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SCREENI NG METHOD FOR SELECTI NG PLANTS THAT SHOW A
REDUCED WOUND- | NDUCED SURFACE DI SCOLOURATI ON Fi el d of

W0 b@7iomezent i on The present invention rel ates tBCHEP2007/000230
nmet hod for screening a popul ation of plants or plant
parts for the presence therein of individuals that
show a reduced woundi nduced surface discol ouration as

SRRBRNTNG, BrfbR ko8 oBuRRzBG. PraNashAhr pRfcE RHRBc=n

of fresh prstigs. INDIER SUREACE DI dEsicanieronendi ve,

and ot her vegetabl es, has expanded significantly over
recent years. The harvesting and processing of |eafy

Fi%ﬁQQ%ﬁgh? gl ves extensive cutting of the |eaves,
I C

i nduces a strong wound response. This wound
respordes lpeadsertto ianveapiicdbrdetedrd torsatticora afetthoed for

rocessed product. Thi eterioration is ni f ested by
S SURI D A Ao AT G DR e pinRl s
predftha@ ok dihe sountistirdiace fesPidrdd o @hiced wound-
desiccation due to transpiration. Especially the

indrRthey i asto ki SRR B A I @ S SaRpRieferted ofcontrol plant
{an Hﬁﬁq; i nportance, determining directly or

rﬁ%%#?% t1I'y the overall quality of the fresh cut,
packaged | eafy vegetables, |ike | ettuce and radicchio.

Mbr eover, Aas, .a consequence of the deterioration,
Bacr"r’f%?odl-’lfi goaﬁlts’f?s HhIFEiYHi ficantly increase in number,

whi ch DY ORI 58 fPatbngaiEl Yorodtd Slirghlof fresh
peri shabl e nature of processed |ettuce leads to a
Praguyhg SHiFh @8 dREEUSS - JRSUCARP ofGigiquagd other

ve AR Oh Y i ARSWIRYn 1Nl 118, RATISTING & TR, The

an current gr e So- conveni ence
harmaddeing adichgrrocegetialy esf, lldddey patgttedsle smistwadonss,

o T S 2 i D B, A ouna
redpnXamHi® Wduhd Sesponse leads to a rapid deterioration
of the processed product. This deterioration is manifested by
discolouration due to enzymatic browning or pinking at and
around the wound surface, respiration and desiccation due to
transpiration. Especially the enzymatic browning or pinking
is considered of significant importance, determining directly
or indirectly the overall quality of the fresh cut, packaged
leafy vegetables, like lettuce and radicchio.

Moreover, as a consequence 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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| i ke banana, apple, pear, avocado, nmango, peach and

apricot, etc. quickly turn brown when sliced or
Weewred23Measur es have to be taken when of f er i PGI/EP298E000230

fruits in processed form such as sliced, diced,

peeled or in fruit sal ads. t flower stenms, for

exanpl e from gerbera or chrySant henuns, nay al so be

rone to discaol oyratign ich is undesirable from .
SuBEIe f A TR T ISEhAS O s Cotp SRage. i cs
1i KOsHidgl£d dppike Weatr,r a6id ARIA)Y @y oS Opa®Y dfdlSpricot,

reduci ng the product's marketability. In order to
etq.nHwiakihd wér dqaratined prideess am peedechbMes ssy@s have

l.et.t yc ' i.cal. I
to B et Tl VLN e BRI 1 D RHRRSEE cormy
sudeca evlatced, heligdetdr iparedtadrofint feyintocesdedis.ett uce.

Anmongst these are .the packagin f fresh cut |eaf
Veget JHed e o, fiosd SN IET SRR P of
chi8 B theidd NGy REalo PGk dniealdmitls NG uaddiitononalch is
chem cals, which inhibit the enzymatic browni ng. Wen
ungesggipltigt fram wo & INpFEciRdg RPIid et a1 cat Resisvece of
a1 JAAUAAL DAL Al JMLRITRE AUIIRLS (e SO I ehe
rowni ng can substantially be re uced. wever sdch
cormmuhiefn edhud owdmojigen térey iprodavert’ s eaedsketakddddnyobi ¢
respiration i ch creates. an off-flavqur and .
o 1 odBur Tl R 1 prias WA 86 TR oy Bocpssy in
veddtaidlieactdued akdilkite et @Sy ahentian loay @hsy/sdfcal post-
materials, which act as physical insulation barrier

ha e i tererdet inpelsy heear saverdipesh oied degmbe applied
%?é?gtg(yﬂgsdg%é¥¥6yéﬂy5#'d¥1 %C%ro%%s%% pg%%g'g%.

to Q:iefé:f
an rowni ng. These coatings can for “exanple
of redimmsggiolthssec kare ddse @ragkagtieion ofl tf dead fowtt Heafy

oSO A Ll U0 0T S UL ot oS i
coatde s hata t43Bodkmiadaaint ahlehduiedessiofdchemicals,
which inhibit the enzymatic browning.

When fresh cut lettuce is packaged under an
atmosphere of reduced oxygen at low temperatures, the
enzymatic browning can substantially be reduced. However such
modified, low oxygen environment leads to anaerobic
respiration, which creates an off-flavour and 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, K 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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Possi bly, the heat shock diverts protein biosynthesis
front he enzynes involved in discolouration towards
whewr/ozhiack proteins thereby reduci ng the enzyP&I/ER2007/000230
browni ng capacity. Alternatively, the effect of heat
shock treatnment on browni ng gay be expl ai ned by
thernosensitivity of enzynmes~involved in the
di scol ouratio at hway,. Cheni cal s, i ch can be
the ST G AP VOV ik abfol B T IR TP aUriy et shock
protidaid ntHe reihed i dlich Oa Ser 4 yaa tHRT A r S EXddithcity .
agents |ike cyclodextrin and enzymatic inhibitors |ike

Altexnatioiney, Adp iehisdn of hardni e itr9ataaan quy browning

. i | YAV i .
e P B MO WP S AR SRl L 5 S BB SR o0
the et logi st ides @ra tiedayabove can be t hought of and

ul ti ely. the applied procedure ji.s trade- of f
et vioa GG T 1 ke yArtad T fa sarmie b
redddi?ﬁ%%‘déﬁdﬁs of i ke i eahinol©gycraRldiety ddqgHtyans s¥TA,

post - harvest qual ity of processed vegetables, fruits

compl 4 gveragsitls lidife RACEPIBERT dhPrhaTe e i dingdipitors
15 REAL L L A I Sl {h ROVt R0 N 12488 WD
elimnate or reduce the need to apply physical or
obcimm lpal irpostvdmrfest sadnoliogiws Suhmmeguigfes heegulatory
i nventi ILt. is the object of th resent_ invention to
PR the CORHRHIT ek ROt (e S 1AM O
de shioMp e rAEBA6L b M0 el -1 Hslired o sael aurtditnaae Inesnspplied
to provide plants and progeny derived therefromthat
Profedyiessiist #htt kgt havean i Rl Giderc@cy, cost
and®UedbaSs SRzyymati ¢ browni ng or pinking. Discolouration
upon woundi ng can also be visible in parts of the
pl ant STrmadeds wt s, tiseddschrfaligdys afgrddfes], fimparsment

tubers, shogts, etc. It.is thus a furtq$r obj ect_ af
of (B S s%n C%uo‘_"elpl‘r:to‘(/iOdf e T SHEsH ng Serhod %’o CtIsreq && an

£1dvdr PLAItIs,cdratatshow s i et ethavaifiudd ndudethr need in the
di scol ouration response in _ o

art exists to provide alternatives, 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 screening method to select for plants,
that show a reduced wound-induced discolouration response in

their plant parts.
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their plant parts. The invention thus provides a nethod
for screening a population of plants or plant parts

wo 200703 pr esence therein of individuals that BG¢DREP207/000230
reduced di scol ouration as conpared to a control plant,
whi ch net hod conprises a ) providing a popul ati on of
pl ants or parts of the pl anté fromthe popul ation; b )

optionally, creatin wound surface on.th lants or .

ol ant I (VN IGIR B (P TIRE DI R Ae QoGS paqaning @
poplild o i f Aces wrast eshitheraon die Piad@ therein

di scolouration to occur therein or thereon; d)

of olyxdr A Hp khet i s chDuraat T Gef o P kqier it gt s preompared
P ts; [ v, di scol ourati on
tové ?#I%tﬁ?ldis%lco %’uﬁgé?%% ng%a}%&?s&%@@ﬁ%lrs\e/%d in the

contrad) pratidimglandopardtien iadenlidntplantmmrs of the

| ant _parts that show no di scol ouration or a
pl%‘?%%oﬁ‘g‘ﬂ‘? a‘isk?eorP‘?FHé]ta‘?Jsonr"educed as conpared to the

contral) Rigiior1 B} aftePAtg al heourd hade ffcd heh pies§ltants
i nvention has two mai n enbodi nents. In the first

or gedth it $he di scolouration is the result of the

C.Onvercc’)i oﬂl&fb%ﬁdﬂ% é%?fgr‘?ﬁ or the wound
di scol ouration w ari se spont aneous upon
sur feedmtdratodd ttle pdamttorapl@ntfpardiseplpwmsrttisom to occur

thenvj ronrretg% for a certain amount of tinme. The
Ui SO BuratTortn this case is wound-induced. The

I nventd orosd dv il afley dedad Bsut tdie atdy ald the plants
occurring enzymatic pinking and browni ng reactions.
or ThiarlerkégiSvg nmet hod of the invention is intended to

| dent i f%@},t i A1 ath G808 'té’éél&?ﬁaq{ié}ﬂ W e 15 oY
a redugc% r acrtsll o(*ﬂ as con'parre }Q%la control. In the
di seeiondraniyodi tertt theoliscaduimattifon dentoanisgdl ant tde plant

pa 1.9 to Ilcvoe risci eonnc iotf y apnl aenxtosg eon ro upslr 3/ n ta dpdaer sS L{:q'xSaE tr ast heov} hnaot can
discolouration or a discolouration that is reduced as
compared to the control plant or plant part.

The method of the present invention has two main
embodiments. In the first embodiment the discolouration is
the result of the conversion of an endogenous substrate. Such
discolouration will arise spontaneously upon incubation of
the plant or plant part in a certain environment for a
certain amount of time. The discolouration in this case is
wound-induced. The invention particularly relates to the
naturally occurring 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 conversion of an exogenously added substrate that can
be converted into a coloured substrate that becomes visible

when the reaction in the plant occurs. Such colour reaction
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be converted into a col oured substrate that becones

visible when the reaction in the plant occurs. Such
W@oloonr728eact i onmay or may not be wound-i nduceRCT/EP2007/000230

occurs for exanple also in the seeds coats of intact

seeds. The screening nethod pf the invention is

intended to identify pI ants that do not show this

reacti on or show a reduced rea on as c ared t
masL G Y PO H MBI ARSI T GRS oo Afmele” also
in PHd iy datas Bt hod dr sReniTHe %dﬂt@@ﬂlatg @ t¥fod of
plants or plant parts for the presence therein of

the ddikandddns ishdntenwiech tedwedd idivs cdiad\Fsatihgt g9 not show
thlqsor%az%:%qotno oar %WOJ r’?slo‘?fﬂ; oorrenajc‘r’f:rit aarst 'CO f‘i%ld to a

nprises a ) pr ovi di a popu atl on
cordrrqdarts of the plants from t he popul ati on;

i ncub t | ant s, .or ants parts w t.h a bstra

hor A A el FRGBE wrs dhre i G rge o @
me tTHYa HoC QY QW) 4 PRROWE el plamdhrePlank Jparts

observing the discolouration in or on the plants or

fo|thit Rr@aeRcy t)hecrcﬂabgarqfnglrtqté'l&e@elrst/etdwtﬁ S disired
dlé’&hh)& et (‘yns%(y rtﬂ)tél%?i tt]@t Ic%n T %{33 r{tn otrh%lant part,

control- plant or ant part to | antsor
whlpdkarmtetthwd s:dm:ailmw no di scol our atl on or a

di scol Quratian .that is r ced a red to t
Contrcﬂ% Fﬂ é)mldd]ngm arﬂopﬁlgﬁut SHP% Rt s of the

pldriteetddan ten epuased Jrgr - any pl ant that may be
subject to discolouration, but is in particul ar useful

for proddeeubatiser tiheuPdranfeyeramilenter Dartis yitdy a
suk{socrraf‘éeo‘@{a% o h‘te HEEtAMéI%éd’]tht(ﬁlal Q:oilHutr%@ Ff)lfg‘?nrent to

veget abl es, such as lettuce, radicchio or
allemltﬁo& digrealgherag, idn keo pmcatro tdrerawetorpdﬂar@om‘,or
roots, h as .cel |ac for such as W

sho
or for )m? CEo Y THE TS T4t lornt HeY r € tthe g&ants
or forady Wdrk,s;such as appl e, banana,

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 to the control plant or plant part.

The method of the invention can be used for any plant
that may be subject to discolouration, but is in particular
useful for produce, in particular vegetables or fruits, or
for flowers. The method is inter alia suitable for leafy
vegetables, such as lettuce, radicchio or endive, for tubers,
like potato or sweet potato, for roots, such as celeriac, for
shoots, such 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 bottoms etc.
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avocado, peach, pear, apricot, mango, eggplant and for

flowers or flower stens, such as gerbera stens,
waekyeznshenum f |l owers, arti choke bottons et c. ACEEP2007/000230

screening nethod of the invention is intended for

identifying plants that have_a reduced wound-i nduced

surface discolouration in one or nore of their parts

or tissues. For the screﬁplqg is therefore ver

or act /I S SR S BT 15118 N STRALATS 13 e angled £or

ideh o) iy Hits IthdtetHdiee,a thidud®y wtiddie dRafedrsx face
part thereof, such as a |eaf punch, in banana slices

dl%ﬁ°k@ﬂ¥%ﬁ*ﬂﬂxﬁﬁrQﬂq Tamdye tQﬂﬂ%FlRﬁﬁﬁ%ﬂRflqissues For

I c fo t racti.cal te
thg C\A@%&] %\Agl\s}:eq é}ﬁehas een\%@uﬁgay%tﬁcﬁal t%f"uste Stthe part
or ch:ssmie)wraitl ars qarored S bl da@siteedaoni dn .ssTueslettﬁ.a,tcear &his
nlcﬁ ung%% In the amples it is shown t fall .
may RSt Lot & AT It Py A S punch, in
baddWHICG NG X GlHe RACHd DN AU ¢ ft%rpweﬁﬁetarmﬁmsed and in
exogenously added substrate that can be converted into

Floyeidt durier iafimdrie i RITOWATDEl P TAOITRRE1CFe test vehicle.
reducty n. ablster}%es ﬁérh'f*:b atf @A o‘lgm&aé}l% can
or ce

used in screening ants t ave a re
algh Sooltortad am tlll’ESalGﬁJetd“lactl caxe?rrbmij rm:runddda et Hdek i S

partlcular usef for selectl | an on
ExTRE A § v ATt A 5 Sl A e b P ot b FOt
tifgenise lagde ay lrfp:nﬁ:llrn; Féarddl%ﬁﬁrrédbﬂlhﬁl SREARS
Lactuca sativa or plants belonging to the genus

Pregeiifest |qﬁnaahcf>iqge¢5mldo|a§ldqob RSt E ddad Gy ifem
cor{x;gdy% 1% g anegﬂlodﬂeqltt wt k%lr@%ﬁﬂﬁﬁie%r The

ucti on of moun surface di scol ouration. The
reqlantorpapulatsence htaft titsl ss graglened neiadt itdne crm Hp@d ugfed in

the .inventio n | ant po uI .
SRS DN g E IS St gh Crae e Ty -
di f f erenta mpEegrs d enidudiease tdie ertmmes iaf lfnu @ﬂirltg.cﬁllar
pl ant that shows a reduced wound-i nduced

us%%é%@%é&ﬁl%@%%%ﬁ%@%&%ﬂ% fe e nade
As@ra‘?@é@, q_f %Ml@ﬂﬂ@rc plants of the genus Lactuca and

more in particular to the species Lactuca sativa or plants
belonging to the genus Cichorium and in particular to the
species Cichorium intybus and Cichorium endivia that show an
absence or reduction of wound-induced surface discolouration.
The plant population that is screened with the method
of the invention can be any plant population, but is
preferably a variable plant population that has many
different members to increase the chances of finding a plant
that shows a reduced wound-induced discolouration. Such a
variable population can be made by means of a mutagenic
treatment using for example chemicals and/or irradiation and
is then called herein a mutant plant population. Alternative

populations are germplasm collections, which are collections
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treatnment using for exanple chem cals and/or

irradiation and is then called herein a nutant plant
w@opahzrson. Al ternative popul ati ons are ger npP@ERP2007/000230

col l ections, which are collectionsof plants show ng

natural variation. Also, a pgpulation of transgenic

pl ants can be used. The nethO0d of the invention is

sui t abl erforrre W t h Iant arts . havi
of Fiheriide SHey St Ao sR ARG Biacn et tre of

tr [0} fglgmt% Icga{ b hfsewn- cal I ed | eaf discs.
Alternatively, the mdrib tissue of veined |eafy

veget dMecdethodheludde igyedbion i §¢Jslt@rbé}'c@lerff|°é‘med
wi t;“hlr'IEJI]I "J;g:artsn hf \}:{' te tg&g s%lirffa%%eSV% yh%ls\é%l test

be asses ternatively 31 cés or
sangh lees ariéord:fslcm/vetrl'fa,t slrnec gsinafheache€ rotrem dreafa \tdrey so-called

useful test sanple. Incugﬁa{'&l on take SUI t abl l.ace, i.n
Lea Giifsoud ARSI v aRiG 1eaty

vededhle oV iah Wl lusactgusedpiist h dl%@:fs @'r%c%utth&troﬂf &uch
I ncubat ed on or between wetted filter paper. The

rikgol dur frespendds suthemnfacpswsll heilyies & rardendaphde
as§g§§§ﬁ(g} JY%é%%#%i QﬁJﬂﬁgﬁ%r‘Qi%%rna%k&eEﬁbw%Q%

agueous envi ronrrent conprises water or a solution.
slixesped fihe eteadiarenta tvlwy Wslelful:le tlewitt s@mpillel.ust r at ed

bel ow_t he sol uti ncontal strat.e, such as L-3,
4- di hydh¥< &R?B'ﬂ aﬂkfr? r?‘éll g&r‘ﬁ&odﬁ‘déﬁ Ns SERERt ed

enviGdrid i, ocm@t lnféf’tkﬁfd Jre tmeaqkw@r@mt JaRl dRl Ry Weal
enzynme pol yphenol oxidase. Alternative conpounds which

PTG S5el fleafs Hes g atertge dnpubated pny pirs between
wetrtee%P%“itlt'eQC' & GérbUt’I‘h%r% ]:J 0RO 5GNl @ %9%'r‘§z well

aci d, 1sochl S ogeni c aC| L-tyrosi ne and cat echol
vishhd & Rrendo It hea e dgerst lodr ‘e peuinol wed t\lwet Ipapleqrgeny of

o ANARCRR Et SR PG LoR 10 FEMGGL FRTESrar

watidie i egemy uttiidnl. has at ke esdra Akseder meh t! ettt wan 1obe
fu%ﬁ*@%bﬂ%ﬁé&&ggzg:nggﬁné*g%ihggl%% 2%%2%1%2 %h%ubstrate,
such as L-3,4-dihydroxyphenylalanine. This compound is
converted to the production of the black pigment melanin by
the enzyme polyphenol oxidase. Alternative compounds which
can be used for screening lettuce plants in this respect
include but are not limited to chlorogenic acid,
isochlorogenic acid, L-tyrosine and catechol.

The invention can further be performed with progeny
of a parent plant that shows the absence or reduction of
wound-induced leaf discolouration to demonstrate that the
progeny still has the same absence or reduction of wound-
induced leaf discolouration as found in the parent plant.

The invention can also be performed on parts of the

plants. The plants parts like lettuce or endive heads or

leaves are usually the parts that have a cut surface that may
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The invention can al so be perforned on parts of the

pl ants. The plants parts |ike lettuce or endive heads
W@roo7ezees are usually the parts that have a CRET/EP2007/000230

surface that maybe subject to discolouration. O her

parts are fruits, shoots, rogts, seeds, tubers,

flowers, stenms, etc. In a further enbodi nent of the

i nvention seeds or germ nated seeds can be used .as the
be 2§ rd%no 1 TGP AR G Y eIt § & er'totred isﬁ‘o"ts'
rodte, HasaNce e, exeganas|sratdedsabstrate. In the

case of germ nated seeds the young root tips are
i nvol VY 3 rf4iHe ol Bihodigrant ot *%r% iMNAHtiQh §eeds or

[ [ ntai £y :
o Pt T e el TR B ohaEy Wl e
screerkiotg misthexdpliad ek fabones] idi stw qurestdrore aff @roduce,
in partijcul resh fruits and vegetables, is.
exqde Bt P a4 ol T FAE S fpanag seeds
thé Syd@ifai®st i ghe eonsivsrvedetraidied dgsard ptdit idn .
the invention Wien lettuce is harvested and processed
by cutfhehgiN¥RIHYL Qrealfs \RAMRE S dobsvaire geifsrastddg for
i ddMY O 418200 ddh @ il AN TGN daSRnsesd] dha dtoXssed
plant” parts, manifested by a brown or pink
vegh tsool @urathedn dts oyxrald] iavehtaliav e ,hed vemmldbwsnatfiage.of
?I;’é)nki ng can |.s0 be opserhve at site(; di stant fromthe
POy st Aste Kt e WG 0 B thé TR K 3Rt 9°7as % he
corBiide r D MERIdBEIS- g1 K Sich @At lad sl e laases v ek afu s aiges
just prior to harvest which is considered to be due to
rehetﬁfcﬁcs)cbkéttr}?ssc%}s%‘%ﬁeﬁ"- maturity of the crop. Cther
plants, in particular other vegetables, fruits and
flowers can al so be prone to discolouration. The
De et byl dfsamiotimremnd omhé sinwaistiaiso0 a very conveni ent

STl S S e QAT P OB P i,
manpUurekfi nebiged dirstalarald eneasfensaethich leads to a
significant response of the plant or plant parts, manifested
by a brown or pink discolouration at or adjacent to the wound
surface. Pinking can also be observed at sites distant from
the wound surface at the midrib of the leaf as well as the
butt. Sometimes pinking can also be observed at stages just
prior to harvest which is considered to be due to abiotic
stress or over-maturity of the crop.

Other plants, in particular other vegetables, fruits
and flowers can also be prone to discolouration. The method
of the invention is thus also a very convenient screen to
identify other plants, in particular other vegetables, or
fruits or flowers that show a reduced wound-induced
discolouration response.

The different forms of discolouration are effected by

enzymatic activity, which is strongly enhanced as a
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The different forns of discolouration are effected by
enzymatic activity, which is strongly enhanced as
waewnsensence of woundi ng and whi ch gener at es BEWEPZENN7/000230
forms of pol yphenols and reaction products derived
therefrom An inportant enzygatl c activity involved in
the brovvnl ng reaction is PPO PPO activity | n relation

enz br owni ng is nat restricted to |ett but
Corh esq"bee% Y aoe cr“?uﬁ}svégmfogranr% Sth&e e S psciee %
pol yprdriesics larhchfSéadwﬁlrd/regirdiﬁIars Qeativad |dHeerd fircappl e,
banana and potato. In fact, PPOis w del y recogni sed

to be ZhelTFOR IR itz W‘F?d-'olrcta?rﬂ ISHAMEN YRR e jthe
brcRPrﬁt A VLS AeLE BRI BB OJCHEEW%P rigcessed fdesh,

frurts and vegetables. For this reason PPO has been
enzyme ttiar dgetovofinans tregthnod oyt les,edvtiac hl it et ktdte has been

r edyct prev ion of its activity.in .ord

de it o e i s ' s T v

poairad MRSt aldeacitditidh ik ipolagpienolisadasd AP gdtato.
the plant tissue are oxidised to give rise to the

In f%%%,t iBFP ofs gtiglf b ieCoBUER tehtasy  oren Afndthec Mot
- SV Yl yrfe 4 S8R d 18R ller@%d&iﬁaervfe%rMét%h@rat&w of

or bl ack pi'gnents. In many plant species PPO IS
marshqouBetedged foredd fenid § and wagfetiileds  he | nd| vi dual

menber Jay have dlff t, tenporal,.and spat. a
expr estl on pat t'erns mfcg |ver£po func?tl St B many

tediEIgenes,. WHidms inoratexanplediran aghown gri@tedt@tdriesE its
contains different PPO isoforns in the phot osynt hetic

acting tiasiduIrdes S FreaRe IRFE MR St @l idub ok daed
prdgué¥g3‘§¥b‘34€§¥ et veendde i fifergnters A BhentAR €

lists the PPO substrat es for various vegetabl es and
reSIrdJurtqs Jtrhalhearrelaguiojtecssqeo adies codiclirssd orp ggore rise to the

fofndingse These nde ther se%fbsetnrttes C%%mpec seddn a

exogenous subst e-base eeni e § or” the
norfatediinatic reactlons lead to the formation of brown or
black pigments.

In many plant species PPO is encoded by a small gene
family of which the individual members may have different
temporal and spatial expression patterns indicative of
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



10

15

20

25

30

Tabl e 1Source Phenolic substrates Apple chlorogenic

acid (flesh), catechol, catechin (peel), caffeic acid,
w0 b@vormBl gl ycosi des, 3 , 4-di hydr oxyphenyl al anP@EEP2007/000230

(DOPA) , 3 ,4-dihydroxy benzoic acid, p-cresol,

4- et hyl cat echol Ieucocyani in, p-coumaric acid

Apricot isochl orogenic aC| d, caffel c acid, 4-nethyl

cat echol, chl c. aci.d echl n, epicatechin,
SoyxtSgal | ol %}é%h fsr‘ht?/éo?ﬁﬁ S b-counaric acid

deri vatlves Avocado 4 net hyl cat echol . dopani ne,

pyrogal | ol , catechol, chlorogenic acid, caffeic acid,

APFXPA Banana 3 C@Qﬁ@ﬂ&ﬂ@(ﬁﬂ?&}yq TSR ami GRE Y B Pami GRdechin
. eucodel i s | ueeemni gl Fa0pl o £y o0en s,
‘coumar i :

acid, caffeic c acl cl nnam c ac

derivatives Lei,tmngdmymmrqa]faﬂeimm&n CDOPA) ,

chl orogeni c a r|v tive 0 dopa ne

4- et hyl cat eg:JH Ty 2\% OqJccatae ccarteeéc% n,

chl orogeni c aC’-l-dneﬂWlOSdaﬂﬁéckm:’A lélrcfdcﬁﬁﬁild\zﬂiﬁ,hr&@'ﬁumaric
tyrosine, catechol, DOPA, dopan ne, adrenaline,

nor adr enal i ne #asth chl or ogeni ¢ acid, pyrogallol,

Aprlcfe% hyl cat eClIEQJdcth%cﬁfé}ﬁ cf e'c?a@féldc cji G- -methyl

aci d, catechin opam ne Pear [‘orogeni’c aci
cat echol , cat eza‘nemhcnﬂaf f@bmﬂlmds Gakaditiydr oxy
benzoi c aci d, etseoéhPloI{,atpoyrchl olrlo&e,n'cataecéhddl afflfaev'ocnols,

aci d, catecholSP
p-coumaric acid derivatives

Avocado 4-methyl catechol, dopamine, pyrogallol,
catechol, chlorogenic 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-cresol

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

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

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

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

p- hydr oxyphenyl pyruvic acid, mcresol Sweet potato
wepiooozgeni c acid, caffeic acid, caf feyl anm dePCHERNY000230

plants, the [ evel of PPO enzyme is not specifically

i nduced upon woundi ng of pl ?tnlt tissues but it resides

i nactively in the chloropl ast. Upon woundi ng PPO is

activated which s nmanifested, due the fact that .the
Potdlehol i ¢ subsﬁt}h]toercf%eé}lu‘? ffi% ¢ ciJo"’]Ce]scEi SH eo‘ﬁbqt:'t’
into contact wdpgn,PROEESI0, td-SSE Sl yisHEHY 10N .pddpionic

| ettuce, the production of polyphenols, which are the
substrate of PEAd/ PiMtrERIBY WRHHHE atHel e esol

[ ng ' : ttu i S - :
s»«%{te I é%{rr%"igﬁd by pctqfwlgﬂ'tadrqrgel unnltoéc oéf%occl%néft%? I%ecgfeoﬁrﬁ: sés%ée }Iblaaimlde
rather by the rate of pol yphenol biosynthesis upon
wounding. In this respect the sit jon may differ
Dot wedh T GG P T o1 o ol &Y IR asur grot
spd¥l HARNEING) Si el fugdreModri gRN AL A tOHOWH IS but it
response of the fruits within one hour after woundin

resjfigeddqtiwmiude tHe i o asdactUrah mgundiy FFO is
; - ts f '
ac{)lo y%%g ﬁdokﬁq%lo 011% It[{aldfngle@ytnéed; ?suét (r)]c Abggﬁsé; ﬁ%w%é; iecsheadt dt eh ©
phermiol aiporbstonatd nees 1idilgy siynttiesiwofolmd yighdnolwgyht into
occurs thr | | -characterised .bi ochem cal
ot Th R e S oA S ey The i1t
commi tired it Of dHYd orddvelon S Hqal Wsrhdls t Mhich are

enzyme phenyl al ani ne amnmoni a | yase (PAL, Hahl brock, K
theyrribsdadie 95 (BRSBO)L AdmAv R uRamto Wididi%l Thetgiore.
thdHrou Hg et zBe 1 FAL LOMEIER RANTNR ad Ge

pheny al anitne synt hesi sed through the shikimte
1inpigtdvhvdyy ititeo amaumamiaf RAQ.10 rtHeetltasde,t ismwedibng: ofather by

end S JE08 LA L ing it on ol DAl gens

pol yphenalisi d Saupde] afed siitundilirs ez Wisfier between
crops. For example, in apple the amount of polyphenols is
sufficient to generate a browning response of the fruits
within one hour after wounding whereas in lettuce the
browning reaction may take a few days due to the fact that in
lettuce the polyphenol pool largely needs to be synthesised
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 Physiol. Plant Mol. Biol. 40, 347-369). 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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activity, which suggests that PAL activity induced by

woundi ng of lettuce is an inportant factor responsible
WO 200707290i ng (Canpos, R . et al . (2004) PhyspPGI/BBR00E000230

Pl antarum 121, 429-438 and references therein)

However, it is currently unclear which other factors

determ ne the final outcone t he wound-i nduced

di scol ourati an r.eaction. For exanpl e, the .activity of, .
o A S A TR s e el it i i cic
acttiSv g}, wHi @staljdshingHdre damalcdiemaly afnduced by

di scol ouration (Fukunoto, L .R . et al . (2002) J .
wouRfHing Fode i@ BU@EN 450Ut gGtamh-1Sshesableetfor
(.200 | QScCi [;otechn '%ﬂ%’ﬁ} . 1674
br&r}&s@he@aﬁzéﬁfe Ra'c%l t\?iately' dgjpoeon@s on t Oel /ai agb%ﬁ]nﬁ%? o
121of 429-ef3falaryd) dradfpereperoxildeseithe  dtoenidbut iiodn igf POD

to discol ouration . limited. It . is further .
cu Ui Ao, S rhdr s da s ) e, Final
outftécid SN HFURERAHENH L S i o 1 eIt dtuUd rax

cascade, which is currently poorly defined for
examkaycehq tafdehis Yoh Rer Hed2 39 sE@ AVt iNAT ikeemwigyggested

[ mari t d it WU ' rﬁﬂd
to gfa% E{ eéj‘%lltgata}?tnsaiasr ﬁ%oglerg?g T elr ef o?ie%jel?lté :}g | e]1eyvel of
di gdvaltoursatyl qyeni@tu kunfcdet,orls. Rar eeti ol vl AN nbuigmg -t wod

gL BDSPPYISS. LIS | S WS IR A

BidexhHriglat iminbdien.edee 197 Blligegat e t he wound-i nduced
di scol ouration. Most of these genetic factors are

cur r erfty YRGSt FioH thh sSSP aatsnP ¢ hife d9idiakdd 1ty of
intdrdgl, W RYed Al £XI @He [ERE HARLUS JH DO to

specific rol®e 1n the discolouration reaction or
di perlvaps thiare me yrdree lgeridredd. function in relation to

L ok PN G0 Al 1 AT PR BT i,
pegeidei® il Ry gl thraanisipdeepeintafy letdideml is generated
through a cascade, which is currently poorly defined for
lettuce. It seems obvious that these activities will
primarily be targeted towards wound healing and defence
against pathogens. Therefore, it is likely that many genetic
factors are involved in mounting the discolouration response
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 propanoid pathway are known to be
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products of the phenyl propanoid pathway are known to

bei nvolved in inter alia cell wall biosynthesis or
wa@ledoenze3r esponse as well. Therefore reduci ng REGEEP2007/000230

wound- i nduced PAL activity in order to reduce browning

potential may conprom se otﬂﬁaafunctions besi des

wound-i nduced browni ng whic y be less desirable in

._relatjon to other aspects of. |ettuce cult.ivatiop.

0TI S8 PEGR@L 1 (5 Had WP 1T 6 18 (RFSd

redgbiiied eN eydespanie Sk d hetRfdmgy redlcidithd-igiduced PAL
browni ng potential by reducing PPO | evels may increase

actiel U sideRidiY ity 1Y HORS NOTIRRAATORY, MY, qampgomise
otﬂ&ooﬂ}n%igmsa lge?s%de]so“r?io]u]ng—indﬂl%oeftﬁro% i'r{g Vx‘/vgﬁch may be

reasone y the i nventors that a nore unbi ase
lesppiamictabiey e madrag isuc des sfuien rRaguct 5 espdatttu@isch

approach conprises the following steps: 1 . Generation
Cu%éa%?RﬁiFPant popul ati on of plants, in particular a

mut antg, ool At i arpo Suah vildyaMta PHEEAtingl iGan 1ee be
~ generated by treatnment of seeds or plant tissues with
invRkvrfbnint dRfEnce |196P IR [anfethefe NS givduciremdheor
- I The et f fii G Nt IR h
brgs%#lgi% Ffonge 1-ilc sbg{eercet@o%r}@rbbﬁ elc?q) oe(nelrga I"scol ouragstei otn ©
susfepthio ipl iant ,ta mparardgend alT e pyapch g ,e sHho rese -a Indidded )

di scal.our at | t | ant, whi.ch is channel|ed
Platrhtraoﬁjg%-udj’Pg\lLd 52—210170&. %&ﬁpr e?‘o_f Charadtas iaTdIF o?b % fde
invBHests v fd ethdd drigids s Wb rRsN0nEs, Wd hndkspect

to post-harvest discolouration potential and absence
sugFe 531 it otio ditel effesiiactof SURd ARAYIAY i RPP LS the

£o IR '§§%§gpmﬁng and processing of the plant
according to common practice. The invention thus
rel at €s. tGeree rsdriggmiafy aretdodrftorpdrdd@ttiifon f, plants, in

P SELRE T B0 O B B g e RS can e
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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processi ng di sorders such as enzymatic browning or

pi nking. In the screening nmethod, discolouration my
wheooohsrsved at awound surface but it was al sop€¢DEPIN0T7/000230

that intact tissues also show a col our reaction upon

addition of a substrate. A cg%ant pl ant popul ation for

use in the nmethod of the in tion can for exanple be

repared as follows: a ) treatin seeds of .a plant
wo BT A et Pt A4 h PR S0Gh C g o Tuer also
sh@btaidbMuserdsst bn W S iRl idH o ff r0mdde fdues.
obtained M seeds to obtain M plants; c ) optional IC}/
r epeath M tandp M antgmprudatian oy s obinithevmgihod of

y ©d i i t i + ggggs
the;ﬁl gernot\(jlvll ()nng g;faLr{;‘ tr|cﬁ?ganét1§a @%m%%s%q%%eégg%éxcfcd}rl Ing to
the | entriemt irieM Hetls & & qullesdn ugrediye sagsayed
or. their wound-i nduced di scol ouration response.
mod HAL ST A A S W En o oty o e
di scolpurgtdpimd §sSIRANSE oMl itHh Ardb 8l 8. seeds to

Then, progeny of the selected plants is grown and the
obtindt} ke /di scol ouration response is neasured. In

order t0 - [,C..marj ahid | u dBde
mut age%l)es%&a&évlglggﬁ}écp%earﬁ cda%aqo%égp}hbys%?]g: adﬁr ggt ment SOJO
obtarien Rfilovm tseddwe person skilled in the art which can be

d to induce geneti tat | i t ies. F
exarpl D, A b it (P Rl o R g
gréideran waneentfadn aosd sedus.agen |ike ens. Ens

al kylates primarily G residues of a DNA strand, which
dur i nPINex He itattivh IirnEst gaitheRe MYaPRts iafs ead

subfeduent P& Ol foq FobasRAA! (o RANGRNOATRASARAIIR 1 on
at redquency, ich is determned by the effective
resfozesof Brmtndhdte dctriot tshaf drheshivs ratetduasshi r

di %%OS]E q?t.g]} aotfi gnh er sI paonr‘} se -q:hoe wecf J necF J.t nI gV ea rdeo Ssee loef c teer§. %%enn,d S
progeny of the selected plants is grown and the wound-induced
discolouration response is measured.

In order to create genetic variability use can be
made of mutagenesis. Several chemical or physical treatments
are know to the person skilled in the art which can be used
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 basepairs 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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concentration used, the seed size and other physical
properties and the tine of incubation of the seeds in

W b@7eme3sol uti on. Seeds, which have been treaP@HERIDT000230
a mut ageni cagent are typically called M seeds. As a
consequence of the treatnment,_the tissues of the MI
seeds contai n random poi nt rﬁfﬁati ons in the genones of

ool e SHSETTY PO O sk noe LSRR e e
tr&ethSdt W ke bei d$@nsfer reck 1 tdee e xdorgeiet atddbm point

which is called M . Miutations or conbinations thereof
MU £P 2 Hep? BeHEs fokidmit ey andisiigse present in
tenil i . Whi ' e | L1 Ve | ;
ond SIQHAAFIGE GO SR Yo dotptte
tissuaebps rivath aboyvEl § orwihe hes et ofnseher ogpl testHornext

ot her, nut ageni.c agents. a 1. Suitable nmutagenic .
Terght SO ST - KRR 10 (e MEE RGNS O s TP A LAn
théf & £l iyl & 1 18 M FOeM s 2EeNd Sen tS UHe 8o i @luing

sul fate (des), ethyleneimne (ei) , propane sultone,

steriet iy | or Nini gl dsrrliker MRIFREYImMHtha Ny tblsb-net be
tr%%%f@i%c?atd%!\!\% M2 ﬁ%%}!?ti’%r{” trosourea (enu) ,

Ium azi er ely, the nutations are induced
by neakssifilar guiatedure s otescr flord exdaond ef oel 8ot etke of

e R Tt E T AU ATGH S RITRE B3 DI b & TR
mu g SRBNSa dn e Netd Gu &G Iresin Nith S Bs. e Meiansl Hfly

use of chineric oligonucleotides, honol ogous _
usebithmi fat } onl 2ty Taraan ¥y, 294 rod /4R pfdiethyl

sui@ééi F(ﬁjeg)a,r g@&&%m&m%@%%&%&@ éml\%e, N-methyl-

endogenous pro ownr egu n through R
N-niterf@resice net gunihe Weh ipoms atN-ometfh ul yngageies)i s N-
me can be u in sccg.eeni nzgioé)rocedures ai ned at

N TSRO St €1 SHHTLIT G T ough PAL. and

PPO. 1A1d&srmdyi sy t ccidiansdd d fofls aftd siamddded @hymeans of
irﬁg)igégéé?]&ﬁiéﬂEggs?ogwgéghgfgrééﬁgcted 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 collections, which are

collections of plants showing natural variation or

populations of transgenic plants.



10

15

20

25

30

genetic variation can be taken as starting materi al

for such phenotypic screen, such as gernplasm
waeairezrsons, which are coll ections of plants BCDEPIG7/000230

natural variation or popul ations of transgenic

pl ants. Production of M| an(c)ij14\/l +n seeds is suitably

effected by neans of self-p ination. In order to

carry out the phenotypic een of the inventian

vound Bitind et B gabiirdt Fedne Lty Srected
by Gl Q¥ afd 10n-gRaGtiidrs. i nduced upon woundi ng. Such

woundi ng naﬁ be achi eved by cutting, punching,

sli ci ng iRy, Caxfuastting:hombeidigpisedqnegn of the
in\%ﬂ‘{:simmg’a Ri&a] ir ocgi?ﬁ%g% %!d@%té& LHQ the enzymatic

injecti'on, osnotic s i‘’ng, now ng, tearing.
diddoMmsr ftoiund ndwatt itdre inetimabthasd tdpen nwcemtdiory . rSudh ch

an, exogenoysly added bstrate is used, .can al.so .be
woRKURG dRY i (AR SV G S, S
abSR80sy, |y dHiatd,0ns arhany Piadi1sing t kirustear)) @rddeing,

substrate, for exanple when PPOis secreted or |ocated

slafltididte AHOEEY,. e dAAMRC IR, IGfRtes tH ol our
eaetl PN S e ai |l abl e wi thout prior
det\r/\%uncﬂ%?’g.rﬁAlt ’ V\tnajéuaﬁ@ir% or when no wounding is
neededit avgEheimindgitthatharhec trertitstd e fimidte beommeion in
mani fest which i.s diagnpsti.c for the pathway |eadin
wn T ATt SO G S AT SHHE N S T S5 ST P e
pr&ffidemd Yirdthcx sGrLan Hiaddgratafamepulaidons Ideeds,
was surprisingly found that such phenotypic

in FHdradtiansiher cdifbe obtidinidd 1P alding 5 aesgats, for

exa\?\ﬂﬁ%%@?t#ﬁw,itéqes@%d \&rno%%ec@cf AR WNSe11. The
ich favour different forns of discolouration, in

enand ithdtarinsoged uref acd adis owlaguriam ars, theroeduso.

oSS BT R, Do aprled to | arae

pl ant A fidr dARIdiiny s etierd hes avimtiing WH eleeded, a
phenotypic characteristic must become manifest which is
diagnostic for the pathway leading to tissue discolouration
and which can be used very efficiently in a screen of the
mutant population.

It was surprisingly found that such phenotypic
characteristics can be obtained by taking 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
surprising finding that when discs from leaves, such as

lettuce leaves or leaves of endive or witloof, are taken and
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show a reduction of the wound-induced discol ouration
response. One enbodi nent of this invention is based on
w0 b@78TmRpr i sing finding that when di scs from | BE/EBR2007/000230

such as lettuce | eaves or |eaves of endive or wtl oof,
are taken andi ncubat ed bet en wetted filter papers at
5C, after approximtely 4 \éﬁys the formati on of a pink

e at the edges of the |leaf discs beco%)gc appar ent .

1

. d .
inghatad L5YIR P i 9% PR <y,
appfx ittt il A AAZL dHOMQGH IR & CIPigld .dye at the edges

M croscience GrbH, Dassel, Germany. Upon further _

of ithabaaforfliadfe haepngs iaRRATET eSUHi@hiiq ilter paper is
: yez, 0 t ' it ity -

fll?é;eg%ﬁgéé . %ﬁ%ﬂ%&%?ﬁ’oﬁ ﬂ'e p'rhikrﬁ ggefgé?clurfsm SfAtier &
Sclapseld f iMiat s aite s ainksyr flecesel, Teermdirscollpomatfivrther
. _can be nmeasured by scoring .on a vispal_scale fromO0
G- GRrantd o an T DF 1 5 (0 S0 R LY
ond @Vl Nchangh Binkiked Nichdd kel 18y Haandeh wadd @fed ofrHehe

plant to be screened (for exanple L . sativa for
forgpataeqit mf |tdiq wdedk dyeh Qa1 HRT st eddndiatg Watmdice
su fldecéc_js sativa variety 'Troubadour' is used as a

standard for 10. If desired, pictures can be used for

conparlitsordiscalcorme i | grre roee diest el i dh se s dyvetiwge o) a
.and 10. In additjon, digital i ctyres can be made .of
vigh ghald A0 e i i, 2 B to
10 bWt tnkdih P rdwdinfisStd ROSIKiIN tihe ruemdrd variety
pi xel s with an intense pink or brown col our. Using one

of dhe relan e erfarasned A @RS dal Sl Kk doT
scééé?ﬁr?g tl'% ce)V\ﬁlfn' Weéa?ngbﬁlﬁé%sl%eer i%‘hj llle%dcdd'é the 1.

art, can be perforne et her” a plant or
sagrouprafiqghantrdupaiqgn f iicanded lass s ptakidegdrfor 10.

br o0 L e LA M IlLEt ) LTSS, <o
scatatirsd iiGtle GPH IS UL LHe PDHIBERNn 0 and 10. In addition,
digital pictures can be made of the 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 offspring.

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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bet ween the pinking scores of the original variety,

which is the best avail able standard, and the pinking
wa@ewres2ef the individual nutants and/ or thei rPCT/EP2007/000230

of fspring. For finding the trait of the invention in

existing plants, representative sanples of varieties,

breedi ng |ines and/ or gene bahk accessions can be

used. The statisti,cal co ri.son c t hen .be made
COMRARIRSN (371 1A F AL aHE i KA dokes G the
1ndhﬁﬂlQiudanéi$éés&ﬁierrhrﬂf& tierdasitgafi drheaPiHat it of the
When statistically teSthggllndIVI dual s for

popoulgaﬁnfqrtarwn%p | S i kG gl il q S Ping dotal i Beh ¢ 2%
h
B R AREHof s RUEHR yPrQRels DA Sl NPt
neewletch tom enasitratrediar @immemeﬁﬂll blgmﬁlcaStcm ilstvels, for

exaﬁ?é]t t%%n%%é)96r{%‘_é2‘€a%ll955 .%Fﬁﬁg%thé% égt%vﬁ'gs/ osnheovglcandard

(DeHrAder aau, tWPQﬁn&f tdsstiestof Aaees 3 didderentl (1955)) .
devel (épment al stages. For exanple, in lettuce mdrib

ti ssud’wEh e s o théva sty ttdiadq @%%.@%@bﬁ@mm

Ob%@@a%u@?ﬁ@@% |ce{)er g, Jcﬁse%at%l\ﬁlégto%gﬁ eaf ,

difnfee ferdi \deduallopalwessh ETagesT € Hmrﬁkampalte,showeldattuce
$ nlflcant |nk|n tha t he resgzof th
esttllsgsaliee p‘ﬁ ih. 1T G tth rEf Ot € }}:lo%cﬁfé)eodlse upon
wodrtingV tWHeh taﬁﬁ)lClLéld | deatceick deatdritc et yipe o ft NRfte e 910 such
or onIy very limted genetic variation for

as R IRRbed GRIAE T KT odtataor 9% QRdst Fafrt Mt

QﬁRﬂ%} [ i gnt
eciftic |&ﬂe ch{rsd O&F%Pooféd&ﬁjc yﬂsﬂ,htaeelc:1 néeM\/\%d;ﬁglagglplfllecdantly

lemmlngutr‘@ tﬂmctul"cm resty m@l@@upmmuema darysttiiom. It

the. pink d t| an. nd._t.ha
is q_’o}}%etﬁé) chor{ﬁe Jpeich% wv%as 1|nnh L{:D vatec} lehcecuce
typdnaieddehnydey ohicl y svety |1rmalbjetoorgeﬁeﬂ%_ wntiatiitoh for

and browning of fresh cut lettuce (Fujita, N . et al
woyrppg)dusiess Gink gHaeRtmyatiagochem 70, 672- 676)

These f R N9s; Shaw tddtodNe RidK according to the

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 browning 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.
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di scol ouration response of |ettuce is PAL and PPO

dependent. Enzymatic browning of fresh cut lettuce is
whewmmo72e1 be very effectively prevented by thePCT/EP2007/000230

application of a brief heat shock. The observed effect

can be expl ai ned by assum ng e-routing of protein

bi osynthesis fromthe phenyl %r opanoi d pat hway towards

heat roteins there reduc:| n t he t abo |c
el SAPENBI LAY, O e SR 04 NS

as@ﬁhmeﬁf}wts Ald eérrwmé@lJynvdlhfeceffrecﬁolr@hé}aalewlajmobn,
assum ng that the enzynes involved in pol yphenol

Su‘%fkl%ﬁatﬁ’%?] ars%cb‘rp%s mwwt% EY rdid iNRRteFIRC
é’beé-f 0 [ &gﬁg e
ert%?ug'b;h u seq%gﬁst :%f}%als%ggég)f% s qdthh
is mu&se@erelshormayetd west steewp irhkeiing hiesspasponsid; was

Ilkethe matic bro s effectivel
Sh b 1 e o S SRR S ThE AT T T PEisnstas
ef ct BfdUgeinb Cled S MaTd mdrdHtSrdtvendian dife pinking
physi ol o %I cally very simlar to the well known

resRRyiftd oWty Yekgbnse Pami ©F | Y VRN T He
phydfist ot daf 8d Ry Anpi i 1 Ltb yﬁ@'v&@ﬁ%r@ov&rﬁ%ﬁ&tlc

agent.” L-cystel ne, Dbesi ei ng an 1 nhibitor of" PPQ
bréownialgordgmawsd 0 react W|th col oured o- qU| nones and

convert, t he ck i nt 9 urI es .
cheni cal*% tglldb%lrb% Yeac | o rsﬁbstcthe pi n eyfaéjrp@dmg

L- @ysﬂ@jtrtém—;es |aeax_fecﬂ1<5ﬁ$g|£gérfte.at16d:}mﬁd’hde cyfdse_Ldtas Bding an
was denonstrated that the pink conpound was converted

inhiRiFr f AR essS OROUTRPYT S SRR HErtdF gt quagd y
o-ddlodde MOK-GA¥RedS @l 1t noNa § WIRA OYe PQ i Hirb1s in

was corroborated by the finding that reduci ng agents
a ¢h¢<@l<aa~>lcowetﬁtc:talmrd rgagflinrat Mhen difso iory elyte tfmsrnpadwl«by

let vﬁ oslourle rearreo unqhhln ad |etl|oen when _
an S, i Ch are rom Whi ’ch Show

dermrrﬂmmecartauattr aateequk ftdmpﬁ}»{ﬁchIWEEs dchﬁremtrdd into a
co ldcg uS rC loel sosu rcagnllpoonu nl. dS aII tS os eeelnllsm tnhaet reedf o rTeh I lsl kdeelrg/D ntsk} ar tatteh e pink
dye is an o-quinone formed by PPO.

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

In addition, when plants, which are taken from the
field, which show pinking, are treated with L-cysteine, the
pink discolouration is also eliminated. This demonstrates
that the leaf disc pinking response is representing the
naturally occurring pinking phenomenon, which can sometimes
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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that the |l eaf disc pinking response is representing

the naturally occurring pinking phenonenon, which can
waenies be seen on plants grow ng under fi eP@I/EP2007/000230

conditions. A further enbodiment of this invention is

based on the follow ng exper%) Parts of a lettuce

| eaf of a head are produced @Ecuttlng and |ncubated

oo i A L o PSRl SV R 255 Wl

red@ith sedd aces Ofbd Msps@mivey el dhebird nol Han xéxeealr lypon
be observed. Furthernore, the browning reaction can

damagingel ey Vad @ttting vsﬁmaéoliﬂsdlrﬂm evel upon
damagi g | eavigs by oS 1 %bé Q%{&fbarﬁléonﬁglér!‘@%ﬁ be

browni ng reactions can co i nhi bited by
inmmlylsetcblkm L-ary s trehiird t aan orfaniR@,tcmlcc!h REhongtircdt es

t hat t henot fested th
Qe AT S T e &S T o, 1 SV R ST 5ough PPO
acﬁﬂflwsér{tﬁrﬁ@éﬁeﬁmm 158 ISEr etk dl Wi gh g 0Ice SSd NP ost -

and packagi ng of |ettuce. These wound-induced browning .
ha et iRFRVIEHH RS QIREEISH JH 0 eTHQQq ST hretfifrPackaging

of WHch,&an be exploited in a phenotypic screening
procedure to identify nutant plants which are reduced

in vvowm:bsmdfmcﬁ-blrmercg hpmvewtnqalrealbtfmrténeran be

enb d t h
o T bt Tt oGS IRl AT e SRS 2

phdier \iil O W c F@atin P padseiued dd,idyhtorf yneartdit asiants
| ettuce tissues, such as |ettuce seed coats, induced

whigh A% iefPeabsit AN dHiRI et P ESMERBEL By 3 e

phenol oxi,di il NG GFYITRS | 0 &ﬁ@%ﬁ%m@p%ﬂ%af&f on
exanpl e, when lettuce |eaf discs are incubated wth

therﬁﬂsuﬂjqnnﬁﬂaneau_WDunﬂcﬁdg&Wm%ypﬁé@ﬁtﬂuﬂﬂrﬁassues or
co[p?ﬁg ra%a(iq:h borboswnr\;eodf glcgct%nldlccaconl.eo%%atr{ ac‘é Sfl.ettuce

observed ot r
tigendd edwdi ois dfetithecd et iavataf, neldrdgwe dhrapighyin

sub%ﬁ:?:aé@senwhl_lghysctaer{ nbee chaosnvaeprptleld dby the phenol oxidising
enzymes into coloured compounds.

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

In a similar manner as described for L-DOPA other

substrates can be applied in order to raise a discolouration
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si mul t aneously, the black discol ouration was
conpletely inhibited which confirns the assunption

wa bav/oti2ss di scol ouration is PPO nedi ated. Al t POTEP2007/000230
L-DOPA is not considered to be a natural substrate for
| ettuce PPO it can be useful,.in assays ained at the
identification of nutants, i ch show reduced

wound- i nquced di scol oyration. | Si.m|ar. manner as .
re3HRHS bl Ges e dier et dr ik e wsh S anic
acid), Or$idhtrdrsie a d¢hich,Cal-alradd i1y, e RN T t etirsle.

include but are not Iimted to chl orogenic acid,

i sochlTrkajerfieoeddiar, (Lhs rigsined iomeic fthec kL fergagn dyes

t ' f, ' t. dy. -
2t I Sl M e Wt B b Tt Sl ons
in a patttihwey sttarttingy by tttee iimdbcttiiom off & wowrd s§igmedl,,

channel | ed thrqu PAL PO and | eadi t .
h oD AR | 150 S eer it dd inesd curation.
As HSEO IUBBL ItHE JLASUmDS it deatdiddp a asessadddtions
visual inspection which allows a very efficient nutant

cars creashi iy Qi creRAsed The atuadn iSRRIy iy Athe L lows a
ve fPIdVO8 despr 'Imdaﬁg&,{}}oe%mm;gergfo@ed&é Iyl rraattﬁ%daﬁe

lgure 1 . Accor I'nvention It was thus
undenuindi tdhathe e b did swuided diys ddlicuriatvieort igat hway of

.. Jeaf disecs in.uVvitro largely overlaps with the
ll]&/‘\iﬁ%ﬁ%%d&’e%ﬁ%l juration of lettuce processed at
I ndustadcdr&ica) & Aanthican dherefar 6 dhevgonrsigerfaind that
di agnostic for this process. This is corroborated by
the Heours1igiudrd JimAdiTostism PRt PPS i1fifbhidt $9fe 17
vi SRR & F&)’%Pl%&fwipcrrpcﬁ%%xﬂi@iﬁﬁﬁﬁ%%i‘%l%ation
under practical, 1'ndustrial conditions. Inportantly,
of dsttthecrosehased atprisbs tttiali mrhediengrst egn therefore be

copou edien nd onet.of Ohe tfi.nal et askéql i,[%icsonlvercsgrorn orated
'}ﬁs]tﬂpa]i ecg ‘%3?%19(5 Jtchef[ iy SRS N9 5s 1o capt Jrd asq
by ganetiax fact dintediltory dMdiAIeed pHMeIned 8 the
this physiol ogi cal process. Moreover,

enzymatic browning of processed and packaged lettuce under
practical, industrial conditions. Importantly, as the
procedure comprises the inducing step i.e. wounding and one
of the final metabolic conversions mediated by PPO, the
procedure allows to capture all genetic factors directly or
indirectly involved in this physiological process. Moreover,
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 the physiological process leading
from wounding to a PAL- and PPO-dependent discolouration

based on one or more of the phenotypic assays described above

can be further characterised. Such characterisation can be
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as this response can be generated using a whol e range
of leaf tissues of |eaves of different devel opnental
W@ @ges23hut ant screens can be targeted towar dBCT/RR2987/000230
di fferent stages or tissues when considered rel evant.
Mut ant plants, which have b identified as being
nmodi fied with respect to th hysi ol ogi cal process
| eadi ng. from ndi to a PAL-_.and PPO- dependent
done K1 Fit ST HIF LR e A T B S it 2L
ph PSS Sy TSI rd e hradyoveysiah heydur t her characteri sed.

Such characterisation can bedone at different |evels

e.g. atthe RVt &0 Yivthethiddied piy it qitedihaind

Jpﬂﬂgpéy' | evel . g4 d.d VAl 5 t i [
Vat e artPét altsevcgéridalb%ceé%soeve eslq%? ﬂfﬁ%cﬂﬁjgﬁ%ﬁ‘}o&n&gg{f he may
re Dbser veeidc vy dthergyressdriactofeidifere tdre presaricelafi or
. different tant_loci or different allelic. faorns aof

AR enT e e 9 1T T o i e e e
didd®l Ut 6d Pl atd Othe |3 GRS 10fp SRCIGRSI L.

mut ati ons these two possibilities can easily be

di sti ngui SR Dy LGSR ARt IS Fhasstis’o whi ch

SO 58 dd& C&%ﬁ Ye (&L MRy R S A t

pe deterrr?%ing tﬂ p elng){ ypee o} tvigghybri d.lﬂ%n casygl% e

allelign stresdfs t héhimit atomgnsi s€¢ Hehe ediedi nd) stoltde dtWwomutant
trait_wll be apparent in.the Fl whe s i.n.case the

PLe S b g TR A R ROm e Sod Ty MU Fe et case

of reressishe dOaihd s atidndotthe Admcabeli Ao liduritE on
enbodi nent of the invention random nutagenesis is

tra_a]ﬁbl"fje]dl tRe g@@raqrg: tie ekl i IsAA at GRSt i ons
phdribi s genetie Rackaround Jmye Al i$R S HY dibE dit thessive

vari‘ation of the phenotype under the éexperinental
lociondiisg onistl Inptorkdertitep aissori mi nat e bet ween singl e

mut at i,ons. of di ffnﬁj;oe&tm stre ttgiegand a .conbi ned, ef f ect

As 'in one ent © invention ,random
of nut'atidhsih § gener%l C round, backcrosses

mutstyaidab e iperdmynkdl to eyeraire tenithey mtganaine population,
mutbaatcikogr{ so uinnd St lrfeo rgetnheet idcI fbfaec:r kegnrtan%d umCaeyd also contribute to
the variation of the phenotype under the experimental
conditions. In order to discriminate between single mutations
of different strengths and a combined effect of mutations in
the genetic background, backcrosses should be performed to
create uniform genetic backgrounds for the different reduced
discolouration events.

Such procedure is further relevant in order to
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, the inbred 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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di scol ouration events. Such procedure is further

relevant in order to determ ne whether nutations at
w@p@eiofi2el | oci i nvol ved i n wound-i nduced di scOPGIER200T000230

di splay pleiotropic effects. The M2 plants thus

sel ected on the basis of a rgpuced di scol ourati on

response are used to grow VE Sseeds. Subsequently, the

| nbre i nes descendi ng fromthe requced .
andg e B AR R o f VISP &1 Rl ke AR A
prd@BiGed I esRONSe MHINY Rt HodAdH tHhen idva vietlierth be
browni ng or pinking can be assessed in different

usegerfett & Hadkfrsuds Efaider- different conditions of
crop @iddnaian AL M pHIT RSN G dHidds

of the invention can t hese
queassiessnardlatddl oeherhe gla tStwadise s fdaT tes far fdrengrertedic

ddr ess, questi.ons related to the pathwa af fect ed .
mo e et ¢ RO G | D) 0] B S o pelebernine
if Rerdardme el guidts ddl eantiddate’l denasedwntynealiyk

i nvolved in the enzymatic browni ng or pinking response

brayrkegetePiaidag e PANSPRAKS J5ar6x TS Ta k@ he O oF

pemgféseéjs h%tﬂe%rﬁ%cyisf '%&.a%ér}ggillerar}%iﬁqrg 'cPaQ'l Hlrther
0 denonstrate i1 the modification found i'n a

be candiidatl ewgen® idemeausatatee i tther espldti dad itdme found in a

altered phenatype . Althou i nduced t agenesi.s i.s
caris e B Fod SEHT 01 pr OV R OE 1 A1 Do o

phdribtigpdised in the screening nmethod of this invention
it is known to the person skilled in the art that

t echndHogiPUst Sdugat REIATRS SIS rodithyP ddird Shaegerethod
of %%\ﬂi'dlgué ré tglearg:e 19ft idP N thd MR PRECIHHL screening
nner or exanpl €,

. chimeric oligonucleotides have
me thewwh odfertdmist riatvech ttierbe idf fisc tingeynmitcadrdres peintstera skilled

i SR IR B R IO 0B B S0 B g
tadtgetidi.dids) NG L genome of a plant in a specific
manner. For example, chimeric oligonucleotides have been
demonstrated to be effective mutagens with a specific mode of
action.

Another approach is to modify 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 also 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, obviously,

the primary structure of the relevant genes should be known.
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approach, a fragnent of a gene is exchanged by an

i ntroduced DNA fragnent containing a desired
wore@i7O72at i on. Transgeni ¢ approaches are al so PEEHEPIIDE000230

in which nodified target genes are introduced which

conpete with the endogenouswg{oduct. This may lead to

dom nant negative effects. eover specific

domnrgﬂylation of t expr essi o enes is feasible

of
thr ougTERAT IR dFEHEE T Rl G gl hes gromn £xom

seddd Ostic] redd | EleSougiense 1 aF Betd 10 't Idransge i fsayed for
_approaches are used to nodify a genetic factor

PInkiRI v et $H Wi de s IRItiERN S Bt ot tespioridally
Ladf i gmlf(éé}?t Pfﬁ'%é’eﬁéd{“l‘gfi% Uerdis & vant, genes

shou nown. When pr ogeny ants of particular
redurtehtisi g ods ¢ oon seedsn oty sparete tdaTOoUyh heritable and

|t-fertilisati d for pinking, a sinil
cafaftiny oh BRI T01 Thect grHay | dont i f1ed

mut anta i Suohser Ve p did snfefnsinatiess thad madediead when
pi nk di scol ourati on response can be heritable and
Pregrised NS molimiean § dnl el s riohes hwimg thepeduced

wot P S e fandi dgoase f e £.acty Lt hat _ﬁ@%tﬁfﬂ&e}néand tested

plants of nmutants 1dentified as show ng a reduce
fomormaynatdiuc dulr @irsicnd ouf atdwrdent enighmovin tics sree urtityys and
tested for_enzymatic prowni.ng of nded .m dri
reqifil, 171 £ cLpohteY S0 K only (MR (e g Leat
dishigsnkiteg d4eay eind ¢Hisga Pl ki dligh tAsS &y ienh 0ausald Yorowning
. related to enzymatic browning in lettuce and that the .
in phefkGHeE Ayt Rah T Rk RrERticahds strgd dio predict

th&NZYF@t | &r @%J@l@fb@om%%f e thia8: A At tuce plant.
Therefore, the |eaf disc pinking assay can be used as

a sel éhémrfonml the i et idisd eritnlcnglagray wiarh ke used as

reduced enz tic browni pat.ential... Such .t.qol_ c be
a %éi%ﬁ%%??iﬁ§§¥%%?|%§%%ﬁ§§$§%§ﬁ%¥%ﬁtﬂ%%ﬁ%ln¥§ qéﬁ%ywéh%%$d
enDnNl b Pdreiid abotferomainy idrd tafolplaat Heopideat itan

irrespective of the cause of the genetic variation,

id%ﬁ{cﬁ’ﬁ_’ reh e iRl Ach YpidguI 2RAWGES B2 et T ing
potBsith 14 ONe LGy &Py POMH &l # PiSintOPdbpulation irrespective of

the cause of the genetic variation, which resides in such
population. For example, in addition to ems populations, one
can use natural accessions or breeding populations.

The screening method 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 to the
Asteraceae, such as wild species of the Lactuca genus or
plant species belonging to the plant genus Cichorium to which
species like endive (Cichorium endivia), chicory and witloof

chicory (Cichorium intybus) belong. Furthermore, other crop
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can use natural accessions or breeding popul ati ons.

The screening nethod can al so be used for screening
wo@elen7pBant s t hat show wound-i nduced di scol ouPGE/ER2907/000230

One or nore of the screening nethods provided by this

i nvention can for exanple be applied to any plant

speci es for which post-harvégi processing quality

needs i nprovenent. In addition to cultivated |ettuce

PLaTHis 4/ert PR alat B pp YRt iR R

ce BPEA &S mi Hr SRR 82 Rl LNU-NE AR | K R erReaae. agticdbt,
as W ld species of the Lactuca genus or plant species

maQEQKUEHQR}QQﬁifﬁﬂqﬂﬁﬂH_%ﬁﬂﬂgiijqﬂuﬁﬁgﬂﬁn(ﬁﬁﬂﬁﬁj1such as
ger\*j‘mrp & estelrr:l]ske cq{]rd%%eré h%rglpn? rfl“?%eg&g,') V%)[g)licho% G AN ot

oo1 “chi'cory ori um’intybu ong.
carFWd harmadresd oditgt theoppd tidds sk tias iappreion.

radi cchi o, potato, sweet potato, celeriac, %Pr ons,
bananad PQVRIEGRRNT peutsn tisdarte RS dto arrd‘n‘?gtg:‘,uo or

de€O9R @hta AhdQfpfd melsu . fl el ey b @sing one
ger bera stens, chrysanthenmum flowers, artichoke
of pPotre cimreaning aretwodz ridetea 1 thi aheo R Hiveeigt- (THee

, . T e . I
pr%sge\r/nedéltcgfgtt}}h%efaeoalroﬁgrﬁé;: 4 na/eel?éfrr%meroe bﬁ} géepﬁtrgsn?)ﬁr{pdor more

JS/pl c feature i
of peifey Migrdneuit idre tsesteenimgnaipt hdds ddwmatramece of

. disclosed herein. The presence of the feature
PANJERRG (RincRF DY HRELRE oF i orRP or Wore droTfRide & Substrate

inth SEAA M Ppi@RdSy, B YL LiPOGGINd eRtitariin pi nki ng
or browning or the ability to convert a substrate into
a col dlred et aucksad DERimtic meamiRntrieE which it

is PN ﬂ'atta?’jtéJS%goJ?ro%é“ 45 AP @n%heogjingcfltbdfaﬂi%n
Known that i shows one or nore of the discol ouration
red@aicdn O st rpt inkdg Ny r dwrobvwy rechdanecbroemesiragi et df- AGHAORA
t o mel ani n,. which reactions can b ,inh'git db .
meanyn MG IR TIPS S TS Py S s &
cirgfamcféhdﬁié eafuii 91 Pra Yt PlAnisRBIdE Wieth a leaf disc
i ncubat ed between wetted filter paper at 5C for 7 days
or sHdwer iRt it othrent | Biruhahat Rffeesdyeetdied Hel ldissc
paﬁgr‘5¥t5°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 is wounding of

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

a divergent signalling response leading to a number of



10

15

20

25

30

The present invention will be further illustrated in
the Exanples that follow and that are not intended to
WO R9707R2BE i nvention in any way. The Exanpl es PEF/EP2001000230
| ettuce | eaf discs and seeds, G chorium and eggpl ant,
but instead of |ettuce other,plants or parts thereof,
in particular fresh fruits #n veget abl es, can be
use In the Exa | es refer nce i s nade t

PhYIRA IR T IR 9] gt ln%ﬁ%}%ﬁﬁ%“%%tﬁerﬁé”o‘?a?’hoe“ and

tidald Q{@&;pﬁmmme Hesd glrh;m‘t tdiey et afin 8 effidlithed with
procedure of lettuce popul ations for reduced

thyrrHegatelan ez yphanel i AmaHnds G BB suhfrrates.
si gnalq ree
is sens}g% C%)y tlﬁ'g %%étfa%% E%Igé;enrle‘ralggtc egs a diver ge[&h1
dlssacg]rmhtatmgorr,esmpeedir@cbmgplt@ comulinbierns applied, of the
of physi ol o al processes inclu senescence
WO LI ST St HTs d B e L T i and
pift Ol oas bes Cﬁf@ﬂ% W A din thee aﬂ%ﬂ G 1On K output

phenol i c conpounds as PPO substrates . The out put
signaghals gtonmie ke et dwh Gimstaddehyde ‘and

L-SUSCOIHT B A% ASPAUAGEAN Llie Sl | on APl po,

wound I agnostic post arvest
redpemniveglyand pinking. This is | nferred fromthe fact

t hat the out put n iS co | et el i.bite
ci nna % a%&gi %‘Véttaetrln ef\: a"?rh%ec‘f Rt
phdridd Rid G5 tq{e RALr &vd B34 r&sngtu el 3ol gt oh ‘of leaf

Representative i rragﬁe of the output phenotype of the
disgs edrt st Th i nieth it IRAHS ot gliiedteiRient) are

artBd USGaa Jalddifer dﬂfeg éara(p"eldé ShdenRBtdd A€ 5°c for

arraye etween wette papers and I ncubat ed at
7 &y orA bnﬁysdlslbcpllqno:aﬁmlm atliemrloarpe |dsadnvdsk around

e ot ST 1 G SR (AT asoay (4 di scs per

di sh) Eaaw:}eecb outhd ndde c{MSiSQﬁQ&JQfg didfBF et discs per
di gh%gcq?ﬂr};%gcll %&Vgrbg}% F;JArLeslennlr]cleblotfo rdleI nenraeqlatl dceor}lycdeent rations
of the PAL inhibitor cinnamaldehyde. The number above each
dish shows the % of cinnamaldehyde used.

Figure 4: Inhibitory effect of the PPO inhibitor
L-cysteine on the pink discolouration of lettuce leaf discs
(4 discs per dish)incubated between wetted filter papers. The
number above each dish shows the % of L-cysteine used.

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.
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di sh shows the % of cinnamal dehyde used. Figure 4 :
I nhibitory effect of the PPO inhibitor L-cysteine on

W0 b@7/0712R1 di scol ouration of lettuce | eaf di scSPCHERI08T800230
per dish) incubated between wetted filter papers. The

nunber above each dish showsz_} he % of L-cysteine used.
Figure 5 : Inhibitory effect®'of the PPO inhibitor

L-cysteine on the bl ack discolquratiqn of |ettuce. |l eaf
i ses FORHRS O St ShOn bt ik i RiIee bY the
wodrld tRIs g Sof Nddtaidy asent & dfouls 12 M dondINd Tie

nunber above each dish shows the nM concentration of
L-qystigsitng ndhes atbr R digve o dighesefshans dhendatPGHo@esay
-1r t . | ki ; t
B s S o oft 98 BRI, N s - e
lowde dfenpey atwer elilgwl dcat ethadn deiasdh wiliss . e agerde wa th

Conversion_ of the pink dye fornmed b he wound
L G AT SR BV B TR0 S GBSy eted . The
contcdMSH Al ih o, UBRpAe iAW e dlisshes shown it,he loaDORA 1, 1

assay whereas the |ower row of dishes shows the

angyifkimy a8sigh IFhdndbvgatest adeya-wo di scs in each dish
was tr. ?g@ j .t R‘yﬁﬁt ' tar. t
had beig' con'pvq'e{heegj.r eoq{ccr)bﬁfc nﬁtn?{;\ﬁqggﬁ'n\ggiﬁgglgﬁg}mqettuce
by Usetysreeire ., ThddQlppd) Ghndl. hdwsand/pliCaiMp iwkiichy issymptoms
i ndi cat ed above. Figure 8 : Reduction .of pinking in
OF 14 | A5T T L G4 ATy AT s (A Y e (SreieheLy
st ISR P IWERl e P I JiGh Sy MO M 10 v ilrgd tehesy Iterf drakfce

froma plant, which was extrenely stressed by water
of |Bp@yitty.dYrre The A A s iHdw e lprdsifc e sfisg giafier from
thdlVifea TG dWOWRS Jiight aﬂ%& s A Al AR of LAPH RE my
ea%fa s%vfn1 n\é}%pi%lkr?!r}gnggy tporrs aftere tr%gé%arrent vvlv’tlh 1
L-apMteinsstieima arirBG ad it et treopartadnper.atiiree 1 oheg left
wer. | eft_ panel

LT AR R E O L.
fod petiatuteds i gWdn LemPRanalurk.. Phenotypic anal ysis

of Iru%ﬁgé¥£ﬂ9: Panel A: Phenotypic analysis of individual
lettuce M2 plants (grouped in pools)for leaf disc
discolouration according to the method described by this
invention. A total of 138 samples out of 12000 is shown in
this panel of which the one indicated by an arrow showed a
strongly reduced pinking discolouration. Panel B: Re-testing
of the selected individual indicated in panel A confirmed the
near absence 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 discolouration 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 comparable to the

wild type control. Plant 1 is the only example of a mutant
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| ettuce M2 plants (grouped in pools) for |leaf disc
di scol ouration according to the nethod descri bed by

W pog/orngenti on. A total of 138 sanpl es out of PARORD0OT/800230
shown in this panel of which the one indicated by an
arrow showed a strongly red d pi nking
di scolouration. Panel B : Ré-testing of the selected

i ndividual indicated {n panel, A confirned the near
WD A1 (HE W AT G (Hb BT U S G gh and @
no Anfedl R o th tHi Ml epasid ion)4 a2 comparedid COHEHMW

sanpl es which show a cl ear discol ouration response.
reqyeRit P PGk pest gin Mg & tdnar fifchntsleae Pl ant s
phéx?(p% gd1l1l, 2, 4,5, 7, 10 and 12 show reduced

pin eaf disc discolouration using the assay

accor Fignred Ihi Proweangt itrstiRlands &8 mutant &f 1®ettuce

and 11 are, pl ants, ich showed a | evel, of pi | eaf
ShGRS df SRR i S e (B (I A9 £yt SR zol
sarfgldd Are RIn Wi Sch hehonly ol eviing- dwdanhi ch

shows a strong reduction in pink discolouration and a

disga ki rafriovt resnnss. ® dis ighty a group ofjpappies is
%}ﬂ; duced ' r At | fay f

Sh%ﬁéac \éEc]{ ghd%not yég{e%(%!l\ S%?Aeé)fﬁe:aé Fﬁgﬁ ]?oestl ngﬁo ntas

demitexhtf odm |aet s iroel es hhowi argt ,a wheidihc eics di estoteluyr atddutedoin

.. the left, 25 control sanples are shown which show a
lt%d’f‘?’}ﬁ}‘;_wﬁlfﬁbc-?cg %Olu?‘k‘r%oﬁjo?ﬂdi‘?s&or}sees'ponse. On the
ri ght ,Fiagngfed UK OfRSHEY 16t d 151 v s g i h e takgut rom

a series of 35 progeny plants derived froma single

PhepataMe hitde iSCERRRRAETF IUFP T HSEUSHRGIRIud 1eat
miﬂi%?ég#gétﬂaq{bﬁ W%tlﬁ'}&lﬂ'&%e Ifﬂparrpg@_ntﬁ{é cture

I mag t he out put phenotype of the screen based on
shdwswre th oo | @ureat | love Dfmildeaifb Midrsue phHraces tadfiker fimgmbation

Fof SIS Pl AL NG L S Shove | b ot
cledrihpBGe Wsdmpicalt ramwalirsd ¢unfiald OE AN dilfardghtains
3 é?%éﬁﬁ?gQgﬁjég ggg}g¥gg¥j§gggéyg%s[%¥ﬂ%ﬁ25¥}é¥¥gzﬁé¥%en,
light green and white). The number above the dish indicates
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. A

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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3 discs taken at different positions of the mdrib

(green, light green and white) . The nunber above the
wale@m/ornai cat es the mM concentrati on of L-cystBCTHEP2007/000230

whi ch was added to the filter. Figure 13: Conversion

of L-DOPA at the lettuce Ie;; surface into nel anin.

Panel A shows the assay in 91 5 mM L- DOPA sol uti on.

The upper, t ' he negative cantrol, the other 3
kiRt RE 4 b [ 2SRt 1 e e R DR
bréweihaticdpsisd eaf di scs between wetted filter papers
which contain 1 .5 nM L-DOPA. Figure 14: Progeny )
t est i RADITS TRt IhisoFsnatt e sHBaY L& ddifdetre showing

& | Qi . . - dri .
» Rl el sl Sl el om gl o Ml
resporey aif tlet a8 {ihgli sod grerkayiang )Jurgfert Fankriexhuced
i nki n tant. Panel B. sho th 1drib discs of
2t bl LS RAR oD T RETS B P gh dane aze
shoWh Cdh Siaw Be MOrdRd IOV NI LSPONTR APt 15:
Assessment of a nmutant of |ettuce show ng a reduced

disRRARMT HekRe VP HKE di S IV &1 dheort Idwni T rlesdhsait
t £in i [ sphane.

le‘_%feaﬁﬁ ap‘?:éé%leésl g%%%e%éggg%épa@ggﬁsr ga[@pf?n't altalj{r‘g; shomrn{i
disrpidierd efan arah [leafcliacdes disdahweed dédudde: control samples
wh di scolt ur at iton trrut antl i s shown on the rioght. The fresh

T et Mt e al SURR SR B PO RERAS St 40C . The

br own pligea ae atp ik Gan o) et |§i shsetueeddi de (left

control sanpl es whereas the nutant sanples remain
PaRfchatfed- L F YUt e 157 L ki ot HYs A9 )G chori um

endi vigy hl&f t1 pangl o Ak {d chati i d Uy its 1dd@ie 1eas

panel) .” Figure 17: Chlorogenic acid assay on |lettuce
digeaf discs. Figure 18: Browning response in cut

??ggl %:E i rFei 9y B;I'rgéwnLi_n%Oz;:Aé sapsosna e A Sc(?,{‘a’cdSegogfpllaer}tt uce
Figure 19: L-DOPA assay on seeds of lettuce (top row)
and egg plant (bottom row).
Figure 20: L-DOPA assay on germinated seeds of
lettuce.

Figure 21: Catechol assay on germinated 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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and egg plant (bottomrow) . Figure 20: L-DOPA assay

on germ nated seeds of l|ettuce. Figure 21: Catechol
w@s®ap7s ger m nat ed seeds of lettuce . EXAMPLIESI/EP2007/000230

EXAMPLE 1 Genetic nodification of |ettuce using ens

Approxi mately 2000 seeds of %(ge | ettuce varieties

Tr oubadour, Apache, Yorvik a Roderi ck were incubated

in an aerated solutjon of either, 0.05% (wvVv) or 0.07%
o gL ST e S DA St TR N SRS o of
ha#8s €8, theBtdteHnd Nex dMedagddsi wena-dridisatsaatiie afittation
planted in a greenhouse at 20 0C at 16 hours light, 8

fremipncatas resfi tated @i aritsured fihentze lafd i number
i it p . . |
ot SR B0, W T U B U R B e

di sl Keed aind SHorad eardpiy flurdiwyyrudessikhe nut ati on
frequency was estimated on the basis of the relative
nunber of individual plants with a bl eached phenotype

ExaMpIgh ;are di sturbed in the chlorophyl | biosynthesis.
EXAMPLE 2 Devel opnent of a phenot%qpi C screen

Devig bepiestt 0f ot RIMNANMEC | SRR et Huration die
B od. . . . -
o L R LT | LR A P B} i oment
fotmdtimre i nduced by woundi ng can readily be assessed.
Thi s pr.oach allows youn | ant _screeni ng .f.or
di scol b 1B 1St 6 B D08 ShREA Bt & 4k & §3ken
diddIMYAHEIGOIo MEtd tudl aHEucst i) agtthdieigweeh wWeidEdy be

filter papers in a tray. The systemwas incubated at
assE IS} Thigy SPIRAHY aHOTHhUBEg dH- 2 pisaeagreng for

o+ JSIRIEPAT, LB AOULLSISE Sl 1 o6, 00
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 demonstrate that the production of the
pink dye requires 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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circle on the filter paper (Figure 2 ) . In order to
denonstrate that the production of the pink dye
WO 2@alore31 an acti ve phenyl propanoi d pat hway, tPEr/8P5081000230
of inhibitors of PAL (cinnanal dehyde, Figure 3 ) and
PPO (L-cysteine, Figure 4 ) %Iﬁre tested in this assay.
When ci nnamal dehyde was appli®ed during the assay, the
pi nk di scol puratiopn was conpletely inhihited at a
concent® RTHF of° AFTBITH YR T A G 1H"G e deed
ac dg?lla{@darvsi'rf}gi_ﬁ-i@dfﬁt&f NEp@ta B GENGE N atH i Bfstr01%e
and higher, while other amno acids |like L-Ieucine or

Lettugantent ¢l FRMeitw BRjPaidbati thrtite R rrsthsee
et o OV T CI il
B

cordideydtted nee i repootdl csubstaradey fiaxr denonste &RO,t llmtdark

L-cysteine is jindeed acting as an inhibjtar qf PPO
Propt i8R 13T 1 YR The'd %td fatd'@bes%%’r‘bd

sur fiadaiietem 1 die 2RQ sdbsd v df The formation of
4- di hydroxyphenyl al ani ne (L-DOPA). Al though L-DOPA is
me bt in orsi akgle PR Jinen natidf 0 subsigha® Facardiialden of

. I f ' . TLITAY
L_é;}fpﬁt%%lé\?\gﬁ%d b‘{% aécd; %@gﬁﬁét el%ﬁ;ﬁcf#egsrﬁl\é%boln of tﬁ?g‘ was
corfippkentet 1 o ni rafi et exhias tdtroughi PEG.guifeer5.1 mM or a

hi gher_.concentration of L-cysteine was applied

i mul (HFROURY YAC] e Ui DUHITON deeieoig at Furcner
chd et # b A% 5 YT i d-T JHEa D shodke Yeetdic e dRafird sthe

pi nki ng response was further characterised by applyi nog
WOUNGh e SRABTK: RFFE§hdRATRF R SvoldirPadssbifiging 9

Se%&%ﬁe@ SiOP'g\r/l ’6\%%1{.&]A ter'e?hfljégft rncgjait%orretrsfteéﬁ%ﬁ‘tgitlsecasf
diswes evdakern ke arss syeeth et fpil!']kpjrrg(inﬂ'}e Tienkiinging

<o SR LTI L L S S Lhe e stk
carhisd rasulde i$ SdiPdrdtudd B &6 C or higher. This result
is shown in Figure 6.

As L-cysteine is known to react with o-quinones,
which are PPO products, by converting them back into
colourless diphenols, the effects of L-cysteine on the pink
dye coming from lettuce leaf discs was determined. In
parallel the effect of L-cysteine was determined on the
melanin formation upon incubation with L-DOPA.

Leaf discs were taken and incubated according to the
procedures described above. After the wound response was
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 clearly
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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As L-cysteine is known to react with o-qui nones, which

are PPO products, by converting them back into
waeier2eéss di phenols, the effects of L-cystei PE/BP20DTIE00230

pi nk dye coming fromlettuce |eaf discs was

determined. In parallel the gffect of L-cysteine was

determ ned on the nelanin f tion upon incubation

with L-DOPA. Leaf disc re taken and.i ncubated .
dempSH R S (P Nt GRAULIBE dse A od LTe Aot gn ingpe
whilUNt MRSRRIRSE & Yhas £ gy tel@d p A MRGRNT IBLIdAR 198 is§Stem.

of L-cysteine was added to the |eaf disc and the
changd d Memsinsifrafes thadi tthee o sEI@ade sl tvits s FGRPANSe
[ e .7 A t J t
refl L & e TR BRI e BT AT PSS che
L- g telim ee $m seahpburas wheragaort e sblagpei irsel a 1f ifeddrectown
in the L-DOPA _assay was not, affected t he
PLAk R AT TH MR GHES T A e TATTESIYES & JoRf
frdu kelfh am-QrriNmane tMi L hiiah of WHRG Rndwe) Iseiviedee pinking
pol yphenol oxi dation system To denonstrate that the

symgisatsy ed Ang Vihe o eiesporidd 5 df dotrd ca Lldgs phissa Vgl atpen

' i ol,ogi.c Y, t - [
plajélfcssgo our abt%l%élnagv\%éésg%p ‘i Z%trt %@1&@%&&5@1&?% of
sevedeemagler Thuigyiwes ddrer ilech fomta sy skear restpimegaxd dafaf discs
froma fi.el d-grown .| ettuc | ant [ showed .sever.
wnigho et Geieth il ding ot By, Ml R 8 et cer
applsa@mead Whesp plidhite NavR upRen ol @S sebm frempexaRire, the
by conditions of severe water |ogging. The |eaf was
pl%@dawlﬁw&@q @dfsad%%%ia% & ilﬁ’cGB-é_[‘-\?& 8
| mredipahely étm,t-&@ee'%ﬁ%%aqp%% LG ¥n3Q
m nut es 1 ncubation at room tenperature, the pink
letdivgreo| laatatd ige sdicsap peariedivase ds hpwwoumdeingurte ®roduce pink

. Taken taqget her,. these per i tal, data, show_t hat
A SRYE T TS 1ar Ao THHGCON P MSGhTng g Phenotype
allweduge dfiflike idnsC AIneU e i@t iWl Gl reenRAly andcRdQre for
dependent. This phenotype allows an efficient and .
Letgracse MUFe s edrichy harse edmodifided sonnde iegPaRcs 1nduced

di sM G Haue A dRdidd18¢ Vi Jgs ReRs e pipducedoth .

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

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

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 as pools of (on average) 25 samples between

wetted filter papers at 5°C for 7 days. A visual score was



10

15

20

25

30

di scol ouration channell ed through PAL, PPO or both.

EXAMPLE 3 Screening for nutants with a reduced
wawwwnd7i2educed di scol ouration I n order to i dene¢¥ /gEP2007/000230

| ettuce mutants with | ow woundi nduced enzymati c

browni ng or pinking potenti the | eaf disc assay

described in Exanple 2 mas g% lied to plants of a

I 2000 Pl
oivS 4 At e B S aRend il Ol e i i S 01k  he

pin aﬂtmﬂglcﬂnrah&di:pr idn tgﬁ@vwmyrtﬂiertﬂmtdﬁeéseﬁéw,e plants
grower's conditions) and from each individual plant a
welreeasrelo?%fae%f P (Sipt el ¥ 1WA dHivR s and

reié‘&f@@ifl [ ROPLSe O £ (&&@d%@ﬂ@c@%%&&ﬁd@e“ﬁe

wet t ed papers at 5C for 7 days. A visual score
plaves givign harabe hvil el Leli toa cepertidigs onl g b imrens g y

f th ' ' | ouration. On the basis of this
nu“%%%%%@n@%ﬁ‘?%?%ﬁfs were sel ected of which the | eaf

di scs choyyes TWO®0 Bldet 4t i VedVantowLde ot iaea Ofy ikt ted

surface discolouration. The plant with hardly visible

whihy cHowtd Rrbdl biaeR s ot iiisS FrRifIBTad b yh tofp Jpxe drardly
vidi191 42009 Pl afl Son Lsipbdd yese fAdald i, Sl%vsaclt&\ﬂemw

showed only traces of discolouration which were hardly
disgaidim taimh 1 1Tvhi edsshioveld ene edfattihedey dsspievied sgfown in
Fi di scog ouration. The result of one of these assays is

own in Figure 9. The discol ouration assay was

repeat®te fdisddiourdtic |ysse) eddedrelpkd tull Vighalise and
for nost indi vi dual cases. the original result was

Inddorft b hmett Lasit S the T IRal S milYi R erigrdividual

casél e@l{@%l.figlrfé&r thedy Bhalysi ot meed gHRAUdtd ¥onfirmed
EXAMPLE 4 Screening for nutants wth a reduced
indigiirird Igluesee 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 potential 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 discolouration and 10 showed a
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di scolouration In order to identify |lettuce nmutants
with | ow wound i nduced enzymati c browni ng potenti al

w0 b@7/0zasl di sc assay described in Exanple 2 waBCHPP100®0)0230
to plants of a |ettuce nutant popul ation. 8500 pl ants
were grown in a greenhouse g#ail 3 weeks old (6-8 |eaf
st age) and from each i ndivi plant a | eaf disc was

k bat ed bet |t
e S T R PR At o i T b d ras

repiepaidi i athd hes iiensidyaxy dhe: me% dlr&GQLaJLLﬂ.f}atSéJlrécted
On the basis of this assessnent, plants were sel ected

an%ff%mﬁt‘t wélqle\alfdttﬁls&,a%erfov@f (RF Jgring éqea%qleemﬁq ow
f 0
Y RULPCRA ST ARy Tl BOD oray

ant S 8 ants were se ect w any
thallcmrtﬂ:scmhcsaaidmnaium arelr €l s esleoviert afraet abinidier lagwlysis

i scol ouration. The_ discol oura r epes at ed
and OGP EE T U 601 T g b ThHF S SR L
sidck f R cthmst (d Nl Vb XREdh Gapesavder idfd )giviad Jissdt thukdser

confirmed. Twelve individuals are shown in Figure 10.

05I3AG2 3 He CgHT iT9RY RIRAWGAIRS Siehfelng ettt § grlant was
nunﬁk%]{g&?ro & Vi 6 angh s essh p?elr@'it toﬁltﬁﬂ.tee

out elotroplc Sl de- (?fectts (e bl eac
plaivﬁasrfgrr@)n v@sorglwdmmm&Smmomm nﬁh@esmm:ﬂ 07G 9979

ong SRS RY el L0, oy L1 5 Aot s nrORrE O3B oo

on grovwrtforen serys) of 05D, 810596 was nunbered 07G 9979
and deposited at NCIMB. The NCI MB-nunber is 41441
(deposited on 10 COctober 2006) . EXAMPLE 5 Phenotypic
exap/sd s of the selected nmutants show ng reduced,
wound- i nduced di scolouration O the 12 nutants
Pheyed ol dnaimshe oCriden obsemaedid ariamilaving meduced,

wo BS54 PGS Edced, gowth phenotype and
ac

ant’s" devel oped normally i.e.
accordﬁﬂ@HéJIZ 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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the type of the starting popul ation of the nutagenesis

experinment . The dwarfed and bl eached nutants are
w@embati2g1 di st urbed in chloroplast function. ABCEEE007/000230

resides in these cellular organelles this may explain

the relatively Iom1responseﬁ*§ the | eaf disc assays.
As such pleiotropic nutations are undesirable, these

ts were considered to be less relevant. The
Exéﬂ#éghéplant 06D. 210202 whi ch showed the strongest

Cod £l d Bh Br o fhse hsaptdwatd Frshaned Rom@Haotype
phenotype and the nutation is therefore considered

in spfelSREE T or the discol ouration without strong
Pl 1 obi PRI SHI Gl AV & dRINdd R Rl dfin of

near absence of ourati on phenotype 1 n offspring
letfmate mrtstrtat € itkeatp tdrer rG&aucEd % dotapurEdamgriesf 3 and 5
. _lettuce nmutants |ike nt, 06D. 2%?2 éﬁf%:"]Ex les 3
is frsd L S Hyv- % 15 IBFE ecg erated by 4HE S

t r JAHRRGBN R e A iNRA MRt i06S Wd B vd 1Ry @ ribdiaRell BAeI:1fing.
produced by self ing. The seed produced by self ing of
They|gafd FERILCRIR Y el hittherfe P lgo1s. WD 23402 Oph dvase dypgnbered

OGlyV.eérleﬁ%elf.mﬂ?é es‘ieéc{% %ghe a@i@rrﬁiﬁ%t@@rﬂﬁ e drestiefd fI:S?Lrants
di scol ouration using the 1ea I sc pinking assay. This

we e perd treshtf aot etird go lshowedh drhats itrlie e dreed ghiswtpipeking
had a genetic basis as all progeny plants showed a

8538Mi | ar phenotype i.e. a strong reduction in pink

di scolmiiratd ;@b rinde tdieedpityahodic it haas tisedlitered
produce the seeds. This result is illustrated in

phenqfike PRI hyedd Drftfiice Ry e FGAdFof Rlfde showed a
sinl B }{grﬂﬂ"‘\@l}/gé qmes._e%{jsstﬂfor%gl}ecﬁ)]cggi% was Jiywer ed

06D. 863B2 a deposi ted at MB. The NCI MB-nunber is
dishpmhhqanﬂnnytk&kqnthk‘munﬁng/which was used to produce the
seeds. This result is illustrated in Figure 1l1.

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 diagnostic for the
wound-induced discolouration of lettuce based on brown
pigment formation

Lettuce plants were grown to maturity and parts of
outer leaves were taken by cutting discs from the rib tissue.
The discs were incubated on wetted filter paper at 16°C.
After approximately 72 hours, the wound surface had turned
brown. In the presence of 10 mM L-cysteine the browning
response was inhibited indicating that the observed
discolouration is PPO mediated. A representative outcome of

such experiment is shown in Figure 12.
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2007). EXAMPLE 7 Devel opnent of a phenotypic screen
di agnostic for the wound-i nduced di scol ouration of
WO 2iovMTR3based on brown pignment formation LettRCEEP2007/000230
plants were grown to maturity and parts of outer
| eaves were taken by cutti n%ﬁ“ scs fromthe rib
ti ssue. The discs were incu ed on wetted filter

paper at 16C. After approxi mately 72 hours, t woun

BUr T adtF HAUF (ARSRAPI i AP AT s dridieg 6 4 beo
medi Y & i ey B | esRoNseradsi i dideRtire as

i ndicating that the observed discolouration is PPO

desaikaddin Alepressanla isan sirneofeid drbhedddagteite and
(s she [ ' I5,t rRsRoNse IsPhawddd p
unk%f'lsagur evflhz CPES,CFéaIgHP'JIZ%s1rrt'21=:r| at e%%br owni ng rsgibﬁhgr@g, tﬁg: rown
di sorlesniatgl gr odeiditr eo@sude shrrirerd tihe tthiccesa@ing eofcdrettuce.
considered to be effective and unbiased in order to
screen for nmutants show ng reduced brown

ExxMsa®|g@ur ati on whi ch occurs during the processing of
| ettuce. EXAMPLE 8 Devel opment of a phenotypic screen

Devp kgt of ot RIS § PORRYE P 1 o okt o Q7o 15t

1 . rsko 5
e e A R
comramneitn caf | el et i ynd 1t ow gotoe iy onl aroi ress sely @A )chinto a

addr ess wound-j nduced. di scol ouration in a broad sense,
bl‘?%% RETHOY accacjo&o#ﬁ’beltao’”trhi s invention also allows to

SCreend Nddiiidh e §4 Oy draiieth faid ragsanicndi idliuced
~have a reduced PPO activity. A phenotypic assay which ,
digeolioifalatqvel ¥ 6t PP hcisNaey Wi VKD FSF IR ing fp this

vt i S SES I chper ié&%%’ﬂ}{ edh i rd1e RRRENGE Hanher £
n M L- DOPA. As a bl actE) di scol ourati on becane appar eant oF
mutign wanvhiet drctaude dachated -BROPA &V iteadid yphsmotypic assay

wh v mr/iigsr gj%?c%ig Caettigvfe Ipfg({]%/ ﬂ%g{]oa!ctoi)(\;idciniera% 3 esvteeil.rgpaetd tbri/e using
leaf discs which were incubated in the presence of 1.5 mM
L-DOPA. As a black discolouration became apparent it can be
concluded that L-DOPA can readily be converted by the
polyphenol oxidising system at the wound surface of lettuce
leaves into a black pigment called melanine. L-DOPA is
converted by PPO into the reactive L-DOPA-quinone which is
converted non-enzymatically via dopachrome and indol quinone
into the black melanin.

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 solution as well as between wetted filter papers as

shown in Figure 13.
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| eaves into a black pignment called nelanine . L-DOPA

is converted by PPOinto the reactive L-DOPA-qui none
W@R0¢k71281 convert ed non-enzymatical ly via dopak¢ir/Bra07/000230

and indol quinone into the black nmelanin. Furthernore,

it was shown that the reactgfp can be inhibited by

adding 1 mM L-cysteine during the reaction (Figure 5 )

. refore, this assay enable the identification of
E"‘W}%‘ir"s whi ch are nodified in the ability to mount a

As JHK3 B 1 0Hd )bzasts;&wrtﬁf surficm ofsoWierf .a Hear absence of
,resgonse of lettuce leaf discs to the presence of
dige aalP el Yb HAIHIP D RIPWH. Kb I HASRAN S8 URing dde

rlgygé%ﬁg}a%gfﬁgigégg r papers as shown in Figure 13
. EXAMPLE 9 Assessing the offspring of a nutant show ng

a nealT alyberos tofa tdi stdrﬂtomm:t |rmdu‘crad [dedred e usredvireim ep £

response using .the r|b
Lot AL S s A B S AR o o EPRASS 3
5 dnd @tumﬂder§|ﬁ@nlmLF63ﬁfth5Qecﬁj&2ﬂarf pAMkEXERADUFation
, 5 and 6 which is significantly reduced in pink
of NYEH| AT SFE WA HFTRdeD 0T et agitdds b eciised

in SHEGIdMER] ylrf(ﬁ%%fd%ﬁlhfg W RAuced, W idib geny

response, a nunber progeny plants were grown to
plardtsunigne gﬁOWﬂuﬁpsmanﬁxxﬁydevelopnent 3 mdrib discs

are take ron1the out e aves nunhen é{ 0
pl ant glg: es¢ I‘IgO é)uéc({s Vaeréjﬁmﬁc%bat edaccor ng t%q:%y

taldie fHAcathiy eescridaetd npw@mindet ofl pricgyesiiowlants.
that the progeny plants of the nutant which were
Thesg 151 HifGin 3¢ B RGP TERIEEd i1 Een RHOTRES

de RS SGPIEMRILY arg al SRIWORH N rt@l@“‘fﬁ%g'e'?ly plants
wound- 1 nduced mdrib browning. The result of th

of éxemiutamt iwhishowe i eRigure BhowaXANPLE mrmgés'sur@g‘luced
in twrgaeunJ f; Srpddcr]e% %fl rk rHJlts%notl osun:oa 5 nea a%%%e r%th:o%gly
reduced in wound-induced midrib browning. The result of this

experiment is shown in Figure 14.

EXAMPLE 10
Assessing the offspring of a mutant showing near absence of
discolouration for reduced browning response using fresh cut
lettuce heads packaged in plastic bags

Mature heads of the lettuce plants grown from seed
number 06D.819784 from Example 6, which is significantly
reduced in pink discolouration of wound surfaces of leaf
discs, were cut into pieces using a knife and packaged in a
plastic bag containing an ambient atmosphere. Control plants
which show a normal leaf disc pink discolouration response
were treated in an identical manner. The bags were stored at
4°C during 6 days after which the leaf material was assessed

for its browning response.
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di scol ouration for reduced browni ng response using

fresh cut |lettuce heads packaged in plastic bags
woveioaneg2beads of the |ettuce plants grown fronPGEEP2007/000230

nunber 06D. 819784 from Exanple 6 , which is

significantly reduced in piqﬁgdiscolouration of wound

surfaces of leaf discs, were cut into pieces using a

kni fe and packaged i a plastic. bag cqgntai.ni ng an

oy ortE TR by G P St A e b s
pldedd & Shdinike £H 5 G K aid 100 dASNANS SMBIE td aad et ddhgly

an identical manner. The bags were stored at 4C during

re@iGRE st A At eed Rigdf Mt i AeL SIS SLFT or

. 1. . bv: .t Ri Ner |
iR g b T Ll S s
prazdseat ahbvwtdmedelrstploagic et etsing wouredhk irchiced

i nk di scql.ourati ar lso strongly reduced in. .

@ ErlRRAE ) T U b B Gt i e T U deb G Oy 10 Figure
1sstored in plastic bags using an anbi ent atnosphere.

The result of this experinment is shown in Figure 15.

EXAMPLE 11 Pinking in Cichoriumln order to identify
ExANE@ts W th | ow wound-i nduced enzymatic pinking

potential, the | eaf disc assay described in Exanple 2
Pimasn@ppt i@charjpirant s of a mutant Cichorium

popul ation, , The results. are sho in . Figure 16. ]t.

fol I ovid tHH IS0 eQﬁ%ﬁkﬂW%ﬁﬁ%ﬁ%;ﬁﬁﬁﬂd|ﬂf|ﬂ§ﬂﬁ4(ﬁ?q%§ed
enPfrR{EN .pie 15 e Mg Bt etk afed hedii sty e¥don desdhiltsed in

a powerful tool to select G choriumplants that show a
Examphft ot WU iR Wit &P distttduriatd sitags: G192 o™ he

podsBassIENtr Y ANG, I O NGHRSPONS Grilgh RN Ale/e BNG o1 1ows
w tl oof could only be assessed by observing mature

thayl antse iFheChwtdwotimfttehepdinmbdard igaathiach icapdssent. The
scC a%eﬁ’%};ng%stenget%no oo%ngc elainr¥ver¥1&ctie<>rri1 ails itsl'luvseray peofvjt—:ircf.ueil.nttool to
select Cichorium plants that show a reduced wound-induced
discolouration. Up till now the assessment of the browning
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

Eggplants 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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EXAMPLE 12 Discol ouration in eggplant Eggpl ants were
cut in half and incubated overnight at room

wao esoperasure. From Figure 18 it follows that tPEI/EP2007/000230
di scol ouration response is nmainly caused by the seeds.
Thus, seeds are a suitable di date for a
substrat e- based di scol ouratioh assay, for exanple with

L- DOPA. EXANPLE 13Phenot ypi di i th
PRSP R b ST T e or o AU DHAF h the

di EEHVEN &4 1o Pfo £l Of 190N 52 86 o etfe dicitifeRfidetdfice
were incubated with 10 mM chl orogenic acid on filter
chlprrgen it @F€1 17 shows the browni ng of the discs. Upon

addi tijqn, ofyils Gy siely T '}ﬁ?ao&gﬁrﬁdcr@%@nm
showi ng t af'f%i stgﬁf%ﬁgéﬁﬁ%n i's ependent on PPO
ch Il ey egxian el denonfSit st e pageat . Filgrmeyail chapid tike a

or GO B o R A bR Harioy (0 daip colous
diHFSN0sdd GdLoimn tdowiatnd-iauasd di sealquradian ifor .

seeds Seeds of lettuce and eggpl ant were incubated
depgndet o2 . BPGnd 5 nmM L- DOPA. Figure 19 shows that the

col ouryf £aGH] O 1ADSEINGEL d M dd1e SLRASH 1S CNGEN AL PN s a

dependent. The response 1s PPO dependent because 1t
suicaab e subiithidated fiet a Loysttedate -baGeEdr svatesth isge dss &Y -
| ettuce were incubated with LDOPA. Figure 20 shows
that the seed coat and the root zone just behind the
EXAMELE t14€ show a col our reaction. This colour reaction
can be used for screening seeds that show a reduced

SubF e SR AI§D PRI BHREE sSTRREMHeE IR P tif 0 |
woJﬁéLiﬁggbeéxgﬁscolouration for seeds

Seeds of lettuce and eggplant were incubated with O,
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-
DOPA. 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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750 and 1000 ng/L catechol. Figure 21 shows that seeds
show a concentrati on dependent col our response. The

w0 e®porRel i s PPQdependent because it was foundP€DER®07/000230
i nhibited by L-cysteine.CLAIMS 1 . Method for
screening a popul ation of plghts or plant parts for
the presence therein of individuals that show a
reduced discolouration as gQ{faeged to a control plant
or plant part, which nethod conprises a ) providing a
popul ation of plants or parts of the plants fromthe

popul t| onal | A eatin woun rfacge g

t he pl n?@é%}' Ci)lt(a)l arpt g )a pocqulaattllr?gn dqnfz%pH%n S c?rrL
pld)itarﬂaﬁaft&xortﬂdﬂq:mmctéwﬁm o eatreil ilkragon dhat show

al l ow for discolouration to occur_therein or thereon;

a @qu%&mq@q%%%cﬂmﬁ%ﬁawq FOré GPRHRIpRbRE or
pldft ANt RA{is: nf?ethh&prg@g dngdhe observed

I scolouration with the discolouration that is
obser \edd protivsi rgprat rmdpldlaamororoiblpalrﬂn%rqr ttrts of the

bl ent %l}giants or ant parts that show no
‘;‘Hfsco 0 a}}orPcPr d]Isc’oI ouration that is reduced as

Conpaﬂﬂddptﬂdﬁhllyﬂdﬁﬁaﬂmdgﬂa(Nmpkﬁ@hnﬁﬂde ch .the plants
Method as clained in claiml1l , wherein the
or Rl RAHIS/on i s wound-i nduced discol ouration. 3 .

Met hod.jas; fh@idithd tifd dink Yr Hrath ity tdie tiaRicund
4 0

are veget abl e pl an fruit-bearing plants or
suiffl e |qrgeqﬂ@thtt§1emeon Nt Foldl s Tt midiesbdlpugladiipng to occur
endELG WRRLAN' S, oo yeoet abl e plants oo eeted from

cel er idgic,obrshirionyrssheard i soduiken ratd ceggpl &t an $he plants
or I\L/)bltahnotd paasrtcsl;ai med in claim3 , wherein the plants

e) 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 to the control plant or plant part.

2. Method as claimed in claim 1, wherein the
discolouration 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,

avocado, peach, pear, apricot and mango.
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are fruit-bearing plants selected from appl e, banana,

avocado, peach, pear, apricot and nango.6 . Method as
w@b@ree3in claim3 , wherein the plants are fPOIEPIONTY000230

pl ants sel ected from gerbera and chrysant hemum 7 .

Met hod as clained in any ongf the clains 1-4,

wherein the plants belong to the famly Asteraceae, in

par ti cyl e drdd & 9aNiSdAGHGA L TP Ikl ALt s
the species Lactuca sativa. 8 . Method as clained in
arearfjl ayveer iofg ttierddsaiswsl detdd viemeige rbles gplaantt shyi s hemum.

genus Ci riumand.in particular tot eci.es
G chor’ 'u%ﬁ%ﬁ%ﬁﬂ?&s aﬁ}oal(é)ec%dﬂ lﬁﬂyer?d}eviogf tgPe. WAy ast
whed&inBthd BHIHAINBk Lordy o T he Whaigiy Adtee i dede pard s

are selected fromleafs, heads, shoots, roots, tubers,
parftigilay [tewdthe genis sLacigedy, RRheilfated deddar §o the

i . f ells. 10. Method as clained in
sp 1%%6%#%@%0’sﬁ%era°

claim ein the plant parts are |eaf discs.
11. M&.hotkt@edlas ndchimed|iai miy emes of wher @il ittee 1-4,

| ant parts are discs frommdrib tissue. 12. Mt had
G AP G PR THE (R 2 P o reLar
to Arants RePW At hd Si@an POPEYMES AhdDfC e @antunplanisyiaa
gernplasm col | ection or a population of transgenic |
pl ant & - Merhag@EafFlaingdiifediaintilai b X dahéthshein the

platnr{l]c;3 g%g at i on Of et - gl andsed s RAUAI Ned d¥t . roots,

enesi s treatnent using chemcals and/or
tubersgdistdamemn. flhoweavkt hotkws <l darmts i veamineiedfsadss, or
. cl ai 1-13 wh reilr]L the i ncubation takes place in an
Pleffire oUs TR St~ 315, Method as claimed in claim
14, whey eiMetdHR] afieOus ety i DRI iim COrY isSesvhaatdied the
filter paper. 16. Method as clainmed in claim 14,
PlafHeRA 4t s e adifusisifia r onment conpri ses water or a

SO|Utif¥L 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 any one of the claims 1-13,
wherein the incubation takes place in an aqueous environment.

15. Method as claimed in claim 14, wherein the
agqueous environment comprises wetted filter paper.

16. Method as claimed in claim 14, wherein the
aqueous environment comprises water or a solution.

17. Method as claimed in claim 15 or 16, wherein the

aqueous environment contains a compound selected from L-3,4-
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17. Method as clained in claim15 or 16, wherein the

aqueous environnment contains a conpound selected from
wQ.2@747128hydr oxyphenyl al ani ne, chl orogeni c aci BCT/EP2007/000230

i sochl orogenic acid, L-tyrosine and catechol. 18.

Met hod as clainmed in claimlp,or 16, wherein the

aqueous environnent contains a conpound selected from
iyt ARl Tdh Tl gk o ASq MR, @5 ogen
* al(%% In anyla{onerF%f t le@%ggel B 1- 18‘% Iv\‘?lner ern tohgeerlJLc
aciobntT-od yydsainte isndy qd@athalf. whi ch a | eaf di sc when

i ncubat ed between t sheet s, of wett filter paper..

f or 7a108ay %tth%‘gas?}\cl)%salﬂi‘eré Ju‘?s%]tﬁ%ﬁa iYn ]a({’o 1§ the
aqeges . erdfh rdvidind it ST Lani dengburaP Weltd e dff finanitse

or plant parts for the presence therein of individuals
compritndsh ok L gk dit RpREe cbi ourati on as conpared to a

controfg pl A LAD RS hod GRIMNISES R 1s

) pr oSllgd‘l n%&ah%%p% gc?fl%ﬁ@% lpﬁ(\génﬁt?}g or parts of tcﬁe !
whepteaim stHe arorithe popldrat i on;a planncubattiingh tehel qd fartisc

or plants rts with a sulhstrate that_cap be converted
andt T R BT MR hertS 1 10T dFe ol A o o7
7 ASdiratt MET@Idhds tdiedle ot s €o)o@RBEISH Nrddi’l the edges.

di scol ouration in or on the plants or_ plant parts; d )
conpard thg Mt bs'r® etF B ¥ D17 RIVH A4 tHe PLants or
1dliscol aw add on gl d ek id dhe oI Rla R aMat sh
P g%lant part to ?édrenstselr?{/)égtfantsl or plant plartas thata shew

a rhyveard dii soolouwration as eompannd cur & iomttat glant or

reduced as _conpar to the control plant or plant
Plapt tpa%l’. "f\?ejt%gd“ea %C?acf?f%pdr}lsnesd ai m 20, wherein the
subst rat e svisel e tLbdgon d ivn imaEdss |distgttisn of the

Table 1 . 22. Method as clained in claim2l1l, wherein
Plamtes dorpibute iIRCRUIBFON 23, Method as clained in claim

20, 2%»°Hﬁ%%b§¥¥ﬁéﬂﬂhe plants or plants parts with a

substrate that can be converted into a coloured pigment to

allow for discolouration to occur therein or thereon;

c) observing the 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 to the control plant or plant part.

21. Method as claimed in claim 20, wherein the
substrate is selected from the compounds listed in Table 1.

22. Method as claimed in claim 21, wherein the
compound is L-DOPA.

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

wound is observed.



the plant or plant part is wounded before incubation
with the substrate and the discol ouration of the wound
wo@rooimar23t he wound i s observed. 24. Met hod as cPEI/RBIOT/000230
any one of the clainms 20-23, wherein the plant part is
a seed, germnated seed or lgaf disc . 25. Method as
claimed in any one of the claims 1-24, wherein the
E' chlzw.r d by he d DI 1edff JRYSSehdYelaims 20-23,
cystel ne .
wherein the plant part is a seed, germinated seed or leaf

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

cysteine.



