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ABSTRACT OF THHESIS
GbdziNAGAZ2Y LT SYKIFIyOSYRYHNBEERAYSEGdz0S
by ISABEL ARMAS GUTIERREZ
ThesiDirector:

llya Raskin

Rutgers Scarldtettuce(RSL)a dark red lettuce variety with aexceptionaly high
contentof health-promoting polyphenolswas selected as théasting material to
develop new non-transgenic varieties of lettuce with improved nutritional
content, through the use ofethyl methanesulfonate (EMS¥keed mutagenesis
followed by phenotype screeninghe project focused on identification of a green
phenotype which retained the high polyphenol content of its red RSL pafent.
in-house approach for simplefficient and largescale production, identification
and chemical analysi®f mutagenized candidate plants was established and
optimized. This approach generatedaage seeccollection from2000individual
M. familieswith the potential to expresboth dominant and reessive mutations,
which are beingscreened fortraits of interest A number of greemplants were
identified and chemically characterizezhd one of them was found to retain the
high polyphenol traitSuccessful seffollination of this plant produced a dettion

of 10000 seeds of green high polyphenol lettuce. Analysis of fingitochemical
profile suggestaiccumulation of colorless anthocyanin presors brought on by

blocking a later stem the anthocyanin biosynthetigathway:.
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BACKGROUND ARBSEARM@OALS

Lettuce Lactuca sativa.) isa keafy herbaceouannual plant of the familxsteraceag
grownworldwidefor its consumption most commonlyaw as a salad greett is a self
fertilized diploid species (2n= 18jirst domesticated ithe Eastern Mediterrane@nA
hardy cool weather crgpt grows bat at temperatures betweerd5 and20 °C, unebr full
sun,andin loosewelldrainedsoils with a pHbetween6 and 6.7. The leaves forreither
a dense head or loose rosette with a very short stem during its vegetative phase, its height
and diametermeasuring between 15 and 30 crmece the plantreaches the maturity
phase it bolts, developing aoWer stalk up to 1 m high, and is fenger suitable for
consumption due to its bitter flavorhe nost populawarieties include romain&gose leaf
and head lettuceand its leavesare most commonly green bigometimesred or
variegated. It is commonly sold either as wholeddks or as prevashed baby greens.

Fom an industriaperspectivethe Food and Agriculture Organization of the United
Nations estimateavorldwide production of lettuce (combined with chicory) to be almost
25 million metric tons in 2022with the USA rankirap thesecond highest producét 7%)
and exporter(19% worldwidée’. Inthe USAettuce isthe secondeading vegetable crop in
terms of production valyewith production in 2012 valued at nea#l%.9 billiort and 28
pounds consumed per capita in the year 2010

Consideringts wide consumer baséettuce seems like an ideal candidate for the
delivery of nutrients and otheompounds of interest tthe population Howevelettuce
is not often associated with healfitomoting propertiesand despte its popularityit is

not asrich incertainnutrientsasotherless populakeafy greens: 100 g gfeenleaf lettuce



provide just 156 of the recommended daily intakeviamin Cversus 4% in the case of
spinach 72% in the case of watercress and 200% in the case ofkat@lciumthese
values ared% versusl% 12% and 15%espectively.The trend is similar foother
nutrientsand the differences are even higher when consideringrtbiee popular iceberg
lettuce instead. In combination with the currerdgonsumer awareness of the importance
of healthier eatingand the growing interest for functional food$js can potentially
translate into a niche markér nutritionally enhanced lettugesuch as varietiegaturally
biofortified in vitaminsminerals or phytoactives

Phytoactive compounds are plant secondary metabolites which accunmulaltnt
tissuesn high amounts and therefor@nconstitute asignificant part of diets rich in fruits
and vegetables, although unlike traditional mizrientsthey are nosstrictly essenti&P.
Among phytoactives,gbyphenols are a structural class of organic chemicals character
by having at least one aromatic ring with one or more hydroxyl groups attathisd
chemical structure lends polyphenols the ability to scavengerdidieals, and a strong
correlation between polyphenol content aiml vitro antioxidant activityhasbeen well
establishe&!%1 There isalsoa growing body of evidence thtolyphenols possibly
through their antioxidant and antiinflammatory effectday an important role irthe
beneficial effects ad did rich in fruits and vegetablehaving been shown teduce the
risk of chronic norwrommunicable diseases such as diabetes, cardigleasdiseasge
canceror stroké1%21, The developmenand consumptiomf functional foodenriched in
polyphenols could therefore play a part in the prevention of chronic metabolic disease

worldwideg and there is a projected increase in demand for food rich in antioxidants



Rutgers Scarlet Lettuce (R&unprises a number siigh polyphenotlark ed lettuce
varietiesrecently developed through somaclonal variation followed by selection in tissue
culture. The total polyphenol contentof RSL immong the highest ever reported for
common fruits and vegetables3.7 mg gallic acid equivalents (GAE)gef fresh weight
(FW), versus 5.3, 6.6 or 7.1 mg GAE/g FW in cultivated blueberries, blackberries and
cranberries, respectively, andpproximately1.3 mg GAE/g FW in normal lettuce
varietied?12 RSlhasbeen showrto inhibit glucose productiowhen tested orrat H4IIE
hepatoma cells antb improve glucose metabolism and attenuate liver lipid accumulation
when tested orhighfat dietinduced obese mi¢é Regular consumption of R8s part of
the dietmaythereforecontribute to the prevention and treatment ofetabolic syndrome
However, despite its health benefits and its development through-tramsgenic
techniques, from the marketing perspective the strikieggburgundy coloof its leaves
maystill pose consumer resistance.

The three phenolic congunds which accumulate ihe highestamounts in the leaves
of RSL are chlorogenic acid, quercedimalonyl glucoside and cyanidiB-malonyl
glucosidé? ¢ representing the polyphenol classeshgfiroxycinnamic acgiflavonok and
anthocyanis, respectivelyFig. 1) Anthocyaninsare water-soluble pigments found in the
plant cell vacuole, which appeaink, red, purpleblue or colorlessdepending on the pH
of the medium and which give blueberries, red grapes and many ofheis and
vegetables theircharacteristic bright colof®. Functionally, anthocyanins serve as
protective compounds against DNA damagesed by free radicals and tidiation, and

are therefore synthesized by plants in responsertaironmental stressé$??, as wellas



to provide brightcolors forattraction of pollinators and seed disperseSructurally,
anthocyanins are glycosided anthocyanidins which have the typical G¢GcGs or
flavonoid skeletorstructure containing &eterocyclic benzopyran ring, a fused aromati

ring and a phenyl constituehiFig. 2)
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Fig. 1. Chemical structure of the most abundant polyphenols in Rutgers Scarlet [&}tDbrogenic aci
up to 27.6 mg/g dry weight in R&lrefers to a mixture of hydroxycinnamic acids most commonly pres
the form of conjugates such as caffeoylquinic &adi@) Quercetin malonyglucoside andC) cyanidir
malonylglucoside are present in RSL in levels up to 35.7 mg/g dry weight and 20.5 mg/g dr
respectively?.

(A) (B) Fig. 2 Chemical structure of the flavon
Ry

skeleton and the most comm

O ey anthocyanidins(A) The G¢GscGs structure o

HO 0% Ry flavonoids denotes two sbarbon aromati

O e rings connected by a threzarbon bridge. Tt

B heterocyclic benzopiran ring ofridg and the

aromatic ring or Aing are fused ar

el Eifé%?,? 'dRT :RE);'HFQERﬁ . i connected to the phenyl constituent ofrBg.
gg&f}é%dgfg 5 é)Hl';.' ';i = aH (3) Th.e mo;t common rdhocyanidins on
Petunidin Ry = OCHj, R, = OH differ in their substitutions at £and G. In
Malvidin Ry = OCHa, R, = OCHs plant tissuesanthocyanidinsare invariabl
found as sugar conjugates known
(Figure adapted from Crozier et al., 2009 anthocyaninscommonly glycosylated on®C

The biosynthesis of anthocyanidins and their stabilization as glycosylated

anthocyaningakes place via the flavonoid pathwa$/*°¢ a long, complex process which



is mediated byiltravioletradiation(Fig. 3) Transcription ofundamentalstructural genes
in the pathwaysuch as penylalanine ammonia lyase (PAL), chalcone syn{l@id8),
Tt I O yydfcRylase(F3H),dihydroflavonol 4eductase(DFR) and anthocyanidin
synthase (ANS), requiresfficient levels oftimulationby UV-A or UVB?42731.32 \When
under adequate lighting conditionanthocyaninsaaccumulatein the plant cell vacuole,
predominantly in the epidermis of leaves and petals and the skin of fraitslit hasbeen
observedthat whengrowing pigmented crops such as eggplantnula flowersor red
lettuce under UV absorbing materials, poor pigmentation dev&lops

As demonstrated in grapes, mutations in genes which code a key stbe in
conversion from the colorless precursorcblored anthocyanin eliminate the pigment and
producea colorlesgevertart®3. The stegn the pathwaywhich leads tdransformation of
the last colorless precursors irdo anthocyanidin isnediated byanthocyanidin synthase
(ANS), &ighly specific enzynmencoded by one single active géh&€. Gher genes encode
similarly specific enzymes which mediate anthocyanidin glycosylatior{flavonoid
glucosyltransferase UFGT), methylation (O-methyltransferase OMT) or acylation
(anthocyanin acyltransferas@ACT,)stepswhich are required for anthocgan stability and
accumulation Additionallya few enzymes radiate controlled anthocyanin degradation,
and a numbeof transcription factorssuch ad/vmybAlregulate the whole process A
mutation in any of these genes would block anthocyanin production or stability, potentially
leading to a redirection of the pathway and the accumulatiompstream colorless

precursorsthus producinga high polyphenol colorless mutant
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Fig. 3Basic flavonoid pathway for the biosynthesisyanidin 3malonyl glucosiderhe main athocyanit
present in Rutgers Scarlet Lettuce, cyanidin maiglogloside, is synthesized by glycosylation of the cyi
precursor with a malomglucoside moietyChlorogaic acid is synthesized fromGoumaryCoA or its
precursorsand quercetin malonyglucoside is synthesized from dihydroquercetin. Ch¢one synthas
/1LY OKIFfO2yS A&2VEARRBHeCoDNST K& RERFRNBRE $E
o Q-hydrtxylase; DFR, dihydrofteml 4reductase; ANS, anthocyanidin synthase; UFGT, fla
glucosyltransferase.

The goal othis researctwas to develop an easily marketable and gregloredhigh
polyphenol lettuce variety by blocking the later stepghefflavonoidpathwayin RSL to
produce a green revertapiantthat retains its high phenolic conteas describedGven
that the dark red color dRSlis due to the abundancaf only one type oanthocyanirng
the very abundant cyanidin@alonyl glucoside and minor amountsts direct precursor

cyanidin3-glucosideg, this could beheoreticallyachieved by knocking owinsor Ufgt, or

by altering the expressioof the key regulator VvmybA, among other possibilitiesn



order to circumvent the regulatory hurdles facedjeyetically engineered produdtsvas
decided to follow a breeding approach, inducing genetic variability through random
mutagenesis and then visually selecting the trait of integegpteenleaves or sectorg
among mutagenized plantsgrowing under adequate lighting conditions for doo
anthocyanin biosynthesi&iven tharandom mutagenesis mapotentially alsgroduce
green candidate plantsvith a low phenolic content by blocking aarly step in the
biosynthesis pativay instead of a later step, the identification of gngenplantsmust be
followed by the measurement of their total phenolic content and the characterization of
their chemical profile. Once theesired phenotypehas been confirmed it would be
necessary to obtaiviable seedfom theplant, confirm the transmission and segregation
of the trait, and if needed carry out rounds of selection across generations until the trait
becomes sufficiently stable.

Overall, a this approach was likely to require screening of thousandardsefore
producing resultsfrom a practical standpoint the project focused on the development of
a longterm in-house seafip for simple and efficient productiondentification and

phytochemicakharacterizatiorof candidate greeplantsobtained from RSL



PART ¢ OPTIMIZATION OF CONDITIONS FOR MUABRBEDINGF LETTUEC
SECTION@EVALUATION OF MUTAGEN AMPEDOSE
Introduction

The ntroduction of genetic variation is a crucial elemiemtthe development of new
plant varieties through selective breeding, msoegiven that most crop species have had
a large of pdion of their genetic materidixed through centuries of selectioRandom
genetic variation is routinely introduced thrdugreatments which induce DNA damage
and mutation, such as ionizing radiatichemical mutagensr somaclonal variation in
tissue culture This approach has been used many decadeso successfully develop
thousands of newerop varietiesvith useful trats, from disease resistande nutritional
enhancement, for most commonly usspecies andll around the worl#34:35

For the purpose of theurrent researchthe first goalis to determinethe most
advantageousnutagen to use in order to introduce genetic variation into Rutgers Scarlet
Lettuce (RSL) for subsequent screening and selection, and which optimal dose of said
mutagenmust be usedo introduce themaximum amount ofieneic variationwhich is
compatible withhealthy plant development and viable seed set. Out ofrthiagensmost
commony usedand those more readily available for the stutlyas decided to evaluate
the effects of gamma radiation and ethyl methanaesdte (EMS)n RSL

Gammaadiation is dype of ionizing radiation produced by the decay of high energy
atomic nuclesuch as the radioisotopé&8Coand *’Cs. The extremely high frequency of
gammarays allows thento penetrate tissue and ionize molecules, causing a spectrum of

biological effect®. Most typically gamma diationinduces DNA damage througfandom



doublestrand breaks (DSpBandsinglestrand breaks (SSBalthoughabasic sites, cross
linking and a variety of baseodifications are also abundartnd it is common for such
damage to appear in clusters making it harder for the cell to f8gaileading to very
strong genotoxicity.

EMSs an organic compound with formula @RGHs that acts as amlkylatingagent
of DNAandwhichhas been found to be strongly mutageorca wide variety of biological
system&. It induces random point mutations through the reaction of its ethyl group with
the basesin the DNA, most commonly guanine. The modified bases are incorrectly
recognized during cellular replication, leading to nucleotide substifyg@mnt insertions
or deletions and in some cases S$Bswelt® at a rateof 5x10%* to 5x10%? per gene
without substantial killing.

The mutagenigotential ofultraviolet (UV)adiation,which isnot commonly used in
crop mutational breeding,was also testeds part of this studglue to its convenience
versus dependencen externalgammairradiationfacilities orits safety versubandling a
potentially carcinogenisolution such as EM3JV radiationcomprises the region of the
electromagnetic spectrurbetween 100 andl00 nm,and its relatively lowenergy and
frequencymakesit unableto ionize atomslt can however still indude@NA damagemost
commonly through the formation gdyrimidine dimers which leatb point mutations
during replication but also through crodinking or producingSSB¥2”. U\-B, which
corresponds to the315¢280 nm range of the spectrumis the main responsible for
inducing these effects in naturend UM-C, comprsing the 103280 nm range of the

spectrun?’37 causes DNA damage so efficiently tha ¢ommonly useds a germicide
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Unlikegammaradiation and EMS, which can induce damage in the plant embryo DNA
by penetrating through theeed coatallowingthe seeds to be treated directlyhe low
penetration potential ofUV radiation makes treatment of seedssufficient to induce
biological effects. Therefore Ukéatment requiresirradiationafter germination which
canthen be followed by cell dedifferentiation and shoot regeneration in tissue culture to
visualize phenotypical changeplantletsregenerated from any mutated cells.

Materials and methods

Chemicals and reagents

Murashige & Skod@modified basasaltswith Gamborg vitaminsnicropropagation
grade agar,® Sy 1 & f I YAy 2 Lidndghtfisfeneacztic deid 5&utioR antl indole
3-butyric acid solutiorwere purchased from PhytoTechogy Laboratories (Overland
Park, KS, USAthyl methanesulfonatsolution andsucrosewere purchasedrom Sigma
(St. Louis, MO, USA).

Gamma irradiation treatment

Seed®f loose leafRutgers Scarlet Lettudd-Rprovided by Shamrock Seedn@many
(Salinas, CGAJSAere treated in a gamma irradiat@Raliation Machinery Corporation,
Parsippany, NJ, USA) located in the Rutgers Environmental Health and Safety department
(Piscataway, NJ, USA). Irradiation was providét®@sat anominal centedine dose rate
of approximately 190 cGy/minutentil the desired irradiation dose was reach&dur
independent experiments evaluating the effectgammairradiation doses between 10

and 1000 Gy were carried out
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Ethyl methanesulfonate treatment

Batches of approximately 1000 gsefedsof loose leafRutgers Scarlet Lettudd-R
provided by Shamrock Seedn@many(Salinas, CAJSA) wer@laced inside 50 ml plastic
centrifuge tubesontaining 40 mbf EMS dilutios in distilled water Seedsvere soaked
overnight at room temperaturen a rotary shakerafter 12 h the EMS solution was
decanted, seeds were washed five times with 50 ml of distilled water and were then
blotted dry before sowing Six independent experiments evaluating the effects of
treatment at concentrations betweet025% and 2% (v/v) EM&rsus untreated plants
were carried out. After determining an optimal deaagefor EMS treatment of Rutgers
Scarlet Lettucehe effects ofthis doserangewere testedon a number of green lettuce
cultivarsTwo additional experiments evaluating the effects of treatment at concentrations
between 0.025% and 0.2% (v/v) EMS were carried oueedssofthe loose leaf green
f SGGdzOS OdzZA GAGFNE W[ SGi2yeQr WDNBSnd { (I NJ
W2 | f RYIFYyyQa 5 NENDXNESAY®>t $yiRdz@SF Odzfris A O N&
2 KAUSQOAYURBNIWSESyaarieQ o WansloiyMEQASA{HRIE Maving R { S
Organic Seeds, Wolcott, VT, USA; BugemslsWarminster, PA, USA

UVirradiation treatment

Seed®f loose leafRutgers Scarlet Lettudd-Rprovided by Shamrock Seedn@many
(Salinas, GAJSAWweresurface sterilized by immersioni8% ethanol for 1 min, followed

by a 1.2% sadm hypochlorite solution for 1fhin and rined three times with steel

distilled water Sterile seeds wenglaced inside Petri dishes (VWR, Radnor, PA, USA)
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Media MS Sucrose Cytokinins Auxins
Germination 1/2x 1% - -

Shoot induction  1x 3% 2mg/l BA 0.1mg/l NAA
Root induction  1x 3% - 1 mg/l IBA

Table 10riginal eomposition ofRSltissue culture mediaVS, Murashige & Skoog modified Hasalts witl
Gamborg vitamins; BA;6S Yy T 8 f | YA Y 2 LddpNthajérdcetib dcid; IBA hind@dutyric acid. A
media pH was adjusted to 5.7, solidified with 0.7% agar and autoclaved at 121 °C and 103 kPa fo

containingd0 ml of solid M§erminatiormediunt® (Table 1)Threedays after germination
seedlingsvereplacedinside a €10 dark cabinet and irradiatedth ahandheld 6\VWUMGL:
58 UMamp (UVP, Upland, CA, USAa) to emitU\:B and UMCbetween 254 and 320 nm
Fourindependent experimentsvaluating the effects of UV exposbietween 15 min and
3 h were carried out.

Tissue culture conditions

Immediately after UV irradiation the cotyledons were aseptically excised and placed
inside Petri dishes containing 40 misofid MS shoot inductiomedium (Table 1) and
were kept inside &5G96 CWwalkin environmentally controlled growth chamh@&GC,
Chagrin Falls, OH, U%&pt at22 °C,undera PAR light intensitgf 10.6 + 1.7 mol/md
provided by full gectrum Philips F32T8/DX fluorescent larfijislips Andover, MA, USA)
and a UMight intensityof 0.4 + 0.1mol/m?d provided byUV 26W Exo Terra Reftlo
5.0/T8 fluorescent lampgqRolf C. HagerMansfield, MA, USA) and under a 16/8 h
(light/dark) photoperiodPetri dishes werd&ept protected from light fo 2-3 weeks to
induce callus formation artd minimizelight-drivenDNA repaiby photolyase¥4L1 After
2-3 weeksPetri dishesvere uncoverednd checked weeklprf development of shoots,

which typically started 4 weeks after explant excision. Explants witbots were
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subcultured into SteriCe8 culture vesseld@hytoTechnology Laboratori€yerland Park,
KS, USApntaining80 ml ofMS root inductioomedium(Table 1)until e roots developed
When plantlets reached a height®¥ cmthey were transferred tgrowing mix

Plant growth conditions

Gamma irradiated and EMS treated seeds wereninside trays antaining Sunshine
Rediearth Plug & 8edlingMix (Sun Grd1orticulture Agawam, MA, USA) akebt in aGGC
96 CWwalkin environmentally controlled growithambe (EGC, Chagrin Falls, OH, USA)
in the Rutgers New Jersey Agricultural Experiment Station (NRA&rch Greenhouse
facility. Gamma or EM8eated plants which reached a height®¥ cm as well as UV
treated plantlets produced in tisswelture were transplanted intpots (diameter 10 cm,
volume 414 cr¥) containing Fiard Growing Mix 2%un GrdHorticulturg Agawam, MA,
USA)o observe their developmenGrowing conditions wer&8/15 °C (day/night), 65%
relative humidity aPARight intensity 0fl8.8+ 1.4mol/m?d anda UMight intensity 00.4
+ 0.1 mol/m?d, both provided by Sylvania F96/T12/CW/VHDorescent lamps (Osram
SylvaniaDanvers, MAUSA, and a 16/8 h (light/dark) photoperio#lants werehand
watered as needed andupplementedwith 300 ppm N of 2@0-20 general purpose
fertilizer (Everris NA, Dublin, OH, USA) every two weeks.

Experimental design and analysfisesults

The effect of each mutagemas evaluatedh at leastfour independent experimerg
which testedprogressively narroweanges ofloses aiming to determine the upper dose
limit to allow healthy plant development anthbleseed setIn order to @termine the

effect of each mutagen treatqulants werevisuallycompared to untreatedantrol plants
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or cotyledon explantef the same agand kept under the same conditionsny ©ianges
in germination percentaggrowth speed anglantheight were noted, and the frequency
of phenotypical changes, and more sifieally chlorophyll mutationsa common marker
used to assess mutagenic effectivenesgere estimatedy counting all affected leaves
Results

Gamma irradiation treatment

Gamma irradiation induced no changes on the germination rate of Ifliatde 2)
Doses of gamma irradiation beten 10 and 200 Gy induced snidicreases implant
height andgrowth speed when compared to untreated contr@lsd dses abovd00 Gy
arrestal the development oseedlingsight after germinatiorof the preformed embryo
(Fig. 4) Doses between 200 and 400 Gy induced inconsistent effects in different
experiments making it difficult to determine an upper limit dose of irradiation that still
allowed healthy plant developmeniFig. 5) No phenotypical changes except for plant

height and growth speed were observed dutimg course ofiny ofthe experiments.

Gamma irradiation

Gy) Germination % EMS % (v/v) Germination %
0 89.4 0 93.4
10 86.2 0.1 92.6
50 91.9 0.2 93.5
100 99.2 0.3 89.3
150 86.7 04 87.7
200 84.3 0.6 84.7
400 87.4 0.7 83.2
600 85.7 0.8 58.7
800 88.7 1 25.3
1000 90.2 2 0.0

Tabé 2.Effects of gamma radiation and EMS treatment on RSL seed germiBGatiorination rate was n
affected by gamma irradiatioof seeds howevertheir treatment withEMS induced a clear desespmse
effect. n = 200 seeds were sower treatment group.
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Fig. 4 Effects of high doses of gamn

radiation and EMS treatment on R!
seedling development.Very high
doses of gamma irradiation allo

germination of the prdormed plant
embryo present inside the seed, bt
development does not continue
suggesting the inhibdn of apical and
root meristems. Very high doses ¢
EMS prevent germination altogethe
Control 1000 Gy PAZRSYRE  Seedlings shown at day 14.

[
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. 200Gy 250Gy 300Gy 350Gy

Fig. 5Effects of moderate doses of gamma radiation on |
seedling developmentThe upper limit dose ofjamma

irradiation to allow plant growth was initially estimated

200 Gy(left), however subsequent experiments showt
some plant development aftggammairradiation with up to

350 Gy(right).

Ethyl methanesulfonat@&MS)reatment

EMSinduced avery strong decrease ithe germination rateof seedstreated with
dosesabove 0.%(Tabk 2 with no seedst a dose of % (Fig. 4) as well xleardecrease
in plant height and growth speexhd abundant morphological changesdosesabove
0.2%4 and especially above 0.4%hen compared to untreated contrgllants (Fig. 6)
These plant®oked overalunhealthy wien compared to untreated planénd eventually

their development was arrested: plants treated with doses 0.4% and above never reached
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maturity, and everthough some plants treatedith doses between 0.2% and %4vere

able to bolt they produced sterile seeds onlg. dose between 0.1% and 0.2% was
determined as the upper limit to allow healthy plant development and viable seed
production in RS(Fig. ¥ and similar results were adined when testing the same range

of doses on a variety of green lettuce cultidable 3. Doses between 0.025% and 0.1%

induced no differences in plagtowth speed and only minor morphological changes.

Control

®) P4

9

PR et

Controlg day 14

Fig. 6Effects of moderate EMS treatment @Sldevelopment(A) Treatment withEMS doses between 0.
and 0.8%induced a clear doseesponse effect on plant height, growth speed and abundan
morphological change€B)Control plants reached a height of 3 cm in two weeks, whereas 0.6% EMS
plants took over four weeks to retathat same sizand(C)often displayed aberrant morphological featu

(A Cultivar name 0.1% EMS0.15% EM®.2% EMS Table 3.Phenotypic variatior%

RSL NFR 5.56 11.11 16.67 observed in 1 monthold EMS
Lettony 3.4 3.1 5.6 treated lettuce plantsAll kaves
Green Towers 3.1 6.3 9.7 showing phenotypical variatiol
Paris White 5.0 7.2 7.8 were collected from all plants ant
Winter Density 3.4 7.8 7.8 percentages were calculated usir

an average of 7 leaves per pla

®) Cultivar name 0.1% EMSO0.15% EM®.2% EMS .4 =30 plants per treatment
RSL NFR 0.56 1.67 111 group. The total % of affecte:
Lettony 0.3 0.9 0.6 leaves (A) and total % of leavt
Green Towers 0.6 1.6 2.5 with chlorophyll mutations (B
Paris White 1.3 1.6 2.2 were estimated as measures (

Winter Density 0.9 4.4 3.4 EMS mutagenic activity.
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A

(B)

©)

Fig. 7 Effects olow EMS treatment ofettuce development (A) Treatment with EMS doses between (
and 0.2% induced a slight height decrease as well as a small percentage of leamesphittogical chang
and/or color sectors, but produced overall healthy plants. (B) All leaves showing phenotypical varia
collected from each treatment group at 1 month after germination to estimate the differences
mutagenic activity. (Common changes observed were leaf growth in a dushape leaves with missii
sections, midribs splitting into twand chlorotic sectors.


























































































































































































