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RESI STANCE TO PHYSI OLOG CAL DI SORDERS I N LETTUCE Fi el d

of the invention The invention relates to a nethod for
wa@eorgemi2ag a popul ati on of plants for the presPO/EP2007/000228

therein of individuals, which are altered with respect

to their node of ethylene redponse. The invention

further relates to plants and plant parts, in

par t i RES BSTANGE yTQ cBBYSEPECGICAL SDISCRPERS cEN MBTEUCH

particular, this invention relates to |l ettuce (Lactuca

sativa L.) that shows an altered response to ethyl ene

Fighiichr| erdsihvencrieduced susceptibility of this crop
speci es to physiol ogical disorders such as Russet

Spot t i TRE ahiv &t 1o hglatde Foaveirehrd) £or refaeering 2
poﬁﬁ%ﬁ%ﬁéﬂmbpr§9§ﬁﬂsOfo£h€§§ ﬁ%é@@ﬁbé”%hé&éqﬁ PAriSdividuals,

Background of the invention Breeding of |eafy
whw@ge&:a@l@stdem@ Wetmun@szaem 2 th@llprmlcd@wf)nebmylene

resﬁén{e\% glb Vargxlfe I ggno tnly ryrea)([jaagég Pél%jélcgn%eplant

e produc arac erIStIC need t

patekenin nbHr Broolat ﬂelafgngvs@éea:blm vt ed i@éxatiafi@d. More
both input and output traits. One of the nps

1“u9&%ﬁ%%ﬁ&a¥¢aEQ%S|hnY%?El?%sb%%%t?%|%?e%e Epce (Lactuca
saPPsd -hay viesd + adbird Yan | 1 P&FLA CHE ol e St dthyI&ne TR ch

avoi dance of physiol ogi cal disorders and nore 1n

legds tieu amemm%@tswmth@;hhw Yef | vl e zer Tm%%\nto
o RN 0B P L gy B

Ye_'gEneIr&jJ yrﬂmm\mrémtmm nmls?ds erglytss 0l oy i tdd pracd gsesgeny of
rel ated to se egfence In lettuce this stinulation
theRe MR LR LAMT YR he formati on of synptons

such as Russet Spotting and Yel | ow ng.

Background of the invention

Breeding of leafy vegetables like lettuce aims at the
production of commercial varieties optimally adapted to
produce marketable products. Many characteristics need to be
taken into account during selection which relate to both
input and output traits. One of the most important traits in
this respect relates to post-harvest quality, in particular
to shelf life. The avoidance of physiological disorders and
mbre in particular Russet Spotting and Yellowing are
important elements that can extend the shelf life of a
lettuce crop or parts thereof.

Ethylene is a plant hormone generally known to
stimulate physiological processes related to senescence. In
lettuce this stimulation becomes apparent through the
formation of symptoms such as Russet Spotting and Yellowing.

The Russet Spotting disorder is characterised by the
appearance of brown spots alongside the midrib of the leaves

whereas Yellowing is the general bleaching of leaves which
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The Russet Spotting disorder is characterised by the
appearance of brown spots alongside the mdrib of the
wo e@ves2oher eas Yellowing is the general bl eachtTigPmH7/000228
| eaves whi choccurs during senescence as a consequence
of chl orophyl| breakdown. Al though mature heads of
| ettuce are known to produce only m nute anounts of
ociund ene;indheqrerten @y aighlon ssensindey @ ft eldradopthilst
pl ant hornone. Therefore, physiological disorders
b Yat-ed with ethyl ene sensitivity which reduce the

post - haleHudiHald ttr OfndRid Wre 1aite vkl Rine Galesed Ry produce
external sources of ethylene. Exposure to such

orgxt arimaltes eurEs caf sdurl s ideh Rl mge highly
s QS&?%%{Q%dﬁ%%é“éﬂf&gxﬁLmFM%ﬁ&ﬁﬁHcghé%&&ﬁﬁﬁﬂp!%
en‘lettuce’is transported or stored in the vicinity
prqfsieﬁh;djma pricoucdexs faghdesi siech wshapgihad empeaensoitivity
peaches severe deterioration may .qccur. .Fuyrthernore, _.
WRidh qesiSRe 1% RRTc e s ¥ Rhd&tLysE are mainly

cddfsh it fiednesdhaies By delidnd.atmxpisudd ko such
respect to the ingredients which can be used due to ,
exfteyladn S QUEIGREs €33y WA UMY $Re Hves bidgeditqfeSsing and

stsset o%og_lt%é'y'}%]&ﬁ;@e physi ol ogi cal disorder which is

mani T este e appear ance of numerous brown spots
al ong tiver rExgmigd eof whesn |ledftucEhd shrtovemspp rhahtagnstored in

can spread al er. the |leaf durj t.he progressi
the Jg&a o9y id i EBHEEIe &i?s%uectln%o tuil%gq issuc%nc;%v\s/n a;lpg)les’
pé&i@roxe%é%ﬂ‘dlﬁisl Vs e gt e dreidiuee nigadscarre Suartdcermore,
at |ower tenperatures (5C) in the presence o éﬁaN
whegnd&fitiunsg drfs RIRfRISRAEIANA gsedt i &/¢k tfggsh-cut

miA R GhLAD RS, AU AgaN SR I AR IRGJNe Rlarihe

ornone auxin or calcium Furthernore, nodified
ingredients which can be used due to ethylene release by one
or more of the ingredients.

Russet Spotting is a physiological disorder which is
manifested by the appearance of numerous brown spots along
the midrib of the leaf. The browning symptoms can spread all
over the leaf during the progressive stages of the disorder.
Russet Spotting is known to occur especially when mature
lettuce heads are stored at lower temperatures (5°C) in the
presence of low concentrations (ppm levels) of ethylene.

Symptom formation can be antagonised by applying the
plant hormone auxin or calcium. Furthermore, modified
atmospheres containing low oxygen levels reduce the speed at
which symptoms develop.

At the biochemical level Russet Spotting appears to
develop as a consequence of a local stimulation of lignin
biosynthesis which causes lignification and cell wall

thickening around the area of the leaf where the visual

symptoms will appear.
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at nospheres contai ning | ow oxygen | evels reduce the
speed at which synptons devel op. At the bi ochem ca
wo enelo7Reeset Spotting appears to devel op as apCT/EP2007/000228
consequence of a local stimulation of lignin
bi osynt hesi s whi ch causes |igdghification and cell wal
t hi ckeni ng around the area of the |eaf where the
vi sual Tegnptows dﬁbboappeatiahelbromnsddsbplbheastbmulation
is caused b ge stlnul tion of phenolic net abol r
of TRRSEAL Y remBHERYE 4PHni RECaRRENTS POLSELE BARTOS AERD L2

1yB38& bhesn) showichonhe bBEHCEHORM €théeﬂﬁduéé&abyséﬁhylene,
the first commtted step of the phenyl propanoid

capalvaay. tPrehbrFE comnpdthad @heehohr BheoPhedy haFapgnoid
de Vv s S
oo YICRERELE EEheotBLb AL KEoaPe HBLhsasni AN DEhc1uce
cabfibseqaenti dzrilabtdmesf athestlcaspaundsbby pbl ypaeoobids
our a

id O d
sugh ot eal tCOEEPPBASPH KISERECSHOED iy, SFPRARTENE  fyidation

of SYRRE&NBoRBYuREs 0BR Een9pﬁeM61eoﬁy@a§@ ¢pbbppséagsoto the
ti ssue and cell deat Senescence is a naturally

breveudt sagloneabiepnenParaplycekseared hin eRds ot aSPPEELINT -
rifiYEL Oéh@ an$£oag mggg%eeaﬁanmgyé'st&@éc@ue to

met abol rsmi eprogra In order to renobilize
colkapaln@sofntossepreddcté&é deatict ures |i ke seeds.

Al t hough_senescence is opnent a roc us

by, endSDRRERETFacter 8 TRRUTPRYL Srour Eard acae TLoRRENgal
pr888ysexpgeneusnfiasEoas1Miecbyeds sPdal Bl ensesespease. organ

Yel | owi ng of | eaves being the nost visible synptom of
dugipgstlhcl NetalebhsBqliBnEePHPIERTBRSphY | PrBFEakBown

reﬂ&ﬁiﬂgzé f@ééukasgylhégeréﬁgssueé1§@n§§f@@@@r@§|fbk@ageeds

be enhanced by ethylene once a leaf is receptive.
Alvedhgknosmeotbere is a developmental process caused by
endogenous factors like physiological age there are many
exogenous factors which can modulate senescence.

Yellowing of leaves being the most visible symptom of
senescence is a consequence of chlorophyll breakdown during a
relatively late stage of senescence which can be enhanced by
ethylene once a leaf is receptive. Well-known other
stimulating factors of senescence are wounding, darkness and
nutrient deficiency. Although ethylene is the most important
plant hormone known to stimulate senescence other hormones
like jasmonate may also contribute to this process.

From the moment of harvest of the lettuce crop until
the moment of consumption, the produce can be exposed to the
different exogenous factors contributing to senescence. These
can be wounding during harvesting and processing, darkness
and nutrient deficiency during storage and ethylene during
processing and storage. These factors strongly stimulate the

post-harvest disorders which can become apparent as Russet
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stinmulating factors of senescence are woundi ng,

darkness and nutrient deficiency. Al though ethylene is
WO b@70oRB0 | nportant pl ant hornone known to stiPpai/aP®07/000228

senescence ot her hornones |ike jasnonate may al so

contribute to this process. Faomthe nonment of harvest

of the lettuce crop until the nonent of consunption,
Spdter i itk YAl doei rex paskechdwgh heheld feeff fontt exangenicusgely

factors contributing to senescence. These can,

b
CRBRHA g IR TRAYRY 3@%?%%5 dMErRs g2 e thereby

urdr et dgent deficiency during storage and et hyl ene
during processing and storage. These factors strongly

sti nul altre Qe PO -PRUIVESE he olefasi i P &f trtiohe many
X n i N0,
A A
effikdt 4 eFontdagtliee and ¢dersbyrainter kedmldsted Iettuce at

order to counter the deterioration effects, .
L Q3 SETREHARET Sl TS SSRF $ETace Wi P eltice ™2Y
rddiese @fd et JOryEXpwl gy, S SN s ddenay be

harvested | ettuce at | ow tenperatures to retar

erjpnarenda! adiolrih tivdl HelC MRARE MR fatdfbe
inggll i vﬁfﬁscsr?.tre%ﬂ%é'{}ge r@zyar% Q:?r{jtllnfé required

Ition, logistic neasurenents y be 1 npl enent ed
frdm dihe eftided tthe thansposuets or tWwhnesh goqeveed o rtidie tlettuce

field to the caonsuner or.mhigg revent.s the lettuce to

CHER TP i) RS H Y DO by S SRS

FitIHeIRY e, cHdeib £al t # & Lahdiid Sndipbemapldedvhiidic brevent
prevent the post-harvest deterioration although food

t@eafmaﬁ-mvm%eré&@&m@%m%@%m%@% and
rsifer MR ffaddie AR ATY Gl JRAHH SRS, are

Cdsuccessful to sone extent but there is certainly room
for i mitaserehttheVyenyera r oot sudanrglems teye dge successful

tosus%sfgearggtaelntwgucch tihseraenofshecrertainly room for improvement.
Moreover, costs involved may be substantial which is another
reason to explore alternatives which reduce the need to apply
post-harvest treatments. Preferably, a genetic solution is
found which reduces or eliminates the need to take the
expensive, preventive measurements which are currently used
to maintain the post-harvest quality at a high level.

It is the object of the present invention to provide
a screening method which allows to identify ethylene-
insensitive plants. It is a further object of the invention
to provide plants that are obtainable by the method.

This object is achieved according to the invention by
a method for screening a population of plants for the
presence therein of individuals that show a reduced
susceptibility to ethylene and physiological disorders, in

particular Russet Spotting and Yellowing, as compared to a

control plant, which method comprises:

-
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reason to explore alternatives which reduce the need

to apply post-harvest treatnents. Preferably, a
w@emeir3sol ution i s found which reduces or el POI/RER106%000228

the need to take the expensive, preventive

measurenents which are currerily used to maintain the

post - harvest quality at a high level. It is the object

of theaprpsentdingeat populetpoovofeseedsreeni ng net hod

which allo f dent t hyl enei t | ant
't o Bt Gremenabhrdct bt SERUST AdeHErBRCES FPByficthe

prBkants bhRattayeenbt abnabkaihystha1megbpd. This obJect
is achi eved according to the invention by a method for

scr eenFhgsalpepiingt F6RISANEFaRPAtf BROYhEORFREA¥BOCOTY LS
cnbRCERL mOboEBEL YL AU gpe@%gigg -8ohedHEGd control;

suscept | rty"to eth physi ol ogi cal
d|sorddussenﬁlpgrtheubaﬁeRusdeBespbingagtangroduce seeds;

Yell o , as.conmpared to a ong % | ant igh £
nethode oﬂﬁfW%@g ng BPSVPSFﬁ g BuPEETBnPHPIEEggsFrom
ea@h)ss@éataatsegdnmﬁgseadaaknnaagkaﬁaslandhenpteeence of
gresence of ethﬁlene to obtain seedlings;
etggilenei apdsararhagsParkt oShbhel RGP ﬁyﬁﬁc%?yhsS?hsﬁted

seggﬁ-gﬁpggogggﬁ ggsagneggxleggdsen3|tlve control; d)
selfi P

g the selected seedlings to produce seeds; e )
gerninﬁt|mgaen61parthefrehetseedsrpwau@édth¢thEQGﬁtyls of

cted seedl arkness d in th res e
thStﬁ§F8§éngﬁngﬁB?ﬁ8? gaPP of ey%%% s’ ?oﬁ?egﬂﬁ gfbutn of
théehgpbedtgeedbiEnghensdadknags gormihatandih 3ir for

neasurlng the relative gromﬁh of _the hypocotyls.of the

digképgrhgkiner RiARtedtha ePa8?h9|éﬂ%9%Er YROEREY §r Bt h
coﬂ£a£Q§ BMPQHQtMk§g95a§h@tﬁ?@ghéngéngffﬂb@a&@ﬂtt@labbt? in

di stinguishing plants that have a |onger hypocoty
ethglene and in air from plants that have a longer hypocotyl
as compared to the original ethylene-sensitive control only
under ethylene,
wherein plants that have a longer hypocotyl as compared to
the original ethylene-sensitive control only under ethylene
are identified as plants showing a reduced susceptibility to
ethylene and physiological disorders, in particular Russet
Spotting or Yellowing.

The invention is based on the hypothesis that
ethylene-insensitive plants, in particular lettuce, would be
resistant to post-harvest physiological disorders such as
Russet Spotting and Yellowing.

In a preferred embodiment, the method of the
invention comprises the further step of testing plants that
have been identified in the previous steps as showing a

reduced susceptibility to ethylene for their resistance to

Russet spotting and/or Yellowing.
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conpared to the original ethylene-sensitive contro

both in ethylene and in air fromplants that have a
WO e0vger72By pocot yl as conpared to the origi nal PCI/EP2007/000228

et hyl ene-sensitive control only under ethylene,

wherein plants that have a | oager hypocotyl as

conpared to the original ethylene-sensitive contro

only ungeocetiil aregahe dndenidodti @énashplcant Heslobsienyea by

reduced susceptibility to ethylene and phy iol%qi al
CoPSGEGONs O FhSastiedidehd RISS SCOSIHGt TG or - YA GWi AFans
eéﬂ%} F%V%%E'%@Hjié%@ﬁ§$d§lﬂﬂyé RyReHResl $atridlty under

yl ene-insensitive plants, in particular |ettuce,
ethydledebe tioeSi, s wawicht megeest dauadede Fhgsieshygieagsensitive
di sorders _such Russet_ Spqttj d L_l.awi N
e B e ik
miQaApkitses dae ber taele .stUayinef onesbifnghelsentne atshaerears ,

been identified_ in the previous steps as show ng a
simpdc & asdsEepeithrrirty 5 éﬂ%ﬂ Ené P8P tr hdFr L Kiown to the

pelr @S R1GQ 0 1RUTFR! 230t a0 RNPe@Formed to establish
Yel | owi ng. Hypocotyl |ength and root |ength can be

whetsdery ed PApnEowpaditenp (o rRanssaddard 9add 1sedtilvg 1ess
sé%%qu%e’t%h%%%yq%%%st%%%@%h%pe%%?l%%%¥%%%%1%ﬁ@%'E%%%dard,
Stand y to , ic

ndard vari e under et hylene, nmeans
liggualv .t O Tirbabaidoplre ngRsigiks izwiave , s Dandaed , v L) et Fhendeplied

air. I f desired, t,s, | i1, b
5ifdE 1 cpuchy LoHE Lob L ReSBorddo o rEts Lo PngRe

stati striogak nanahitses d,i kdea stt=tr@st i cael koltpawi sba tilse
person skilled in the art, can be perforned to

prefezpbilynmaget Retvweepl dfe Svrgretyloteppihesangd optionally
erS B3 BRHLLY S B30 O SLfRn SIS e o
theRimuk ageaais i sD& rieiaementl,) whithe ispphieedest available
standard, and the hypocotyl and root lengths of the
individual mutants and/or their offspring.

For finding ethylene-insensitive plants in existing
plant material, one or more representative samples of
varieties, breeding lines and/or gene bank accessions are
selected. The statistical comparison is then suitably made
between the hypocotyl and root lengths of the individual
accession under investigation and the rest of the population.
When statistically testing individuals for significantly
longer hypocotyls and/or roots multiple comparison tests may
be needed to maintain proper overall significance levels, for
example Dunnett's multiple comparison test with one standard
(Dunnett, CW, J. BAmer. Statist. Assoc. 50:1096-1121 (19595)).

The plants to be screened are usually leafy vegetable
plants, in particular plants belonging to the genus Lactuca

and in particular to the species Lactuca sativa.
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significance |evel of a one-sided test is 0.001. For
the nutants, the statistical conparison is preferably
worgee/opesiveen t he hypocotyl |engths and opti oneCT/EP200E000228
root |engths of the original variety that was used for
the nutagenesis treatnment, whjch is the best avail abl e
standard, and the hypocotyl and root |engths of the
i ndi vi gual pruhanpspandtaont hei prettspbilpga popullndiongof
et hyl ene-insensitive plants in existing plant _.
mugnEr PARNtENBCGRURST &heeshasshtafitGeNdgREFesOofind @ plant

of! 2heCine8nBLACINNG NS ARG k0poBaNELRBAL AGRETRLONENY
are selected. The statistical conparison is then .
otheirt pbbylatdenbetfwedanitise thppoddtfferann tbetr| 6RGERIC
of the_ individual accession_under,.investigati
copsLE RSOt Mee SoRrae Sy, Wancard: 2 H8] 180:RE on
i ndi vi dual pobanasiign ifcantdayt pagatshypopatyesatng/ or
roots nultiple conparison tests may be needed t
obfaiAedi RYpRoPELageeeEIS §F§ﬁ¢ﬂﬁ8§n§élpevsb§@lF8$S and/or
ir%ééﬁgkﬁ Runpeih gede@ulst itRle@ tHRAREN heBNWEESLKWolA BRE will
stan arg (Dunnett, CW J . Aner. Statist. Assoc.
be5@urtber1 d25ci19e8) herfiabsilamt.s to be screened are

usual I y,. | eafy veget abl l-an La_pagti a .an

beIong%H& FS%Fﬁggﬁgﬁgg%L%gﬁﬁ%iyéﬁgei%Bpggg c%?gégtg% teast
10t hg/3peeees pkackuad 15abietacthe 1pl antl Répubdliomei.sThe

preferably a popul ati on of nutant, pl.ants becgu$e the
CORREREESTAPE RiEgREPYLETE Ad ST6Paft &f ?ﬁ@‘ﬂgngeﬁf’i nin
pgggqﬁrgariant popul ati on. However, any other popul ation

of plants that differ in their genetic constitution

may beTber sehegtaonordiery ino thise scheeRingnmethed of the

R 5,09, BN O oS oRch! ety nypsoes oy
ExbbeadbabioﬂarMHga@@negb&nﬁmeaﬁmgnssedﬁéngeItOKﬁohmlgne
caﬁéég radial swelling of the hypocotyl and inhibition of
root and hypocotyl growth. This phenomenon is generally
referred to as the triple response (see for example Guzman,

P & Ecker, J, Plant Cell 2:513-523 (1990)). The
reproducibility of this response allows to screen for mutants
that show an altered triple response in the presence or
absence of ethylene. In addition to or instead of measuring
the elongation of the hypocotyls, the selection according to
the invention may be based on one or more of the other
elements of the triple response test.

According to a further aspect thereof, the invention
provides plants showing a reduced susceptibility to ethylene
and physiological disorders, in particular Russet Spotting
and Yellowing, as compared to a control plant, which plants
are obtainable by subjecting a population of plant seeds to a

screening method of the invention and selecting plants from

the population that show longer hypocotyls in comparison with
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be further described hereinbel ow. The concentration of
ethylene in step b ) is at least 10 ng/litre,

wW@e@rerad y between 11 and 25 ng/litre. The  PCT/EP2007/000228
concentration of ethylene in step d ) is about 4 to 5
ng/litre . The selection stepgin the screening nethod
of the invention is based on the el ongation of the

anh¥pAGOLYES seRXROS WEe cohtdankagr pManger shoaingga reduced
seedlings to ethyl ene causes radial smelling,of t he
y

susggptoPyLisidtPnRtBYEESS Sndr BBYSaRUCHYFBE 0oLy FOGHEREN. 11
I n [ Iy ed . to as the triple
b o e R A e
Cel | 2Th&3phast( ©¥98hE. ifiventépnodscbbefergbdl ahisafy

re se allows . to screen.for nutants fha h n
vegFEapLa PiFBre FBoBarbeciAotng Brabenibilh BALEREE sp tne
ge@liBY L8R uchnaaddihi @Artq conarnsbedteobpaeassr Lagtube

el ongation of the hypocotyls, the selection according
satdvehe i nvention may be based on one or nore of the

ot her ﬁ&@ﬁegké Qb RS i bl Rle®hbBSBeNSRet €Al enfe6Al deBlylene-

to a further aspect thereof, the invention provides
inpkant $ ishomuhgnasr egueed densdépeidbianidt yel eceery| €agds of

and physi ol ogi cal disaor.ders, .i lLC r
en@35 PR PERATaR SRPRG. 50 Hdtalth Polkde ohEEaRoon
Buplanhg, Wakehbpkants Eatateht auakbbarhy AbbpdethngAB21 9YA

popul ati on of glant seeds to_a screeni ng nethod of the

UKi pRedt FBRVERY QpécﬁpﬁghﬁWﬁnP§ePrSﬁVFHegBSpBFS?FBhOH

nubBat-sshaw b gpgar i Ryraeatkyhs pRte9IBabbs@R WekhaBescendance
et hyl ene-sensitive control as plants showi ng a reduced

ofstbeepepbsliteyare gtilgherd Enamphgsfokrbgi éal Example 4.
oo RS "R PRGH, GREe B e Yepueo specicic
characteristic of significantly reduced susceptibility to

ethylene. They were not tested for DUS-criteria for variety
registration, i.e. distinguishability, uniformity, stability
on all registration characteristics, and are not expected to

meet these criteria in any way.

Table 1

Plant no. Internal reference NCIMB accession

(=NCIMB reference) number

00D.7856 07D.826509 41449

00D.6876 'l 07D.826514 41450

00D.7871 07D.826502 41448

00D.6883 07D.826522 41451

00D. 6896 07D.826540 41452

00D.7845 07D.826542 41453
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vegetabl e plant, in particular a plant which bel ongs

to the genus Lactuca and in particular to the species
whawvocriscativa . Wth the screening net hod of PCT&P2007/000228

i nvention, ethyleneinsensitive nutants were identified

and sel ected. Seeds of these grutants were deposited

with NCIMB Ltd, Ferguson Buil ding, Craibstone Estate,

Bucksbura, i Abendeen, fAB2he 2YAc UKt 68 BoJphamty RHOY ahdw a
have been given the accession nunbers as |isted if

requppd jusceetabisihijotie §EBYlEBSCBAUAREYSHPIPALCE
di% PgakLs ?B??QkMEEuhﬁéEﬁagEéﬁ §péﬂgihﬁ g¥aﬂ91§oéin? and are
S y have e

ese deposi are made because t he the sing
obspénable bhacacteingt acpbansi ghi theabhvgntbancegth another

P 308 6P FBri &o¥r SofFt Ery TG SeFabTon Crogted’ o TO!

sudkbsptnpui $habtbi tynhyuahbornAtt physiabbyityl odiabkders, in
registration characteristics, and are not expected to

pPapbeeul pESBUEPPEFPALFANENYTWEG L LT4bNE” 1978 FRURNPF oRTOuIht
in UrggﬁérL?#§B€§ tRaP! BRt§ihBRL ySHOW 8L T REVECEhe feature.

suscept | Ity to ethyl ene and” physi ol ogi cal _
whetberdehe, planpar regulsinBuisen Spobt #ngress Yer fohnfged

Lnable.b ' . .
21 R RCanFoh s thUSRbE b CRIaRE BFCERE Dune’Rheersas fhese

plbgatute trhedscedenusgepethbli by tbeeihyteheomand
physi ol ogi cal disorders, in garticular Russet Sgﬁtting c
or YeITBﬁ@h@veEBHOPhGBrBQeBr GyRESPntQ BEREYYI htd Paren

p1khat oer tgbnahb¥nd9oA0t hhavenbhie tBat veQuc¥hethecepbebility
plants resulting fromsuch a cross are indeed plants

tookthhtenavendi physanlpbeiradt ddspydenpj ethi Pyriheybar Russet
soBKEShS, b8 FOPLARHAED) SHGIPhUOHeAL 09 ouRahy Oendbicions
removed from the parent. Provided that the feature “reduced
susceptibility to ethylene and physiological disorders, in
particular Russet Spotting or Yellowing” is present, the
progeny plant is a plant of the invention.

The invention further relates to parts of the plants
of the invention. The plant parts are for example lettuce
heads or leaves, such as baby leaves, processed heads or cut
leaves.

Plant parts of the invention can be used in tissue
culture to regenerate plants that have the reduced
susceptibility to ethylene and physiological disorders, in
particular Russet Spotting or Yellowing as found in the plant
from which the tissue for the tissue culture is derived. Such
regenerated plants are also part of this invention.

The invention further relates to seed of a plant of
the invention. From the seed plants can be grown that also
have the feature “reduced susceptibility to ethylene and

physiological disorders, in particular Russet Spotting or
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pl ant of the invention that shows the reduced
susceptibility to ethyl ene and physi ol ogi ca

wa@e@ondess, in particular Russet Spotting or YeCT/BRINTY000228
Such progeny may be many generations renoved fromthe
parent. Provided that the feabure "reduced
susceptibility to ethyl ene and physi ol ogi ca

YelloQifgrs, whatpatt beuhat Ehsseée&poandnghos ¥be| phangs

is present, the pro ant of the .
grPHveﬁbﬁaﬁfrqﬂeh?ﬁee% %ﬁﬁfa Ha? ?85&?&% £an g?tEGSFed n
thEhchEéHEﬁgoﬁeEHSdiBfeﬁhéoﬂnvghﬁlﬁhanThEaihSeﬁthﬁOélso

exa tuce heads or |eaves, such as baby | eaves

repa@eestedfhegugrogenarateavegeedﬁ|5h@tpaﬁtélaftbﬁereduced

SUSFaﬁggbggagentBe gﬁgﬁﬁggucegsgﬁggybieg§F£9 896886258 in

have cepti
paethylhene Rodsphyspokodghgabrdiredideisg anm panndcuhathe
Russet S ottlng or Yellow ng as found in the plant
OrigoRPwhPERYFhe tissue for the tissue culture is

derivefccSvghngeggngr ahednpkantpeatetAbs@opatheOintbhion
i nvention. The invention further relates to seed of a

reppsas 6P eheepAveRiPoRIORGH t REMBEEAIPFaAt B1EAR BE Part
th8 QW EQaEPQ|§RvQ§¥§ %hep§8§kggﬁﬁ regHEeQegetable is a

susceptibilrty to et hyl ene an si ol ogi ca
ledifgovdgesabla, paotecihapaRusselagpbhei mggerdeleohbngettuce.

Whet he not the seed and t he,_pl an

theref@BﬁPhﬁSge?g?glﬁgd ﬁawe% 8§u?g Egﬁ éé?gE?$“ i ke
vebb@aﬁ@éeﬁﬁbBGCHEéH@QsOEeHbeednseBtépﬂleEEtynvenéthplene

also relates to further generation,seeds that retai
anghphygyateaisasc@pprprrrfy B BRRyIEREaAnGUSSet Spotting or
Ye@@g§hﬁpoglcal di sorders, in particular Russet Spotting

or Yelfowing as found in the original seeds .

Accor dihgshouddfloet hetedsphat theresfeenengnpephpdnof the

invention is a relatively simple method. Plants of the
invention that have a reduced susceptibility to ethylene and
physiological disorders, in particular Russet Spotting or
Yellowing can be identified in any variant population that is
sufficiently large. It does not require undue experimentation
to reproduce the invention and the plants of the invention
must therefore not be construed as to be limited to the ones
that are deposited.

As a result of their ethylene insensitivity, the
lettuce plant material and seed derived therefrom of the
invention show a strong increase with respect to their post-
harvest quality especially related to the senescence

associated phenomena such as Russet Spotting and Yellowing.

Detailed description of the invention
As ethylene is the most important plant hormone in

stimulating senescence and as Russet Spotting and Yellowing
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relates to a vegetable product, conprising a plant or

part thereof of the invention. Preferably, the
woewanziBe is a | eafy vegetable, nore in partiRCI/EP2001€00228

vegetable is lettuce. Wen screened in the nethod of

the invention, the vegetabl eiproduct shows reduced

susceptibility to ethyl ene and physi ol ogi ca

ardi seE6enstelnwpanht keHkaceResset gpattiogapprd¥athowasgtaken
It should be noted that the screenlna nmet hod_ of the
inj wpérhi GANPELE VFaBNTEl YesrnprednseRoandpPEhEStBR £RE

eth?ﬁ@ﬁ&'?ﬂs&ﬂ@&tgayg a ﬁ%duﬁgdf§ﬂﬁﬁeﬁhhg|khl¥ iAdirectly

ene and physio oglca di sorders, in particul ar
leRdssEb Spettdagt@flvetu@w od matabssi dbhchf pee phfaayed in
vari ant ulation that is _suffi | ntIy | arge. It does
thesf Pgaﬁlﬁ tUhdte EXp&rHent aten ?o reproduce the
i nvent bepaanddt beuphast as@hgt peanfventednspusies such as
t herefore not bhe construed as to be |imted to the

Arghddoprae hpPeldepsspfeliclAsag Fé§a|FPSFl?ﬁeP?V%tR§P8hSed

1nke§ﬁ9§&BthhythéhBlbeh%He%aﬁleathaaygrhaboﬁogdseﬁdthe
derived therefromof the invention show a strong

blpnwnehgelanahdrespeeptﬂ@ntﬁéuﬁtbwé?narvMQﬂanélﬁﬂyc forms
RBAER havel BLhodnbe LN IRRAOF8NCPNBTEOPRALoMn this
P el 'ow ng.

snomena. such ottin
reE@éatIpdodeaﬁhgphnomnotitbeelpuenhrenoﬁseEhhyéaaefusction

e npst tant plant h tinmulati
ingBeBbancE L RHUCHS  ROSLBt O86E: Pig BnRo PR ngarYs 2

1m?%§@sheteeléﬂah ﬁgﬂ?sgﬁggeolaggeaetp@oaasg@acammaaded in
aken in which genetic variants were produced and

complléeabedf bnterpgtére rAgBAILOLYI P§tWOrksSwas found
that this E@%tﬁgftg | eag oEQltE@tigfegtgﬁcéﬁé0H09ﬁone is

mut ant s are a ecte In thelr arvest
ingemesdéncdetesponsd. at the level of gene expression

underlying ethylene biosynthesis, hormone perception, signal
transduction and activation of downstream effector proteins.

Allelic variants of genes involved at different
levels can determine the strength of the response as well as
the level of cross-talk to other signalling pathways. As
ethylene biosynthesis and perception are poorly characterised
in lettuce and in order to allow the identification of
different response strengths and their underlying allelic
variants it was reasoned that an unbiased approach may be
more successful in this respect as compared to a targeted
gene modification approach.

Such unbiased approach encompasses preferably a
chemical or physical random mutagenesis procedure combined
with an efficient phenotypic screening and selection
procedure based on a response of etiolated seedlings to
ethylene. Such seedling-based selection system is by far more

efficient in terms of numbers of plants which can be assessed
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Det ai | ed studi es using plant nodel species such as

Ar abi dopsi s thaliana as well as crop species have
W@e@viodreao i nf or mati on on the bi ochem cal pat hwegEEP2007/000228

i nvol ved in the biosynthesis and perception of

et hylene. Many allelic fornmsigf genes have been

characterised for their role in this respect providing

pe@nmhﬂt559§t§spEBEEE§e9ft6tEMEeﬁgefbﬂChbeﬁrbnlptﬁnts.heads.
Et hyl ene, |ike other plant hornones, plays a_inportant |
Fursherimpreanfhphdniel 6gi paPdpescrdans Babegdad fRr screening
. _conpl.i cated _inte i | at.o neLwar k$. s£h8) ;
1Ss§§§ﬁgﬁsgxdmfghp%§§F gg?%é??yﬁgf%¥ﬁe %ornnnesis iﬁ?gf 2
combagedeter inhadeahetts .| evel of gene expression

under | yi ng et hyl ene bi osynt hesis, hornone, per.cepti qQn
si gnal tF8ﬁ§836tFgﬁaﬁﬁégécP?vibﬁénaBPrasﬁﬂg Fe§§% 85 of

tnef 6eGkek iBHhotehAS ti oAkl ki €hvakieadll $ngf sgagesasnpekdedtive
at different levels can determne the strength of the .
phesopopie merwer| fas the pevsrharvesbssrpafkifocBPReFutive

ge%%%%%h%&ggogggh§a¥ﬁ'cé%ﬁ%hﬁyg%@ﬁtbhgéyﬁbgﬁsHaeﬁﬂgfied. A
perception are poorFy characterised in lettuce and in _
clenderrits@ akliewst he ittentfaticcahiatnseflegifipbar et the seedling

response strengths and their underlying.alleli
St@ge JRYs tPt i&gdr3858ﬁ88t€ﬁa¥a£ﬁaﬁﬁ%igséghaggkggé ﬁgﬁ
selR e tsuseessf uhel mathirs,r pppechaasesanpared.t fuathermore
_targeted gene nodification approach._?gch Hn?iased
itappr 68ERIBAEERAP 583Es PRRBLe PREMPTE Sc A &IE g SBRy &FEa
i i t es| L kB8dsWiwhR c8Nmay lead to
ln@%?ﬁ%?éﬁ? %%§§0?§§F§%g%§ggﬁ?ngggﬁg sel ection prgcedure
pledsed ropia eésponse Gheeei chat edtbesdbengosisive or

et hyl ene. Such seedl i ng- based I i .S by
nelgglt%,s(gr Zlegfflld&ingnpni ﬁ%t%erc%%ofa%ﬁuﬁ‘%%r gﬂégxg%g%? whi ch
condn thenassessedpeiroaeh hakenasheerfaredptre felmebliye cofiprises

thga%%&%obiggu%%eggéds'

1. Generation of a mutant population by treatment of
seeds or plant tissues with mutagenic agents like ethane
methylsulfonate (ems) or gamma-irradiation.

2. The set-up of an efficient phenotypic screen in which
selection is based on a response of etiolated seedlings of
plants, in particular lettuce, to ethylene which is
characterised by a strong reduction of the hypocotyl
elongation, a shortened, thickened root and an exaggerated
apical hook curvature. This response is called the triple
response which is typical for etiolated seedlings and found
to occur to various degrees in many plant species when
exposed to atmospheres containing ethylene (see for example
Ecker J, Science 268(5211):667-675 (1995)).

3. Characterisation of the mutants modified in at least
one test of their triple response with respect to post-

harvest deterioration which comprise Russet Spotting and
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Furthernore, the tine to produce plant material for
screening i s obviously nuch nore reduced in the case
wW@R003OEBO Nngs as conpared to mature heads . A PUT/ER®07/000228
advant age of this approach is the use of the selection
conditions at the seedling stage as predictive
phenotypi ¢ marker for the post-harvest trait in
YeC0BGERY! | Bt UEAELAY| OBetepREnatsuncesspleieveapibasifects
been identified. A clear _risk exists in_the fact th?%
ofsghechpghfafat henskRdPrRYUSEag8IARY VROPLPLQHTPBIC ettects

thdENELLEqVaEEARE St} Gh16XPEESEnthg18tECt ed trait at
the mature, post-harvest level. Furthernore it is

recognisethehatrpeannghnebadsofi kbeeinyepheonr Ehe
' d | hysi.ol ogi cal i
popBig {80 PBi PoryenPEcaf; 58 B8 PEREacEE il PrBUran1y

popQ3htiv¥g 6F megahtveedapendeRgcan bheobtapnaddbits method
cultivation conditions. The approach taken therefore
COoppPELEraBFy conprises the follow ng steps: 1

Gener ag op @k + anuiianteBARUbLAt LOB1 ALt saEL BBt t6f be
seeds or pfant ti'ssues W th nutageni c agents |ike
modtifiand wethyhsuiteganéc(egshtorogahfainriadraedsn. 2 .

The sepjup fi80 BILhELCRLANEAQtYRLE SEFEPRAMINLERAs to
sel ect PONIFE7bageH 3R 3 résponse of etiolated
obsaedl Mngslefhtpbkants, in particular |lettuce, to

et hyl ene which is characterised by_a_stro reduction
of 1 heChyBBEatsHnel AgErOR, DY SROFTGRBGLL LAF ckaRed: M1
plbaet and an exaggerated apical hook curvature. This

response is called the triple response which is |
typi cafl) f eptéenal avedepealiinagstaRdP! odRd €b Bckimesoto

ob¥?5k°M2+ge9E88§ in many plant species when exposed to
at nospheres conf ai ni ng et hyl ene (see for exanple

The Ml+n seeds thus obtained are then germinated in
darkness and in the presence of high ethylene concentration
to obtain seedlings. Subsequently, seedlings are selected
that do not show a response to ethylene. The response to be
measured is the development of hypocotyls that are elongated
as compared to the hypocotyls of an ethylene-sensitive
seedling.

Then, progeny of each selected plant is split up and
grown in the dark: half of the progeny under ethylene, half
of the progeny under air. Relative growth of the hypocotyl
under ethylene versus air is measured for each progeny under
both conditions. These observations are used to distinguish
progenies which have a longer hypocotyl than the original
ethylene-sensitive control under ethylene, but also under
air, and which can therefore be concluded to be
ethylene-sensitive and not desired, from the progenies truly

have a reduced susceptibility to ethylene.
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Ecker J , Science 268 (5211) :667-675 (1995)). 3 .

Characterisation of the nmutants nodified in at | east
wee@7nerso of their triple response wth respecPCT/@P2007/000228

post harvest deterioration which conprise Russet

Spotting andYel l owi ng. Optionally, determ nation of

pl eiotropic effects of the nodification .to exclude

negati ne pkam@leopifc ackie@at-%nbvat mvddbednafikeeist.n€ms

val.ue of the plants. In the screening nmethod of .the
alﬁﬁ&éﬁ??oﬁrﬂﬁérﬁéyuﬁaFﬁéﬁdﬁﬁspP§nF Qggd§tF6“§ewpé§Pe§urlng

DNhSr%E§§cQ%§B%r@Qh$e§ B%E%h%b'% e8f TMihant .g8edg that
can be obtained by a nethod conprising: a ) treating

TheDedosds 6€ @apbaanr§pebaeget@obéTnbdsEpedrﬁnah a frequency
ageni,c agent 1o ob N eds; .b. romnng nts
g e AL B bt et P IS SEaL Vo SBBEarh RIonr Rt he

act iy ipkoddcithe Mﬁsﬁaed& bﬁp&&kfs@%tbm|bfath@anEnM | The
plant; and d ) optionally repeating step b ) and c ) n
ef??ﬁ§§VFod85FaPﬁ RMEndspelds PRetRP+AOBEERSTRRGST used, the

se@@t§hagdaﬁﬁeth@B ?ﬁ&ghe%ﬁegrbﬁegeﬁEgeﬁﬁdaﬂge'Elh@eof
presence of high ethylene concentration to obtain

ingubdrings ofStibseqeeds| yn sbedkinagsodnsisnl edhedserds which
hafl@ BaLnoROLaRhCRRONE oLl B0Es1 TDCCHIRRANAT LRCBE. as

neasured evel oprnen pocoty at ‘are

a ebnegqhedeasoﬁoﬂbaredehombhe hypecotigbaesf odnthe Ml seeds
e | ene-sensitive seedlin Then of _eac

cogbhy

B 6P AnPOL CSBREE CBanangF BAnIPHORHS  Og Khoha PelLs

an@fthB@eprGQBMtUﬂHeEhetBMbﬁBEulB@h&nOEftB@lDEOQEEMh will

under air. Relative gromﬁh of the ocot
form the germline tissue (germinal ce w1ll be transferred
to the next generation which is called M2. Mutations or
combinations thereof which are haplo-insufficient thereby
causing sterility or which induce embryo lethality will not
be transferred to the M2 generation.

A similar procedure as described above for the use of
ems applies for other mutagenic agents as well. The M2
population can be used in screening procedures aimed at a
reduced triple response of etiolated seedlings.

Other mutagenic agents, in particular alkylating
mutagenic agents, are diethyl sulfate (des), ethyleneimine
(ei), propane sultone, N-methyl-N-nitrosourethane (mnu), N-
nitroso-N- methylurea (NMU), N-ethyl-N-nitrosourea (enu),
sodium azide. '

Alternatively, the mutations are induced by means of
irradiation, which is for example selected from x-rays, fast
neutrons, UV irradiation.

In another embodiment of the invention the mutations
are induced by means of genetic engineering, such as by means

of use of chimeric oligonucleotides, homologous
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under ethylene versus air is nmeasured for each progeny

under both conditions. These observations are used to
wale@uiorgad sh progeni es whi ch have a | onger hypPCDER1007/000228

than the original ethylene-sensitive control under

et hyl ene, but al so under airjsand which can therefore

be concluded to be ethyl ene-sensitive and not desired,

rebbaBs hheiBhogentesdhctlynharemadi eduaedasyseepenbsl ivhych
to ethyl ene. An exanple of a well-known nutagen. is ens
compstal kK¥Fht E5pPNARBENPUSCPrEsglies IBINASBNARsEPAnghTOUGh

RNWhEggeg?EEEQCQEQ ?pllcatlon causes pairing with T in

ste ore, GC basepairs change to AT
basepaffhe atchnbilegyembychhiadhois detmpduﬁedgbyethérgets

effective se of ens and the activit h
resdding é?sggﬁ18?nng Bgaﬁtpl?ﬂ ébyéc eClﬁogeH% HEEC
kxndeReRdstRB pheseanegptinati an uﬁédartheFﬁeedxsmpEeandhlmerlc

ot her Eh ysi cal gropertles and the tinme of incubatio
01a0nHE LSBEUSCFnRERE BRENSGPBORSRIETRE 58eHE GALERCAEDe

muEéS@nEr$§£ﬁda“%%Qc %ﬁcaﬁgdgygfcéthOHalhﬁgtﬂgk §§§g§ach is

a consequenc the treatnment, the tissues o
tonbd$éydgeoentargetandbmppghnhomuﬂagpgﬁsrﬁﬂomhénatlon or
enpnes of thejr.cells and_thagse S
58 RBERrErREn Bp 08 FEclnrRR aerry s or creAtpbrSr; gesene is
exthasged( g¢r shnahteebuspdanwbia heagmansfebnedlnmnghe desired

next generation which is called iatl ns o .
moééﬁBFﬁSFPanTFﬁ§F€8Flﬁh?Eﬁraﬁéhﬁépﬁ69uﬂ ?éFéﬁ%e in

whEEﬁrﬁgﬁlf§H§'EQréE%rbEhEX QEe“@h@BoBGgH@ewﬁﬂbﬁy@ompete with
lethality wll not bé transferred to the M

thgeasdavpoaus Avspailchr Bhocenaielasddescapbénanbonedpbive
ef&E?Fgg gfﬁﬁnggag ;|9§1for bggésgg£§gﬁnbf gggné§p§é531on

1 on can INn SCreeni ng
ofpyenedui esfaasedlat tarbedhicBNAt thpkefeespoase of
et|0|atgdc§ggdahgggehic oligonucleotides, gene targeting or
transgenic approaches are used to modify a genetic factor
involved in ethylene function, obviously, the primary
structure of the relevant genes should be known. Currently
however, for lettuce knowledge on such genes is limited.

Preferably, the invention further comprises
pyramiding alleles of reduced susceptibility towards
ethylene.

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

The invention further relates to plants or plant
parts, which have in their genome genetic information which
is responsible for the reduced susceptibility towards
physiological disorders such as Russet Spotting and Yellowing

and is found in the genome of a lettuce plant as listed in

Table 1.
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O her nutagenic agents, in particular alkylating

mut ageni ¢ agents, are diethyl sulfate (des),
W@edwylogree mi ne (ei) , propane sultone, PCT/EP2007/000228

N- et hyl - N-ni trosourethane (mu) , Nnitroso- N

met hylurea (NMJ) , N-ethyl-Nami trosourea (enu) |,

sodi um azide. Alternatively, the nutations are induced

by meamrsogkniyr badicaki pnantli 6B ics afieedesaspke ssebacted
from x-rays, fast neutrons, WV irradi ation. |In another
thé§bé&Wﬁ§ﬁﬂ°6f "' REODRDYNt RENUERE RBESLNOAS aP&ESPABGCER

en%%mﬁ%@%saﬁﬁ QQBEEECh%%ghﬁe%ﬁbngam§U6Q aS skiTBaN¢elliced

chimeric oligonucleotides
suh@ﬁpt@@@&stgconbamaslehhyﬂaneododtpbmsgblngdcﬁﬂedlsorders,
. _target nes Wit endogenou
i BB e TR E Rl aEPOR LR Bgn YRR AL Sr 1 BPonbe, O&iginal
plihe st aebrelibgy werehnabhawsetagnadifiyegennetrafgeinsin any
residing in the genone of a plant in_ a specific manner
ways RHEWN3FoPYhESEERdonCREPAPES PR tﬁékﬁrﬁelﬁoﬁertlllsatlon

ore¥apRkereehl TRELE 1 8hi GORHCLEBLHEeSphaMe BeeRhe same genus,
denonstrated to be effective nutagens with a specifi

ornyggethtavei sapradvrhépnapprbash pgtt@ngndtﬁysg@néulture,

nob3H98! Bt OLEUONCDOTBL RGOS oEaUY! NBLLON 9L 0BReson or

otherexebandgdeby anchnptoduﬁgd1EM%hﬁsaghenf1csntgenemgtlon
roaches, are al so

esired tlon Transgenic a
ot BASPbPoc P MAPEREhB! PFEA L AR gor SgbhBss BY BN L AR odazete L]
asWihehreegpeyen¥irhBibhecengegaRqUaePl 98HCHy dRESolBMore of
| ead to dominant negative effects. Moreover specific

thgsankeghnaghen, oputhalegpeessyohusthgenesnesaréasi pfeplants
deEF58HQB g@? §23&£§538%eth£9 C@éShHE Qggn'érov1ded that the

onut éne’targe rans
deappedaphestarhausedhéoraﬂdcéy augeeptnbliatyor

In order to determine the response of the etiolated
lettuce seedlings towards ethylene, use was made of an
especially designed plastic containers in which lettuce
seedlings were grown on fiiter papers under an atmosphere in
which ethylene levels can be varied. It was indeed found that
the lettuce seedlings responded to the presence of ethylene
by a reduced elongation of the hypocotyl which in principle
would allow to select for ethylene-insensitive mutants in
case such mutants reside in the available population and in
case the insensitivity is expressed phenotypically at the
seedling level under the experimental conditions which were
applied.

By growing large numbers of etiolated lettuce
seedlings from a population containing randomly induced
mutations under an ethylene containing atmosphere, it was
found that seedlings showing reduced ethylene sensitivity as

compared to the ethylene sensitivity of the starting
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i nvol ved in ethylene function, obviously, the primry

structure of the rel evant genes shoul d be known.
w@ro7en2By however, for |ettuce know edge on SBCHEBMNT§00228

is limted. Preferably, the invention further

conprises pyramding alleles ¢§ reduced susceptibility

towards ethylene . Production of MI and M +n seeds is

p&phh 1 261 on eééreoe@demam@@sa@é §@iée@@é | i é@édﬁth heere

invention further relates to plants or plant parts,
seheetethasiowing heypogervhee hemet t ton foramtéxienhi edmparable

b
t&s r§§ oglég} dgsordgﬁ {ﬁgu tmosé?%?%n$%§xé%ﬂbé§§? § air

Physi o Fs suc usset g and”
w et d ot egh ylehé S Trodinske édil 1 tgs gideanei Hifedt drettihice manner

lant as. listed iin Table 1 .Progeny of the pl ants as

w%%i?f’é%haﬁlee(%l%% PRI PN RS TR ? LDy sgeny” as
used hergidrdesr ity ergied: 49 m%se@{ﬁ&learmse}?eﬁwe
the sane or a simlar reduced susceptibility toward

Mgl Y % e a i praftsA ot dep C%L!S%ﬁtso‘-rm fnd ¥ gdarawing drhe
mBUSSE! &4 rs S ' t
descri bg%qf]elr{eh%nooande{)el ng eerrl?lvaedglt egs:ee rgk?né [ Eéh}nqrs

rewlystaush tas Rys seEx ugbotr eprdytic tYealnl ouwiirke.
39|f'f§¥5{|'5%h'0n or_Cross- fertilisation mnth another

LarPYerSt ot

pl ant VAR AR S50 k¢

h&teds a8 Gléltiu 1tg hedd s Uigh QI d W Rd r&mt@ﬁhefi:matturae temperature
§rot opl ast cuI ture, protoplast fusion or other

&ciniiduddie Sleatk prasybirRGs i here 4 restthy@@é@r &gsomt a
c&fce(}{t%ého@? JOUd Jd & RS 9 ﬂ&& O e” ga%grﬁtb He 2S

well as the first generation of ants y “one
midrl irpgy)e apfd talsess stiech riheu es;e seutcealcso sgwgtpnisuctth®&usset

ALY ol ans derliied B anG of T & gk 558
ethylene-~sensitive control head is incubated together with
the plants to be tested and Russet spotting of the plants to
be tested is compared therewith.

A Yellowing test comprises storing mature heads of
the lettuce plants to be tested in an ethylene-free storage
chamber at 8°C and assessing the yellowing of the base leaves
after 10 days, preferably after 14 days. Yellowing resistant
plants are plants that do not show yellowing of the base
‘leaves after 14 days. Suitably an ethylene-sensitive control
head is incubated together with the plants to be tested and
the Yellowing response of the plants to be tested is compared
therewith.

As illustrated in the Examples, it has been
demonstrated for the first time that ethylene-insensitivity
leads to resistance to Russet spotting and to resistance to
Yellowing that is not induced by ethylene.

Surprisingly, seedlings which showed an elongation

response which was reduced as compared to the control
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derived plants have the reduced susceptibility. In
order to deternine the response of the etiolated

wo eqwoze3seedl i ngs towards et hyl ene, use was nRABEERI00AM0228
especi ally designed plastic containers in which
| ettuce seedlings were grownien filter papers under an
at nosphere in which ethylene |evels can be varied. It

comal tiradee hutownd dhhate riha drefdruee seaairkds tespendethsitive
to the presence of ethylene by a reduced el ongati on of

CAHE HypdSaty 12 hant dound piiidl ped swsand 1819T6H 60 S8l ect

idUn AY LR IAIKATH W& mglqntaaﬂ&tc%%ert%qh mut ants
reside in the avail abl e population and in case the

i nsensiTthieviviay ija lex greysded qfhendyygincalinpeas ithg ity which
wetes %lbls%%v!e%v %la ur}%%rl etchce (?L)f:%%rrl r{%rét Ire% ?\g:let orvh %ii%e(i‘:%nt
wer € appl ied. éy grOMAngeIarge numbers "of etiol ate
muteintudecieed! idigsE freort alpeulcatficamsC oft dideintdcal loci
i nduced .nut,ati ons under an et hyl ene

randoghy )
atdSt A 1§ &t MoSpter®, e RES I OaHdPORAL 38e€di ngs
show ngr edideed retrRHeang veeRgithitYbhy tae seORRRr gdskibilities
the ethylene sensitivity of the startingpopul ation can
Cafe ealstidiyn€d s&AAIvdIsEede by Segdlyilngs owér eldeldemedssays
wriRANAGAYRACOLYl. € A1A3LI0R L @ N (X! Rl GOTRIEARLE 4
Y0 a situation in which tHe at mosphere was conposeé &
degiermimtingutt het bhleeoneyp&hefsead! hghsiddedni thed of bAilslism
ner were qualified _as_being insensitive to
%o BHESF A6y gbPeL 6 PYAPPELPRBDSERAVLEY W11 be apparent
iretihyl enewhageas inveaet 2RkS pREBOEGPeSEaNtheOmBESHeE is
spot and Yellow ng the nutants identified in_the
desersanedr Byt €4£EQTEPE FREPFSABSI $PghcENES Risdenofpbe the
cadld/or Yellow ng. A Russet spot test suitably
conprises storing harvested nmature heads in a cl osed
cont ai Aer rahdamt mopegaheses was applied as a preferred

means to generate the starting population, mutations in the
genetic background may also contribute to the variation of
the seedling phenotype under the experimental conditions. In
order to discriminate between single mutations of different
strength and a combined effect of mutation in the genetic
background, backcrosses should be performed to create uniform
genetic backgrounds for the different ethylene insensitive
events. Such procedure is further relevant in order to
determine whether mutations at specific loci involved in
ethylene sensitivity display pleiotropic effects.

The M2 plants thus selected on the basis of a reduced
response to ethylene were used to grow M3 seeds. In some
cases M3-plants grown from the M3-seeds were selected for
reduced ethylene sensitivity in a triple response test and
selfed to produce M4-seeds. This was even repeated until M5

in a few cases.
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of 80C in the dark, and exposing themto ethyl ene gas

at a concentration of between 6 and 7 vpm (vol une
w@arrs71280 il lion) and assessing the presencePGI/EP2007/000228

synptons of Russet spot after 7 days, preferably after

9 days. Suitably an ethyl eneigensitive control head is

i ncubat ed together with the plants to be tested and

Russet 1gpehti bgsef ahhm3ppanhs feoks teshwed3iseeanpased
therewith. A Yellow ng test conprises storing nmature
sehegligdoforheefucedcet prasrs senpétigit¥dipnaahrirle

reggpﬁgsngeétfes §t erade-gharbar ate§ﬁg@egea§éﬁ§§tagetaﬁd
y ﬁe l'y

owi ng- of ase leaves after days, preferab
RuaBEErsmdtdayssiWéVéomangnte$osbhnalplEhtseade bhaﬁlsplant

that _.do n sppw_y Wi n f the base Ieav
gr839sfr§ﬂlggﬁle?é g?hVang ggﬁ |$Pv5r 8H??o h%eég?s
szpgahat?do&ﬁgetbﬁrtmebe Fbespkabt fakosbEetestiedoandeduced

the Yel omﬁng response of the plants to be tested is
ethphpaPederfid éﬁ%?h imsaj FriBipatedPPRSeheeEkanprdssetfed to

prBéEer?§ QSQHQStTﬁingﬁoilhBewébf§&déa”€otEﬁé set of M3 and

[ ene-1 nsensitivi ty eads to resistance to Russet
M4spobteﬂglandStaubesqgeahée tbheéhhbmpﬂglthaﬁ flespending

|nd ene, risin dl ing
frg Exgﬁonga |%ﬁnreé%gﬁsgvmﬂ¥%h §g% F%d%%xgugged for
thé@ﬁpﬁé@ﬁoﬁ@eth@ eonyieheonthéi dasebudbf whhebngbtevity of

| onger as coagared to the sensjtive controls were al so

eaFButhRﬁﬂchl ¥agoRsPUBredt bPBePRRSRNCT t Fhe Folative

grhiby! specps uebh1 gh§eihqpar hhabcnyienyacbRbhenigyel s
of ethylene insensifivity which were observed ma

atm@ﬁpbﬁreeV¢h%@St®€rpr%@éﬁ@eobft@i$f@¥€h¢rh®@ah¥/ fclines
onZindhE e £0b 8l LTI LRET gLk e ool 6k Ab1EchL00
classified as being sensitive. These false positives during
the initial screen at the M2 level, can readily be eliminated
during the re-evaluation of the events in the next
generation.

The inbred lines that showed a confirmed and
significant ethylene-insensitivity in the ethylene test were
resown and grown in a greenhouse under regular lettuce
production conditions to produce mature heads that were
assessed for Russet Spotting and Yellowing (see also the
Examples) .

As negative controls ethylene-sensitive plants were
grown which originate from the population which was used to
select the ethylene~insensitive events. Surprisingly, the
seeds of all ethylene-insensitive mutants germinated normally
i.e. comparable to the seeds of a near-isogenic ethyleen-
sensitive control plant when planted in potting soil.

This contrasts sharply to the situation in other

plant species such as Arabidopsis thaliana which show a
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In case of recessive nmutation these two possibilities

can easily distinguished by carrying out allelism
w@s®aps72emi ch conpri ses the crossing of the tweCTEPZNT/000228

events and determ ning the phenotype of the hybrid. In

case of allelismof the nutabigons, the ethylene

insensitivity will be apparent in the FIl whereas in

StGR% &a@ueheaatyaegbamhh@t&uhaeh@abstgewaéﬁlpednbyd 1n
different recessive loci this will not be the_ca

potaAasmseidtadEnsehsmall - dppl-i 6§ ad élﬁﬁé?eﬁPéélﬁeﬁﬁsBPGany
6896%%r%ﬁ§ tgg Skahkh ngQDEEQEMQE 1%UE§tF%§§ﬁg@etQ% grow

genet i roun y al so contribute
ethqﬂeaﬁrunsehsuhevsemdtangsphenotﬁpeguhdea nhemal
UE i ment al nd ti .Ln order to |sc

§ﬁ°§|R§F ﬁﬁ?af%&ﬁg of' BRf'¥ef8Rt s%rg%§9E§ RgWing in

pot@ibignedief beekkef ofubatitang Botihepgeaget.i ¢ background,
backcrosses shoul d be performed to create upiform

genet | AfbgEKGHOLAYS AR t RATHFE! BPBAF Wek§l BAsVested and
exF%%%HSkb'%%hg!%HES oﬁgcueekoe%d56§tL§aEvé%Ee&neeba¥aah of

n order to detern ne whether nutations at speC| |1 C
heladsi aitnBSCvedden enhylbyédesensiniteingndi gpmayphere resulted

1n?ﬁ:|%té$ Igpdggggébigg Eh%sgﬁse QEEPhhﬁ% %ﬁleﬁ%ggsogf the

respo ene were use

ethglghewsMBsieeds. cbAtsoMEptases. Nﬁopbaeks QBomnthﬁnB7
the MB-seeds were selected for reduced eth

ne
et§é&§P€r&P§§nPﬁtéVFrPﬁ?@tﬁegﬁéﬁgewﬁé§taﬁﬁ85§8§féaow8d no

sighodycauMi=seederc RS avaa18veRiEaPeakgdidahgliyMd in a
ew cases. | n one casé an M-plant grown from M-seed

demasssshsesethpdr echiillerd seRybeaacsensichvray pRlgcted for
e e e R
thel maeade Amakk- pkapll, even at the post-harvest stage.

Yellowing resistance could be demonstrated for a
number of ethylene-insensitive events under ethylene-free
storage conditions at sub-optimal temperature. This is
surprising, because until now Yellowing resistance has only
been reported in the presence of ethylene (Saltveit et al.,
Postharvest Biology and Technology 27: 277-283 (2003)).

The present invention will be illustrated in the
Examples that follow and that are not intended to limit the
invention in any way. More in particular, the experiments in
the Examples are performed with lettuce but the invention is
more broadly applicable to other plant species that encounter
similar post-harvest difficulties when contacted with
ethylene.

In the examples reference is made to the following
figure.

Figure: Phenotype of mature heads of lettuce after

exposure to ethylene at 8°C in the dark during 9 days. The
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growmn fromthe Fl-seed was selfed to produce F2-seeds.
An F2-plant grown fromthese F2-seeds was sel ected for
WO e@daog3et hyl ene sensitivity in a triple respPCiBEEP2007/000228
test, and selfed to produce F3-seeds. This F3-1ine was
added to the set of MB and M4 inbred |ines
Subsequently, the inbred |ines descending fromthe
1e8ithyda@Re ishSGRSial INe® rR\LiMtS tWRIe shtipdalofated yilehe—
their response to ethylene. The level of insensitivity
regfi séaert i(Bshyd enien® ) wands edhed e -BrRESBASIVE PR L
r@d@%f&%&g%ggﬁg %% E%% %%ﬁq tggT%% Plad %ret ﬁlngght panel
cont ai ni atnosphere versus ase on t
shmwsteream112k5@1bmmee wifi chewaue asntcsr deé révledl dmem the
Ins nS|t|v% earlier were now classified as being
vazdgdvi APECPPhese fal se positives during the initia

screen at the M2 level, can readily be elimnated
during the re-evaluation of the events in the next
E&@&R&E&tlon The inbred lines that showed a confirmed
Exap@rgl gni ficant ethylene-insensitivity in the ethyl ene
test were resown and grown in a greenhouse under
Oh s e 1

A g g ‘ sulfonate
ma ure heads that were assessed for Russet Spottlng
= Yel l owi ng (see also the Exanples) . As negative
cont r okgegkhylrengeseasiclicee valratsesereogbaddurhi spache and
ori |nate fromthe popul ation which was used to sel ect
Yogd ket(Ry e RBIPRs EXOM %\}é ke¢waes, 88r prPSin§P§, the

Ne%%%@iaﬂﬁs?ber%t@XE%@%d‘%%%ESbHﬂV%y”HhBHE§gGﬁE€1B@ted
normally i.e. conparable to the séeds of

appearimabgéni €08Phypkednsprsi Vavéetyningp phaﬁerwﬁed solution
oePLathed hoBat (1,0g) @il o FHES (G90 T BRES4TDRRG! ¥4l RoblE at
room temperature.

Approximately 1500 treated seeds per variety per ems
dose were germinated and the resulting plants were grown in a
greenhouse in the Netherlands from May to September to
produce seeds.

After maturation, M2 seeds were harvested and bulked
in one pool per variety per treatment. The resulting 6 pools
of M2 seeds were used as starting material to identify the
individual M2 plants containing reduced susceptibility
alleles.

The efficacy of the genetic modification procedure
was assessed by determining the occurrence of bleached
plants, which is indicative for chlorophyll loss due to
modifications in genes directly or indirectly involved in the
formation or accumulation of chlorophyll. In all 6 pools of
M2 seeds individual plants, which are bleached, were observed
which demonstrates that the applied treatments result in

genetic modifications.
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pl ant speci es such as Arabi dopsis thaliana which show

astrong reduction in germ nation capacity when pl anted
WO p00got28ng soil (Harpham N .J .V . et al (198Q)/EP2007/000228

Annal s of Botany 68, 55-61). Apparently for lettuce it

is possible to grow ethyl enesbnsensitive nutants

according to a normal cultivation practice which in

many cases includes sowing in potting soil blocks or

potting soil plugs. After cultivation, mature heads

wer e harvested and exposed to ethyl ene. One week of
Exg@ﬁ@;h%rvest i ncubation of heads at 80C under an

effle cont ai ni ng at nosphere resulted in a strong

1den@uigticamioh Bfsget tSpet bilagtef whiehhhade obthlieed reduced
et hyl ene-sensitive control plants. However, 29 out of

Ter T added HEN s "

su eporda s YSCURi ch were assessed

showedypo 15 @R Qf BUSISClePROLLIRGnat el bnWBkBBr in a small
surprisingly denonstrates that ethyl ene resistance
plasiték wasteéhect @dthornaethiydeseedbnagnteasiopafrt 10 20 vpm
reduce physi ol ogi cal, .di sorderso.at .th ture a -
(VPE€8F,986§R gFrtWéﬁﬁégpﬁhSEVQEtes éggéggél O%Phgggntalns
0 .14@sisdcarnQd taeulod he ldemyAtirtatead Htdry laneHinesensfitive
et hyl ene-insensitive events _under ethylene-
mu§P8F§g8968n€PPP8ﬁ§daF°sﬁﬁ-Mﬁ?PﬁﬁFePéﬁ%

>

f
i75; GPRETPRPs PRI

se§%&€%ﬁsbﬂgth€eB§H§%_6@tkhoH9§%¥€|h9b668tgﬁsbﬁaaﬁﬁerbat
only been reported in the presence of ethylene

(i(-8al t¥apileeregponsepsssitarvEbessi 6LbyyenrdiTeéERALYF
ral {283 3)). resant ;i,avept ' - -
thpS] oS R IS BE PN PR OBy, ey b0y sascion
Theee Mt ended werki mettebeednwenhi ohei hrapyewagspibee test
[ t he .experinents in the Exanples are

in g%nticul r g g
top&PRELiEd iy ePEt t0EE 5t VALY nvention is nore

broad! ynhappki gabkewke ekleegnkan speckesylbat

encounter simlar post-harvest difficulties when
insghpaéiddtigit Rlants were selected followed by one or two
additional cycles of inbreeding, and a final triple response
test to select homozygous ethylene-insensitive lines, if
possible.

In one case an M3-plant grown from M3-seed was
selected for reduced ethylene sensitivity in a triple
response test, and crossed with an ethylene sensitive and
russet spot sensitive parent Troubadour to obtain Fl-seed. An
Fl-plant grown from the Fl-seed was selfed to produce
F2-seeds. An F2-plant grown from these F2-seeds was selected
for reduced ethylene sensitivity in a triple response test,
and selfed to produce F3-seeds. The resulting F3-line was
added to the set of 53 M3, M4, and M5 inbred lines. In this
case the F3-line was the only representant of the original

M2-mutant plant, because there were no selfed seeds left from

these plant.
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ethylene . In the exanples reference is made to the
followng figure . Figure: Phenotype of mature heads
we@boorettzeece after exposure to ethylene at 80C PeI/ER®07/000228
dark during 9 days. Thel eft panel shows a
representative sanple of ethylsgneresistant (Ethylene
.R) and et hyl ene-sensitive control (- control) heads
of theyard gl TrOWRAURUTndTME NiigRls BANG] SRR A1 were
simlar picture of the nutants derived fromthe
gearariinette dAgac pea tEXANRIKES iEXAVRIIP skdGasttiag ner under
ification of lettuce. . bv ethyl t,hane sul.f onate
e S e it P e i @B SHbdgu e dark.
E tApache -dmd eX¥eritik o alut anvseaedreondantd fAwaiaby Dhediirelonger
the Netherlands) were treated with ens by suhnergence
hyﬁo%ﬁrl&ilﬁatc&“?am%é@@ FEN S V& FINHES tar @ leties
(TR AR 150! %?a%egf YIANY, GHR%IOW Re o t& QE% P¥elented
ens during 24 hours at room tenperature. Approximately
in S ler dat 4@ Swadofpdrd Jamest \thedr vere desatidied by the
er.m nat ed d,t resul ti pl ant r r ;0 ,a
I PaE ARTEETER (58 NGRS Eam g o6 Seatad o
e thiydcmee iheetdsi tAftee i nmather &ttihgn.en? teseds Therse lines

harvest ed and byl ked in one poql per .vari et er
repseRe 0 MasPlas ity | oy B SRt M B su e o Eraesg el
twasestarting material to identify the individual M

pl ants contai ni ng reduced susceptibility alleles.
Table 2 shows the results.



w@bk@nnz723mhi ch is indicative for chlorophyll

The efficacy of the genetic nodification procedure was
assessed by determ ning the occurrence of bl eached

to nodifications in genes directly or indirectly
involved in the formation or accunul ati on of
chlorophyll. In all 6 pools of M2 seeds individual
pl ants, which are bl eacheq; were obgerved which

dengnstyates that the applged treat @en§s result in
genétic npdificatigns. %A Lg 2 ldeftifigatgop of o o
Iett—uc% pkant s whi ch have obtal ned reduced

suseepkl bwl ity alleles for ethylene M2 | ettuce seeds
wer § g& ntnated on paper in a small plastic container
witk af eEhyl ene concentration of 1@ 20 vpm (vol une
partys per ¥m | on)gat 16C% n dark. % vpm contains 0.41
mmlg/l 'f:’t re or 1.14xng/ gt ie. Ethyl ese-insensitive

mut @t $ wer e conpaged t® & hyl ene- sénsi t kvexcant r obes,
and {ssefiecfedson the basis of el ongated hypocotyl
and/orgrogt gi.e. triple response test). These

et hyl elge-i‘;;nsgsiti%e mut ants were grown to produce M3
lines by sel & fert@lisation. These l'i nes e

r e- testoed g the®tri dTe espffnse tbégst th %\gﬁgi F <
et hy effe fnsBnsitivity . Wien a |ine was segregating
foretByl gnedj nsensitivity, plants were sel ected

fol Ifowgd By Sne or two i2dg§tiopgal c%cl esofls @ Q
i nbr eedi ng, gnd a ginallztld pl edresp@anse Besd o sebed
honozygou

29

q
02D.90130

9

etihyl ene-i nsBnE tivE Iings, i B @s&i bl eq I
onefcage #n KB-pl %t grawg frof MB-5eed FaBsEl ect8d S
for yetucgd Bthyl ene sensitivity in a triple response
tes, &nd crpssed with an ethylene sensitive and
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russet spot sensitive parent Troubadour to obtain
Fl -seed. An Fl-plant grown fromthe Fl-seed was selfed

w0 ooopnomtace F2- seeds. An F2-pl ant grown from t PEBEEP2007/000228

F2-seeds was sel ected for rzduced ethylene sensitivity
in atriple response test, and selfed to produce
F3- seeds. The resul ting F3-1i ne vvas added to the set
of 53 M3, M4 and .M |nbrgd li nes. hlsq:aseghe
F3-1ine was tde orﬁyoreprgsegtt ant of t ec'ogzeggn?sa 5
t° Hecau heT e e NG sEl seeds
%f%u%rom eﬁs]e “plant . 'ﬁlg ?etmo 531: @ lgnd S/Im4 I:jée @
fromExanple 1 were germi nated on peat blocks in a
cl osed contai ner under ethyl ene concentration between
4 and 4,5 vpmin the dark. Ethylene-insensitive
mutants were identified by their |ong& hyﬁbcotyl s in
conparison with sensitive control varig@ties
kTrouka@ue, oApache, Yarvick, Sensa . &Resul§s ame o« o
presented in Table 1 . 42 Qut of 54 lines that were
identified by the triple response test appeared to be
at | east partial ethylene-insensitive in the ethyl ene
test These |ines represent 40 MZ pl ants, rg_ecaug_e 2
-Pl Tt Fert repteserted twide < Table 2 shows the'
results. Tabl e 2 Et hyl ene response of mutant lines in a
cl osed cont ainer test and_a trjple reponse yest {trt)
r gate ogs on hypocot I¢°and 0R BAr&Qindigate@
gosrggz g ﬂ \M;ten )g) corglgtentﬁré;spﬁn& |Scshovvr8

oot

03D.90323 ™

© ‘@
agegesp(grse |§ Endi cgt dartigal . 4 2
h @ewl nsensiy i ve;s S3et hy er@ 55$en5|3|ve,o n
R/ S=segregating; T= Troubadour A=Apache; Y=Yorvi k;
hypo=hypocotyl k>13 00D. 88550 Y S S 14 01D.85739 Y S S
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17 00D. 88577 T 'S R hypo; S root 18 02D. 91446 T R R

19 02D. 91447 T R R 10 20 01D. 85754 T S? RRS 2 1
wO2079024y T R R 22 01D. 85758 T R R 23 00D. 885BdT/EP1H08B000228

15 24 02D. 91442 T R R 25 00D. 88569 T R R 26 00D. 88573

TR 2 0 27 00D. 88578 R R 28 .88582 T R R 29

01D. 85748 T RF'S R'S 30 01D. 8 0 T S REXAMPLE 3

E’&ﬁl%&‘tﬁ. ? cation of l|ettuce plants which have obtai ned
reduced susceptibility alleles for Russet Spot

Idehiyitfi-cseven etfhleanrerdengArsitls W ildhnes vier @btlai®ed reduced
forty tmo lines found |n Exanple 2 were sown in a
----------------- - AF-FeHES FES Sedad®Olnder regul ar
et ucerhaw_d,u%tév% %%gltén%nan(s'e%atel% 1Yhasdidrn the
Net her | ands;” sow ng January; transpl anting 7
fdﬁﬂﬁﬂﬁmwyllm@ﬁvé§mnd18nN@NdmpleTﬁeWRaEVSQMed1maBu©&eenhouse

heads, wer e tore in a c sed co er
tq EpRlR Pet g e ads” e ety Lt ca passuatgon
coplditlions ga@c&tu@nqom%@urlqud ofhef NBehweeRnBisaN@okivem 10

(volume parts per mllion). 1 vpmcontains 0.41
TamvSItY)ii t@pnsPlentangy/ 1Ll Sebraprer dagxest: p|1§n€%@rll) The
hdyﬁagﬁﬁﬁ tﬁ%%s%%aﬁgohkkggsW%r d'QﬁnE'fﬁgged ontainer at a

control plants, except Yorvik disp ayeg usset
teBpetraitnge 2% eﬁc ah 3hel daek .t Foegdwshmewedpabsente efthylene

gas at a concentration of between 6 and 7 vpm (volume parts

per million). 1 vpm contains 0.41 umol/liter or 1.14
ng/liter. After 9 days, plants displaying Russet Spotting
were identified. All control plants, except Yorvik displayed
Russet Spotting. 29 Out of 37 lines tested showed absence of
Russet Spotting or less Russet Spotting as compared to the
original variety (Table 3).

Six lines were chosen for multiplication and
deposition at NCIMB Ltd, Ferguson Building, Craibstone
Estate, Bucksburn, Aberdeen AB21 9YA, UK. The first
line is numbered 02D.91445. It is an M4-line descending from
the ethylene-insensitive Troubadour-M2-plant 00D.7856. An
ethylene-insensitive M4-plant was selected from 02D.91445 in
the closed container test in Example 2 and selfed to produce
M5-seeds. Sixteen M5-plants were grown from these seeds to
produce an M6 seed lot by selfing. This seed
lot is numbered 07D.826509 and it is deposited as
NCIMB-number 41449 (first line).

The second line is numbered 02D.90047. It is an
M4-line descending from the ethylene-insensitive
Troubadour-M2-plant 00D.6876. An ethylene-insensitive
M4-plant was selected from 02D.90047 in the closed container

test in Example 2 and selfed to produce M5-seeds. Sixteen
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Russet Spotting or | ess Russet Spotting as conpared to

the original variety (Table 3 ) . Six lines were
we@b@sen28@or multiplication and deposition at NeIVBPioh©(00228

Ferguson Buil di ng, Crai bstone Estate, Bucksburn,

Aberdeen AB21 9YA, UK. The fikst line is nunbered 02D.

91445. It is an Mid-line descending fromthe

Msegagxh%eewb%ea%uhver&o%@@gugeh/@spltan rB88Rce78R6M6ABeed
yl ene-insensitive Mi-plant was sel ected from 02D.

lo@lb&Ssedfuhe cwbsedse@dtépﬁenStegmbﬁﬁeExﬁﬁﬁl8255AAdand it
155 Beh i RaP RRINE SO RGBAS. TpkhoUBAR! 30h8) MO absence

ese€"see uce an see "ot by
ofseb%beg sﬁbtsla@edokothus buﬁbeheda@7@stsﬁﬁseﬁedndy|testing
IS deposited as nunber 41449 flrs e) .. The
th§e@én&1PFnQ3P39H§%§erQ&sﬁfﬁdlgﬁoﬁ?o | 87 @4 Tﬁ%PIPE

o2¢eseendi ng fromthe ethyl ene-insensitive
Troubadour-M2- rlant 00D. 6876. An _
et hyl efibei hbéndi Live N&- ppahﬁrﬁd30§8b8858§-fFénﬂGZEP
90047 in _the ¢l os 0 t Pk g2 and
M35 qﬁpeddFSCSroghg %%ﬁ%sgé %%é %?gén%ﬂigﬁgggbaﬁts wer e
Tr@h@Wﬂoﬁ&GMQPb&aﬁtséé@s7BﬁlprSdumeeanM&Fﬁlaeed Wetrebgrown

If ing, Thi d | nb d 0 2 nd
£158 GBFoIPPede S ONEPVBIRENGE, “H1 M0 FSRCORY PAnEFLiivHe This

sedbsenee i f nuHBsebaspobt. BRG5HOr ahli $tO0hkgHBpYASted as
establ i shed by testing the Mb-1ine 03D. 90323,

NCI¥Bcanabey flddPan thAIgl dAPSof 02D. 90047. The third
line i hgu%?ﬁ&%q gqge %§S%§mbEEeBSO§B g@lbbnelt is an

descen ing fromthe ethyl ene-1nsensitive
M5¢ﬂmubadGBCeNE1pgaﬁtomoIhe?&thylSngteeﬁeNBipﬂaﬁts wer e

Apg%ggg EEnghp§BD68§§57§n gnglggekgﬁtigngggglant
was selected from 03D.90542 in the closed container test in
Example 2 and selfed to produce Mé6-seeds. Sixteen Mé-plants
were grown from these seeds to produce an M7 seed lot by
selfing. This seed lot is numbered 07D.826522 and it is
deposited as NCIMB-number 41451 (fourth line).

The fifth line is numbered 01D.85780. It is an
M3-line descending from the ethylene-insensitive
Apache-M2-plant 00D.6896. An ethylene-insensitive M3-plant
was selected from 01D.85780 in the closed container test in
Example 2 and selfed to produce M4-seeds. 16 M4-plants were
grown from these seeds to produce an M5 seed lot by selfing.
This seed lot is numbered 07D.826540 and it is deposited as
NCIMB-number 41452 (fifth line).

The sixth line is numbered 04D.801660. It is an
F3-line descending from a cross between the
ethylene-insensitive Yorvik-M3-plant 02D.8484 and a
plant of the ethylene sensitive variety Troubadour. The

M3-plant 02D.8484 descended from the ethylene-insensitive
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seed lot is nunbered 07D. 826502 and it is deposited
as NCI MB- nunber 41448 (third line) . The fourth line

wo soonontzer ed 03D. 90452. It is an Mb-1ine desceremERPZH07/000228
fromthe ethyl ene-insensitive Apache-M-plant 00D.
6883. An ethyl ene-insensitivegw-plant was sel ected
fromO3D. 90542 in the closed container test in

YdRAKRM 51304 900,88 4150 ROA4ES 1S ae@dens3ipihReF3-plant

M6- pl ants were grown fromthesé seeds to produce an M/
wase ek Yesttagly foeinf i0ddp.. 8PHIEH Osdad tihet dleseghisond@ e, test 1n

8 2 it i,s.d Si t ) _MB-nunbaer, 4!
Ex(a%“g)a‘rzet r%alr‘l“%ﬁie)se.l%fehdg%% ﬁrﬁ)q%u%ﬁaewiqs '\é%? e'rg' éﬂqu%]lSaél}:SsO.were
grdwn Eram Mirdseneedeisc erdipr®ducemanhé> seed lot by selfing.
et hyl ene-i nsensitive Apache- M2-pl ant 00D. 6896, An,
TG A e e PSSR St AAd 2o G SIRFGESEed s
NG unbdrhe 1al53s ad 16 Al test in Exanple 2 and
selfed to produce Mi-seeds. 16 Mi-plants were grown
fromt Fdge Jesdowso rgsddlieatarnib coséddloPlaptsel fing.
This seed lot is nunbered 07D. 826540 and it is
deposi ted as NCl MB- nunber 41452 (fifth line) . The

EXAMBLE [4 ne i s nunbered 04D. 801660. It is an F3-1ine
descending from g b he

ol -l i O S o N1

vehlidtinef the ethyl ene sensitive variety ;I'r oubadour .
The MB-pl ant 02D. 8484 descended fromthe
et hyl efdhivdeagsiitiseasditiivie: NENSiSai QWODUNPgLs 9rgenhouse

eRg IS eRsid e o $ehRGle ¢l RB QA Dand
Coglté}%ﬁé%@ll%n a% hgl%lctc%é%dco%r#a?%tgp \B?%st in Exar?pl e 2 anglwL "
magelrfeed riomedodece sFdesecds ored E4- phastdywene-green storage

fromt hese . { d £5 | ot K;
ity wan an s Coed T ST
ciepesi ved ias iNel M3rRumbend T423basioxirh sltiarg)ed. to turn

yellow. At that moment and even 1 week later three lines

appeared to have less yellow base leaves than their origin
varieties, which were the controls used in this trial. These
lines were numbered 04D.800900, 03D.90323, 04D.801660.

Although a relationship is reported between leaf
yellowing and ethylene presence (Saltveit et al. (2003)
Postharvest Biology and Technology 27:277 283), it is
surprising that even in conditions without ethylene, some of
the ethylene-insensitive lines are expressing a less

yellowing phenotype.



Pig. 1 shows resistant and control plants. EXAMPLE 4
Identification of |lettuce plants that show | ess

w@oavohmsvest vel | owi no Et hyl ene-insensitive | PEEEP2007/000228

grown under greenhouse condidtions as described for
Exanpl e 3 were harvested and mature trimed heads were
stored in an ethylene-f ree storage chanber at 8C

Aft & two weeks base |eaves of the green contro
varPeties Yorvik and Troubadour started to turn

yel Fow. At that nonent and even 1 week l|later three
Iings appeargd to have | ess yell ow base | eaves than
theior origi n2varietices, which were t controls_used

in this triaf. ®Thes® 1Pnes %efe nuffbeT el G207 $D0%00, °
03DZ 90323, 94D. 801660. Although a relationship is
rep8rted bet®een | eaf yellow ng @nd ethyl ene presence
(Sabtveit et al . (2003) Postharvest Biol ogy and
Tecﬁnology 27:277 283)g it is surprising that even in
conditions without ethgléhe, sone of the

et hfil ene-insgngitivg |gnes @rg XPressi B0 o e ¢ o
yel |,ow,ng phenotype. Tabl e 3 Cobservations of russet
spogti g on mature heads after 9 days of storage in

et hyl ere conditi ons O=synptons absent; |=weak

synpt oRs; 2=strong synptoms; NA=not available 5 seed
no. “Et Byl enegtrt russet spot seed no. ethylene trt
rusget ®spot B1D. 85762 partial R R hypo; 2 00D. 88565 R
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rooff Siroot 02D.90070 R R 0 02D. 91446 R R 0 k

Z c
[#)Y Ty} N~ © M~ 0O N S O ™M [e o]
- . © S K ST 3B TR Y 3o R ~
S50 S R S S IGEES8 K I T IB &
v E 5 ® @ © Q0B B®O DN L XD ©
o a a Ooo0oo0on0 368 o o
oo 3 N o =] =)
T Q 2 8 8 8 89895 5835 8 -8 8 S
0 5
o 0
5]
o O
S
o
O H
5 0 =
Do 2
g ” [ B = O O O &N N N N N O N
= ®
- 2
c 0
o0 E 2
O
g B
o S 5 S 5
5 ° Z 9 Fal )
o4-§ Erxr wnerxe ver xoroxoeoeon @
2]
(O]
PRI
o
n
n
g o Q o x
= 9 5 ©
o £ E 0 T
Q i a ¥ @ S reoroeeoerxron e o
n «©
o
O 0
""E
5 0 o aQ O O « < o I
(e 0]
"’E*a 8 5 3 lsu'\acoNchg © ® o
w“i g 5 S B - - - o
4 0 © & @ I I T T A I I S ®
480 §2 8¢ £§8S8858888 8§
-~ -
H O o $ o S o & 8 0o © 6 8 38 € o o o
un (e] ) (]
— — N

R

00D.88582

NA

R/S

00D.88600



03D. 90457 R R 0 02D. 91447 R R 0 01D. 85768 RR O

01D. 85754 S? R/'S 0 02D. 90128 R R 2 01D. 85756 R R 0 5
w02079022® R R 2 02D. 90047 R R NA 02D. 90130 R RCREP2007/000228

01D. 85758 R R 0 03D. 90462 ROR 2 02D. 91442 R R 0 Apache

S S 2 Troubadour S S 1 03D.90464 R R 0 00D. 88569 RR 0O

0 02D. 90133 R R 2 00D. 88573 R R 0 02D. 90134 RR 2

00D. 88578 R R 0 00D. 88600 R'S R NA 00D. 88582 R R

002D. 91479 R R 0 01D. 85748 RS RS 0 1 01D. 85772 R S

hypo; 0 R root 04D. 800957 R S hypo; 0 02D. 90036

partial R S hypo; NA 5 Rroot R root 02D. 90091 RR O

01D. 85755 R'S R/'S NA 04D. 800960 R S hypo; 0 04D. 800900

R S hypo; 0.5 Rroot R root 04D. 800963 R R 2 03D. 90323

RRO 10 01Qx 83780 R R 0 4D. 801660 partial RR'S

fypo; 02 S oP Acaefie S ©2 Yorvrk S 0 OCLAIMS 1 .

Met hod for screening a population of plants for the

presence;therei g of indgividuals that show a reduced

suscepti®i Bity 8o ®thylEeng and physi ol ogi cal

Bi sorderSs, oi & pgr g cyl & Busset Spotting and

Yel | owi ng, as conpared to a control plant, which

nmet hod conprises: a ) provi g,;ng a popul ati on of seeds;
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b). germinating the seeds in darkness and in the
presence of ethylene to obtain seedlings; c )

w@eleori2eg seedl i ngs that show | onger hypocot yPGT/ERZN7/000228
t he hypocotyls of an ethyl ene-sensitive control; d )
selfing the selected seedlings to produce seeds; e )
germ nating one part of the seeds produced from each

sel ected seedling in darknqﬁﬁuﬁﬁg in the presence of
et hyl ene and anot her part of the seeds from each

sel ected seedling in darkness in air; and f )

measuri.ng re ive growt.h of the hypacotyl f_ the

seedl i Ngs é'ger Oﬁla?ftéjor Ui eq'er&qﬂ/laer?gwgﬁgtdsont r?efsé)ﬁoav{}(ths for
thef piee dhroadiees rofo ft igdEieadidgs ertmshlwed iredided

for distinguishing plants that have a | onger hypocotyl .
SugceRsipardd vt & 15 horlisgion AN e ik séd- o8t idlE TstaTsl 10
p2ALiR U1 LR e tihfldn erﬁJvﬂrﬁtgs, Lhatc e i to a

I onger hypocotyl as conpared to the origina
cogithryllepd-agéns ivhilgd oertttrogl comlpr iseder et hyl ene,

wherei n.plants t.hat have l.anger paocotyl as

conpargd 3 Opﬁglg i&lﬂﬂpu ﬁﬁﬁ éﬁgéﬁfﬁﬁrve contr ol

only umdelgeatiiyagne carthd derids iied das kpleadt ainshdw nthea

reduced susceptibility to ethyl ene and physi ol ogi ca
Prgisegers, StRYI&Ne &9 &P tRiISs &eePdtdsrig or Yel | owi ng.

2 . Methodag cglidigmedddl iGl@dl Mhht shidht 18h@@MPRipSRE y1s

the step:g ) testing the pllants identified as show ng
thanr édec bypogotapsi oifl iamny ettdh ydempl-erasisd vieheiontrol;

resistance _tq.Russet tri nd/.qr: I .ow_ng. .

he ;RS SRALL ‘iwﬁ%% %d% ds;

thhod%gsgglaﬁ d%sﬁ %IaF% %%bgefd,ln erglwb?heupeaﬁf§ °

are | eafly geegenalbliagploart part of the seeds produced from
each selected seedling in darkness and in the presence of
ethylene and another part of the seeds from each selected
seedling in darkness in air; and

f) measuring the relative growth of the hypocotyls of
the seedlings germinated under ethylene versus the growth of
the hypocotyls of the seedlings germinated in air for
distinguishing plants that have a longer hypocotyl as
compared to the original ethylene-sensitive control both in
ethylene and in air from plants that have a longer hypocotyl
as compared to the original ethylene-sensitive control only
under ethylene,
wherein plants that have a longer hypocotyl as compared to
the original ethylene-sensitive control only under ethylene
are identified as plants showing a reduced susceptibility to
ethylene and physiological disorders, in particular Russet
Spotting or Yellowing.

2. Method as claimed in claim 1, further comprising

the step:
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4 . Method as clainmed in claim3 , wherein the plants

bel ong to the genus Lactuca and in particular to the
w@p@ciogr3bact uca sativa. 5 . Method as cl ai nedPCTYER2DP7/000228

one of the clainms 1-4, wherein the plant population is

a popul ation of mutant plants3o>a gernplasmcollection

or a popul ation of transgenic plants. 6 . Method as

clai medy) n&dt@idg She WIRIAD {416 PORU AL O 1w iRY altreduced
plants 1s obtained by a nutagenesis treatnment using
susean toidd sl idnd/tor athaldiret ifoe thelnvatdds tangd digndthdset
4 of ins. 1-6, wherein the concentration
R te]torpge/laennde}cl&ﬁ Y(s:eltlzlpovblr) is at least 10 ng/litre,
pref er &bl WMdtokears Kl a5 mflldin € o .2 MatHeckias the
-clainmed in any one of the clains 1-6, wherein the

PlaHce it o saahadfe Ri#t%ep d ) is about 4 to 5
ng/litre. Meendd ad ShOWMA & reduGeds suafartibidid Yolants
to ethylene and physiol ogical disorders, in particular

bRttt cSpdte igrneEnd-acdiucaniang s pegrigand@n ¢ the species

LaCéJEHJa()lsaFAl%' whi ch plant is obtainable by subjecting
a population of plant seeds to a screening nethod as

cl ai med | Meathodres afldimed|ial ryl-deand ddieectliaigns 1-4,
| ants from.the populati.on that show.| onger

o G SOk BRI AN crfe-2s GARATI AR St 010 GAE

pIRIrATY,S S hwinid sRsnl @AUCREtSWSC Rt IahiddpuM A 2t Iy eft&insgenic
and physi ol ogi cal disorders, in particular Russet
Plsgdist-i ng or Yellowing. 10. Plant as clainmed in claim9

0 PP 2 IS Bk e 2
population of mutant plants is obtained by a mutagenesis
treatment using chemicals and/or irradiation.

7. Method as claimed in any one of the claims 1-6,
wherein the concentration of ethylene in step b) is at least
10 pg/litre, preferably between 11 and 25 pg/litre.

8. Method as claimed in any one of the claims 1-6,
wherein the concentration of ethylene in step d) is about 4
to 5 pg/litre.

8. Plant showing a reduced susceptibility to ethylene
and physiological disorders, in particular Russet Spotting
and Yellowing, as compared to a control plant, which plant is
obtainable by subjecting a population of plant seeds to a
screening method as claimed in any one of the claims 1-8 and
selecting plants from the population that show longer
hypocotyls in comparison with an ethylene-sensitive control
as plants showing a reduced susceptibility to ethylene and
physiological disorders, in particular Russet Spotting or
Yellowing.

10. Plant as claimed in claim 9, which plant is a

leafy vegetable plant.
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the genus Lactuca and in particular to the species
Lactuca sativa . 12. Plant as clainmed in any one of

wWo 7oV aBihs 8-10, seed of which plant is deposPCHEPUOT/H00228
the NCIMB on 3 January 2007 and has been given the
accessi on nunber as |isted i§3TabIe 1. 13. Plant as
clainmed in any one of the cI 'ms 9-11, which plant is

obt ai nahl e Jjy crossi ant as cI ned i.n . claim 12
ot h adrnEitaae st Rt ahe 2aafy 20To PR enTpR BROR o
thef g@npar QratctraJc&ntan@s i@l @lam@dcumaanyooﬁanfspteb@egl ab@Buca

9-13 that has the reduced susceptibility to ethylene
Sadri¥aphysi ol ogi cal di sorders, in particul ar Russet

Spot ting 0@1}%"%@ %gal%ég Part, foﬁepBQHEth gg%hge?HlO,

in any one of the clains as clarne
seeldaion ¥5ickhipdlanparits dspseheededlthonhbeaQéMB headsJanuary

| eave processed eaves . 17 . Plant.
200 2ne) S sy B Ona VT ath o aFERatenan HERSF nad) hEREES 0
Ta®1el@ .that has the reduced susceptibility to ethylene
and physi ol ogi cal disorders, in particul ar Russet
Spottl Ag -0 1¥&It] i ﬁéaa§1efio&ﬁdapﬁ PRe PAr ehe. cigimseldll,

lLLant .as ¢l ai i,n,.an 4
e Py 1B AP L e 38186 paPdh T R Fhrireg
clahat1§h@m&htheothémcgda&Msoépthblbamy Bpeethylene and

physi ol aI di sor ders, articul ar Sset Spotting
or Yel |13W| §°§§“V08%d |Ratrﬁ8 pBrERt. as ¢ I3%med PR anyJone

of the claims 9-13 that has the reduced susceptibility to
ethylene and physiological disorders, in particular Russet
Spotting or Yellowing.

15. Part of a plant as claimed in any one of the
claims 9-14.

16. Part as claimed in claim 15, which part is
selected from leaves, heads, cut-leaves, processed heads,
baby leaves.

17. Plant regenerated from a plant part as claimed in
claim 15 or 16 that has the reduced susceptibility to
ethylene and physiological disorders, in particular Russet
Spotting or Yellowing as found in the parent.

18. Seed of a plant as claimed in any one of the
claims 9-14 and 17.

19. Progeny from a seed as claimed in claim 18 that
shows the reduced susceptibility to ethylene and
physiological disorders, in particular Russet Spotting or
Yellowing as found in the parent.

20. Vegetable product, comprising a plant or part
thereof as claimed in any one of the claims 9-19.

21. Vegetable product as claimed in claim 20, wherein

the vegetable is a leafy vegetable.



20. Vegetabl e product, conprising a plant or part

thereof as clained in any one of the clains 9-19. 21.
wegebatBe product as clained in claim?20, wherPel/BEP100B000228

vegetable is a | eafy vegetabl e. 22. Veget abl e product

as clained in claim2l, wherejy the vegetable is

| ettuce. 23. Vegetable product as clainmed in any one

of the £ alvBydindle YRIEIN 4% ARIADP PIRGHOS,

when screened in the nmethod as clained in any one of
thehevadediatsl el -is sledisigeeduced susceptibility to

;L;“S/Lter%pg{{?elgge&yaosolrloel\(g%ogqaﬁlcntgI.asso rc eari%ied P aarr})} Courlearof the
claims 19-22, wherein the vegetable product when screened in

wherein

the method as claimed in any one of the claims 1-7 shows
reduced susceptibility to ethylene and physiological

disorders, in particular Russet Spotting or Yellowing.



