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1 SCREENI NG METHOD FOR SELECTI NG PLANTS THAT SHOW A

REDUCED WOUND- | NDUCED SURFACE DI SCOLOURATI ON Fi el d of

the invention 5The present invention relates to a
wonel7hete3f or screening a popul ati on of pl ant s POT/EpL@mdo0230

parts for the presence therein of individuals that

show a reduced wound-i nduced surface discol ouration

as conpared to a control plant or plant part. 10

SEREERTRRN felhoR, ok ¥ERRL e mrayre A SHbw.» eppRCED

as | et t ucayoUNDHINDUCED SURFACE 2I8COLOORAYEQRt abl es,
has expanded significantly over recent years. The 15
harvesti ng and processing of |eafy vegetabl es

Fiel AVOF VES: et Mg, cutting of the | eaves, which
i nduces a strong wound response. This wound response

| eadsThe prasapitd igeeatiionatrdater theaphotkedelpr
t ' N ahion i § pLfes Ve
Scr%ﬁs)lco oau E{H%@Qﬁtgg too §%§y?r§ti :::ngr %&Ei%ﬁg%g p?%ktlhneg
presgn@ndZredmowdd ifridé widuad ss thB&cehowes predit¢ah vanthd-

. .desiccation due tq transpiration. Especjally.the

inafi) il SRchg bRy 2 PRregRBick y qpl koL prant

or gt fgaaant i nportance, determning directly :or
indirectly the overall quality of the fresh cut,

packaged | eafy vegetables, |ike lettuce and

Backaththicr Mireevyerionas a consequence of the
eterioratiaon, mcro-organi snms can significantly

i ncr e Hoh RGBSR INGhPER2REy BERGEBATRS PHoEFasT et y.

prodi& highlhy sRenkeshakle Rak¥EEn9b, PERGESSLtah @It
l'eads to a strong off-colour, off-odour” and

vegafabliest ee gepesgerdoniBpitheagbhyunesr wrednt years. The
arJleaJ{&‘?-{d] %%@g%gc%%§&ﬁ§ B@aEeQEVGQ&eQéQX‘%‘ Yvds
ed conv mar ket . her

So-ca eni enc
extarggotealgues inki k€ poeafleesespnushiobnindeed®rd ag;rong wound

respﬁo;p;siegg g sar‘lrg)uxe'l%g r@ls%gk.%,eb'féagls Sgof 5 Uirégiéncgegércivc\ﬁra%ion
of the-processed product. This deterioration is manifested by
discclouration due to enzymatic browning or pinking at and
around the wound surface, respiration and desiccation due to
transpiration. Especially the enzymatic browning or pinking
is considered of significant importance, determining directly
or indirectly the overall gquality of the fresh cut, packaged
leafy vegetables, like lettuce and radicchio.

‘Moreover, as a consequeﬁce of the deterioration,
micro-organisms can significantly increase in number, which
may compromise food safety. The highly perishable nature of
processed lettuce leads to a strong off-colour, off-odour and
off-texture perception by the consumer which is hampering a
faster than current growth of the so-called convenience
market.

Other vegetables, like potatoes, mushrooms, celeriac,

artichoke and egg plant, but also fruits and flowers:may be
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subj ect to undesirable discolouration. For exanple,
fruits |ike banana, apple, pear, avocado, mango,
peach and apricot, etc. quickly turn brown when
WOeTdE®3dr peel ed. Measures have to be t aken R§AER2007/000230
offering these fruits in processed form 5 such as
sliced, diced, peeled or in,fruit sal ads.
Cut flower stens, for exanp?e from gerbera or
sub héységtiﬁﬁgg?&aﬂiﬁ’&ﬂé%%f%%ﬂyﬁi%%.t%o?'é%QhBEéatffﬁats
ich Ts undesirabl e froma comercial polnt of View
1ikbesansea di seol ourpdd nswreadognsadgredptoacheand apricot,

unattractive by the 1Q consuner, thus redyci t he
etcpr%‘db‘&]?lc% Tk DT i“fqﬁ}?“ 11 or Pﬁeg?gerﬂ?%s“es have
to bahibidén threskled Bfd Oimd it FeRSs si Anvpgetabkes sueh,
as lettuce, many chem cal or physical postharvest
such gt et h A beP iRl GFed WAER tcaR®bed8ppl i ed
to degel ef et her 6t erdyr aldaap1ef r-BR peesessedr
| ettuce. 15Anongst these are the packaging of fresh
chrysanikemyrsegeattley IRi@rorenmd filegodPbapher evhich is
oJol [ f ' ti at.:sho t ment
e T R A
disenkywsd oy g npnsdsrefd éoh beuunketraceive by the
ackaged under an 2 t e o gen at
CORTOW eehuesr atrures "4 %g%e@%%tc Sb&%\%ﬁ?gégg%\%}%
substantomddy the ireduced. thdowerer iswehiondpfoedss | ow
oxygen environment | eads to anﬁﬁrobii resgﬂratio

I ,
veg TrEtie SR TGS aPbiY SRE PR 0QbuP 8P The POSE-

harié QHUCE: MG d hPal GRicrediea® 1vpey WAALAI 8ghi ¥€. applied
25Edi bl e coatiqgs are thin layers of materials, which

to dpgelrraffy el datraiicRatdRTh &Ly EBE RRACHAFRA lettuce.

ef f el 3t RIHULCt: e R eduaqhihgmodi Efesentuf orddry

of deterioration such,as evaporation and browni ng. i
vegaske omdag s awdiffigredecampisehbsenndeprbicabippsof edible

a [ r L. I Lurthe

con il SR PRI R &% PdEE Lol PR OE R
whidte igrheiteirt etheb\erammiaftiing karobmiiefy-heat shock of 90

secongds. at. 45 i hntedi,atel y_a c Lhg

Possi %ﬂ %ﬁﬁf eat §¥é§§?c iéér%%géﬁg%giﬁﬁé%gs%%thesis

atmégpidre 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-fiavour and off-odour of
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

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 90 seconds at 45°C, immediately after processing.

Possibly, the heat shock diverts protein biosynthesis from
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3 the enzynes involved in discolouration towards heat

shock proteins thereby reducing the enzymatic

browni ng capacity. Alternatively, the effect of heat
Wogﬂqgﬁﬁnf‘?eat ment on browni ng may be expl ai ne§CH}F2007/600230

t hernosensitivity of enzymes involved in 5 the

di scol ourati on pat hway. 3 Chem cal s, which

can be applied can for exanple be reducing agents .
thel ékeyivdd afvbiGec hel atiistd1agentsohi KewdEIA heat shock

~conpl exi ng agents |ike cyclodextrin and enzymatic

Prot e hi freny Reduadyst dhe enAppREEat Poevping hearacdlty -
A1cbAdEARN 004l 9ROuH Ychivohyer Lotk al€lh nrowning

i ssues and requires regul atory approval . i nations
may ofe terp Jgggtech & édte rvesknsk b g &5y des cen hede s biowe Io@a in

be. ht..of and.ultimtely the applied procedure is
thed&%%%éﬁgﬁf = 5&t a&%wﬁgéhnological ef fi cacy, cost and

f ood Gafrdiop ]l s]Skhietpeehi ve applhedtechn®d00kample be

applied, inmprqyenent of pgst-harvest quality of
reaf i Ss o g B PaL STt sCARLT T ot 1 e BBTA
compl G0y aenttkengkear eyaleheat rigeshd Ned B ic 8%4hibltors
provide alternatives,. which elimnate or reduce

Lo ) : : ! .
11K§ He WEEE 16 - apPPY LAY EPEaPT of NeREPR bl L postatrardvest
obv izt d16§CHRQALIGELES FosHMIBEYL Of 5 £ 08 VRN i res uihtory
is the object of the present invention t prOV|§g a
appryicdeniCegoaBahdansooserbet phor—prarrs, tdviincllogies

-deséﬁ%lé%egbggewgﬂdb%ngﬂgﬁghgi-gfoég&ﬁ%i%%t;e%. Q S:fatpgrl%ed

provide plants and progeny derived tHerefrom
progegirst dst at brpdsteofifir vesveqn oteswmalgpglicedr deifs caugh cost

nz I ¢ browning or pinking. Discolouration upon
and %Sﬁﬁdﬁ§gg%§h al so be visible in parts of the plants,

suchiasespessiveeetdsthé rubdisnol @af Spflli@MEr Smp3Bvement
ers, shoots,_etc. It is thus_a further object of

tub ¢ !
of PORE-PAVERTT oBUE LT bY 0FF RFALTTIEHIRAF LRSS LE1SEF B
flowk@k Rhant Seméhat she¥sa Feduand-wund- %qlé%%dne% in the

- discolouration response in their plant parts.
art sEHPLe7Y NP1 P2y poRisey which eliminate or reduce

the need to apply physical or chemical post-harvest

technologies.

Summary of the invention _
It is the object of the present invention to provide

a screening method to select for plants, that show a reduced
wound-induced discolouration response to provide plants and
progeny derived therefrom that are resistant to post-harvest
processing disorders such as enzymatic browning or pinking.
Discolouration upon wounding can also be visible in parts of
the plants, such as stems, seeds, fruits, leafs, flowers,
tubers, shoots, etc. It is thus a further object of the
invention to provide a screenihg method to select for plants,

that show a reduced wound-induced discolouration response in

their plant parts.
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In a first aspect, there is provided a nethod for
screening a population of plants or plant parts for

wo ttheepeasence therein of individuals that sH&HEE2007/000230
reduced di stol ouration as. conpared to a control
plant, which method conpriges 5a) providing a
popul ation of plants or parts of the plants fromthe

popul ati on; b) optionall é creati ng,2a ?"é"%?ﬂ%ﬁfﬁe Qeening a

t e @ dirstorsprant parts; *¢) Prnctivat ing

e plant or

popdﬁa ) . .
i'n an aqueous environnent to al]ow_for discol ouration

indivodoetar HhREr et rPor at BT oY BIRIERYPRYPEhES compared to

di scol our ati.an.i n plaants or plant parts; e
conlgg 8#’??@’ t‘hhel%o glg(re\f}g‘g %%ﬁ%%ﬁﬁr ation \F/)vith tﬁe 15 :
di scel oprati@hng hat pPeubdse?v e bk OFnPrEFS pPanthe
r plant _partS to_i tify plants or plant parts that
plangﬁogfﬂ% Eﬁ%c%?%%?% ?(gﬂ or a discol ourgti On Itohat is
r edupgdopsi coaphy edréat the comurel spriaceopnptptplants
part. , The nmet hod of the present
or pdp8EI B&HFR has two main 20 enmbodi nments. In the first
enbodi MeRtbiei e seipd opr @it st irslabhe presel brothe heound

conversion of an endogenous substrate. Such
surfaces created therecn in an aqueous environment to allow

. discolouration to occur therein or thereon;

d} observing the discolouration in or on the plants
or plant parts;

¢) comparing the observed discolouration with the
discolouration that is observed in the control plant or plant
part. to idéntify plants or plant paris that show no
discolouration or a discolouratidn that is reduced as
compared to the control plant or plant part.

The method of the present disclosure has two main
embodiments. In the first embodiment the discolouration is
the ?esult of the conversion of an endogepous substrate. Such
discolouration will arise spontaneously upon incubation of
the plant or plant part in a certain envircnment for a
certain amount of time. The discolouration in this case is
wound-induced. The invention particularly relates to the
naturally ccéurring enzymatic pinking and browning reactions.
The screening method of the invention is intended to identify

plants that do not show this reaction or show a reduced

reaction as compared to a control.
| In the second embodiment the discolouration is caused
by the ceonversion of an exogenously added substrate that can

be converted into a coloured substrate that becomes visible

when the reaction in the plant occcurs. Such colour reaction

Lant, Pyt Spolnitheswoundnto wiithaces creat edetheceonherein of

a

for
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.shoots,

di scolouration will arise spontaneously upon
i ncubation of the plant or plant part in a N
wo zeneiesinnment for a certain anmount of tine. %@Eﬁfbbﬂo(}nzsn
di scol ouration in this case is 25 wound-i nduced. The
invention particularly relqates to the naturally
occurring enzymatic pinking and browni ng reactions.
The screening, nethod of cbhe rpvestian isr i atspded o
may Q%éﬁﬁﬁPﬁ%pkgnfg%%ﬁatngognot .show this reaction_or
in tishoweasr educedofedctbon asedonpihed e gohteghod of
30l n the second enbaodi nent, t i QUratdond S0t show
the %ﬂﬂﬁﬂ&ioﬁyl?hé“&@ﬁgggsﬁ8nlg?ng§fgx E%%ous y added >

this SUbstrate thatogan beccesdertedrint @a colmuredto a
substrate that becones visible when the reaction in

- contndie plant occurs. Such col our ‘reaction WO
2007/ 077231PCTTEP2007/ 000230 nmay._Qr. nbe f enin
WBUAdSPREGEed PR toc dOFE % or é%éﬁ%ﬁggg¥s%%%n the = °7° I
a popa8ads ofoaks pokiuvit agt pieeds pathe Soreehiengrwethod oherein of

individuaghowhiehi ssh@aci GiFCeshd & F'éduéed “redcti'on’
cpntr%ﬁggﬁggg~59 @%%ggogg£9|-which-méﬁhdﬁfﬂﬁmpﬁis@$pect,

e’rs pro mef hod for screening a popul ation

of plants or plant parts for the presence therein of

| ndiyi gg@lv%d‘iﬁ@t aSEb@F_\IudatedﬁCeﬂ discos our grawrs @ the

-conpar to a Control plant or plant part, which
plantreetfhoth torpprpeedatdody provi ding a popul ation of

pla tsi%&u%?%&i of.1the1phant s-f posmthepopslatiton; b)

i nc a%lng € glants or- plants parts with a
substSuhet rake that beanobyecsadelinEE fnEOl WY RrEEnt to

: pi gnent to.15 all.ow far di.sco | Oy 110, OESIH;
allo%lﬁ%FeFﬁSSPlPHEPgéﬁP %% 8ggé?vrﬁg£?%% di scol our ati on

in @ epsbheipbamte discolouration in or on the plants
or plant parts; ' ' |
d) comparing the observed discolouration with the
discolouration that is observed 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 fo the control plant or plant part.

The method of the disclosure can be used for any plant
that may be subjecf to discolouration, but is in particular
uséfui for produce, in particular vegetables or fruits, or
for flowers. The method is inter alia suitable for leafy
vegetables, éuch as lettuce, radicchio or endive, for tubers,
like potato of sweet potato, for roots, such as celeriac, for
éﬁcL as witloof, or for mushrooms. The method can
furthermore be used for fruits, such as apple, banana,
avocado, peach, pear, apricot, mango, eggplant and for

flowers or flower stems, such as gerbera stems, chrysanthemum

flowers, artichoke beottoms etc.

the invention is intended to Ldenti&% ELants thatég}ed o a
¢ as
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flowephet sorscetel THP 2609 I B1PCH EPZ6

or plant parts; d) conparing the observed

di scol ouration with the discolouration that is
wo 200bsetaed in the control plant or plant 20 BeAREE20F000230

identify plants or plant parts that show no

di scol ouration or a discol.ouration that is reduced as

conpared to the control plant or plant part.

The nethod of the disclosure can be used for an

praat s dham imgy mbehsd b fe dthat gligicsedt Burat i%‘ﬁ??ﬁ%‘%{ f
identi? %gt %ﬁgh% 2B tisei w4 orequraducepnidnipantédubartace

Veéét btes or fruits, or for flowers. The gethggslsFor
discdlotertaphsisubrabde FoFe | SafyidgdPables” Suth ad

| ettuce, radicchio. V& Tadrubans ol Lke piot ataort
the %EFegﬂé%?’p%fa%%,£$%$é?§§?s,é§%éﬁ{as celeriac, for _.
or tishaet shasuth asométioodiserldwiatmedhr 68 S THES nethod

~can 30 _furthernore be .us or.,fHuiLs qh gsnappl &

may bﬁaﬁﬁﬁa}eﬁgo%ﬁd%,p%%%c?ﬂe{%ééﬁ %ﬁgh g%t? %gngo? P _
nananS09phant and:herpid Dversrwrt feovere stuéeblyuepedsand 1n

gerbera stens, chrysanthemum flowers, .arti cle.
577 600530. o' e "

SCYESQ%Ggrneiboﬂanbé@@,iBﬁﬂd(ﬁhﬂﬁEdiScbﬂbedeﬂomcman
i denti ylnb pl ants that have a reduceg ?PuEd-%Qduced
also dartasetedi suof buswes o3 h e Yt HOP8YSF -t hBir parts

omQh ot L gSUes,, For- Lhe, sefeeningci tlsdest thotef ene vesy
Exampgrﬁcf caf ?%Oﬁée£$ e %art 5 or tissue that is prone

rips heedbsp@bbarafi bnduding et tTREQUE HegraPbelt he®| eaf

. or a part thereof, suCh.as N¢ha+i BaRapana
presegfpces dF FHRIPRBr® f?%ﬁ%dg%% éxgﬁi?agfy used and

convekRoll OMEL S SkbTesrod phenstemirewd beripgprastiedl The
test vehicle. However, it has beeniﬁ%HngaEhgg used in

reductigsopouraseore cah 4ol 5 o HE t'e€t%ed “on fissues t hat

screedif ”%r"‘%ﬂé‘ﬁ@g-tﬂx@ttﬁ@v@@r&&mdd dis cetiowmat hat -
al'sd intact seed coats and root tips are capable:of, .
i ndiici agspecof bar ereRBHTINRT | 1P H‘éet%ﬂpgséﬁcénoP an

useful, 2dE7 9% 'Xtﬁqgegia?ﬂ%@@]&@i@n&ﬁ% AR Hee fe@Aver t ed

Ta®toroure I gnent w t hout bei ng wounded. The 15
Asterkeddel | on parabsehze pIarh O oHBUGTEEC HEGHIEAnBR

more ggegakgicular to the species ILactuca sativa or plants
ular to the

belonging to the genus Cichorium and in partic

species Cichorium intybus and Cicherium endivia that show an

absence or reduction of wound-induced surface discolouratlon.

The plant population thaﬁ is screened with the method

of the "disclosure can be any plant population, but is

preferably a variable plant population that has many

different members to increase the chances of finding & plant
that shows a reduced wound-induced discoleouration. Such a

variable population can be made by means of a mutagenic

treatment using for example chemicals and/or irradiation and.

is ‘then Ealled herein a mutant plant population. Alternative.

populations are germplasm collections, which are cdllECt;ons
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screening for plants that have a reduced
di scol ourati on. In a specific enbodi ne

wo Bbresrmsthod is in particular useful for sel ggg@géﬂ@ﬁ@ﬁﬂzw
pl ants belonging to the fam |y Asteraceae, in
particul ar plants of the gﬁnus Lactuca and 20 nore in
particular to the speci es actuca sativa or plants

bel onging to the genus r|u |
or of St DR IR 18 PeEbLadlar o

trang{;‘@ﬁlémrﬁﬁ ahsense ed.eduction of wound-induced
surface discolouration. The plant population that is

Tor eertgcbdrdth tthhae diprfloguzs oF PhETEPSL RFUTE RSN be

an nc’! Riind Suprater abkyyanvarinest
With ya‘?i gd‘gputlpsgtl on at has],n many different nmenbers to
samplmraase:htshea d:mmz:estet)fpllfnlcﬁm érﬁmpﬁah?afha*fh%rﬁﬂ/\é:a&led

duced wound- c rat ugh @eMadd akle
leaf St gélr?tbl g deq‘Jb% %gﬁé%owgsﬁt ageni ¢ 30 !

vegeﬁiﬁiﬂéﬁﬁﬁhlhﬁluﬁédn'&nmﬂﬂwhy Cﬁeﬁtéaﬁseaﬁgtofrom such

irradiation and is the caIIe r]]t\&plk%nt
ribs polgul @ty ide A% &Hati Ve 35epul atl ons are ger np

asseé@géfﬁg'éyﬁ%rﬂﬁﬂiﬂbﬂthﬂxﬁdSEQRIdeeSY Dérpfkﬁﬁ&rs,
showi ng natural variation. sQ, Ee? tion of
slices arsgem GUSIaMES cary B a@@cfu Thes %f t he
di scl osre .5, SYltablyniRenher mRdcw th @ha@qu@m s
having @ wound surface. Very useful test 5 sanples
envxﬁr&naiﬂSCS[‘HehaterT@ i died Ihvemtacnred PReVED. ¢¥iHed
| eaf dIS nativel.y, e Pk §sus afat
PracVe?erPed"H a\fiegejt 0] \e@ caﬁ&%e l%ggh Sui fabl Y, di'scs
wettdd & Qe f RMeSUC hrhre hsidur fespbssehes cuber ez 65 16f

' halvedfrwts may be ssed ar, alt ely slices
visile grad gde M §%S%% SsFeeEs 8 ?ﬁga}é%%r% are a
ver yuselule ikesty sam equkititbanivopotakes cscummaltﬂeys
pl ace i n an aqueous enviranmren e net hod of tlebe

t
water raerit isod IGaPTbe Werdy SREISET ﬁFa@f“P@gﬂmWF h-har di's &

' furt%%?nll & deubated QN 19 Rehvweennvwebhedihs| 4 esupaperte,

colour response is then very well 15 visible
such around heliddgeeahany lgdand ien  Thas papapound is

converted to the production of the black pigment melanln by

ﬁhe enzyme polyphenol oxidase. Alternative compounds which

can be used for screening lettuce plants in this respect
include but are not limited to chlorogenic acid,

isochlorogenic acid, L-tyrosine and catechel.

Thé diécldsure can further be performed with progeny
of a parent plant that shows the absence'or reduction of
wound—induced leaf discolouration toc demonstrate that the -
progeny Stlll has the same absence or reduction of wound-
induced leaf discolouration as found in tha- parent plant

The disclosure can also be performed on parts of the
The plants parts like lettuce or endive hesads or.

plants.
leaves are usually the parts that have a cut surface that may
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Al ternatively, the agueous environnment conprises
water or a solution. In a specific enbodi nent that
wowbdteriet furt her. illustrated bel ow t he sol ut PEREF2007/600230
contains a substrate, such as
L- 3, 4- di hydr oxyphenYlal ani ne. This conpound is .20
converted to the production of the black pignent
nmel anin by the enzyne .poly | . oxi - ernat.
e ERraBtindS PG oMt B TSl T or. Bedoning Tettude o ote:
rooPtaniSedd) thibs eSS Faetversc| ndembutetar.e not limted to
chl orogeni c acid, isochlorogenic acid, L-tyrosine and
cateehshrt2&Theneh dotosture’ cdre fUrches be perfdr fed
ger%#ﬁik QALY e%nabﬁaﬁ%ﬁh,Qkaﬂﬁet¢ﬁﬂié¥¥NMhtdhic&bia@ce

reduction of wound-i nduced | eaf discolouration to

screlenoms treahedt hat peidopregdeny S IRTIRERAhe S e

~absence or _reducti ngde i nduced d eafrninated seeds
SXOUETH guﬁgﬁﬁgnggésggaﬁ 'rﬁHt e parent pﬁgﬁ?ﬁlggoéThge
the djEelpsdoe capsakse hevpévedrhediten qedois gfeachaon.
pl ants. The plants parts I.i lettuce or_ endive heads
ig restin or

 OPh g shvASE OFE SudFaloYERE Lhart s VE At T haVE B ¢

idemUAGR hiaknABy)a8tbetrub) st o wdiescdlrourntat iponcessed
a

her parts are fruits, shoots, ropts, seed%” t ubers,

vegdtiagver arkebasls eEPLPAREf FPPHRr BISHIWER-LGP Phe

jscl qgu r | Rat o6 serds cgart oA disedsas
pro%ﬂé%"vg i@?5§g§gaﬁ?cﬁgsﬁg15 gcreeningeﬁgthod IS i

" congierfredneddenithel pr esaneetbt o @USFERGUSTPNGEedS

. Sybstrate, In the case of gerninated seeds the young
rejﬁéﬁﬁg %nghgr%o?%ng%éd in the colour reaction. The
di sclosure i's commercially very interesting for
identifying mutant plants_that.can be used in the
Det%ﬁ%ﬁﬁé§§§ﬂr1@t%%ﬁe?nggenﬁ?K%@.l%% expl ai ned above,
di scghayr ation-of : prpducestéd fat trodeassbr eyhcfituits,
and vegetables, is considered undesinaglg sincg t he
manydilea| Bared PrOERUEES| 87 J TR BY HE cHddTer® 15
sig Q?&@Eh%drg &ﬁé@tbgntﬁédéﬂﬁnﬁn%@@ﬂb@ﬁ parts, manY¥#ieBted
eftuce 1s harvested an rocessed by cutting, nmany
by aIéabwmogndpgmﬁf@%@@ohﬁéfﬁgh%?&?édWWE@éﬁqagédgotEhﬁ wound
surs3EAN bl SR, reaponpe, ofc thes AN 0 sBlan dMakkac from
mani-f.este y-a brown or pink discolouration at or
the adjadestrfacd het wonmdmidrib 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

stress or over-maturity of the crop.

Other plants, in particular other vegetables, fruits
and flowers can also be prone to disceclouration. The method
of the invention is thus also a very convenient screen to
identify other plaﬁts, in particular other vegetables, or

Ffruits or flowers that show a reducéd‘wound—induced

disceclouration response.
' The different forms of discolouration are effected by

enzymatic activity, which is strongly enhanced as a
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20 surface. Pinking can also be observed at sites

distant fromthe wound surface at the mdrib of the

| eaf as well as the butt. Sometinmes pinking can al so
wob@7obrer ved at. stages just prior to harvest PEANERI0T/@0230

considered to be due to abiotic stress or

over-maturity of the crop. 25Qther plants, in

particul ar other vegetables, fruits and flowers can

QF tO.diS%%hogggE engygtggt£55£fgltég%ms of

al so be '
'Con?%‘%‘é‘?ﬂ?%pﬁrﬁps TS §6% verbogonvenl ent screen to

polysteid 'y ichefeapitdnins priodupast devl asd otherefrom.
vegetables, or fruits or flowers.that shfwc? I e%}ced
wound* idREF RS GPSBRGUFafFbhY T B ptingetved 10 the

browhh i fd L5180 fier meoof peosgetovieyi on s¢Eatfdreated by
enzymatic activity, which is strongly enhanced as a

enz gnalois ARITER D i swaekdERG taREt GRi BR tRHeISE dutsdpsr Jeen

I | eaplLopsp  Sh 8N d n
e o e e e T ot Ty
posti-fheotwest ide tighe dredwonngikeadni apple, ARmamEp@nd potato.

ct.ivi i.n relation t . ypRat, i ng. | t
By ied s B R B A T hadt &P any
impedihelt Erlimespacived ved he pnyothedvest pdstetiamedston of

deterioratjon |like in _apple, ban and potato. In
many HROCYsEY §I\ﬁs&el%§ur1§§oEﬂssgag?gg%a]ee%he of the nost
| MPOrgaNnts HARZ YIRS onNwebV Bl si BepAsthdatyegdt of many

deterioration of 10 rrané processed fresh fruits and_ ,
techngjqgiifises which aim atpgpet RpdurbiQdroPRS WA hesn of its

actit\h%df argelQf TNy nkbeehnal pakesnapé 0 @k By td¥e food
reduction or prevention of its activity in order to
produmisafPpostaiysesst geartignofn f WotChrrRMEIRPO
resiccﬁ.triaglnyisne%h% lbfelg‘ﬁttl QR skeVaL- hoggéli@g@n@é SgikRe rﬁ%'ed'ﬁgg the

In eplant I'Ssue are oxidised to give rise to the -

fordairinat icdh cokjudnguieson&sbssubsetlient ¢yz yrextzgreridc and

- mat | ti | ead he |.c: [ f
non B0 bIEk B UTeACES A hany prAR . Shen dLso°s

blad®nGadg@kiay.a small gene 20 family of which the

i ndi vi I r hav i -
d‘]kF%%nyw%ggﬁtssgg%ieg SPS ggeégggded by a small gene

family of which the individual members may have differenti
temporal and spatial expression patterns indicative of
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
different species. Table 1 lists the PPO substrates for
various vegetables and fruits that are subject to
discolouration upon wounding. These and other substrates can

be used in a exogenous substrate-based screening method of

the invention.

Table 1
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tenporal and spatial expression patterns indicative

of functional divergence. It has for exanple been

shown that lettuce contains different PPO isoforms in
wotbe/ptm osynt heti ¢ and vascul ar tissue of treTEPadnz/000230

25The natural substrate of PPO can differ between the

different species. Table 1 |jsts the PPO substrates

for various vegetabl es and ¥t uits that are subject to

di scol ourati on upan. woundi,ng., These and ot her
SOUEGBstr at es ca%‘%ggffsceas YaX&Sgenous substr at e- based

screening nethod of 30 the invention. Table 1. 10

Sour cePhenol i ¢ substrat es Ap():{ol echl orogeni c ac

— -
APPle| esh), cat eEMRLOERIECHGHE (£lesh), Céﬁ@@h?;r catechin

caffeic acid, (fdavonala HhCOHARS, flavonol glycosides,
53, 4-di hydr oxyphenyl al ani ne (DCPA), 3, 4-di hxdroxy
benzoi ¢ aci d,3 pArdidwsi roxynhermlialeaiaehdPOPA) ,

LE1SOEYI O B ASUIIAG,  f ay secpacenen
aci d, cat echidrmepiatedhsanelpydegaiccebnidanechofeunaric
fl avonol s, p-é:é)iu&mri c acid derivatives
Bpricot isochlorogenic acid, caffeic acid, 4-methyl
catechol, chlorogenic acid, catechin,
epicatechin, pyrogallel, catechel, flavonols,
p-coumaric acid derivatives
Bvocado 4-methyl catechol, dopamine, pyrogallol,
catechol, chlorogénic acid, caffeic acid,
DOPA
Banana 3, 4-dihydroxyphenylethylamine (Dopamine),
leucodelphinidin, leucocyanidin
Eggplant chlorogenic acid, caffeic acid, coumaric

acid, cinnamic acid derivatives

Lettuce tyrosine, caffeic acid, chlorogenic acid
derivatives
Mango dopamine-HCl, 4-methyl catechol, caffeic

acid, catechol, catechin, chlorogenic acid,
tyrosine, DOPA, p-cresocl

Mushroom tyrosine, catechol, DOPA, dopamine,
adrenaline, noradrenaline

Peach chlorogenic acid, pyrogallol, 4-methyl
catechol, catechel, caffelec acid, gallic
acid, catechin, dopamine

Pear chlorogenic acid, catechol, catechin, caffeic
acid, DCPA, 3,4-dihydroxy benzoic acid,

p-cresol
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Avocado4- net hyl catechol, dopam ne, pyrogallol,

catechol, chlorogenic acid, caffeic acid, 15DOPA

Banana3, 4- di hydr oxyphenyl et hyl am ne ( Dopani ne),
wol2ewrmonsi phi ni di n, | eucocyani di n Eggpl ant chl @Cog®r10/008230

acid, caffeic acid, coumaric acid, cinnanmc acid

derlvatlves 20 Lettucetyrosine, caffeic acid,

chl or ogeni c aC|d derivativ Mangodopam ne- HC1,

4- et hyl cate caffelc id atechal,, c '
PotahP or ogeni ¢ éﬁ} TG %%Oﬁﬁf%Elgrggo ’ g&@&é%&h,

NUShrOO”terSMnﬁi Qﬁ&ﬁﬁhﬁﬂq B@B&drdﬁgﬁﬂbﬁﬁl, proplonlc
adr enal i ne, noradrenal i ne Peachchl or ogeni ¢ ac

pyrogal | ol , AGHthA-aEEHE"S"dat B¥R Vlccaﬂésf grcresol

Swe@@'ﬁbt&%ﬁl'c AfidhofatieChidid, deparene 80id, caffeylamide
Pear chl or ogeni ¢ acid, catechol, catechin, caffei c

acid, DOPA, 3, 4- dlhydroxy benzoi ¢ acid, p-cresol
In many plants, the level of PPO enzyme is not

specifically induced upon wounding of plant tissues but it
resides inactively in the chloroplast. Upon'wounding PPO is
activated which is manifested due to the fact that the
phenolic substrate residing in the vacuoles is brought into
contact with PPO due to tissue disruption.

In lettuce, the production of polyphenols, which are
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 but rather by
the rate of polyphenol bicsynthesis upon wounding.

In this respect the situation may differ between
crops. For example, in apple the amount of polyphenois 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
de novo upon wounding.

The synthesis of polyphenols occurs through a
well-characterised biochemical pathway called the
phenylpropanoid pathway. The first, committed step of this
pathway is catalysed by the enzyme phenylalanine ammonia
lyase (PAL, Hahlbrock, K and Scheel, D (1989) Annu. Rev.
Plant Physiocl. Plant Mol. Biol. 40, 347-368). PAL converts
the amino acid phenylalanine synthesised through the
shikimate pathway into cinnamic acid.

In lettuce, wounding of leaves leads to a strong

induction of PAL gene expression and PAL activity. The
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11 Pot at ochl orogeni c acid, caffeic acid, catechol,

DOPA, p-cresol, p-hydroxyphenyl, propionic acid,

p- hydr oxyphenyl pyruvic acid, mcresol Sweet
wopod7atrashl or ogeni ¢ acid, caffeic acid, caffepCampe®7800230

In many plants, the |l evel of PPO enzyne.is not

specifically induced upon undi ng of plant tissues

but it resides inactively i'f the chloroplast. Upon

woundi ng_P actijvat ed whi h i.s, mapjfested due to
ForfiRELPACYE (ARG A promslie G660 PALR. FBFdPAGTHELe
acti et yACKHD &5 s&;d&sﬂwmhammme@taeﬁ.tw i hakPexdie to
ti ssue disruption, In lettuce, the

WOURRBRUCET OFF TR A HEh IO THANEY TAFEOFnESSRBREHAL R TP

,broﬁggk ' éﬂ@%%?eq{uggﬁ aoundiond) Presebergichhelantarum

romnlng potential of lettuce ti ssue seéms not to be
121754283 chiby neftezannan tdferPRO)i-nHeHevesaf 1Ei 583ue

cum?c%t{g;@ﬁ%le - L8 SRt %‘&B@%nagtgmxgt bgsSi Binal

I'S respect
outsom@amfcmhqnﬂouhd4xnddnﬁdmﬂa$opd@psatEon exaqpien i hor

a e the a unt of hen | s i ficiLe
exaffiier atte Aot SegHeasest nE0P) uhEE Bheh s aggested
to poeihetrtafd efs wmalung edtemaa_shungl ehéuﬁEnhhelevel of
browni ng, reaction nay take d e_to_the fact
diseabeuratiQut t eyt ol ﬁTer‘?&l ﬁoofwﬁg%eﬁy heets: anood
Cheae §av@t hesi e xie; nawa: upan ameunadi 8g. aThe2eysl hesdsci .

phenol s occurs throu%ﬁ a 25 well-characterised
Blob?@'@h@ﬁn il ogwmwneBP c all 9 ed 1498 ) pheny! pr opanoi d

pat hway Jlgeeﬁm a GOPH %Ip%hﬁg oh Eﬁésapaiha@mi@ of

catalyse y the enzynme phenyl al ani ne anmoni a | yase
1nt¢m1 hiamcb;amlpenow,Sd:lir@elconlpr@lpgggynAﬁﬁuPOIPze‘w .
.Sl q{h}( Rlant; My.q Biol. 40, 347-369). PAL
e

dls%%ﬁ%%r (ﬂb amno aC|d phenyl al ani ne synt hesi sed

t hr oumgh Jtmmsi'uﬂem‘aqmtmm;atl wbundunganscsameldow
A R
thrJﬁ@h 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. Theréfore, it is likely that many genetic
factors are involved in mounting the discolouration response
of wounded lettuce tissue and each of these are potential
targets for genetic modification to reduce or eliminate the
wound-induced discolouration.

Most of these genetic factors are currently unknown
and for those known to be involved it is unclear to what
extent these factors play a specific role in the
discolouration reaction or perhaps have a more general
function in relation to the wound physiology of the plant.

For example, although wound-induced PAL activity is
considered to be determining the browning level of lettuce,

products of the phenyl propancoid pathway are known to be
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12 formation of polyphenols is correlated with this

enzymatic activity, which suggests that PAL activity

i nduced by wounding of lettuce is an inportant factor
wonegmoensi bl e for browni ng (Canpos, R et al. pCZ024007/000230

Physi ol ogi ca Pl antarum 5 121, 429-438 and references

‘therein). However, it is cyrrently unclear which

other factors deternine theé3inal outcome of the

. wound-j nduced di scol o ratggq %eactigg. For ex ngle

invpREERGHR viT eI A Gdadid i PoBF YREESBERN L SgERIEY

res%@n@@ A4t T ANt RS Rl de ireRtiabl ksbi Rguhbeihinaéd PAL
evel of 10 discolouration (Fukunmoto, L.R et al.

act{pboR)ig opgRy o PR ChROWEADY BSHSPESEE; may compromise
rein-.nDi I I-QSChr B c , be
othg?o%%%?na%géf‘ b%zgﬁ:felsg Wé:gu.%Q:p-El)ndﬁc:%@ Rgotﬁiﬁghgngeggh may
lesacdéewitabdependselot itdre tay githeli kspgcst Pht bphapce
lgydrqggp per oxi de, the contribution of POD to 15
U bt stof dtration may be limited. It is further evident
t hat MDuhdi sy | BPG arehiow tye heei bednbymphéeg| antband

snvGhPER T SRR 15 Ry SO (TREd FBF ol ELLHER) pe

broRRERE SbNdoUsal iyt AdRsa nRCEPO tleeelwi hby20npréase i tye
be targeted towards wound healing and defencE 2%@%$st
suspaphbyehity Hemagigeny (TOIPYREPPIr hir fhnd g k

plah 8BSt S, @ iNvol ved,d it it iRgwhRe rdhseakaupat t 19
response of wounded | ettuce tissue and each of these
invenreopotidrat & nmerg et ifasedyeppricd cholpYi B8t FeRSt o

suc%lggyf 1 Of, &yl 1 r&%tosgatétﬁ:e 2 ound-baducednprises the

scol ouration. of these Qgenetic factors are
foltowimntdsepmknown and for those known to be invol ved

et IR AT SRRt Oh P prae, -
parPEEhBps hame: hthpepudertdreal. Such mutant population can be
generated by treatment of seeds or plant 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 discolouration of the plant, in
particular a wound response-induced discolouration of the
plant, which is channelled through PAL and/or PPO.

3. Characterisation of the mutants modified in their
wound-response with respect to post-harvest discolouration
potential and absence of pleiotropic effects of the
modification, which compromise growing and processing of the
plant according to common practice.

The invention thus relates to a screening method for
identifying, selecting and obtaining a plant showing a
reduced wound-induced discolouration and post-harvest
processing disorders such as enzymatic browning or pinking.

In the screening method, discolouration may be observed at a
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30 function in relation to the wound physi ol ogy of

the pl ant. For exanpl e, although

wound-i nduced PAL activity is considered to be
wodedmrmsni ng the browning | evel of |ettuce, mCOGHPCE0S/000230

of the phenyl propanoid pathway are known to be 13

involved in inter alia cell wall biosynthesis or

def ence response as wel | . THer ef or e reducing t he

und- . nduced PAL acti v n_order . to ce.
wouB oRF K paTEncs bl hyP KOO e ¢ BE naP CRURCELBRESS 2150
sholesi 885oWe Unéld thithic aghdif amtaiing onhioghanBybberatéess
desirable in relation to other aspects of |ettuce

cul ti darpeant plant popylatdgnsdorpperadpi PeymRERod of
thebﬁﬁoewpéﬁ edy it orde éféﬁ?ﬂl\ée%é B rdgheaae 5egponsps and

herefore reducing the browning potential by reducing
PPO | @ et xeaiping G emds( € RO Pd@8EePEBLEFL Ot Be

moaFLOgY5Hen ( IEVARANG: Aol ) bR bt Recraent or s
t hat 1) n@m@w1n§np&ﬁﬂt&ﬂﬁmmma¢men$%UBeOhbﬁensdcﬁess¢@ﬂs to

in t ect Such approach conprises the
Obt?bPI%hn {F Tt¥ps: 151. Generation of a variant

popul @f | &t Bngll BAtisspdat ipay titey &) andutiinh times to
popul ati on. Such mut ant popul ati on can be generated
Obtﬁﬁntm%iﬁrﬁﬁﬁ St seeds or plant tissues with nutagenic

agent §y | g&@nBidwingrethanansidenaned( 818h pecdsr ays.
202. The set-up of an efficient phenotypic screen in
groyapg ht kel Rkatlon FromhddroFe®9%i-scol ouration of the

pl antAeé&M%'@djliﬂ{e emdneme%e hpdusedre
di scol our at i of the plant, which is channelled

submm@ghlwa_smcbrfcppmh@r @eawsctarisadi 8aseplepsation
res?yhggtsP{%§¥ éﬁ%]rhgfggg gﬁ%d”@fnghﬁﬁsgogégu$é&h

espect arvest discol ouration potential and
dlsabSemr&mxﬁnpﬁ&apﬁn&qmt:»eﬁﬁnmdxpgohreheeﬁedtédcaTh@n;

prog%%%r%f‘gpron]s 6}a t?ndspro%%%sgﬂg ggethﬁugégfﬁduced

I ce. e I'nvention

distel atest idn arsaF@edd Nigs m@tahmiefdor 30 identifyi ng,
selectlng and obtaining a plant sho m%ng ? r educ
Arv

woundt? kR T STt #9765 d 2pod e8f© & ve
madPl O£ &St A1gktH $i0f defSyStih ASrfR2Y Bl phPEQWALNYrofitments

aregggg%ggqvgga;25@§§£%Sghﬂgxygkp%%e gkicgkgggaéggnbgagsed
to induce genetic mutations in plant species. For example,
one can treat seeds 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 instead of C. Therefore, GC basepairs
change to AT basepéirs at a frequency, which is determined by
the effective dose of ems 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

properties and the time of incubation of the seeds in the ems

solution. Seeds, which have been treated with a mutagenic
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19 wound surface but it was also found that intact
ti ssues al so show a col our reaction upon addition .of
a substrate. A mutant plant popul ation for
wousedmst he method of the invention can for exampb@7oe230
prepared as follows: 5a) treating MO seeds of a pl ant
species to be nodified wt mut ageni ¢ agent to
ogt ai nbl\/ll segds; growi ng plants fromthe
t hus obtai ped ML seeds. to obtajn l ants;
2geBs  Spti bR T Tereaio Tk P -afd &) CHIEFABE"ES 35 the
tre@Phaht, Mpd s£86ses of the M1 Heellr HohdkiiAgrhh@omhpsint
obtai ned M +n seeds and_growi ng the plants fromthose

mutagéass AecHhdli IRP VLT IRF iR iS6Hthese phaRfspapesnt in
thesHgﬁgﬁgﬁféﬁfoﬁﬁ%@xﬁgLféy W WWUNGRdeeedgermline

_ di sc uration 15 response. Plants that do not show
tisgpesligarminelucetl @i stidllodrattiremsfeggens &ot §hRoBATF ng

are, selected., Then 0 t | ect : j
o RO AnG The ) T O SCOTSUratton ToiRarEe s
theirsofeasiicleda ré rhas derirt o ftfiedtem tgehettieb yv garizabhi ty

use,can be 20 made of nutagenesi.s. .Several ,chepn cal
Stegi L bRy sPbart 17 bat TS SHE Know TEene pardohoSkiTl ed
trah@féb_@e@ftqvﬂelﬁ)mza;’br&eratﬁeﬁl.to i nduce genetic
mutations in plant species. For exanple, one ca
treats@EEsI3h REFAUIOPT %%ﬁ%@?&?’f%r gﬁf the use of
emsCOPSENLE akd PNSc 1l r anH Agen: lddentenes Res1al kykséBde
primarily 25 G residues of a DNA strand, which during
mut pFANE e pReRts o € s WY g wileh aFti-ndeesdcetagly
gretor LARP AR - T hasenai bsesh
use??eq%%%c%k%c gmd%atgge%n}%@g%%gsﬁhg effegt iasg d}ége
sulbhtemidany, téehytnadninef(gile mMromaneh spépane, sjsnerhyl-

N-nffrb08: L AN e 30NG STIGE! MR SIGRE rRenGTR-AEPRRAS) O~
ethyl-N-nitrosourea (enu), sodium azide.

Blternatively, the mutations are induced by means of
irradiation, which is for example selected from x-rays, fast
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
recombination, gene targeting, introduction of modified
target genes which compete with the endogenous product,
downregulation through RNA interference, etc.

The M2 population of a mutagenesis treatment can be
used in screening procedures aimed at wound response, which
is channelled through PAL and PPO. It is obvious to the
skilful artisan that any population of plants, which carries
genetic variation can be taken as starting material for such
phenotypic screen, such as germplasm collectiohs, which are
collections of plants showing natural variation or

populations of transgenic plants.
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concentration used, the seed size and other physical

properties and the tine of incubation of the seeds in

the ens solution. Seeds, which have been treated with
woaomrageni ¢ WD 2007/ 077231PCT/ EP2007/ 00023 @CTEP2Ag& 236

are typically called ML seeds. As a consequence of

the treatnent, the tissues.of the ML seeds contain

random poi nt mutations in the genones of their cells

d tfos t_in th a
\?Aql ch gﬁ"f‘?‘%‘rﬁﬁﬁ%ﬁg S QQP% |S§’Lg‘g(ger€§b§ effected

by ﬁ@ézlus)oﬁwsiélﬂaqﬁlrlam&a‘tardxﬁd to the next generati on,
which is called M2. Mutations oé,econbl nati ons theE %
the

whi chIBrerdRip| 6 iGRIURt itedt e REPERY YRAGSPHESSD ©
1nv§ﬁ€£éﬂ't¥ ﬁHuﬂM“éﬂkﬂé@%u%%SQWQEYth@EEEEHt&smtﬁé diymatic

be transferred to the generation. 10A simlar
dlspcpb@emtrneorasrmqrbe@ a@@%u@edopppﬁewagedbm enguch

woulir?rcuﬁ’?gl%exﬁa e ANErJoY %ﬁ@uﬁtﬁgwﬁm %uﬁéh%b s DUk1AD] e

enic agents are he af .
abr®aitdg cus@rd shirgpf lhreaarkanalfk;oleatlllng, m;lt:agbnn@f AR sing,

such as die S de ei
s1a 3 Ean o, THE R teh o PErERE ke
detf\ldgﬂilﬁr)?, &Wir{g)SCt-el\&-rm‘?j hyl) urea (NWJ), ;
t -N-ni trosour enu ium_azide, . )
Nt erTatTARISPoTchd Tk SHEbHETARE. PrARREG BYSREMR i
whidh I a6 e%ldé&hod@lf hdded eubexaapke isehestigdctsomso be
x-rays, fast neutrons, WV irradiation. 20l n anot her

Praghbeel rhtiRathd i SfHaR 908 PRERMLPAELSnsSAFR FRdERE

in BYeBRANSOh,UENR1 o AOWASANNGeaBlCBEAENEYs BRSNS, for
use of chineric oligonucleotides, honol ogous

examptoniemtiRsh, i yemenediege oitng OchiiefoAUEE i8R bre cell. The
enz BRI 180 AL Qe Q;%G%M&u%h rCOIRELE Wit Pnihesiso

ndogenous product ownr egul at1 on t hrough RNA
avallhileld erigrioeit girior wounding.The M2 popul ation of a

mut a eS|stretrrent can _be u n._SCree
proc s 5 g% < \fvﬁou;ill % élgp%%ggdl\r/\l/ﬁ E% Héé‘@ed, a
pheSbansned Icﬂchﬁahrtﬁitgfsﬂi& mad BROomket masibdbyt ou]sld:}o i:he

kil ful t t hat I f t
diagapsti GO GHREAELY AR onG i Baken hecel S f ke

andnﬁﬁfﬁhfﬁaﬁ(ﬁé ﬁ@&ﬂokﬁﬁb@l%&kﬁgn;nSHCBcﬁéen of the
gernpl asm col | ections, which are collections of -

mut e RPBHIENRY nat ur al variation or popul ati ons of
transﬂ@FWééF§&¥H5351ngly found that such phenotypic

characteristics can be obtained by taking plant parts and
incubating them under very specific conditions which favour
different forms of discolouration, in particular wound
surface discolouration, to occur. Subsequently, such assays
can be applied to large numbers of plants or plant parts,
such as mutant plants, in order to select those plants which
show a reduction of the wound-induced discolouration
response.

One embodiment of this invention is based on the
surptising finding that when discs from leaves, such as

lettuce leaves or leaves of endive or witloof, are taken and
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16 Production of ML and M +n seeds is

suitably effected by neans of self-pollination.

In order to carry out the phenotypic screen of the
woipvantison, a wound surface nust be gener at e@Cagerkine/000230

enzymatic 5 di scolouration reaction is induced upon

woundi ng. Such woundi ng may _be achi eved by cutting,

punchi ng, slicing, abrasind? squashi ng, breaki ng,

. eel ing, crushing, essing, slashing, .grind
incRbared by HFSHe et o (S SRPCdGt AEhPrg: ROUFhg,
appt82ih&gel U tayes dHund Abati dohermat pedkoliyéhgt the edges

i nvention in which an exogenously added substrate is |
of ghedleahrihled MREGIHTIERTET Gt i nLasebipsshibseqngeper 1s

. n t e ' int i es AP 3
e e A i), 20 Pap 208 EPeh s «
SchpPll j sMierrystisthay drddht ddseetlsi dermpayeelpon Theriser
inc&Q§¥n§ tr%ﬁel %qugfﬁ fﬁgﬁﬁgyf¥§é %%QCEEQBr'épé?SQiﬂéééhy

avar T abl e w tHout prior “woundi ng. ter
one Waeddi tige ofiaxiwem nion heounidiyndraiss beeededache@hehind ypi ¢
£ characte iﬁ%ic, st . becone nanifes%.mhi?h gg wound

OrpRR MRSt o itHe Pat IR A% &R TE6 T €st
surfhse®| ouration 20 and which can be used very

efficiently in a screen of the nutant popul ation. |t

was sERPrASTFRASPIOHRR (e DeueRaghendt ppi georing on a

visGRAr 864 £L | Sldif D, CahRg Hladisned BYolakh§dop! @ik Pagf Sto
and incubating themunder very specific conditions
10, vl eph freRftr BwWiiie et PlekHadol 1iFs8of bBRRARTANTATIPLY

of gﬁ%tﬁféﬂ@rﬁwds%aefrﬁe% @H3C b AHEALT 8N, sk0; PECHEx
ubsequently, such assays can be applied to |arge
screembey slaftyiant Srorchsl dxampdess regaciing hettwee the L.

satﬁ)xl}gné%srieletny o'r'IdrheoruI:}a%osuel'.egt tulg% eagl g”&%a%&f@ %%PV&@
r eductiion “of the wound-i nduced di sScol ouration
responSealesired, pictreserfaodibeensedf fohi sompaenteonto

scob 8% A AL P28, SR8 BB pT £ 68 on,
digersl viei &rudd 10ef beamtidealodn tied filter paper with the
pink or brown dye, followed by counting per leaf disc
position the number of pixels with an intense pink or brown
colour. Using one of these measurements, simple statistical
analyses like a t-test, well-known to the person skilled in
the art, can be performed to establish whether a plant or
group of plants is significantly less pinking or browning
than the standard. The applied significance level of a
one-sided test is 0.001.

For mutants, the statistical comparison can be made
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 cffspring.

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

and/or gene bank accessions can be used. The statistical
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17 incubated between wetted filter papers at 5C, .

after approximately 4 days the formation of a pink

dye at the edges of the | eaf discs beconmes apparent.
woSw7eatdse filter paper is filter paper type PCFEPSH7/000230

Ref.no. 10 313 281 from Schl eier & 5 Schuel |,

M crosci ence GrbH, Dassel, @er many. Upon further

i ncubation, the signal intensifies and after

approxi mat el y one week. t he maxi I nt, RY e
comPRRLRER SR T i 0P AT b heed) § oeReEE the
indsPegihdi catdys &t ok s uifwaeas gatQbhe addsebkoneat i ofi the

can be neasured by, sc_orilgr% on a .visuyal scgl e frg{r)nro,

POPWAR BHORe e o> i G i 1Y gisRbiing, 1R8iTe<vahfc

sigABRNSaRE PN Hbs ghich 1pi K i diihe & rdabd vaetetyaPlibe
the plant” to be screened (for exanple L. sativa_ for

needed cbpi PRl P 2t deyoPSH AWRE dafiIed fREgRFEI hEVELEEt uERT
L. tiva variel Vg OYk'stl $iUEeHdn8SsBandard
exa%}?g%d%?r}i%%? éld&\“l@llﬂ%’I Comqa%i%g%i lr%gt pilcturgs %a%n **
(Duliee U eQ¥ f OF . comgpas | St it s@msea-h&0iinil8Phedilal e (1953) ) .
cl assgs_between 0 and.10. | dqi; t.i_o Lgi.ta
pi ct uh‘r3 légé%%’ b%t nade Sol}o"%é:%ﬁ%l Sgﬁspgsgﬁlb\g\n%%hk?ﬁebe
obt i kd olis i @whaitly e i f 8 deovie dt vipe sc adnttiisgupepfl éabvds set

.20 position the nunber, of pixels with.an i.nten i nk
SR A SR S G R P g e L L e
midBi PPt EsSt@tdést | £Bdo anal waR&Edd ke @itvet etis webkboksowapon

to the ‘&)erson skilled in the art, can b(l% ﬁerforrred to
woupding| | WrehrERhereh 19 it iGTegitolyPee Flahfsthges, such
as Shofiheaa! | Yodissy Piddd NG a0 BakZeakhanot he

standard. The applied significance |level of a .
indpnbdied Heaceestions ool found that spgwepypaapificpatly

tafish) "Bféi$£ deskebween bbBBulation. It
les%iﬁiﬁl%{gﬁig%}&erg of the o%itﬁ%l IIsiar iSet 3[% V\hi%h‘slilsaﬁ}%n

is testefved |abielstahddrat, wrtdimhéhei gkilbgvsteresebtuce

t he_30 i ndi vi dual tants Lar. thei L f.sprLi -
SYPRS RT R ARt (AT G ha VSN Lol err e h” 1T
woupdl- et Suce® pp asie d i dalensayilees of varieties, breeding

lslt gte?gi?rnga/ﬁprflg%%eerb%e&o%cs erséscleo&qséc%%r%dgggu%gdthghe
invention that a specific inhibitor of PPO, L-cysteine, when
applied during the reaction, strongly suppressed the
formation of the pink dye. In addition, it was found that the
formation of the pink dye was inhibited by cinnamaldehyde,
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 brbwning of fresh cut lettuce is known to
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 propanoid
pathway towards heat shock proteins thereby reducing the

metabolic flux towards the formation of polyphenols.



10

15

20

25

30

conpari son can then be nade between the pinking

scores of the individual accession under

i nvestigation and the rest of the popul ati on. Wen
wob@tdreiical |y testing individuals for signifeiceartioyo00230

| ess pinking nmultiple conparison tests may be 5

needed to mai ntain proper qyerall significance

| evel s, for exanple Dunnetts% mul ti pl e conpari son

test wth one standard ( net t J. r. Statist.
Assocxi%%FHﬁ%ﬁ%@ ﬁ?%jfi§§§¥¥gznmgmée exéﬁ%%?ﬁgrsyit

assWASn§ heMet tied &M $nd LSROASE R ND@caRbaened usiagtion,
many different types of tissue of |eaves, of

10
suchj £ eF BAt 2R VPR RHH dinadtdgededrdy ExgnpFat PRoCk

trehBhiNEe WL b d iSSHe QaaliSO PP 1iiREUERd 160 LEEYS which
this response upon woundi ng. \Wen applied to
is dgubsegepntlypessafed aiqudds piudings r6gPeBFReadt was
jce , +1£0S, ' r: .Qakheaf i-adi yi-duak
Shoggcggé?o%§l§e$e %%%% ?ﬁggagﬁgﬁégzgﬁgn??icant?ynﬁé was
effeessvel nkimgi biveed t HBhire stempm stthre tiesy ébeitgahedpinking
opulatjpon. It is theref.ore cqncl d_that _within.the
resBERTE Vot ol TRt thHbed Ve O o8 LoRry Cyepyts
phybiflbgicgeEnetv&ryagimitlian tfoorthaowedli haveedepzpkatic
di scolouration. It was further denonstrated according
broyRipfer9PPPHRenti on that a specific inhibitor of PPQ
L- cyst®i Hefi Mpahg appd | ad ey RgidshenteagkiobBy applying
strongly suppressed the formation of the pink dye. In
L-cygbpiPoms 3 yRAUT ORI (HEYPSLAREY 0R°8E IERPBIRK a0
inhﬂﬂfteé;@sof &l ted byscimnanpldehuders Waicehcbsodbed
Inhibitor of PAL activity and browning of fresh 25 _
o-geimohes tand ¢Fystta, them dlack ipZEO6PlBusdess diphenols in
| Oof n I oche a0 7 Bhpel Ladings
a C}s?%[gﬁvg%ﬂa‘?éq%%lpc@nk{gcﬁ%go ndu%z}\l% |Zlo)nthre egggﬁséy%f ?et ?%cbey
letiscPAlean I PROG dependerited with L-cysEeiypratiit was

browni ng, of, fresh cut .lettuce is known ver
dengE PR PR NP coum R by PG A Eat Cay Sar e B
coldf@rhesas shpsdundhelwhsemeedefdedetrecadkbeéyexphai ned pink

by assum ng re-routing, Qf pratein biosynthesis from
dyet%'/ﬁ"é PheVi i Ipa H“%Wf%}'omr ds heat shock

pr ot erRss tihes ehyr Fesied @ the vt ahekiiegl kHxtt evandsng

the formation of polxyhenols. 19 )
agepf§ ok Hat | P IHARHT it Ty AbeieRpPaPRegOByert the pink

dyea§1§f:‘5ri DSt rides eégﬁ%ﬁﬁud.nvm ved in pol yphenol

oxidation, such as PPO and PCOD, are inactivated by
t he hBatadhoicons etheremianifen WHEhear sRseR fzom the
£iefBP! LRI O &Y LGSR s I Glked B RUBOQAURNL LY, PBAKET the
of the pinking respohse, it was shown that~this
pink esponskoutatkison hies enizoreliioipedwed.nGhiwademonstrates
effectjvely,inhibited. This denonstrates _that %h
thali T nle7 bebored BT 1St (RO O 1*S PB&PE ot "Phi &
nath AYEDY | & Sr ity spatiogic aHanoreinypnsi minliah tant hemaelihes
known enzymatic 10 bromn%P%:res onse. ... .
be seen on plants growing under field conditions.

A further embodiment of this invention is based on
the following 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

days. Especially at the wound surface of the main vein the
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This finding was further substantiated by applying
L-cysteine as a reduci ng agent. L-cysteine, besides
being an inhibitor of PPO is also known to react
wovobinreshour ed o- qui nones and convert them bach/EPR§0G/000230
col ourl ess di phenols in 15 a chem cal reduction
reacti on. When the pink dye forned by |lettuce | eaf

discs is treated with L-cyé?%ine, it was denonstrated

that the pipk conpound was converted into a .
broUBE b FRRCC bl She S i Orar B k5P§ PRgYRing

reabB@oRi Bkn 0y Esd Sb@NoWs N aONE. ftdiTthdly BR@n:203hEs upon
was corroborated by the finding that reducing agents

damppkBgasedyBF cPUcFU BINGI U AHFH R -so convert the
pi nk gdye LAt oS & LM ERF ARARE. can complegbmy be

addi tion, when plants, which are taken fromth
inhfibdted hi hestion pé nkdmginhekd toregife §ERIy t Which

- Lpe,, the i ' |ouratian.i 0 PP
aengpltEa b RGO R e LR afeg hrovan eeo
actpihkyngnd eslpanstois capriesentisigietied daegnakkyc for post-

occyurrin i nki ng_phenonenpn,. whi ch can.somneti.nes_be
harSEah BROGPIN o 5T T b B o pa ocadi PeoRed Feckdaing
of fwethee.enbodi nent of this invention is based on 30

the follow ng experinent. Parts of a |lettuce Iegf of

a healP87% YWHRICEFHEE RIIFY End SehEdBEfed28t PE6C

genkPa 8kl iASad dESRONSS A NMURG isW LasebbUERS1BIO¥A in a
after approxi mately 4 days. Especially at the wound

pheBOEyREe BFPTedElRmiRFRGHI &0 dgiepltdmyi RYteah Bleakfy
whi@ﬁ QP%efél ef%dﬁ heS U -Bin die LLAMILRG o BBELLEDaEAN
al so be observed at the whole plant |evel upon
damagh nfjut gmee ssrifyodineri thep forthdlsr doiventinn| isf bahedeon
br,owni reactio Q t el e LnhLbit
ehe SEEEL COLSORH NI R f Y BEE o 4R e BRs b  Ep Y or
thet bal ot hesea @hienotolpesrwrd imanichestredetltr onghcPPlettuce

csoBELbYL oA, DSLLEL o 20 g, considere, 2amanti s

subPt PEESS| Wi N - fackagidigreaftddettiutte pAERBSEoxidising
wound- i nduced browni ng reactions can be generated in
enzyRedf 7P FRL MR CHRVEan be exploited in a

For example, when lettuce leaf discs are incubated
with the PPO substrate L-=3,4-dihydroxyphenylalanine (L-DOPA),
a dark brown to black discolouration is observed at the wound
surface which is the manifestation of the formation of
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
substrate for lettuce PPC 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 discelouration
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phenot ypi ¢ screening procedure to identify nutant

pl ants which are reduced in wound-i nduced browni ng

potential. A further enbodinent of this invention is
wobasadygn 15 the di scol ourati on at wound sur fracaEP2@f/000236¢

| ettuce tissues or the colour reaction observed in,

on or near intact lettuce tjissues, such as |ettuce

seed coats, induced by app@ﬁ ng substrates which can

resggpggi‘éer%%%pﬁ{eﬂdﬁ R0 it diNuhEN LBt ChLBtpaspic

aci8l SESo@k ot disatbat efhiM b h.-tthe JshQe5ubstr akeechol .
ClL 3, 4od|hydroxyphenylalan|ne L- DOPA), . a dark brown

to bl Bekewli 5ees Gintat it if® @fatheneifbeRant dves

at §§&£&C§u¥‘fé {t.?] Serddie q@mni fnegz%wtgnm%lwgsfﬁea@ﬂe&lons

nel ani ne rough PPO. Wien L-cysteine was appli
in 25pstmuy asieousing hehs delduditsenl odr at wg\qnwaglgnal
co et el f.ed firns.the,as ' -
cnatiREFLEar e L e Gt e, SRR R RC ;B 8 SR Bcaion.
As ééthﬁi@&ﬁl_ixﬁyé|WDunﬁ icahicdekddcodobeahinat neattions

subs for lettu PPO it .can be useful
canSFostt bt Bb Aenss tRh i (o B ERGE A Rna i SR LRRGy
very e8EELel avornelt Sttu et dirSee) @toakidatte. The ratloﬂlaﬂl@
sim|ar manner as described for L-DOPA oth

undgyh¥inat ey aatined f5agddesth bé’r For-st 61’1?’5{‘%08 is

111656£0 QU & i®fhuwal ¥ €Sponse. These include but are
not limted to chl orogenic acid, |sochlorogen|c aci d,

L- t yrdgtordinmtcdtbdchginvention it yarRehPpdgEPHRd  that
thet@&ﬁgf{&gﬁaeéa of; 48 Al SNt A¥es yabrWorRd gusfaces

ener at lants nonitors nodifications 5 in a
vztpathmagesyaWWQHMPQA/WHH@ ithgu etoivod -ohdaceduddisspyparation

nnel | ed throu h ,PAL and PP e n o
of nge%%o?mﬁ 215 C Asatdesc?:’rjEl % aQt %’gg%ev\gﬂﬁdgla%dﬁheﬁefore be
condi@@fédnmfﬁgnﬂsﬁxﬂmﬂdnmthlsa@rmeaéslyThesassessedomWrated

vi sual jnspection al | ver fticien

by TR aiet S8 B o TG adiRe O TTRAT 51 BRG] sPRLETE the
nz hger ¢ b rgert he; rmi habdesed hed bﬁcﬁ(hgédl D¥EbhESONULGer
illustrated in Figure 1. Accordhg% to this |nvegt|on

praciigak, tmius Qﬁﬁﬂ}tqﬁﬂdltlons rtantly, as t

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,
as this response can be generated using a whole range of leaf
tissues 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 identified as being
modified with respect to thekphysiological process leading
from wounding to a PAL- and PPO-dependent discoiouration
based on one or more of the phenotypic assays described above

can be further characterised. Such characterisation can be
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t he wound-i nduced di scol ouration pat hway of | eaf
discs in vitro largely overlaps with the
wound- i nduced di scol ouration 15 of |ettuce processed
woaborintstri al scale and can therefore be comsrg@e@®d000230
di agnostic for this process. This is corroborated by
the notion that inhibitors of PAL or PPO inhibit the
enzymati c bromnlng of procg sed and packaged | ettuce
nder ctical dustrlal «C ndi t i
dongsth%P iﬁ%&éﬂ% ot £&s X eemPngﬁgﬁﬁﬁ’s%iggﬁ %ical
phy@@@ﬂd@i@hzﬂﬁhdﬂﬁhéﬁoﬂ§pﬁdlﬂﬁﬁelnetabol|c conver si ons
nedi at ed by-PPO, the procedure %Iloms to caFture al

genet 1€ FRcIRFOUH rtiRPSS Shidilede Py thRvEF be?h

varEQbﬁepf¥§éI§‘%ﬁ‘EﬁsdHIBﬁ¥%%chb&%9V§%,oB§eEbé§ which may
response can be generated using a whol e range of | eaf

ref2gcti ebiker dfhe gaasensie dif fdddrreaévBP6phEntaFt or
dlfgléfgﬁé 2 HI AT AGLEENS GRYL \%ctaar gekedkpuRt dsgt hgse

erfent st'ages or tissues when considered relevant.
dishblentatﬂqnnuanWNxﬂ1ﬂhﬁﬁpﬂmgymald@npuﬂﬁééoas bei ng

nmodi fjed with respect .to th 0 rocess
Ieadi% %ﬁf?rcﬁf\mneﬁf%ﬁftmy aQﬁﬁﬁ EB k}gependent
possksﬁbituééu¢an1éﬁﬁmmy(ne(nnsumngmnseedfbyheaphgnmgy@mt
ssays descri hed above can gglfurther chara

allg%t CtﬁﬁEﬁﬂEﬁ %ﬁhIQﬂPRﬁﬁ? J\proessing of gﬁgrkwo rutant
pla3997&@3Zﬁ§@£§ﬂ¥ﬁ§ﬁﬁxgﬂéxﬂﬁgﬂ%ﬁ&%ed@ﬁetﬁé Hiybtedentn case

| evel s e.g. at the nDIecuIar bi ochem cal
of BRYSIbBG S AN Bty pitd' petced distolourgtign

traQJ@V\kuﬁ 1O ddnse skild adid rit hgedthst Rat c¥3ei ahbe
[ evel s of di'scol ouration may be observed which may 5

phepetyeetini tthfermqtlﬁéltm é@eﬁiﬁ’é%ﬂl@ﬁﬁf breAt LAREant Toegssive
locgr ﬂu%fﬁ¥ nt églgg of |dent!cal | oc

i ng he di sco ouratlon trait in the origina
populm i ion.oren episeligfenrteads $ihee inveationsrahdge two

ibiliti v b L .
mocBEERATH ) 14 R b R o eip pan D pERh Lt I,
mut&hfoﬁswnﬂnﬂﬁﬁngqﬂéﬂﬂdshﬂukgﬂaumﬁnmawnglsbecphEnobqpe to

h of the hybri E§%$§{Of alle ofet e nutaé ?ns,

the Kt SRR D FBRFRTEHE (PR WF BECERRRTERT

condibei bhs Whed ensdd N teASh dd1e rihenet %ﬁewle@nt BengLé aftiSations
is determ ned by different recessjve

of different strendths and a combined effect of mutations in

the genetic background, backcrosses should be performed to

create uniform genetic backgrounds for the different reduced

discolouraticn events.

Such procedure is further relevant in order to
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 M3 seeds.
Subsequently, therinbred lines descending from the reduced
discolouration events are re-evaluated for their reduced

response wounding. In addition, the reduced browning or

pinking can be assessed in different genetic backgrounds and
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quesptiers stelated to thee oMEhyRyst STERG

15 loci this wll not be the case. As in one

enbodi nent of the invention random nutagenesis is

applied to generate the starting popul ation,
wOorrw7atvsens in the genetic background may al s@®CTI/EP2007/000230

contribute to the variation of the phenotype under

the experinmental 20 conditi,gns. In order to

di scri m nate between singl@ mut ati ons of different

trengths and a conbined effect of mytations jn th
undgs (& e Btk O - Bt i 0@ “SRBT b SpaPor med

prot®s €10l ernii frdargeneined loagk gfoundsifoentben can be
di fferent reduced di scol ouration events. 25Such
useq feeditle FREFURTRGSTEEFant in order to deternine

- whet hef o IRt dONSs 1ald iSRe dafl ©el peirrbPMelved &8dress
wound-1 nduced di scol ourati on dlsplaé pl ei otropic

_ _ : edePBctle epnehEC

of a [ .QUIr op.r re.u -
noa AP B 3 AAIGFL ARG honer GROER B Uoete i
if desdiohalagdramplis tiedieed ndicdvedodnathenceyemsiar e

re-eval uated for their reduged r o] dipng.
browiity o P TS B o ey S67e8, AiradThg PRg; #Pb ox
per&sb@sses Havdliddear emidiferet.i Gebatkgr enatlgsandca®3further
under different_conditions qf cro uLtivation_and, .
be STRLIH, hECERITAE it KOae T FhE FAvent e in @
can&fdate ssed folcAldadifRseriassesspentstoBtnshementd

studi es can be perforned to address 5 questions
phepeiyRed to the pathways affected by the genetic

modi fAf@{éﬁh MRLRUY Hutslyedicas scan brePsEé s PEEY tiRethod

determ ne candi date genes putatively involved in
of piheviahizyr irdantowdnvg addopi it B§ PESPohBetN§ keCEHemrENg
odli PAL,  PPQ.qor peroxid haye. R g fietheq
mEt@Q%e |gggﬁgbﬁgﬁgg%gﬁhfgfiégr%?g%gee§aFr§ggeout to ©
in teromnst rates itfedire lmgi feixdstisowhfichndliowa tarmbdate gene
ene i s causative wth respect _t h ltered. ..
cargRendge . o tnd ghifRERS a Bt B od e TBesitic
mantde. Fef et et hod refripr eviidiohgciept adé s pogpud abé @m
to be used in the screening 15 et hod of this,
demon e h, £q 9 & Wikt o sgséﬁsaﬁggk?l PRECHH T Haode of
actB8sd. that technol ogy exists which allows to nodify

gene tarqsts residing in the genore of a plant in a
specyﬁqqﬁ er approach is to mo

ify gene targets through

homologous recombination or gene targeting. Using such
approach, a fragment of a gene is exchanged by an introduced.
DNA fragment containing a desired modification. Transgenic
approaches are alsc feasible in which modified target genes
are introduced which compete with the endogenous product.
This may lead to dominant negative effects. Moreover specific
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
involved in wound-induced discolouration response, obviocusly,

the primary structure of the relevant genes should be known.
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manner. For exanple, chineric oligonucleotides have

been denonstrated to be effective nutagens with a

speci fic node of 20 action. Anot her approach
wo Bot@7medi fy gene targets through honol ogousct/EP2007/060230

reconbi nati on or gene targeting. Using such approach,

a fragnent of a gene is exgganged by an introduced

DNA fragnment containing a ired nodification.

Trans ic 25 g iches are also feasible in which

modi 1 HBER BF 9BE T GeRLanr &0 RATHUaG TGRS EspEn £rom

secWst Bbthenendonenoys fEoAUEdrt ifiNisstiey keddakQayed for
dom nant negative effects. Moreover specific

'Pln&éﬁﬂre@uﬁé?%bﬁro¥e@?@¢%ﬁﬁw%§xﬁQﬂ¥do¢°§eﬁ@@ PEipgénatbre

1de§:‘85@989 B_l'\ll.@*ah@tféf@ﬁ%‘fﬁed SO L ARGMUL2IEBEC that a

ol 1 gonucl eoti des, gene targeting or transgenic
redappdoa@hésdmfeoh@edatxpnmuhsfgpr@eg@ﬁ@t be hactoeble and
olLve nduc | guration response,
causSM L ? mg?h H%? éﬁ?uc%h%g%% the rel evant
genesAsﬁmntmebeskrpm&slnéhﬁﬂﬂﬂmmgpmagemyepEantstbét when
articul a ants grown, frao seeds btalned t hr.ou
profghy! el s BE el O TRy 20R0 AR AREE EFRRFES
wouh@diustihedd agi $eunsu f o i dhea ey igiowal ey mdemrnﬁyeand tested
mut ant i s observed. This denonstrates that

a
for gRa@RtHF n'?r%"r’%%%ﬂ?diﬂ?d”ﬁ%ﬁi%%&ﬁ%@ cansHe- h‘éPF?abl e
respBflscausesh by & rpelify catiion s .t heigeBanRs Anburtheriear
surprising finding was the fact that when prog ené
disg| priking m@mss |%R#ﬁqlf]1§édfed§t§ﬁ0\ﬁpn§namé§a§e rowning
189 0 up it
in gggggested 10 tor en?yhatl g%g |%8HgFgmgg% & Bredict
theplevéb of ssnmymatics bmqwnmnaeqfsaamsousEréﬁgtyce plant.
o Dbt s dll S SO AU LIP30 0RSC ! LR Ge used s
assay 1§ causdl 1y TelE o nz MR
a seékétucen ansbl hatb iduhumﬁthq;tassaplaansbelused feduced

redict_ the | evel of enzymgti r owni_n a mature
enz Rt EHE MRS TR arh e Sie CPOT Chlls Be pERRE N
ideRSS8Y Ittt sech@s v i3elReiced eagkmbeoitdepbifiing
lettuce plants with a reduced enzymati c browni ng

po ‘E:%’f%?ﬁl%lfom Seh oyl %ﬁ%@%?@&uiétFBEn%FF?SP%?Fh%% of

the PEARES V¢ tihd efllirad enarBlienh QWAEAYJrRet 8851 8 SHomM
any kind of plant popul ation irrespective of

.population. For example, in addition to ems populations, one

can use natural accessions or breeding populations.

The screening methed can also be used for screening
other plants that show wound-induced discolouration. '

One or more of the screening methods provided by this
invention can for example be applied to any plant species for
which post-harvest processing quality needs improvement. In
addition to cultivated lettuce this invention can also be
applied to other plant species, for example belonging te the
Asteraceae, such as wild species of the Lactuca genus or
plant species belonging to the plant genus Cichorium to which
species iike endive {(Cichorium endivia), chicory and witloof

chicory {Cichorium intybus) belong. Furthermore, other crop



10

15

20

25

30

20 the cause of the genetic variation, which resides

in such popul ation. For exanple, in addition to ens

popul ati ons, one can use natural accessions or
WO ¥g popul ati ons. The screeni n@CHEPRYT/000230

can al so be used for screening other plants that show

wound- i nduced discolouratiqgs 250ne or nore of the

screeni ng net hods provided By this invention can for

exanpl e be applied to,any .pl ant Ci r '
pLafE 8T Bhsh vie o LS AR | B BRE0, SRebPrpdtatl. |
celaddbt| omutPrSothd | Vpdethd etdwemdd)i peanhenpieen, capricot,

al so be applied to_other plant species, for exa e
manggy oﬁ@?ﬂjg‘g‘?‘b' £ 3 3%?%5?63&‘%%%&1? O eEs SWrTg - sﬁg%]egs
gerBbrhNErLAs! USRr PRoH &P | AldweSREClaes ibBbaBgbBYgtbAs etc.

the plant genus G choriumto which species |ike

canehgli sere@rehort U ERIIMIE) TRy ARTSHEE PBof
chi cogye (GG SO W JIH DS ) r DD £ oFHI hBERBRI €or

other crop 25 plants such as apple, radicchio, |
detpotang, a2 smestopmin dfeatiny iidc 2 MIgRtob¥sPeBARERANY one
ocado each e i C Asofogrl-ant,, and
of ?%? ?Fﬁﬁﬁgﬁn%wm?§%§éﬁ éﬁ%ﬁmﬁ'%uc r&:gs’sgeergera st ens,
presbnysant helreint 4 toves si s aldtiedmolked byt ogsnet of Bnganr more

be screened. with the nethods of .the.inv '
of TReSh SEant FivamTon 18 SeteYa A8t Fod Fornce ©F
pindehgChi Ngr SwirenN oy pitee faat LS it @oplvart hysubstrate
perform ng one of the screening nethods that are

intgj 8croseu f Rt e ALY e FEALTrB-i s

det er ff, €6 Hyr FBENS HT ANE HYrdBF @ 518nQf piBh€Eof which it
di scol ouration tests, nanely the occurrence_of

is phawinghar b owrevry ore te Bd iafy the déAgetpugation
reaéEFgltlg %fnr%mf, % LU LD A WRRfers3bah oke- POBARPANES

nel ani n. e “contro as used herein is any plant of
melahich whidl kemwnidrimtcan behowhidridedr byobeCyptehp or
cin%%%%%%%#%ﬁ%%gﬁfﬁgﬁéﬁﬁg%kgﬂﬁnpﬁﬂk%%%d Q%OWHEBQ Qngeaf disc
or other plant part when incubated between wetted filter
paper at 5°C for 7 days shows pink discolouration around the
edges of the disc or part.

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 leaf
discs and seeds, Cichorium and eggplant, but instead of
lettuce other 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 behind
the design of the mutant screening procedure of lettuce
populations for reduced post-harvest enzymatic
discolouration. The input signal of the screen i1s wounding of

leaf tissue, which is sensed by the plant and which generates

a divergent signalling response leading to a number of
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mel ani n, which reactions can be inhibited by

L-cystein or cinnanal dehyde. Suitably a plant is used

of which a leaf disc or other plant part when
wozpiEBed between wetted filter paper at S5CPCHEPZO07/000230

days shows pink discolouration around the 20 edges of

the disc or part. Jhe present invention wl|
- be further illustrated in the Exanples that follow
an hal_are not dntend LNV j '
oy GRS T B T he, obRRcpl,Fohp Eat oy on

tisseeds;sébrwmwaumnnnurhmﬁﬂﬂnput dmgmaunSEeaertoﬁBined with

l ettuce ofher plants or parts t her eof | ar
ther SRRhTFR 01 0% abd RH oo e, BER SRS RS
Exanptes sef@ienserisl me-He ddieeholilsowi Bgofrhgoresink
~ Figure 1; Schematic outline of the rational e behind
disepEogeat i of SRBRNFARBMT I &g tirgceanPiigf, oL the
wouh@t §EE2 30 PORYH A 1ensed 0 d8dGedReSLrBRAYRS and

enzymati c di scol ouration. The |égut signal of the
pinktreenThss wouridifeg usd Ifééﬁmtﬁf% ctuwkheh Fhesensedt by

sighlf $a@5T;g{ahgﬁe#&i tci[)m%hﬁtr 5% lq%%geekg@egaﬂbl ing

response physi ol ogi cal
L-cpsbebsseswhind wdiengrsericSice nad i brigopisr afi 8ALaadd PPO,

tis i scolouration. This input signal can be
res%%ﬁ%?ﬁ% With the application of phenolic conpounds

as P%@&t:ﬁti@preﬁmmﬂm isageabfoththeuspneen is

a brown ratlon ndi ng_on the
PheRghvpe | k%;pﬁqr&?n b o ds HPERLoHr 5h8§t?£ leat
disé®r Dost c!ﬂﬁ'd@%f klréii/bﬁidég ARGt nki ﬁ@schéﬁ pBant) are

inferred fromthe fact that the output signal is

rrEympl Rt BISen MAtiakd Iy MRedISdeRgdénghgated at 5°C for
7 d%ﬁ%yslg_ gbﬂﬂq JHU N A% SREC e c'l%la'rl_’i'yt B_ésogéer%d affbund

, respectively. Figure 2
eaclReprabedi s iate thrageusld = fe@eput phenotype of the

scr ee hased ol Nl S0 OY; 'ﬁé&ﬁgc%s 9af(4da§§és per

“Leaf I'ett uce plants per “plant) are
dishﬂreqmmh&@kmeEnJmﬂﬂEe®rhéanae p@pénifandntncgbae@dr@tions

B0, oS5, ARl SRR BRaERR, SO toc
disBWH®EL.the % of c1nnamaldehyde 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.

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.

Figure 6: The effect of heat shock pre-treatment on
lettuce leaf disc pinking. The heat shock was applied for 90
seconds on intact leaves at the temperature indicated on each

dish.



10

15

20

25°

30

Figure 3: The |l eaf disc pinking assay (4 discs per
di sh) carried out in the presence of different
concentrations of the PAL inhibitor cinnamal dehyde.

wo Ehwomasber above each 20 di sh shows the % oPCI/EP2067/000230
ci nnamal dehyde used. Figure 4: Inhibitory
effect of the PPO inhibitor,_L-cysteine on the pink
di scol ouration of lettuce Pdaf discs (4 di scs per

R L FE

woun® %sﬁcﬁ{:s!eglﬁfe IEttudd d er yogbhietessf cb}h?oﬂﬂﬂ) by

inhibitor L-cysteine on the black dlsco%ouraéég
L-cygeeire | WHRSSs (o diflsCdsper dPSHFi hitibht Hsay

gﬁeme W & PaRRIS shBwkhenpr 88RERy Odsdap. The
Whegﬁ - A%J%E:cej %dunbcg aboveS esacﬁ di sh ghovvsl@%heS rrM)5

lowenrm%rﬂheatmm] dgfsds dystesiche disbdwasorrgatedevitihe
L- cfj;t]; e:f:rtle the%attﬁiehQﬁ&er %etsgn%gsgeﬂgdoﬂeéﬁt &Hxﬁﬁlé@@tﬁ The

shock was applied for
consemxnuhnmn1aﬂnﬂﬂnyduﬁﬂnasuaedtheet@ @Faﬂhreor&hic%I%ﬂ 1

each WD 2007/07.72 1PCT/EP2007/000230 27
andFﬂbd@@'?g”éghdé?éV% 6¥x¥%§éblnk dye forned by the
WouUNdrisfo Be Rfddeditaic @ ft @iakdaboun! és3edogpoemdl dtytuce
L-cystel ne. The upper row_of dishes sho

t he. L- DOPA
by BeGtSt G dDd B HGFE Fodw S50 a1 SHBECehoRan EHES Symbtoms

of &'%&ﬂgc@sl%%yf tEherd 4l @hablie WwocHi ses eﬂtﬁé\'ﬁé‘lly
dish was treated with L-cysteine after the wou

stressgbive WiEbHSH TigH Ed mameveaﬁéeﬁw‘atmﬁ %Ifesence
of %H?Mﬁlg§ﬂg gﬁﬁg fgﬁéfxrféhqo%angloéhogs1a di 300t dPemMirom
(o | | Ndl Ca

ted above. Figure 8: Reduction of
the plﬂﬂekf rehawirfd Ipsidh kjmaws Yrgttonse afgeby trea et ngltirpe mM
8 %%% | BK I RGLSYIPLRES Phe ) left
L= CY t? uceaffneéafﬂ]a e%o%aéar%c}pﬂkt% &%34 was ex‘tare?r%?l;/ ©
panélrsﬁnmxidnsﬂmnkarlkgﬁﬁ|q}sdT@¢tma|nreetmsnéh@mﬁhh@ater

presence of a pi i nk e. Iomer ri ght panel shows a
ford‘rg’@cm%rh‘k%‘?? AomIHe TR secovm fig pi nki ng synpt ons
af t erriguead nenteamdin Al Welﬁ)tlyiﬂyshaamgsﬁ.lr o080individual

m nutes at room tenperat.ure. r_Left pane
let%?ﬁﬁwﬂ%1%ﬁ%ﬂq%u(9¥é§£ égF?F ﬁtdﬁfgh wat er
disé&ioégbiﬁdﬁnéﬁtéﬂdidgnﬁdQﬂﬁﬁ&@k%ba descrlbed B gtls £s

9: Panel A: Phenotypic analysis of |nd|é88u | ettuce

inveptipmntd Yfrdupdd 138 poRdFSor e 8E 47 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
near absénce of the formation of the pink discolouration
(sample in the middle position) 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
leaf disc discoleouration using the assay according to this
invention. Plants 3, 6, 8, 9, and 11 are plants, which showed
a level of pink leaf disc discolouration cdmparable to the

wild type control. Plant 1 is the only example of a mutant
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_ d
dergyed her9ea ST B AR  safPred dfe “ERGHA

20 di scol ouration according to the nmethod descri bed

by this invention. A total of 138 sanples out of

12000 is shown in this panel of which the one
woiordiocated by an arroow showed a strongly red®CEEP2007/000230

pi nki ng di scol ouration. Panel B: Re-testing of the

sel ected individual indicated in panel A confirned

the 25 near absence of the“ormation of the pink

.di scol ouration (sa e i.n the m.ddl e. bt .
whi ChrSRPEH 4 o7 S o SR8 PR s Rbu B g Eari 88 and a
norih 5 COF SWERTH % hespansat Fizgure 30: 7Phe0oaypes2 ofhdi

| ettuce plants. The plants Iabelle% é, E 4, 5.7, 10
redaged 191R% g YERREE i Fk 236 Pe&tagies: dPLEaFBETat i on
pheHéE%&the assay according to this invention. Plants

3, 6, 8 9, and 11 are plants, which showed a | evel

of piFlguraflli sRrefeuoltantdtidorfcanparanteCf ol eheuce

Wi y r ol | . 1S e lyexanpke-gf+ fo1
shollndl 3V PO iRt ardl Mlarh ond BB7 588 Ys F5R D Pehe
samphessa e sthong wieidtictshow ian npirmia Lldiveeoflobndvfed and a

. _normal growth habitus. Plants.2, .4, 5 10-a .
dls%ﬂ%ﬁ??% & HIRRH s <Bl SiFatioh tand 3r§&8r$£d?gm&ges o
shobh ediehald phenotampet rdfiagwear ikl ofr 3gepyofesyi phantsa

mut ant of |ettuce showi ng a.reduce discohouraéion in
ihf EAUSHOW
it s AudQh AR naes-d Nlueiad: [ditSeel eWwsabhes.response. On
the right, a group of sanples is shown which is taken
f r om Bilgere ek? ofRePr gBYaty V5 dAPge10TdEPFVEET R bm a

pheﬁ&ﬁ%ﬁ@_&@”éﬂg'sdggéﬂ‘ﬂé%éﬁ”ﬂ%r%&bwhegﬂgéglbﬁrétﬁon of leaf
wouTid- i nduced di scol ouration response. Figure 12;

mi dRelpresers didken | frgje roftutse lebtpge phenbbypelefpipeure
Scree € ro i | Qurat bof; ksl gafam gribsat;
snod g FE R A L A e r e S rRE T i acion

for 13 shwwsat et Ute The erydieafll birdwinbdiisscoleudategn afdrer

cretPELRS A Bipd AR5, TR RO copetns
3 dseEd acgkeraeth dli Sfenard gioss todisse$ takemidrib (green,
UL CN AR MK KNG e
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
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
browning. Panel A shows the midrib discs of 8 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
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20 the nM concentration of L-cysteine which was added

to the filter. Figure 13: Conversion of L-DOPA at the

| ettuce | eaf surface into nelanin. Panel A shows the
woseA7isn @ 1.5 mM L- DOPA sol ution. The uppempciripeodr00230

t he 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 M L- DOPA. Fi gure 14: Progen
numpggefing P RO nlf aftSo Bt RIS h 'lﬁ§ shpHqacagEhal
broWRYAY- LBgYERSe Pi Nk di scol ouration on mdrib 30

browni ng. Panel A shows the midrib discs of 8 progeny.

pl ant Bignuebt? edR9se 3 off scsvséntpdnt pLopcenhghowing

d_pinki -. . h A

i el R e i R
resgpses pEtepl auwtdindiahd ghrovkam imgr mmkdelyr ewbiiagt

response. . Fi gur.e 15: smen ant
A SN L B e L
shodhsenl bhe at ¢ dh aid hrewhipigdes espahee ratiheedcut ting

. an ackagi ng under, anmhi ent atnosphere. Leaf pieces '
at oGP o RE e R Gt DI it P faRGhn Shet ReSFErput
lea@ndnbeati Pl eces Hiotdie reduredyd sgokoar arhensabkant

is_ shown on the right. The fresh cut |eaf nmateri al

disGaiodr 3k £eR fOAD BPRUF L Y CPSHTYeFr dfinthe control samples
wheHE8§ 0L QU AL K8 CRPR L1831 % ebenugdal.n the control
sanpl es whereas the nutant sanples rémai n unchanged.
Fi gurBigere B &k fignldsun e SsryCiichdichevdnal endivief {left
e j [ ' b Al nel). Figure
pang O g o F L LY e PR eat 15 di scs.
Fi gurBighdre Brbwithmipraespdnsedinl essagggpl dattuce leaf
Figure 19: L-DOPA assay on seeds of lettuce (top row)
SCS.
and egg plant (bottomrow).
Figure i8: Browning response in cut eggplant.

di

Figure 19: L-DOPA assay on seeds of lettuce (top row)
and egg plant {(bottom rowj. '

Figure 20: L-DOPA assay on germinated seeds of
lettuce.

Figure 21: Catechol assay on germipated seeds of

lettuce.

EXAMPLES
EXAMPLE 1 _
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
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
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Fi gure 20: L-DOPA assay on germ nated seeds of 20

| ettuce. Figure 21: Catechol assay on germ nated

seeds of lettuce. EXAMPLES 25 EXAWMPLE 1 Genetic
wondvlrrsat i on of | ettuce using ens PCT/EP2007/000230

Approxi mately 2000 seeds of the lettuce varieties

Tr oubadour, Apache, Yorvik d Roderick were

i ncubat ed in an aerated soI ion of ei ther 0.05%

w 7% (W Vv ens hour,s at_room
to éﬁﬁ%ﬁ? %$ 9§ % nﬁétﬁge sé@ s
harweseted) nl&@ﬂkéwtaﬁ{d adtﬁbﬁcﬁl’iirﬁﬁll I’fu&tgéeenb@lJS'Ehat m20&kion
at 16 hours light, 8 hours dark re | to grow t he

frefuenFe w%n%%t%% Ihddtte PASIISt Chg TBRdTPEBRET T ngUTRS T
of %Q%hd@@lt&&!@m@&ﬂ\/% $8eA%h A bﬁ@n%ypéahhgah Mo

seeds were harvested, bulked and stored until further
distgsbedhin nthatd ko rortyidndjiomatéesimat ed on t he

basis of the relative nunber of individual plants

with a bl eached phenotype which are 5 disturbed in
EXAMPERE chl or ophyl | bi osynt hesis. EXAMPLE 2 Devel opnent

oesRholEL e A A SRR SR el Baten S
woupHgirgtcdd diﬁéﬁﬂaﬁﬁhtlon_of lettuce based on pink pigment
formation

A phenotypic assay was developed in which leaf
discolouration of lettuce 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
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 demeconstrate that the p;oduction of the
pink dye reqguires an active phenylpropanoid 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
discolouration was completely inhibited at a concentration of
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
of the lettuce leaf discs and that the inhibitory effect of

L-cysteine is specific.
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A phenotypi c assay was devel oped in which | eaf

di scol ouration of |ettuce induced by woundi hg can

readily be assessed. This approach all ows young pl ant
wozerr@amisng for discol ouration. Leaf discs of PETHRRI0T/000230

di anmeter were taken from 15 young or mature plants

and pl aced between wetted fjlter papers in a tray.

The system was i ncubated at 15C for 7 days. During the

i ncubation,a pink,d ev oped.a [
the | BAfOLfeL Ww %?{X%carr?e ecli%glar 5 Clyg't\gﬁﬂ l§a£§(jg£":1
actmﬁgnégdaﬁld ir@lﬁﬁai)tfbﬁhﬁf?ﬁd @Lcmarmly (1lﬁ| ghﬁe E)fsté‘ﬁl nihe
order_to_denonstrate that the, produ
LetGgeT BenF | Cs e wats vEPCHRA A R e PEDhalpSt PrBS

3eﬁis%y@ioﬂqm&wmﬁaﬁné’%-@marmlldabmqﬁ, LEbgpaeis not
é d PPO (L-cysteine, Figure 4) were tested in this

COH&S@QJQEdW\%rP%lmmﬁ#lﬁ@hﬁ%’%tﬁpﬁﬁrededﬁwﬁgp?ﬂe a dark
bro@ﬁsé b1 08k PN SPod SCAl P WAL 'o%e%%dcggpltﬁgekbﬁund

I nhi |ted at a concentration of 0.01% or higher.
surfasenvhach riss uhe viesn ofastiatddrusitn g he- é?gtnér‘—h@na@fa

: mel%xc‘ﬁlrgg L r Al I}Enﬁ’% Q)\'fh Oril'o/f %P ol}' %hZI ghgff} %nghﬁgfra@mnqoof

euci ne or L-alanin ow any
L~ cgétethe ﬁf&s Sar3fll Gedronistu ldteesecusdly , Ltbpstiésneloapation was
) nking response qf. the Iettuce | eaf
ComBE@E% §éann }*g}ttsfcii]egﬁ rfﬁ"fcg'frf 3PPEE: S6f L-cysteine is
speci fhé€.leBduce leaf didd ;ﬁrrﬁamgt ec@pomBet wakefthaher
steine is indeed actlng as _an | nhibitor

chaaet:{%rweql Y ARP LR R had SdackcLefezr anangér*‘ehe
wouh@cygéﬁéﬁgémtﬁbﬂi@héﬁ*@éﬁ“@ﬁ'ﬁ@f@ incubated during 90
, 4-di hydr oxyphenyl al anj ne (L- DOPA). Alt hough
sec@nwa\t |8l nok0 5 SOIIIHABE 1 BI5ETa thASUEAPAETBRE [ heat
r t P r ck S tion

dlsé/gsw‘%) %et?%/]‘gd?atq)mt1 ﬁaesdsxa;\%}%ncg @3@; aglé(q\%\lhal cTﬁFsﬁ?hgyﬁ&
respamsé esd atc@plfte e Fraritttiesh wdennthanhaathpbogh was
V\hen 1‘5" a or arahc her ﬁC%Q)G’%mor ah 89 9f This result
sPRF " Vs a ‘? SE t'aneousl y, the"
is dhsaﬁlﬁmrm{gun‘evm.s 10 corrpl etely inhibi ted as shown

in FiO%ure tettucetl eaf d isc. I|1nlll<|

r espohs X v F it hels c]ﬂbcfwa‘{bt & iTS8G by~ &PpPy TG A" hat

whi&RO0gKe bef@r@r ddicticd NG h&)rﬂ\@iﬁ"lﬁnrge%,h@ﬁxs eacBeliﬁﬁhed
| eaves were i ncubat ed duri ng 90 seconds at 21, 40, 50
colgnplede duphencthi Lhe & Cfaf-F¥SEEIEE QBr EHe PRk

dye ! 8kRn@ndr &% saved, dOM i kdints The BekkirRgnbaspoAse
was conpletely inhibited when the heat shock was
parghtel ehowrttacta Q%rﬁp‘é%mﬁﬁlél%ﬁ"a%éeéﬁrﬁﬁl@ﬁér OnTRiY
me1§ﬁ‘§H'£oh§a ﬂgmg)éh 3 U B orf e ik nCYSHBPRE IS known
r eact 0-'gqui nones,
Leaf discs were taken and incubated according to the

carfl%d

procedures described above. After the wound response was
completed, 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 élearly
demonstrated that L-cysteine was converting the pink dye back
into a colourless compound whereas the black melanin formed

in the L-DOPA assay was not affected by the L-cysteine. This
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20 which are PPO products, by converting them back

into col ourl ess di phenols, the effects of L-cysteine

on the pink dye comng fromlettuce | eaf discs was
wodebermisned. In parallel the effect of L-cystremw@soezso

determ ned on the nelanin formation upon incubation

wi th L-DOPA. 25Leaf discs were taken and incubated

according to the procedureéxﬁescribed above. After

t he wound response was conpl eted, a_cgoncentration
demgRFEILRT 1Ny SthE R e Hdded et AeRPX 2Bi StIahrPRe
whikbRei § NESERad Moyf O HUIN das I A8 nolhexE 884l bni System.

shown in Figure 7. The experimént clearly 30

dernonBe rédgmenitieate -that dilfe kg resaAvént VAT o hEepPomkse

| ref?}%ﬁt??&kré%&d?? Qﬁljgéeﬁ :_f‘ssD%g Qggqﬁg‘gﬁ eas) Lhgn P! 1.3‘?&

anin forme nt ass ot affecte
L-cpytehee bzl aimsolthimti3h dersoapplacdstohfieldregrown

L nk_dye. | ry. likely an o-quingne, which is forped
plafl MRt i Ul oI Yin et 160 a0 B8 DSrEnTHg @ Leat
froﬂennﬂﬁéId&grdwnuldﬁuhdﬁxpmaﬁﬂjMhﬂcnishoweessemsﬁe pinking

reflects a response which is physiologically rel evant
sympramg § 1Rt dihe Hdstd W1sc Ao I REF B KaSo T TRt
plaht &l Kla @k QderP| Ate JEREE! ifYr. cKiinplWaByCabhbetiond oy

harvesting a leaf froma field-grown lettuce plant

SeVGRF CHR SHoweF Bdver SR MiadTy Wasy HSPENECaPERGETReleal discs

whid@l hére St dd/ Rinfridld ¥ tRASEHYEE WhaeH-BY3Pd SndlaVierter
been stressed, for exanple Dy Conditions of 10 severe

appyRx-ERatolggi Hy miThe dsedmanks tdead at orpephem@pe BRfUre, the

pinf! SN URLP Jiabaled 4 THedhalal Yo D o
L-cystel ne. ter approxinately m nut es” I ncubat i on

at r deRdrenperedthers, thesepiexpedinentalird@tanshow that

di sappeared as shown in_Fi gure.8. Taken together ,
Lt QS P S TR AT ot ATEHBRC: Rt "2 TRPd LEE Figiguce pink
disdch sesraanrbehirtuded B \wodn @Prgdepe pdetitic €T sikphenot ype

di scol ourati.on which is PAL and PPO dependent Thk?
2L Loy it T4V 28 SEEGTENE SRECERTRE PVRCS W ity

let @S et tfeOlwHiRht hGraMal adlig FMBHCHORAN Er Ssp®ek £ i i@tHuced
. wound response i nduced di scol ourati on channel | ed
dlsqqﬁqﬂﬁﬁpq@@Lthp@e&@egoﬁﬁ;ough PAL, PPO or both.

EXAMPLE 3
Screening for mutants with a reduced wound-induced
discolouration

In orxrder 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.

12000 Plants were grown in a greenhouse (Location: De
Lier, sowing on 28 March, planting on 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 asrpools of (on average} 23 samples between

wetted filter papers at 5°C for 7 days. A visual score was
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20 EXAMPLE 3 Screening for nutants with a reduced

wound-induced di scolouration In order to identify

| ettuce mutants with | ow wound- 25 induced enzymatic
wohwennizg or pinking potential, the | eaf di sECAFP2007/000230

described in Exanple 2 was applied to plants of a

| ettuce nutant popul ation. 12000 Pl ants

were grown in a greenhouse (Location: De Lier, sow ng

..on 28 Marc apting.on 1 ril; . arow Jpder 3
glv?@gg?a?a?%ﬁ%%e ‘i{:]lrSo(\:/vgc}e’%m%:olrﬁ1 tolnoﬁg)% gﬁagg rsgggeéghghe
pinkndiytduahrt beth . 20t etie b st thkenagsanpineng, f pbants

15 May onwards) and incubated .as pools aqf (on
wergy&ea %'Se‘%é’ga‘m)’r : Ué?\?aﬁiﬁe\ﬂelﬁcéds?‘f’?‘?& néaﬁ&g at
relé%‘.fr@l%h&@)’@e Fedi SHIAfoGEP IR RTe WDscolouration. The

2007/ 077231P EP2007/ 000230 33 given_to each | eaf

plagtseiteperd by vheinke i Hiagas ©f 6FscRécprakion was

numg%,?g@ 8% 31 ®Mp> On the basis of this assessnent,
pllants were selected of which the |eaf discs showed

30 orOf the at20@9 yplaw dedr ad aoft wegndisadizceclected
.di scolouration., T t_ Wit . i sib
s SERLRUA Y20, Aheed o) A ShbRsdh i e nasany

I'aces our a ered O 102
vis@bléhend 2000x1pl cint shovedlante heas vieilyallby debedt ed

. wWhich showed aonly traces of discol ouration_which e .
a1 SRl GRYR U1 e ol e T W P EhSled S FeP AT rYal 301 San i
Figheyeb. of 10 discolouration. The result of one of

these assays is shown in Figure 9.

The discolouration assady was repeated for the
initially selected 12 individuals and for most individual
cases the original result was confirmed. Only the confirmed
individuals were selected for further analysis and seed

production.

EXAMPLE 4
Screening for mutants with a reduced wound-induced
discolouration

In order to identify lettuce mutants with low wound
induced enzymatic browning potentiai the leaf disc assay
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 disc was taken and incubated-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 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

which did not show any visible discelouration and 10 showed a
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The di scol ouration assay was repeated for the

initially selected 12 individuals and for nost

i ndi vi dual cases the original result was confirned.
woQuw7ie confirnmed 15 individual s were sel ercadirb@nro00230

further analysis and seed producti on. EXAMPLE 4

Screening for nutants with reduced wound-i nduced 20

di scol ouration In order toiﬁﬁentify Iettuce nmut ant s

with | ow wound i nduced enz tic,.bro otentia
e Fhve b L4 S SR T DAR REBRRIr s e e oy was

rep8RPbheflot or i and si i @ deitdadautane ﬂﬁ@uhal&9nselected
8500 plants were grown in a _greenhouse 25 until 3

andygeksterl (BAEvidadl tarpd) Wivd FSAPEachePRAFVI'aRal

Congiéﬁé%a f#@ivg'fﬁﬁf@%ﬁ&éﬁ%ﬂbfg“éﬂo&%uQﬁt@QgGEEWEGH Only

| ter papers at 5C for
thevceuﬁirm@@rzndﬁﬁn@ﬂa&§1waiaxﬂﬁiﬂqéﬁﬁ ép§cf§é5éﬁélﬁ§abﬁ515

and seeanten@b&tyhof the nauncka %91%' QuLAthan: geweaop%c

'S assessnen ants were selecte
sidehéthetties | pafqg dilsisachiowsd cmaufrlng )r gRat gvehy hamber

of _wound rfa e dj scol oyration t 85
05D RS0 5 PRAM e Syt ar b 6 SRl FBE S oRB anges
num?iéﬁétg)! @5ﬂ}§p@$wr atn@hrs@a;td pidshevwetyased4ingl afi vktye
ow di scol ouration, The di scol rati on assa
PlapepeBF U f HFOR EADS | Hdi %%&&@%%&PSMP@F%F&?%W9
andsgéﬁééﬁée@nﬁkfﬁ&ImEEHTHéKNOMMﬁﬂﬂumb@&easth@4aulgﬂepb51ted
result was confirned. Twel ve individuals are shown in

on Fpgorecher 2908 5 the confirmed individuals were
selected for further analysis

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

Of the 12 mutants selected from the screen presented
in Example 3, 6 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
disturbed in chloroplast function. As PPO resides in these
cellular organelles this may explain the relatively low
response in the leaf disc assays. As such pleiotropic
mutations are undesirable, these mutants were considered to
be less relevant.

‘ 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.
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and seed production. One nutant plant w thout
pl ei otropic side-effectts (e.g. bleaching, dwarfing)
was gi ven nunber 05D. 202539. The seed produced by

wosehidmgiof this plant was nunbered 05D. 81059G:/se3607/000230
seed produced by selfing of three 10 plants grown
from seeds of 05D. 810596 was nunbered 07G 9979 and
deposited at NCI MB. The NCIMB- nunber is 41441

§d§§o%ited on 10 Cctober 2006). EXAMPLE 5 15
ofypi c analysis of the selected nutants show ng

Conk ¢ EME L Eon WOEHNLR & NeligLd, Kl SEQ) Qi 3iis@BIouration ShehbBype
12 mutants selected fromthe screen presented in

in Eﬁéﬁ@reng 6 showed a strong reduced growh phenotype
and b}gag Z%L(Zt};hgrtﬁﬁﬂ a‘f}#es x‘?e%l‘(z%'e@lpé%%ﬁgﬁkéhbn of

accordlng to type of the starting popul ation
letbﬁcehmuhmmG@eheﬁaspkaqkaGﬁmﬂ10202 from Expmrdear eand S

nd bI ached mutants e robabl ug d
180); oeﬁ’%s"i‘ et l.%n‘?@f&s“g nreéfé‘ %& F‘% Qagene“s
treaﬁmémiéﬂeﬁwiﬁﬁﬁﬂ|Hﬁkdiﬂﬁ5SEEﬂ @kmkapmoﬁheedebgtsyEfyng

he PR S (R BT | L A UG alED, SLARDR G apebeed

06DVE1 @78ONSTKIer b d D herd &frniigla@antin $be1nmuhanthpl glénts
06D. 210202 whi ch showed the stron reducti on of

est _
were gbgseRd LR Mm%q%%aﬁé@%%ée hE7 fafipheRbl g
ass@ﬂd the mutation is therefore considered specific for
e di scol ouration wthout strong pleiotropic
ef f ecfsis qqug@mﬁqygq;early showed that the altered

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
from seeds of 06D.819784 was numbered 06D.863B2 and deposited
at NCIMB. The NCIMB-number is 41454 (deposited on 3 January
2007) .

EXAMPLE 7
Development of a phenotypic screen diagnecstic for the
wound-induced discolouration of lettuce based on brown
pigment formation

7 Lettuce plants were grown to maturity and parts of
outer leaves were taken by cutting discs from the rib tissue.
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
discoleouratien is PPQO mediated. A representative outcome of

such experiment is shown in Figure 12.
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Confirmation of the near absence of discolouration

phenotype in offspring To denonstrate that the

reduced discolouration of 5 lettuce nutants I|ike
wopbantr736D. 210202 from Exanples 3 and 5 is ca’asmmamy/omzsu

genetic effect generated by the nutagenesis treatnent

descri bed herein, seed mer% roduced by selfing. The

seed produced by selfing o E%Iant 06D. 210202 was

nunbesr ed 06D. 819784. The, seeds wer.e germ na
soi | ARdRRE PIRMTE 5 P eltaé'ﬁ ed™f g.?'gaf"?c%?oura i o0
medist8g bhewh B HSSoridKidhe ass@ening procedufbl&s
experinment clearly showed that the altered not ype
REEERHLPE ana

desgpabad gbmethts BEAP R @n GnGgsisyeRl 4Rt B
unb;s.hgéclia{n PHEROL VRS defeer R Qr{ﬂﬁan%gu%Bb@ﬁlnl;nraﬁﬁéfed-aorown

di scolouration, |like the nmutant which was used to
di sppboluret tdre ey ocfhizs rdaEung ithei Prgsepaied ph lettuce.
Figure 11. The seed produced by selfing of

three plants grown from seeds of 06D. 819784 was
Exavenbed ed 06D. 863B2 and deposited at NCI MB. The

mber i s 41454 osi ted,.on_3 anu r
Devgg%ﬁT éX%ﬁﬁi dpﬁe5¥l6?a§n6ﬁenotyp¥c%§creen
woulHagnastea fﬁ_ﬂicdhﬂmﬁmﬁh mzdwcmmmesmtseur ahi 6heof
| ettuce based_on brown 25 ment fqrnatlo

conygf#{ee of ahtd {rF L AfFTRH T Cadd~ EQF% bpto a

blaBlt 8F ghEAY Sz WEEE hakeni Py cutti ng d| scs fromthe rib
ti ssue. The discs were incubated on wetted filter

paperIntadsiciog 1t af s iwhdd PAPZeR§ureUNERENHbERd
dis§8£$@£§tﬂ§w Hroed 30 roun, vyt H@tlﬁf}@sﬁeﬁgrginc}ot&“&hls

cystel ne the browning response was i nh
1nvend1@@11k§ptdkﬁOWHN;Qﬂﬁnﬂaﬁﬂjum @c@pégrapﬁ@hfis pEgper for

mutangs %}%ch '%1 %ﬁé%%ﬁ%%%%l%&/ Sﬂcﬁhgﬁgg%ﬂ)f@rgssay

shown |n ure e response
whlas ﬂssxmdmmﬂtmveFﬁqan?GUhqtiw1t9P@BﬁedeaEédpbdOMM|m@png

onse, e screenin rocedure as _describ n
Leat LSRR AR TS TS HhARET 68 B0%oPF Sor 8 Shal 1o ™
L-DOP#®| aIS:erIhﬁlla(md&hstdb]&ﬁfmdrorbelmtrﬁnbspahemngt can be
reduced brown 5 dlscolouratlon whi ch occurs dU£ ng

congheded ocerlsi TP 15Tt J&8digNams gogverted by

polyphenol oxidising system at the wound surface of lettuce
leaves into a black pigment called melanine. L-DOPA is
converted by PPC into the reactive L-DOPA-quinone which is
converted non-enzymatically via dopachrome and indol guinone
into the black melanin.

Furthermore, it was shown that the reaction can be
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
both in sclution as well as between wetted filter papers as

shown in Figure 13.
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Devel opnment of a phenotypic screen diagnostic for the
wound- i nduced di scol ouration of |ettuce based on the
10 conversion of L-3,4-dihydroxyphenyl al ani ne

- wo(be7@@PA) i nto a bl ack pignent call ed nel ani RCT/EP2007/000230

In addition to assays whi ch address wound-i nduced
di scolouration in a broad nse, the nethod according
to this invention also allows to screen in a nore
égegi ic manner for 15 mutants which have a reduced
activity. A phenotypic assay which is indicative
Assk9siPQ pets M dpyr MRS dfeveherettbyhosiing beadadi slosence of
whi ch were incubated in the presence of 1.5, mV

- disEERPMtIRN o W AT STGUTAI0R BEEATE UPPAT efft® i t
" rib@abc berSongidded dhat L- DOPA can readily be converted
by

the 20 pol yphenol oxidising systemat the wound
sur f s dAngnganate |Wdake $hientr6 98 CBRagkSHP feri ti2h 14

' : i ed BypPPOhbpsOrthR Examples 3,
let%‘%\%ﬁ%rﬁ%ﬁ%ﬁg}%%ﬁc% is converted e es'
5 ambné enziatatis alilgniviigatddac redmeedndni paok diseiriration
i nto.the black nelanin.,.25Furthe r '
of YRIHY (HEIASER (U 1A 4 SERh G fadobotE ‘%F%%‘%?%%ced
in thewshaidre riirdet)) Hilerieac treepofiBeguaentibe T herefare,
this assay enable the identification of nutants which

plante Ry (9% 1 M85y to nmount a PPO activity

at a pwouwih swiare f @ve@abmetite Beapanse @is3H are
| ettuce | eaf discs to the presence of L-DOPA can be
takemhsEied- ot bGeT deanasorfad REMPeasObePTREF Wt 1Y S -

Thedd | 185 PARES %25 ;SN i Bicger8iAgd- to3tnENNR_&EISre
Assessing the offspring of a mutant show ng a near
desabidest e roExEmdd Jur 4t 65 Bhewheghabdtbe odweRPY pPlants

of %}?és ‘ %‘éj%\ihrl%ht Jd l%%iéﬁ‘iegr g‘%bﬂgtasﬁé‘}’s@;@ngly reduced
enonstrate that the reduced di scol ouration of
in Wwethndreimdnteants ik kie sglcdiwuradgiidoer 206 Dz 240 292r $rdiy

Exappl es 3, 5 .and 6 whi.ch.is.signific y ed- i
rea T Selimst T s b i b P e s b Db VSl S b
expésindrso jof fadetvny dlny Fieghitecd4i.n t he wound-i nduced

browni ng response, a nunber progeny 10 plants were

grown to maturity. At this stage of devel opnent, 3
exandpcl igp di scs are

Assessing the offspring of a mutant showing near absence of
discolouration for reduced browning respohse using fresh cut
Jettuce heads packaged in plastic bags

Mature heads of the lettuce plants grown from seed
number 06D.819784 from Example 6, which is significantly
reduced in pink discolouration of wound surfaces of leaf
discs, were cut into pieces uéing 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
4°C during 6 days after which the leaf material was assessed

for its browning response.
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taken fromthe outer |eaves of a nunber of progeny

pl ants. These rib discs are incubated according to

the procedure described in Exanple 7. It is shown
wol@to7iRe progeny plants 15 of the mutant whipgh/predes/ 000230

earlier showmn to be strongly reduced i n wound-i nduced

pi nk di scolouration are alsg strongly reduced in

wound- i nduced mdrib bromnfﬁb. The result of this

experinment is shown in Figure 14. 20 EXAVPLE 10

Asses%?nhﬁt?&??ﬁf?#n?qﬁf(ﬁiﬁ?ﬁﬁmﬁﬁﬁttgﬁﬁwgﬁﬁ REgpeY

plafbsensecd Hlisopl oAt ol foledradecednb@WabnBe strongly
response using fresh cut |ettuce heads packaged in

redpradt it weupd veardireehaudk ¢Hagpdopgetdes prantssSgr own
S qph@nggQTﬁﬁg] : , Lch
Str?éggigﬁ%g#%%%gﬁy réluced in‘%ﬁgﬁgggggg?ggbg??oﬁwg?
prouwessed sand axtesrad ireafladitsics bagsr @séng Bnt snplieces
using._a i fe an ac ed in I ic.b . .
2tmRE RSt A %eanreaS d]itgn £(gq.‘r%oss phe %58 m%?}nt ?LSI gg?‘é{%t 0 Figure
15.whi ch show a normal | eaf disc pink discolouration
response 30 were treated in an identical manner. The
bags were stored at 4C during 6 days after which the
Exalesit rRterial was assessed for its browni ng response.
38 ] . It is shown by this experinent that the
Pinkiggety pleMSlEF the nutant which were earlier shown
to berstsongl Ve d eduaad ) RuRGs Rd¥aedoRi Rkund-induced
di scol ouration are also strongly reduced in _ .
enzypanic | mducie relren- Brlowtihey ndéspr aees¥edeapEibed 1in
i L ' apghi . ere.
Exafp 2L | ddL ARl &y b&ggﬂ%ﬁit@ AN 2HRiEAL 8L ERSPRGH

e resu IS experinent is shown in Figure 15

PopEMMRIE Thel C-eRiuiking ia) Biarmodinufigure 16. Infollews

o jdentify nmutants with. qQw wo -i.aduc _
tha%i H S|°nglnpo Tttt tﬁ\gﬂee IpéLa{]fq{l&gs%%gglstg)g#dggc?%%%ﬁ% ’nCThe
scré&xeipd anex hwes @ pltieditveniiant § softhasnat paweCEchotoeinto

opul.ation, The results are shown i.n Figure 16. It
2oL PP GHEA G AL D TR it PUAEHECH HRLRG -rdtced
disESBShF DN drS. PESENtl ndie 9@ eeseRgmeRthod ohetiBeowning
invention is thus a powerful tool to
response in endive and witloof could only be assessed by
observing mature plants. The method of the invention which
can be practised on young plant material is very efficient

and fast.

EXAMPLE 12
Discolouration in eggplant

BEggplants were cut in half and incubated overnight at -
room temperature. From Figure 18 it follows that the
discolouration response is mainly caused by the seeds. Thus,
seeds are a suitable candidate for a substrate-based

discolouration assay, for example with L-DOPA.

EXAMPLE 13
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select Ci choriumplants that show a reduced
wound-i nduced di scolouration. Up till now the
assessment of the browning response in endive and

woMgh1@eisicoul d only be assessed by 20 obser Viggg#Bhif80230
pl ants. The nmethod of the invention which can be

practi sed on young plant material is very efficient

and fast. EXAMPLE 12 25 Di stdlouration in eggpl ant

Eggpl ants were cut in half _and incubated overni ght at
PhePBgﬁPtlénﬁéF%%r‘é%aW%ﬁFF gifte W MOUrEHERECeRat t he

disb36nkaUEshi OF §EEPORSELL SediBl N heL RUSRE Y NG £
seeds. Thus, seeds are a suitable candidate for a

chlgypgenacteapdded 30 discol ouration assay, for exanple

with L- L enat ypi Cl.Ee

di agn%g%ﬂ?&“%% i\f%%ﬁud‘:%%d{%egg %ﬁg’g%fagu%gt%ﬁo%oo
chlbebgecic baskdl @n fheteonvers .oFighrehlldr sgerscthei d

Leaf discs of lettu wer e, j.ncubated with 10
orogREBe oghnt 1 sH S o TRTT AAHIISP O GUFESFBRoRRe FRLouE
disbhppraieg Sfaibhesithwiosg dipan @addidiisesleflirkecyat ekne

t he col our_di sappeared agai n show ng that the
depgpdeRt ot at5%n i s dependent on PPO

Thi s exaamdeanderdnsdmei fscdthal Rk oragerbgeAttdatsgais a
10 suitable substrate for a substrate-based screening

suihakly sEevARE 15 sttt @sbd SgHeAGEGANENG CRBBAY -
di agnostic for the wound-induced di scol ouration for
seeds 15Seeds of |ettuce and eggpl ant were incubated

EXAMPEE D4 2.5 and 5 mM L-DOPA. Figure 19 shows that the

Subggl‘fgyé—lgaefe% %ﬁ&%y dsélx%etnh%lgggggtllg for the
concentrati o epenaent. e response 1S
wou RPOL tléperd el s dyelcauset idn cair Beedshi bited with
LCySt§%é§% of lettuce and eggplant were incubated with 0,

2.5 and 5 mM L-DOPA. Figure 19 shows that the colour reaction
observed in the seeds is concentration dependent. The
response is PPO~dependent because it can be inhibited with L-
cysteine. ‘

Germinated seeds of lettuce were incubated with L-
DCPA. Figure 20 shows that the seed coat and the root zone
just behind the root tip show a colour reaction. This colour
reaction can be used for screening seeds that show a reduced
discolouration.

Lettuce seeds were incubated with 0, 100, 250, 500,
750 and 1000 mg/L catechol. Figure 21 shows that seeds show a

concentration dependent colour response. The response is PPO-

dependent because it was found to be inhibited by L-cysteine.
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20CGerm nat ed seeds of |ettuce were incubated with L-
DOPA. Figure 20 shows that the seed coat and the root
zone. just behind the root tip show a col our reaction.
This col our reaction can be used for screening seeds
that show a reduced di scol d@ration. 25Lettuce seeds
were incubated with 0, 100, 250, 500, 750 and 1000
ng/ L catechol. Figure 21 shows that seeds show a
concentrati on dependent col our response. The response
i s P20-dependent because CkAWAS found to be inhibited
by L-cysteine. 40 CLAI M5 . 1. Method for

Screenun9M%ﬂ%aaﬂﬁgf<§kf@;d@n@p%§p%bugb%&bnpéﬁt 1EQks or
plaﬁ@g)aptrtgsg%%et I%e ?e%e% nc%e\{c'eqlﬁa!i% tll?ﬁgvsi%\é(l EEIhaL show

ﬁtour\%lgﬁl (‘?&?‘&' §)e§'1 con%rtorloplang or
Plarbf é?\ﬂﬂlrng’hléhpéfﬁﬂhéﬁ &?H@fﬂpﬂ%ts or parts of the
pl ant s &fir emovhielipgpyl adoer;ation of plants or pargp of the-
plaropt iforal lyhecpeatilag imnwund surface on-the plants -
10 or phaRbhtRfkSily creating a GoulnkCghatfang the the plants
or ﬁ%$%Qt af-¢Rl.ant parts or the wound surfaces created
er eol. In an,agy %U%IEPVITQQﬁgﬂi &%ﬁ%lg%Wﬁgo%r the wound

dlscolouraplon to

Surf@ceabgéﬁé. fg £7E T6080 dPodra BT A SPVOR PRETS & §110V
for gs§plgpgﬁflggrﬁ§ occur therelneprcgﬁﬁgﬁp@g t he
' observed dbseolvomgatthen ddistde lchee adiioeolioucat oon thikaplants
or pllan@bgaryed in the control plant or plant part to

i denti by BLARLS 9L %E@nbb%%&%%dt@@%c%ﬁ@Wr@Qlon with the

f dlgcg SE0LAUEAL 100 -OF A dscoloural 't% gl oy gﬁ%ee@raglant

are contr Ian nt
paz2Loc OIRRTSH T B Le CON L Bl B Hleniog
dlSC&ﬁ@ééﬁaaP&tpénau§l®69ﬁ@UF &@th@F§c&F06P§FF§H as53.
compipeRodcashel appedoilnPékaitmer ¢l aPt Waéitei n t he

2. Method as claimed in claim 1, wherein the

L.

disceolouration is wound-induced discolouration.

3. Method as claimed in claim 1 or 2, wherein the
plants are vegetable plants, fruit-bearing plants or
flowering plants.

4. Method as claimed in claim 3, wherein the plants
are vegetable plants selected from lettuce, endive, witloof,
potato, sweet potato, celeriac, mushrooms, artichoke and
eggplant.

5. Method as claimed in claim 3, wherein the plants
are fruit-bearing plants selected from apple, banana,
avocade, peach, pear, apricot and mango.
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pl ants are vegetabl e plants fruit-bearing plants or

flowering plants. 4. Method as

claimed in claim3, mhereln the plants 30 are

veget abl e plants selected fromlettuce, endive,

witloof, potato, sweet potHto, celeriac, nushroons,

arti choke and eggpl ant. : 5. Method as

claimed in claim3, wherein the plants 35 are

fruit-bearing plants selected from appl e, banana,

avocado, peach, pear, apricot and nango.

6. Met hodMashotlakredlenmefiaim 8laihe? ei whehelipl tipg splants
are 816wkl oMgrpngnpkaptscsekeactednf gonbges bena andysanthemum.

chrysanthenun1 7. Method as clainmed in

any ong o&e %ﬁ%§|g§a}méd %ﬁeéﬁgnoﬂg Pléﬂéscpgiﬁggl 4,

| to the f race cular t
where ity hics, Pﬁ%?ﬁ AP Bl BPCt borheY SPOkPRECTAR LR

bartigyiva 20BN VEERGE HECEParmelorh. HayboRo GF fhots the
specgdai hacluda akhei®Rn the plants bel ong genus Gichorium
and in particular-to the species tichoriumintybus
and G ghométip8ndkVidaimed in. any one of 9thdktbatmasl-4,

wher&! Al PR bﬂaﬁ%@'ﬂ%ion% Qtnds WhersktuhhendSiRl 88tticular to
the ?% éfegrs slitel E%ﬁ 1££gﬂh%e§58 chERYS 1 uRNORL Sy £ OOL S,

ers rurts, seeds, germ nated
seeds, or pieces thereof and cells.
| 10. Me?hddeBsOS| AFEHAIHSE| APnPTALR B; @h@FePn therote the
planplpatt pants aeketeafi drsusleafs, heads, 3M0OMet hBEORS:!
tubees pi gegngn £lewsrd, ofr8itwhesekdst hgephanatpdr ssedse or

plecgé8@§efé9ﬁ1Qﬁ@ft@ljgssue 25-12. Method as clained in
any one of the clainms 1-11, wherein the plant -

o LA p BRI ARk U £ANE, Brgrasn e

plan%|%%¥§s are leaf discs.

11. Method as claimed in claim 7 or 8, wherein the
plant parts are discs from midrib tissue.

-12. Method as claimed in any one of the claims 1-11,
wherein the plant population is a population of mutant plants,
a germplasm collection or a population of transgenic plants

13. Method as claimed in claim 12, wherein the
population of mutant plants is obtained by a mutagenesis
treatment using chemicals and/or irradiation.

14. Method as claimed in claim 1-13, wherein the
aguecus environment comprises wetted filter paper.

15. Method as claimed in claim 14, wherein the

~aqueous environment comprises water or a solution.

16. Method as claimed in claim 14 or 15, wherein the
agqueous environment contains a compound selected from L[-3,4-
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13. Method as clained in claim 12, wherein the 30
popul ation of nutant plants is obtained by a
nmut agenesi s treatnent using chem cals and/ or

i rradi ation. _ 14. Method as clalned
.in claim1-13, wherein the435 aqueous environnent
conprises wetted filter paper. 15.

Met hod as claimed in claim14, wherein the aqueous
envi ronment conprises water or a solution. 42
dihvdirbygpaxyphanyhahani nelockbencgericédaciidpochlorogenic a01d
L-tyr$e6hkorpgenkeatld,. L-tyrosine and catecho
17. thhod as claimed in claim14 or 15, ‘wherein the
-2 oabeY ﬁsghﬁgn”Fnéggg%%%'$%%18§Hpﬁungrsﬁ%echﬁ% ein the

f nth
aqueml‘r-zltghSHV%OBPEPHE("}OPE%W BnECBPOPRE EFAPRLCE fFom the

compptagsi aichedcdht FeP1El ant is a plant of which a |eaf

di sc when 10 i ncubated between two sheets of wetted

filter1papgetfios as daysmatl 56 showenpi ok the claims 1-17,
wher@hﬁcQheuﬁéhteelabQﬁﬂﬂ the ;edd@st of which a 139f disc when
1ncup ? Lor, %ﬁr§%gl%ge@teog?e%%%Q@donl@k%@t%ag%rpkégt7 days

SR Gl ol ALsenio Cherer el oindun duls ©

control plant or plant part, which nethod conprlses

a) provPdi HgthogopalraBsRepingl anPePYr aparts O¢f PERETS ©T
planpl parssf Ffom the papukatiEonherein of individgpls that show
a rehledbabiBgot Berpkanhs aer cphaatedpart & wohlir@l2@lant or
planfUpgttatgnth tm%% ogec%%5¥§%%%d into a col oured

P nenf t§r8v18§5g°r o%%?a%ﬁr%t'an E%ﬁ%%c%r therei B the

or thef
plangpsEpPBuF AL BRPPASGEO8R the plants or plant parts

d) conﬁér#ﬁ@ubﬁ§l@EséP@e@léP§§oP6uPéFP5ﬁ WL Stwét§5a
substrstel bbaat can bhaconyeshser vado A thécesrtr ol dpeakt to
allo@r fplkaat spalbukatidentiof pephantseoripl ant tharesnthat

show ng) disgel-Qurat i-e8 @r sacdicsealavhatinomrt bat the plants
or Digggcgg gg conpared to the control plant or plant

? comparggg %%e %EQEQeﬁndigg qb%%at@%%r%ﬁ%h the

dlscolouratlon that is observed 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 the control plant or plant part.

20. Method as claimed in claim 19, wherein the

“substrate is selected from the compounds listed in Table 1.

21. Method as claimed in claim 20, wherein the
compound is L-DCPA.

22. Method as claimed in claim 19 20 or 21, wherein
the plant or plant part is wounded before incubation with the
substrate and the discolouration of the wound or near the
wound 1s ocbserved.



substrate is selected fromthe conpounds listed in

Tabl e 1. 21. Method as clained in claim

20, wherein the - conpound is L-DOPA. 35

22. Method as clained in claim19 20 or 21, wherein

the plant or plant part is*wounded before i ncubation

with the substrate and the discol ouration of the

wound or near the wound is observed. 43

23. Method as clained-in any one of the clajns -

22, whéPei NethedpPantlgafmed ¢ 28¢dedley éPlmeHSté&a%@édw"
22, @hekeaﬁ dhecplBad. pREtthdd @ssﬂeﬁhnﬁérmﬁﬂaﬁ?aoﬁ@eéfOf leaf
discthe clains 1-23, wherein the dlscolouratlon can be

i nhi bited or reversed by Lcysteine.

24, Method as claimed in any one of the claims 1-23,
wherein the discolouration can be inhibited or reversed by L-
cysteine. '



