢ aci d NO 50Nucl ei c16ch'bd NO. 51Nucl ei ¢ acid NO 52Nucleic acid
NG 53Nucl ei ¢ aci d e

NO:27  Nucleicacid Sacll-BamHI fragment of Product 2 (FIG. 12B,C) — with a
BamHI site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line8063-Prod2 (cf. FIG. 13B).

NO:28  Nucelicacid Sacll-BamHI fragment of Product 3 (FIG. 12B,C) — with a
BamHI site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line8063-Prod3 (cf. FIG. 13C) (identical
to SEQ ID NO:27).

NO:29 Nucleicacid Sacll-BamHI fragment of Product 4 (FIG. 12B,C) — with a
BamHI site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line8063-Prod4 (cf. FIG. 13D).

NO:30  Nucleicacid Sacll-BamHI fragment of Product 6 (FIG. 16B,C) — with a
BamHI site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line14018-Prod6 (cf. FIG. 17B).

NO:31  Nucleicacid Sacll-BamHI fragment of Product 7 (FIG. 16B,C) — with a
BamHI site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line14018-Prod7 (cf. FIG. 17C).

NO:32 Nucleicacid Sacll-BamHI fragment of Product 8 (FIG. 16B,C) — with a
BamHI site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line14018-Prod8 (cf. FIG. 17D).

NO:33  Nucleicacid PCR fragment generated from genomic DNA of cv.
Prestige, amplified using primer set no. 20 (cf. Table 7).

NO:34  Nucleicacid PCR fragment generated from genomic DNA of Mutant
8063, amplified using primer set no. 21 (cf. Table 7).

NO:35 Nucleicacid PCR fragment generated from genomic DNA of cv.

Sebastian, amplified using primer set no. 29 (cf. Table 9).



Forward prinmer for anplification encoding barley MMI. Forward primer for
anplification encoding barley MMI. Forward primer for anplification

encodi ng wearbeyoebas8. Forward priner for agplification eRComiKegodEnIIey NMMI.
Forward priner for anplification encoding barley MMI. Forward primer for
anplification encodi ng barl ey MMI. Reverse pri mer for arrpl i f i cation

encodi ng barl ey . vers r for |f| atlon arl ey NMM.
Fover s pr O A0, eI, R Eetinh g P oidenori DR pRr 1 or
anpl i:lf [ call;)i oln encodi ng barl ey M‘leﬁ8 Bapﬁresﬁjsmg:cpm’ferfsern@mpl(gﬁ Tasé gg)ln

encodi ng barl ey : vers |ner i fication encoding barle
Forvar 0 pri miOP0r MGG I § PSR 46T G PP Y or

anplification encoding barl ey rrer for anplification encoding
barl ey MMI' FONGWA8 d INuicleiar adidr l?amwlardpmaenfomreplcfmdmongofbmgewnmw&?etﬁcanmrd
prinmer for anplification WO 2010/06 2 8P .IDK2009/ 050315 86 encoding

barl ey MMI Forward prinmer for %WBP\“P @Q?YWN t he cDNA sequence encodi ng
barl ey MMI'  NO:39 Nucleicacid Forward primer for amplification of the genomic sequence

encoding barley MMT.

NO:40 Nucleicacid Forward primer for amplification of the genomic sequence
encoding barley MMT.

NO:41 Nucleic acid  Forward primer for amplification of the genomic sequence
encoding barley MMT.

NO:42  Nucleicacid Forward primer for amplification of the genomic sequence
encoding barley MMT.

NO:43 Nucleicacid Reverse primer for amplification of the genomic sequence
encoding barley MMT.

NO:44  Nucleic acid Reverse primer for amplification of the genomic sequence
encoding barley MMT.

NO:45 Nucleicacid Reverse primer for amplification of the genomic sequence
encoding barley MMT.

NO:46  Nucleicacid Reverse primer for amplification of the genomic sequence
encoding barley MMT.

NO:47 Nucleicacid Reverse primer for amplification of the genomic sequence
encoding barley MMT.

NO:48 Nucleicacid Reverse primer for amplification of the genomic sequence
encoding barley MMT.

NO:49 Nucleicacid Forward primer for amplification of the cDNA sequence
encoding barley MMT

NO:50 Nucleicacid Forward primer for amplification of the cDNA sequence
encoding barley MMT

NO:51 Nucleic acid  Forward primer for amplification of the cDNA sequence
encoding barley MMT

NO:52 Nucleic acid  Forward primer for amplification of the cDNA sequence
encoding barley MMT

NO:53 Nucleicacid Forward primer for amplification of the cDNA sequence



Forward prinmer for anplification of the cDNA sequence encodi ng barley MVT
Forward prinmer for anplification of the cDNA sequence encodi ng barley MMI
Rever se pwormero/deezssanpl i fication of the c% sequence emCodiKgOdENIIEY MMT
Reverse prinmer for anplification of the c sequence encodi ng barl ey MV
Reverse prinmer for anplification of the cDNA sequence encodi ng barley MV
Reverse prinmer for anplificatio sequence encodi ng barl ey MV
Reverse priner for anplifi catl?i?fogpgttﬁ‘ge%% sequence encodi ng barley MVT
Reverse pri mnO:6or amleid adidit | Bsrwafd prireerdBNAnpIffidbigonCst e EDNARGqlRaceey MMT
Reverse priner for anplification f th @N@_sequence encodi ng barl ey MM
Reverse priner for anplifi catl‘?ﬂ?o nghREey sequence encodi ng barl ey MVT
Forward prinmNo:65 deleric &lid er FerviasEpripér f6f ApldicatidieofgeneDRAGRdidIgebar | ey

MMI. Forward priner to detect alt tlve Icing of the gene encodi ng
barl ey MMI. Reverse priner to ﬂEPEWQ 3M1e% ive splicing of the gene
encodi ng bar INgy:56/MT NuBRUEAGE® PForiard primétebegrplaichisnertihe/ EDRPlseguérgeof t he
gene encodi ng barley MMI. His-tag Enterokj e site acidForward prinmer to
anplify the protein coding se arl ey gene for MMI. WO
TEREBIsETPA ML

2010/ 063288PNG:DR200QcREIEIP BRevdrew pririér fof amplifichoredMhé EPNARRqseei N
codi ng sequence of the barley

ene. for orward prinmer for
anmplification of DNA fragment sgrlﬂogi(}ﬁt Qﬁw@%-'g

NO:58 Nucleicacid Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:59 Nucleicacid Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:60 Nucleicacid Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:61 Nucleic acid  Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:62 Nucleic acid  Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:63 Nucleicacid Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:64 Nucleic acid  Reverse primer for amplification of the cDNA sequence
encoding barley MMT

NO:65 Nucleicacid Forward primer to detect alternative splicing of the gene
encoding barley MMT.

NO:66  Nucleicacid Forward primer to detect alternative splicing of the gene
encoding barley MMT.

NO:67 Nucleicacid Reverse primer to detect alternative splicing of the gene
encoding barley MMT.

NO:68 Nucleicacid Reverse primer to detect alternative splicing of the gene
encoding barley MMT.

NO:69  Peptide His-tag

NO:70  Peptide Enterokinase site

NO:71 Nucleic acid  Forward primer to amplify the protein coding sequence of

the barley gene for MMT.



Reverse prinmer for anplification of DNA fragnents of Miutant 8063 Forward
primer for anplification of DNA fragnents of Miutant 8063 Reverse prinmer for
anpl i fi cavDanioafe3BBIA f ragnent s of Mut ant 63 Forward pPCEREK20ev0SENP
detection of Mutant 8063 Forward primer f SNP detection of Miutant 8063
Forward prinmer for SNP detection of Miutant 8063 Forward primer for SNP

detection of Mitant 8063 Reverse prinmer for SNP detection of Mitant 8063
roverse pr AT Riracs | BaveBte Rilao ey REpENSR 2Ry asPOgre shp
detection of Mitant 8063 Reverte bariéygend for MENP det ection of Mitant 8063
et mor 1 or ansr7e1 o MRlsie 2 Do Ri R O RCaN SV TRUPGRE & pr i ey
for anplifi cation of DNA fragngotagt 8fc3vut ant 14018 Rever se prinmer for
STl 11 oat | oNEr4 DRAUCIETE: SREYerafpRer BiigTa B SR FRgReF St
anplification of DNA fragnent smofanMeant 14018 Forward primnmer for

tant 14018 Revyers

Aol i cat i oR S DNNCEERIN: PSR duoTaeeiaa A rERerg ot
anplification of DNA fr agnent sMafant WB320_10/ 063288PCT/ DK_2009_/ 050315 88
Fragnents of Milant NSGKEARD oBNEH PG PaRBP Mar LY Tk MPPCBRST i 11 cati on
of DNA fragments of Mitant 140W8taNBEEB\uCI ei ¢ aci dReverse priner for
oL 1 62t T oR S DNAL L ABIER o Sh b ant R2048 N0 RTNe) e, At dFor ver o
for SNP det epNO:p® ONubé¢icddid 1468dr%ard primer for SNP detection of Mutant 8063
NO:79  Nucleicacid Forward primer for SNP detection of Mutant 8063
NO:80 Nucleicacid Forward primer for SNP detection of Mutant 8063
NO:81 Nucleic acid  Reverse primer for SNP detection of Mutant 8063
NO:82 Nucleicacid Reverse primer for SNP detection of Mutant 8063
NO:83 Nucleicacid Reverse primer for SNP detection of Mutant 8063
NO:84 Nucleicacid Reverse primer for SNP detection of Mutant 8063
NO:85 Nucleicacid Forward primer for amplification of DNA fragments of
Mutant 14018
NO:86 Nucleicacid Reverse primer for amplification of DNA fragments of
Mutant 14018
NO:87 Nucleicacid Forward primer for amplification of DNA fragments of
Mutant 14018
NO:88 Nucleicacid Reverse primer for amplification of DNA fragments of
Mutant 14018
NO:89  Nucleicacid Forward primer for amplification of DNA fragments of
Mutant 14018
NO:90  Nucleicacid Reverse primer for amplification of DNA fragments of
Mutant 14018
NO:91 Nucleic acid  Forward primer for amplification of DNA fragments of
Mutant 14018
NO:92 Nucleicacid Reverse primer for amplification of DNA fragments of
Mutant 14018

NO:93  Nucleicacid Forward primer for amplification of DNA fragments of



NG 99Nucl ei ¢ aci dForward primer for SNP detection of Mutant 14018 NO 100
Nucl ei ¢ aci dForward prinmer for SNP detection of Mutant 14018 NO 101 Nucl eic
aci dReverwo 2pro/os2ssf or SNP det ecti on of k%%ant 14018 NOPLIDKL0eY/ spI1S

aci dReverse prinmer for SNP detection of ant 14018 NO 103 Nucleic

aci dReverse prinmer for SNP detection of Miutant 14018 NO 104 Nucl eic

aci dReverse prinmer for SNP detection of Miutant 14018 WO

2010/ 063288PCT/ DK2009/ 050315 8@“ 14980/ 063288PCT/ DK2009/ 050315 90 d ai ms
é- A bever ag(NC_;D.%parlxllajdleiclrmf:c adrp@\rdrge/prmh@rlrffbg %Mbléfw%‘?NWfrggrhenwb reijn sai d
everage contains a level o t ul fide el ow ppb, an
wherein said barley plant, SOng%”FY%GHzr eof, carries a nutation in the gene
fencod! ng lﬁE}v'h\\/irr@g;ﬁ ne hﬁ;l@ﬁiﬁ}&dh Mr&z@ﬁd@irﬁ@ﬁogé\ﬂviﬂ)ﬁcawimﬁa%aémb of 0SS gf
uncti ona : : e bevera cording to claim1, erein sai
beverage is a malt beverage. Mgt.a”gﬁ‘éo%%ever age according to any one of
claims 1 andNO:98henricriddwd berevargepiirfedfof gmpWithesh GRDNA hayeerger 4. The
beverage according to any one of tE$ recedi ng clains, wherein the beverage
is beer. 15 5. The beverage Megp i‘Hgmto any one of the preceding clains,

wher ei n the IphEyer ag@uckid &didis F&sard hraherdbr PRP detdetien pr dfiehatMoi8l ess t han
20 PPy 2uen\IBLe PRELELALLY | e5s .t 120 43 PRl PRl AgREel PRl v | o5°
detect abl e DM®:920 NucleldurideVvesragrl granaiidi SgPideteziiyn ondutaht t4tagpr ecedi ng
claims, wherg| 148 2R 298 R Sim&Tor SUBYef2ibRor MiBnt 14018

NO:101 Nucleic acid Reverse primer for SNP detection of Mutant 14018

NO:102 Nucleic acid Reverse primer for SNP detection of Mutant 14018

NO:103 Nucleicacid Reverse primer for SNP detection of Mutant 14018

NO:104 Nucleic acid Reverse primer for SNP detection of Mutant 14018




7. The beverage according to any one of the preceding clains, wherein the
beverage 25contains | ess than 50 ppb, preferably | ess than 40 ppb, nore

pr ef er ablwol2es®esisan 30 ppb, even nore prg%er ably | ess PRAMK2009130315y et
nore preferably | ess than 10 ppb, even no preferably | ess than 5 ppb,
even nore preferably no detectable S-nethyl-Inethionine (SMM. 308. The
beverage according to any one of the preceding clains, wherein the beverage
contains |l ess than 30 ppb, preferably | ess than 25 ppb, nore preferably

| ess than 20 ppb, even nore preferably | ess than 15 ppb, yet nore
preferably | ess than 10 ppb, even nore preferably |l ess than 5 ppb, yet nore
preferably no detectable DVMS, and | ess than 50 ppb, preferably I ess than 40
ppb, nore preferably |less than 30 ppb, even WO

2010/ 063288PCT/ DK2009/ 050315 91 nore preferably | ess than 20 ppb, yet nore
preferably | ess than 10 ppb, even nore preferably |l ess than 5 ppb, even
nore preferably no detectable SWM 9. The beverage according to any one
of the preceding clains, wherein the beverage 5contains | ess than 20 ppb
DMS and | ess than 20 ppb SMM preferably the beverage contains |l ess than 5
ppb DVS and |l ess than 5 ppb SMM 10. The beverage according to any one of
the preceding clainms, wherein the beverage has a higher score for freshness
and/or estery taste as evaluated by a trained taste 10panel in a conparison
with a beverage prepared in the same manner froma wld-type barley,
preferably fromcv. Power, when the ester profile of both beverages are
adjusted to be simlar. 11. The beverage according to anyone of the
precedi ng cl ai ns, wherein the beverage 15has a hi gher score for estery
taste as evaluated by a trained taste panel in a conparison with a beverage
prepared in the sane manner froma wld-type barley, preferably fromcv.
Power . 12. A barley plant, or part thereof, wherein the barley plant
carries a nutation in the 20gene encodi ng net hi oni ne-S- et hyl transf erase
(MMI) that causes a total loss of MMI function. 13. The barley plant, or
part thereof, according to claim12, wherein the nutation is wthin a
splice site of the gene encoding MMI. 25 14. The barley plant, or part

t hereof, according to any one of clains 12 to 13, wherein the nutation in
the gene encoding MMI is within a splice site of an intron.



15. The barley plant, or part thereof, according to any one of clainms 12 to
14, wherein 30the nutation in the gene encoding MMI is a nutation within a
5' splicewei2ow/w8288an i ntron, such as a Gg@ mut at i on of PChdK2e6wmisnAE 5'
base of an intron. 16. The barley plant, or a part thereof, according
to any one of clainms 12 to 15, wherein the mutation in the gene encodi ng
MMT is a nut tllon vmthln a5 splice site of an intron 35selected fromthe
group consi s introns 2 and 5. WD 2010/ 063288PCT/ DK2009/ 050315 92
17. The barley plant or a part thereof, according to any one of clains 12
to 16, wherein the nut ati on th ene _encoding MMl is a G >A putation of
base no. 5070 BPSERET Bares o SdsoN Henh 2t Aegrnalie!, BRrel A PG
accor di ng t o cantgingRelew o bifidiy| Qfide(DNIS) tm@neb Ppb) %dmﬁ@ém@a;d fidhley prangene

encoding MMI is a .G >A nutation, of base no. of | D_.NG. 1 1019. The
barl ey pl ant °6Pa% U54eq" ARG MURICBIYING P e&ﬁ PEMEHN! 08'%‘% TeetBYit o 18,

wherein the rmahefbiaes (MEAY] dabising adto@@des eniadional MM uncat ed form of MMI
conprising an N-term nal fragment of wild-type MMI and optionally

additional Cterm nal sequences not found in wld-type MMI, wherein said

N-term nal fRagRepéveragadcdtingio didif 10slkerdimeaib @everages & Pmaft eeddihye.at t he
nost the 450, even nore preferably at the nost the 400, 15 yet nore
preferably at the nost the 350, even nore preferably at the nost the 320,

yet norg prefleTadbyverigd Seordnsd todhly,onelof dkairh @ an® ! wRS8inNhé Bevaragd isari no
acid residue 20. The barley plant or part thereof

according to %[HVB%E%?'PE?VQ@Q? 12 and 19, wherein 20said nutation introduces
a premature stop codon in the gene encoding MM, preferabl y a stop codon
resulting in a$ﬁ pe encodingha of t he Erunca d for B NM% %pcordlng to
claim19. 214 THePREPL8APPLHRY cﬂ“yaP”ﬁaﬂf G HEY '%'EIE‘oY" PIYY' 1'6 "aHY28RE of
clains 12 tobédr. wherein 25said plant is select ed fromthe group consisting
of plan desi gnated "Barl ey, Hordeum vul gare: Line 8063" deposited at ATCC
13 Cctober 2008 with the designation PTA-9543, and progeny plants thereof.
22. The barl eyTpe ae\teragya@orwrﬁgtotdi@rcﬁnefo,ftr@qﬂeasedinggclaumsaweuenethefbeoérabes 12

to 21, wherein 30said of said ker ne ) 3. The
bar | &) pl ant COBATS s Far P Peors SEaPEPHGOTENR g BP5civan Fa0rs #reabl foss
wlher ei n sai dtdrarg ?pbs y@tlfrﬂdmdfekablﬁlegﬁthhﬁdomﬁp%vwl rﬁ@re_tdnefe@b@phes@tfhan er fsai d
pl ant i s progepy. of a plant C y a nethod conprising the steps of:
WD 2010/ 0632%§g(f?7 @6@2@‘8@7‘6%@?%@3&9?) mut ageni zi ng barl ey plants, and/or
barl ey Xernels, and/or barley enbryos,

6. The beverage according to any one of the preceding claims, wherein the beverage

contains less than 20 ppb DMS.

7. The beverage according to any one of the preceding claims, wherein the beverage

25 contains less than 50 ppb, preferably less than 40 ppb, more preferably less than 30
ppb, even more preferably less than 20 ppb, yet more preferably less than 10 ppb,
even more preferably less than 5 ppb, even more preferably no detectable S-methyl-I-
methionine (SMM).

30 8. The beverage according to any one of the preceding claims, wherein the beverage
contains less than 30 ppb, preferably less than 25 ppb, more preferably less than 20
ppb, even more preferably less than 15 ppb, yet more preferably less than 10 ppb,
even more preferably less than 5 ppb, yet more preferably no detectable DMS, and

less than 50 ppb, preferably less than 40 ppb, more preferably less than 30 ppb, even



and/or barley cells, and/or barley tissue, thereby obtaining barley of
generation MO, and (ii) propagating said nutageni zed barl ey plants,

kernel s, wel2bwy/o6sisssue and/ or 5enbryos fog)1 at | east 2 gecemal2oevisp3isher eby
obtaining barley plants of generation M, “wherein x is an integer 2; and
(i1i) obtaining leaf tissue fromsaid barley kernels of generation M; and
(iv) determning the |evel of in said kernels, or, parts thereof; and
() sel ot | nd'BF RiEabides Ben RBpbIELEIE KRAaless G 10 Wb SUHtIRE ar

| east part ofpréf@blyMissgRaes ppbevevinhdre pedfecblyd qHtédalse SMMYi ng a nut ation
in the gene encoding MMI. 24. The beverage according to any one of clains 1
to 11, wherein the beverage is prepared froma barley plant, or a part

t her eof , actccﬁ)r dg@?\t@a@eflé{cc@ﬂﬁn@fo éiiy?in?ﬁafﬂ% r]gr@c&ﬁng d@_mszﬁthep%ircmmf@sérlbb@n -
conpri sing e aril e a , O ar ereor, accoraln 0O a 0 Cl al nB

Compy 199 UGniBBE 15k B bed DRSS IR 0t Sl Do e Eyefadan . of
part thereof comfarisedds than 8 pgbipamd avd Rsafianispgd@Miar | ey plant according to

any of clainms 12 to 23. 27. The plant product according to claim 26,
wherein the plant product is a malt conposition conprising a processed

b?r ley pl anéI B OOThé)Bé\Ierédtf%dtlefd_,ing/\f@%@ioﬁe%irﬁzdgéédzdgig géim; W=1§retnhﬁe Bavdreye

pl ant according to any of clal t . e t co 1 T10Nn
Dccor di ng-t o "R AITHET SoqtRaT ISR NEs S Eo 51y Blo i By e FATeS Bsthel (s)
29. Theiomal t papem®aicompari@sorititia BevdragapiepaRda thel ainfsmarndrrodBa wilhgypei n
the malt SOan‘Hosition b(sf sel ected fromthe rouB ﬁns'stin of green malt
and kil n dri &8 ®RaPfeeragyy frophev. anerURdes erEhPRUES dPHPV6™ a5 8He of
clains 27 toadfistedhiebeisimildie malt conposition is milled malt. WO

2010/ 063288PCT/ DK2009/ 050315 94 31. The mmlt conposition according to any
of claims 27 to 30, wherein the malt conposition conprises at the nost 200,

pr e; erably atf 1IEI$e B@&Tragkﬁ&SO coﬂsvmr:]getoparn@&r@elr ﬁhhy pwcetziihg cfﬁlﬁ%, wHPein meeuseSsvgw%h
preferaply at the nost . SU s.at t nost p ree . . e
Pt eofi s P A TAheR sera for e ey PRt i AT HASG by 7GR0 (SRS PaTal Tl R onl ¢

conposi tion compatisoswiti a boeramsprepse in ealaficahhiynharfrob @ wil®@$lipe20ey,nor e

preferabl y at, Lhe, fmet, 150, 7Rp WM

12. A barley plant, or part thereof, wherein the barley plant carries a mutation in the
20 gene encoding methionine-S-methyltransferase (MMT) that causes a total loss of MMT

function.

13. The barley plant, or part thereof, according to claim 12, wherein the mutation is

within a splice site of the gene encoding MMT.

25
14. The barley plant, or part thereof, according to any one of claims 12 to 13, wherein
the mutation in the gene encoding MMT is within a splice site of an intron.
15. The barley plant, or part thereof, according to any one of claims 12 to 14, wherein
30 the mutation in the gene encoding MMT is a mutation within a 5' splice site of an intron,

such as a G—A mutation of the terminal 5' base of an intron.

16. The barley plant, or a part thereof, according to any one of claims 12 to 15, wherein
the mutation in the gene encoding MMT is a mutation within a 5' splice site of an intron

35 selected from the group consisting of introns 2 and 5.



33. The malt conposition according to any of clains 27 to 32, wherein the
mal t 10conposition conprises at the nost 200 ppb free DVM5S and at the npst
1000 ppb,wBNMo/s288 as at the nost 25 ppb %ree DVMS and aCTieoemost31i50 ppb
SW  34. The plant product according to % aim 26, wherein the plant
product is a wort conposition prepared using the barley plant, or part
thereof, according to any of clains 1512 to 23, or using a nmalt conposition
prepared fromsaid barley plant or part thereof, or mxtures thereof.

35. The wort 1¢oTROBaidyPlardCsrer sHrngetedf, Gcddriing4o aefiebicldife 18a6t6, wherein
conposition has been gboduced using a mashing in tenperature not exceedlng

70C, pref er ab1§MHEHIOD e debF RECHHE MMIgs afpraABYIPIULARFSP P00 B oidi ng to

any one of cl@iNtg334 to 35, wherein the wort conposition has been boil ed
for at the nost 45 min, even nore preferably for at the nost 30 mn. 25
37. The 8wort conposition according to any one of claims 34 to 36, wherein

sai d part of 1gatik PAR)ipldri, dr@f f#l hédeof, according to aBy or-l_é‘@f éd\élﬁffs 1QQHHQSWF1ér@m _
according to any one of claims 34 to 37, wherein said gEOSItI on is

a malt conpodia Mytatiar.dd e gRyetencadips M tisa ﬁs»/’gmumoez@f ba$99no TfH pf alpk
product accoifinggq$0 claim 26, wherein the plant product is a wort
conposition according to anyone of clainms 34 to 38, or a beverage prepared
fromsaid conposition. W) 2010/ 063288PCT/ DK2009/ 050315 95 40. A

conposi {g on H@eﬁ% Géjrlef rp‘Peth"E’&r Q‘p?ﬁlt'r‘ieere&fa c&r‘d)ng%%ﬁ?&%séftdaq}ﬂs 491Dk SiHWeiR

barl ey plant, or her eo according to any o lainms 12 to 23; and
(ii) a malt élaﬁme;tﬁu@n muaétfbamrrﬁgermd@a@ tgcatedifern QWMMJ @Epriging amie’

bever age accc?érm.mfrsgm@myof%dqwé Mﬁ/IT]anéioopmmaI}Q"’a%'aﬁl'oﬂals(?"téﬂmh%Y%qi‘Qﬁcésgnot

prepared froma mal onposi tion accor to any one of clains 33,
or a wort cofpsgiin wdﬁ tﬁ@d\dM'drl wherein %@vﬁ/Ndﬁ@"ml freghentoaprises 3bthesnost s
pl ant prOdUCtSOGCrﬁereder@ratb‘R/ &t'tﬁé H?o%@theW@@r@\}e'ﬂ rh ; pzéfél%rblypét‘ﬂﬁ’é‘ﬁubst'tﬁe 466,ect ed

fromthe group consistin g? Irré sSyrups, ru barley extracts
and mal 15 ext watmere preferabyauhe e, efengneaResTREbY Bdiemagidhe §AQ.aiehi ng

| ess than 30 ppb oliEabs %t%e”iﬁ&é}%qﬁécé?% ﬂn%ét%Stl‘ll"?erﬂr%Pﬁmmo aoRf RRRLLSEF 2

conposi tion co r|S|ng lant, or parts thereof, according to any
of claims 12 BBNO:6.

20. The barley plant or part thereof according to anyone of claims 12 and 19, wherein
20 said mutation introduces a premature stop codon in the gene encoding MMT,
preferably a stop codon resulting in a gene encoding any of the truncated forms of

MMT according to claim 19.

21. The barley plant, or a part thereof, according to any one of claims 12 to 17, wherein

25 said plant is selected from the group consisting of plants designated "Barley, Hordeum
vulgare: Line 8063" deposited at ATCC 13 October 2008 with the designation PTA-
9543, and progeny plants thereof.

22. The barley plant, or a part thereof, according to any one of claims 12 to 21, wherein

30 said part of said barley plant is kernel(s).

23. The barley plant, or a part thereof, according to any of claims 12 to 22, wherein
said plant is produced by a method comprising the steps of; or said plant is progeny of
a plant produced by a method comprising the steps of:

35



processing the conposition of (i) into a beverage; thereby obtaining a
beverage containing |less than 30 ppb DMS. 44. The nethod according to claim
43, wher ewo 288003288t hod i s a met hod of prggum ng a bevePag®K0WEIIIENG | ess
than 20 ppb DVS, even nore preferably I ess"than 5 ppb 25DVS. 45. The et hod
according to any one of clainms 43 to 44, wherei n step (i) conprises

preparing a malt co |t|0nfromkrnels of s barl e | ant, or part
Pher eof | 30 46. fhe FRLHHSHIZNSCATEY RIENT% SBHG" BRIy Ker Hals. #9105 Baviey STFRIVGS n
processing the conpoghd/opParig)tce!is éﬁ@)‘b@baﬂl@/ 13808, théreBy abtameiy Hftﬁle§to®p

t her eby producing a wort co ﬁSIt WO 2010/ 063288PCT/ DK2009/ 050315 96
48. The nmethod accor 8FRYatQY claims 43 to 47, wherein processing the

com position ingp aph@égata@esaﬁ@ﬂmfdg@ﬁﬁe@bmmlmgssaeerihls el titsdd drigrat i on
step, and a sparging s e&% therebi produci ng, a rt co sition 549. The
met hod atcording to & dort Iggsh? ggnargtions. insre %P'H F‘B%%'@'i‘tﬁg’ t he

conposition into a boy¥gsratish mgrmmérgﬁs( id afiegtfoband i ng said wort, wherein
said wort is boiled for at the nost 45 mn, even nore preferably for at the

most 30 min. (iii °B@'”'”ﬂ1‘§afrﬁ,§§H%H°@cs@6’rl€ﬁr|% kegnesyf asnerfian M aed t o 49,

wherei n processi o) t Béteﬁﬁmngltﬁ@%%rfdf@MMm 8aid kQ@ﬂé%r algﬁarf%c’tﬁ@rrebﬁ‘éﬁd
fermentation of said wort A net hod r)ro ucing a nalt corrp05|t|on

conprising at thé&)noseleging pans thabachorgiecalieSMME ABE conprising the steps

of . 15(4Q provi di pg) keeqRineindae Radi pHit 41an& MMTy&?s; abdii ) St eeping said
kernels; (iii) gernminating the steeped kernel s under predeterm ned

condi tions; (i v) (‘f”l?eé?'faﬁt{j‘gg(é‘f"ﬁf RAdEY R Brflics ipthegenefncoding M Eby produci ng
a malt conposition conprising at the nost 200 ppb free DVS. 52. A nethod of
preparing a barley plant carrying a nutation in the ne encodi ng MM,

causi ng t ot alk4l bi&beyerageracsetding ©@ny ©paef Flginyg! !, ﬂg@&”&ebeverage IS

25(1 ) mut agenipgdgagedPRérh QbaRleRBlaht, dR E/pAF tRFEOE ¥cdoRHiRG ko arfSHest cRivhs &Y tepBr yos
15
25. A composition comprising the barley plant, or part thereof, according to any of
claims 12 to 23.

26. A plant product comprising a processed barley plant, or part thereof, wherein said

20 barley plant is the barley plant according to any of claims 12 to 23.

27. The plant product according to claim 26, wherein the plant product is a malt
composition comprising a processed barley plant, or part thereof, wherein said barley
plant is the barley plant according to any of claims 12 to 23.

25
28. The malt composition according to claim 27, wherein said part of said barley plant

is kernel(s).

29. The malt composition according to anyone of claims 27 to 28, wherein the malt

30 composition is selected from the group consisting of green malt and kiln dried malt.

30. The malt composition according to anyone of claims 27 to 28, wherein the malt

composition is milled malt.



and/ or barley cells and/or barley tissue thereby obtaining generation MO
barl ey; and (ii1) propagating said nutageni zed barley plants, kernels,
cells, tiweuelmwaIssr enbryos for at | east gener at i ons pCrha2etyosodisai ni ng
generation Mk barley 30plants, wherein x P€ an i nteger 2; and (i)
obtaining a sanple of said M barley plants; and (1v) deternining t he
| evel of SMM_in_said e ect

sanple; and (v Iants
et oot abl o Sl To gl 2ompas i Hecording to' A el GRETHAT h 30, SRETem M qre. v
2828/ Oggngg C_v;/smdn &ghg@r@eb/ 050%};@! n’;lﬁéttﬁzooarﬁréiélrétgy at the st 050, :nﬁbré fp?aféﬂtk(ﬂilygﬂﬂfa WO
er 0 r e an C In a
ot Lo T asTIGR BVap BBit R ARy Sk DR BPusuan Hsct B B TR WS, g
A barley plant or part thereof, wherein the barley pl ant carrles (1) a

mutation in t gene encodi.n |v|vrr causing . total .]oss of MMI activity; and
(S 8t ot Pan ik mal GO DRI RuaI D 10 4500y GBI B 3T MeMiy B Tk al *i oos

of 10Ii poxyg@am@esuﬂoragdmmsbyatﬁé mJﬁeomrdr@wra@Imtthe AlosiE00, midhe preedrably

according to ﬂ ai m 535 vvhelr$§)"q the nutation in the gene encodi ng MMI |s as
defined i n afy6iBOB 1@ PRP 3 to 20. 1555. A plant product prepared from
the barley pl ant or part thereof, according to any one of clains 53 to 54.

o6, e Pl antproduct according Loyl A S uaies Pl IR RLpduct 1o 2

10 composition comprises at the most 200 ppb free DMS and at the most 1000 ppb, SMM,
such as at the most 25 ppb free DMS and at the most 150 ppb SMM.

34. The plant product according to claim 26, wherein the plant product is a wort
composition prepared using the barley plant, or part thereof, according to any of claims
15 12 to 23, or using a malt composition prepared from said barley plant or part thereof, or

mixtures thereof.

35. The wort composition according to claim 34, wherein the wort composition has
been produced using a mashing in temperature not exceeding 70°C, preferably not
20 exceeding 69°C.

36. The wort composition according to any one of claims 34 to 35, wherein the wort

composition has been boiled for at the most 45 min, even more preferably for at the

most 30 min.
25
37. The wort composition according to any one of claims 34 to 36, wherein said part of
said plant is kernel(s).
38. The wort composition according to any one of claims 34 to 37, wherein said malt
30 composition is a malt composition according to any of claims 27 to 33.

39. The plant product according to claim 26, wherein the plant product is a wort
composition according to anyone of claims 34 to 38, or a beverage prepared from said
composition.

35
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40. A composition prepared from a mixture of:

(iy acomposition comprising a barley plant, or a part thereof, according to any
of claims 12 to 23; and

(i)  a malt composition according to any of claims 27 to 33.

41. The beverage according to any of claims 1 to 11, wherein said beverage is
prepared from a malt composition according to any one of claims 27 to 33, or a wort

composition according to any one of claims 34 to 38.

42. The plant product according to claim 26, wherein the plant product is selected from

the group consisting of barley syrups, malt syrups, barley extracts and malt extracts.

43. A method of producing a beverage containing less than 30 ppb DMS, said method

comprising the steps of:

(iy preparing a composition comprising a barley plant, or parts thereof,
according to any of claims 12 to 23;

(i)  processing the composition of (i) into a beverage;

thereby obtaining a beverage containing less than 30 ppb DMS.

44. The method according to claim 43, wherein said method is a method of producing a
beverage containing less than 20 ppb DMS, even more preferably less than 5 ppb
DMS.

45. The method according to any one of claims 43 to 44, wherein step (i) comprises

preparing a malt composition from kernels of said barley plant, or part thereof.

46. The method according to any of claims 43 to 45, wherein processing the com-
position into a beverage comprises a mashing step, thereby producing a wort com-

position.

47. The method according to claim 46, wherein the mashing step is performed using a

mashing in temperature not exceeding 70°C, preferably not exceeding 69°C.
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48. The method according to any of claims 43 to 47, wherein processing the com-

position into a beverage comprises a mashing step, a wort filtration step, and a

sparging step, thereby producing a wort composition

49. The method according to any one of claims 46 to 48, wherein processing the

composition into a beverage comprises a step of boiling said wort, wherein said wort is

boiled for at the most 45 min, even more preferably for at the most 30 min.

50. The method according to any of claims 46 to 49, wherein processing the com-

position into a beverage comprises fermentation of said wort.

51. A method of producing a malt composition comprising at the most 200 ppb free

DMS, said method comprising the steps of:

(i)

(ii)
(iii)
(iv)

providing kernels according to claim 22;
steeping said kernels;
germinating the steeped kernels under predetermined conditions;

treating germinated kernels with heat;

thereby producing a malt composition comprising at the most 200 ppb free DMS.

52. A method of preparing a barley plant carrying a mutation in the gene encoding

MMT, causing total loss of MMT activity, comprising the steps of:

(i)

(ii)

(iii)
(iv)
(v)

(vi)
(vii)

mutagenizing barley plants and/or barley kernels and/or barley embryos
and/or barley cells and/or barley tissue thereby obtaining generation MO
barley; and

propagating said mutagenized barley plants, kernels, cells, tissue and/or
embryos for at least 2 generations, thereby obtaining generation Mx barley
plants, wherein x is an integer >2; and

obtaining a sample of said Mx barley plants; and

determining the level of SMM in said sample; and

selecting plants with no detectable SMM activity; and

sequencing at least part of the MMT gene; and

selecting plants carrying a mutation in the MMT gene;
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thereby obtaining a barley plant carrying a mutation in the gene encoding MMT,

causing total loss of MMT activity.

5 53. A barley plant or part thereof, wherein the barley plant carries:

(i) amutation in the gene encoding MMT, causing total loss of MMT activity;
and
(i) a mutation in the gene encoding lipoxygenase 1, causing a total loss of

10 lipoxygenase 1 activity.

54. The barley plant, or part thereof according to claim 53, wherein the mutation in the

gene encoding MMT is as defined in any one of claims 13 to 20.

15 55. A plant product prepared from the barley plant, or part thereof, according to any

one of claims 53 to 54.

56. The plant product according to claim 55, wherein the plant product is a beverage,
preferably beer.
20



