WO 2007/077229PCT/EP2007/000226 1 SCREENING METHOD FOR SELECTING PLANTS THAT
SHOW A REDUCED WOUND-INDUCED SURFACE DISCOLOURATION AND PLANT AND PLANT
PARTS THUS OBTAINED 5 Field of the invention The present invention relates to a method for
screening a ﬁ‘gbafgﬂ?)ﬁ%"?plants or plant parts for the presence therein of IHdIERISTIEWHEE show a
reduced wound-induced surface discolouration as compared to a control 10 plant. The invention also
relates to plants and parts derived therefrom showihg an absent or reduced wound-induced surface

discolouration obtained by means of this method and to_parts and progeny ther k} ackground of
the invention SCREB%N% METEORN F R nTENE O < B Br e rogllfc%gz,ql}’n %%r }(}:(glfe?r lettuce, has

expanded significantly DxeUEE B YRRASE D haoresIREIANd phote SSHAGD BiCBLAMGBIVes extensive
cutting of the leaves, which induces a 2%‘%5@1% %me. This wound response leads to a
rapid deterioration of the processed product. This deterioration is manifested by discolouration due to
enzymatic browning or pinking at and around the wound surface, respiration and desiccation due to

transpiratiop.;Especially Hae epzumatis,25 browning or pinking is considered of significant importance,

determining directly or indirectly the overall quality of the fresh cut,ggg{lﬁg%e%lettuce. Moreover,
as a consequence of HEPdEEFRF R o RGBT ahiBhis E8n SRyt Mcredse in number, which 30

may compremisefgathsafeinpiia highly perishahlesnature biptogessesl [Bttuceeads to a strong
off-colour, off-odour and off-texture:Pergepion L e sansugl WhihLis RABPEHIY &-
induced surface discclouration as compared to a control
10 plant. The invéntion also relates to plants and parts derived
therefrom showing an absent or reduced wound-induced surface
discolouration cobtained by means of this method and to parts

and progeny therecf.

15 Background of the invention
Due to increasing demand, processing of fresh
produce, in particular lettuce, has expanded significantly
over recent years. The harvesting and processing of lettuce
involves extensive cutting of the leaves, which induces a
20 strong wound response. This wound response leads to a rapid
deterioration of the processed product. This deterioration is
manifested by discolouration due to enzymatic browning or
pinking at and around the wound surface, respiration and
desiccation due to transpiration. Especially the enzymatic
25 browning or pinking is considered of significant importance,
determining directly or indirectly the overall quality of the
fresh cut, packaged lettuce.
Moreover, as a consequence of the deterioration,
micro-organisms can significantly increase in number, which
30 may compromise food safety. The highly perishable nature of
processed lettuce leads to a strong off-colour, off-cdour and

off-texture perception by the consumer which is hampering a



WO 2007/077229PCT/EP2007/000226 2 faster than current growth of the so called convenience

market. In order to inhibit the deterioration process, many chemical or physical post-harvest
treatments have been 5 developed which can be applied to decelerate the deteriorz;tion of the
CT/EP2047000226

processed 1QE07 07722,'5\m0ngst these are the packaging of fresh cut lefilice tmder & modified
atmosphere, application of edible coatings, heat shock treatment and addition of chemicals, which
inhibit 10 the enzymatic browning. When fresh cutfettuce is packaged under an atmosphere of
reduced oxgen at low temperatures, the enz;(/%gatl brownglglrl%%s.ggstantlag%gg reduced. However

such modiffett 16 o5GBn SHABAMEREEAs 6 anderShicaspiration. Which creates an off-flavour

and off-odat £t d5.the produce which is perceived as very unattractive. Edible coatings are thin

layers of materials, whigh 4t 85 R Siegl:isvlation brutet agduvish Sfiesivel Pipiset the produce

from different forms 0 aetenorat'lon such as evaporation and browning. These coatings can for 20
example bechritecsflreain o ponistdc pevlestPIdtint re2 tTeRsS fAS: BE&STdemonstrated that

browning ofsfrgsh Gybletiicegan-hg nyevepiad by applyieg siluieftheaishock of 90 seconds at 45C,
immediately after processing. Possibly, the heat ih?oCk diverts protein biosynthesis from 25 the
enzymes ind6REHATRECABuRTidHF RIS Shttk PrSteins thereby reducing the enzymatic

browning capacity. Altennatialy -theseffecteoftiieatshockaica meht brelsifovmihg ys&f Beexplained by
thermosens&tril\gglrofael;]nze/ 1e3 é’&’oé\é%% %H&%Q,SCQM aHap PathWaYegible coat ings,
heat shock treatment and addition of chemicals, which inhibit
1¢ the enzymatic browning. When fresh cut lettuce is packaged
under an atmosphere of reduced oxygen at low temperatures,
the enzymatic browning can substantially be reduced. However
such modified, low oxygen environment leads to anaerobic
respiration, which creates an off-flavour and cff-odour of
15 the produce which is perceived as very unattractive.

Edible coatings are thin layers of materials, which
act as physical insulation barrier and which effectively
protect the produce from different forms of deterioration
such as evaporation and browning. These coatings can for

20 example be made of resins, polysaccharides or protein.

It has further been demonstrated that browning of
fresh cut lettuce can be prevented by applying a brief heat
shock of %0 seconds at 45°C, immediately after processing.
Possibly, the heat shock diverts protein biosynthesis from

25 the enzymes involved in discolouration towards heat shock
proteins thereby reducing the enzymatic browning capacity.
Alternatively, the effect of heat shock treatment on browning
may be explained by thermosensitivity of enzymes involved in
the discolouration pathway.

30 Chemicals, which can be applied can for example be
reducing agents like vitamin C, chelating agents like EDTA,
complexing agents like cyclodextrin and enzymatic inhibitors

like L-cysteine. Application of chemicals in fresh food



30Chemicals, which can be applied can for example be reducing agents like vitamin C, chelating
agents like EDTA, complexing agents like cyclodextrin and enzymatic inhibitors like L-cysteine.
Application of chemicals in fresh food 3 obviously@involves food safety issues and requires regulatory

approval. hinations o t-hary, chnalagies described above can be thought of and
ultimatelyotcﬁ?ﬂa%%%g proéé&gjrg% Sa trafeg-%% be%v%gé%ngt%chnﬁfosgﬂl&ﬁ effiggg, colé?%ﬁéquosd safety.
Irrespective gt flrttecknolegpapplied, imgiovbirnat bbpsst-haf/esttdalityrofgirebesseadettuce will
come at acgj@{ﬁ&flotg%egore ALlear need inthe art estg&to pjg)%videc%l %%ggvesb\%/hicggl'minate or

reduce the need to apply physical or chemical post-harvest technologies. Summary n a first
aspect, thelsrbsantihvention is dredteeto larrdyiant having a teddbedodirfabseritwesund-induced

surface discaloyration; obtainghle by crosging:a plaat \gggéhesglgéyﬁﬁﬁ_ accession number 41454 or

41441 with another plant of the same Species and testing progeny plants from the cross by subjecting
the plant or parts thérEbE&PE SEEERINgImEPd FRBlcRTERFisabR) Ershtingrwourtieniace on the

plants or glantpakts ke be sereengsiand on thecontial plants ot plant Paisib) dagubating the wound

surfaces to allow for discolouration to occur therein or thereon; c) observing the wound surface

discolour&®stHin 876n thé BERECEEpldht SRS AndHIOmparing e obsErvedrwstind stifface

discolourgfief/inser amtheMarts i Planfipars to Pascigered,with the, discelquration shatjs observed
on or in the cgntrol plant or plant part to identify the plants orglant parts that show no discolouration or

a discoloGrRdH tRARE HducetFasBEMpSRdd RPHE CHMirGEBlant 8FBRME piESs 3a In a second
aspect, the present invention is directed to a progeny of a parent plant of the present invention that

shows the absence or reduction of wound-induced surface discolouration as found in the parent plant.
In a third 5B e present invention is directed to a part of a plant of the present invention. In

a fourth aspect, the present invesntiar js=directed 40 priariTegeneaied HaM a plantparef the present
invention that shgws the absence or reduction of wound-induced surface discolouration as found in the

parent. - Fn aFithsEpeRt IS prEERthvntion - Girected &P5 §8Ed BPRMant B ¥E Present

inventionsurface discolouration, obtainable by crossing a plant with
the NCIMB accession number 41454 or 41441 with another
plant of the same species and testing progeny plants from
the cross by subjecting the plant or parts thereof to a
screening wmethod, which comprises a) creating a wound
surface on the plants or plant parts to be screened and on
the control plants or plant parts; b) incubating the wound
surfaces to allow for discolouration to occur therein or
thereon; c¢) observing the wound surface discolouration in
or on the plants or plant parts; and d) comparing the
observed wound surface discolouration in or on the plants
or plant parts to be screened with the discolouration that
is observed on or in the control plant or plant part to
identify the ©plants or plant partg that show no
discolouration or a discolouration that dig reduced as

compared to the control plant or plant parts.



In a sixth aspect, the present invention is directed to a progeny from a seed of the present invention
that shows the absence or reduction of wound-induced surface discolouration as found in the parent.
In a seventh aspect, the present invention is diregted to a vegetable product, comprising a lettuce plant

of the present invention or, par. é@%ﬁ@f'_ 89’? @g:\ér_’thertq%c_rlbﬁeldeg%@én is.a screenin mgtshod to select
for plants, that show a reduced wound-induced discolouration response to provide plants and progeny

derived th@iéﬁ@ﬁﬂtﬁaﬂ&?e @sistam]@pbspﬁar@esm‘be@i@sir_]g idisorders sucheas enegrratic browning
or pinking: e desrived herelngalapizthatahan a sianificagitecused Bking,gpRrowning

discolouration upon wounding. Discolouration upon wounding can e visible in parts 3b of the
plants, sSUERAECSIBMSSSEEES Sfruitsl fextd CoTRdTEOtubepss shdotsnd is thus &ike deszribad herein a
screenin%)lfpgqu to select for plants, that show a reduced wound-induced discolouration response in
their plant parts. Described herein is therefore a method for screening a population of plants or
plant parts for the preeficé& fHerdinreiRaividuaisthat SReW a rbdviead Woundsindéeatsadace

discolouratipnyag gompared to,a coptrgkplaptopplagt part; whichimethod comprises: a) providing
a population of plants or parts of the plants from-the population; 4 b) creating a wound surface
on the plants or plartipartd to FEEErEenedERFF 6N the-E6ntrdPBRFRE6r plaRvEakdCcn  18) incubating

the wound suifaces torallow foridisgolopsationtoseecur thesgin gr therson; part dhebseryng the
wound surface discolouration in or on the plants or plant parts; e)
Compaﬂnﬁﬁﬁ%%ggwéﬁwgﬁmﬁﬂﬁaﬁgat shows the ‘absgsence or reduction of

wound-induced surface discolouration ag found in the
parent. |

In a f£ifth aspect, the present invention is directed
to a seed of a plant of the present invention.

In a sixth aspect, the present invention is directed
to a progeny from a seed of the present invention that
shows the absence or reduction of wound-induced surface
discolouration as found in the parent.

In a seventh aspect, the present invention is
directed to a vegetable product, comprising a lettuce plant
of the present invention or part thereof.

Further described herein is a screening'method to
select for plants, that show a reduced wound - induced
discolouration response to provide plants and progeny
derived therefrom that are zresistant f£o post-harvest
processing disorders such as enzymatic browning or pinking.
Also described herein are plants that show a significantly
reduced pinking or browning discolouration upcen wounding.

Discolouration upon wounding can also be visible in parts



discolouration in or on the plants or plant parts to be screened with the discolouration that is observed
on or in the control plant or plant part to identify plants or plant parts that show no discolouration or a
discolouration that is reduced as compared to thé®ontrol plant or plant part. The method
described herejn,can Bg dsed ,for any-plantthat may he subject {o discgm@t'éon, bijé :'L;fi particular
useful for produce, in particular vegetables or fruits, or for flowers. The method'is inter alid suitable for
leafy vegéthPrEr Sucly as9attuces foratiers Hikelsotaltier swest pdtstoribpedotbesigdinas celeriac, for
shoots, such-as qitlopfrariormushrooms. Jhe faethad can furtharmore e pised fQrdyits, such as
apple, banana, avocado, peach, pear, apricot, mango, eggplant and for flowers or flower stems, such
as gerberdStemsl BHSaAHERTAR FOWers Iatichsi@Prpogsmé et helr THa s eRANgEMethod
described herein is igtendedfog identifying plantsthat have aredueed worpd-indyced suface

discolouration in one or more of their parts or tissues. For the screening, it is therefore very practical to
use the part SRSt hals Plon@tPdisEoldtratibn Rtletdesd this hily be ke 1BZESEAPart thereof,

such as a-punedy in kanana glicespidhe paalgd fruikean he switably uged.nd i flowers-siices of the

stem are a very practical test vehicle. 5 In a specific example the method is in particular useful
for selectmyiants beloTHgPioREFamilPAstGARRAE Sf p&icifar PRIMES BF th8 Hhtis P&ctuca and
more in particwardethe spreies Lincticasativarnr iiarts belonging to the genus Cichorium and in
particular to the species Cichorium intybus and Cichorium endi via that show an absence or reduction
of wound-induced s@rfadd &i&caiblrh DN PP U HC At pdptAdtich thit REERSerfdt Wil the method
describedbherets carde amyeplasiopapidatian, but is preferably a variable plant population that has
many different members to increase the chances of finding a plant that shows a reduced
wound-induced discolouration. Such a variable population can be made by means of a mutagenic
treatment using for example chemicals and/or irradiation and is then called herein a mutant plant
population. Alternative populations are germplasm collections, which are collections of plants showing
natural variation. Also, a population of transgenic plants can be used. The method described
herein is suitably performed with plant parts having a wound surface. Very useful test samples are
discs that are punched from a leaf, the so-called leaf discs. Alternatively, the midrib tissue of veined
leafy vegetables can be used. Suitably, discs are cut from such ribs. Incubation takes suitably
place in an aqueous environment. The method described herein can be very well practised with leaf
discs that are incubated on or between wetted filter paper. The discolouration response is then very
well visible around the edges of the wound on the paper. In the case of plants of the genera Lactuca
and Cichorium the discolouration is the pinking response. Alternatively, the aqueous
environment comprises water or a solution. In a specific embodiment that will be 6 further illustrated
below the solution contains L-3,4- dihydroxyphenylalanine. This compound is converted to the
production of the black pigment melanin by the enzyme polyphenol oxidase. Alternative compounds
which can be used in this respect include but are not limited to chlorogenic acid, isochlorogenic acid,
L-tyrosine and catechol. Also described herein is a plant showing a reduced wound-induced
surface discolouration, which plant is obtainable by subjecting a population of plants to the screening
method of the invention and selecting plants from the population that show no surface discolouration in
the screening or show a surface discolouration in the screening that is reduced as compared to a
control plant.



The plant is a suitably a leafy vegetable plant, more in particular a plant, which belongs to the genus
Lactuca and in particular to the species Lactuca sativa or a plant, which belongs to the genus
Cichorium and in particular to the species Cichoriym intybus and Cichorium endivia. Preferably,
the plant described herein is identified in the screen and subsequently selected as having a reduced or

absent wound-inducdll stFiges distofutitichbutEdaseqtenth 1B sted 35 B tefhinei@Rsther it has a
normal hakit-dMore th pagiculardbadianaskhoutshprefesabbonaishiowpegative pleiotrapia effects.
Accordin gor@dg_disclosure plants were identified and selected that show no or a significantly reduced
wound-intuced Surface discolouration. Progeny of seeds of these plants were deposited with the
NCIMB and have beeh git&s ¥ sédtssidifumbetas listedik Fabie 1 thetafls hbout $esd

descendancefthe geposits at givenin Exampied @nddn&xample 6. These deposits are made
because they have the single specific clgaracteris jc of ng or significantly reduced wound-induced

discolouration. TheyWerdhot e &7 DL itdiHisR AR eIES SraiBie Wstinguhability,
uniformityestabilty phealbse gistratibarchapactesstics, and are not expected to meet these criteria in any

way. Table 1 plant ngy internalrgterence (NGB refgrence), NCIMB pymber acegssian deposit date

discolouration in or on the plants or plant parts to be
screened with the discolouration that is observed on or in
the control plant or plant part to identify plants or plant
parts that show no discolouration or a discolouration that
ls reduced as compared to the control plant or plant part.

The method described herein can be used for any
plant that may be subject to discolouration, but 1is in
particular useful for produce, in particular vegetables or
fruits, or for flowers. The method is inter alia suitable
for leafy vegetables, such as lettuce, for tuberg, like
potato or sweet potato, for roots, such as celeriac, for
shoots, such as witloof, or for mushrooms. The method can
furthermore be wused for fruits, such as apple, banana,
avocado, ©peach, pear, apricot, mangoe, eggplant and for
flowers or flower stemg, such as gerbera stems,
chrysanthemum flowers, artichoke bottoms etc.

The screening method described herein is intended
for identifying plants that have a reduced wound-induced
surface discolouration in one or more of their parts or
tissues. For the screening, it is therefore very practical
to use the part or tissue that is prone to discolouration.
In lettuce, this may be the leaf or a part thereof, such as
a punch, in banana slices of the peeled fruit can be
suitably used and in flowers slices of the stem are a very

practical test wvehicle.



06D.210202 06D.863B2 41454 3 Jan.2007 05D.202539 070.9979 41441 10 Oct.2006 Further
described herein are plants having a reduced or absent wound-induced surface discolouration and that
are obtainable by crossing a plant of the inventionswith another plant of the same species. The feature
"reduced or absent wound-induced surface discolouration” can thus be brought into other plants that

originally do not havathe e SRIFE ‘WhetheF tHEdiIEntS PEsug oM SEcht& crBes b htized plants of
the inventisreéan be fested by $abjettiay tHesampiants ketherscregning methdtedestabedherein.

Preferably.dhe piants dhat are selected asplants daseribed hergin awathen alsedested forshaving a

normal hallnbci)tfez i Als_é)rdtes&rliggg hgreiq:{% a progen s?f a ggent lant cllegcri%erd herein that retains

the absence or réduction of WOuRd-if ucedeleaipcﬁsco ouration %g%usn%tlﬁ the pare%ﬁ’%féﬁ. Such

progeny Mgy PRFHERy GéheFfong $8mdveEd Fonthepararl. AslongBs ke teaturecredueed or

absent werd: inslicerti surtacadiscotelration” dsetainetdhe plankisa plast andefingddierein.

el st b e e feinec e LA e Kueg g erce
disceolouration. -

The plant population that 1s screened with the
method described herein can be any plant population, but is
preferably a variable plant population that has many
different members to increase the chances of finding a
plant that shows a reduced wound-induced discolouration.
Such a variable population can be made by means of a
mutagenic treatment wusing for example chemicals and/or
irradiation and 1s then called herein a mutant plant
population. Alternative populations are germplasm
collections, which are collections of plants showing
natural variation. Also, a population of transgenic plants
can be used.

The method described herein is suitably performed
with plant parts having a wound surface. Very useful test
samples are discs that are punched from a leaf, the so-
called leaf discs. Alternatively, the midrib tissue of
veined leafy vegetables can be used. Suitably, discs are
cut from such ribs.

Incubation takes suitably place 1in an agueous
environment. The method described herein can be very well
practised with leaf discgs that are incubated on or between
wetted filter paper. The discolouration response is then
very well visible around the edges of the wound on the
paper. In the case of plants of the genera Lactuca and
Cichorium the discolouration is the pinking response.

Alternatively, the agqueous environment comprises

water or a solution. In a specific embodiment that will be



8 Plant parts described herein can be used in tissue culture to regenerate plants that retain the
absence or reduction of wound-induced leaf discolouration as found in the plant from which the tissue
for the tissue culture is derived. Such regeneratedplants are also described herein. Also

describetherelip are seield ofa QLan askgqined I";%ein. Fqum the seed plants can own that also
£ t : bf_% :
have the e%jfurea$edl}ceduosr aisent wourid-induced surface aisco oucr:é%gﬁa. Whetheér o’rﬁl;ot the seeds

and thus the'Yahgreirrinéfeffom Have rataimeFABRfEttre tan BEWSEE Y thE 3créBfiing method
describedrerdin: Alsm describedhberdih are fugthemgeneratieni seeds that retdie theahsearce or

reduction.of wound-induced leaf discalpuration as found.in the,Qigingliseedsan ne Thedgvention is
commercially vgr%/mterestln for.thelpr ce%sed ve)getable{:m rket. As explained above, discolouration
in: £ % ude L ,are no ;’ % ﬁgi

of producein parficular rSsh fruits and vegetabl&d Ss Bomsiderhd thdesirabie sRERHRE dfscoloured

product iffejcoted Bythe cERSEMLE TifE featbretYediitBerorsds et Wereii@dinduced surface
discolouration" of tha Imentiers is-thinssuitahle faundsin arqoeessed vegetahle produsts; dike cut lettuce,

endive oryytleef greomphigations fhereof. Wien-serened wsing themethpd dgsgrhed herein
processed erein show no or a Ilri:ted wound-induced |leaf discolouration. All

vegetahbles de cribedg
processeal?/%%%fé g’se in%%rtic?ﬁ P BroceRgedTettBER Eritive End WitloBr At fheetThe $efeen are part
of the dis€lesaRIdiRGe Beyhré dendrivtraicyy fiaveia mvdlificalien téadingia reducedrPAL and/or
PPO dependentapeiabeliciiix: Reatailaddesarption of e ingeriiost cura¥Mhen lettucers harvested

and processed by cliting, many,leaf woupd surfaces.are.genaraled which leads fo a significant

response qf the plant or. plant parts, manifested 5 by a brown aqr pink discolouration at or adjacent to

the wound'SakfacE. PRRERGCATSIs6 BPaTved at'sitd disfnt fortfhe wound surface at the midrib
of the leaf as well as'te bBita8bmédtimes piikingibaiy also beeslbservesiattsthdes jpstaprior to harvest
which is epfsidered todae-dueta abiotic 191siress oraverHMapyityafie epche genus
Lactuca and in particular to the species Lactuca sativa or
a plant, which belongs to the genus Cichorium and in
particular to the species C(ichorium intybus and Cichorium
endivia.

Preferably, the plant described herein i1s identified
in the screen and subsequently selected as having a reduced
or absgsent wound-induced surface discolouration but is
subsequently tested to determine whether it hasgs a normal
habit. More in particular, the plant should preferably not
show negative plelotropic effects.

According to the disclosure plants were identified
and selected that show no or a significantly reduced wound-
induced surface discolouration. Progeny of seeds of these
plants were deposited with the NCIMB and have been given
the accession number as listed in Table 1. Details about
seed descendance of the depogits are given in Example 4 and
in Example 6. These deposits are made because they have the
single specific characteristic of no or significantly
reduced wound-induced discolouration. They were not tested

for



The different forms of discolouration are effected by enzymatic activity, which is strongly enhanced as
a consequence of wounding and which generates several forms of polyphenols and reaction products
derived therefrom. 15An important enzymatic actiyity involved in the browning reaction is PPO. PPO
activity ingglation o gpzymatic brgyning is Q%g%qfted to | byt has peen describgd for many
other plarat species to t}? @vglved in post- haﬁlest dgt rioration I| e, "ﬂ ap le, banana and.potato. 20 In

fact, PPO’is Wi ey recogmsed 3 be one oFthe Mas ¥r’nportant énzyme involv@d in post1 arvest

deterloraﬂ?‘ﬁ‘aéﬁﬁﬁﬁ§ kﬁ@ce%@@&f Feshthisiatty veethbfdes DOt FEFIRRCTERo PPRERAS been the
target of rHangeechriolsyiés, ilichrimwaithe reduction or prevention of its 25 activity in order to
increase post-harvest quality of food products. PPO catalyses a reaction in which polyphenols residing
in the plagttissiiejare oxidised to give rise to the formation of o-quinones. Subsequently, enzymatic
and non-gnzymatic Teactpns 1ead 1o The formation of brownor 30 bfack pigmentsimmmany plant
species PP ercoded pyrasmall geherfarmiy of WHichResndiviciral meilsers: iraydrave different
temporal|and spatial expressianvpatierasdndigative afnie:2007/077229PCT/EP2007/000226 10

06D.210202 06D.863B2 41454 3 Jan. 2007

05D.202539 07G.227%2 41441 10 Oct. 2006

Further described herein are plants having a reduced
or absent wound-induced surface discolouration and that are
obtainable by c¢rossing a plant of the invention with
another plant of the same species. The feature “reduced or
absent wound-induced surface discolouration” can thus be
brought into other plants that originally do not have the
feature. Whether the plants resulting from such a cross are
indeed plants of the invention can be tested by subjecting
these plants to the screening method described herein,
Preferably, the plants that are selected as plants
described herein are then also tested for having a normal
habit.

Also described herein is a progeny of a parent plant
described herein that retains the absence or reduction of
wound-induced leaf discolouration as found in the parent
plant.. Such progeny may be many generations removed £from
the parent. As long as the feature “reduced or absent
wound-induced surface discolouration” 1s retained, the
plant is a plant as defined herein.

Also described herein are parts of the plants
defined herein. The plants parts 1ike lettuce or endive
heads or leaves are usually the parts that have a cut
surface that may be subject to discolouration.



functional divergence. It has for example been shown that lettuce contains different PPO isoforms in
the photosynthetic and vascular tissue of the leaf. The natural substrate of PPO can differ
between the 5 different species. In lettuce, caffeigacid derivatives like chlorogenic and isochlorogenic

acid mainly act as P. bstrate. The level.of PPQ enzyme is not.specifically induced _upon
wounding of plant tii%%gbjé %%gidé%%é%ﬁ%&(fi%fg tYLen ch(fgr%p%gt. B%%%n v&o%r%ﬁn%sﬁlﬁo is

activated Which Femdrfife HEF TREYE He ALAREEhE BRéENORESAStrate @ sidiRg R 8% vaEuoles is

brought intecdsontactwithfP R@dué tatissue distugatidn dibdetttics; the produstiort ofypalyphenols, which
are 15 the substriate of PPG isjndueediyponavaunding Jherefre thehrewpingdatential of lettuce
tissue segms.not to bgd@litexde\k;)é)églee amount ﬂfa%@(s) in l;he Ia?Sf ct)lsalées (t:)]L_;tl ?tlgier b tehienrate of
polyphenoiegiosyn hesis upon oundrlng.eln iS respegt the Sitbation may dirfer 51e een 20 crops. For

example, in apple tHel&ModREGFPAphetreir are seed of a plant as defined

herein. From the seed plants can be grown that also have
the feature “reduced or absent wound-induced surface
discelouration”. Whether or not the seeds and thus the
plants grown therefrom have retained that feature can be
tested in the screening method described herein. Also
described herein are further generation seeds that retain
the absence or reduction of wound- induced leaf
discolouration as found in the original seeds.

The invention is commercially wvery interesting for
the processed vegetable market. As explained above,
discolouration of produce, in particular fresh fruits and
vegetables, is considered undesirable since the discoloured
product 1s rejected by the consumer. The feature “reduced
or absent wound-induced surface discolouration” of the
invention is thus suitable found in processed vegetable
products, like cut lettuce, endive or witloof or
combinations thereof. When screened wusing the method
described herein processed vegetableg described herein show
no or a limited wound-induced leaf discolouration. A1l
processed vegetables, in particular processed lettuce,
endive and witloof that meet the screen are part of the
disclosure since they are demonstrated to  have a
modification leading to a reduced PAL and/or PPO dependent
metabolic f£lux.



sufficient to generate a browning response of the fruits within one hour after wounding whereas in
lettuce the browning reaction may take a few days due to the fact that in lettuce the polyphenol pool

largely needs t8 2%ﬁ7fﬂg%:?9esised 25 de novo upon wounding. The syg?ﬂw%&&gg@yfhenols
- y p

occurs throub‘h a well-characterised biochemical pathway called the phenylpropanoid pathway. The
first, committed step of this pathway is catalysed by the enzyme phenylalanine ammonia 30 lyase
(PAL, Hahlbrock, K and Scheel, D (1989) Annu Rev. Plant Physiol. Plant Mol. Biol. 40, 347-369). PAL

converts th% ?ag%lgg %i/%gheng%lggjiér]\zegs féplees@ g_ém%t{,gp the shikimate pathway into cinnamic acid.

WO 2007/0 _ n lettuce, wounding of leaves leads to a strong
induction of PAL gend'bgpraseidiand FALaEHeBE sPhé fshniitRFESESSly P f8kH4RBrrelated with this

enzymatic gglivity; which,suggeststhatBA L actidly-induead byrs weundingsotlstiwce is an important
factor responsible for browning (Campos, R. et al. (2004%Ph siologica Plantarumf121, 4(1129-438 and
references fHeFBHG L FRffe e SRS EGrBAY BRcREFThR (ﬁ%@%cg?&%tfe’te?}%ﬁfé fieHial outcome of

the wound-imlU@eﬂﬁﬂigmlonrqtiimkreiamioalEmraﬂi@ramplepthaaﬁwiwt;f perdxidasesiffiOD) has
L AR L e st dstpien oot
Biochem. 69he6cFpurBBsyurface at the midrib of the leaf as well as the

butt. Sometimes pinking can also be observed at stages just

prior to harvest which is considered to be due to abiotic

10 stress or over-maturity of the dﬁop.

The different forms of discolouration are effected by
enzymatic activity, which is strongly enhanced as a
consequence of wounding and which generates several forms of
polyphenols and reaction products derived therefrom.’

15  An important enzymatic activity involved in the
browning reaction is PPO. PPO activity in relation to
enzymatic browning is not restricted to lettuce but has been
described for many other plant species to be involved in
post-harvest deterioration like in apple, banana and potato.

20 In fact, PPO is widely recognised to be one of the most
important enzymes involved in post-harvest deterioration of
many processed fresh fruits and vegetables.

For this reason PPO has been the target of many
technologies, which aim at the reduction or prevention of its

25 activity in order to increase post-harvest quality of food
products. PPO catalyses a reaction in which polyphenols
residing in the plant tissue are oxidised to give rise to the.
formation of o-guinones. Subsequently, enzymatic and
non-enzymatic reactions lead to the formation of brown or

30 Dblack pigments.

In many plant species PPO is encoded by a small gene
family of which the individual members may have different

temporal and spatial expression patterns indicative of



15As the enzyme activity depends on the availability of internal hydrogen peroxide, the contribution of
POD to discolouration may be limited. It is further evident that wounding is somehow perceived by the
plant and subseguently a signal is generated 20 through a cascade, which is currently poorly defined
for lettuce. nféé’e%%’%’o\%%us that these activities will primarily be targeted ‘%8&(/&?’&3‘%}{?2%? healing and
defen_ce against pathogens. Therefore, it is likely that many genetic factors are involved in mounting
the discolouration response 25 of wounded lettucelfissue and each of these are potential targets for

genetic modificatign to redyce or eliminate the wound-induced, discolouration, M f these genetic
factors are EHRERHT TRKnSWH T 95RE For thbsd Knowir toeﬁgtﬂé\j/lcﬁ\?g& Tis %%%Té%r%%gvghat 30 extent
these factoissplay@espedifie toke idithéakscoloBRRiorseErtion orperhapdhavewricie geheral

function in relatiqn to the wopad physiglogy, of {he plant. WO 2007/077229PCT/EP2007/000226 12
For example, although wound-induced PAL activity is considered_to be determining the browning level

of lettuce, products of TH& FHERF Plofarisid FRHWaY FEKnSHh Bibé SR REME Slia cell wall

biosyntkesig of flefente species. In lettuce, caffeic acid derivatives like
chlorogenic and isochlorogenic acid mainly act as PPO
substrate.

The level of PPO enzyme is not specifically induced
upon wounding of plant tissues but it resides inactively in

10 the chloroplast. Upon wounding PPO is activated which is
manifested due to the fact that the phenolic substrate
residing in the vacucles is brought into contact with PPO due
to tissue disruptiomn.

In lettuce, the production of polyphenols, which are

15 the substrate of PPO, is induced upon wounding. Therefore,
the browning potential of lettuce tissue seems not to be
limited by the amount of PPO in the leaf tissue bubt rather by
the rate of polyphenol biosynthesis upon wounding.

In this respect the situation may differ between

20 crops. For example, in apple the amount of polyphenols is
sufficient to generate a browning response of the fruits
within one hour after wounding whereas in lettuce the
browning reaction may take a few days due to the fact that in
lettuce the polyphenol pool largely needs to be synthesised

25 de nove upon wounding.

The synthesis of polyphenols occurs through a
well-characterised biochemical pathway called the
phenylpropanoid pathway. The £irst, committed step of this
pathway is catalysed by the enzyme phenylalanine ammonia

30 1lyase (PAL, Hahlbrock, K and Scheel, D (1989) Annu. Rev.
Plant Physiol. Plant Mol. Biol. 40, 347-369%9). PAL converts
the amino acid phenylalanine synthesised through the

shikimate pathway into cinnamic acid.



5 response as well. Therefore reducing the wound-induced PAL activity in order to reduce browning

potential may compromise other functions besides wound-induced browning which may be less

desirable in relation to other aspects of lettuce cultivation. 10Likewise, PP%@&P%&@&% been implied
otentia

to be involve‘g‘i)nz{()jﬂgfg?173%9response and therefore reducing the browning pl)) y rec%ucing PPO

levels may increase the susceptibility to pathogens (Thipyapong, P. et al (2004) Planta 220, 105-117).
Therefore, it was reasoned by the 15 inventors that’a more unbiased approach may be more

successful In IS resect, Sueh apbroach Somprises,De,RLOWIRLSIeDS: o sexluiGeneration of a
variant population of piants, i particular a mutant population. Such mutant population can be 20

generated By treatrhent of s®éds seprartsess ivth Aitadéhicarieritd ke eti! methane sulfonate

(ems) or X-E@ySua ¢ 1 onl o ENSSEIMRAfAR efficienknhanmypic.saaenn whish selectien is based on a
wound response-induced 25 discolouration of the plant, in particulay a Iea;%/g\;%gétable, more in
: 3.

particular |E¥&iesY ERdive Brim oSt SR ARhSstdhEnBREd FRFuGH B AL SRS

Characterispdiondfibe sfutbats medified imtheipwotaderebponse wits respethie pbstharvest
discolourat'%)no%g) Qoten}i | and E5:;1bs]%ncgtof leiotropic, ¢ffeqis Al dhg madifisatiqnwhigh compromise
growing an 1|€)ro<I:1esflsf?'ng of the pfant,’in particular a leafy vegetable,"more in particular lettuce, endive
or witloof, atearding fo €8t rmpA praéteEnved JBU7e7229BSTP00F/000226 13 The

invention thug relates {n oRe embodiment tgatunbigsed:screerivgrmathachior ideatifying, selecting
apd obtaining a plant showing a reduc:_ed wound-induced discolouration and go;t-gggest processing
disorders s@irgeme of the wound-induced discelouratlon reaction

10 example, the activity of peroxidases (POD) has been suggested
to be important as well in establishing the final level of
discolouration (Fukumoto, L.R. el al, (2002} J. Agric. Food
Chem. 540, 4503-4511; Martin-Diana A. et al (2005} Biosci.
Biotechnol. Biochem. 69, 1677-1685).

15 As the enzyme activity depends on the availability of
internal hydrogen peroxide, the contribution of POD to
discolouration may be limited,

Tt is further evident that wounding is somehow
perceived by the plant and subsequently a signal is generated

20  through a cascade, which is currently poorly defined for
lettuce. It seems obvious that these activities will
primarily be targeted towards wound healing and defence
against pathogens. Therefore, it is likely that many genetic
factors are involved in mounting the discolouration response

25 of wounded lettuce tissue and each of these are potential
targets for genetic modification te reduce or eliminate the
wound - induced discclouration.

Most of these genetic factors are currently unknown
and for those known to be involved it is unclear to what.

30 extent these factors play a specific role in the
discolouration reaction or perhaps have a more general

function in relation to the wound physiolegy of the plant.



5 enzymatic browning or pinking. The invention in another embodiment relates to a more biased
method that uses a substrate that is converted into a pigment by PPO. In this assay, the screen is

specifically tg PPO mutants. A suitable substrate is L-DOPA which is 10 %Wﬁftze@?%{lﬁ 5}%e black
able, I

. 2007/077229 . N : )
pigment mel3ni TRe invention is illustrated herein referring to leafy vege 2e ettuce, but

can alsp be practised in the same way with other plants as indicated above. A mutant plant
population for use in the method of 15 the inventioh?can for example be prepared as follows: a)

treating MO seeds of a plant species tg be modified with a; [ e in M1 seeds;
b) growing plants from the }bag‘ 8%%in§§ %lfggie}dg o %%%Eﬁﬁic%?;rﬁf%% Eg'é)?tlii)o{{r?aIIj{;érepeating step
b) and c) n tiovesi tieoledint Miea stedermining) gdimibama tngthiavsttanted fi+H-S8eds, growing

the plants from fhose sg@dgﬁgc%@{gﬁﬁtcb%m%go ihesa plants araamsuhsaspiently assayed for

their wound-induced discolouration response. Plants that do not show or show a reduced
dlscolouratihﬁ%éﬁéﬁsé’?o HotRiR Afe SBIELIEE FhéH SEBERF B e Iée#;e\gg& Prants is grown and
the wound-insksised slisealousation resppaserie meskiredg 30 neordnitd ciadiecgshatiivariability use

can be made 9l musOdecls, Several shaminels o physieabteament A kaBMa i peroon skiled

. . 1V 1Il e
in the art wRiISh ‘cahBe Ued 16 fAduce genetic mutations ant species like lettuce.
other functions besides wound-induced browning which may be

lesg desirable in relation to other aspects of lettuce
cultivation.

10 Likewise, PPO activity has been implied to be
involved in defence response and therefore reducing the
browning potential by reducing PPO levels may increase the
susceptibility to pathogens (Thipyapong, P. et al (2004)
Planta 220, 105-117). Therefore, it was reasoned by the

15 inventors that a more unbiased approach may be more
successful in this respect. Such approach comprises the
following steps: )

1. Generation of a variant population of plants, in
particular a mutant population. Such mutant population can be

20 generated by treatment of seeds or piant tissues with '
mutagenic agents like ethyl methane sulfonate {ems) or
X-rays. _

2. The set-up of an efficient phenotypic screen in -
which selection is based on a wound response-induced

25 discolouration of the plant, in particular a leafy vegetable,
moré in particular lettuce, endive or witloof, which is
- channelled through PAL and/or PPO.

3. Characterisation of the mutants modified in their
wound-response with respect to post-harvest discolouration

30 potential and absence of pleiotropic effects of the
modification, which compromise growing and processing of the
plant, in particular a leafy vegetable, more in particularx

lettuce, endive or witloof, according to common practice.



14 For example, one can treat seeds of lettuce in a solution containing different concentrations of a
mutagen like ems. Ems alkylates primarily G residues of a DNA strand, which during DNA replication
causes pairing with T in stead of C. 5 Therefore, GC basepairs change to AT basepairs at a frequency,
which is dete rﬂi?%]&f?fﬁ%?e effective dose of ems and the activity of the m?ﬁ%ﬁ?%%ﬁzgystem of the
plant. The effective dose of ems depends on the concentration used, the seed size and other physical
10 properties and the time of incubation of the see#$ in the ems solution. The seeds, which have been

treated with ems are t ical,lécalleo_l M1 seeds. A at%%nsiex{quené:eeo tggitg\eat@%rg, g1r§ tissues of the
M1 seeds contain ran o] ﬁ?ﬂﬁﬁgﬁoﬁgﬂ?tﬁeeggnomes of TReir cells and those present in the 15

subpopulatientdfzceds, whicewilbiprnetheoge folinel issud fgarmdnalsed] sy Witdheamghsferred to the
next generation, whigh is,called M2 Mufafions or camiigajigns dergghudich are haplo-insufficient

thereby causing sterility or which induce embryo lethality will not be transferred to the M2 20
generation. S BRRilariREA BN 288 dRRERDBAEHRVE BF BIfS 584 eMSapPREs i thef futagenic

agents as wall, piiteble Brdaaens agerys ake weell-known in the art. Particularly useful are alkylating
mutagenic agents, such as diethyl 25 s_ul,fate édeé%; ethlg/ll%ne'mine e’i%,%rglpage_ soulté)n[gbr
N-methyIN-nitrosourethafie i) KeRirdd o2RE MShyGfes %ﬁlw Sthy-NCnifidsourea (enu),
sodium azidelased miktemdtivelyt thesesutationd ate aitkicsukly rearenykintetiation; avisich is for
exanuﬂeSeg%&%%ﬂ@”ﬁé*@ﬁ&fa§£39ﬂ¥§ﬂ§§5%§4v&%@g@gggen is specifically to
PPO mutants. A suitable substrate is L-DOPA which is
10 converted into the black pigment melanin.
The invention is illustrated herein referring to
leafy vegetable, like lettuce, but can also be practised in
the same way with other plants as indicated above.
A mutant plant population for use in the method of
15 the invention can for example be prepared as follows:
a) treating MO seeds of a plant species to be
modified with a mutagenic agent to obtain Ml seeds;
b} growing plants from the thus obtained Ml seeds to
obtain M1 plants;
20 c) optionally repeating step b) and ¢) n times to
obtain Ml+n seeds;
d) germinating the thus obtained Mil+n seeds, growing
the plants from those seeds.
According to the invention these plants are
25 gubsequently assayed for their wound-induced discolouration
response. Plants that do not show or show a reduced
. discolouration respcnse to wounding are selected. Then,
progeny of the selected plants is grown and the wound-induced
discolouration response is measured.
30 In order to create genetic variability use can be
made of mutagenesis. Several chemicals or physical treatments
are know to the person skilled in the art which can be used

to induce genetic mutations in plant species like lettuce.



In another embodiment of the invention the mutations are induced by means of genetic engineering,
such as by means of use of chimeric oligonucleotides, homologous 15 recombination, gene targeting,

introduction %‘?6”}8 'F{iﬁ%&grget genes, which compete with the endogenou;cqr/?g%%t/ggﬁéggreguIation
e

through RNAinterference, etc. The M2 population of a mutagenesis treatment can used in
screening procedures aimed at wound response, which is channelled through PAL and PPO. Itis
obvious to the skilful artisan that any population oflﬁlants, which carries genetic variation can be taken

as starting lpaterial fﬁgr fuch cg)henoé_[le_pig rsgr%e(% e]e%reg%rai)é\egﬁgén\igptgorgggmcgﬁlates to

pyramiding a(ﬁ"éleesﬁ{ge}gsﬁg ‘reaﬁcg wound-induced discolouration response. Production of M1~
and Ml+n seets & siRablg et exed by dAeaas bf seifgsslliRdftich. TS THERventién $MEher relates to

obtaining piants 9f Planinastswithaltered gepobiras yvijeh plania osplanbnars shaw a reduced
susceptibility towards physiological post-harvest processing disorders, such as enz%/matic browning or

pinking. ThEWetidN el &R o TREH S0 FARE BaRe : 5HTehith Have ifth&F FaRotte genetic
information mkieh §% respatsiblefop the e ducadysu sce ptibilliy sewaridsspestharvest processing

deer, TR RTER G MOt OL A B R B RAPTRE  oe i
and the activity of the mismatch repair system of the plant.

The effective dose of ems depends on the
concentration used, the seed size and other physical

10 properties and the time of incubation of the seeds in the ems
solution. The seeds, which have been treated with ems are
tyvpically called ML seeds. As a consequence of the treatment,
the tissues of the M1 seeds contain random point mutatiomns in
the genomes of their cells and those present in the

15 subpopulation of cells, which will form the germline tissue
{germinal cells) will be transferred to the next generation,
which is called M2. Mutations or combinations therecf which
are haplo—insufficiént thereby causing sterility or which
induce embryo lethality will not be transferred to the M2

20 generation.

A similar procedure as described above for the use of
ems applies for other mutagenic agents as well. Suitable
mutagenic agents are well-known in the art. Particularly
useful are alkylating mutagenic agents, such as diethyl

25 sulfate (des), ethyleneimine (ei), propane sultone, N-methyl-
N-nitrosourethane (mnu}, N-nitroso-N- methylurea (NMU), N-
ethyl-N-nitrosourea (enu), sodium azide.

Blternatively, the mutations are induced by means of
irradiation, which is for example selected from x-rays, fast

30 neutrons, UV irradiation.

In another embodiment of the invention the mutations

are induced by means of genetic engineering, such as by means

of use of chimeric oligonucleotides, homologous



25 this invention. "Progeny"” as used herein is intended to encompass all plants having the same or a
similar reduced susceptibility towards post-harvest processing disorders, in particular enzymatic

browning or R}B‘&i@g%ﬂ% %Qe original plants described herein and being de@&%}j}%&%ﬁ&g%(jn any 30
way, such as by SexUar feproduction, like self-fertilisation or cross-fertilisation with another plant of the

same genus, or vegetative reproduction such as cutting, tissue culture, haploid culture, protoplast
culture, protoplast fusion, or WO 2007/077229PCTIEP2007/000226 16 other techniques. Such

progeny is not_only.the first generation of pl ots deriyed. by .one;ar.mgte of hase.techniques, but also
every furthé:reé:é)rr{grjalﬁ%%loc}n p’Iaﬁt%n er{l%/%od%)? on%for more of thelsentechniques, provided that the 5
derived plantstiyate genesducdishscephipiity. with [RbGrdRRrESESHT BHtRFEPREhotypic screen of the

invention, aypupd autace mushbe.ganesatedias de epgymaficaligcolouration reaction is induced

upon wounding. Wounding is the irreversible disturbance of the natural plant, tissue 18 and/or cell
structure by methods TiRE i#iRePiEhIRY: éﬁ%iﬁag,%Lb?ggﬁ)ﬂ?géﬁa&ﬁﬁé)wfeea&(ir?ginpeeé?ing, crushing,
pressing, slasbingi grinstirg::flitd injectieninsmotid shdck tdetathihgr esmeings shrdtdifg, rubbing and
tearing. Subseqb eanI:[iI é?l%taer{ t¥gic cipaﬁ%te;g 'cigBBs_t kecame J3,napifestwhich is diagnostic for
the pathwa;}?ea ing to tissue i$colGuration and which can be used very efficiently in a screen of the
mutant popekiibful artisaas shagtisaglyHeand akdcsudtpReAdyPic CREEBISTRIESSEN be
ObuﬂnedtWQ@KEEﬁ@a$Q@ﬂ§5¥on can be taken as starting material for such

phenotypic screen.

10 Preferably, the invention further relates to
pyramiding alleles causing reduced wound-induced
discolouration response.

Production of M1 and Ml+n seeds is suitably effected
by means of self-pollination.

15 The invention further relates to obtaining plants or
plant parts with altered genotypes, which plants or plant
parts show a reduced susceptibility towards physiological
post-harvest processing disorders, such as enzymatic browning
or pinking. The invention relates to plants or plant parts,

20 which haﬁe in their genoﬁe genetic information which is
responsible for the reduced susceptibility towards post-
harvest processing disorders, such as enzymatic browning or
pinking, and is found in the genome of a lettuce plant.

Progeny of the plants as claimed are also part of

25 this invention. "Progeny" as used herein is intended to
encompass all plants having the same or a similar reduced
susceptibility towards post-harvest processing disorders, in
particular enzymatic browning or pinking, as the original
‘plants described herein and being derived therefrom in any

30 way, such as by sexual reproduction, like gself-fertilisation
or cross-fertilisation with another plant of the same genus,
or vegetative reproduction such as cutting, tissue culture,

haploid culture, protoplast culture, protoplast fusion, or



20 lettuce plants and incubating them under very specific conditions which favour different forms of
wound surface discolouration to occur. Subsequently, such assays can be applied to large numbers of
mutant plants in order to select those plants which show a reduction of the, -] d 25
discolouratiOW(r’ezgf)'g?rs’%%9 One embodiment of this invention is base Cvsr{;%gg%%}l%%ng finding that
when discs from leaves, in particular lettuce leaves, are taken and incubated between wetted filter
papers at 5C, after approximately 4 days the folmaltfon of a 30 pink dye at the edges of the leaf discs

becomes apparent, Suitable filter ris filter apertype 145G \ékfgefqu_,slco 313 281 from Schleier
& Schuell, %ﬁrggcitéﬁggr&%%ﬁ 'D%asl%gf, 85?%3%?. Uspon fur:%er%cubation, the signal 17 intensifies
and after agsmRirASEN ond Wwdek Bse Arsdivieth MiteAsity AasTRER RBchBESThe formation of the pink

dye occurs spegifiealle at waundiswiacas herdisealopration ean kemmeaspieshby scoring on a 5
visual scale from 0, which means no brownin}%{)r pinkin(get,gg_ 10, which means brownin%ﬁnd pinking

like a standBFd IR VARS (P sBRFD. fif the SR et RRANBIE The BT L&A VAR Tr5iBadour is
used assa sgandarddop 16n tfdesired, piciuesicar bedisedk for Bemiganson to score the 10 intermediate

classes between Oan? 10. In addition, digital pictures caphe of the filter papey with the pink
dye, followed by coun |ﬁg%%a?é:a(# |sf:j %ro%ﬁio%)u&]e%?m e?%?%ggej%w?th a?n intense pink colour. Using
one of thesé myveasuremertsvomnsle statfstical aHakses ke Ladsd15vaPRnERABIASESons skilled

in the art, can beerformed to estabiisBwhethen aglant apgruRahalants iswigniicagtly dess pinking
than the stanarg K o s TR A Ah e 2Rplied figninicance levehl g ongSlded test s 0.001.
10 and/or cell structure by methods like cutting, punching,
slicing, abrasion, sguashing, breaking, peeling, crushing,
pressing, slashing, grinding, fluid injection, osmotic shock,
detaching, mowing, shredding, rubbing and tearing.

Subsegquently, a phenotypic characteristic must become

15 manifest which is diagnostic for the pathway leading to
tissue discolouration and which can be used very efficiently
in a screen of the mutant population.

It was surprisingly found that such phenotypic
characteristics can be obtained by taking leaf parts of

20 lettuce plants and incubating them under very specific
conditions which favour different forms of wound surface
discolouration to occur. Subseguently, such assays can be
applied to large numbers of mutant plants in order to select
those plants which show a reduction of the wound-induced

25 discolouration response.

One embodiment of this invention is based on the
surpiiéing finding that when discs from leaves, in particular
lettuce leaves, are taken and incubated between wetted filter
papers at 5°C, after approximately 4 days the formation of a

30 pink dye at the edges of the leaf discs becomes apparent.
Suitable filter paper is filter paper type 1450 CV, Ref.no.
10 313 281 from Schleier & Schuell, Microscience GmbH,

Dassel, Germany. Upon further incubation, the signal



For mutants, the statistical comparison can be made 20 between the pinking scores of the original
variety, which is the best available standard, and the pinking scores of the individual mutants and/or

the!r qffsprln%.g‘zﬁg?ol?!pmrzgndlng the trait of the |nvent|pn in existing plants 8p}ﬁ§z%m%%|}{ﬁﬁsamples of
varieties, breeding lines25 and/or gene bank accessions can be used. The statistical comparison can

then be made between the pinking scores of the individual accession under investigation and the rest
of the population. When statistically testing individddls for significantly less pinking multiple comparison

tests may be 30 needed to maintain proper all significance levels, for examplgPunnett's multiple
comparisonl'tré%s‘ta‘I\}vsltqrﬁgo:}'ﬁeeS s?éjr%a?r%t(ﬁ:unr?e%g é{%%\]a%gng r. Statist. Assoc. 50; 1096-1121 (1955)). 18
Further, it was-shewh thaetheorenntangbesdd didee|S@EtvR ¥eBpshsé kE&nHeSb@tfed using many

different types-Qfitissue-efileaves of differgph.developraenial stages. For example, midrib tissue can
also be induced to give this 5 response qun woun%ing. When a§|p led to different t1¥p§s of lettuces,

such as butterhead, icBberG 1858 55 GFoSABaP h"FARNAGS! Secedeins Were found that showed
significantlyesapinking 1kart the rest ofithelinvestigated pgopelatiory 191t waskdnber demonstrated

according tq fhe jpverfiopdhat axspssificinnibiiorof 8RO, Ligysieineswlenappisgtduig the
reaction, strongly suppressed the formation of thé pink dye. In addition, it was found that the formation
of the pink dye-kesnhibiteddsii timham@dehed®reS WHicl Y8R 15hibR6r &f PAR &ctRity and browning

offresh  yzriety 'Troubadour' is used as a standard for 10. If
desired, pictures can be used for comparison to score the

10 intermediate classes between 0 and 10. In addition, digital
pictures can be made of the filter paper with the pink
dye, followed by counting per leaf disc position the pumnber
of pixels with an intense pink colour. Using one of these
measurements, simple statistical analyses like a t-test,

15 well-known by persons skilled in the art, can be performed to
establish whether a plant or group of plants is significantly
less pinking than the standard, like cv. 'Troubadour'. The
applied significance level of a one-sided test is 0.00L.

For mutaﬁté; the statistical comparison can be made

20 between the pinking scores of the original variety, which is
the best available standard, and the pinking scores of the
individual mutants and/or their offspring.

For finding the trait of the invention in existing -
plants representative samples of varieties, breeding lines

25 and/or gene bank accessions can be used. The statistical
comparison can then be made between the pinking scores of the
individual accession under investigation and the rest of the
population. When statistically testing individuals for
significantly less pinking multiple comparison tests wmay be

30 needed to maintain proper overall significance levels, for
example Dunnett's multiple comparison test with one standard

(Dunnett CW, J. Amer. Statist. Assoc. 50: 1096-1121 (1955)).



cut lettuce (Fuijita, N. et al (2006) Biosci. Biotechnol. Biochem. 70, 672-676). These findings show that
the pink discolouration response of lettuce is PAL and PPO dependent. Enzymatic browning of fresh

cut lettuce is_known to 20 be very effectively prevented by the application of a brief heat shock. The
observed effecg) sl /%gzéq')%plained by assuming re-routing of protein biosyr%it & t%’fl%ﬂ 22e6phenyl

propanoid pathway towards heat shock proteins thereby reducing the metabolic flux towards the
formation of polyphenols. 25Alternatively, the eﬁe&%ay be explained by assuming that the enzymes

involved in polyphenoloxidation, such as PRO an D,are iggﬁg _tfgé{%/ IQ heat shock treatment.
When the heat shock E%“égp ed to et‘ffj%sé, W ?ghnig:sﬁ&sg%%ntly a;ésaaye Sr S§1e pinking response, it

was 30 shoddsthal this 26dsonse dikentie amynvaticbtovwmag, WasnsHaanelydhhfifetnThis

demonstrate the pinldiogdesponse #f lethice; which is,pagafdhisdnyantion s Wes .
2007/077229PCT/EP2007/000226 i9 physiologically very similar to the well known enzymatic

browning re&pbn€&2™R Le THE frdih A YGrthePs (oStankSet S\ SH Byt BBtdifé s a reducing
agent. Lscystesyhesidescbeinguaiing, When applied to different types of

lettuces, such as butterhead, iceberg, cos, batavia or
oakleaf, no individual accessions were found that showed
significantly less pinking than the rest of the investigated
population.

10 It was further demonstrated according to the
invention that a specific inhibitor of PPO, L-cysteine, when .
applied during the reaction, strongly suppressed the
formation of the pink dyve. In addition, it was found that the
formation of the pink dye was inhibited by c¢innamaldehyde,

15 which is an inhibitor of PAL activity and browning of fresh
cut lettuce (Fujita, N. et al (2006) Biosci. Biotechnol.
Biochem. 70, 672-676). These findings show that the pink
discolouration response of lettuce is PAL and PPO dependent.

Enzymatic browning of fresh cut lettuce is known to

20 be very effectively prevented by the application of a brief
heat shock. The observed effect can be explained by assuming
re-routing of protein biosynthesis from the phenyl propancid
pathway towards heat shock proteins thereby reducing the
metabolic flux towards the formation of polyphencls.

25 Alternatively, the effect may be explained by
assuming that the enzymes involved in polyphenol oxidation,
such as PPO and POD, are inacti#ated by the heat shock
treatment. When the heat shock is applied to lettuce, which
is subseguently assayed for the pinking response, it was

30 shown that this response, like the enzymatic browning, was
effectively inhibited. This demonstrates that the pinking

response of lettuce, which is part of this invention is



5 inhibitor of PPO, is also known to react with coloured o-quinones and convert them back into
colourless diphenols in a chemical reduction reaction. When the pink dye formed by lettuce leaf discs
is treated with L-cysteine, it was demonstrated that the pink compound was _converted into a 10

! [
colourless c&r?p%‘ﬁ%?ﬁ%eems therefore likely that the pink dye is an O-QBFnTéFI%Z 8??1’1‘5%2& PPO.
This was corroborated by the finding that reducing_.agents like ascorbic acid or glutathion also convert
the pink dye into a colourless compound. 15In additfon, when plants, which are taken from the field,

which show pinking, are treated with L-cysteine, the pink disggloyration is alsg eliminated. This
demonstratBE‘:‘fﬁéf%u%g]jé%ﬁf% Briﬁﬁ%gsrée/%ﬁ%%geklg réeglr%s‘gﬁ%%g% 6(le){ﬁ'?ltural %%curring pinking
phenomendm;aviithaares@metimes be 20 seen on plants growing under field conditions. A

further embodiment ofdhis invenionds hases an the-fallovdrg expetimentyPaps of arlgttuce leaf of a

head are produced by cutting and incubated at 16C in air. As a response, the wound surface turns

brown after EpFekRIRRIAE 23 FErIERAAR At the \W8TEHE SiffacRSHAE AR VN e browning
can clearly barohserwed Jruntirermare, she brawsing reactieacanvlsh ebdbseréd at the whole plant

level upon damaging leaves by cutting or abrasion, All.of these browning.reaci pletely be
30 inhibitedQlo'ﬂfigécryl/(gf‘esfﬁe,‘?’1 élrc? irﬁwolgﬁgggf I@ﬁ%“ wﬁi%ﬁ dlenr%gngt?at%%rﬂ%]fgﬁmcz%g%g%gp%%{gre
manifested hrolughiRRD aetiViytdmt thrsatdrécean Baenntshirered thagiEstcorpeshY 20 harvest

browning as gbsgrvechdwring prRGessing apdackaging etleflyeeine, it was

demonstrated that the pink compound was converted into a

10 colourless compound. It seems therefore likely that the'pink
dye is an o-quinone formed by PPO.

This was corroborated by the finding that reducing
agents like ascorbic acid or glutathion also convert the pink
dye into a colourless compound.

15 In addition, when plants, which are taken from the
field, which show pinking, are treated with L-cysteine, the
pink discolouration is also eliminated. This demonstrates
that the leaf disc pinking response 1s representing the
natural occurring pinking phenomenon, which can sometimes be

20 seen on plants growing under field conditions.

A further embodiment of this invention is baséd on
the fellowing experiment. Parts of a lettuce leaf of a head
are produced by cutting and incubated at 16°C in air. As a
response the wound surface turns brown after approximately 4

25 days. Especlally at the wound surface of the main vein the
browning can clearly be observed. Furthermore, the browning
reaction can also be observed at the whole plant level upon
damaging leaves by cutting or abrasion.

All of these browning reactions can completely be

- 30 inhibited by L-cysteine, an inhibitor of PPO, which
demonstrates that these phenotypes are manifested through PPO

activity and therefore can be considered diagnostic for post-



These wound-induced browning reactions can be generated in an efficient manner which can be
exploited in a 5 phenotypic screening procedure to identify mutant plants which are reduced in
wound-induce ' ial. [ isi lon i

d brownlng)potentlal A further embodiment of this mv%%ﬁﬁls t%%sed on the

: . WO 2007/077 : . . .
discolouration at'wound surfaces of lettuce tissues induced by applying su afes Which can be

converted by the 10 phenol oxidising enzymes into coloured compounds. For example, when
lettuce leaf discs are incubated with the PPO subs#@te L-3,4-dihydroxyphenylalanine (L-DOPA), a

dark brown to black discolouration is observed at the wound surf ich is mﬁm tation of the
formation OP 75y rﬁé%n%ﬁé’ %I}cl)ﬂah%(sg Sen (Eacdi}ls%%% was %%%ﬁgg{gs}n%ulta%%usly, ftl(r?fge black
discolouratioh w&$ toapletely inhibited which confirms the assumption that this discolouration is PPO

mediated. Although L-BQPA ishigisonsidered t8:k6.a naural 20subisirata foletiuce PPO it can be

useful in assays aimed at the identification of mutants, which show reduced wpund-induced
discolouratiSRRer 2t §f FGnfifr Hrdrrrereid dBeRRsEd P D GBR SfieFERBEHEES ddh Be applied in
order togaigshatiscalauraione2n iespansecddese inolutidemitisfie nottkmitediaohiorogenic acid,

oGS e AR oo, BRI el o e s
a wound signal, A further embodiment of this invention is based on
the discolouration at wound surfaces of lettuce.tissues
induced by applying substrates which can be converted by the
10 phenol oxidising enzymes into coloured compounds.

For example, when lettuce leaf discs are incubated
with the PPO gubstrate L-3,4-dihydroxyphenylalanine (L?DOPA),
a dark brown to black discolouration is cbserved at the wound
surface which is the manifestation of the formation of

15 melanine through PPO. When L-cysteine was applied
simultaneously, the black discolouration was completely
inhibited which confirms the assumption that this
discolouration is PPO mediated.

Although L-DOPA is not considered to be a natural

20 substrate for lettuce PPO it can be useful in assays aimed at
the identification of mutants, which show reduced
wound-induced discolouration.

In a similar manner as described for L-DOPA other
substrates can be applied in order to raise a discolouration

25 response. These include but are not limited to chlorogenic
acid, isochlorogenic acid, L-tyrosirne, and catechol.

Taken together, the formation of the different dyes
at wound surfaces generated in plants monitors modifications
in a pathway starting by the induction of a wound signal,

3¢ channelled through PAL and PPO and leading to discolouration.
As described, these wound-induced discolouration reaétions
can readily be assessed by visual inspection which allows a

very efficient mutant screening procedure. The rationale



30 channelled through PAL and PPO and leading to discolouration. As described, these
wound-induced discolouration reactions can readily be assessed by visual inspection which allows a

very efficient mutant screening procedure. The rationale WO 2007/0772 _ 000226 21
underlying tNEMEHOT Hscribed by this invention is illustrated in Figure %% Bg}r{%@@%’%ng to this

invention it was thus found that the wound-induced discolouration pathway of leaf discs in 5 vitro
largely overlaps with the wound-induced discolour&tion of lettuce processed at industrial scale and can

therefore be consjdered diagnostic for this process. This s corroh r%tgg Qy tihse notion that inhibitors of
PAL or PPETfibitthE% %né‘{?ct%‘ o‘\glvr%ﬁéj%?pgrgéegge %ﬁﬁ p:géﬁgge Tettuce under 10 practical,
industrial canditisnsakegodantissasdelprocedure comprises the inducing step i.e. wounding and one

of the final metabolic ganyersigns mediated bRBR. 188 Precedweralons sugapuaall genetic

factors directly or indirectly involved in this physiological process. Mareover, 15 as this response can
be generatéd tisHPRIWHAE HaRGe T REAHRSERE Ste gﬁ?ﬁif@#e&?&&&éﬁ%nﬁ stages, mutant
screensscan, peargategdowasde Hegas differant slagesidistnés aeeni tensitleretk télevant. Mutant

plants, which_have been identified as being 20 modified with yespect t EHq.e ysiolagicaj process
leading frorf waddiRg S0 PATS 3R ﬁ‘ﬁo-éleblé”nééﬁ?%@%@%ﬁréﬁé%tn gase on one or more of the

phenotypic assayseradriiéd smoveicantss firthier shraeetsiscth BuchscinaatrREibA%an be done
at different {eyels, g9, &t {g molgeularnlinehemicals 2o ahysiolegisak and phenekyic level.

enzymatic browning of processed and packaged lettuce under

10 practical, industrial conditions. Importantly, as the
procedure comprises the inducing step i.e. wounding and one
of the final metabolic conversions mediated by PPO, the
procedure allows to capture all genetic factors directly or
indirectly involved in this physiological process. Moreover,

15 as this response can be generated using a whole range of leaf
tigsues of leaves of different developmental stages, mutant
screens can be targeted towards these different stages or
tissues when considered relevant.

Mutant plants, which have been identifiéd as being

20 modified with respect to the physiological process leading
from wounding to a PAL- and PPO-dependent discolouration
based on one or more of the phenotypic assays described above
can be further characterised. Such characterisation can be
done at different levels e.g. at the molecular, biochemical,

25 physiological and phenotypic level.

It is obvious to those skilled in the art that
variable levels of discolouration may be observed which way
reflect either the presence of different mutant loci or
different allelic forms of identical loci affecting the

30 discolouration trait in the original population.

In case of recessive mutations these two

possibilities can easily be distinguished by carrying out

allelism tests, which comprise the crossing of the two mutant



It is obvi_ous to those skilled in the art that variable levels of discolouration may be observed which may
reflect either the presence of different mutant loci or  different allelic forms of identical loci affecting
the 30 discolouration trait in the original population. In case of recessi tations.these two
possibilities &R 23%”{/%@ distinguished by carrying out allelism tests, Whi% %%#Qghr@’e%%% crossing of
the two mutant WO 2007/077229PCT/EP2007/000226 22 plants and determining the phenotype of
the hybrid. In case of allelism of the mutations, theduced discolouration trait will be apparent in the

Fl whereas in case the phenotype, in.the mutants is determined hy different yecessiyg H.loci this will not
pe the case? lantsy If%%%%fgglgﬁegﬁ \?vaggaeﬁﬁﬁa%pt% Se%nﬁg?eﬁ% start'ing population, mutations
in the geneti€ batkgloism maytdleowenaitinaso thavariedvasst té srehelRtaRder the

experimental,canditigns. Iporder g discriminaiebetvegn. 12 singlg redtadiopgef different strengths
and a combined effect of mutations in the genetic background, backcrosses should be gerformed to

create unifdPhegefeREbABKGrREIMTsTBR e diffefeierottRed RYc SRRV ERESER Krocedure is
further releviadt in @RA@ 10111 not be the case.

As random mutagenesis was applied to generate the
starting population, mutations in the genetic background may
alsoc contribute to the variation of the phenotype under the
experimental conditions. In order to digcriminate between

10 single mutations of different strengths and a combined effect
of mutations in the genetic background, backcrosses should be
performed to create uniform genetic backgrounds for the
different reduced discolouration events.

Such procedure is further relevant in order to

15 determine whether mutations at specific loci involved in
wound-induced discolouration display pleiotropic effects.

The M2 plants thus selected on the basis of a reduced
discolouration response are used to grow M2 seeds.
Subsequently, the inbred lines descending from the reduced

20 discolouration events are re-evaluated for their reduced

2 response wounding. In addition, the reduced browning or
pinking can be assessed in different genetic backgrounds and
under different conditions of crop cultivation and
processing.

25 Biochemical studies can be performed to address

questions related to the pathways affected by the genetic
modification. Moiecular studies can be performed to determine
if candidate genes putatively involved in the enzymatic
browning or pinking response like genes encoding PAL, PPO or

30 peroxidases have been modified. Genetic analysis will
subsequently be carried ocut to demonstrate if the
modification found in a candidate gene is causative with

respect to the altered phenotype.



15 _deterr_nine whether mutations at specific loci involved in wound-induced discolouration display
pleiotropic effects. The M2 plants thus selected on the basis of a reduced discolouration

response are used to grow M3 seeds. Subsequently, the inbred lines de | reduced 20
discolouratio"ﬁOe\2/"eﬂr;"fg”rgzr2e9 re-evaluated for their reduced response Woun;f}%?%]%jﬁ?gﬁhe reduced

browning or pir_lking can be assessed in different genetic backgrounds and under different conditions
of crop cultivation and processing. 25Biochemical 4fudies can be performed to address questions

related to the pathways affected by the ganefic madification; Melecularsiudies eapdhs.periormed to

determine if qandidate geneg%uya ively involved Tn the enzymatic browning or pinking response like
genes encoding®Als P Orort30 peioxiaasdonave bebh Modified & &M&iPETa98s will subsequently

:Jhe ce}:rieddogﬁjigf:@dﬂqqgg&@@ ig%e E}%&ﬁ%&&f@y@gﬁne@-c@%rﬁ,@dﬁtﬁgﬁneissausam/e with respect to
e altered phenotype. though induced mutagenesis is the preferred method to be used in
this inventiHEKRRE 1 BTREPERIrSkifedth te 551%3? f&g eno?oggyaegé%n%vhﬁcﬁ &llows to modify

gene taggetsgesidiigintiengenomerofexplapitén achspeciic nedngen ol exahdsie, Saiviteric
e I AR R e i
Using suchmode of action. '

Bnother approach is to modify gene targets through

homologous recombination or gene tardeting. Using such

10 approach, a fragment of a gene is exchanged by an introduced
DNA fragment containing a desired modificatiom. Transgenic
approaches are also feasible in which modified target genes
are introduced which compete with the endogenous product.
This may lead to dominant negative effects. Moreover specific

15 downregulation of the expression of genes is feasible through
RNA interference.

In case mutagenic oligonucleotides, gene targeting or
transgenic approaches are used to modify a genetic factor
invelved in wound-induced discolouration response, obviously,

20 the primary structure of the relevant genes should be known.

A further part of this invention relates to lettuce
mutants and progeny derived therefrom which were identified
on the basis of the wound-induced pink discolouration of
lettuce leaf discs. Applying this pinking assay to plants of

25 an M2 population which contain random, ems-induced mutations
resulted in the identification of a number of mutants, which
showed a significant reduction of the pinking response as
compared to the control plants, which do not contain the
ems-induced mutations.

30 Most of such mutants showed a dwarfed and often
chlorotic phenotype. It was however surprisingly found that

some mutants with a reduced pinking response showed a normal



10 approach, a fragment of a gene is exchanged by an introduced DNA fragment containing a desired
modification. Transgenic approaches are also feasible in which modified target genes are introduced
which compete with the endogenous product. This may lead to dominant negative effects. Moreover
specific 15 dgﬁnzpé}gfﬁfgﬁ%)gn of the expression of genes is feasible through A é’?{%(}‘ézﬁge_ In case
mutagenic oligonucleotides, gene targeting or tranégenic approaches are used to modify a genetic

factor involved in wound-induced discolouration re$gonse, obviously, 20 the primary structure of the

relevant genes 5%1 uld_be known, A further part of this_ inv tioaqlgelg lle(% mutants and
progeny defved ger%:- rolrhgvv%icﬁW%?eﬁdesﬁ"t?f?e'd %%atﬁg ba%lrsOS? ?ﬁe Woung?fr?%iquced %?r]}k discolouration

of lettuce leakdiscsinppiang thistnking bsshyréaaAts of 25 an M2 population which contain

random, ems-inducedwﬂg@tppgd%yltgq dn the identification of acumbengt Bntagiscyhich showed a
significant reduction of the pinking response as compared tq the control plants, which do not contain

the ems-indtE88 MEEHHRPEAMEE ot'ftéﬁ‘Bngﬁul%%g shwet a G 45§ oRBRTHTSTotic phenotype.
It was heweger spipiisingly fausditiaksomedudtainia with dseddcded pirkirg cesppinselshowed a

ot S Pl A5 S SR SR, sl e ontol s
assayed reduced pink discolouration response can be heritable and
caused by a modification of the genome.

A further surprising finding was the fact that when

10 the progeny plants are grown to méturity and tested for
enzymatic browning of wounded midrib tissue, this response is
also strongly inbibited.

This shows that the leaf disc pinking assay, which is
part of this invention is causally related to enzymatic

15 browning in lettuce and that the pinking assay can be used to
predict the level of enzymatic browning of a mature lettuce
plant.

Therefore, the leaf disc pinking assay can be used as
a selection tool to identify lettuce plants with a reduced

20 enzymatic browning potential. Such tool can be used to
identify lettuce plants with reduced enzymatic browning
potential from any kind of plant population irrespective of
the cause of the genetic variation, which resides in such
population. For example, in addition to ems populations, one

25 c¢can use natural accessions or breeding populations.

One or more of the screening methods provided by this
invention can be applied to any leafy vegetable species for
which post-harvest processing quality needs improvement.
Therefore, this invention can in addition to cultivated

30 lettuce also be applied to other plant species belonging to
the Asteraceae, such as wild species of the Lactuca genus.
Furthermore, the invention can be applied in particular to

plant species belonging to the plant genus Cichorium to which



5 for pinking, a similar reduction as found for the originally identified mutant is observed. This
demonstrates that a reduced pink discolouration response can be heritable and caused by a
modification of the genome. A further surprising finding was the fact that when 10 the progeny plants
are grown tom?ﬂ?'t@(}gm tested for enzymatic browning of wounded midAl HEEGR AT sponse is
also strongly inhibited. This shows that the leaf disc pinking assay, which is part of this invention
is causally related to enzymatic 15 browning in lettd€e and that the pinking assay can be used to

predict the level of enzymatic browning of a mature lettyuce plant. . . Therefore,.the leaf disc pinking
assay can BPE5E Bs = 581eTHEA 5ol 8118886@‘1%68@3]}31’&%3 Wil ATt cad Owelrt%:z]?/cr)ﬁ)a%tic browning
potential. Sadi teaycahchie hsed ta iderttfipletiute ptands with reduced enzymatic browning potential

from any kind of plant pgpuafiopespective ofihe cause of the gepelicupygion.cubichsgsides in

such population. For example, in addition to ems populations, one 25 can use natural accessions or
breeding popifdticis: be AERRCELFOB GF thé 3RkFednBREPHRS HofRRAFy i€ invention can be

applied to agyteatyivagatabiesnecies foravbichipesthnsvesidyrecassinyiality, peeds improvement.
Therefore, this invention can in additi%:é‘to cultivgteq?BO lettuce algot%e ap Iieq:to gther plant species
belonging to-ThE A&tstRcBAS, SHIFSs WiRtFSFedidd s Y

the' TARGca genus. i ermore, the invention
can be appligckhintparticular tbplaitsspesies betonging taithe-planmt fenusGidhdrdmcaedvhich 25

species like gndive. (Ciehouym gpdivia), chigaly apdauitigaf ghicer (Gichegym ybus) belong.
The present invention relates to a phenotypic feature that can be detected in a plant by performing one
of the determined by means of one or more of three discolouration

10 tests, namely the oécurrence of pinking or browning or the
ability to convert the substrate L-DOPA to melanin. A plant
of the invention is a plant, which in at least one of these
test shows a discolouration that is at least reduced as
compared to a control.

15 The “control” as used herein is any plant of which it
is known that it shows one or more of the discolouration
reactions pinking, browning and conversion of L-DOPA to
melanin, which reactions can be inhibited by L-cystein or
cinnamaldehyde. Suitabiy a plant is used of which a leaf disc

20 when incubated between wetted filter paper at 5°C for 7 days

- shows pink discolouration around the edges of the disc.
The present invention will be further illustrated in
" the Examples that follow and that are not intended to limit
the invention in any way. The Examples refer to lettuce but

25 instead of lettuce other produce plants or parts thereof, in
particular fresh fruits and vegetables, can be used. In the
Examples reference is made to the following figures.

Figure 1: Schematic outline of the rationale bhehind
the design of the mutant screening procedure of lettuce

30 populations for reduced post-harvest enzymatic
discolouration. The input signal of the screen is wounding of
leaf tissue, which is sensed by the plant and which generates

a divergent signalling response leading to a number of



5 screening methods that are disclosed herein. Plants of the invention are those plants which,
compared to a control plant, show the absence of or a reduction in wound-induced surface
discolouration. The Joresence of the feature is determined by means of one or more of three
discolouratiow(iéﬂf’élélﬂszz??amew the occurrence of pinking or browning or %%TQHTH?WfBOBmvert the
substrate L-DOPA to melanin. A plant of the invention is a plant, which in at least one of these test
shows a discolouration that is at least reduced as é8mpared to a control. 15The "control" as used
herein is agél lant of which it is known that, it stfog/s one or more ocf the]géssc%o%(:aition re%%ions
pinking, br rﬁﬁé‘%n%gé‘gr?vergigﬁc(ﬁﬁ_s-f)%laﬁ%ouméf}ﬂ]ir?,evr\}ﬁﬁ:ﬁer%a%fions ¢an be inhibife y L-cystein
or cinnamaldehyde. Suitablcapktntdnusdtof winpht lebddist 2ewHes ireubarstibetivden wetted
filter paper a4,3C for 7:days; shows P{%ﬂ%@ﬂéﬁ?@%@ Fauwnd the.sdogsplthedise.  The present

invention will be further illustrated in the Examples that follow and that are not intended to limit the
invention in any way. The EX:rRpesTemiad 18futsdbut 25SR5teh &F (BRGUE offePdiBuce plants or

parts thereafi kcpadicular feash Meiteand vegetalking, candetisatk laphe s@mplestaterence is made
to the follow&ggrﬁigu;%sr.f ce Fi ur%c}é chegéatic 8%ﬂi[]}e;a(¥ theéag%%alei%ehingéhe des_ign of the
mutant scre€ing procedurs o?%‘tﬁjce 50 popufat?ons for reduced posﬁﬁar\?es? enzymatic
discolouratipankhednpbsignalofithéescredn f& wroutiting afleaf listus hehiwhtBwensed by the plant
and which gtes;a dé‘@ﬁg?@%@9%a'iiﬂﬂifﬁ{?%s%}e%‘ﬂﬂﬂé&él%’ﬁ‘?&é of WO
2007/077229PCT/EP2007/000226 2
L-cysteine, which are specific inhibitors of PAL and PPO,
10 respectively.
Figure 2: Representative image of the output
phenotype of the screen based on pink discolouration of leatf
discs. Leaf discs of lettuce plants (1 disc per plant) are
arrayed between wetted filter papers and incubated at 5°C for
15 7 days. A pink discolouration can clearly be observed around
each leaf disc at the wound surface.
Figure 3: The leaf disc pinking assay (4 discs per
dish) carried out in the pregence of different concentrations
of the PAL inhibitor cinnamaldehyde. The nuwmber above each
20 dish shows the % of cinnamaldehyde used.
‘Figure 4: Inhibitory effect of the PPO inhibitor
L-cysteine on the pink discolouration of lettuce leaf discs
{4 discs per dish)incubated between wetted filter papers. The
number above each dish shows the % of L-cysteine used.
25 Figure 5: Inhibitory effect of the PPO inhibitor
L-cysteine on the black discolouration of lettuce leaf discs
(4 discs per dish)incubated between wetted filter papers in
the presence of 1.5 mM L-DOPA. The number above each dish
shows the mM concentration of L-cysteine used.
30 Figure 6: The effect of heat shock pre-treatment on
lettuce leaf disc pinking. The heat shock was applied for S0
seconds on intact leaves af the temperature indicated omn each

dish.



physiological processes including senescence, respiration and tissue discolouration. This input signal
can be combined with the application of phenolic compounds as PPO substrates. The output signal of

the screen is a brown or pink 5 discolouration, depending on the conditio E (% 2 wound
surface diagWo%ﬁ%ﬂ?g]lj B&gt-harvest browning and pinking. This is inferredr}f)?(:)%? gﬂ 2{@5 7tt Gzt the output

signal is completely inhibited by cinnamaldehyde and L-cysteine, which are specific inhibitors of PAL
and PPO, 10 respectively. Figure 2: Represeﬂ?ative image of the output phenotype of the screen

based on pink discoloygat‘ilorneotlleaé disvgs. Lcleg,Ldi st(g{éegli%%papés é,])](_j‘i&qipggrp@g@ are arrayed

between wetted filter pagers and incubated at 5C for 15 7 days. A'pink discolouration can clearly be
observed amowirbezels teatdisebt rtieandSurfaceelour Fagifre PR A RS pinking assay (4

discs per dish}-cawied.qut iihe grgsencef differenheanceniialionseofithed2AL dakilitor
~ cinnamaldehyde. The number above each 20 dish shows the % of Qinnamaldehgde us Figure

d.
4: Inhibitory"EH&&t thEPPEYRRILRSK Loy FaiRBGh T Bk REc8otFidth 8Fi ?Pém“fgﬁf discs (4
discs per diskjircukatediretieendieited fiteepahers. skthevasmbes abedeveiddh dish shows the % of

L-cysteine uysed. 25Figure 5% Inhikitory effect.o _ inhikiter L-cysteing opdhe biack
discolouratitcifsn %}f%tﬁ}ceele% %?53{:2: 4edi‘§é§ %%r%%%%ﬁ%ate? be?ween%ted filter papers in the
presence ofcbBaaM EAbOFA ofthd:napiie? dovesescr 8ishoshdvd He nfM tbnceniratidn of L-cysteine

used. 30Figyre; 6; d haveffestafhent shaek predeeatpant on

Figure 8: Reduction of pirking in filed grown lettuce
10 by L-cysteine. The upper panel shows typical pinking symptoms
of a lettuce leaf taken from a plant, which was extremely
stressed by water logging. The wmain veins show the presence
of a pink dye. The lower right panel shows a disc taken from
the leaf showing pinking symptoms after treatment with 1 mM
15 L-cysteine for 30 minutes at room temperature. The lower left
panel shows a similar leaf disc after treatment with water
for 30 minutes at room temperature.
Figure 9: Panel A: Phenotypic analysis of individual
lettuce M2 plants (grouped in pocls)for leaf disc
20 discolouration according to the method described by this
invention. A total of 138 samples out of 12000 is shown in
this panel of which the one indicated by an arrow showed a
strongly reduced pinking discolouration. Panel B: Re-testing
of the selected individual indicated in panel A confirmed the
25 near absence of the formation of the pink discolouration
(sample in the middle positicon) as compared to control
samples which show a clear discolouration response.
Figure 10: Phenotypes of M2 lettuce plants. The
plants labelled 1, 2, 4, 5, 7, 10 and 12 show reduced pink
30 leaf disc discolouration using the assay according to this
invention. Plants 3, 6, 8, &, and 11 are plants, which showed
a level of pink leaf disc discolouration comparable to the

wild type control. Plant 1 is the only example of a mutant



lettuce leaf disc pinking. The heat shock was applied for 90 seconds on intact leaves at the
temperature indicated on each dish. WO 2007/077229PCT/EP2007/000226 27 Figure 7:
Conversion gf the pink dye formed by the wound response of lettuce to a 5‘33%099 ‘pound by
L-cysteine. -W]é ‘I"PB%’SW(%%V of dishes shows the L-DOPA assay whereas the lower row c{)?dishes shows
the pinking assay. The 5 lower of the two discs in each dish was treated with L-cysteine after the
wound response had been completed. The concerftfation of L-cysteine used are 0, 0.001, 0.01, 0.1, 1

and 10 M\ yhish spdicated abaye. Blawe & Beductan.ef Mokiogibied giawagettyce 10 by
L-cysteine. The upper pangl shows pical pinking symptoms of a lettuce leaf taken from a plant, which

was extrenmedrsgdssa sy water idgging P& Bfaif veins Show theGraBandeé of 3Pink dye. The lower

right panel shows asdisetaken fom the-laaf showdag piking symptemssafterdreatment with 1 mM 15
L-cysteine for 30 minutes at room temperature. The lower left panel shows a similar leaf disc after

treatment WARSREtER6r 30 minutes at room temperature. Figure 9: Panel A: Phenotypic analysis
of indivigual lettuce M jgarts (Gloupeciepyolsist leaf diSc 20miiseglburatioeddcnrding to the method

described by s Nention A oall 36 samplas aut of 12640 fs shows Jff dyaiiagiel of which the
one indicate By arrarrow showed a strongly reduced pinking discolouration. Panel B: Re-testing of
the selected: reiNiggaPrelicedn paheRARHirhePFRA25 HedPabiaidefthe foLmation of the pink

discolouratign ¢sampie-in themiddig hositionas eempaged jo sogirelgamplasawpicksshiaw a clear
discolouration response. Figure ]go: Phenoté/ges of I\j4_2 lettuce ﬁlants. ‘I'lhglgléemts labelled 1, 2, 4,
I

5, 7, 10 and* PP ¥Rl ETRIcE iRk S0 BAPTI? diséaidtirdtion’ dsRgIHe HssRy Aceording to this

inventiog. PiantsB:db, 8 Qn andslihgle ptantsnwhichhshidweéd adevehwsfnink ¢shfatide discolouration
comparable,to thg wilds tyRg:a/utkols Plari-his 1he:ly £xagaplg £f a mutant
Figure 12: Represgentative image of the output
phenotype of the screen based on brown discolouration of leaf
midrib parts taken from mature lettuce plants. The picture
15 shows lettuce outer leaf midrib tissue discs after incubation
for 3 days at 16°C. The typical brown discolouration can
clearly be observed at the wound surface. Each dish contains
3 discs taken at different positions of the midrib (green,
light green and white). The number above the dish indicates
20 the mM concentration of L-cysteine which was added to the
filter.
Figure 13: Conversion of L-DOPA at the lettuce leaf
surface into melanin. Panel A shows the assay in a 1.5 mM
L-DOPA solution. The upper tube is the negative control, the
25 other 3 tubes are identical. Panel B shows the result of the
incubation of leaf discs between wetted filter papers which
contain 1.5 mM L*DO?A.
Figure 14: Progeny testing of a mutant of lettuce
showing a reduced wound-induced pink discolouration on midrib
30 browning. Panel A shows the midrib discs of B progeny plants,
numbered 1 to 8 (3 discs per plant} of the reduced pinking

mutant. Panel B shows the midrib discs of 8 control plants



WO 2007/077229PCT/EP2007/000226 28 which shows a strong reduction in pink discolouration and a
normal growth habitus. Plants 2, 4, 5, 7, 10 and 12 show reduced pink discolouration and a dwarfed,
bleached phenoté%ee. 5Figure 11: Progeny testing of a mutant of lettuce sr]; Wg]llgl&”rl%%%gzd

discolouratioll. e & , 25 control samples are shown which show a normal wound-nduced

discolouration response. On the right, a group of samples is shown which is taken from a series of 35
progeny plants 10 derived from a single mutant, wHigh is severely reduced in its wound-induced

discolouratign response. igyre,12: Representative image.of the Quiput rq%m_)type of the screen
based on b%l\l/v“n‘gaﬁgss%%sl)ce)gurgﬁo% {f?gafd Midrib gr]fslt)ragl‘?e%é rom %ca uF’e[Pl fé‘?tucenp{;mts. The picture 15
shows lettué& ouramgat aatb tigsue discs after incubation for 3 days at 16C. The typical brown

discolouration can clegdy pe-ohserved at thae waundesyrface. fsach dishetaniains:a discedaken at
different positions of the midrib (green,?lci%ht green and white). The number above the dish indicates 20

the mM cortehfaHGRHrICtrdermifit RATR IR e CBiRTe RS HR%rsion of L-DOPA at
the lettuse leakpuiiaee yoaneanit iRanal/l shawsdberassayden dfbidht-DOPA solution. The

uPpernﬂx}géggggﬁgggg(ﬁgggﬂpqg%es of the head of a control plant are
shown on the left and leaf pieces of the reduced
discolouration mutant is shown on the right. The fresh cut
leaf material was stored for 6 days at 4°C. The brown
10 discolocuration can be clearly observed in the control samples

whereas the mutant samples remain unchanged.

EXAMPLES
EZAMPLE 1
15 Genetic modification of lettuce using ems
Approximately 2000 seeds of the lettuce varieties
Troubadour, Apache, Yorvik and Roderick were incubated in an
aerated solution of either 0.05% (w/v) or 0.07% (w/v) ems
during'24 hours at room temperature. After the ems treatment
20 the M1 seeds were rinsed water and planted in a greenhouse at
20°C at 16 hours light, 8 hours dark regime to grow the
mature plants and to induced bolting and flowering in order
to produce M2 seeds. After maturation, M2 seeds were
harvested, bulked and stored until further use. The mutation
25 freqguency was estimated on the basis of the relative number
of individual plants with a bleached phenotype which are
disturbed in the chlorophyil biosynthesis.



25 other 3 tubes are identical. Panel B shows the result of the incubation of leaf discs between wetted
filter papers which contain 1.5 mM L-DOPA. Figure 14: Progeny testing of a mutant of lettuce

showing a reduced wound-induced pink discolouration on midrib 30 brow, hows the
midrib discs‘B]PSZ?)(}%%QFﬁ/9 plants, numbered 1 to 8 (3 discs per plant) of thﬁgﬁg%ﬁ ll'p‘ﬁ]zéfng mutant.
Panel B shows the midrib discs of 8 control plants 29 numbered 9 to 16 (3 discs per plant) which
show a normal browning response. Figure P% Assessment of a mutant of lettuce showing a
reduced W%%J{?EEC d pink discolouration or browning 5 response after cutting and packaging under
ambient atmosphére. Leaf pieces of the head of a control plant are shown on the left and leaf pieces of
the reducedPeivedtermancn afutanpiesiiowr bn thenasn. FThadnsshtdaqt [8af nitdierial was stored for 6

days at 4C.. Jhe, hrops 0 diseqlouiation-can be deany phseweshindhesoninal sapiissyhereas the
mutant samples remain unchanged. EXAMPLES EXAMPLE 1 15 Genetic modification of lettuce using
ems A%b‘?ﬁ

iim'é’@ly 2000 seeds of the lettuce varieties Troubadour, Apache, Yorvik and Roderick
were ingubated in an aerstecsolbiion afsaitherdh85%e{wAdwed. A7ofri/ghelsaduring 24 hours at

roomtenuxggggglégggy¥%§ng%ﬂﬁggg%g% induced by wounding can readily be

assessed. This approach allows young plant screening for
discolouration. Leaf discs of 5 mm diameter were taken from
young or mature plants and placed between wetted filter

10 papers in a tray. The system was incubated at 5°C for 7 days.
During the incubation a pink dye developed at the wound site
of the leaf disc which became clearly visible as a printed
circle on the filter paper (Figure 2}.

In order to demonstrate that the production of the

15 pink dye requires an active phenylpropanocid pathway, the
effect of inhibitors of PAL {cinnamaldehyde, Figure 3} and
PPO (L-cysteine, Figure 4) were tested in this assay. When
cinnamaldehyde was applied during the assay, the pink
discolduration was completely inhibited at a concentration of

20 0.01% or higher.

A similar result was obtained using L-cysteine at a
concentration of 0.001% and higher, while other amino acids
like L-leucine or L-alanine did not show any effect. This
demonstrates that L-cysteine can inhibit the pinking response

25 of the lettuce leaf discs and that the inhibitory effect of
L-cysteine 1s specific.

In order to demonstrate that L-cysteine is indeed
acting as an inhibitor of PPO activity in this system, the
lettuce leaf discs were incubated with the PPO substrate

30 L-3,4-dihydroxyphenylalanine (L-DOPA). Although L-DOPA is not
considered to be a natural substrate for lettuce PPO, a dark
brown to black discolouration was observed at the wound

surface which is the manifestation of the formation of



20 the M1 seeds were rinsed water and planted in a greenhouse at 20C at 16 hours light, 8 hours dark
regime to grow the mature plants and to induced bolting and flowering in order to produce M2 seeds.
After maturation, M2 seeds were harvested, bulked and stored until further_use. tation 25
frequency wELELHIAIEH on the basis of the relative number of individua?&i%%%v‘ti]@@%ﬁeached

phenotype which are disturbed in the chlorophyll biosynthesis. WO 2007/077229PCT/EP2007/000226
30 EXAMPLE 2 Development of a phenotypic screeh diagnostic for the wound-induced discolouration

of lettuce based on pink pigment formation 5A phenotypic.assay was developed.in whigh leaf
discolourat%ﬁi&qéfgjggﬁog‘&%dp k%? \"/vor'i}}rlﬁ"]uilng:jL cah rga%lﬁ‘y %:eL %XSESESBF‘FH%%?&%‘EVC%%mWS young
plant screedingyfetr eistolowratieppléaftidistswt Gamae didiretel Yeedipke hFrrA boR g smature

plants and plaged hetween wetiad filler, 10 fapars in agtiay, Jhessystem was incubated at 5C for 7

days. During the incubation a pink dye developed at the wound site of the leaf disc which became
clearly visible as a prifie®l dfd& BretheterbsiferRERtBD) T APBRIT S0 e bHtH-atE that the
production ehtheal’ pinksdye ROUIFRS e Etivephenydroprnbigt pathwiayddee wdfechef inhibitors of
PAL (cinnamaldehyde, Figure 3) and PPQ (L-cysteine, Figure 4) were fested. in thjs,assay. When
cinnamaldeF§HE WaS SRS duRRGIRe eécf)'iss&a?/%/t‘ﬁ%spmﬁrﬁséﬁgépﬁ%%&wég%%ﬁplg?eIy inhibited at a
concentratiee 0b200.61928r, higher50 and 60°C. After this treatment leaf

discs were taken and assayed for pinking. The pinking
response was completely inhibited when the heat shock was

10 carried ocut at a temperature of 50°C or higher. This result
is shown in Figure 6.

As L-cysteine is known to react with o-guinones,
which.are PPO products, by converting them back into
colourless diphenols, the effects of L-cysteine on the pink

15 dye coming from lettuce leaf discs was determined. In
parallel the effect of L-cysteine was determined on the
melanin formation upon incubation with L-DOPA.

Leaf discs were taken and incubated according to the
procedures described above. After the WOund response was

20 completéd, a concentration series of L-cysteine was added to
the leaf disc and the change in colour was monitored. The
result is shown in Figure 7. The experiment clearly
demonstrated that L-cysteine was converting the pink dye back
into a colourless comwpound whereas the black melanin formed

25 in the L-DOPA assay was not affected by the L-cysteine. This
demonstrates that the pink dye is very likely an o-guinone |
which is formed by the lettuce polyphencl oxidation system.

To demonstrate that the observed in vitro response
reflects a response which is physiologically relevant the

310 L-cysteine based discolouration was applied to field-grown
plant material. This was carried out by harvesting a leaft
from a field-grown lettuce plant which showed severe pinking

symptoms along the veins. This is typically observed when



A similar result was obtained using L-cysteine at a concentration of 0.001% and higher, while other
amino acids like L-leucine or L-alanine did not show any effect. This demonstrates that L-cysteine can

inhibit the plnkln% resg&onse 25 of the lettuce leaf discs and that the inhibit%ﬁ(/iﬁ%i%ﬂg)of ler-éysteine is

specific. 8487 demonstrate that L-cysteine is indeed acting as a or% PO activity in

this system, the lettuce leaf discs were incubated with the PPO substrate 30
L-3,4-dihydroxyphenylalanine (L-DOPA). Althougt? -DOPA is not considered to be a natural substrate

for lettuce PPO, a dark brown to black discolouration was observed at,the. wound_ surface which is the
manifestatigﬁL %’?%hse%gr\fﬁat‘foenegf 66588%0 oPCT ?(%/888?5 ;ﬁgr%e?afﬁin through PPO.
When 1 mnseverkighnet eondegwatian oFhecysteihenaas wpplet simuraazsudigathedigeslouration

was complefgly iphinited a3 shpwhdn Righii P T08Jeltycs leal disc-pivking, eespanseawas further 5

characterised by applying a heat shock before inducing the wound response. Detached leaves were
incubated CRRREPFGERESAYs 3P 211ABEEH ARFEBEL AR 3is IR ETRELPHRES werB%aken and
assayed forppinking: ddwl pinkingi exsnenseppas completeip swibited mhpndaesheat shock was 10
carried out at a tempefaluie of S0G RLIIONGL, IDISIESUIR ShONT 09Uy nar

lettuce leaf discs can be induced by wounding to produce pink

discolouration which is PAL and PPO dependent. This phenotype

allows an efficient and effective screening procedure for

10 lettuce mutants which have a modified wound respcnse induced

discolouration channelled through PAL, PPO or both.

EXAMPLE 3
Screening for mutants with a reduced wound-induced
15 discolouration
In order to identify lettuce mutants with low wound-
induced enzymatic browning or pinking potential, the leaf
disc assay described in Example 2 was applied to plants of a
lettuce mutant population.

20 12000 Plants were grown in a greenhbouse (Location: De
Lier, the Netherlands; sowing 28 Mérch; planting 18 April;
growing under regular lettuce grower's conditions) and from
each individual plant a leaf disc was taken (sampling from 15
May onwards) and incubated as pools of (on average) 25

25 samples between wetted filter papers at 5°C for 7 days. A
visual score was given to each leaf disc depending on the
intensity of the pink discolouration. On thé basis of this
assessment, plants were selected of which the leaf discs
showed no or a relatively low degree of wound surface

30 discolouration. The plant with hardly visible traces of
discolouration was numbered 06D.210202.

Of the 12000 plants, 1 plant was finally selected

which showed only traces of discolouration which were hardly



As L-cysteine is known to react with o-quinones, which are PPO products, by converting them back
into colourless diphenols, the effects of L-cysteine on the pink 15 dye coming from lettuce leaf discs
was determined. In parallel the effect of L-cysteine was determined on the melanin formation upon
incubation witfP X8¢PA% Leaf discs were taken and incubated accd’rﬁmﬁpfé"mg"%cedures
described above. After the wound response was 20 completed, a concentration series of L-cysteine
was added to the leaf disc and the change in coloutivas monitored. The result is shown in Figure 7.

The experiment.clearly demanstrated that L-cysteine was convertin tlinj%gi k dye back into a
colourless c%ﬁ’ﬁ%?ned %v%%r%&s ‘fllgle:L brack gﬁ%iﬁ f&%’%& ]Z%Ei?'l}fhécﬁ%D Er]as gy was not affected by
the L-cysteidé sThiscderabhstrateBhhat tva: pinkody @isverly [ikebs anasganoneswhichvis farmed by the
lettuce polyghenqlLoxdation system. To demonstrate that the observed in vitro response reflects a

response which is physiolo%i;ally relevant the 30 L-cysteine based discolouration was applied to
field-grown plant matefiaf THig SPA<CEaARetPSUERE A rESting =P sl 99 nf afidlBgygrown lettuce plant

which sisowed Sevele pinking sysptamsialang theveinsnbhis is-typicallyioksaryadythen 32 plants
have been stgessedtf;or examEIe liy cond'&ions of seve]E_e Watgr Io&%? . The Ieaﬁ‘gvas used to prepare
leaf discs Whith Were ncUbatad imediately B9 1 ML 2 &ESSine T Ate tg*p?pr%‘i 317 30 minutes
incubation atrdomittraperareres tise bepink dlideotodratioredisappéaetsasisHoemed Figure 8.

Taken together.fhese sxperimental data show that lettuce leaf discs can be induced by wounding to
produce pink discolouration which is PAL and PPO dependent. This phenotype

10 EXAMPLE 4
Screening for mutants with a reduced wound-induced
digcolouration

In order to identify lettuce mutants with low wound
induced enzymatic browning potential the leaf disc assay

15 described in Example 2 was applied to plants of a lettuce
mutant population. 8500 plants were grown in a greenhouse
until 3 weeks old (6-8 leaf stage) and from each individual
plant a leaf diszc was taken and incubated between wetted
filter papers at S°C for 7 days. '

20 A wvisual score was given to each leaf disc de?ending
on the intensity of the pink discolouration. On the basis of
this assessment, plants were selected of which the leaf discs
showed no or a relatively low degree of wound surface
discolouration. Of the 8500 plants 8 plants were selected

25 which did not show any visible discolouration and 10 showed a
relatively low discolouration. The discolouration assay was
repeated for the 18 individuals that were initially selected
and for most individual cases the original result was
confirmed. Twelve individuals are shown in Figure 10. Only

30 the confirmed individuals were selected for further analysis
and seed production. One mutant plant without pleiotropic
side-effectts (e.g. bleaching, dwarfing) was given number

05D.202539, The seed produced by seifing of this plant was



allows an efficient and effective screening procedure for 10 lettuce mutants which have a modified
wound response induced discolouration channelled through PAL, PPO or both. EXAMPLE 3

Screening for mutz{;}n}}s7w2i£h a reduced wound-induced 15 discolouration In O[Fqgrzt{()) »}9%@}%’ lettuce
mutants with1oW WatRdZinduced enzymatic browning or pinking potentiall,)(fhe At dist assay

described in Example 2 was applied to plants of a lettuce mutant population. 2012000 Plants were
grown in a greenhouse (Location: De Lier, the NetRérlands; sowing 28 March; planting 18 April;

growing under regular lettuc r's conditions) and from each individual plant a leaf disc was taken
(sampling fr%%mﬁgﬁ\ﬁéy%%%a%rgég\gﬁd ir?c%bast%g%sp Ego%cﬁcfo%ﬁyavsé{%géé)n% 3 ;Ca%rr}inglees between
wetted filteripeaiels ay 5&forfxr daysegdisuaf seore ARS§ifenas caghnbeatdis@ depeddmg on the

intensity of the-pigk disealayrationsQmthe basisf1his-assassment. planis wese ssiagted of which the

leaf discs showed no or a relatively low degree of wound surface 30 discolouration. The plant with
hardly visib@rddeL6EaRESItFEEdn was numbered 06D.210202. Of the 12000 plants, 1 plant
was finadly selected which showed only traces of discolouration which were hardly

EXAMPLE 5
Phenotypic analysis of the selected mutants showing reduced,
wound-induced discolouration

O0f the 12 mutants selected from the screen presented

10 in Example 3, & showed a strong reduced growth phenotype and

bleaching. Other mutants developed normally i.e. according to
~the type of the starting population of the mutagenesis
experiment. .
The dwarfed and bleached mutants are probably

15 disturbed in chloroplast function. As PPO resides in these
cellular organelles this may explain the relatively low
responge in the leaf disc assays. As such pleiotropic
mutations are undesirable, these mutants were considered to
be less relevant.

20 The mutant plant 06D.210202 which showed the
strongest reduction of leaf disc discolouration showed a’
normal phenotype and the mutation is therefore considered
specific for the discolouration without strong pleiotropic
effects.

25
EXAMPLE 6
Confirmation of the near absence of discolouration phenotype
in offspring

To demonstrate that the reduced discolouration of

30 lettuce mutants like plant 06D.210202 from Examples 3 and 5
is caused by a genetic effect generated by the mutagenesis
treatment described herein, seed were produced by selfing.

The seed produced by selfing cof plant 06D.210202 was numbered



33 visible and 11 which showed a relatively low level of discolouration. The result of one of these
assays is shown in Figure 9. The discolouration assay was repeated for the 5 initially selected 12
individuals and for most individual cases the original result was confirmed. Only the confirmed
individuals w2818 for further analysis and seed production. 10 EXE\E/'Ir Igoﬂ@((}:%ze(’ning for
mutants with a reduced wound-induced discolouration In order to identify lettuce mutants with low
wound induced enzymatic browning potential the I€2* disc assay 15 described in Example 2 was

applied to plants uce,mutant population. 8500 plants were grqwn in,a reenltﬂou e until 3 weeks
old (6-8 Ieaf%%gé)){gﬁg%for%heeac?}eﬁglsvi l?écleplgﬁf a jfég% |§c \l/vnassél%nae{lr% fﬁz‘:ﬁbg &d between wetted
filter paperswgtiBC f@sT elyso20Adswalarors s gwengotduchieaf dikosdepanding®n the intensity
of the pink djseglpuration. On the basis of this assessment, plants were selected of which the leaf

discs showed no or a relatively low degree of wound surface discolouration. Of the 8500 plants 8
plants were selected This experiment clearly showed that the altered

5 phenotype had a genetic basis as all progeny plants showed a
similar phenotype i.e. a strong reduction in pink
discolouration, like the mutant which was used to produce the
seeds. This result is illustrated in Figure 11.

The seed produced by selfing of three plants grown
190 from seeds of 06D.819784 was numbered (6D.863B2 and deposited
at NCIMB. The NCIMB-number is 41454 {(deposited on 3 January
2007) .

EXAMPLE 7

15 Development of a phenotypic screen diagnostic for the
wound-induced discolouration of lettuce based on brown
pigment formation

Lettuce plants were grown to maturity and parts of
outer leaves were taken by cutting discs from the rib tissue.

20 The discs were incubated on wetted filter paper at 16°C.
After approximately 72 hours, the wound surface had turned
brown. In the presence of 10 mM L-cysteine the browning
response was inhibited indicating that the observed
discolouration is PPO mediated. A representative outcome of

25 such experiment is shown in Figure 12.

As the response asg displayed in Figure 12 is a PPO
mediated browning response, the screening procedure as
described in this example can considered to be effective and
unbiased in order to screen for mutants showing reduced brown

30 discolouration which occurs during the processing of lettuce.



25 which did not show any visible discolouration and 10 showed a relatively low discolouration. The
discolouration assay was repeated for the 18 individuals that were initially selected and for most
individual cases th% or,;?izgal result was confirmed. Twelve individuals are g 0}%92%1 ,5&9(11125% 10. Only 30
the confirmed h&Vidlia& were selected for further analysis and seed proé’ucﬁlon. Oné Mmitant plant
without pleiotropic side-effectts (e.g. bleaching, dwarfing) was given number 05D.202539. The seed
produced by selfing of this plant was 34 numbered?65D.810596. The seed produced by selfing of
three plantsﬁ%;%g‘#og seeds of 05D.810596 was numbered 07G.9979 and deposited at NCIMB. The
NCIMB-number Is 41441 (deposited on 10 October 2006). 5 EXAMPLE 5 Phenotypic analysis of the
selected muavelsiosng reduaesbaoaftiiducsy diveotbirgtion OithEck? fifigants selected from the

screen presgpiaklQinEXas e & S showed astang tduged grvih phenatupe and bleaching.

Other mutants developed normally i.e. according to the type of the starting population of the
mutagenesi§ ¥XpeFiftat. Phe twarfedafubiozemitemtanfrditortlaBRF2s disthifbed in chloroplast
functions Asi2ROxkresides=intthesé teflules trgdnelles this may explain the relatively low response in
the leaf disc assays. Afns%c@dglteg[%tﬁo%ic mutations are ulgldaeggable these gluitggts were considered to

) .
be less relevant. 20The mutant plant 6D 210202 which showed the gﬁ%ﬁgest reduction of leaf disc

discolouratiét speweitca hbenal phanbipriame tremUtdso it irrdefre voRtiierée speific for the
discolouratign wWithoLb StrongPIgoiapic effeglSreen in a more specific manner for

mutants which have a reduced PPO activity. A phenotypic assay
10 which is indicative for PPO activity was developed by using
leaf discs which were incubated in the presence of 1.5 mﬁ
L-DOPA. As a black discolouration became apparent it can be
concluded that L-DOPA can readily be converted by the
polyphenol oxidising system at the wound surface of lettuce
15 1leaves into a black pigment called melanine. L-DOPA is
converted by PPO intoc the reactive L-DOPA-quinone which is
converted non-enzymatically wvia dopachrome and indol guinone
into the black melanin.
Furthermore, it was shown thatlthe reaction can be
20 inhibited by adding 1 mM L-cysteine during the reaction
' (Figure 5). Therefore, this assay enable the identification
of mutants which are modified in the ability to mount a PPO
activity at a wound surface of a leaf, The response of
lettuce leaf discs to the presence of L-DOPA can be observed
25 Dboth in sclution as well as between wetted f£ilter papers as

shown in Figure 13.

EXAMPLE 8
Assessing the offspring of a mutant showing a near absence of
30 discolouration for reduced browning response using the
ribdisc browning assay
To demonstrate that the reduced discolouration of

lettuce mutants like plant number 060.210202 from Examples 3,



25 EXAMPLE 6 Confirmation of the near absence of discolouration phenotype in offspring To
demonstrate that the reduced discolouration of 30 lettuce mutants like plant 06D.210202 from

Examples 3 %%dz(?oiﬁﬂ%?%ed by a genetic effect generated by the mutagepgﬂ%téﬁgﬁ§%gexgibed

herein, seed were produced by selfing. The seed produced by selfing of plan
numbered 35 06D.819784. The seeds were germinated in soil and the plants were tested for
discolouration using the leaf disc pinking assay. Th< experiment clearly showed that the altered 5

phenotype had a genetic.basis as all progeny plants showed a.similar phenotype i.e. a strong
reduction in%pi%fgcgiségo é&r%%ﬁoﬁ?lil?el ?r%el%u%gﬁ%%ic%et\fa\%{é%%eﬁqopﬁr%}gugé? & see %%‘}ﬁ% result is
illustrated ircEigerend . Threfsamt padftucerifby selfingict thtewpkiifs gidwa 0 frefvseEsts of

06D.819784 wasqumBeres. 0686333, 20¢dappsited - NCIMB. ThaNCIMBayunber is 41454
(deposited on 3 January 2007). EXAMPLE 7 15 Development of a phenotypic screen diagnostic for

the wound-RUBRES disCotoTHERBH FfefGtabaE¥d on brown pigment formation

5 At this stage of development, 3 midrib discs are
taken from the oﬁter leaves of a numbexr of progeny plants.
These rib discs are incubated according to the procedure
described in Example 7. It is shown that the progeny plants
of the mutant which were earlier shown to be strongly reduced

10 in wound-induced pink discclouration are also strongly
reduced in wound-induced midrib browning. The result of this

experiment 1s shown in Figure 14.

EXAMPLE 10

15 Assessing the offgpring of a mutant showing near absence of
discolouration for reduced browning response using fresh cut
lettuce heads packaged in plastic bags

Mature heads of the lettuce plants grown from seed
number 06D.819784 from Example 6, which is significantly

20 reduced in pink discolouration of wound surfaces of leaf
discs, were cut into pieces using a knife and packaged in a
plastic bag containing an ambient atmosphere. Control plants
which show a normal leaf disc pink discolouration response
were treated in an identical manner. The bags were stored at

25 4°C during 6 days after which the leaf material was assessed
for its browning response.

It is’shown by this experiment that the progeny
plants of the mutant which were earlier shown toc be strongly
reduced in wound-induced pink discolouration are also

30 strongly reduced in wound-induced midrib browning when
processed and stored in plastic bags using an ambient
atmosphere. The result of this experiment is shown in Figure

15.



Lettuce plants were grown to maturity and parts of outer leaves were taken by cutting discs from the
rib tissue. 20 The discs were incubated on wettedfdter paper at 16C. After approximately 72 hours, the
wound surface had turned brown. In the presence of 10 mM L-cysteine the browning response was
inhibited indicating that the observed discolouration is PPO mediated. A representative outcome of 25
such experiment is shown in Figure 12. As the response as displayed in Figure 12 is a PPO
mediated browning response, the screening progé‘msas described in this example can considered to
be effective and unbiased in order to screen for mutants showing reduced brown 30 discolouration
which occurs during the processing of lettuce. 36 EXAMPLE 8 Development of a phenotypic screen

diagnostic for the wodnd-rfiutEg Qistbiitraliar oRftfict BALEF Bnthe TORGESISIPHRY -
L-3,4-dihydreayphenydalamined LDQPA) intesc3 Slackqigmentedliedspelaritsing & addition to
assays which address wound-induced discolouration in g broad sense, the method according to this

invention s Bifows 18 &rB&n i A o ACStiomantBrfor niutants Wiich Havd d'ediced PPO
activity. A phenoiypicsssay 10ivhitk issindicative fareRP erattiviy wasglevetepad/by laingdeaf discs
which were_incubated in the gr sencebo.f 1.% mM LEEOP%. Asta black dis%olo%@tion bfecgme apparent
it can be cgﬁcﬁﬁldg that1°D ca re-Jaeolcflbir1 conv%rt%dabri/ t%eop%lfﬁhren%l ox%’fs‘?r?g sysotem at the
wound surtacecfdettiiosy] mésaved intelalblack gignrentcalled melanine. L-DOPA is converted by
PPO into the reactive L-DOPA-quinone which is converted non-enzymatically via dopachrome and
indol quinone into the black melanin.

a) creating a wound surface on the plants or plant

parts to be screened and on the contrecl plants or plilant
parts;

b) incubating the wound surfaces to allow for
discolouration to occur therein or thereon;

c) cbserving the wound surface discolouration in or
on the plants or plant parts; and

d) comparing the observed wound surface
discolouration in or on the plants or plant parts to be
screened with the discolouration that is observed on or in
the control plant or plant part to identify the plants or
plant parts that show no discolouration or a discolouration
that is reduced as compared to the control plant or plant
part.

2. The lettuce plant of claim 1, further comprigsing:
e) selecting plants from the population that show no surface
disccocloration in the screening or show a surface
discolouration in the screening that is reduced as compared

to a control plant.



Furthermore, it was shown that the reaction can be 20 inhibited by adding 1 mM L-cysteine during the
reaction (Figure 5). Therefore, this assay enable the identification of mutants which are modified in the
ability to mount a PPO activity at a wound surface of a leaf. The response of lettuce leaf discs to the
presence of L-DOPA can be observed 25 both in solution as well as between wetted filter papers as
shown in Figure 13. EXAMPLE 9 Assessing the offspring of a mutant showing a near absence of 30

discolouration for reddcedBFRiWTfig PedptnstUsig e HbdiBc BrAAing a%8ay +  “1e¥& Hemonstrate

that the reauged.diseelopeation afdetbiicegnutanis dike plant duabes H6D-210202fFem Examples 3, 37
5 and 6 which is significantly reduced inOEink discolouration of wound surfaces of leaf discs is also

effectively PERTER inTHE WountSRbGeed bidriing FesSbhsel A Riintter piS§&S Bfants were grown to
maturity. 5A1i e stage=afcdayelopmentl 3enidrib discs are taken from the outer leaves of a number of
progeny plants. These rib discs are;gr;ubated acc rdin% o the prﬁcedure described in Example 7. It is

shown that the progeﬁy pIré\eh% ofth ﬁ{%\%tﬁ\i HETE Sattier SHEWR td b%rstrzon?:ﬁy feduced 10 in
wound-indueed-pitk diseolplration pae-alsotsirdrg ly: redteeddn avorintaaducEdmedrib browning. The

result_ of this experim%qt ii sltwgwggn F'i%urg 1Eff. Eg(f‘Mﬁlég _llOnli'é f\as%ens?n% %h ofcljsrprgng of a mutant
showing near absence ‘of discolouration for refuced Brownlng response usmg%resh cut' lettuce heads
packaged impgastinbagie plant parts to be screened are discs from midrib
tissue.
6. Lettuce plant as claimed in any one of claims 1-
5, wherein the incubation takes place in an agueous
environment.
7. Lettuce plant as claimed in claim 6, wherein the
aqueous environment comprises wetted filter paper.
8. Lettuce plant as claimed in claim 6, wherein the
agqueous environment comprises water or a solution.
9. Lettuce plant as claimed in ciaim 7 or 8, wherein
the agqueous environment contains a compound selected from L-
3,4-dihvdroxyphenylalanine, chlorogenic acid, isochlorogenic

acid, L-tyrosine and catechol.



Mature heads of the lettuce plants grown from seed number 06D.819784 from Example 6, which is
significantly 20 reduced in pink discolouration of weund surfaces of leaf discs, were cut into pieces
using a knife and packaged in a plastic bag containing an ambient atmosphere. Control plants which
show a normal leaf disc pink discolouration response were treated in an identical manner. The bags
were stored at 25 4C during 6 days after which theiﬁ_fgif material was assesserg for its browning
response. It is shbw W%xﬁ’;‘ﬁﬂgnﬁﬂa? BYogens? pfiits SR thehutdht which were earlier
shown to helstrangly reduceddpaneuncaindaeed poik dideslauration are atso IF stwarigly reduced in
wound-induced. midrib browning when processed and stored in plastic bags usin ambient
atmospheli??‘ﬁeﬁaéﬁﬁt B%%]S g%el%?ﬁé%n cg|sf§ %\Wv%?ﬁ F&évt?reS% %Lilﬁl% Wegt%&l%eﬁ%%% rplant
having a reduced o bsenupyndrindueed surace diseolousation, ebtainahle hysiassinga plant with
the NCIMB accession number 41454 or 41441 with another plant of the same species and testing
progeny plgﬁ&ef?’om the cross by subjecting the plants or parts thereof to a screening method, which
comprises a) creating a wound surface on the plants or plant parts to be screened and on the
control plants or plant parts; b) incubating the wound surfaces to allow for discolquration to
occur therein or therebh: €= BhRIAG tHE wolRd&tffacd dREBBISHEISH intSForF ttiBiants or
plant parts1an@d, whe@)=Gempaeng thenebseived woundauriagewiscoiburation:&dor on the plants or

plant parts to be screened with the di,scolour%tion that is %bserveqon or in the co 1|'50I(E)Iant or plant
part to iderﬁ}fs'?ﬁ*?ecﬁlaﬂ%ss&oéﬂaﬁfﬁgﬁg that"sfoltn & 8—25 0t Fatn o 8iR3BuFation that is reduced

as compared to the control plant or plant part. 2. The lettuce plant of claim 1, further comprising:



e) selecting plants from the population that show no surface discoloration in the screening or show a
surface discolouration in the screening that is reddded as compared to a control plant. 39 3.
Lettuce plant as claimed in claim 1 or 2, wherein the plant parts to be screened are selected from
leafs, heads, shoots, roots, tubers, stems, flowers, seeds or pieces thereof and cells. 4. Lettuce
plant as claimed in cl ig1 1]9r 20r3 wt%erein the&pl%nt artstto be s reenegjar.e leaf discs. 5.
Lettuce plant as claiméd’in claim 1-or ora3,1:\’/vahrer1élin t eaprfantap%rtcs B D& Scréenéd dretiscs from
midrib tissuef. the 6lbkethucel plant abztaimedws ahenelod etatmsdl: 5;evhereihdhe drfcubation takes
place in an agueous_environment. . Lettuce plant as claimed in claim 6,.wherein the aqueous
Eironment Lk need mar so sCO R E AR G R W SaPae Srorain the
agueous epMirgriment comprises water or a solution. 9. Lettuce plant as claimed in claim 7 or 8,
wherein the agueous envirgnmen taj ompo lected from. |.3,4-dihydr henylalanine,
chlorogenic agid, isocﬁ?o'ro%%rﬁg a%%g,%_-éfgg}ge %%d%%%e%%%ﬁ 40 %ny f&%e%%c%% ant ays claimed
in any one ot #ianelaims.2-9, wherein the control plant is a plant of which a leaf disc when incubated

between two sheets o{ ﬂetwte&ﬁ@%{%{&:dg&s %tl%qlﬁggvyﬁpirg}igiJg&olggtatmi%rﬁund the

edges. 11. Lettuce plant as claimed in any one of the claims 1-10, wherein the plant shows a
reduced wip@it-indticeg saffhed discotburaddis and epdicgatite pidiotrapio effectsubers,

stems, flowers, seeds or pileces therecf and cells.

15. Plant regenerated from a plant part as claimed in
c¢laim 14 that shows the absence or reduction of wound-
induced surface digcolouration as found in the parent.

16. Seed of a plant as claimed in any one of the
claims 1-11.

17. Progeny from a seed as claimed in claim 16 that
shows the absence or reduction of wound-induced surface
discolouration as found in the parent.

18. Vegetable pfoduct, comprising a lettuce plant as

claimed in any one of the claims 1-12 or part thereof.



41 12. Progeny of a parent plant as claimed in any one of the claims 1-11 that shows the
absence or reduction of wound-induced surface diszolouration as found in the parent plant. 13.
Part of a plant as claimed in any one of the claims 1-12. 14. Part of a plant as claimed in claim
13, which part is selected from leafs, heads, shoots, roots, tubers, stems, flowers, seeds or pieces
thereof and cells. 15. Plant regenerated from a plant part as claimed in claim 14 that shows the
absence or reduction bt wolF@Shatcsd BHRE GistSlobrabhss findiA 1k phrentiereiq6, Seed
of a plant agelaiprediincanyi gne obthesglaing dtlduce thht Rypgesy fivnva seedasidaimed in claim
16 that shows the absence or reduction of wound-induced surface discolouration as found in the
parent.  WOURFVEYBGEHE pFotud SCoipiising 1ERTEE Plant as claimed in any one of the claims
1-12 or part thereof. 42 19. Vegetable product as claimed in claim 18, wherein the product is
processed lettuce that shows no or a limited wound-induced surface discolouration.



