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BARLEY AND MALT-DERIVED BEVERAGES WITH LOW DIMETHYL SULFIDE LEVEL

Al patent and non-patent references cited in the application are hereby incorporated by
reference in their entirety. '

FIELD OF THE INVENTION

The present invention relates o barley-derived beverages characterized by notably
reduced ievels of both dimethyl sulfide (DMS) and/or its precursor S-methyl-L-
methionine (SMM), or lacking one or preferably both of said compounds. In addition,
the invention relates to methods for producing the above-mentioned beverages - and
also fo barley plants useful in the preparation of such beverages, as well as other plant
products prepared from said plants. Whiie the invention enables production of

- beverages characterized by impbved taste profiles, it also facilitates a new paradigm
* for production methods with notabie reductions in the thermal energy input -
~ particularly with respect to boiling of wort.

BACKGROUND OF THE INVENTION |

Beverages, notably beer, may be produced on the basis of barley — Hordeum _
vuigare, L. - which is a monocotyledonous crop plant cultivated in many parts of the

waorld. Barley is economically important, both as a raw material for industrial products,
including beer, and also as a source of animal feed.

in beer, as well as in many vegetables and foodstufls - inciudihg {ea, cocoa, milk,
wines, spirits (such as rum), sweet corn, and numerous cooked vagstables - DMS
adds prominent, generally beneficial odor and flavor notes to the product. However, a
high ievel of DMS imparts a flavor that may be undesirable, usually described as
"cooked sweet com” or sometimes as "blackecurrant-like".

Depending on beer type, DMS levels typically may be up to 144 pg/L and sometimes
can reach as much as 150 ppb (150 pg/L}, with said compound often contributing 1o

undesirable "cooked vegetable" or."cabbage-like" flavors. However, a low level of the
compound is sometimes desirable in lager beer as it may contribute to palate fuliness
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and overall beer aroma; the sensory threshold is ~25-50 ppb, for example around 30-
45 pgil (Meilgaard, 1982). The DMS flavour is generally not noticed when DMS levels
are <10 ppb.

SMM, herein also denoted DMS precursor {(DMSP), is synthesized in germinating
barley kemels by the action of functional components of the SMM cycle (FIG. 1A).
Here, the methionine (Met)-S-methyltransferase (MMT) enzyme catalyzes the transfer
of a methyl group from S-adenosyl-methionine (AdoMet) to Met, forming SMM. The
latter compound can in turn serve as methyl donor for Met synthesis from
homocysteine (Hcy), a reaction catalyzed by the enzyme Hey-S-methyliransferase
(HMT). Although there is debate on the definitive role of MMT, it was initially proposed
to prevent Met pools for protein synthesis from being depleted by an overshoot in
AdoMet synthesis (Mudd and Datko, 1980). The SMM cycle also has been suggested
to function in the long-distance sulfur transport in plants, with a major flux from Met fo
SMM in leaves, phioem transport of SMM, and reconversion of SMM to Met in
developing kernets or other sink tissues (Bourgis et al., 1999). But iater radictracer
experiments revealed that said cycle manages conirol of AdoMet levels rather than
preventing depletion of Met (Ranocha et al., 2001). An altemative explanation on the
physiological role of SMM in plants relates to the regulation of ethylene synthesis (Ko
et al., 2004), principally with the ideas manifested through studies with recombinant 1-
aminocyclopropane-1-carboxylate synthase from yeast of the genus Pichia.

McElroy and Jacobsen (1995) have speculated that it may be possible to regulate
SMM synthesis by using, for example, antisense technology. However, no guidance
was provided on relevant target genes to antisense, but it was expected that the
likelihood of a positive outcome was questionable as large reductions in SMM leveis
could be harmful to barley growth and development. Alternative solutions for obtaining
lower fevel of SMM were not discussed by McElroy and Jacobsen (supra). In addition,
as discussed in detail below, antisense technologies have not been successfully
applied in barley to completely abolish gene expression .

Unfortunately, no methods are available for preparing transgenic bariey plants that
completely lack expression of a given protein. In general for barley, application of
antisense techniques lead to fransgenic piants still expressing some of the protein in
question (see for exampie Robbins et al. 1988; Stahi et al., 2004; Hansen et al., 2007).
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Aiso, effective methods for preparing specific mutations. using chimeric RNA/DNA or
site directed mutagenesis have not been developed for use in barley plants. In line with
this, and despite intensive efforts, inventors of the present publication are not aware of
any published example on successful oligonucleotide-directed gene targeting in barley.
Although not pursued in barley, lida and Terada (2005} note that oligonucieotide-
directed gene targeting has been tested in maize, tobacco and rice - but in all cases
with the herbicide-resistant gene acetolactate synthase (ALS) as a target. According to
the conclusion by lida and Terada (supra), it remains to be established whether the
above-mentioned strategy, with appropriate modifications, is applicable to genes other
than those directly selectable, such as the ALS genes. Targeted mutagenesis using
zinc-finger nucleases represents another fool that potentially coutd aliow future
investigations in basic plant biclogy or modifications in crop plants (Durai et al., 2005;
TZzfira and White, 2005; Kumar et al., 2006). Also in this case, mutagenesis has not
been pursued or successfully applied in barfey.

Nonetheless, barley mutants may be prepared by random mutagenesis using
irradiation or chemical treatment, such as by treatment with sodium azide (NaN;). An
example concerns barley kernels mutagenized through the use of NaNs, and
subsequently screened for high levels of free phosphate in an effort to screen for low-
phytate mutants (Rasmussen and Hatzack, 1998); a total of 10 mutants out of 2,000
screened kemeis were identified. Although far from always possible, finding a particular
mutant after NaN; treatment is dependent on persistence and an effective screening
method, and thus far from aiways successful.

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.

Beer production-related incubations at elevated temperatures — such as kiin drying of
malt, or heating and boiiing of wort — may induce chemical conversion of SMM to DMS.
Due fo inherent properties of DMS, particularty 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 fo very low
levels (Scheuren and Sommer, 2008), while manifesting conditions for further oxidation



4
to dimethyl sulfoxide (DMSO). When hold time or vigor of wort bofling it inadequate to
convert residual SMM, DMS may continue to form as the wort cools - with subsequent

transfer into the baar.

Technological methods for reducing the leval of DMS in beer have been developed,
Thus, AU 38578/83 dascribed & method of reducing DMS levels in malt, comprising
steam treatment of said malt. In patent application US 2006/0057684 to Bisgaard-
Frantzen, H. et al. was described brewing methods comprising heat treatment of mash
at temperatures of 70°C and above. And in U3, Patent No. 5,242,694 to Reuthar, H.
was described methods for preparing low carbohydrate beer, wherzin the methods
comprise extensive boiling of wort followed by carbon dioxide washing of said wort.
However, all of the aforementionad treatments consufne high leveis of energy, and

further they may alter the characteristics of malt or wort.

SUMMARY OF THE INVENTION

In one aspect, there is provided a beverage prepared from a barley plant, or a part thereof, wherein said
beverages contains a level of dimethyl sulfide (DMS) below 20 ppb and a level of S-methyl-l-methionine
(SMM) of less than 20 ppb, and wherein said barley plant, or part thereof, carries a mutation in the gene
encoding methionine S-methyltransferase (MMT), causing a total loss of functional MMT.

Disclosed are beverages prepared from barley, or parts thereof, in
particular beer with improved flavor. The beverages disciosed herein exhibit very low
levels of DMS, or aven no DMS at all - particulaly beverages with DMS tevais below

tzste fhreshoid, and thus characternzed by the absence of DMS tzsts,

Moreover, the beverages of the present disclosure have superior taste properties. Accdrdingly, the
beverages of the present disclosure are characterized as particularly balanced and

drinkable, with & high degree of freshness, aromatic and floral fiavor.

Thus, the present disclosure provides beverages with remarkable flavor properties based on the
absence of DMS or jow DMS levals. It is hearein found that DMS strikingiy influences
the human perception of estery compounds in beer (ci. FI1G. 1B), consistent with a

model provided by the inveniors in wnich DMS masks the taste of said compounds,

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

enables new opporiunities in the industrial utilization of barley and malt. in addition,
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barley or mait kernels with defects that specifically block formation of the DMS
precursor also have taste properiies caused by the absence of DMS per se. Notably,
said barley or malt type might be exploited as a raw material in effective industrial
applications to help establish tailored production settings far beyond contemporary
capabilities. In particuiar, improvements relate o issues of beer quality and

enviranmenta! sustainabiiity in beer production, specificalty for:

(i) Beer having a low level of DMS-specific taste;

(i) Beer having an improved estery taste profiie;

(i) Reduced energy input for beer production; and
(iv} Reduced energy consumption in wort proguction.

Barley piants and kerneis fulfilling said improvements are provided by the instant

disclosure.

So, without being bound by theoretical considerations on how the metabolism of SMM
could be inferwined with other biological processes, the instant application offers not-
yet provided opportunities fo exploit and explore the breeding and industrial use of
béﬂey plants defective in SMM synthesis.

The present disclosure disclosed that beverages characterized by low levels of DMS-
specific taste and an improved astery taste profile, and/or beverages that are
particularly balanced and drinkable - i.e. with high degrees of freshness, aromatic, and
florai flavor — may be prepared from barley plants, or parts thereof, carrying a mutation

in the gene encoding MMT, which causes 'a fotal loss of MMT activity. Such plants are
herein denoted "nul-MMT" bariey.

Thus, the present disclosure relates to beverages prepared from a barley plant, or

a part thereof, wherein said beverage contains a level of DMS below 30 bbp (such as
less than 30 ppb DMS), and wherein said bariey plant carries a mutation in the gene
encoding MMT, causing & total loss of MMT activity.

In another aspect, the present disclosure offers barley plants useful for preparing said beverages.

Accordingly, also disclosed is a barley plant, or



part thereof, wharein the barley plant camies 2 mutation in the gene encoding MMT that
causes a {otal loss of functional MMT enzyme,

In another aspect, there is provided a barley plant, or part thereof, wherein the barley plant carries a

mutation in the gene encoding methionine-S-methyltransferase (MMT) that canses a total loss of MMT
function.

In yet another aspect, there is provided a barley plant or part thereof, wherein the barley plant carries: (i) 2
mutation in the gene encoding MMT, causing total loss of MMT activity; and (ii) a mutation in the gene

encoding lipoxygenase 1, causing a total loss of lipoxygenase 1 activity.

In addition, the present disclosure relates to plant products produced from said null-MMT barley
piant, including, for example, malt and wort compaositions, or bariey-based syrups or
extracts, or malt-based syrups or exfracts, or adjuncts. Adjuncits in the preéent context
may be unmalted barley, which may be used either alone or in combination with malted
bariey for preparing wort. Also, methods of preparing said barley plants, as well as

methods of prepating the beverages and other plant products, are provided by the
present disclosure.

In another aspect, there is provided a composition comprising the barley plant, or part thereof, as defined

herein.

In yet another aspect, there is provided a malt composition comprising a processed barley plant, or part

thereof, wherein said barley plant is the barley plant as defined herein.

In yet another aspect, there is provided a wort composition prepared using the barley plant, or part
thereof, as defined herein, or using a malt composition prepared from said barley plant or part thereof, or

mixtures thereof, wherein the wort composition comprises less than 20 ppb SMM.

In yet another aspect, there is provided a composition prepared from a mixture of: (i) a composition

comprising a barley plant, or a part thereof, as defined herein; and (ii) a malt composition as defined
herein.
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Further, in a world with climate disruption on the intemational agenda, society and

industry shouid contribute to global greenhouse-gas emission reductions and

environmental benefits. An objective of the present disclosure is therefore to provide barley plants useful
for production of beer using low-energy consuming methods. Accordingly, barley plants of the present
disclosure are useful for production of beer using methods wherein

time spans of heaﬁng steps are reduced, or the temperature in heating steps are

reduced, compared o standard brewing methods. Of fundamental importance are

benefits in the steps of kiln drying and wort bolling procedures, which may be

significantly shortened or performed at lower temperatures compared fo standard

brewing and beer production regimes, reducing energy consumption o provide a more

sustainable method for beer production.

Thus, in one aspect, there is provided a method of producing a beverage containing less than 20 ppb DMS
and less than 20 ppb SMM, said method comprising the steps of: (i) preparing a composition comprising
a barley plant, or parts thereof, as defined herein; (ii) processing the composition of (i) into a beverage;

thereby obtaining a beverage containing less than 20 ppb DMS and less than 20 ppb SMM.

In yet another aspect, there is provided a method of producing a malt composition comprising at the most
200 ppb free DMS, said method comprising the steps of: (i) providing kernels as defined herein; (ii)
steeping said kernels; (iil) germinating the steeped kernels under predetermined conditions; (iv) treating
germinated kernels with heat; thereby producing a malt composition comprising at the most 200 ppb free
DMS.

In yet another aspect, there is provided 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) 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 (ii) 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 (iii) obtaining a sample of said Mx barley plants; and (iv) determining the level of SMM
in said sample; and (v) selecting plants with no detectable SMM activity; and (vi) sequencing at least part
of the MMT gere; and (vii) selecting plants carrying a mutation in the MMT gene; thereby obtaining a

barley plant carrying a mutation in the gene encoding MMT, causing total loss of MMT activity.
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SEQUENCE LISTING

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
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 comesponding identifier (SEQ ID
NQO:). The sequence descriptions and sequence listing attached hereto comply with the
rules governing nucleotide and/or amino acid sequence disclosures in patent
applications.
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DESCRIPTION OF DRAWINGS

FIG. 1 shows selected components of the SMM cycle and average flavor scores. (A)
Selected components of the SMM cycle in which SMM is synthesized by methyl
transfer from S-adenosylmethionine (SAM) to methionine (Met), catalyzed by the
enzyme Met-S-methyltransferase (MMT). SMM can in turn serve as methyl donor for
Met synthesis from homocysteine (Hey), in a reaction catalyzed by the enzyme Hey-S-
methyltransferase (HMT). The illustration shows how the essentially irreversible
reactions are connected. Each turn of the cycle is futile as it consumes and then
regenerates two Mets while converting ATP to adenosine, PPi and Pi (not shown). (B)
lllustrated are the average flavor scores, + standard deviation, given by a specialist
beer taste panel on the listed properties - body, estery, and DMS - of beer samples.
Control sampies of standard beer were spiked with beer only {columns marked with
"0"), or spiked with a mixture of esters giving the following concentrations in beer: 5
ppm ethyl acetate, 1.5 ppm iscamylacetate, 0.05 ppm ethyl hexanoate, 0.13 ppm ethyl
octanoate (columns marked “1"), and the aforementioned ester mix including 100 ppb
DMS (columns marked "2™).

FIG. 2 shows the molecules involved in the alkaline formation of the fluorescent
compound SMM-OPA.

FIG. 3 shows results of HPLC and western blot experimentis to verify the null-MMT
phenatype of Mutant 8063 and Mutant 14018. (A) An example on HPLC-based
separation of an extract from shoots of cv. Prestige, showing elution of aspartic acid
(Asp), glutamic acid (Glu), asparagine (Asn), serine (Ser) and SMM. Fluorescence of
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
mutanis 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 wiid-type Prestige (lane 2), Mutant 8063 (lane
3), wild-type Sebastian (fane 5), and Mutant 14018 (lane 8). Reference proteins with
the indicated masses in kDa were separated in lanes 1, 4, and 7, while recombinant
MMT from E. coli celis was used as a control and separated in lane 8. As detailed in
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Example 12, the 120-kDa stained protein bands represent MMT, while the 80-kDa
band in the E. coli extract is not MMT-derived as it also appears in exfracts of negative
control cells transformed with vector pET18b (cf. FIG. 14B,C).

FIG. 4 shows the absence of MMT activity in 4-d-old shoots of Mutant 8063, but
pronounced activities in wild-type shoots of similar germination length. MMT activity
was determined using PH]SAM as a substrate. The MMT-catalyzed transfer of a methy!
group from [*H]SAM to Met, forming SMM, was manitored by scintillation counting after
removal of the remaining [’H}SAM by activated charcoal. This binds the substrate - but
not the newly synthesized, labeled product SMM. The illustration also shows that SMM
was absent in mutant shoots, but present in those of wild-type. A total of 30 shoots of
both mutant and wild-type piants were analyzed, 15 from each of mutant and wild-type
plants.

FIG. 5 shows a comparison of free DMSP and free DMS contents in wild-type and nuli-
MMT malt, wort, and beer. (A} Both green and kilned malt of Mutant 8063 had notably
reduced in levels of DMSP and free DMS. (B) Sweet and boiled worts of Mutant 8063
almost lacked DMSP and free DMS, and also beer made using Mutant 8063 malt was

extremely low in free DMS.

FIG. 6 shows fiavor profile comparisons established by a 10-person-large beer taste
panel; tests comprised beers brewed with malt of wild-type cv. Power and Mutant 8063
{null-MMT). This type of analysis makes use of a number of pre-defined flavor
attributes as shown in the graphics, quantifiable on a scale from 0-5. A flavor is judged
as "extremsly", corresponding to score 5, only if its property is considered maximal for
the beer type 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.

FIG. 7 shows an illustration on a way to propagate NaNs-mutagenized barley kernels,
Kernels of generation M0 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. Kemels of generation M3
may be allowed to germinate, and samples thereof, e.g. coleoptiles, may be used for
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analysis. M3 seeds may also be sown and the flowers of the corresponding plants used
for crossings to obtain piants of generation M4.

FIG. 8 shows a simplified, schematic overview of a preferred beer production process,
including steeping of barley grain (1), germination (2), kiln drying (3), milling of the dried
malit (4}, mashing (5), filtration (6), wort boiling in the presence of added hops (7),
fermentation in the presence of yeast (8), beer maturation (8), beer fittration (10),
packaging into, for example, bottles, cans, or the fike (11), and labeling (12). The
individual processes can be grouped into sections comprising matt production (1-3),
wort production (4-7), fermentation (8-8) and the preparation of the finished beer {(10-
12). Although a preferred method is illustrated, alternative ways may be envisaged that
omit some of the depicted steps (filtration, for example, may be omitted or hops may
not be added), or additional steps may be added (e.g. addition of adjuncts or
carbonate). Beer may also be produced using mixtures of malted and unmalted barley,
or only unmalted barley, in which case external enzymes are frequently added during
the mashing process.

FIG. 9 shows, in a schematic form, the organization of the barley gene encoding MMT.
llustrated is the 6368-bp-long genomic sequence (SEQ ID NO:3), which spans the
translational start and stop codons. Exons and introns are shown as numbered boxes
and unnumbered lines, respectively. Exon 12 is illustrated as an arrowhead to indicaie
the overall direction of franscription and transiation. Nucleotide numbers refer {o the &
and 3' end of indicated exons relative to the first base of the translational start codon.
Also illustrated are the approximate locations of PCR streiches that correspond to the
amplifications using the primer sets listed in Table 2. '

FIG. 10 shows the cDNA sequence for barley MMT of cv. Prestige, spanning the
transiational start and stop codons, i.e. the coding region (SEQ ID NO:4), aligned with
the translated sequence (SEQ ID NO:6), using the one letter code for amino acids.

FIG. 11 shows a sequence alignment of the almost identical MMT enzymes of barley
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.
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FIG. 12 shows how barley Mutant 8063 activates cryptic splice sites in the gene for
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 15, cf. Table 4.
(B) Visualization of DNA bands following agarose gel electrophoresis of reverse
franscription polymerase chain reaction (RT-PCR) analysis of products using RNA
template from either wild-type cv. Prestige or Mutant 8063. (C) Hiustration to show the
intron—exon structure of PCR products in panel B, using the same graphical elements
as in A, Exon 5 of Product 4 is shorter in comparison with that of the wild-type. Vertical
arrowheads point to the approximate positions of premature translational stop codons.
Due to choice of primers, the products do not comprise exons 1 and 2. It is, however,
predicted that the mRNA alsc comprises exons 1 and 2. (D) Detailed iliustration of the
transcripts resulfing from the mutated (Mut.) and wild-type (WT) 5" splice site in

intron 5, with the mutation site indicated by the underlined base. Arrows joined by solid
lines, labeled 3 and 4, mark the donor and acceptor sites utilized during splicing of
Product 3 and Product 4, respectively (cf. Panel C). The broken iine, marked 2", points
{o splicing of the wild-type transcript (Product 1 in panel C) and to non-spliced Product
2 (cf. Panel C). Bases of exons and intron 5 are in lower and upper case letters,
respectively. nt. nucieotide. (E) Overview of the composition of 5’ and 3' splice sites in
monocots (Sinibaldi and Mettler, 1992), compared with the sequence of intron 5 in the
gene for MMT of Mutant 8063.

FIG. 13 shows expression plasmids for heterologous expression of aberrant MMTs of
Mutant 8063, and alignment of encoded proteins. (A) lliustration of the Ncol-BamHI
fragment of pET19b-MMT ~ including selected restriction sites — encoding wild-type
MMT fused to a sequence specifying a His-tag (3; sequence MGHHHHHHHHHH;
SEQ ID NO:69) in frame with an enterokinase site (% %, sequent:e SSGHIDDDDKH;
SEQ ID NO:70). Deletion constructs are illustrated in (B), (C), and (D). (E) Alignment of
the encoded MMT sequences (SEQ 1D NOs: 6, 11, 13, 15 for constructs shown in A, B,
C and D, respectively). A synthetic peptide corresponding to the sequence stretch
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 1D NO:8).

FIG. 14 shows the resuits of heterologous expression in E. coli of wild-type and mutant
forms of MMT from cv. Prestige and Mutant 8063, respectively, with experimental
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details described in Example 12. An extract of E. coli cells transformed with vector
pET18b, as well as an aliquot of pure SMM, served as experimental control samples.
Gel areas between lanes 4 and 5 of both blots, comprising data irrelevant to the instant
application, were electronically erased following scanning. (A} HPLC-profiles of pure
SMM as well as extracts from E. colii celis transformed with the indicated plasmids. For
comparative purposes, the profiles are alsc an integral part of FIG 18. (B) Western blot
resulis of size-separated proteins from soluble, cellular extracts of E. coli cells
transformed with plasmids pET-MMT (lane 2), pET19b-Line8063-Prod3 (lane 3},
pET19b-L.ine8063-Prod4 (lane 4), and pET19b (lane 5). Reference proteins, with the
indicated masses in kDa, were separated in lane 1. (C) Western blot results of size-
separated proteins from exiracts of inclusion bodies of E. coli cells transformed with the
plasmids as noted in legend to figure part B hereinabove. The primary, polyclonal
antibodies used in the western analyses were raised against a synthetic 15-residue-
long peptide of barley MMT, corresponding to the amino acid stretch marked with
asterisks in FIG. 13.

FIG. 15 shows an illustration on approaches to identify grains that are characterized by
the G3076—A mutation in the gene for MMT of Mutant 8063. (A} In the hypothetical
reaction 1 and reaction 2, primer set 20, cf. Table 7, yields a 271-bp PCR fragment and
no fragment, respectively, as schematically shown by an ethidium bromide-stained
band following agarose gel electrophoresis of the corresponding reactions (C). in
hypothetical reactions 3 and 4 (B), only the latter generates a PCR fragment.
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
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
cotresponding masses in kDa indicated.

FI1G. 16 shows how barey Mutant 14018 activates cryptic splice sites in the gene for
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 elecirophoresis 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,

using the same graphical elements as in A. Exon 2 of Product 8 is fruncated in
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comparison with that of the wild-type. Vertical arrowheads point to the approximate
positions of premature transiational stop codons. Due to the choice of primers, the
products do not comprise exon 1. it is, however, predictable that the mRNA also
comprises exon 1. (D) Detailed illustration on the transcripts resulting from the mutated
(Mut.) and wild-type {WT) 5' splice site in intron 2, with the mutation site indicated by
the underlined base. Arrows joined by solid lines labeled 7 and 8 mark the donor and
acceptor sites utilized during splicing of Product 7 and Product 8, respectively (cf. panel
C). The broken fine marked 6* points to splicing of the wild-type franscript (Product 5 in
panel C) and to non-spliced Product 6 (cf. Panel C). Bases of exons and intron 2 are in
lower and upper case letiers, respectively, nt: nucleotide. (E) Overview of the
compasition of 5° and 3' splice sites in monocots (Sinibaidi and Mettler, supra),
compared with the sequence of intron 2 for the gene for MMT, Mﬁtant 14018.

FIG. 17 shows expression plasmids for heterologous expression of aberrant MMTs of
Mutant 14018, and alignment of encoded proteins. (A} Hiustration of the Ncol-BamHI
fragment of pET18b-MMT - including selected resiriction sites - encoding wild-type-
MMT fused to a sequence specifying a His-tag (*; sequence MGHHHHHHHHHH;
SEQ ID NO:69) in frame with an enterokinase site (3 *; sequence SSGHIDDDDKH,;

~ SEQ ID NO:70). Deletion constructs are shown in (B}, (C}, and (D). (E) Alignment of

the encoded MMT sequences (SEQ 1D NOs: 18, 22, 24, 26 for consfructs shown in A,
B, C, and D, respectively). The sequence spanning residue number 213 to 1084 is not
shown for the wild-type enzyme (SEQ 1D NO:18).

FIG. 18 shows HPLC-based experimental results of heterologous expression in E. coli
of wild-type and mutant forms of MMT from cv. Prestige and Mutant 14018,
respectively, with experimental details described in Example 15. Pure SMM and exiract
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.

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 8, yields a 121-bp PCR fragment and
no fragment, respectively, as schematically shown by an ethidium bromide-stained
band following agarose gel electrophoresis of the comesponding reactions (C). in
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hypothetical reactions 3 and 4 (B), only the latter generates a PCR fragment (123 bp).
Horizontal arrows indicate full sequence match to template DNA, while arrows with a
sharp bend indicate a mismatch. (D) Western biot analysis with an anti-MMT antibody
recognizes a 120-kDa MMT enzyme in a wild-type kemnel of cv. Sebastian (lane 2), but
not in that of Mutant 14018. Standard proteins were separated in lane 1, with the
corresponding masses in kDa indicated.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

In the description, figures, and tables which follow, a number of terms are used. To
provide the specifications and claims, including the scope to be given such terms, the
following definitions are provided:

As used herein, "a" can mean one or more, depending on the context in which it is
used.

The term "agronomic trait” describes a phenatypic or genetic trait of a plant that con-
tributes to the performance or economic value of said plant. Such traits include disease
resistance, insect resistance, virus resistance, nematode resistance, drought tolerance,
high salinity tolerance, vield, plant height, days to maturity, kemel grading (i.e. kernel
size fractionation), kernel nitrogen content and the like.

The term "barley” in reference to the process of making beer, particularly when used to
describe the malting process, means barley kemels. In all other cases, unless
otherwise spacified, "barley" means the barley plant (Hordeum vuigare, L.}, including
any variety, whereas part of a barley plant may be any part of a barley plant, for
example any tissue or cells.

A "cereal" plant as defined herein is a member of the Graminae plant family, cuitivated
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
(Avena), sorghum (Sorghum), and Triticale, a rye—-wheat hybrid.
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"DMSP" as used herein is an abbreviation for DMS precursor or DMS potential, i.e. the
molecules that can be converted to DMS during the production of beverages. SMM
represents the major part of, if not all, DMSP. The level of DMSP s defined herein as
the quantity of DMS that can be generated from DMSP in the specified plant material,
or product thereof, by boiling at alkaline conditions for 1 hour. As defined herein, 1 ppb
DMSP can be converted to 1 ppb DMS.

By "encoding” or "encoded" in the context of a specified nucleic acid is meant
comprising the information for franslation into the specified protein. A nucleic acid
which encodes a protein may comprise non-translated sequences (e.g. introns) within
translated regions of the nucleic acid, or may lack such intervening nen-translated

sequences (e.g. in cDNA). The information by which a protein is encoded is specified

- by the use of codons.

As used herein, "expression” in the context of nucieic acids is to be understood as the
transcription and accumulation of sense mRNA or antisense RNA derived from a f
nucleic acid fragment. "Expression” used in the context of proteins refers to translation
of mRNA into a polypeptide.

The term "gene” means the segment of DNA involved in producing a polypeptide chain;
it includes regions preceding and following the coding region (promoter and
terminator). Furthermore, plant genes are discontinuous with proteins encoded by
them, consisting of exons interrupted by introns. After transcription into RNA, the
introns are removed by splicing fo generate a mature messenger RNA (mRNA). The
"splice sites" between exons are typically determined by consensus sequences acting
as splice signals for the splicing process, consisting of a deletion of the intron from the
primary RNA transcript and a joining or fusion of the ends of the remaining RNA on
gither side of the excised intron.

The term "germination” as used herein means the beginning or resumption of growth
by a bariey kernel in varicus compositions, such as normat 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
malting factory). Germination is generally understood to include hydration of the
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kerneis, swelling of the kemnels and inducing growth of the embryo. Environmental
factors affecting germination include moisture, temperature and oxygen level. Root and
shoot development is observed.

As used herein, the term "isolated" means that the material is removed from its original
ehvironment. For example, a naturally-occurring polynucleotide or polypeptide present
in a living organism is not isolated, but the same polynucleotide or polypeptide, sepa-
rated from some or all of the coexisting materials in the natural system, is isolated.
Such polynuclectides could be part of a vector andfor such polynucleotides or poly-
peptides could be part of a composition, and still be isolated because such vector or
composition is not part of its natural environment.

The term "kernel” is defined fo comprise the cereal caryopsis, also denoted internal
seed, the lemma and palea. In most barley varieties the lemma and palea adhere to
the caryopsis and are a part of the kemel following threshing. However, naked barley
varieties also occur. In these, the caryopsis is free of the lemma and palea and
threshes out free as in wheat. The terms "kernel" and "grain" are used interchangeably

“herein,

"Grain development” refers fo the period in barley's life cyclus that begins with
fertifization in which metabolic reserves, e.g. sugars, oligosaccharides, starch,
phenolics, amino acids, and proteins are deposited, with and without vacuole targeting,
fo various tissues in the kernel, e.g. endosperm, testa, aleurone, and scutelium, leading
to kernel enlargement, kemne! filling, and ending with kernei maturation and desiccation.

The terms "total loss of functional MMT" and "total loss of MMT activity" refer to the
fack of the MMT enzymatic activity, i.e. a barley plant with no detectable MMT activity
when using the assay described in Exampie 2 herein below. Alternatively, MMT activity
of a barley plant is determined by isolating MMT cDNA of said barley and determining
whether the protein encoding by said cDNA is capabie of catalyzing transfer of a
methyl group from SAM to Met, thereby forming SMM.

The term "malt beverage” refers io beverages prepared using mait, optionally in
admixture with other ingredients, such as mixtures of malted and unmalted barley,
preferably beverages prepared by a method including a step of incubating malt with hot
water. Malt beverage may, for exampie, be beers or maltinas.
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The term "fermented malt beverage” refers to malt beverage which have been fer-
mented, e.g. incubated with yeast.

The term "MMT activity” refers to the enzymatic activity of the barley methionine $-
methyltransferase enzyme. In the context of the present invention, "MMT activity" is the
MMT -catalyzed methyiation at the sulfur atom of Met to yield SMM. Even though the
MMT enzyme may be capable of catalyzing other reactions, for the purpose of deter-
mining the activity of MMT according to the present invention, only the SMM-forming
activity should be considered, FIG. 1B outlines the biochemical reactions wheresin Met
is converted to SMM by methyiation.

"Malting" is a special form of germination of barley kernels taking place under
contfrolled environmental conditions in, but not limited {0, steep tanks and germination
boxes of the malting factory. In accordance with the process of the present invention,
malting begins to occur during and/or after the barley kernels have been steeped. The
malting process may be stopped by drying of the barley kernels, for example, in a kiln
drying process. In case the malt has not been kiln dried, it is denoted "green malt". A
malt composition prepared from null-MMT barley is understood to comprise null-MMT
malt, such as pure null-MMT malt or any blend of malt comprising null-MMT mait. Malt
may be processed, for example by milling, in which case it may also be referred to as
"milled mait" or *flour".

"Mashing" is the incubation of milled malt in water. Mashing is preferably performed at
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 impertance
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 aiso be
of importance. Mashing can occur in the presence of adjuncts, which is understood to
comprise any carbohydrate source other than malt, such as, but not limited to, barley
(including null-MMT barley), or maize, or rice either as wholie 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 reguirements for processing of the
adjunct in the brewery depend on the state and type of adjunct used and in particular
the starch gelatinization or liguefaction temperatures. If the gelatinization temperature
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is above that for normal malt saccharification temperature, then the starch is
gelatinized and liquefied before adding to the mash.

When a given mutation is fixed as a homozygous genetic characteristic, for example in
generation >M3, the corresponding barley plant is, interchangeably herein, denoted as
"Mutant", or as "mutated line", or as "Line".

"Mutations” include deletions, insertions, substitutions, transversions and point muta-
tions in the coding and noncoding regions of a gene, wherein the noncoding regibn
preferably is promoter region or introns. Deletions may be of the entire gene or of only
a portion of the gene. Point mutations concern changes of one base or one base pair
and may result in stop codons, frameshift mutations or amino acid substitutions.
Somatic mutations are those which occur only in certain cells or tissues of the plant
and are not inherited to the next generation. Germline mutations can be found in any
celi of the plant and are inherited, With reference to FIG. 7 herein — which presents an
overview on how grains of mutated barley tmay be propagated in a breeding program -
grains of generation M3, and directly propagated grains thereof, or of any subsequent
generation, including the plants thereof, may be termed "raw mutants". Further, still
with reference to FIG. 7 herein, the term "breeding line" refers to grains of generation
M4, and any subsequent generation, including the piants thereof, which may be the
result of a cross to a cultivar plant, or the result of a cross to another breeding line with
a separate, specific {rait.

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.

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 bariey plants can be regenerated, barley
plant calli, and barley plant cells that are intact in plants or larger parts of barley plants,
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such as embryos, pollen, ovules, flowers, kemels, leaves, roots, root tips, anthers, or
any part of a plant.

"PCR" or "polymerase chain reaction” is well known by those skilled in the artas a
technigue used for the amplification of specific DNA segments (U.S. Pat. Nos.
4,683,195 and 4,800,159 to Muilis, K.B. et al.). Also reverse transcription (RT)-PCR is
well known by those skilled in the art. Performing a RT-PCR on a biclogical sample
aims at detecting expressed mRNAs for a particular gene. In relation to MMT, RT-PCR
in general includes obtaining a sample that is suspected of containing MRNA for MMT,
performing a RT-PCR on the sample with a reverse transcriptase, a polymerase, and a
pair of specific primers, to amplify the RNA, if present, and detecting the amplification
product as an indication of the presence of MMT encoding RNA in the sampie. Primers
work in pairs - "forward primer" (or "upper strand primer” or "direct primer"}, and
"reverse primer” (or "lower strand primer”). Primer sequences are herein given in the
5'-to-3' direction.

By the term "plant product" is meant a product resulting from the processing of a plant
or plant portion. For example, said plant product may be malt, wort, a fermented or
non-fermented beverage, a food, or a feed product.

A "specialist beer taste panel” within the meaning of the present application is a panel
of specialists extensively trained in tasting and describing beer flavors, with special
focus on esters, higher alcohols, fatty acids, sulfur components and body. Although a
number of analytical tools exist for evaluating flavor components, the relative
significance of flavor-active components are difficult to assess analytically. However,
such complex properties can be evaiuated by faste 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 isoamylaicohaol.

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
general consist of a conserved GT dinucleotide (GU in the mRNA), and the 3' end of an
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intron usually consists of a conserved dinucleotide AG. The 5' splice site of an intron
thus comprises the §' end of an intron, and the 3' splice site comprises the 3' end of an
intron. Preferably, within the context of the present invention, the splice site of an intron

is either:

()  The 5 splice site consisting of the most 5' dinuclectide of the intron, which
in general is GT; or

(i) The 3' splice site consisting of the most 3' dinucleotide of the intron, which
in general is AG.

"Cryptic splice sites" are not recognized under normal conditions and thus do not
normally cause splicing. However, in transcripts bearing point mutations within natural
elements, such sites can be activated for splicing events.

"Tissue culture” indicates a compositio'n comprising isolated cells of the same or
different types or a collection of such cells organized into parts of a plant, for example
protopiasts, calli, embryos, pollen, anthers, and the like.

"Wild bartey", Hordeum vuligare ssp. spontaneum, is considered the progenitor of
today's cullivated forms of barley. The transition of barley from a wild to a cultivated
state is thought to have coincided with domestication of the plant into "bariey land-
races". These are genetically more closely related to modern cultivars than wild barley.

The term "wild-type" barley refers to a conventionally generated barley plant; preferably
the term refers to the barley plant from which the bariey plants of the instant invention
have been derived, i.e. the parental plants. Wild-type barley kernels are generally
available from, for example, seed companies as "cultivars” (often abbreviated "cvs."),
i.e. those genetically similar kernels that are listed by national plant breeding
organizations. The terms “cultivar” and "variety” are used interchangeably herein.

By the term "wort" is meant a fiquid extract of malf, 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-confaining material
partly converted into fermentable sugars. The wort is in general obtained by mashing,
optionally followed by "sparging", i.e. the process of extracting residual sugars and



10

15

20

25

30

35

WO 2010/063288 ‘ PCT/DK2009/050315

20

other compounds from spent grain after mashing with hot water. Sparging is typically
conducted in a lauter tun, a mash filter, or another apparatus allowing separation of the
extracted liquid from spent grain. The wort obtained after mashing is generally referred
to as "first wort", while the wort obtained after sparging is generally referred to as the
"second wort". if not specified, the term wort may be first wort, second wort or a
combination of both. During beer production, wort is generally boiled together with
hops. Wort prepared without boiling with hops may also be referred to as "sweet wort",
whereas wort which has been boiled with or without hops may be referred to as "boiled
wort".

Barley plant

Bariey is a family of plants. Wild bariey, Hordeum vulgare ssp. spontaneum, is con-
sidered the progenitor of today's cultivated forms of barley. The transition of barley from
a wild to a cultivated state is thought to have coincided with a radical change of allele
frequencies at numerous loci. Rare alleles and new mutational events were positively
selected for by the farmers who quickly established the new traits in the domesticated
ptant populations, denoted "barley landraces”. These are genetically more closely
related to modem cultivars than wild barley. Until the late nineteenth century, barley
landraces existed as highly heterogeneous mixtures of inbred lines and hybrid segre-
gates, including few plants derived from random crossings in earlier generations. Most
of the landraces have been displaced in advanced agricultures by pure line cultivars.
Intermediate or high levels of genetic diversity characterize the remaining landfaces.
Initially, "modern barley” cultivars represented selections from landraces. These were
later derived from successive cycles of crosses between established pure lines, such
as those of diverse geographical origins. Eventually, the result was a marked narrowing
of the genetic base in many, probably all, advanced agricuitures. Compared with
landraces, modem barley cultivars have numerous improved properties (Nevo, 1992;
von Bothmer, 1992), for exampie, but not limited to:

{i) Covered and naked kernels;

(if) Seed dormancy;

(iii) Disease resistance;

(iv) Environmental tolerance (for example to drought or soil pH);
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%) Proportions of lysine and other amino acids;
(vi}  Protein content;

(vii)  Nitrogen content;

(vii) Carbohydrate composition;

(ix}  Hordein composition.

Within the present invention, the term "barley" comprises any barley piant. Thus, the
invention relates to any barley plant carrying 2 mutation in the gene encoding MMT,
resulting in a fofal loss of functional MMT.

However, preferred barey plants for use with the present invention are modemn barlay
cultivars or pure lines. The barley culiivar to be used with the present invention may, for
example, be selected from the group consisting of Sebastian, Celeste, Tangent, Lux,
Prestige, Saloon, Neruda, Harrington, Klages, Manley, Schooner, Stirling, Clipper,
Franklin, Alexis, Blenheim, Ariel, Lenka, Maresi, Steffi, Gimpel, Cheri, Krona,
Camargue, Chariot, Derkado, Prisma, Union, Beka, Kym, Asahi 5, KOU A, Swan Hals,
Kanto Nakate Gold, Hakata No. 2, Kirin — choku No. 1, Kanto late Variety Gold, Fuiji
Nijo, New Golden, Satukio Nijo, Seijo No. 17, Akagi Nijo, Azuma Golden, Amagi Nijpo,
Nishino Gold, Misato golden, Haruna Nijo, Scarlett, Quench, NFC Tipple and Jersey
preferably from the group consisting of Haruna Nijo, Sebastian, Tangent, Lux, Prestige,

- 8aloon, Neruda, Power, Quench and NFC Tippie.

Accordingly, in one embodiment of the invention, said plant is a modern barley cuitivar
that carries a mutation in the gene encoding MMT, resulting in a total loss of functional
MMT, preferably one a culiivar 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 tandrace.

The bariey plant may be in any suitable form. For example, the barley plant according
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 kerne] or the like.

Parts of barley plants may be any suitable part of the plant, such as kernels, embryos,
leaves, stems, roots, flowers or fractions thereof. A fraction may, for example, be a
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section of a kernel, embryo, leaf, stem, root or flower. A part of a barley plants may
also be a fraction of a homogenate, a fraction of an extract, or a fraction of a milled
barley plant or kemnel. ’

In one embodiment of the invention, parts of barley plants may be celis of said barley
plant, preferably viable celis that may be propagated in vitro, for example in cell or
tissue cultures. In particular, in one embodiment said cells may be cells that are not
capable of maturing into an entire barley plant, i.e. cells that are not a reproductive
material.

Loss of functional MMT enzyme

The present invention relates to plant products, such as beverages prepared from
barley plants, or parts thereof, said barley plants carrying a mutation in the gene for
MMT, resulting in loss of functional MMT enzyme, for example loss of at least 90% of
MMT activity, preferably at least 97%, more preferably at least 99%, yet more
preferably at least 99.5% of MMT activity compared to the corresponding level in wild-
type barley, preferably compared fo any of the wild-type barley cultivars described
herein above, more preferably compared to wild-type barley cv. Préstige. Most
preferably éaid bariey plant carries a mutation in the gene encoding MMT, resulting in a
total ioss of MMT function.

The total ioss of a functionai MMT enzyme may be based on different mechanisms. For
exampie, the total loss of functional MMT enzyme may result from a malfunctioning
protein in said plant, i.e. 2 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
mechanisms, for example malfunctioning MMT protein.

Preferably, the activity of a mutated MMT protein is determined by its capacity to
catalyze transfer of a methy! group from SAM fo Met, thereby forming SMM. This may,
for example, be undertaken as described in Example 4 hereinafter. Preferably, the
amino acid sequence of a mutated MMT is obtained by determining the translated
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sequence of the corresponding, isolated barley cDNA. This may be done essentially as
described in Example 8 hereinafier. Alternatively, the mutated MMT of a barley plant of
the invention is obtained by heterologous expression in a bacterial cell culture as
described in Example 11 and Example 12 hereinafter, followed by verifying that the
recombinant protein is inactive as an MMT enzyme.

The total loss of functional MMT may be realized by the lack of MMT protein. Lack of
MMT protein will lead to loss of MMT function. Thus, the barley plant may comprise no,
or only very little, preferably no detectable MMT protein. The presence or absence of
MMT protein may be detected by any suitable means known to the person skilled in the
art. However, the protein(s) is preferably analyzed by techniques wherein MMT protein
is detected by specific antibodies that recognize MMT. Said techniques may, for
example, be western blotting or enzyme-iinked immunosorbent assay, and said specific
antibodies may be monoclonal or polyclonal. Preferably, however, said antibodies are
polyclonals that recognize several different epitopes within the MMT protein. This may
also be detected indirectly, for example, by methods for MMT activity determination.
Thus, in one preferred embodiment of the invention, a barley plant is said to carry a
mutation in the gene encoding MMT, thus causing a total loss of MMT activity, when no
MMT protein is detectable in said plant. In particular, this is the case when no MMT
protein with an approximate mass of 120 kD, £10%, is detectable in said barley plant -
preferably in kernels of said barley plant, as analyzed by western blotting.

The total loss of functional MMT may also be a result of no or very little, preferably no,
transcription of an MMT mRNA.. The skilied person will acknowledge that the absence
of an MMT transcript aiso will result in the absence of MMT protein.

Preferably, however, the iotal 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.
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,
carry at least ane mutation in the MMT gene. Said mutation(s) may be in regulatory
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regions, for instance within the promoter, or introns, or said mutation(s) may be in the
protein coding region. Thus, the loss of functiorial MMT may also be detected by
analyzing for mutations in the gene encoding MMT. Mutations in the MMT-encoding
gene may, for example, be detected by sequencing said gene, followed by comparing it
to the wild-type sequence, preferably the wild-type sequence of cv. Prestige given
herein as SEQ 1D NO:3, or that of cv. Sebastian (SEQ 1D NO:16). Preferably, after
identifying a mutation, the loss of function is confirmed by testing for MMT activity, for
instance as described in Example 2 or Example 4.

The term MMT protein is meant to cover the full length MMT protein of bariey as set
forth in SEQ ID NO:6, or a functional homolog thereof. In this context, a functional
homoleg is an MMT protein with the same level of MMT activity, 125%, as that of the
MMT protein of barley as set forth in SEQ ID NO:6, wherein the MMT activity is
determined as described in Example 2 or Example 4 hereinbelow.

The barley plant with loss of at ieast 90%, such as 95%, for example 99%, such as
99.5% MMT activity or with total loss of MMT activity may comprise a partly functional
or preferably a non-functional, truncated form of MMT, such as an N-terminal or a C-
terminal truncated form. A bariey plant may comprise more than one truncated form of
MMT, such as 2, or for example 3, or such as more than 3 different truncated forms of
MMT, which may result from aberrantly spliced transcripts. Said truncated forms
comprise only an N-terminal fragment of MMT. In addition to the N-terminal fragment of
wild-type MMT, said truncated forms of MMT may comprise additional C-ierminal
sequences not found in wild-type MMT. Said additional C-terminal seguences may, for
instance, be transiated intron sequences, such as those comprised in the mutant
mRNA due to aberrant splicing. Preferably, said truncated MMT forms comprise at the
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
residues of SEQ ID NO:6. This is in particuiar the case when said barley plant has a
total loss of MMT activity. However, the MMT may also comprise less, such as no meore
than 300, for example nc more than 250, such as no more than 200, for example at the
most the 150, for exampie no more than 147, or no more than 133 N-terminal amino
acids of SEQ 1D NO:6.
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In one very preferred embodiment, the truncated MMT form may consist of amino acids
1-311 or amino acids 1-288 of SEQ ID NO:6 and optionally additional C-terminal
sequences not present in wild-type MMT. Preferably, said additional C-terminal
sequences consist of at the most 50, more preferably at the most 30, even maore
preferably at the most 10, yet more preferably of at the most 4, or at the most 1 amino
acid. In a very preferred embodiment, the fruncated form of MMT may be the protein
according to SEQ 1D NO: 11, or SEQ 1D NO:13, or SEQ ID NO:15. None of the proteins
of SEQ ID NO:11, or SEQ 1D NO:13, or SEQ ID NO:15 are functional MMT enzymes.

In another very preferred embodiment, the truncated MMT form may consist of amino
acids 1-147, or of amino acids 1-133, of SEQ ID NO:18, and optionally additional C-
terminat sequences not present in wild-type MMT. Preferably, said additional C-
terminal sequences consist of at the most 50, more preferably at the most 40, even
more preferably at the most 39, or at the most 33, or at the most 30 amino acids. Ina
very preferred embodiment, 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,

Abovementicned truncated forms of MMT may for example be present in a barley piant
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 thatis
transcribed into mRNA, 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 barfey 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
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
barlay plants according to the invention - as determined by RT-PCR and accordingly
with fragment lengths in bp - are illustrated in FIG. 12 and FIG. 16. More preferably,
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the aberrant mRNAs of barley plants according to the invention are those illustrated in
FIG. 12, further comprising exons 1 and 2 at the §' end, or the mRNAs iliustrated in
FIG. 16, further comprising exon 1 at the 5' end.

In a very preferred embodiment of the present invention, the barley plant carrying a
mutation in the gene for MMT comprises a mutation in a splice site within the MMT
gene, which results in aberrantly spliced mRNA. More preferably, said mutation is
positioned in an intron of the MMT gene, even more preferably in the 5' splice site of an
intron, such as in the 5' splice site on intron 1 (the intron separating exons 1 and 2),
such as in the §' splice site on intron 2 (the intron separating exons 2 and 3), such as in
the 5" splice site on intron 3 (the intron separating exons 3 and 4), such as in the &'
splice site on intron 4 (the intron separating exons 4 and 5), such as in the &' splice site
on intron 5 (the intron separating exons 5 and 6}, such as in the 5' splice site on intron
6 (the intron separating exons 6 and 7), most preferably in the 5' splice site on infron 2
or intron 5.

It is preferred that said mutation is a G—A mutation of the terminal 5' base of the afore-
mentioned introns. Thus, a very preferred mutation is a G—A mutation of the terminal

5' base of intron 2, or a G—A mutation of the most 5’ base of intron 5.

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 ioss of functional MMT".

In one embodiment of the invention, it is preferred that the barley planis 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

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 out in SEQ 1D NO:8. Thus, it is preferred that

the barley plant according to the invention carries a G—A mutation of base no. 3076 of
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SEQ ID NO:3 (wherein SEQ ID NO:3 is the wild-type genomic sequence for MMT of
barley, cv. Prestige).

One preferred example of a barley plant having total loss of MMT activily is the barley
plant deposited on 13 October 2008 with American Type Culture Collection (ATCC),
Patent Depository, 10801 University Bivd., Manassas, VA 20110, United States and
referred to as "Barley, Hordeum vulgare; Line 8063". Thus, the barley ptant of the
invention may be barley Line 8063 deposited with ATCC 13 October 2008 (ATCC
Patent Deposit Designation: PTA-9543), or any progeny bariey plant thereof, wherein
the gene encoding MMT of the barley plant according to the invention has the
sequence as sef out in SEQ |D NO:8.

In a vary preferred embodiment, the gene encoding MMT of the barley plant according
to the invention has the sequence as set out in SEQ ID NQO:19. Thus, it is preferred that
the barley plant according to the invention carries a G—A mutation at base na. 1462 of
SEQ 1D NC:16 (wherein SEQ ID NO:16 is the wild-type genomic sequence for MMT of
barley, cv. Sebastian).

Preparing barley plants with a total loss of functional MMT

According to the invention, the barley plant with total ioss of functional MMT may be
prepared by any suitable method known to the person skilled in the art. Preferably, the
bariey plant of the invention is prepared by a method comprising the steps of
mutagenizing bariey plants — or parts thereof, for example, barley kemels — followed by
screening and selecting barley plants for individuals with total ioss of MMT activity.
Interestingly, the present invention relates, in one aspect, fo a new and very efficient
screening method to allow for identification of said barley piants.

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:
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(H  Mutagenizing barley plants, and/or barley cells, and/or barey tissue, and/or
barley kerneals, and/or barley embryos, thereby obtaining generation MO
barley; and ‘

- {ii) Propagating {e.q. breeding) said mutagenized barley piants, kernels, and/or
embryos for 22 generations, thereby obtaining barley plants of generation
Mx, wherein x is an integer 22; and ’

(i} Obtaining a sample of said Mx barley plants; and

(iv) Determining the level of SMM in said sample; and

(v) Selecting plants wherein the sample comprises less than 10 ppb SMiM,
preferably less than 5 ppb SMM, more preferably no detectable SMM; and

(vi} Sequencing at least part of the MMT gene; and

(vii) Selecting plants carrying a mutation in the MMT gene;

thereby obtaining a barley plant, which carries a mutation in the MMT gene that causes
a fotal loss of functional MMT.

Step (i) in the above list may involve mutagenizing living barley material selected from
the group consisting of barley plants, barley cells, barley tissue, barley kernels and
barley embrycs, preferably selected from the group consisting of barley plants, barley
kernels and barley embryos, more preferably barley kernels. Mutagenesis may be
performed by any suitable method. In cne emquiment, mutagenesis is performed by
incubating a barley plant or a part thereof - for iﬁstance bariey kernels or individual
celis from barey - 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
sodium azide (NaN3), ethyl methanesulfonate (EMS), azidogiycerol {AG), methyl
hitrosourea (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
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.
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it is preferred that mutagenesis is performed in a manner such that the expected
frequency of desired mutants is at least 0.5, such as in the range of 0.5 to §, for
example in the range of 0.9 to 2.3 per 10,000 grains, when screening barley of -
generation M3.

in a preferred embodiment, barley kemels are mutagenized. These are designated
generation M0 (see also FIG. 7).

Subsequent to mutagenesis, barley plants, or paris thereof, with no detectable MMT
activity are selected. Preferably, selection comprises obtaining a sample from a barley
plant, preferably from a germinating barley plant, even more preferably from a barley
plant, which has germinated for 4 d. It is preferred that the sample is from a coleoptile
and/or a primary leaf, preferably from a leaf. Thus, the sample may, for example, be in
the range of 1 cm to 3 cm leaf fissue.

The sample may be exiracted and analyzed following a newly developed multistep
protocol, as described herein, involving the successive use of different solvents and
binding materials. In general, the sample may be extracted, for exampie with a solvent
or a mixture of solvents, preferably water and/or organic solvents. The organic solvent
may, for example, be an alcohol, preferably methanol - or the organic solvent may for
example be an alkyl-halide, preferably chioroform. In one preferred embodiment, the
solvent is a mixture of water, methanol, and chloroform. Said extraction may
advantageously be performed while mixing, for example, using a shaker or a mixer. A
solid support may be added to the solvent/sample mixture — for instance a bead, such
as a glass bead.

In a preferred embodiment, the aforementioned leaf sample is taken from generation
Mx kernels, wherein x is an integer 22, preferably in the range of 2 to 10, more
preferably in the range of 3 to 8. In a very preferred embaodiment, the level of SMM is
determined in M3-germinated plants, or in sampies thereof (such as leaves). In said
embodiment, it is preferred that mutagenized barley kernels of generation M0 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). '
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Determination of the SMM level is preferably based on the novel procedure described
below. Interestingly, this method allows for high-throughput screenings, rendering it
feasible to identify barley plants characterized by a total loss of functional MMT.

In general terms, the method preferably involves reacting the sample, or preferably an
extract of said sample, prepared as described above, with a compound capable of
binding SMM. It was found that the OPA reagent (Sigma, cat.no. P7914; ¢f. FIG. 2),

- hereinafter just referred to as OPA, is particularly useful for determining SMM levels.

OPA reacts, amongst dthers, with SMM to form the molecule referred to as SMM-OPA
(cf. FIG. 2). The reaction preferably involves incubating OPA with an extract of the
sample prepared as described ahove, In addition, it is preferred that 3-mercapto-
propionic acid is added to the reaction mixture. The mixture is preferably kept at
alkaline pH, preferably in the range pH 8 to pH 11, more preferably in the range pH 9 to
pH 11, even more preferably in the range pH 9.5 to pH 10.5, such as at pH 10.
Incubation is preferably performed at a temperature in the range of 0°C to 10°C,
preferably in the range of 1°C to 8°C, even more preferably in the range of 2°C to 6°C,
yet more preferably in the range of 3°C to 5°C, such as at 4°C. incubation time is
preferably >10 min.

Based on the observation that SMM-OPA absorbs and emits light of 340 nm and 450
nm, respectively, its detection was possibie by using fluorescence spectroscopy. The
initial process of detection preferably involves extract separation over a column,
preferably on a 30x2 mm Gemini 3y C18 column (Phenomenex, cat.no. 00A-4439-80;
Phenomenex, 2006}, foliowed by flucrescence detection using a high-throughput liquid
chromatography system, preferably an Ultra Performance Liguid Chromatography
(UPLC system, Waters), designed to identify and measure the fluorescent level of
molecules having excitation at 340 nm and emission at 460 nm. When using this
method, "no detectable SMM" means the absence of detectable compounds that co-
elute with SMM. In this coniext, a small "shouider" on a chromatogram peak is
considered an ariifact 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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Detection of SMM may preferably be done as described in Example 2. A preferred
method for selecting barley plants according to the invention is described hereinafter in
Example 2. germinating barley plant, even more preferably from a barley plant, which
has germinated for 4 d It is notable that the above-mentioned screening method is
particularly useful. First of all the analytical method is novel. Furthermore, itis a
significant advantage of the above method that itis established for determination of
SMM levels in germinating barley plants, such as leaves of germinating barley plants.
The timing of sampling from the germninating barley makes an unexpectly clean
preparation for UPLC-based detection of SMM. Other sampies, for example, wort
samples of similar grains as described above are too complex in compaosition, and can
generally not be utilized in the mentioned chromatography method for determination of
SMM levels.

Subsequent to the identification of a barley plant having less than 10 ppb SMM,
preferably no detectable SMiM, the corresponding MMT gene, or part thereof, is
typically sequenced to determine whether the barley plant in question can be classified
as having a mutation in the MMT gene. Barley plants characterized by having no
detectable SMM, and wherein one or more bases of the MMT-encoding gene are
different as compared with the wild-type sequence, are then selected. In this context,
the witd-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
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".

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
products, in general, comprise very low levels of DMS. Furthermore, such plant
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products in general also comprise very low levels of SMM, and preferably also very low

levels of DMSQO. Without being bound by theory, applicants recognize that the absence

of bariey and malt-derived SMM results in very low levels of DMS in beverages, and

aiso in other piant products prepared from said barley characterized by loss of a

functional MMT enzyme. Examples of useful plant products, such as beverages,

prepared from barley plants having total loss of MMT activity, are described hereinafter.

It is preferred that said beverages, or said plant products, contain:

(i)

(i)

Less than 30%, preferably iess than 20%, more preferably less than 15%,
even more preferably less than 10% DMS; and/or

Less than 30%, preferably less than 20%, more preferably less than 15%,
even more preferably less than 10%, such as less than 5%, for example
less than 2% SMM,

of the DMS and SMM content, respectively, of a similar beverage or plant product

prepared from wild-type bariey piants.

It is even more preferred that said beverages, or said plant products, contain:

M

(i

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/or

Less than 50 ppb, preferably less than 40 ppb, more preferably less than
30 ppb, even more preferably lass than 20 ppb, yet more preferably less
than 10 ppb, even more preferably iess than 5 ppb, even more preferably
no detectable SMM. :

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

bariey plants.
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The plant product according to the present invention méy, in one aspect, be barley
kernels carrying a mutation resulting in a total loss of functional MMT. The plant
product may also be compositions comprising said kemels and compositions prepared
from said kernels, as well as other plant products prepared from said kernels.

In one aspect, the plant product according to the invention is a malt composition
prepared by malting kernels of barley plants that carry a mutation in the gene encoding
MMT, causing total loss of MMT activity. By the term "malting” is to be understood
germination of steeped barley kernels, taking place under controlled environmental
conditions (for example as illustrated in FIG. 8).

Malting is a process of controiled steeping and germination, followed by drying
{preferably kiln drying) of the barley grain. Prior to drying, the steeped and germinated
barley grains are referred to as "green malt", which may also be a plant product
according to the present invention. This sequence of evenis is important for the
synthesis of numerous enzymes that cause grain medification in processes that
principally serve fo depolymerize the dead endosperm cell walls and mobilize grain
nutrients. In the drying process, flavor and color (for example brown color) are
produced as a consequence of chemical reactions. Although the primary use of malt is
for beverage production, it can also be utilized in other industriél processes, for
example as an enzyme source in the baking industry, or as a flavoring and coloring
agent in the food industry, such as malt or.as a malt flour, or indirectly as a mait syrup,
etc,

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 kemels from a barley plant carrying a mutation in the gene
encoding MMT, causing total loss of MMT activity;
(i} Steeping said kernels;
- {iii) Germinating the steeped kemels under predetermined conditions,;
(iv) Drying said germinated kermnels;
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thereby producing a malt composition with a low level of SMM and/or DMS . For
example, the malt may be produced by any of the methods described by Briggs et al.
(1981) and Hough et al. {1882).

However, any other suitable method for producing mait may also be used with the
present invention, such as methods for production of specialty malts, including, but not
limited to, methods of roasting the malt.

interestingly, DMS is a rather volatile compound with a boiling point of 37°C-38°C
(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 mait composition, more DMS
may he 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 compesition (cf.
Example 6; FIG. 5A).

Methods for reducing DMS contentration in mait have been described. Many of these
methods rely on heat freaiment of mait. Said heat treatment may simply be heating of
mailt, for example during kiln drying.to volatize free DMS by application of steam. Thus,
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
fo a lesser degree. As noted above, it is preferred that the plant products of the
invention, such as malt compaositions comprise low levels of both DMS and SMM. In
one embodiment of the invention, the malt compositions of the invention have only
been subjected fo 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 accerding to the
invention has not been treated with a bromate salt, such as pofassium bromate or
calcium bromate.

Mait may be further processed, for example, by miliing thereby obtaining milled malt.
Thus, the plant product according to the invention may be any kind of malt, such as
unprocessed malt, or milled malt, or flour thereof. Milied malt, and flour thereof,
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comprise chemical components of the malt, including dead cells that lack the capacity
to re-germinate.

The malt compositions of the invention preferably comprise at the most 3, preferably at
the most 2, more preferably at the most 1, even more preferably at the most 0.5, such
as at the most 0.2 pg/g free DMS. In addition, it is preferred that the malt compositions
of the invention preferably comprises at the most 2, preferably at the most 1, more
preferably at the most 0.5 pg/g SMM.

In a preferred aspect the invention provides malt compositions that comprise at the
most 200, preferably at the most 150, more preferably at the most 100, even more
preferably at the most 50, such as at the most 25 ppb free DMS. In addition, it is
preferred that the malt compositions of the invention preferably comprise at the most
1000, preferably at the most 500, more preferably at the most 250, even more
prefefabty 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.

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
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
or malt.

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

woris may be prepared from null-MMT kernels only, or mixtures comprising other
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kernels as well. The invention also relates to wort compositions prepared using null-
MMT barley, or parts thereof, alone or mixed with other components. Said wort
compositions may be first, and/or second, and/or further worts. The wort compositions
may be sweet wort, boiled wort, or a mixture thereof. In general, a wort composition
contains a high level of amino nitrogen and fermentable carbohydrates, the latter

mainly being maltose. In FIG. 8 is illustrated the common method for preparation of

wort from malt. in general, wort is prepared by incubating mait with water in a mashing
process. During mashing, the malt/water composition may be supplemented with
addifional carbohydrate-rich compositions, for example barley, maize, or rice adjuncts.
Unmalted cereal adjuncts are generally known to contain very iow levels of enzymes,
making supplementation with malt or exogenous enzymes necessary for sugar

conversion and/or extract generation, including generation of free amino nitrogen.

In one embodiment of the invention, the plant product may be unmalted barley, which
for example, may be useful as adjunct during mashing.

In general, the first step in the wort production process is the milling of malt such that
water may gain access to grain particles in the mashing phase - which may be
considered an extension of the malting process with enzymatic depolymerization of
substrates. During mashing, milled malt is incubated with liquid, such as water. The
incubation temperature is either kept constant (isothermal mashing), or gradually
increased. In a preferred embodiment, the initial mashing temperature does not exceed:
70°C, preferably does not exceed 69°C, thus for exampie the initial mashing
temperature may be in the range of 50°C 1o 63°C, such as in the range of 55°C fo
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
particles, the latter denoted spent graing. Said wort may also be denotad "first wort"
After filfration, 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 ai. (1981) and Hough et al. (1982).
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First, second, and further worts may be combined, and subsequently subjected fo
boiling. The non-boiled wort, either a pure first wort or a combined wort, is also referred
to as "sweet wort", while after boiling it may be referred to as "hoiled wort". If the wort is
to be used in production.of beer, hops are frequently added prior to boiling.

The wort composition may also be prepared by incubating null-MMT barley plants, or
parts thereof, such as unmaited null-MMT plants, or parts thereof, with one or more
suitable enzymes, such as enzyme compositions, or enzyme mixture compositions, for
example Ultraflo or Cereflo (Novozymes). The wort composition may also be prepared
using a mixture of malt and unmalted barley plants, or parts thereof, or unmalted barley
only, optionally adding one or more suitable enzymes during said preparation, in
particuiar amylases, glucanases (preferably (1-4)- and/or (1-3,1-4)-8-glucanase), and/or
xylanase (such as arabinoxylanase), and/or proteases, or enzyme mixtures comprising
one or more of the aforementioned enzymes, e.g. adding the enzyme mixture Ondea
Pro (Novozymes).

Barley of the instant invention can be added to a malt mash and used as an adjunct.
More specifically, barley of the invention can be used together with malt in any
combination for mashing, with or without exiernal brewing enzymes, such as, but not
limited to the proportions of barley : malt = 100:0, or 75:25, or 50:50, or 25:75.

In traditional brewing methods, the wort is boiled for a long time, in general in the range
of 60 min to 120 min, one reason being that extended boiling reduces the amount of
DMS, which is volatile. However, extended boliling is undesirable for a number of other
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 iow 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,
even more preferably for at the most 30 min, for exampie for at the most 15 min. ltis
notable that even if a wort is extensively boiled, DMS may still be generated from
DMSP over tima. 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.
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In an additional embodiment of the invention, it is preferred that the wort is not
subjected to carbon dioxide washing subsequent fo boiling of wort and prior to
fermentation.

Preferably, the wort compositions of the invention comprise 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 — andjor less than §C 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.

The plant products, or parts thereof, of the present invention may also be food
compositions, feed cornpositions, and fragrance raw material compositions that
comprise barley plants cartying a mutation in the gene encoding MMT, causing total
loss of MMT activity, Food compositions, for example, may be, but are not limited to,
rmalted and unmalted barley kernels, barley flours, bread, porridge, cereal mixes
comprising barley, health products, such as beverages comprising barley, barley
syrups, and flaked, milled or extruded barley compositions. Feed compositions, for
example, include compositions comprising barley kernels, and/or flours. Fragrance raw
material compositions are described herein below.

The invention also relates to mixiures of the plant products described herein. For
example, the invention in one aspect relates to a composition prepared by a mixture of:

{i) A composilion 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 kemels.

In a preferred aspect, the present invention relates to beverages, more preferred fo
malt-derived beverages, even more preferred to alcoholic beverages, such as beer
containing low levels of DMS, wherein said beverages are prepared using nul-MMT
barley or parts thereof.
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Thus, in a preferred embediment, the invention relates to beverages, more preferred to
malt-derived beverages, even more preferred to alcoholic beverages, such as beer,
said beverages or beer containing:

()} 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 DSM; and/or

(i) Less than 50 ppb, preferably less than 40 ppb, more preferably less than
30 ppb, even more preferably less than 20 ppb, yat more preferably less
than 10 ppb, even more preferably less than 5 ppb, even more preferably
no detectable SMM.

It is preferred that the beverage is prepared by fermentation of null-MMT bariey - or
parts thereof, or extracts thereof - for example by fermentation of wort produced using

malt produced from null-MMT barley, alone or in combination with other ingredients.

However, in other embodiments of the invention, the beverage is a non-fermented
beverage, for example wort, preferably wort prepared from null-MMT malt. It is also
comprised within the present invention that said beverage may be prepared from
unmalted barley piants or parts thereof, preferably from unmaited null-MMT barley
plants or parts thereof,

The beverage may be a non-alcoholic beverage, such as non-alcoholic beer or others
kinds of non-alcoholic beverages, such as non-alcoholic malt beverages, such as
maitina.

Preferably, however, said beverage is prepared from a malt compaosition comprising
null-MMT barley kernels. More preferably, said beverage is beer. This may be any kind
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 mait 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
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sugars or compositions derived from malted or unmalted raw materials, including syrup
compositions.

It is generally thought that DMS over time may be generated from DMSP including
SMM. Thus, even if no or very little DMS initially is present in a beverage, then DMS
may accumufate over time. However, it is an objective of the present invention fo

provide beverages that contain little, or no, DMS - even after storage.

Accordingly, an object of the present invention is to provide barley plant-derived
beverages, such as beer containing 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 DSM after storage for at least 1 week, preferably at least 2 weeks, more
preferably at least 3 weeks, even more preferably for at least 4 weeks, such as in the
range of 1 month o 3 months, for example in the range of 3 months to 6 months, such
as in the range of 6 months to 12 months, for example for more than one year. Storage
is performed at a temperature in the range of 5°C o 40°C, such as in the range of 15°C
to 40°C.

Furthermore, it is preferred that the beverages according to the invention are
characterized by superior taste properties. In particular, it is preferred that the
beverages according to the invention are characterized as being more aromatic and
fragrant than a corresponding "normal” beer (cf. Example 7; FIG. 6). Without being
bound by theory, the present invention provides the theory that the low levels, or even
absence, of DMS and SMM cause the enhanced perception of aromatic and fragrant
flavors.

Preferably, aromatic and fragrant flavors are determined by a professional taste panel.
in embodiments where the beverage is beer, then the test panel preferably consists of
professional beer tasters. Herein a "professional beer taste panel” is also referred o 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'
as a consequence of differences in their flavor perception. This complex obstacie was
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solved, as described herein, by establishment of an extensively trained specialist panel
of at least 9 beer tasters, who are skilled fo critically evaluate the taste properties of
esters, higher alcohols, sulfur components, and body of beer.

The taste panet should thus consist of at least 9 persons, preferably in the range of 9 to
20 persons, such as 9 to 12 persons, for example of 10 persons. Each taste panel
member should preferably be extensively trained, in particular each member shouid be
skilled to evaluate the taste properties of esters, higher alcohols, sulfur components
and body of beer. Each tast panel member may then evaluate different flavor notes on
a scale from 0 to 5. The flavor attributes are preferably selecied from the group
consisting of bitter intensity, bitter quality, body, balanced, freshness, drinkability,
aromatic, estery, alcoholic/solvent, floral, hoppy, resinous, malty, grainy, caramel,
bumnt, phenolic, sulfury, acidity, and sweetness.

In using the above-mentioned approach, it is preferred that the beverages of the
invention give a highér score for at least one, preferably at least two, even more
preferably for at least 3, yet more preferably for at least 4, even more preferably for all
aromatic/fragrant properties selected from the group consisting of aromatic, estery,
alcohalic/solvent, floral, and hoppy as compared to a beverage with similar ethanol
content, and prepared from a wild-type barley, preferably from cv. Power, when the
esterfalcohol profiles of both beverages are adjusted to be similar, and the beverages

are prepared in the same manner.

Furthermore, using the above-mentioned approach, it is preferred that the beverages of
the invention have a higher score for at ieast 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.

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
both beverages are adjusted to be similar.



10

15

20

25

30

WO 2010/063288 PCT/DK2009/050315

42

In the context of the instant application, the ester/alcohol profile is considered to be
similar when the 12 compounds mentioned in Table 1 are adjusted fo similar leveis
(see also Example 7), L.e. the beverages contain the same of amount, £20%, of the 12
compound mentioned in Table 1. The ethanol content is considered similar if it is the

same, +20%, preferably the same, £10%.

Thus, it is preferred that the beverages of the invention, if adjusted fo a content of the
following 12 compounds of (cf. listing in Table 1 and Example 7).

(i Acetaldehyde 1.20 ppm £20%;
(i) Ethylformiate 0.24 ppm 120%;
(iiy Ethylacetate 23.40 ppm 1£20%;
(iv) Iscbutylacetate 0.05 ppm +20%;
{v) 1-Propanol 13.80 ppm £20%;

(vi} Isobutanol 9.60 ppm +20%;
(vil) Isoamylacetate 3.43 pprm 120%;
(viii} 1-Butanol 0.23 ppm +20%;

{(ix) Iscamylalcohol 52.00 ppm +20%;
(x} Ethylhexanoate (.13 ppm +20%;
(xi} n-Hexylacetate 0.01 ppm £20%;
(xii} Ethyloctanocate 0.33 ppm +20%.

are characteﬁzed by having a score value of at least 1, preferably at least 2, more
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):

(i) “"Balanced" (score of at least 2.5, preferably at least 2.7);

(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);

(i} "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);
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"Aromatic” (score of at least 2.5, preferably at least 2.7, more preferably at
least 2.9);

"Estery” (score of at least 2.5, preferably at least 2.7, more preferably at
least 2.9, yet more preferably at least 3.0);

"Alcoholic/solvent” (score of at least 1.5);

"Floral" (score of at least 1.7, preferably at least 1.9);

"Hoppy" (score of at least 1.8);

more preferably the following properties (when determined as described in Example 7):

()

(i)

(i)

(iv)

"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);

"Drinkability” (score of at least 2.5, preferably at least 2.7, more preferably
at least 2.9, yst more preferably af least 3.0);

"Aromatic" (score of at least 2.5, preferably at least 2.7, more preferably at
least 2.9);

"Estery” (score of at least 2.5, preferably at least 2.7, more preferably at
least 2.9, yet more preferably at least 3.0).

Thus, it is preferred that the beverage according to invention has:

(i

0

(i)

(iv)

A "freshness” score of at least 2.5 on a scale of 0 to 5 when evaluated by a
professional taste panel; and/or

A "drinkability” score of at least 2.5 on a scale of 0 to 5 when evaluated by
a professional taste panel; and/or

An "aromatic flavor” score of at least 2.5 on a scale of 0 to 5 when
evaluated by a professional taste panel; and/or

An "estery flavor” score of at least 2.5 on a scale of 0 to 5 when evaijuated
by a professional taste panel;

provided that the ester/alcohol profile of the beverage is as indicated in Example 7,
Table 1 in the column "null MMT" fo which Mix 1 and Mix 2 are added.

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

may mask an estery taste. Accordingly, it is an objective of the present invention to
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provide beverages that have a higher score for estery taste, wherein said taste is

gvaluated by a trained taste panel - preferably a trained tasfe panel of at least 8

members - in a comparison with a beverage prepared in the same manner, but
comprising at least 100 ppb DMS, such as in the range of 100 to 200 ppb DMS, or in
comparison with a beverage prepared in the same manner, but comprising at least 50
ppb DMS, such as in the range of 50 to 100 ppb. Said higher score for estery taste is
preferably at least 0.5 points, preferably at least 0.7 points, for example at least 0.9
point higher, when theestery taste is determined on a scale from 0 to 5 as described
above.

The invention also relates to methods of producing the above-mentioned beverages,
preferably comprising the steps of:

{i) Providing a malt composition comprising germinated null-MMT kernels;
(i) Processing said malt composition into a beverage;

thereby obiaining a beverage containing less than 30 ppb, preferably less than 25 ppb,
more preferably less than 20 ppb, even more preferably iess than 15 ppb, yet more
preferably less than 10 ppb, even more preferably less than 5 ppb, yet more preferably
no detectable DMS.

in one preferred embodiment, the beverage is beer. In this case, the processing step
preferably comprises preparing wort from said malt compaosition, for example, by any of
the methods described hereinabove, and fermenting said wort,

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
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 exampie, but are not limited to
American Association of Cereal Chemists {1995), American Society of Brewing
Chemists (1992), European Brewery Convention (1998), and Institute of Brewing
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{1997). it is recognized that many specific procedures are employed for a given
brewery, with the most significant variations relating to local consumer preferences.
Any such method of producing beer may be used with the present invention. .

The mait composition of the aforementioned beverages - including for example beer,
malt drinks, or non-fermented wort — may, for example, be obtained by any of the
methods described hereinabove. Wort may be prepared from said malt composition.

The first step of producing beer from wort preferably involves boiling said wort. During
boiling, other ingredients may be added, such as cereal syrups or hops, wherein the
iatter 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
noted above, wort prepared from null-MMT barley contains littie, 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 carisbergensis. The wort will be
fermented for any suitable time pericd, generally in the range of 1 to 100 d. During the
several-day-long fermentation process, sugar is converted o 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
fillered and/or lagered — a process that develops a pleasant aroma and a less-yeasty
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
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
be established whether the plant from which the plant product is prepared carries a
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mutation in the gene for MMT, causing a total loss of MMT function. Said mutation
could, for example, be any of the mutations in the MMT gene described hereinabove in
the section "L.oss of functional MMT enzyme". The genomic DNA may be analyzed by
any useful method, such as sequencing or by amplication-based methods, including
PCR-based methods. If a particular mutation in the gene for MMT is assumed, then
polymorphism analysis may be employed, for example SNP analysis. Such analysis
may be performed as described hereinafter in Exampies 13 and 17. The skilied person
will be able to adapt the specific SNP analysis described in these examples for use
with other mutations or other starting material.

If the above-mentioned plant products only are prepared from barley plants carrying a
mutation in the gene for MMT, causing a total loss of MMT function, then presence vs.
absence of barley MMT mRNA and/or MMT protein may also be indicative of whether
said plant product is prepared from null-MMT barley. Accordingly, examination of the
plant product by western blot analysis, or other protein analysis, or by RT-PCR, or by
Northern blot analysis, or by other mRNA analyses may be performed. Such analyses
are in particular useful when the plant product is malt.

SMM and DMS

The amount of SMM and DMS in a plant product may be determined by any suitable
method. SMM may be determined essentially as described hereinabove in the section
"Preparing barley piants with a totai loss of functional MMT", wherein is described
determination of SMM levels in a barley sample. Thus, SMM may be determined by
coupling it to a compound, such as OPA, and determining fluorescence, for example,
by using a UPLC system. For a quantitative measurement, the chromatogram area
corresponding to a SMM peak may be determined.

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
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
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(measured in the non-boiled sample). Example 8§ details preferable ways to measure
levels of total and free DMS.

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
example by the use of chemical mutagenesis of bariey kemels — a method that is
known fo induce mutations at random. Mutagenesis of barley may be performed using
any mutagenizing chemical. Preferably, however, it is performed by treating kernels
with NaNj (cf. FIG. 7), letting the surviving kernels germinate, followed by analysis of
off-spring plants. The plant generation growing from the mutagenized kernels, referred
to as MQ, 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 cotresponding heterozygotes and homozygotes.

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

To assess the overall mutation efficiency, albino chimeras and albino plants may be
counied 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
mutation efficiency and kernel kill.

It is notable that cells have quality assurance mechanisms at virtually every step of
gene expression, possibly to moderate fhe effects of damaging mutations. One well-
studied example in eukaryotes is nonsense-mediated mRNA decay, denoted NMD,
which prevents the synthesis of potentially deleterious, prematurely truncated proteins
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(Magquat 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 spiiced transcripts that skip the offending
mutations, thereby potentially saving protein function (Mendell and Dietz, 2001).

Piant breeding

Crop development can be seen as a lengthy process that begins with the introduction
of a new ftrait. 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 traif, 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, kemnel 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 nuli-MMT barley plants. Kernels of such
bariey plants provide a new raw material without functional MMT enzyme. The skilied
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. Aliernatively, the barley breeder may ulilize plants of the present
invention for further mutagenesis to generate new cultivars derived from nuli-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 planis
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 bariey 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 planis represent a null-
MMT barley variety. Thus, any such of the following methods using the nuli-MMT
barley variety are part of this invention: seffing, backcrossing, crossing to 'populations,
and the like. All plants produced using a nul-MMT barley variety as a parental
generation, are within the scope of this invention, including those plants developed
from varieties derived from a nuli-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 frait of a mutated barley piant into another variety, for example, into another
cultivar, such as into cv. Scarlett or cv. Jersey — both of which are contemporary, high-
vielding malting barley cuitivars. 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, null-MMT breeding prageny plants.

Having a suitable recurrent parent is preferable in & successful backcrossing proce-
dure, the goal of which includes introduction of the null-MMT ftrait 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 muitiplication 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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differentiation — produce barley plants having the null-MMT trait. For example, breeding
may involve traditional crossings, preparing fertile anther-derived plants or using
microspore-culturing methods.

It is also an embodiment of the present invention to provide barley plants that not anly
carry a mutation in the gene encoding MMT, causing a total loss of MMT activity, but
also one or more additional useful mutation(s}. Such additional mutations may, for
example, include mutations in the barley gene encoding lipoxygenase-1 (LOX-1), such
as a mutation causing a lower level of LOX-1 activity (for example the mutant described
in U.S. Patent No. 6,660,915 to Douma, A.C. et al.), or a mutation causing a compleie
loss of LOX-1 function, such as any of the mutants disclosed in U.S, Patent No.
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 fo SEQ ID NO:2 or SEQ 1D NO:6 of U.S. Patent No. 7,420,105 to Breddam.
K. et al.

null-LOX-1 malt, as described in the abovementioned patents and patent applications,
could provide, by itself, a raw material for low-temperature kiin drying in the maiting
process of barley. A combined nuil-LOX-1-null-MMT double mutant would, however,
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 toc Breddam, K. ef al.

EXAMPLES

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

Unless otherwise indicated, basic malecular biological techniques were performed for
manipulating nucleic acids, proteins, and bacleria as described in Sambrook and
Russel (2001).
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Example 1

DMS masks the estery taste of beer

Characterization of sulfur-like flavor notes is generally considered difficult, even among
general beer panel tasters. Often, the beer taste panelist uses the generic term
"sulfury” rather than the more specialized sulfury notes — e.g. "mercaptan”, "hydrogen

sulfide" and "DMS" - to characterize a sulfury note.

Following establisnment of a 9-taster-large panel, members Were extensively trained in
tracing the aroma of sulfur-containing components, surprisingly revealing that the
addition of sulfur components strongly affect the perception of other aroma
components, a property leading to lower scores for e.g. estery taste and body of beer.

In anaother set of experiments, DMS was chosen for training the panel. Beer samples,
spiked with high concentrations of said sulfur-containing components, were presented
fo the panel, who were asked to taste and rank the characteristics "body", "estery”, and
"DMS", on a scale from 0 (absent) to 5 (extreme). Each series of tests included a
standard, commercially available beer and two, for the panelists, unknown samples.

In FIG. 1B is illustrated the results of the average scores from a test series comprising
beer samples spiked with ester and ester/DMS, respectively. The unexpected resuit
was that addition of DMS, when combined with ester, affected negatively the perceived
estery score compared to that obtained by spiking with ester only. Likewise, the beer
body note was reduced. Not surprisingly, spiking with DMS enhanced the score for that
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
background' as determined by other aroma components.

The surprising finding from the taste tests, summarized in FIG. 18, 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
synthesize SMM - such that utilization of the corresponding raw material in beverage
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production not only could enable for generation of products with less or no DMS, but
also with promises in improvements for the estery note.

Example 2
Screening set-up, approach 1

Kernels collected from barley plants of cv. Prestige and cv. Sebastian were incubated
separately with the mutagen NaNj;, following the experimental details provided by
Kieinhofs et al. (1978). This procedure was chosen because of its known potential for
inducing point mutations in the bariey genomic DNA. |

In the experiments, mutated grains of generation M1 were propagated in field plots
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.

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 ieaf of germinating barley, and that detection
of SMM can be performed by extracting amino acids from crushed leaf tissue of 4-d-old
germinated grains, followed by reacting the exiracted 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
potential mutants and two wild-type planis. The assay was repeated for multipie,
potential mutant grains (see below). At the beginning of germination, 25 mL of tap
water was added fo 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-
diameter glass bead and 500 pL of a 12:5:6 (v/v/v) mixture of water:methanol:chloro-
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form. The plate was then shaken far 45 sec at a frequency of 30 Hz in an MM 300
laboratory mill (Retsch). Subseqguently, the plate was transferred to a centrifuge
(Rotanta 460R, Hettich), and spun at 4,000 rpm for 15 min at room temperature to
precipitate insoluble material. 10 pL of the supemantant was transferred to a 96-well
storage plate (Waters, cat no. 186002481), and mixed with 200 pL H.O and 60 uL 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,
2 pL of the derivatized mixture was separated on a 2.1x 30-mm C18 Gemini column of
3-pm 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:v) solution of acetonitrile:methanol:water as described (Phenomenex,
2006}]. Excitation of eluted OPA derivatives was at 340 nm, while light emission was
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 bariey plant that lacked the capacity to synthesize SMM, i.e. a plant for which
the corresponding chromatogram peak was very small or preferably absent.

Screening set-up, approach 2

in parallel with the above-described experiments in the instant example, attempts were
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 pM 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,
22,704 spikes — each consisting of 20-30 kernels — of NaN;-mutagenized barley cv.
Prestige, generation M3, were placed in plastic trays filled with standard Vermeculite
growth medium supplemented with 250 M 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
fresh soil and allowed to develop further. However, none of said pianis were found to
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have reduced MMT activity, as determined by comparison with wild-type levels of
SMM. Accordingiy, the above-described screening approach yielded no mutants, and
was therefore terminated.

Example 3
Potential mutants

A total of 10,248 and 3,858 NaNj;-mutated kernels of barley cv. Prestige and cv.
Sebastian, respectively, were screenad 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
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; iliustrated
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
and Mutant 14018 had extremely low SMM contents, possibly totally lacking SMM.

In a separate experiment, western blot analysis was used fo 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.
One grain of each sample was transferred to an Eppendorf tube containing 250 L
H.0, and homogenized by using a pistil. Following a 10-min-long centrifugation at
13,000 rpm, 15 pL of the liquid extract was mixed with 5 pL of a standard 4-fold
concentrated SDS sample buifer. By using the same immuno-methodology as
described in Example 12, and an aliquot of the same anti-MMT antibody detailed in
said example, proteins of sample extracts of the aforementioned, germinated kernels
were electrophoretically separated by size and appiied to western biot 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 kemels (FIG. 3C).
Combining the results of the western analysis with the absence of SMM in extracts of
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Mutant 8063 and Mutant 14018, but presence of SMM in exiracts of wild-type kernels
(cf. FIG. 3B), substantiate that Mutant 8063 and Mutant 14018 represent null mutants
with respect to the MMT ftrait.

Example 4

MMT activity measurements of Mutant 8063

The MMT enzyme catalyzes the transfer of a methy! group from SAM to Met, forming
SMM (cf. FIG. 1B). Using [°H]SAM as a substrate, in which the methyl group is labeled
with tritium, transfer of said methyl group can be monitored by scintillation counting
after removal of the remaining [°H]SAM by activated charcoal. The latter compound
binds the substrate, but not the newly synthesized, labeled product SMM (Pimenta et
al., 1995). This aflowed for determination of MMT activities and SMM contents, the
latter determined as described in Exampie 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 kemels, a property that was absent in grains of Mutant
8063.

Example 5

Pilot-scale malting and brewing of null-MMT kernels of Mutant 8063

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 mal;

(i} Wort preparation;

(iii) Wort separation;

(iv) Wort boiling;

(v) Fermentation of wort with the yeast Saccharomyces carlsbergensis;

(vi) Lagering of beer;

(vil) Bright beer filtration; and

{viii) Bottling of beer.
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For both Mutant 8063 and cv. Power (reference sample), 30 kg malt was used for
brewing. Malt sampies were milled, and then tap water was added to 150 L for each
sample. Mashing-in was performed at 60°C for 20 min, followed by a 5-min ramp to
65°C, at which temperature the incubation was continued for 55 min. The mash was
then applied to a 15-min ramp to 78°C, concluding the mashing after a 5-min
incubation.

Subsequent brewing operations included wort filiration, a 1-h-long boiling step, and
separation in a whifipool. A 7-d-long fermentation, lagering, and filling of the finished
beer in green glass bottles were according to specifications for standard brewing
practice, for instance as described by Briggs et al. (1981), and Hough et al. (1982). In
total, 100 33-cL bottles were made with beer derived from malt of wild-type and mutant

mait.

Example 6

DMS and DMSP levels in beer made of null-MMT malt

Beer was brewed from malts of null-MMT and cv. Power as described in Example 5.
During the malting and brewing processes, ievels of free DMS and DMSP were
determined in green and kilned malt (FIG. §A), as well as in the corresponding sweet
and boiled worts, and also in the finished beers (FIG. 5B).

DMS and DMSP levels were determined essentially as described by Hysert et al.
(1980}, with sulfur-specific detection using static headspace gas chromatography on a
3508 Sulfur Chemiluminescence Detector (Sievers). Sampling was performed using an
automated apparatus (HS-40 Automated Headspace Sampler, Perkin Eimer). Total
levels of DMS, i.e. the sum of free DMS and DMSP in wort and extracts of green and
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 ievels 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
essentially as that in wort (Hysert et al., supra).
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Example 7
Tasting beer brewed with null-MMT malt

Seeking to establish how a professional beer taste panel evaluates pilot-scale
produced beer brewed with null-MMT malt, a profile tasting was performed 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.

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
with null-MMT malt, to assure that the two lager beers had similar levels of those flavor-
active compounds that coniribute 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 ethyloctanocate — was spiked
into beer of cv. Power malf (Table 1), while the beer of null-MMT malt was spiked with
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).

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 nul-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
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
freshness is assessed.
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Table 1. Ester and alcohol analyses of beer.

Concentration of flavor compound

Malt type Added flavors

Flavor compound cv. Power null-MMT Mix 1 Mix 2
Ppm

Acetaldehyde 1.00 1.20
Ethytformiate 0.26 0.24
Ethylacetate 23.40 19.40 4.00
Isobutylacetate 0.06 0.05
1-Propanol 13.80 13.80
Isobutanol 9.00 9.60
Isoamylacetate* 2.05 1.43 0.50 1.50
1-Butanol 0.21 0.23
Isoamylalcohol* 58.00 52.00
Ethylhexanoate 0.09 0.08 6.05
n-Hexylacetate 0.01 0.01 |
Ethyloctanoate 0.20 0.13 0.07 0.13

*

Sum of 2-methyl-butyl acetate and iscamylacetate concentrations.
**  Sum of 2-methyl-1-butanol and isoamylalcohol concentrations.

Example 8

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
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 bariey
seedlings, cv. Prestige, following the instructions provided by the supplier of the Plant
DNA Isolation Kit (Roche, cat.no. 1667319).
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Next, oligonuclectide primers were designed to bind to the cDNA sequence encoding
MMT {GenBank accession no. AB028870; SEQ ID NO:1). Using barley gDNA as
template, standard PCR ampilifications were carried out with & different primer sets, the
DNA sequences of which are listed in Table 2. Pairwise, the primers were found to
anneal in exons 1 (including and downstream of the translational start codon) and 2,
exons 2 and 4, exons 4 and 5, exons 5 and 9, exons 9 and 11, and exons 11 and 12
(including and upstream of the franslational stop codon). Five of the aforementioned six
reactions generated DNA fragments spanning exons 2-4, exons 4-5, exons 5-9,
exons 9-11, and exons 11-12 (cf. FIG. 9). One reaction also was assumed fo generate
a DNA fragment spanning the translationa!l 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 difficuity remains elusive, a remarkably high
content of G and C bases in the gene segment of interest might be the cause for failure
in correct sequence ampilification. Consequently, numercus 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 bariey gene. Despite numerous
attempts, all efforts utilizing gDNA template failed with respect to ampilification of the
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 tempiate for
amplification of the troublesome exon 1 sequence of the gene for MMT. Accordingly,
total RNA was exfracted 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). Aliguots 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).
Fragments were separated on 1% agarose gel‘s, 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 ampilifications with primer set nos. 7, 10, and 11 (cf.
Table 3), in the presence of Q-solution of the aforementioned RT-PCR kit. DNA
fragments of interest were aiso in this case purified. Following insertion of the individual



10

15

20

WO 2010/063288

60

PCT/DK2009/050315

DNA fragments into vector pCR2.1-TOPO (invitrogen, cat.no. K4500-01), and
transfection of E. coli cells with the construct, the corresponding DNA sequences of

plasmid inserts were determined.

Taken together, the combined, above-described efforts crystallized in the assembly of

a genomic sequence spanning the transiational start and stop codons of the gene for
barley MMT of cv. Prestige (SEQ 1D NO:3). Through alignment of the cDNA and
genomic sequences, i.e. alignment of SEQ ID NO:3 with SEQ ID NO:1, it was

determined that the barley gene for MMT, as illustrated in FIG. 9, includes 12 exons (in

fotal 3267 bp) separated by 11 introns (in total 3192 bp). The derived amino acid
sequence for MMT of cv. Prestige is shown in FIG. 10, and listed as SEQ ID NO:6,

Except for Pro157—Ala and Met985—-Tyr in the aforementioned, derived amino acid

sequence for MMT of cv. Prestige, a comparison with that of cv. Haruna Nijo (GenBank

accession no. AB028870; SEQ ID NO:2) revealed complete identity (FIG. 11).

Tabie 2. Primers for amplification of the genomic sequence encoding barley MMT.

{SEQ ID NO: 42)

Primer set PCR Forward primer Reverse primer
no. product {5—>3 DNA sequence) ™ {5'—>3' DNA sequencej ***
ends *

1 11482 ATGGCTGCGGCGBCGEGEGEGACGTEE CCTTCGAAGGGCACCACTTTTCTGE
(SEQ D NO: 37} {SEQ ID NO#A3)

2 12682014 AGGATTCCAGCAAAGAAAGAAGC CTGGAGAGCACAGTAGTTGCTCAAG
{SEQ ID NO:38) (SEQ ID NO: 44)

3 21183075 GATTCTTAACCCCAATCCAGAGGC (SEQ D | CTGCATAATTTTTGTTTGCCAGAGC
NO: 39) (SEQ ID NO 45)

4 28864400 GGETTTTGTTGAGGACCAATTTGEC TACACCATTTGAGCTTGGCAGACT
{SEQ ID NC: 40) {SEQ ID NO: 46)

5 43015188 TGCTGCTTTCGTGAACTTATT AAAATGGAGGCGTTTACTGCAGAA
(SEQ ID NO: 41) (SEQ ID NO: 47)

6 5130-6450 CATATGGATCTGGACCGCAGCTTCTT CTAGTTGCTACCATTCACCTTAGCACC

(SEQ 1D NO: 48)

*}  Base pair numbering as that of the genomic seguence for MMT (SEQ ID NO:3; see aiso FIG. 9).
) Sequence at the 5" end of the fragment listed in the column labeled "PCR product ends”.
" Complementary sequence at the 3' end of the fragment nated in the column labeled "PCR product ends”.

Table 3. Primers for amplification of the cBNA sequence encoding barley MMT.

Primer set RT-PCR Forward primer Reverse primer
no. product ‘| (5—3' DNA sequence] ** (5'—3' DNA sequence) ™
ends”
7 149 ATGGCTGCGECEECEEERGACETEE GTACGCCGCGTCGCCCGACG
{SEQ ID NO:48) (SEQ ID NQ: 67)
8 170 ATGGCTGCGGCEGCCGGERACGTRE CCGCCGGCGGCRAAGCGELCS
{SEQ 1D NC: 50} (SEQ ID NO: 58)
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. 1200 ATGGCTGCGGCEGCEGAGEACGT GG GTGCGGAAGCACTCGAGGCC
(SEQ ID NO: 51) (SEQ ID NO:59)

0 21 ATGGCTGCGGCGGCGGEGGACGTG0 CGTGGATGCGGAAGTGGAAG
(SEQ ID NO: 52) {SEQ ID NO: 60}

» . ATGGCTGCGGCGGCGGGOBACGTEE CTTGGAGGTGGEGGTCGAGGACGACG
(SEQ ID NO. 53) (SEQ D NO: 61)

" 31200 GGCTCCTCGBCGCCGTGCGACGGLG GTGCGGAAGCACTCGAGCCE
{SEQ ID NO: 54) ISEQ ID NO: 62)

3 w121 GGCTCCTCGGCGCCRTGLGACGRRE CGTGGATGCGGAAGTGGAAG
(SEQ 1D NO. 55) (SEQ ID NO: 63)

» 1007 GGCTCCTCGGCACCATGURACGRLG CTTGGACGTGGEGETCGAGGACGACG
{SEQ ID NO: 56 (SEQID NO: 64)

) Base pair numbering as that of genomic sequence for MMT (SEQ ID NO:3).
™} Seguence at the 5' end of the fragment noted in the column [abeled *PCR product ends".
4 Complementary sequence at the 3' end of the fragment noted in the column labeled "RT-PCR product ends”.

Exampie 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 (Exampie 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 & 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 exfracted from the mutant, and
MMT gene-specific, amplified fragments thereof were inserted into vector pCR2.1-
TOPO (Invitrogen, cat.no. K4500-01), cioned, 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).
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To assess possible roles of the base mutation with respect to periurbation of normal
gene splicing in the MMT-encoding gene of Mutant 8063, a detailed analysis was
carried out of mutant-derived RNA in order to detect splicing intermediates. This
approach was chosen because alterations in the 5' GT dinucleotide of introns may lead
to accumulation of splicing intermediates (Lal et al., 1998).

To amplify fragments of interest, analysis followed the recommendations provided for
use of a RT-PCR kit (OneStep RT-PCR from Qiagen, cat.no. 210212). As template
was used 1 pg of total RNA from leaflets of 4-d-old seedlings of cv. Prestige and
Mutant 8063, purified as described in Example 8. Using primer set 15 (Table 4), the
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 producis were resolved by electrophoresis on a 1% agarose gel
(FIG. 12B).

Examination of ampilified 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 Qiaex!| kit (Qiagen, cat.no. 20051), inserted into vecior pCR2.1-
TOPO (Invitrogen, cat.no. K4500-01), cloned, and sequenced. Analyses demonstrated
the presence of a 882-bp fragment (Product 1 in FIG, 12B,C; SEQ ID NQO:9),
characterized by a sequence identica!l fo that spanning bases 4421323 of the full-
length cDNA for wild-type barley MMT (SEQ [D NO:4). Based on this finding,
alternative splicing is considered irrefevant for wild-fype gene expression.

A RT-PCR reaction like that describéd 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
tength 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
intron 5 in the gene for MMT of Mutant 8063. This scenario compietely abolishes the
use of said &' 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
sequencing using the procedure as that described above in Example 8 for the PCR-
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derived DNA bands of cv. Prestige. The largest fragment was 1089 bp long (Product 2
in FIG. 12C; SEQ 1D NO:10), and found to include all of intron 5, while Product 3 (FIG.
12C; SEQ ID NO:12) and Product 4 (FIG. 12C; SEQ ID NO:14) were 955 bp and 810
bp long, respectively, and thus shorter than the 882-bp fragment from wild-type RNA
(cf. description above). DNA sequence analysis of Product 3 revealed a cryptic splice
site in the middie of intron 5, while that of Product 4 was in exon 5 (FIG. 12 D).

It also was an important finding of the DNA sequence analyses to discover premature
translational stop codons in Product 2 [TGA at position 3088-3090 according to the
base numbering of genomic DNA from barley, cv. Prestige (SEQ ID NO:3)], Product 3
[TGA at position 3088-3090 according to the base numbering of genomic DNA from
bariey, cv. Prestige (SEQ ID NO:3)}, and Product 4 [TGA at position 3289-3291
according fo the base numbering of genomic DNA from barley, cv. Prestige (SEQ ID
NO:3)}, yielding 315, 315, and 289 amino acid-long translated proteins, respectively.
FIG. 12C provides a graphical comparison and summary of the sequencing results of
Product 1, Product 2, Product 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.

Table 4. Primers to detect alternative spiicing of the gene encoding barley MMT.

Primer set | RT-PCR Forward primer Reverse primer
ne. product {5'—>3' DNA sequences) * (5'—3' DNA sequence) ***
ends*
5t 21323 GTTTATGGTCTGGATATAAACCCAAG ABATCCAGCAACAAGATTCCGGAAA
{SEQ D NO:£5) (SEQIDNOBT)
ot 216.933 AGGATTCCAGCAAAGAAAGAAGC CTGCATAATTTTIGTTTGCCAGAGC
{SEQ ID NC:66) (SEQ ID NO:68)
1} For RT-PCR using RNA template of Mutant 8063.
1} For RT-PCR using RNA template of Mutant 14018.

Base pair numbering as that of ¢cDNA for MMT (SEQ 1D NO:4).
Sequence at the §' 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 labeted "PCR product ends”.

»
&
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Example 10
Expression plasmid encoding wild-type MMT

Because of the following two observations:
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{i) E. colicells lack MMT and the ability to synthesize SMM (Thanbicher et al.,
1998),
(i) Plant MMT can be synthesized in E. coli (Tagamount et al., 2002);

heterologous expression of mutated or truncated barley MMTs in the aforementioned
bacterium allows a novel way to simutate for, or confirm their lack of, enzymatic activity.
As recombinant, wild-type bartey MMT from E. coli would serve as a positive control in
such experiments, a task was to design and construct an E. coli expression plasmid for
heterologous expression of barley MMT.

To amplify refevant sequences, total RNA was first extracted from leafiets of 4-d-oid
seedlings of cv. Prestige (as detailed in Example 9), and 1 pg herecf used as template
in a standard RT-PCR reaction, except that primer set 17 was added to the reaction
mixture (Table 5). The amplified product was inserted into vector pCR2.1-TOPO
{invitrogen), yieiding plasmid pCR2.1-TOPO-MMT. Following cloning of the plasmid,
the enfire insert was sequenced (SEQ ID NO:5), and compared with that of cv. Prestige
(SEQ ID NO:4). Three PCR-induced nucleotide differences were identified in the
cloned product (T1310—A, T2954—-C, and G3031-5A), giving the MMT amino acid
substitutions Leu437—His, Tyr985—Met, and Gly1011—Ser (as determined by
comparing SEQ 1D NO:6 and SEQ ID NO:7). None of the amino acid changes were
expected to compromise action of recombinant MMT in a way that could be of
relevance in the instant application. This conclusion was based on the finding that the
expressed protein was active and could be recognized by anti-MMT antibodies (cf.
Example 12).

Next, pCR2.1-TOPO-MMT was cut with Ndel-EcoRl, yieldihg a 569-bp Ndel-EcoRl} &'
fragment and a 2699-bp 3' EcoRl fragment. The 5 fragment was inserted into Ndel-
EcoRl-linearized expression vector pET19b (Novagen, cat.no. 68677-3), and in the
EcoRl 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 1D NO:70).
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Table 5. Primers to amplify the protein coding sequence of the barley gene for MMT.

Primer set | RT-PCR Forward primer Reverse primer
no. product (5'—3' DNA seguences) ** (5'~»3' DNA sequence) =
ends* .
7 18267 CATATGATGGCTGCGGCEGCGEBRGACGTGE | GARTICTAGTTGCTACCATICACCTTAGCACT
(SEQ ID NO:71) (SEQ D NO:T2)

*)  Base pair numbering as that of cDNA for MMT (SEQ ID NO:5), i.e excluding the sequence extensions CAT
and AATTC upstream and downstream of the start and stop codon, respectively.
*}  Sequence at the 5' end of the fragment noted in the column labeled "RT-PCR product ends”, as defined by
the primer sef. Ndel site underlined; trenslaticnal start codon in double underline.
=% Complementary sequence at the 3' end of the fragment noted in the column labeled "RT-PCR product ends”.
EcoRl site underlined; translational stop codon, including part of the EcoRl sife, shown in italics.

Example 11
Expression plasmids encoding fruncated MMTs of Mutant §063

The gene encoding MMT of Mutant 8063 was in Example 9 shown to contain a G—A
base transition in the &' splice site of intron 5, thereby activating two cryptic splice sites
that result in the expression of three abnormal transcripts (cf. FIG. 12B,C), each can-
taining a premature stop codon.

To confirm that the mutant franscripts encode nonfunctional MMTs, each
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
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 pET18b-
MMT - the construction of which is detailed in Example 10. Primer set 18, as listed in
Table 6, was used to amplify the 3' parts of the genes as Sacll-BamHI fragments of
Product 2 (SEQ 1D NO:27), and Product 3 (SEQ ID NO:28). These were subsequently
exchanged with the corresponding fragment of pET 18b-MMT (cf. FIG. 13A), resuiting 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
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generate expression plasmid pET18b-Line8063-Prod4 (FIG. 13D; with SEQ ID NO:29
listing the sequence of Product 4 for cloning), designed for synthesis of a truncated
MMT corresponding to that related to Product 4 (cf. FIG. 12B).

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 preduct End product Primer sequence ™
no. ends* (BEQ ID NO:) | {5'>3' DNA sequence)
121 27 and 28 Forward: GGCCGCGGGGCTCGAGTGCTTCCGCAC
(SEQ IDNG: 73)
18 736-781 Reverse:  GGATCCTICAAAGAATTGCTATCTGCATAA
TITITGTTTGCCAGAGE
(SEQ ID NO: 74)
1-27 29 Farward:  GGCCGCGBGGCTCGAGTGCTTCCGCAC
19 (SEQ ID NO:75)
667-703 Reverse:  GGATCCTTAGCAGCCTTGTCCTGGCCGGCCTCCCATG
{SEQID NO:76)

*) Numbers refer to nucleotide nos. in the corresponding SEQ ID NO as listed in the neighboring column.
**)  8ingle underlining is used to mark Sacll and BamH| sites of the forward and reverse primer, respectively.
Double underlines indicate stop codons.

Example 12

Recombinant MMT forms of Mutant 8083 are inactive

To verify that MMT deletion forms of Mutant 8063 are enzymatically inactive, E. coli
celis of strain BL21 were separately transformed with plasmids pET18b, pET18b-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 ampiciliin.
A 1.25-mL aliquot of each culture was added to 100 mL of fresh LB, and incubated at
37°C uniit the cell density reached ODgy = 0.6. At this point, 40 L. of 1 MIPTG was
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,0, then applied fo
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

viscosity. After a 30-min-long centrifugation at 4,000 rpm, 4°C, to separate cell-soluble
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proteins (defined as those in the liguid phase) from insoluble proteins (defined as those
in the pellet), the pellet was further washed by resuspending it into 2 mL of H,O
containing 1 mg of lysozyme. After a 5-min incubation at ambient temperature, the
sampie was diluted by addition of 15 mL H,Q. Three similar washing—precipitation
cycles were carried out before proteins of the inclusion bodies in the pellet were
extracted with 1 mL of a 50-mM Tris-Ci bufier, pH 8.0, containing 7 M urea, 2 mM -
mercaptosthanol.

To assay for MMT activity, 50 uL of the samples containing ceil-sciuble proteins (as
defined hereinabove) was transferred to 250 pb of a 256-mM K-phosphate buffer, pH
6.0, containing 0.4 mM AdoMet, 10 mM Met, 1 mM DTT, 0.1 mg/ml BSA. Following
incubation for 1 h at 50°C, the samples were filiered, and 10-ylL aliquots allowed to
react with OPA as detailed in Example 2. Then followed anaiysis for SMM levels as
described in said example, with the results summarized in FIG. 14A, Only the extract
from cells transformed with pET19b-MMT gave rise to a chromatogram peak of the
same retention time as that of the SMM standard. Accordingly, the absence of similar
peaks in the chromatograms from cells transformed with pET19b-Line8063-Prod3 and
pET19b-Line8063-Prod4 indicate that Mutant 8063 lacks the capacity to generate
active MMT.

A separate experiment aimed at verifying that Mutant 8063 lacks the capacity to
generate full-length, active MMT. 5-ul. samples of cell-seluble and 10-ul samples of
peliet-derived proteins of the above-mentioned E. coli extracts were separated by
standard electrophoresis, and probed with a rabbit polyclonal anti-MMT antibody
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 westem blot analyses at a
dilution of 1:1000 (FIG. 14B,C)).

In detall, the aforementioned proteins were loaded ontc a 10% SDS8-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
at2.5 mAmp per cm? {(max. 25 V). Transblots were placed for 1 h at 25°C in blocking
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buffer [1x phosphate-buffered saline (PBS), 1% BSA]. The blocking solution was
removed and the membrane piaced in a solution of the anti-MMT antibody for 1 h.
Thereafter, the membrane was rinsed with 1xPBS and incubated for 1 h in a solution of
goat anti-rabbit IgG alkaline phosphatase (Sigma). After the aforementioned
incubation, the membrane was rinsed in 1xTBS, followed by visualization of protein
bands after incubation using nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl
phosphate (Sigma). The gel was finally rinsed in water {o stop the phosphatase
reaction.

The preparation of anti-MMT antibody, as described hereinabove, was used to probe
blots of cell-soluble and pellet-derived proteins of E. coli celis transformed with
pET19b6-MMT (FIG. 14B,C; lanes marked "2"), pET19b-L.ine8063-Prod3 (FiG. 14B,C;
lanes marked "3"), pET19b-Line8063-Prod4 (FIG. 14B,C; lanes marked "4"}, and
pET19b (FIG. 14B,C; ianes marked "5"). Despite differences in the overall banding
patterns of cell-soluble and pellet-derived proteins (with the latter generally appearing
as a smear of protein bands that starts at the top of the gel and extends down to the
bottom of the get), full-length MMT was recognized as a protein band co-migrating with

pET19b-MMT. Inactive forms of the MMT protein of celis transformed with pET18b-
Line8063-Prod3 and pET19b-Line8063-Prod4 are expected o correspond to the
strongly stained bands in the blot region between 30 kDa and 40 kDa. It is notable that
the stained, 80-kDa protein band is not MMT-derived as it also appears in extracts of
negative control cells transformed with vector pET18b.

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.

Example 13

Monitoring systems for barley Mutant 8063
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In addifion to the biochemical assay for detection of barley kernels of Mutant 8063 (cf.
Example 2), the present example describes a genetic method designed to identify
mutant kernels or products thereof. With suitable modifications known to the skilled
person, the method may also be applied to detect whether a given plant product is
prepared using barley Mutant 8063. The assay is based on an analysis to detect single
nucleotide polymorphism (SNPY), specifically the G—A mutation at position 30786 of the
gene for MTT in Mutant 8063, as illustrated in FIG. 15, and with characteristics of.
oligonucleotide primer sets listed in Table 7.

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 Mufant 8063 serves
as tempiate - 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
obtained with primer set no. 21 in a PCR ampilification with genomic DNA of Mutant
8063 (SEQ ID NQ:34; FIG 18A), 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
mutation in the MMT gene of Mutant 14018 (SEQ ID NO:36, cf. Example 17) — is
designed ta monitor the presence of a mutated gene for MMT that contains both of the »
aforementioned nucleotide mutations.

Each of the above-mentioned PCR ampiifications is experimentally conducted as a
50-pL RedTagq polymerase reaction (Sigma, cat.no, D6083), 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 85°C; then 30 cycles of:
94°C, 80 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
ilustrated 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 ONA 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
with genomic DNA of a barey grain of unknown identity, there is a high likelihood that
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the template DNA is identica!l to that of Mutant 80683. 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
practicat 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,0. Foliowing centrifugation at 13,000 rpm for 10 min, 15 yL of each
supernatant was mixed with 5 yL. 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 exiract of cv. Prestige, while no
immunoreactve protein of Mutant 8063 co-migrated with the 120-kDa marker protein.
Accordingly, the aforementioned westem blot analysis mathod is useful to check
whether a germinating barley kemeis produces MMT or lacks this capacity. Further
molecular and biochemical {ests may be employed to confirm whether a given grain is
derived from Mutant 8063.

Table 7. Primers for SNP detection of Mutant 8063.

Primes PCR Final product | Forward primer Reverse primer
set no. prcéduct (SEQIDNO;) | (§—3 DNA sequence given) ™" | {§—3' DNA sequence) =
ends
. CGATTCCAGCTTCCGGTTS CATCTAGTCACTCAAAGAATTGCTAC
2 L R (SEQ ID NOT7) (SEQ D NO'B1) B
21 w3101 | 3 CGATTCCAGCTTCCGGTTG CATCTAGTCACTCAAAGAATTGCTAT
' (SEQID NO:T8) (SEQ ID NO:82)
2831-3101 | 34 CGATTCCAGCTTCCGETTG CATCTAGTCACTCAAAGAATTGCTAT
2 (SEQ ID NO:79) {SEQID NO:83)
13611483 | 36 GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAT
' (SEQ ID NO8D) (SEQ ID NO: 84)

) 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 1D NO:8).
**)  Base pair numbering as that of the genomic sequence for MMT of Mutant 14018 (SEQ ID NO:19).
1 Sequence at the 5' end of the fragment listed in the column labelled "PCR product ends”.
1 Complementary sequence af the 3' end of the fragment noted in the coiumn labeled "PCR product ends".

Exampie 14
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The gene encoding MMT of barley Mutant 14018 is mutated in the §' splice site of

intron 2

Following the discovery of extremely low levels of SMM, or nothing at all, in extracts of
germinating kemels of barley Mutant 14018, the plant underwent analyses under the
same experimental conditions as those detailed for Mutant 8063 in Example 8 above.
However, wild-type plant material was in this case from cv. Sebastian, as it was utilized
for mutagenesis with NaNj; in the batch of kernels comprising Mutant 14018.
Experiments fo identify the mutation, which caused the null-MMT phenotype, were
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 transiated cDNA
sequence; in all cases with sequences identical to those of cv. Prestige as described in
Example 8 herein) and Mutant 14018 (SEQ 1D NO:18 for the genomic sequence, and
SEQ ID NOs:20, 21, 23, 25 for cDNA sequences), with focus on the regions spanning
the transiational 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
immediately downstream of exon 2 at the first base of intron 2, more specifically at
nuciectide no. 1462 - and consequently anticipated to affect the primary RNA
processing ef the gene transcript (FIG. 16).

Second, using primer set 16 (Table 4), a RT-PCR reaction was designed and set up to
amplify the gene region spanning exon 2 and exon 5 of the MMT-encoding gene of cv.
Sebastian and Mutant 14018 (FIG. 16A). Foliowing 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 § in FIG. 16B, that in length and DNA
sequence, cf. SEQ 1D NO:20, was identical to that spanning bases 246 to 933 of the
full<iength cDNA for wild-type barley MMT (SEQ 1D NO:17). This result emphasizes
again that alternative splicing is nof a feature of wild-type gene éxpression.

Third, template RNA purified from Mutant 14018 was ufilized in a PCR reaction, which
generated three specific fragments ~ denoted Product 6 (SEQ 1D NO:21), Product 7
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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 ampiified product of the wild-type template. This
observation suggests that the single mutation in the &' 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 transiational stop codons in
Product 6 [TAG at bases 1579-15681 according to the base numbering of genomic DNA
from barley, cv. Sebastian (SEQ 1D NO:16)], Product 7 [TAA at bases 1840-1842
according to the base numbering of genomic DNA from barley, cv. Sebastian (SEQ ID
NG: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 1D NO:22, SEQ ID NO:24, and SEQ
1D 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
verffy that the aberrant splicing events of Mutant 14086 generate transcripts encoding
inactive MMTs. Recombinant gene stretches should accordingly encede proteins
whose sequences - listed in SEQ ID NO:22, SEQ ID NO:24, and SEQ 1D NO:26 —
reflect the aberrant splicing events leading to Product 6, Product 7, and Product 8 (cf.
FIG. 16B,C).
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Using piasmid 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-BamH| and ligated
with the large Sacll-BamH| fragment of pET19b-MMT (FIG. 17A), giving expression
plasmid pET19b-Line14086-Prod6 (FIG. 17B), designed for synthesis of a fruncated
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
Saclil-BamHi was ligated with the large Sacll-BamHI fragment of pET19b-MMT (FIG.
17A), giving expression plasmid pET19b-Line140886-Prod? (FIG. 17C). This expression
plasmid is designed for synthesis of a tfruncated 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 pET189b-MMT, but with primer set nos. 27 and 28 (Table 8} ~ there was amplified a
325-bp fragment (SEQ 1D NO:32), which upon digestion with Sacll-BamHI was ligated
with the large Sacll-BamH]! fragment of pET18b-MMT (FIG. 17A), giving expression
plasmid pET18b-Line14086-Prod8 (FI1G. 17D) for synthesis of a truncated MMT
corresponding fo 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 NG3)
Forward: GGCCGCGGGGCTICGAGTGCTTCCGCAC 1-27
{SEQ 1D NO:85)
2 Reverse: CGAGATAAGATAAATATCTACGG- 245-307 30
AACAAGAGGTGCCAATCTTCGAAGGGCACCACTTTICTGS
{SEQ ID NO:86)
Forward: GGCCGCGGGGECTCGAGTGCTTICCGCAC 1-27
{SEQ ID NO:8T)
24 Reverse:  AACCTGAGTAAATGTCTAACTICTGCAGGTCCCATG- 285-354 30
ITTGCAACAAACGAGATAAGATAAATATCTACGG
(SEQ [D) NO:88)
Forward:  GGCCGCGGGGCTCGAGTGCTTCCGCAC 127
(SEQ ID NO:89) 7
25 Reverse:  GGATCCCTACTGGCAGACACCTAAMAGTTTCATATAAAGT- 329-304 30
AACCTGAGTAAATGTCTAACTTCTGC
(SEQ ID NO:90}
26 Forward; __GGCCGCGGGGGTCGAGTGCTTCCGCAC 1-27 31
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(SEQ 1D NO- 01) )

Reverse. GGATCCTTATATCCAGACCATAA- 329-376
ACCTGAG-TAAATGTCTAACTTCTGC
(SEQ ID NO: 82)

Forward:  GGCCGCGGGGCTCGAGTGCTTCCGCAC 1-27
(SEQ 1D NO:93)
Reverse:  AGGTTTATCCATRCAATCTIGATAGCTCTTG- 198-277
GGTTTATATCCAGACCATAAACCATTGCC-
ACATCCCAGCTCTGCTACTG
[SEQ ID NO:84)

27 32

Forward: GGCCGCGGGGCTCGAGTGCTICCGCAC 127

(SEQ 1D NO: 95)
Reverse:  GGATCCTTATAGATIGGGAGACCA- 246.325
8 TCGTCGTCTAGTGCATTCAAGTAA- 2
AGGTTTATCCATGCAATCTIGATAGCTCTTGS
(SEQ ID NO: 96)

*) Note that the same forward primer, with a Sacll site underiined, is utilized in all reactions. For reverse
primers, 5 extensions without annealing to template DNA are indicated with a wavy underiine; BamH sites
are shown in ftalics, and complementary translational stop codons in bold type letters.

*) Numbers rsfer to nucleotide nos. in the corresponding SEQ ID NO listed in the neighboring column.

Example 16
Recombinant MMT forms of Mutant 14018 are inactive

The procedure of Example 12 was foliowed, Mutant 8063-derived constructs being
replaced by those of Mutant 14018. E. coli bacteria were transformed with pET19b-~
Line14018-Prod6, pET19b-Line14018-Prod7 and pET18b-Line14018-Prod8 (FIG.
17A-D, with the corresponding amino acid alignment shown in FIG. 17E) - but the
experiments excluded western biot 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 io generate SMM
(FIG. 18B), 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.

Example 17

Monitoring systems for bariey Mutant 14018
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In addition to the biochemical assay for detection of barley kernels of Mutant 14018 (cf.
Example 2), the present example describes a genetic method that has been designed
to identify mutant kernels or plant products prepared from barley Mutant 14018. Itis
based on an analysis to detect single nucleotide potymorphism (SNP), specifically the
G—A mutation at position 1462 of the gene for MTT in Mutant 14018, as illustrated in
FIG. 18, and with characteristics of oligonucleotide primer sets fisted in Table 9.

A PCR product of 121 bp - with the sequence given as SEQ ID NO:35 - is generated
when primar set no. 29 is used in a reaction with genomic DNA of barley cv. Sebastian
as template, while no product is amplified when genomic DNA of Mutant 14018 serves
as template — in the latter case simpiy because of no base pairing between the 3' end
of the reverse primer and template (FIG 19B). However, a 121-bp PCR product is
obtained with primer set no. 30 in a PCR amplification with genomic DNA of Mutant
14018 (SEQ 1D NO:36), as the reverse primer has full sequence match to the template
(FIG 19B). Primer set no. 31, which consists of the four above-mentioned primers listed
for primer set nos. 29 and 30 - two for amplification of a fragment containing the
G1462—A mutation in the MMT gene of Mutant 14018 (i.e. SEQ ID NO:386}, and two
for the G3076—A mutation in the MMT gene of Mutant 8063 {i.e. SEQ ID NO:34; cf.
Example 9) — is 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
50-ul RedTag 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 - 684°C, 30 sec - 72°C, 30 sec; ending with 10 min at 72°C), a 25-ul
aliguot 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
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 identicai to that of Mutant 14018. Further efforts to support the
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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 14018 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. Sebastian and of Mutant 14018 were germinated at 20°C
for 4 d, followed by separate homogenization of one wild-type and one mutant kernel,
each in 100 pL H,0. Fellowing centrifugation at 13,000 rpm for 10 min, 15 L 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, electrablotted, 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. Sebastian, while
no immunoreactve protein of Mutant 14018 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 {acks this capacity.
Further molecular and biochemical tests may be employed to confirm whether a given

grain is derived from Mutant 14018.

Table 9. Primers for SNP detection of Mutant 14018,

Primer PCR Final product | Forward primer Reverse primer
set no. pr%duc’t (SEQ IDNO:) | (>3 DNA sequence given) ™ | (§'—3' DNA sequence) ***
ends
ettt | 3s GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAC
{SEQID NO: 97} {SEQ ID NO: 101)
e8| 36 GGCATCCAGATTCCATCTTCAG CTACGGAACAAGAGGTGCCAAT
{SEQ 1D NO:98) {SEQ ID NO: 102)
13641483 | 38 GGCATCCAGATICCATCTTCAG CTACGGAACAAGAGGTGCCAAT
3 {SEQ ID NO:99) * | (SEQID NO:103}
28313101 | 34 CGATTCCAGCTTCCGGTTG CATCTAGTCACTCAAAGAATTGCTAT
{SEQ 1D NO:100) (SEQ ID NO: 104)

-2

Base pair numbering as that of the genomic wild-type sequence for MMT (SEQ ID NO:18).

Base pair numbering as that of the genomic sequence for MMT of Mutant 14018 (SEQ ID NO:19).

Base pair numbering as that of fhe genomic sequence for MMT of Mutant 8063 (SEQ ID NO:8).
Sequence at the 5" end of the fragment listed in the column iabelled "PCR product ends".
Complementary sequence at the 3' end of the fragment noted in the column labeled "PCR product ends”.
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Table 10. Sequence listing.

SEQID

Type

Description

NC:1

NO:2

NO:3

NO:4

NO:5

NO:6

NO:7

NO:8

NG:9

NO:10

NO:11

NO:12

NO:13

Nucleic acid

Protein

Nucleic acid

Nucleic acid

Nucleic acid

Protein

Protein

Nucleic acid

Nucleic acid

Nucleic acid

Protein

Nucleic acid

Protein

Barley cDNA of cv. Haruna Nijo, spanning the start and
stop codons of the gene for MMT. cDNA, open reading
frame for MMT, Sequence extracted from GenBank
accession no. AB028870

Sequence for barley MMT of cv. Haruna Nijo, transiated
from SEQ ID NO:1.

Bariey gDNA of cv. Prestige, genomic sequence spanning
the start and stop codons of the gene for MMT.

Barley cDNA of cv. Prestige, spanning the start and stop
codons of the gene for MMT, ¢cDNA sequence of the open
reading frame for MMT.

Re-cloned bariey ¢cDNA of cv. Prestige; recioned ¢cDNA of
the open reading frame for MMT spanning the start and
stop codons of the gene for MMT, but containing three
mutations (cf. Example 10). Utilized for heterologous
expression of barley MMT in E. coli.

Sequence for barley MMT of cv. Prestige, translated from
SEQ ID NO4.

Sequence for MMT of barley, cv. Prestige, translated from
SEQ ID NC:5, utilized for synthesis of MMT in E. coli.
Bariey gDNA of Mutant 8063, Genomic sequence for MMT
spanning the start and stop codons of the gene for MMT.
Sequence of amplified RT-PCR fragment of barley cv.
Prestige, comresponding to Product 1 in FIG. 12B,C.
Sequence of amplified RT-PCR fragment of barley Mutant
8063, corresponding to Product 2 in FIG. 12B,C.

Entire translated sequence derived from mis-spliced RNA
of Mutant 8063, said RNA functioning as tempiate in the
RT-PCR amplification yielding Product 2 in FIG. 12B,C.
Sequence of amplified RT-PCR fragment of bariey Mutant
8083, corresponding to Product 3 in FIG. 12B8,C.

Entire translated sequence derived from mis-spliced RNA
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NO:14

NO:15

NO:16

NO:17

NO:18

NO:19

NO:20

NO:21

NO:22

NO:23

NQ:24

NO:25

NO:26

Nucleic acid

Protein

Nucleic acid

Nucleic acid

Protein

Nucleic acid

Nucleic acid

Nucleic acid

Protein

Nucleic acid

Protein

Nucleic acid

Protein
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of barley Mutant 8063, said RNA functioning as template in
the RT-PCR amplification yielding Product 3 in FIG.
12B,C.

Sequence of amplified RT-PCR fragment of barley Mutant
8063, corresponding to Product 4 in FIG. 12B,C.

Entire translated sequence derived from mis-spliced RNA
of Mutant 8063, said RNA functioning as template in the
RT-PCR ampilification yielding Product 4 in FiG. 12B,C.
Barley gDNA of ¢v. Sebastian, Genomic sequence for
MMT spanning the start and stop codons of the gene for
MMT.

Barley cDNA of cv. Sebastian, cDNA sequence of the
open reading frame for MMT

spanning the start and stop codons of the gene for MMT.
Sequence for barley MMT of cv. Sebastian, translated
from SEQ ID NO:17.

Barley gDNA of Mutant 14018, Genomic sequence for
MMT spanning the start and stop codons of the gene for
MMT.

Sequence of amplified RT-PCR fragment of barley cv.
Sebastian, corresponding to Product 5 in FIG. 16B,C.
Sequence of amplified RT-PCR fragment of bariey Mutant
14018, corresponding to Product 6 in FIG. 16B,C.

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. 168B,C.
Sequence of amplified RT-PCR fragment of barley Mutant
14018, corresponding to Product 7 in FIG. 16B,C.

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.

Sequence of amplified RT-PCR fragment of barley Mutant
14018, corresponding to Product 8 in FIG. 16B,C.

Entire translated sequence derived from mis-spliced RNA
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NO:27

NO:28

NO:2¢

NO:30

NQO:31

NO:32

NO:33

NO:34

NO:35

Nucleic acid

Nucelic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid
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of barley Mutant 14018, said RNA functioning as template
in the RT-PCR amplification yielding Product 8 in FIG.
16B,C.

Sacll-BamHI fragment of Product 2 (FIG. 12B,C) - with a
BamHl site infroduced directly downstream of the
translational stop codon ~ for construction of expression
plasmid pET19b-Line8063-Prod2 (cf. FIG. 13B).
Sacll-BamH! fragment of Product 3 (FIG. 12B,C) -~ with a
BamH] site introduced directly downstream of the
transiational stop codon - for construction of expression
plasmid pET19b-Line8063-Prod3 (cf. FIG. 13C) (identical
to SEQ D NO:27).

Sacll-BamHI fragment of Product 4 (FIG. 12B,C) — with a
BamH| site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line8063-Prod4 (cf. FIG. 13D).
Sacll-BamHI fragment of Product 6 (FIG. 168,C) — with a
BamHI site introduced directly downstream of the
franslational stop codon — for construction of expression
plasmid pET19b-Line14018-Prod6 (cf. FIG. 17B).
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).
Sacli-BamHi fragment of Product 8 (FIG. 16B,C) - with a
BamHM| site introduced directly downstream of the
translational stop codon — for construction of expression
plasmid pET19b-Line14018-Prod8 (cf. FIG. 17D).

PCR fragment generated from genomic DNA of cv.
Prestige, amplified using primer set no. 20 {cf. Table 7).
PCR fragment generated from genomic DNA of Mutant
8063, amplified using primer set no. 21 (c¢f. Table 7).

PCR fragment generated from genomic DNA of cv.
Sebastian, amplified using primer set no. 29 (cf. Table 9).
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NQO:36

NO:37

NO:38

NO:39

NO:40

NO:41

NO:42

NO:43

NG 4

NO:45

NO:46

NO:47

NO:48

NO:49

NO:50

NO:51

NO:52

NO:563

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nuclieic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid
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PCR fragment generated from genomic DNA of Mutant
14018, amplified using primer set no. 30 (c¢f. Table 9).

Forward primer for ampilification of the genomic sequence
encoding barley MMT.

Forward primer for amplification of the genomic sequence
encoding barley MMT.

Forward primer for amplification of the genomic sequence
encoding bariey MMT.

Forward primer for amplification of the genomic sequence
encoding bariey MMT.

Forward primer for amplification of the genomic seguence
encoding barley MMT.

Forward primer for amplification of the genomic sequence
encoding barley MMT.

Reverse primer for amplification of the genomic sequence
encoding barley MMT,

Reverse primer for amplification of the genomic sequence
encoding barley MMT,

Reverse primer for amplification of the genomic sequence
encoding barley MMT.

Reverse primer for amplification of the genomic sequence
encoding barley MMT.

Reverse primer for amplification of the genomic sequence
encoding barley MMT.

Reverse primer for amplification of the genomic sequence
encoding barley MMT.

Forward primer for amplification of the cDNA sequence
encoding barley MMT

Forward primer for amplification of the cDNA sequence
encoding barley MMT

Forward primer for amplification of the cDNA sequence
encoding barley MMT

Forward primer for amplification of the ¢DNA sequence
encoding barley MMT

Forward primer for ampiification of the cDNA sequence
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NO:54

NQ:55

NO:56

NO:57

NO:58

NO:59

NO:60

NO:61

NQO:62

NO:63

NO:64

NQ:65

NO:66

NO:67

NQ:58

NO:68

NO:70
NO:71

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucieic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Peptide

Peptide
Nucleic acid
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encoding barley MMT

Forward primer for amplification of the cDNA seguence
encoding barley MMT

Forward primer for amplification of the cDNA sequence
encoding barley MMT

Forward primer for amplification of the cDNA sequence
encoding barley MMT ‘

Reverse primer for amplification of the cDNA sequence
encoding bariey MMT

Reverse primer for amplification of the cDNA sequence
encoding barley MMT

Reverse primer for amplification of the cDNA sequence
encoding barley MMT

Reverse primer for amplification of the cDNA sequence
encoding barley MMT

Reverse primer for amplification of the cDNA sequence
encoding bariey MMT

Reverse primer for amplification of the cDNA sequence
encoding barley MMT

Reverse primer for amplification of the CDNA sequence

‘encoding barley MMT

Reverse primer for amplification of the cDNA sequence
encoding barley MMT

Forward primer to detect alternative splicing of the gene
encoding barley MMT.

Forward primer to detect altemnative splicing of the gene
encoding barley MMT. ‘

Reverse primer to detect alternative splicing of the gene
encoding barley MMT.

Reverse primer {o detect alternative splicing of the gene
encoding barley MMT.

His-tag

Enterokinase site

Forward primer to ampiify the protein coding sequence of
the bariey gene for MMT.
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NO:72
NO:73
NO:74
NO:75
NO:76
NO:77
NO:78
NQ:79
NO:80
NO:81
NO:82
NO:83
NQO:84
NO:85
NO:86
NQO:87
NO:88
NO:89
NO:90
NO:91

NO:82

NO:93

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucleic acid

Nucieic acid

Nugcleic acid

Nucleic acid

Nucieic acid

Nucleic acid

87

Reverse primer to amplify the protein coding sequence of

the barley gene for MMT.

Forward primer for amplification of DNA fragments of
Mutant 8063

Reverse primer for amplification of DNA fragments of
Mutant 8063

Forward primer for amplification of DNA fragments of
Mutant 8063

Reverse primer for amplification of DNA fragments of
Mutant 8063

Forward primer for SNP detection of Mutant 8063
Forward primer for SNP detection of Mutant 8063
Forward primer for SNP detection of Mutant 8063
Forward primer for SNP detection of Mutant 8063
Reverse primer for SNP detection of Mutant 8063
Reverse primer for SNP detection of Mutant 8063
Reverse primer for SNP detection of Mutant 8063
Reverse primer for SNP detection of Mutant 8063
Forward primer for amplification of DNA fragments of
Mutant 14018

Reverse primer for amplification of DNA fragments of
Mutant 14018

Forward primer for amplification of DNA fragments of
Mutant 14018

Reverse primer for amplification of DNA fragments of
Mutant 14018 '
Forward primer for amplification of DNA fragments of
Mutant 14018

Reverse primer for amplification of DNA fragments of
Mutant 14018

Forward primer for ampiification of DNA fragments of
Mutant 14018

Reverse primer for amplification of DNA fragments of
Mutant 14018

Forward primer for amplification of DNA fragments of

PCT/DK2009/050315
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NQ:94

NO:85

NO:96

NQ:97
NO:98
NO:99
NO:100
NO:101
NO:102
NO:103
NO:104

Nucieic acid

Nucleic acid

Nucleic acid

Nucleic acid
Nucleic acid
Nucleic acid
Nucleic acid
Nuclelc acid
Nucleic acid
Nucleic acid

Nucleic acid
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Mutant 14018

Reverse primer for amplification of DNA fragments of
Mutant 14018

Forward primer for amplification of DNA fragments of
Mutant 14018

Reverse primer for amplification of DNA fragments of
Mutant 14018

Forward primer for SNP detection of Mutant 14018
Forward primer for SNP detection of Mutant 14018
Forward primer for SNP detection of Mutant 14018
Forward primer for SNP detection of Mutant 14018
Reverse primer for SNP detection of Mutant 14018
Reverse primer for SNP detection of Mutant 14018
Reverse primer for SNP detection of Mutant 14018
Reverse primer for SNP detection of Mutant 14018
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Claims

1. A beverage prepared from a barley plant, or a part thereof, wherein said beverage
contains a level of dimethyl sulfide (DMS) below 20 ppb and a level of S-methyi-l-
methionine (SMM) of less than 20 ppb, and wherein said barley plant, or part thereof,
carries a mutation in the gene encoding methionine S-methyltransferase (MMT),

causing a total loss of functional MMT.

2. The beverage according to claim 1, wherein said beverage is a malt beverage.

3. The beverage according to any one of claims 1 and 2, wherein the beverage is a
farmented malt beverage.

4. The beverage according to any one of the preceding claims, wherein the beverage is
beer.

5. The beverage according to any one of the preceding claims, wherein the beverage
contains less than 10 ppb BMS. '

6. The beverage according to any one of the preceding claims, wherein the beverage
contains less than 10 ppb S-methyl-l-methionine (SMM),

7. The beverage according to any one of the preceding claims, wherein the beverage
contains less than 10 ppb DMS and less than 10 ppb SMM.

8. The beverage according to any one of the preceding claims, wherein the beverage
contains less than 5 ppb DMS and less than 5 ppb SMM. '

9. The beverage according to any one of the preceding claims, wherein the beverage

" has a higher score for freshness and/or estery taste as evaluated by a trained taste

panel in a comparison with a beverage prepared in the same manner from a wild-type
barley, preferably from cv. Power, when the ester profile of both beverages are
adjusted to be similar.
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10. The beverage according to anyone of the preceding claims, wherein the beverage
has a higher score for estery taste as evaluated by a trained taste panel in a
comparison with a beverage prepared in the same manner from a wild-type barley,

preferabiy from cv. Power.

11. A barley plant, or part thereof, wherein the barley plant carries a mutation in the
gene encoding methionine-S-methyltransferase (MMT) that causes a total loss of MMT
function.

12. The barley plant, or part thereof, according to claim 11, wherein the mutation is
within a splice site of the gene encoding MMT.

13. The barley plant, or part thereof, according to any one of claims 11 to 12, wherem
the mutation in the gene encoding MMT is within a splice site of an intron.

14. The barley plant, or part thereof, according to any one of claims 11 to 13, wherein
the mutation in the gene encoding MMT is a mutation within a 5' splice site of an intron,

such as a G—oA mutation of the terminai 5' base of an intron.

15. The barley plant, or a part thereof, according tc any one of claims 11 to 14, wherein
the mutation in the gene encoding MMT is a mutation within a §' splice site of an intron
selected from the group consisting of introns 2 and 5.

16. The barley plant, or a part thereof, according to any one of claims 11 to 15, wherein
the mutation in the gene encoding MMT is a G-»A mutation of base no. 3076 of SEQ
D NO:3.

17. The barley plant, or a part thereof, according to any one of claims 11 to 15, wherein
the mutation, in the gene encoding MMT is a G—A mutation of base no. 1482 of SEQ
iD NO:16.

18. The barley plant or a part thereof according to anyone of claims 11 to 17, wherein
the mutation results in a gene encoding a truncated form of MMT comprising an N-
terminal fragment of wild-type MMT and optionally additional C-terminal sequences not

found in wild-type MMT, wherein said N-terminal fragment comprises at the most the
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500 N-terminal amino acid residues of SEQ iD NO:6.

18. The barley plant or part thereof according to anyone of claims 11 and 18, wherein
said mutation introduces a premature stop codon in the gene encoding MMT,
preferably a stép codon resulting in a gene encoding any of the truncated forms of
MMT according to claim 18. ‘ '

20. The barley plant, or a part thereof, according to any one of claifns 1110 16, wherein
said planf is selected from the group consisting of piants designated "Barley, Hordeum
vulgare: Line B063" deposited at ATCC 13 October 2008 with the designation PTA-
9543, and progeny plants thereof.

21. The barley plant, or a part thereof, according to any one of claims 11 to 20, wherein
said part of said barley plant is kernei(s).

22. The barley plant, or a part thereof, according to any of claims 11 to 21, 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:

(i) mutagenizing barley planis, and/or barley kernels, and/ar barley embryos,
and/or barley cells, and/or barley tissue, thereby obtaining barley of
generation MO; and

{iiy propagating said mutagenized barley plants, kernels, celis, tissue and/or
embryos for at least 2 generations, thereby obtaining barley plants of
generation Mx, wherein x is an integer >2; and

(i) obtaining leaf tissue from said barley kernels of generation Mx; and

(iv) determining the level of SMM in said kernels, or parts thereof; and

(v} selecting plants that lack detectable SMM; and

(vi) sequencing at least part of the MMT gene; and

(vii) selecting plants carrying a mutation in the gene encoding MMT.
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23. The beverage according to any one of claims 1 to 10, wherein the beverage is prepared
from a barley plant, or & part thereof, according to any one of claims 11 to 22,

24. A composition comprising the barley plant, or part thereof, according to any of claims
11 to 22.

25. A malt composition comprising a processed barley plant, or part thereof, wherein said
barley plant is the barley plant according to any of claims 11 to 22.

26. The malt composition according to claim 25, wherein said part of said bariey plant is
kernel(s).

27. The malt composition according to anyone of claims 25 to 26, wherein the malt
composition is selected from the group consisting of green malt and kiln dried matit.

28. The malt composition according to anyone of claims 25 to 27, wherein the malt
composition is milled mait.

29. The malt composition according to any of claims 25 to 28, wherein the malt composition
comprises at the most 200 ppb free DMS.

30. The malt composition according to any of claims 25 to 28, wherein the malt composition
comprises at the most 1000 ppb SMM.

31. The malt composition according to any of claims 25 to 30, wherein the malt compasition
comprises at the most 200 ppb free DMS and at the most 1000 ppb SMM.
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32. A wort composition prepared using the barley plant, or part thereof, according o any of
claims 11 to 22, or using a malt composition prepared from said barley plant or part thereof,
or mixtures thereof, wherein the wort composition comprises less than 20 ppb SMM.

33. The wort bomposition according to claim 32, wherein the wort composition has been
produced using a mashing in temperature not exceeding 70°C.

34. The wort composition according to any one of claims 32 to 33, wherein the wort
composition has been boiled for at the most 45 min.

35. The wort composition according to any one of claims 32 to 34, wherein said part of said
plant is kernel(s).

36. The wort composition according to any one of claims 32 to 35, wherein said malt
compasition is a malt composition according to any of claims 25 to 31.

37. A composition prepared-from a mixture of.

()  acomposition comprising a barley plant, or a part thereof, according to any of
claims 11 to 22; and

(i) a malt composition according to any of claims 25 to 31,

38. The beverage according to any of claims 1 to 10, wherein said beverage is prepared
from a malt composition according to any one of claims 25 to 31, or a wort composition
according {o any one of claims 32 fo 36.
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39. A method of producing a beverage containing less than 20 ppb DMS and less than
20 ppb SMM, said method comprising the steps of:

(i)  preparing a composition comprising a barley plant, or parts thereof,
according to any of claims 11 to 22;

(i)  processing the composition of (i) into a beverage,;

thereby obtaining a beverage containing less than 20 ppb DMS and less than 20 ppb
SMM.

40. The method according to claim 39, wherein said method is a method of producing a

beverage containing less than 5 ppb DMS.

41. The method according to any one of claims 39 {o 40, wherein step (i) comprises
preparing a malt composition from kernels of said barley plant, or part thereof.

42, The method according to any of claims 39 to 41, wherein processing the com-
position into a beverage comprises a mashing step, thereby producing a wort com-

position.

43. The method according to claim 42, wherein the mashing step is performed using a

mashing in temperature not exceeding 70°C.

44. The method according to any of claims 39 to 43, wherein processing the composition
into a beverage comprises a mashing step, a wort filtration step, and a sparging step,

thereby producing a wort composition

45. The method according to any one of claims 39 to 44, wherein processing the
composition into a beverage comprises a step of bailing said wort, wherein said wort is
boiled for at the most 45 min.

46. The method according to any of claims 39 to 45, wherein processing the composition
into a beverage comprises fermentation of said wort.
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47. A method of producing a malt composition comprising at the most 200 ppb free

DMS, said method comprising the steps of.

@)

(i)
(iif)
(iv)

providing kernels according to claim 21;
steeping said kemnels;
germinating the steeped kernels under predetermined conditions;

freating germinated kernels with heat;

thereby producing a malt composition comprising at the most 200 ppb free DMS.

48, 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)

(iif)
(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/for
embryos for at least 2 generations, thereby obtaining generation Mx barley
plants, wherein x is an integer 22; 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;

thereby obtaining a barléy plant carrying a mutation in the gene encoding MMT,

causing total loss of MMT activity.

49. A barley plant or part thereof, wherein the barley plant carries:

(B

(i)

a mutation in the gene encading MMT, causing total loss of MMT activity;
and

a mutation in the gene encoding lipoxygenase 1, causing a total loss of

“lipoxygenase 1 activity.
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50. The barley plant, or part thereof according to claim 49, wherein the mutation in the
gene_encoding MMT is as defined in any one of claims 12 to 19.

51. The malt composition according to any one of claims 25 to 31, wherein the malt
composition is prepared from the barley piant, or part thereof, according to any one of
claims 49 and 50. '

52. The wort compaosition according to any one of claims 32 to 36, wherein the wort
composition is prepared from the barley plant, or part thereof, according to any one of
claims 49 and 50.

53. The beverage according to any one of claims 1 to 10, wherein the beverage is
prepared from the barley piant, or part thereof, according to any one of ciaims 49 and
50.



