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Ansggning om udszetning af cisgene stivelseskartofler med
flere komplementaere resistensgener med gget resistens
imod kartoffelskimmel (Phytophthora infestans)

A. Generelle oplysninger

A.1. Anmelderens navn og adresse

Kare Lehmann Nielsen, Senior R&D scientist, KMC Amba, Herningvej 60, 7330 Brande
e-mail: kin@kmc.dk

Kristian Elkjeer, Team Leader, Agro R&D, KMC Amba, Herningvej 60, 7330 Brande
e-mail: kel@kmc.dk

A.2. De ansvarligere forskeres navne

Kare Lehmann Nielsen, senior R&D scientist, KMC, samt professor i Genomik pa Aalborg Universitet, PhD,
Gruppeleder, > 25 ars erfaring i kartoffel-genomik og biologi, samt udvikling af avancerede
foraedlingsmetoder baseret pa statistiske, bioinformatiske metoder samt nye foreedlingsteknologier.

Christian Kjaer Olesen, R&D scientist, KMC. Cand polyt | bioteknologi fra AAU med speciale i
plantetransformation. Har 4 ars erfaring med metodeudvikling og implementation af NGT i planter,
herunder de sidste 3 ar i kartofler.

Kristian Elkjeer, Team Leader, Agro R&D, KMC. Har arbejdet med udvikling, avl og foraedling af kartofler
siden 2017.
Erhvervede GMO-kgrekort i 2021.

Markpersonalet er uddannede jordbrugsteknologer og har erhvervet GMO - kgrekort pa Bygholm
Landbrugsskole i december 2021 eller marts 2023.
Forsggsarbejdet vil blive udfgrt i samarbejde med Ytteborg Field Trials, Hjermvej 94, 7560 Hjerm.
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A.3. Projektets titel

Cisgene stivelseskartofler med flere komplementare resistensgener med gget resistens imod
kartoffelskimmel (Phytophthora infestans)

A.4. Udsatningen
A.4.a. Formalet med udsaetningen
Undersgge muligheden for at reducere anvendelse af kemiske plantebeskyttelsesmidler imod

kartoffelskimmel (Phytophthora infestans) i kartoffel.
Forsgget vil besta af ubehandlede parceller.

A.4.b. Udszetningens startdato og varighed

Udsaetning sker i perioden 01. april — 15. juli 2026/2027/2028 og hgst i perioden 01. september — 30.
oktober 2026/2027/2028.

A.4.c. Udsatningsmetode

Kartoffelknolde handlaegges i reekker og daekkes med kartoffelkamme (hyppes), og/eller der udplantes
pottedyrkede kartoffelplanter, som szettes i en faerdighyppet kam.

A.4.d. Fremgangsmade ved forberedelse og behandling af udsaetningsstedet inden, under og efter
udszetningen, herunder dyrknings- og hgstpraksis

Forar:
Marken er plgjet og/eller harvet op inden laegning af kartoffelknolde/udplantning af pottedyrkede
kartoffelplanter.

Under (udszetningen) veeksten:

Normal behandling mod ukrudt, skadedyr og sygdomsbekampelse imod andre svampesygdomme end
kartoffelskimmel (Phytophthora infestans). Forsgget vil besta af ubehandlede parceller mod
kartoffelskimmel, men kontrol og vaerneplanter kan blive sprgjtet.

Planterne vil Ipbende blive vandet efter behov.

Hgst (optagning):
Hgst af de cisgenetisk modificerede kartofler vil forega ved en rodunderskaring og lgsning af kammen,
efterfulgt af handopgravning og opsamling samt vejning i marken.

De hgstede knolde pakkes og transporteres til analyse og viderebehandling pa KMCs GMO godkendte
laboratorium pa Herningvej 60, Brande.

A.4.e. Omtrentlig antal planter per kvm.

3 - 6 planter per kvm.
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A.5. Oplysninger om udsatningsstedet

A.5.a. Udsatningsstedets stgrrelse og beliggenhed

Udseaetningsstedet er beliggende i markbloknummer 500207-20.

Omradet, der vil blive tilplantet med cisgenetisk modificerede kartofler, vil vaere 100-500 m? brutto og 50-
400 m? netto.

Forskel mellem brutto og netto areal er vaern og sti.

A.5.b. Beskrivelse af udsaetningsstedets pkosystem, herunder klima, flora og fauna

Udsaetningsstedet er beliggende i et konventionelt dansk landbrugsareal.

A.5.c. Forekomsten af krydsningskompatible beslagtede vilde eller dyrkede plantearter

Kartoffel krydser ikke spontant med vilde arter af kartoffel eller andre dyrkede Solanum arter. Dog kan
kartofler i meget sjaeldne tilfaelde bestgve andre kartoffelsorter. (Rizov et al. 2018)

A.5.d. Afstanden til officielt anerkendte biotoper eller beskyttede omrader, som vil pavirkes
Afstande

§3 Hede: 230 meter

§3 Overdrev: 470 meter
§3 Eng: 550 meter

Fredskov: min. 15 meter
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B. Videnskabelige oplysninger

B.1. Oplysninger om recipientplanten eller - hvor det er relevant - foraldreplanter

B.1.a. Fuldstaendigt navn

Taxonomi Latinske navn

i) Familie Solanaceae

i) Sleegt Solanum

iii) Art Solanum tuberosum

iv) Underart Tuberosum

v) Kultivar Ydun

vi) Almindeligt navn Kartoffel (stivelse) ”Ydun”

B.1.b. Udbredelse og dyrkning i Unionen
Kartofler dyrkes bredt i alle lande i Unionen og anvendes til almindeligt konsum, pommes frites, chips,
dehydrede produkter, alkohol og stivelsesproduktion.

B.1.c. Reproduktion

i)

Kartofler opformeres (reproduceres) normalt klonalt ved udplantning af lzeggeknolde, som producerer nye
knolde.

| forsknings- og foraedlingspjemed bruges frg til at frembringe F1 generationen, som producerer den fgrste
knold. Da bestgvning i kartofler er en ineffektiv proces, foregar det i drivhuse, hvor pollen overfgres til
stgvdrager med pensel, populaert betegnet som "kunstig befrugtning”.

Langt de fleste kommercielle kartoffel kultivarer (sorter) er tetraploide, hvilket vil sige at der er fire kopier
(kaldet alleler) af hvert gen i kartoflens genom.

ii)

I naturen sker der yderst sjeeldent spontant krydsning mellem kultivarer (sorter) af kartofler, hvorfor risiko
for krydsbestgvning anses som vaerende teoretisk. Risikoen er meget lille: i) fordi kartofler generelt ikke er
seerligt effektive til kgnnet formering, men som hovedregel forlader sig pa vegetativ propagation via
knolde. ii) Kartoffelbaer modnes meget sjaeldent i Danmark inden hgst eller afvisning af planten, hvorfor
viable frg sjeeldent dannes.

Ydermere er risikoen meget afstandsafhaengig og selv en lille afstand pa 10 m til andre sorter har vist at
veere en effektiv nedsaettelse af krydsningsrisiko (Rizov et al. 2018).
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For at eliminere selv den mindste risiko vil vi, som ekstra sikkerhed, klippe blomster af de cisgenetisk
modificerede kartoffelplanter ved blomstring. Dette vil elimere enhver teoretisk mulighed for
krydsbestgvning.

i)

Kartofler er 1. arige.

B.1.d. Krydsningskompatibilitet med andre dyrkede eller vilde plantearter, herunder udbredelsen i
Europa af de kompatible arter

Der kendes ikke til krydsninger mellem kartofler og andre dyrkede eller vilde arter i Europa.
Krydsningskompatibiliteten ma derfor anses for at vaere ikke eksisterende.

B.1.e. Overlevelsesevne

i)

Evne til at danne strukturer, der fremmer overlevelse eller vaekstdvale:

Ikke hgstede knolde kan overleve i jorden hen over en mild vinter uden betydende frost. Almindeligt
vintervejr med gentagen nat og dagsfrost vil sld eventuelle overskydende knolde i jorden ihjel, de fryser
veek.

Alle kartoffelknolde i forsgget pa udsaetningsstedet vil blive rodunderskaret og jordlgsnet, efterfulgt af
handopgravning og opsamling, hvorfor sandsynligheden for at der skal veere knolde i jorden efter hgst er
ubetydelig.

i)

Ingen sezerlige faktorer.

B.1.f. Spredning

i)

Maskinoptagning vil i nogle tilfaelde spilde sma knolde, som kan give ny vaekst aret efter. Derfor veelges den
manuelle handopgravning og opsamling, som er et effektivt veern imod knolde, der ikke bliver hgstet.

ii)

Generel betragtning vedr. risiko for spredning

Det ma overordnes vurderes med de forsldede tiltag, at der ikke er nogen risiko for spredning af genetisk
materiale til vildarter i natur og kun en ekstrem lille risiko for spredning til andre kartoffelsorter. Da der ikke
dyrkes laeggekartofler i umiddelbar naerhed af forsggsmarken, sa er der reelt ingen risiko for at genetisk
materiale skulle finde vej ind i den etablerede kartoffelproduktion.

Det er velkendt, at spildkartoffelplanter fra den almindelige kartoffelproduktion ikke kan klare sig i flere
veaekstsaesoner i naturen, heller ikke sorter med betydelig genetisk resistens mod kartoffelskimmel. Derfor
er risiko for etablering af kartofler (resistente eller ej) som invasiv art i naturen allerede kendt som ikke-
eksisterende.
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B.1.g.

Ikke relevant

B.1.h.

Kartoflen vekselvirker ikke med andre planter eller organismer, hvor den dyrkes konventionelt, og der er
ikke nogen kendt toksisk virkning pa mennesker, dyr eller andre organismer.
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B.2. Molekylaer karakterisering

a) Oplysninger om den genetiske modifikation

Tre gener fra 2 Solanum arter som er krydsningkompatible med Solanum tuberosum, vnt1.1 fra Solanum
venturii; blb1 og blb2 fra Solanum bulbocastanum, samt deres flankerende region (~1 kb upstream) og 400-
600 bp downstream) er forsggt indsat som een kontinuzer insertion i kartoffelsorten Ydun.

Tre linjer i denne ansggning indeholder dog kun de hele gener for blb1 og blb2, hvorimod der er sket en
trunkering af genet for vntl.1, hvor hele promotersekvensen for alle linjer og 1781 bp, 367 bp og 218 bp for
hhv. YSF5, YSF12 og YSF13 mangler. Derfor har alle tre linjer kun indsat forventede funktionelle gener for
blbl og blb2. Disse linjer er identiske med linjerne fra forsgg i 2025.

YA10 51 indeholder alle tre gener i fuld leengde.

Yderligere 4 linjer indeholder alle 3 gener i deres fulde laengde med flankerede regioner. Herudover
indeholder de enten hele potato spacer sekvensen (YA_mfp_1) eller dele af potato spacer sekvensen, hvor
hhv. 611 bp (YA_mfp_2); 89 bp (YA_mfp_3) og 150 bp (YA_mfp5) mangler. Herudover er deri (YA_mfp_1
og YA_mfp_5) indsat to tandem kopier af genkassetten, sa YA_mfp_1 og YA _mfp_5 indeholder 2x af alle
gener samt 1 kopi af Right-border sekvensen: TGACAGGATATATTGGCGGGTAAACCT imellem de to
genkassetter. Potato spacer sekvensen er en kontinuaer DNA sekvens fra kartoffel reference genomet fra
kromosom 1. Sekvenser er en kontinuaer sekvens fra kromosom 1 og indeholder ingen fuld-laengde gener,
men indeholder en del af intron 2, exon 2 og en del af intron 3 af genet Soltu.DM.01G000200 - Protein of
unknown function (DUF1423) - homologous to protein OBERON 3-like. Da promoter region og den f@rste
exon ikke er inkluderet, vil dette genfragment ikke blive transkriberet (og translateret). Derfor er det hgjst
usandsynlygt, at det skulle bidrage med nogen biologisk funktion. Formalet med fragmentet er at mitigere
effekt af hyppige trunkeringer ved Left Border under indszettelse i genomet. Sadanne trunkeringer ville
inaktivere det fgrste R-gen (vntl) i kassetten (se YSF5, YSF12 og YSF13). De 3 R-gener er kendte
racespecifikke resistensgener mod kartoffelskimmel forarsaget af Phytophthora infestans af typen NB-LRR
gener, som populzert kaldes R-gener i kartoffelforskningen. R-gener fungerer som immunreceptorer, som
kan registrere infektion og forarsage et passende immunrespons som forhindrer videre infektion. De tre
gener genkender distinkte molekylaere strukturer fra P. infestans, og vil derfor i kombination med hinanden
udggre en meget effektivt vaern mod infektion her og nu, men ogsa vaere en meget betydelig forhindring
for genetisk udvikling af P. infestans stammer, som kan undga detektion af hvert af disse gener og dermed
bryde resistensen. Det er derfor ogsa forventningen, at denne stacking af komplementare R-gener giver en
betydeligt leengerevarende effektiv resistens end hos sorter, som kun indeholder et enkelt R-gen.

i) Beskrivelse af de metoder der er anvendt
Konstruktion af DNA sekvens.

DNA sekvenserne af vnt1.1; blb1 og blb2, samt plasmidvektor PCambia2300, herefter benaevnt som
pCambia2300_3Rgenes (se appendix 1 for praecis sekvenser og plasmid maps) er kemisk synteseret.
Plasmiderne blev propagaderet ved introduktion i Escherichia coli Top10, vaekst og efterfglgende plasmid
oprensning. DNA sekvensen af det resulterende plasmid blev verificeret ved Long-Read DNA sekventering
(Oxford Nanopore MINIon).
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Transformation og regeneration af Kartoffelplanter.

Herefter blev plasmidet transformeret ind i Agrobacterium tumefaciens AGL-1. En koloni blev opdyrket i
flydende kultur og denne kultur blev efterfglgende brugt til at transformere plantemateriale som beskrevet
nedenfor.

Sterile In vitro kartoffelplanter af sorten Ydun blev skaret i stykker af ca. 0,5 cm? (bladmateriale) og ca. 1 cm
nodale staengelstykker, og co-kultiveret med Agrobacterium-kulturen. Herefter blev plantemateriale
overfgrt til callus-inducing media (CIM) agarplader indeholdende Timentin, for at fijerne Agrobakterier fra
den videre vaekst. CIM-plader indeholder hormoner som fremmer plantecelledeling, men haemmer
vaevsdifferentiering. Efter 7-9 dage blev plantestykker med synlige calli overfgrt til shoot-inducing media
(SIM), som indeholder plantehormoner som stimuleret skuddannelse og vaekst. Efter 4-12 uger blev synlige
skud skaret fra enkeltvis og overfgrt til root-inducing media. Efter 4 uger blev de planter, som havde dannet
r@dder overfgrt til almindeligt in vitro plante vaekstmedie uden hormoner, og propageret som individuelle
in vitro kultur linjer og karakteriseret som beskrevet nedenfor.

For at verificere at Agrobacterium er elimineret, testes plantematerialet 40-60 dage efter transformationen
via PCR.

Karakterisering af udvalgte kartoffellinjer

Formodede transformante in-vitro linjer blev screenet med PCR. En lille plantedel, typisk 0,5 mm3, blev
udtaget fra hver linje samt fra den negativ kontrol (baggrundssorten Ydun) og brugt som template i en PCR
reaktion med kemisk syntetiserede DNA primere, som er komplementaere til deel af det indsatte DNA.
Fragmenterne blev detekteret ved standard TAE-agarose gel-elektroforese. Tilstedevaerelse af fragmenter
med den forventede stgrrelse i de rekombinante linjer (og fraveer i den negative kontrol, Ydun) blev taget
som indikation for mindst delvis tilstedevaerelsen af gen-kassetten.

For YA10_51's vedkommende blev der efterfglgende generet protoplaster plantevaev af den primaere
postitive transformant (YA10). Protoplasterne blev behandlet med CrispR/Cas9 nucleoprotein kompleks
ladet med gRNAs flankerende KanR-gen (se appendix 1b) med det formal at deletere hele KanR genet.
Herefter blev planter blev regenereret fra enkelt-protoplaster og den gnskede deletion detekteret med
PCR.

Fuld genom DNA sekventering af primaere linjer.

Genomisk DNA fra rekombinante linjer samt baggrundsorten, Ydun, blev isoleret med standard CTAB
metode efterfulgt af Genomic Tip oprensning (Qiagen). Efterfglgende blev det genomiske DNA forberedt til
Long-read DNA sekventering med Ligation Sequencing protokol (Oxford Nanopore Technologies). Der blev
frembragt mindst 80 Gigabp DNA sekvens, svarende til min. 80x deekning af det haploide genom.

Bioinformatisk analyse.

De ra sekvensreads blev importeret ind i CLC Genomics workbench v25, og mappet til et sekvensfragment
indeholdende 100 bp i hhv. overgangen mellem henholdsvis vnt1.1 og blb1 og blb2 og/eller et 100 bp
fragment fra den forventede overgang mellem upstream sekvens og vnt1.1. (YA _10_51) Formalet er at
isolere sekvensreads som er specifikke for den indsatte sekvens og ikke kontamineres af reads, som
kommer fra homologer gener fra andre dele af kartoffelgenomet. Reads som mapper til disse omrader blev
isoleret og mappet til hele den oprindelige vektor sekvens. Herfra kan insert-enderne bestemmes (se
appendix 3).
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5’-Insert-flankerende sekvenser blev identificeret og isoleret og sammenlignet med reference
genomsekvensen for S. tuberosum (DMv6.1) for at identificere insertionssite. Bedste signifikante BLAST hit
blev antaget som insertionssite. Kun linjer som havde et unikt insertionssted blev udvalgt. Det blev fundet
at YSF5-insert er indsat pa chr7 nt 20034368; YSF12-insert er indsat pa kromosom 1 nt 81232018 og YSF13-
insert er indsat pa kromosom 11 nt 35056228. YSF5 og YSF12 er indsat i omrader som ikke koder for andre
kendte gener, men for YSF-13 er kassetten indsat i en intron af genet of Soltu.DM.11G017710.1, som koder
for en alpha/beta-Hydrolases superfamily protein. Det er sandsynligt, at denne allel af dette gen er
inaktiveret i YSF-13. Det vides ikke om funktionen af dette gen er vigtigt for kartoffel, men givet at kartofler
er tetraploide og vores insertion kun er sket i en enkelt genomisk fase, er det sandsynligt, at den biologiske
funktion af dette gen locus er uaendret. Vi har ikke i gvrigt ikke observeret nogen umiddelbar faenotypisk
forskel mellem de tre plantelinjer.

YA10 51 erindsat pa kromosom 6 26735530, YA_mfp_1 kromosom 6 1394410, YA_mfp_2 kromosom 4
6084710, YA_mfp_3 kromosom 2 29646471, og YA_mfp_5 kromosom 6 34958838. Alle disse linjer,
undtaget YA_mfp_5, er indsat i omrader som ikke koder for andre kendte gener, men YA_mfp_5 erindsat i
en intro af genet Soltu.DM.06G011580 som koder for et hypothetical protein. Det vides altsa ikke med
sikkerhed, om det er et aktivt gen eller hvilken funktion det gen matte have. Det er sandsynligt, at denne
allel af dette gen er inaktiveret i YA_mfp_5. Det vides ikke om funktionen af dette gen er vigtigt for
kartoffel, men givet at kartofler er tetraploide og vores insertion kun er sket i en enkelt genomisk fase, er
det sandsynligt, at den biologiske funktion af dette gen locus er uzndret.

Vi har ikke observeret nogen umiddelbar feenotypisk forskel mellem nogle af de 8 plantelinjer.

For at analysere om ugnskede dele af vektoren (herunder et Kanamycin resistens gen, som bruges til
selektion af Agrobacterier inden transformation af planter) skulle vaere indsat andre steder i genomet, sa
blev reads mappet vektorsekvens uden insert. Der blev for alle linjer ikke fundet reads som mapper til
ugnskede vektordele, ej heller reads som mapper til gener som koder for antibiotikaresistens. Vi
konkluderer, at kun insertsekvenserne som beskrevet er indsat i genomet.

ii) Den anvendte vektors art og oprindelse

Vektordesign for cisgenetisk modifikation er baseret pa plasmid pCambia2300 modificeret i forhold til
Appendix 1. Selve DNAet er kemisk syntetiseret og efterfglgende propageret og oprenset fra E. coli.
Agrobacterium tumefaciens AGL-1 er brugt til at levere DNA ind i cellerne og translokation ind i genomisk
DNA.

iii) Kilden til den/de til transformationen anvendte nukleinsyre(r) samt stgrrelse og tilsigtet funktion af hver
bestanddel af den region, der skal indszettes

Design af de tre R-gener vnt1, blb1 og blb3 er baseret pa sekvenser i Genbank databasen med Accession
numre FJ423044.1, AY426259, DQ122125.1. De preaecise sekvenser af angivet i appendix 2 og de tre gener
har henholdsvis st@grrelserne 3785 bp, 4992 bp og 5491 bp inkl. promoter og 3’-UTR. Potato spacer har
stgrrelsen 2081 bp.

Side 11 af 23



b) Oplysning om GMHP’erne

i) Overordnet beskrivelse af de egenskaber og karakteristika, der er indfart eller eendret

Praecis nukleotid information for alle tre gener, samt potato spacer er angivet i appendix 2. Bemaerk at for
YSF5, YSF12 ogYSF13 er det kun er blb1 og blb2, som forventes at vaere aktive, da kun disse gener er indsat i
fuld lzengde. De gvrige linjer indeholder alle 3 R-gener i fuld lzengde. De tre R-gener er kendte og
velkarakteriserede racespecifikke resistensgener mod P. infestans (van der Vossen et al. 2003; van der
Vossen et a. 2005 and Pel et al. 2009). Derfor forventes kartoffellinjer, som indeholder og udtrykker disse
gener, at vaere mere modstandsdygtige overfor kartoffelskimmel end deres baggrundsort (Ydun). | alle
andre aspekter forventes de rekombinante linjer at vaere faanotypisk identiske med baggrundssorten.
Potato spacer sekvensen har ingen biologisk funktion.

De tre R-gener genkender forskellige molekyler fra P. infestans og derfor er derfor forventes deres effekt at
veere additiv og samlet set meget stor. Men mindst lige sa vigtigt er det, at en stor udfordring for brug af
racespecifikke R-gener i landbrugets monokultur, er at den genetiske tilpasningsevne i den meget store P.
infestans population er stor, og der opstar mutationer som kan overkomme et enkelt R-gen med jeevne
mellemrum som en naturlig konsekvens af udviklingen af populationen. Varianter som opstar spontant, der
kan overkomme enkeltresistensgener bliver selekteret med hgj effektivitet pga. de store arealer, som
dyrkes netop dette R-gen, hvor de jo har en stor fordel i forhold til andre P. infestans varianter. Ved brug af
komplementzere R-gener, skal der ske flere specifikke genetiske aendringer samtidigt i en enkelt P. infestans
variant for at opna en selektiv fordel. Dette anses som meget usandsynligt og derfor forventes resistensen
af vaere langvarig i forhold til sorter med et enkelt R-gen eller sorter med R-gener som genkender samme
dele af P. infestans.

Derfor er det vores forventning, at de frembragte sorter har brug for betydeligt feerre behandlinger med
svampebekaempelsesmidler og med mindre maengde aktivt stof. Bade pa kort og lang sigt.

ii) Oplysninger om faktisk indsatte/deleterede sekvenser

YSF5, YSF12 og YSF13: Der er indsat en enkelt kopi i cellekerne DNA i en enkelt fase (dvs. 1 ud af 4
kromosomsaet). Stgrrelsen af inserts er YSF5: 11765 bp (nt 8695-20459 i appendix 1), YSF12: 13156 bp (nt
7289-20444 i appendix 1) og YSF13: 13328 bp (nt7132-20459 i appendix 1). Disse sekvenser bestar af de tre
gener (sekvenser angivet i appendix 2), sammensat praecist ende mod ende i reekkefglgen vntl, blb1 og
blb2, dog med de omtalte trunkeringer af vntl. Der er anvendt de native promoter sekvenser, sa det er
vores forventning at generne overordnet er udtrykt pa samme made som i S. bulbocastanum (blb1 og blb2).
Det er kendt at det ikke er muligt at male genekspressionen af R-gener palideligt direkte vha. RNASeq eller
RT-PCR, pga. den meget store maengde (> 300) homologe og naesten identiske R-gener, som findes naturligt
i kartoflens genom som forstyrrer analysen.

YA_10 51: Der er indsat en enkelt kopi i cellekerne DNA af omradet mellem LeftBorder og RightBorder
ideholdende de 3 R gener, samt KanR gen (se appendix 1b). Efterfglgende er omradet mellem upstream og
downstream CrispR excission site og dermed KanR genet fjernet ved CrisPR/Cas9 mediated genome editing
og en del af gRNA sekvensen (5’-GACCATTACCAGACTC).

YA_mfpl, YA_mfp2 og YA_mfp_3: Der er indsat en enkelt kopi i cellekerne DNA af alle 3 R-gener i deres
fulde leengde med flankerede regioner og enten hele potato spacer sekvensen (YA_mfp_1) eller dele af
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potato spacer sekvensen, hvor hhv. 611 bp (YA_mfp_2); 89 bp (YA_mfp_3) og 150 bp (YA_mfp5) mangler
fra 5-enden. Herudover er der i YA_mfp_1 og YA_mfp_5 indsat to tandem kopier af genkassetten, sa
YA_mfp_1 og 5 indeholder 2x af alle gener samt 1 kopi af Right-border sekvensen:
TGACAGGATATATTGGCGGGTAAACCT imellem de to genkassetter.

iii) Dele af Planten, hvori insertet udtrykkes

Det forventes at resistensgenerne udtrykkes i hele planten.

iv) Insertets genetiske stabilitet og GMHP’ernes faenotypiske stabilitet

Kartofler propageres normalt via klonal formering via knolde, og kartoffel er kendt for at bibeholde deres
genetiske setup ved denne metode. Rekombination sker i langt overvejende grad ved kgnnet formering,
som ikke er relevant for denne ansggning. Opformering af plantemateriale sker udelukkende ved klonal
propagadering i form af enten in-vitro kulturer (via stem-cuttings) eller via knoldopformering som andre
kartoffelsorter. Hyppigt tab af gener eller rekombination af genomet under knoldopformering er ikke
beskrevet i kartofler. Vi verificerer Igbende vha. PCR, at de planter vi multiplicerer, er som forventede og
under frembringelsen af disse linjer er insertion-sites karakteriseret flere gange over multiple klonale
generationer (stem-cuttings). Der blev ikke observeret rekombination af det indsatte omrade pa noget
tidspunkt. Ydermere, har vi aldrig i nogle af de mere end 100 linjer vi har re-genereret observeret "mosaik-
kartoffelplanter”, hvor kun en del af planten er blevet transformeret. Derfor er det usandsynligt, at disse
tre linjer skulle indeholde utransformeret vaev, som kunne give ophav til ikke transformerede knolde eller
stem-cuttings. Samlet set har vi ikke data som typer p3, at disse linjer ikke er permanent og stabilt
transformerede.

Med hensyn til faenotypisk stabilitet sa er en vaesentlig del af formalet med disse varianter at forgge den
faeenotypiske stabilitet (resistens mod kartoffelskimmel). Den kendte udfordring med feenotypiske
ustabilitet for racespecifikke R-gener udggres af den enorme genetiske tilpasningsevne af P. infestans
populationen. Ved at indszette flere komplementaere R-gener samtidig forventes den faenotypiske stabilitet
at forgges dramatisk, da det saledes krzaeves at et enkelt P. infestans individ opnar flere genetiske
2&ndringer samtidig, for at opna en selektionsfordel pa disse sorter og det anses som meget usandsynligt.

c) Konklusioner af den molekylare karakterisering
3 linjer, YSF5, YSF12 og YSF13 indeholder to R-gener, blb1 og blb2 i fuld leengde og tre forskellige

fragmenter af vntl er indsat, en variant i hver linje. Det forventes derfor, at linjerne far tilfgrt resistens
forarsaget af blb1 og blb2, men ikke vnt1.

1 linje YA10_51 indeholder alle tre R-gener i fuld lengde.
4 linjer indeholder alle 3 R-gener i fuld laengde, samt 4 forskellige fragmenter af potato spacer sekvensen.
1 Linje indeholder 2x 3R-gener+potato spacer sekvensen i fuld laengde.

Der er kun fundet evidens for indseettelse af en kopi af insert pr. linje, og derfor er hver linje heterozygot
for insert med alleldosis en.
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Der er ikke fundet tegn pa at ugnskede dele af den anvendte plasmid-vektor er indsat andre steder i
genomet.

Litteratur med direkte relevans for linjerne

van Der Vossen, E., Sikkema, A., Hekkert, B.t.L., Gros, J., Stevens, P., Muskens, M., Wouters, D., Pereira, A.,
Stiekema, W. and Allefs, S. (2003), An ancient R gene from the wild potato species Solanum
bulbocastanum confers broad-spectrum resistance to Phytophthora infestans in cultivated potato and
tomato. The Plant Journal, 36: 867-882.

van der Vossen, E.A.G., Gros, J., Sikkema, A., Muskens, M., Wouters, D., Wolters, P., Pereira, A. and Allefs, S.
(2005), The Rpi-blb2 gene from Solanum bulbocastanum is an Mi-1 gene homolog conferring broad-
spectrum late blight resistance in potato. The Plant Journal, 44: 208-222.

Pel M., A,, Foster, S., J., Park, T., H., Rietman, H., van Arkel, G., Jones, J.D.G., van Eck, H., Jacobsen, E. Visser,
R., G., F. and van der Vossen, E., A., G., Mapping and Cloning of Late Blight Resistance Genes from Solanum
venturii Using an Interspecific Candidate Gene Approach. Molecular Plant-Microbe

Interactions 2009 22:5, 601-615.

Rizov |, Rihl G, Langhof, M, Kathage, and Rodriguez-Cerezo, E. (JRC SCIENCE FOR POLICY REPORT: Best

practice document for the coexistence of genetically modified potato with conventional and organic
farming. 2018. https://dx.doi.org/10.2760/055172
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B.3. Oplysninger om specifikke risikoomrader
(se desuden uddybende beskrivelse i medsendte bilag 1, Miljgrisikovurdering M5-D2)

a) Eventuelle &ndringer i GMHP'ernes persistens...

Der forventes ingen andringer i hverken persistens eller invasionsevne, ej heller i evnen til at overfgre
genetisk materiale til beslaegtede plantearter.

(se desuden afsnittet 'Generel betragtning vedr. risiko for spredning’)

b) Eventuelle &endringer i GMHP'ernes evne...
Der forventes ingen andringer i evnen til at overfgre genetisk materiale til mikroorganismer.
(se desuden afsnittet 'Generel betragtning vedr. risiko for spredning’)

c) Vekselvirkningsmekanisme mellem GMHP'erne og malorganismerne...
Ikke relevant. Planternes forsvarsmekanismer imod kartoffelskimmel (P. infestans) forbedres.

d) Potentielle &ndringer i GMHP'ernes vekselvirkninger...
Der forventes ingen andringer.

e) Potentielle zendringer i landbrugspraksis...

Den potentielle e&endring i landbrugspraksis vil veere, at der skal sprgjtes feerre gange med svampemidler i
kartoflerne. Det betragtes som en positiv @&ndring, bade i relation til landbrugspraksis og i relation til
miljget bredt set (inkl. fx forekomst i drikkevandsboringer, CO2 regnskab i forbindelse med svampemiddels
fremstilling og udbringning etc.).

f) Potentielle vekselvirkninger med det abiotiske milje...
Der forventes ingen pavirkninger pa de abiotiske miljger.

g) Oplysninger om enhver toksisk, allergenisk...

Der er ingen forventning om, at der er sket aendringer i stivelsessyntesen eller den gvrige made planten
vokser pa.

Det udsatte/reducerede skimmelangreb vil forventeligt give en mere jaeevn vaekstrytme for planten, da
angreb stresser planten og presser dens vaekst. Dette antages at have en positiv effekt pa plantens
generelle vaekst, hvilket bl.a. er kendt fra den praktiske avl.

Kartofler er generelt ikke toksiske eller kendt for at udvikle allergier.

Der forventes ingen toksisk, allergisk eller anden skadelig pavirkning pa menneskers eller dyrs sundhed.

h) Konklusioner vedrgrende de specifikke risikoomrader

Der forventes ingen gget risiko for miljgpavirkning, hverken pa mennesker, dyr eller omkringliggende natur.
Den forventede reducerede mangde svampemiddel forventes derimod at mindske risikoen for skadelige
pavirkninger pa alle omgivelser.

De cisgenetisk modificerede kartoffelplanter transporteres fra Aalborg Universitet, Fredrik Bajers Vej 7H,
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9220 Aalborg @ eller Kebenhavns Universitet, Thorvaldsensvej 40, 1871 Frederiksberg til KMC som knolde
pakket i dobbelt saekke og placeret i sikrede kasser (f.eks. med lag) maerket GMO, eller som planter i
sikrede kasser (f.eks. med netlag) maerket GMO. Transport mellem landsdele ske i bil, ledsaget af person
med GMO — kgrekort.

Transport mellem mark og KMC sker via KMC ejede kgretgj (se desuden beskrivelser ovenfor og fglgende
for handtering).
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B.4. Oplysninger om kontrol, overvagning og efterbehandling- og
affaldshandteringsplaner

4.a. Trufne forholdsregler

i) Afstand fra krydsningskompatible plantearter, bade beslaegtede vilde plantearter og afgrader.

Der vil vaere mindst 10 m til nsermeste kartoffelmark, eller mindst 20 m til konventionelle eller gkologiske
leeggekartofler.

Udsaetningsstedet for de cisgenetisk modificerede kartofler vil desuden blive omgivet af et vaern af ikke-
GMO-kartofler.

Kartofler krydser ikke spontant med vilde arter af kartofler eller andre Solanum arter.

Som ekstra sikkerhed afklippes blomster i de cisgenetisk modificerede kartofler i blomstringsperioden,
typisk fra primo juli til afsluttende blomstring primo august.

ii) Forholdsregler for at mindske/undgad spredning af de modificerede planters reproduktionsorganer (F.eks.
Pollen, frg, knolde).

Udsaetningsstedet for de cisgenetisk modificerede kartofler vil blive omgivet af veern af ikke-GMO-kartofler,
der vil fungere som pollenfanger, og derved reducere pollenspredning.

Dette beelte vil blive hgstet og alt plantemateriale vil blive destrueret ved hgst, som beskrevet nedenfor.
Som ekstra sikkerhed afklippes blomster i de cisgenetisk modificerede kartofler i blomstringsperioden,
typisk fra primo juli til afsluttende blomstring primo august.

Spande, kurve og gvrige redskaber anvendt ved udplantningen vil blive grundigt rengjorte og efterset for
leegge knolde.

3 — 5 dage fgr forventet hgst/optagning vil toppen bliver knust med en top-knuser. Derved knuses alt top,
og kartoffeltoppen bliver efterladt pa GMO-forsggsarealet, hvor det indtgrre og indarbejdes i jorden.
Efter topknusning og forud for hgst af kartoffelknolde, vil kammene blive rodunderskaret og lgsnet,
efterfulgt med handopgravning og opsamling, for at sikre der ikke efterlades knolde i jorden.

Hgstede cisgenetisk modificerede knolde vil blive opsamlet i dobbelt lukkede plastposer eller lukkede
plastkasser, maerket med GMO, og transporteres til videre analyse pa KMCs GMO godkendte laboratorium
pa Herningvej 60, Brande.

Restmaterialer efter analyse destrueres efter standardprocedurer for GMO godkendte laboratorier.

Efter brug vil transportkasser blive rengjort og desinficeret og overskydende knolde fra forsgg og vaern vil
blive destrueret (f.eks. forbraending/deponi).

4.b. Metoder til efterbehandling af stedet efter udsatning

Efter hgst vil jorden bliver harvet, for at fritlaegge eventuelle knolde, som ikke er taget op.

1. harvning vil ske efter hgst, sa evt. knolde kan frilaegges og fjernes. Hen over vinteren vil marken blive
harvet efter frostperioder eller mindst 2 gange.

Efter hver harvning vil marken blive kontrolleret for evt. fritlagte knolde, som vil blive destrueret.

Aret efter udsaetningen, vil arealet ligge som sort jord med manedlige harvninger (april til september) og
overvagning.

Arealet vil blive overvaget i min. 4 ar eller til der ikke findes spildplanter mere (jf. vejledning fra
Landbrugsstyrelsen "Dyrkningsbestemmelser for GM kartofler” juni 2024).
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Arealet forventes udlagt med slaningsbrak fra 2028, som kan slas og overvages.

Nedenfor er vist en forventet placering af forsggsarealet i 2026 i markblok 500207-20, hvor der ikke er
overlap til tidligere GMO-forsggsarealer.

Forventetiareall2027

Det skal bemaerkes, at erfaringen med handoptagning og opsamling af kartofler er at der meget sjaldent
efterlades knolde i jorden.

4.c. Behandlingsmetoder, efter udsatning, herunder affald
Under dyrkningen: normal plantebeskyttelse imod ukrudt, skadedyr og andre sygdomme end
kartoffelskimmel.

Hegst: Ved handopgravning og opsamling er risikoen for spild meget lille. Alt overjordisk plantemateriale vil
blive knust forud for hgst/opsamling, og kartoffeltoppen bliver efterladt pd GMO-forsggsarealet, hvor det
indtgrre og indarbejdes i jorden.

Plantemateriale fra vaernet udenfor de cisgenetisk modificerede kartofler vil ogsa blive knust forud for
hgst/optagning.

De hgstede knolde vil blive transporteret i dobbelt lukkede plastposer eller lukkede plastikkasser, maerket
med GMO, og transporteres til videre analyse pa KMCs GMO godkendte laboratorium pa Herningvej 60,
Brande.

Efter brug vil vaegten og kasser blive rengjort og desinficeret, og knolde og saekke vil blive kgrt til
forbraending/deponeret.
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4.d. Overvagningsplaner og teknikker

Udsaetningsmarken vil blive observeret hver uge i vaekstperioden, og vaeksten vil blive noteret og beskrevet.
Efter hgst og i arene efter (jf. pkt.4b) vil udsaetningsmarken blive ngje overvaget for knolde og eventuelle
planter.

Eventuelle planterester og knolde vil blive destrueret.

4.e. Beredskabsplaner

Der forventes ikke krisesituationer med mulig undtagelse af potentielle haervaerksaktioner, hvilket der ikke
er tradition for i Danmark.

Lokaliteten vil blive overvaget med jeevne mellemrum. Der vil blive opsat skilte forskellige steder ved
marken, der beskriver forsgget samt navne og telefonnumre pa de ansvarlige for forsgget: Kare Lehmann
Nielsen, Senior R&D Researcher, KMC og Kristian Elkjeer, Teamleder R&D, KMC.

4.f. Metoder og procedurer til beskyttelse af stedet

i)

Alt arbejde med de cisgenetisk modificerede kartofler vil ske som handarbejde, hvorfor den mekaniske
spredningsrisiko betragtes som minimal.

Al transport til og fra mark vil ske i lukkede enheder/kasser, hvorfor risiko for spredning under transport
0gsa betragtes som minimal.

ii)
Der forventes ikke at skulle ggres noget ekstra til beskyttelse af stedet mod uvedkommende personers
indtraengen.

i)

Der forventes ikke at skulle ggres noget ekstra til beskyttelse af stedet mod andre organismers indtraeengen.
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B.5. Beskrivelse af teknikker til pavisning og identifikation af GMHP ‘erne

Vi har udviklet flg. metode til detektion af GMHPerne baseret pa overgangen mellem de indsatte gener
blbl og blb2: Ved brug af primerne: Blbl_F1 (ACTGATCAAGCGGTGTGAGA) og Blb2_R1
(TCACTCCACACTCTCCAACC) med en annealingstemperatur pa 64,2 C og en elongeringstid pa 30 sec
genererer et produkt pa 1157 bp ved brug af Phire Plant Direct PCR kit (Thermo Scientific). Produktet af
fravaerende i den genetiske baggrund (Ydun). Vi har heller ikke faet et baggrundprodukt i 6 andre sorter vi
har testet og da de to gener ikke er lokaliseret ved siden af hinanden i Solanum bulbocastanum, hvor
generne oprindeligt kommer fra, betragter vi det som graensende til umuligt at opna et PCR produkt med
disse primere af den stgrrelse i nogen kartoffelsort. Skulle der, mod vores forventning, opsta tvivistilfaelde,
sa kan DNA sekventering af det opnaede PCR produkt praecist fastsla transformationsstatus.
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B.6. Oplysninger om tidligere udsatninger af GMPH erne

| 2025 har det vaeret GMO forsggsudsaetning af linjerne YSF5, YSF12 og YSF13 som udsaetning af in-vitro
planter, og med undtagelse af kraftigt forgget resistens, opf@rte de tre NGT linjer sig som baggrundssorten
Ydun.
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Bilag:
1. Miljgrisikovurdering
2. KMCs GMO-godkendelse af laboratorie.
3. Forelgbig skitse til forsggsplan i marken
4. Rodunderskaring og jordlgsning
Appendix:
1. Nukleotidsekvens af anvendte plasmider
2. Gensekvenser
3. Sekvensdokumentation for inserts

Side 23 af 23



{; KMC

Bilag 1
Miljerisikovurdering

Ansggning om udsaetning af cisgene stivelseskartofler med flere komplementare resistensgener
med gget resistens imod kartoffelskimmel (Phytophthora infestans)

M5 -D2: | tilfaelde af genetisk modificerede hgjerestaende planter (GMHPer)

1. Persistens og invasionsevne hos GMHPerne, herunder genoverfgrsel fra plante til plante.

A)

Afklipning af blomster vil effektivt forhindre en risiko for pollenspredning. Risikoen for
pollenspredning vurderes som ubetydelig, men afklipningen vil eliminere den teoretiske risiko for
spredning.

Der dannes derfor heller ingen frg, hvorfor bade persistens og invasionsevne betragtes som
ubetydelig.

B)

Handopgravning og opsamling af knolde vil sikre, at risikoen for overlevende knolde i jorden er
ubetydelig.

Efterfglgende frost i vinterperioden og sort jord i aret efter avl vil effektivt sikre at evt. overlevende
knolde fra hgst ikke vil overleve og spire aret efter.

Efter hgst vil jorden blive harvet for at frileegge eventuelle knolde, som ikke er taget op.

1. harvning vil ske efter hgst, sa evt. knolde kan frilaegges og fjernes. Hen over vinteren vil marken
blive harvet efter frostperioder eller mindst 2 gange.

Efter hver harvning vil marken blive kontrolleret for evt. fritlagte knolde, som vil blive destrueret.
Aret efter udsaetningen vil arealet ligge som sort jord med manedlige harvninger (april til
september) og overvagning. Arealet vil blive overvaget i min. 4 ar eller til der ikke findes
spildplanter mere (jf. vejledning fra Landbrugsstyrelsen “Dyrkningsbestemmelser for GM kartofler”
juni 2024).

Arealet forventes udlagt med slaningsbrak fra 2028, som kan slas og overvages. Det skal bemaerkes,
at erfaringer med handopgravning og opsamling af kartofler er at der meget sjeldent efterlades
knolde i jorden.

Genoverfgrsel fra plante til mikroorganismer
Vurderes som vaerende uden betydning og er ikke kendt i kartoffel.

GMPHernes vekselvirkning med malorganismer

Forbedret resistens overfor kartoffelskimmel vurderes at vaere positivt, da bedre resistens overfor
skimmel vil styrke planten.

Vi forventer ikke at der vil ske sendringer i populationen af kartoffelskimmel (Phytophthora
infestans) eller zendringer i dennes aggressivitet over en kortere tidshorisont.

Vi forventer naermest 100 % resistens i en laengere del af dyrkningssaesonen i ubehandlede led.

Ingredients to grow your business



4. GMPHernes vekselvirkning med ikke malorganismer
Det vurderes ikke at de udsatte planter vil have pavirkning pa ikke - malorganismer

5. Virkningerne af de specifikke dyrknings-, handterings- og hgstteknikker.
Det vurderes, at arbejdet i forbindelse med handlagning af knolde og/eller udplantning af
pottedyrkede kartoffelplanter, med efterfglgende maskinhypning og jordlgsning med maskine
forud for handopgravning og opsamling af knolde, sikrer en meget hgj grad af sikkerhed for at der
ikke efterlades knolde i jorden.

Afklipning af blomster i forbindelse med blomstringen i begyndelsen af juli vil garantere, at selv den
teoretiske risiko for pollen overfgrsel er elimineret.

Vi ved fra svenske kollegaer pa Sveriges Lantbruks Universitet (SLU) at dette er praktiseret de
seneste ar ved udsatninger i Skane.

Transport til og fra mark vil forega i dobbelt lukkede enheder. Al transport og handtering vil forega
med de relevante personer, altsa ingen eksterne transportgrer.

De personer, som skal foretage de kritiske arbejdsopgaver, transport, leegning, hgst og efterkontrol
er alle uddannet med GMO - kgrekort i 2021 eller 2023, hvorfor alle er opdateret med nyeste viden
om emnet.

6. Virkninger pa biogeokemiske processer
Det forventes ikke at kartoffelskimmel populationerne vil &ndre sig over en kortere tidshorisont,
men kunne blive forsinket i deres udbredelse. Denne forsinkelse forventes at kunne reducere
anvendelsen af fungicider vaesentligt.

7. Virkninger pa menneskers og dyrs sundhed
Det vurderes ikke at de udsatte planter vil have virkninger pa hverken menneskers eller dyrs
sundhed.
Bedre resistens imod skimmel vil principielt forventes at virke positivt pa bade mennesker og dyrs
sundhed, da det forventes at der skal anvendes en betydelig mindre maengde
plantebeskyttelsesmidler (svampemidler) end i den oprindelige cultivar (sort). De a&ndrede
egenskaber med flere resistensgener imod kartoffelskimmel, vil kunne forekomme under naturlige
forhold, hvorfor virkningen ikke vurderes som vaesentlig.
Erfaringerne fra den traditionelle foraedling er, at nar der selekteres pa sorter med flere
resistensgener, har det ikke haft betydning pa hverken mennesker eller dyrs sundhed.
| forbindelse med almindelig resistensforaedling har det heller ikke haft nogen kendt betydning for
hverken mennesker eller dyrs sundhed
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Bilag 2
KMCs GMO-godkendelse af laboratorie
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EMC, KARTOFFELMELCENTRALEN. AMBA
Herningvej 60
7330 Brande

Afgorelse om klassifikation til genteknologisk arbejde
klasse planter (kartofler)

Arbejdstilsynet har den 6. august 2024 modtaget anmeldelse fra EMC,
EARTOFFELMELCENTRALEN. AMBA ved Line Bach Christensen
(Ibe(@kme dk) vedrerende klassifikation til genteknologisk arbejde
klasse planter (kartofler) 1 lokale 1 (Pilot Plant) beliggende Herningve;
60, 7330 Brande.

Ansogningen er fremsendt 1 henhold til Arbejdstilsynets
bekendtgerelse om genteknologi og arbejdsmilye nr. 910 af 11.
september 2008.

Beskrivelse

Virksomheden har fremsendt udfyldt skema "Anmeldelse til
klassifikation af genteknologiske laboratorier og laboratorieomrader
samt anlag fil genteknologisk storskalaforseg eller produktion”.

Yderligere bilag fremsendt:
+ Plantegning.
« KMC's + arbejdsmiljsorganisation.
+ Beredskabsplan.

Ansegningen har veret forelagt Miljostyrelsen (MST sagsnr 2024 —
61856) der har sendt folgende udtalelse til Arbejdstilsynet den 20.
september 2024

Miljostyrelsen har den 12. september 2024 foretaget en besigtigelse af
lokalerne.

Bemeerkninger til klassifikation
Miljastyrelsen har lagt folgende forhold, som fremgdr af anmeldelsen
eller besigtigelsen, til grund for vurdering af den fysiske indesluming:

- Der er tilladelse til op/nedklassificering af lokalet.

- Der er skiltning pa indgang til omrade om gentelmologisk
omrdade (planter), som settes op og tages ned ifin. apstart og
afsiuming af arbejde med GMO kartofler.

Arbejdstilsynet

Landskronagade 33
2100 Kabenhavn @

Tr0121288
at@at.dk
wwwat.dk

CVR 21481815

23. september 2024
Sag

2024 - 52023
Ansvarlig: Rikke

Kolding Hansen

CVR 15230614
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- Der er udarbejdet sikkerhedsforsivifter og
rengoringsforskrifter, der forebyvegger spredning af
genmodificerede planter og spirer til omgivende miljo.

- Vinduer og dore holdes lukket

- Gulvafleb afdelkes med rist med min 3mm huller.

- Der er prop til vaske.

- Genanvendte materialer desinficeres eller autoklaveres inden
rengoring

- Der erikle revner og huller i vaegge

- Der er desinfektionsmiddel i alle lokaler

- Lokalet ma ikke anvendes til andre GMO planter/fro.

P4 dette grundlag har styrelsen ingen indvendinger imod den sogte
klassifikation af lokalerne til arbejde med genetisk modificerede
Planter (Kartofler).

Vitksomheden havde oprindeligt ansegt om storskala kl. 1+ planter,
men efter aftale med Miljostyrelsen endres klassifikationen til en alm.
GMO kl. planter (kartofler).

Vurdering

Arbejdstilsynet finder pi det foreliggende gmundlag, at de omhandlede
lokaler, sikkerhedsforskrifter m m. lever op til de krav. der er geldende
for genteknologisk arbejde klasse planter (kartofler).

Afgorelse

Pi baggrund af ovenstiende meddeler Arbejdstilsynet hermed
klassifikation til genteknologisk arbejde klasse planter (kartofler) 1 1
(Pilot Plant) beliggende KMC, Hermingvej 60, 7330 Brande, jf. § 7,
stk. 1, til Arbejdstilsynets bekendtgarelse om genteknologi og
arbejdsmilje nr. 910 af 11. september 2008.

Lokalerne har fiet tildelt LAB-id nr. 240 042

Vejledning

Opmerksomheden henledes pa. at det af hensyn til klassifikationen er
vigtigt at sikre, at forsknfter, procedurer m.v. fortsat afspejler de
faktiske sikkerhedsmessige forhold for arbejdet med GMO, herunder
arbejdsmetoder og arbejdsgange. Ved at gennemga dem med j=vne

mellemrmm, fx 1 forbindelse med revideringen af vitksomhedens APV
kan dette sikres.

Opmarksomheden henledes endvidere pa § 30 jfr. § 111
bekendtgorelse om genteknologi og arbejdsmilje nr. 910 af 11.
september 2008, hvorefter enhver vaesentlig ndrning af de oplysninger,
der ligger til grund for denne klassifikation, skal anmeldes til
Arbejdstilsynet.
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Ligeledes henledes opmarksomheden pa § 12 1 samme bekendtgerelse,

hvorefier det forinden skal anmeldes til Arbejdstilsynet, hvis
klassifikationen ikke lengere onskes opretholdt.

Med henblik pa en senere evt. afmelding af klassifikationen kan
Arbejdstilsynet anbefale, at virtksomheden allerede nu, udarbejder en
skniftlig nedklassificeringsprocedure.

Klage
Ikan klage over afgerelsen til Arbejdsmiljeklagensevnet. Klagen skal

indsendes til Arbejdstilsynet og veere modtaget inden fire uger efter, at
I har modtaget afgerelsen.

Kopi af afgerelsen sendes til Miljostyrelsen.

Venlig hilsen

Rikke Kolding Hansen
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Bilag 3
Forelgbig skitse til forsggsplan i marken

Rk.1 Rk.2 Rk.3
1
2
3
4
5
6
7 — —
8 c c
9 = =
10 @ £ § s % s =

glal & Nal| 8
2 5 5
13 > >
14 -“:—’.
15 %
16 9]
17 g
18 2
(0]
19 2
20
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Bilag 4
Rodunderskaering og jordlgsning

De NGT editerede kartoffelplanter rodunderskaeres og jordigsnes forud for handopgravning og
opsamling, for at sikre kartoffelplanterne slipper radder, og jorden er Igs. Det sikrer en mere ens
handopgravning.

Der laves en ramme, som kan pamonteres en traktors trepunktsophaeng. Pa rammen monteres en
arm, der holder et vingeskeer, som kan rodunderskaerer pa tveers at 2 raekker. Foran armen,
monteres et rulleskeer — hvis ngdvendigt — for at undga at toprester vil slaebe omkring armen.
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Appendix 1
a) Nukleotidsekvens af anvendte plasmider

Plasmid RA anvendt til YSF5, YSF12 og YSF13

CATGCCAACCACAGGGTTCCCCTCGGGATCAAAGTACTTTGATCCAACCCCTCCGCTGCTATAGTGCAGTCGG
CTTCTGACGTTCAGTGCAGCCGTCTTCTGAAAACGACATGTCGCACAAGTCCTAAGTTACGCGACAGGCTGCC
GCCCTGCCCTTTTCCTGGCGTTTTCTTGTCGCGTGTTTTAGTCGCATAAAGTAGAATACTTGCGACTAGAACC
GGAGACATTACGCCATGAACAAGAGCGCCGCCGCTGGCCTGCTGGGCTATGCCCGCGTCAGCACCGACGACCA
GGACTTGACCAACCAACGGGCCGAACTGCACGCGGCCGGCTGCACCAAGCTGTTTTCCGAGAAGATCACCGGC
ACCAGGCGCGACCGCCCGGAGCTGGCCAGGATGCTTGACCACCTACGCCCTGGCGACGTTGTGACAGTGACCA
GGCTAGACCGCCTGGCCCGCAGCACCCGCGACCTACTGGACATTGCCGAGCGCATCCAGGAGGCCGGCGLCGGG
CCTGCGTAGCCTGGCAGAGCCGTGGGCCGACACCACCACGCCGGCCGGCCGCATGGTGTTGACCGTGTTCGCC
GGCATTGCCGAGTTCGAGCGTTCCCTAATCATCGACCGCACCCGGAGCGGGCGCGAGGCCGCCAAGGCCCGAG
GCGTGAAGTTTGGCCCCCGCCCTACCCTCACCCCGGCACAGATCGCGCACGCCCGCGAGCTGATCGACCAGGA
AGGCCGCACCGTGAAAGAGGCGGCTGCACTGCTTGGCGTGCATCGCTCGACCCTGTACCGCGCACTTGAGCGC
AGCGAGGAAGTGACGCCCACCGAGGCCAGGCGGCGCGGTGCCTTCCGTGAGGACGCATTGACCGAGGCCGACG
CCCTGGCGGCCGCCGAGAATGAACGCCAAGAGGAACAAGCATGAAACCGCACCAGGACGGCCAGGACGAACCG
TTTTTCATTACCGAAGAGATCGAGGCGGAGATGATCGCGGCCGGGTACGTGTTCGAGCCGCCCGCGCACGTCT
CAACCGTGCGGCTGCATGAAATCCTGGCCGGTTTGTCTGATGCCAAGCTGGCGGCCTGGCCGGCCAGCTTGGC
CGCTGAAGAAACCGAGCGCCGCCGTCTAAAAAGGTGATGTGTATTTGAGTAAAACAGCTTGCGTCATGCGGTC
GCTGCGTATATGATGCGATGAGTAAATAAACAAATACGCAAGGGGAACGCATGAAGGTTATCGCTGTACTTAA
CCAGAAAGGCGGGTCAGGCAAGACGACCATCGCAACCCATCTAGCCCGCGCCCTGCAACTCGCCGGGGCCGAT
GTTCTGTTAGTCGATTCCGATCCCCAGGGCAGTGCCCGCGATTGGGCGGCCGTGCGGGAAGATCAACCGCTAA
CCGTTGTCGGCATCGACCGCCCGACGATTGACCGCGACGTGAAGGCCATCGGCCGGCGCGACTTCGTAGTGAT
CGACGGAGCGCCCCAGGCGGCGGACTTGGCTGTGTCCGCGATCAAGGCAGCCGACTTCGTGCTGATTCCGGTG
CAGCCAAGCCCTTACGACATATGGGCCACCGCCGACCTGGTGGAGCTGGTTAAGCAGCGCATTGAGGTCACGG
ATGGAAGGCTACAAGCGGCCTTTGTCGTGTCGCGGGCGATCAAAGGCACGCGCATCGGCGGTGAGGTTGCCGA
GGCGCTGGCCGGGTACGAGCTGCCCATTCTTGAGTCCCGTATCACGCAGCGCGTGAGCTACCCAGGCACTGCC
GCCGCCGGCACAACCGTTCTTGAATCAGAACCCGAGGGCGACGCTGCCCGCGAGGTCCAGGCGCTGGCCGLTG
AAATTAAATCAAAACTCATTTGAGTTAATGAGGTAAAGAGAAAATGAGCAAAAGCACAAACACGCTAAGTGCC
GGCCGTCCGAGCGCACGCAGCAGCAAGGCTGCAACGTTGGCCAGCCTGGCAGACACGCCAGCCATGAAGCGGG
TCAACTTTCAGTTGCCGGCGGAGGATCACACCAAGCTGAAGATGTACGCGGTACGCCAAGGCAAGACCATTAC
CGAGCTGCTATCTGAATACATCGCGCAGCTACCAGAGTAAATGAGCAAATGAATAAATGAGTAGATGAATTTT
AGCGGCTAAAGGAGGCGGCATGGAAAATCAAGAACAACCAGGCACCGACGCCGTGGAATGCCCCATGTGTGGA
GGAACGGGCGGTTGGCCAGGCGTAAGCGGCTGGGTTGTCTGCCGGCCCTGCAATGGCACTGGAACCCCCAAGC
CCGAGGAATCGGCGTGAGCGGTCGCAAACCATCCGGCCCGGTACAAATCGGCGCGGCGCTGGGTGATGACCTG
GTGGAGAAGTTGAAGGCCGCGCAGGCCGCCCAGCGGCAACGCATCGAGGCAGAAGCACGCCCCGGTGAATCGT
GGCAAGCGGCCGCTGATCGAATCCGCAAAGAATCCCGGCAACCGCCGGCAGCCGGTGCGCCGTCGATTAGGAA
GCCGCCCAAGGGCGACGAGCAACCAGATTTTTTCGTTCCGATGCTCTATGACGTGGGCACCCGCGATAGTCGC
AGCATCATGGACGTGGCCGTTTTCCGTCTGTCGAAGCGTGACCGACGAGCTGGCGAGGTGATCCGCTACGAGC
TTCCAGACGGGCACGTAGAGGTTTCCGCAGGGCCGGCCGGCATGGCCAGTGTGTGGGATTACGACCTGGTACT
GATGGCGGTTTCCCATCTAACCGAATCCATGAACCGATACCGGGAAGGGAAGGGAGACAAGCCCGGCCGLGTG
TTCCGTCCACACGTTGCGGACGTACTCAAGTTCTGCCGGCGAGCCGATGGCGGAAAGCAGAAAGACGACCTGG
TAGAAACCTGCATTCGGTTAAACACCACGCACGTTGCCATGCAGCGTACGAAGAAGGCCAAGAACGGCCGCCT
GGTGACGGTATCCGAGGGTGAAGCCTTGATTAGCCGCTACAAGATCGTAAAGAGCGAAACCGGGCGGCCGGAG
TACATCGAGATCGAGCTAGCTGATTGGATGTACCGCGAGATCACAGAAGGCAAGAACCCGGACGTGCTGALCGG
TTCACCCCGATTACTTTTTGATCGATCCCGGCATCGGCCGTTTTCTCTACCGCCTGGCACGCCGCGCCGCAGG
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CAAGGCAGAAGCCAGATGGTTGTTCAAGACGATCTACGAACGCAGTGGCAGCGCCGGAGAGTTCAAGAAGTTC
TGTTTCACCGTGCGCAAGCTGATCGGGTCAAATGACCTGCCGGAGTACGATTTGAAGGAGGAGGCGGGGCAGG
CTGGCCCGATCCTAGTCATGCGCTACCGCAACCTGATCGAGGGCGAAGCATCCGCCGGTTCCTAATGTACGGA
GCAGATGCTAGGGCAAATTGCCCTAGCAGGGGAAAAAGGTCGAAAAGGTCTCTTTCCTGTGGATAGCACGTAC
ATTGGGAACCCAAAGCCGTACATTGGGAACCGGAACCCGTACATTGGGAACCCAAAGCCGTACATTGGGAACC
GGTCACACATGTAAGTGACTGATATAAAAGAGAAAAAAGGCGATTTTTCCGCCTAAAACTCTTTAAAACTTAT
TAAAACTCTTAAAACCCGCCTGGCCTGTGCATAACTGTCTGGCCAGCGCACAGCCGAAGAGCTGCAAAAAGCG
CCTACCCTTCGGTCGCTGCGCTCCCTACGCCCCGCCGCTTCGCGTCGGCCTATCGCGGCCGCTGGCCGCTCAA
AAATGGCTGGCCTACGGCCAGGCAATCTACCAGGGCGCGGACAAGCCGCGCCGTCGCCACTCGACCGLCCGGLG
CCCACATCAAGGCACCCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGA
GACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGC
GGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATC
AGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC
ATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG
CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG
CCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAG
CATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCC
CTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGG
TGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGCATTCTAGGTACTAAAACAAT
TCATCCAGTAAAATATAATATTTTATTTTCTCCCAATCAGGCTTGATCCCCAGTAAGTCAAAAAATAGCTCGA
CATACTGTTCTTCCCCGATATCCTCCCTGATCGACCGGACGCAGAAGGCAATGTCATACCACTTGTCCGCCCT
GCCGCTTCTCCCAAGATCAATAAAGCCACTTACTTTGCCATCTTTCACAAAGATGTTGCTGTCTCCCAGGTCG
CCGTGGGAAAAGACAAGTTCCTCTTCGGGCTTTTCCGTCTTTAAAAAATCATACAGCTCGCGCGGATCTTTAA
ATGGAGTGTCTTCTTCCCAGTTTTCGCAATCCACATCGGCCAGATCGTTATTCAGTAAGTAATCCAATTCGGC
TAAGCGGCTGTCTAAGCTATTCGTATAGGGACAATCCGATATGTCGATGGAGTGAAAGAGCCTGATGCACTCC
GCATACAGCTCGATAATCTTTTCAGGGCTTTGTTCATCTTCATACTCTTCCGAGCAAAGGACGCCATCGGCCT
CACTCATGAGCAGATTGCTCCAGCCATCATGCCGTTCAAAGTGCAGGACCTTTGGAACAGGCAGCTTTCCTTC
CAGCCATAGCATCATGTCCTTTTCCCGTTCCACATCATAGGTGGTCCCTTTATACCGGCTGTCCGTCATTTTT
AAATATAGGTTTTCATTTTCTCCCACCAGCTTATATACCTTAGCAGGAGACATTCCTTCCGTATCTTTTACGC
AGCGGTATTTTTCGATCAGTTTTTTCAATTCCGGTGATATTCTCATTTTAGCCATTTATTATTTCCTTCCTCT
TTTCTACAGTATTTAAAGATACCCCAAGAAGCTAATTATAACAAGACGAACTCCAATTCACTGTTCCTTGCAT
TCTAAAACCTTAAATACCAGAAAACAGCTTTTTCAAAGTTGTTTTCAAAGTTGGCGTATAACATAGTATCGAC
GGAGCCGATTTTGAAACCGCGGTGATCACAGGCAGCAACGCTCTGTCATCGTTACAATCAACATGCTACCCTC
CGCGAGATCATCCGTGTTTCAAACCCGGCAGCTTAGTTGCCGTTCTTCCGAATAGCATCGGTAACATGAGCAA
AGTCTGCCGCCTTACAACGGCTCTCCCGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGAT
TTTGTGCCGAGCTGCCGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACCTGCAGG
AGTTATACACCCTACATTCTACTCGAGTCATTATGATGATGTCTCACGACCAAATCAAATCAAAGTTAAATAA
ATATCGAACCGAACGCCCACTCTGTATGAGTATGGCAAAAGATTTTGAGAGAATCAAGTTGCATAAAAGCCTA
ATTTTCATGGAACATACAAATTGAGTCTCATAATAGCCCAAACTCACAGCCATGAACCCAAATTGGGTAAAGT
TTTGCAAGACGTTCATCAAACAGTTAGGAAACATAAAATGGCGCTAGATATATAATAAATTTTTTTAACATAT
GGTGTGATTGATAGTTATATACTAAAGATGTTTGCTTAGTTACGTAATTTTTTCAAAAAAAAAAGGTACATTA
TCAATCATCAGTCACAAAATATTAAAAGTTACTGTTTGTTTTTTAAATTCCATGTCGAATTTAATTGAATGAC
ACTTAAATTGGGACGAACGGTGTAATTTCTTTTGACTATTCTACTAGTATCTATCCACAGCACGTGTTGTTCC
TTTCTTCTTTCGTTTTTCATTTACTTGACATTATTAGGAGACTTGGCCCTGAACTCCAACTATTCTAAGCTGA
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CCTTTCTTTTCCTTTACCAATTATCTTCTTCTTTCTAATTTCGTTTTACGCGTAGTACTGCCTGAATTTTCTG
ACTTTCAACGTTTGTTATTCATGCTTGAAAACGAAATACCAGCTAACAAAAGATGAATTATTGTGTTTACAAG
ACTTGGGCCGTTGACTCTTACTTTCCCTTCCTCATCCTCACATTTAGAAAAAAGAAATTTAACGAAAAATTAA
AGGAGATGGCTGAAATTCTTCTCACAGCAGTCATCAATAAATCAATAGAAATAGCTGGAAATGTACTCTTTCA
AGAAGGTACGCGTTTATATTGGTTGAAAGAGGACATCGATTGGCTCCAGAGAGAAATGAGACACATTCGATCA
TATGTAGACAATGCAAAGGCAAAGGAAGTTGGAGGCGATTCAAGGGTGAAAAACTTATTAAAAGATATTCAAC
AACTGGCAGGTGATGTGGAGGATCTATTAGATGAGTTTCTTCCAAAAATTCAACAATCCAATAAGTTCATTTG
TTGCCTTAAGACGGTTTCTTTTGCCGATGAGTTTGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCTGAT
ATTGACCGTGTAAGGACAACTTACAGCATCACAGATACAAGTAACAATAATGATGATTGCATTCCATTGGACC
GGAGAAGATTGTTCCTTCATGCTGATGAAACAGAGGTCATCGGTCTGGAAGATGACTTCAATACACTACAAGC
CAAATTACTTGATCATGATTTGCCTTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACAACT
CTTGCCAAGAAACTTTATAGGCATGTCTGTCATCAATTTGAGTGTTCGGGACTGGTCTATGTTTCACAACAGC
CAAGGGCGGGAGAAATCTTACATGACATAGCCAAACAAGTTGGACTGACGGAAGAGGAAAGGAAAGAAAACTT
GGAGAACAACCTACGATCACTCTTGAAAATAAAAAGGTATGTTATTCTCTTAGATGACATTTGGGATGTTGAA
ATTTGGGATGATCTAAAACTTGTCCTTCCTGAATGTGATTCAAAAATTGGCAGTAGGATAATTATAACCTCTC
GAAATAGTAATGTAGGCAGATACATAGGAGGGGATTTCTCAATCCACGTGTTGCAACCCCTAGATTCAGAGAA
AAGCTTTGAACTCTTTACCAAGAAAATCTTTAATTTTGTTAATGATAATTGGGCCAATGCTTCACCAGACTTG
GTAAATATTGGTAGATGTATAGTTGAGAGATGTGGAGGTATACCGCTAGCAATTGTGGTGACTGCAGGCATGT
TAAGGGCAAGAGGAAGAACAGAACATGCATGGAACAGAGTACTTGAGAGTATGGCTCATAAAATTCAAGATGG
ATGTGGTAAGGTATTGGCTCTGAGTTACAATGATTTGCCCATTGCATTAAGGCCATGTTTCTTGTACTTTGGT
CTTTACCCCGAGGACCATGAAATTCGTGCTTTTGATTTGACAAATATGTGGATTGCTGAGAAGCTGATAGTTG
TAAATACTGGCAATGGGCGAGAGGCTGAAAGTTTGGCGGATGATGTCCTAAATGATTTGGTTTCAAGAAACTT
GATTCAAGTTGCCAAAAGGACATATGATGGAAGAATTTCAAGTTGTCGCATACATGACTTGTTACATAGTTTG
TGTGTGGACTTGGCTAAGGAAAGTAACTTCTTTCACACGGAGCACAATGCATTTGGTGATCCTAGCAATGTTG
CTAGGGTGCGAAGGATTACATTCTACTCTGATGATAATGCCATGAATGAGTTCTTCCATTTAAATCCTAAGCC
TATGAAGCTTCGTTCACTTTTCTGTTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACTTC
AAATTATTGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTTACTTTCCCCAAAAAAATTG
GGAACATGAGTTGCCTACGTTATGTGCGATTGGAGGGGGCAATTAGAGTAAAATTGCCAAATAGTATTGTCAA
GCTCAAATGTCTAGAGACCCTGGATATATTTCATAGCTCTAGTAAACTTCCTTTTGGTGTTTGGGAGTCTAAA
ATATTGAGACATCTTTGTTACACAGAAGAATGTTACTGTGTCTCTTTTGCAAGTCCATTTTGCCGAATCATGC
CTCCTAATAATCTACAAACTTTGATGTGGGTGGATGATAAATTTTGTGAACCAAGATTGTTGCACCGATTGAT
AAATTTAAGAACATTGTGTATAATGGATGTATCCGGTTCTACCATTAAGATATTATCAGCATTGAGCCCTGTG
CCTAGAGCGTTGGAGGTTCTGAAGCTCAGATTTTTCAAGAACACGAGTGAGCAAATAAACTTGTCGTCCCATC
CAAATATTGTCGAGTTGGGTTTGGTTGGTTTCTCAGCAATGCTCTTGAACATTGAAGCATTCCCTCCAAATCT
TGTCAAGCTTAATCTTGTCGGCTTGATGGTAGACGGTCATCTATTGGCAGTGCTTAAGAAATTGCCCAAATTA
AGGATACTTATATTGCTTTGGTGCAGACATGATGCAGAAAAAATGGATCTCTCTGGTGATAGCTTTCCGCAAC
TTGAAGTTTTGTATATTGAGGATGCACAAGGGTTGTCTGAAGTAACGTGCATGGATGATATGAGTATGCCTAA
ATTGAAAAAGCTATTTCTTGTACAAGGCCCAAACATTTCCCCAATTAGTCTCAGGGTCTCGGAACGGCTTGCA
AAGTTGAGAATATCACAGGTACTATAAATAATTATTTACGTTTAATATCCATGATTTTTTTAAATTTGTATTT
AGTTCATCAACTAAATATTCCATGTCTAATAAATTGCAGGGATGCCTTTGAAAATGATTCTGTGTTGGAGAGA
ATCTTCTGATGCCTGTTGGTATTATAATACTAATAATAAGAGAAAAAGTTTGATTACTGTTTCAAGTTAATTG
CTTGTGATTTGTAAAAACAAATTACTTTTATATTTCTCTTTGTTTTATTTTATGTTTATTTATCTTTAATTAA
TGGAGTAATAAAATAAAAATCTTATTTTCAATAGAAAAAAGTAGACCTTATTTGTGGTGCATGTATGGTATCT
TTTTGAAATTTTTGATATATTTGCTCTTTGATTCGAATTTCTTGCTTATATGATGATTTGCAAAATATTAGTC
AAAATTTTTATAATTTGACTCAAATCATGAAAAGTATAATAATTAATAGTGGACGGAGGAAGTATTGTCTTTC
CAGATTTGTGGCCATTTTTGGTCCAAGGGCCATTAGCAGTTCTCTTCATTTTCTACTTCTGTCTCATATTAGA
TGGGCATCTTACTAAAAATATTTGTCTCATATTACTTGATTATTTATTAAATCAAAAAGAATTAATTAATTTT
TTCTCATTTTACCCCTACAATTAATATAGTTTTAAAAGTTTTAAACAAATTTTGAAGAATCAAAATTTCTTTT
GCAAGAGACTTATTAATATAAACAAAGGATAAAATAATAAAAGCTGTCAATTTATTGACCATCACTTAATAAT
ATATAAAATACAAACTGCTGATCTAATATGAGACGGACAAAATATATTCTAAAATATTTTCGGACAGATATGT
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GATATTCTAACCATTCACTACACTATATTATGCATTTTATCCGCCAATGACTTATTTCAGCTTTAATTAATTA
GGAAAGAGGAAACTGCCAATGAGGAAGAGTAGGGGCGTAGTTGCTGTCGACGAAAAAAAGATAATACTCACTC
TTTTCGATTTTTATTTTTATTTATCACTTTTAACCTATCATGTAAAAAGATAATTATTTTTTTCATGCTTTAT
CCTTAGTATTAAACAATTTAATAGGGATTATTTTGTAAAATATTTATATGAATAATTGTTTTCGTAATGAATT
TGTCCGGTCAAACAATGATAAATAAAAATGAATGAAGAGAGTAGAAAACAAAACAAAAGAACAAGTTGACAAC
TTGAGAGATTAAAAGGGTCCAAAACGCCTTGGATTTTGAGATTCCATATGTGAAATTTCCATGAAATAATTGA
ATTTGTATTATTACAAGTCAAACTTTCCATTTCATTCCAACTAGCCATCTTGGTTTCAAAATTACACATTCAT
TCATTCACAGATCTAATATTCTTAATAGTGATTTCCACATATGGCTGAAGCTTTCATTCAAGTTCTGCTAGAC
AATCTCACTTCTTTCCTCAAAGGGGAACTTGTATTGCTTTTCGGTTTTCAAGATGAGTTCCAAAGGCTTTCAA
GCATGTTTTCTACAATTCAAGCCGTCCTTGAAGATGCTCAGGAGAAGCAACTCAACAACAAGCCTCTAGAAAA
TTGGTTGCAAAAACTCAATGCTGCTACATATGAAGTCGATGACATCTTGGATGAATATAAAACCAAGGCCACA
AGATTCTCCCAGTCTGAATATGGCCGTTATCATCCAAAGGTTATCCCTTTCCGTCACAAGGTCGGGAAAAGGA
TGGACCAAGTGATGAAAAAACTAAAGGCAATTGCTGAGGAAAGAAAGAATTTTCATTTGCACGAAAAAATTGT
AGAGAGACAAGCTGTTAGACGGGAAACAGGTACTCATCTTAAATTAGTATTACAACAACTAAGTTTATATTCA
TTTTTTTGGCAATTATCAAATTCAGAAAAGGGTTAAATATACTCATGTCCTATCGTAAATAGTGTATATATAC
CTCTCGTTGTACTTTCGATCTGAATATACTTGTCAAATCTGGCAAGCTCAGAATCAAATTATCCACCCCAACT
TTTAAATACTCGATATCTTTAGAAATCCACCTGTCTAACTCATCCACTACCCATTCCCTTTGCTTTGAATTCT
TTTCTTTACCTATAAACTTGGAACACTCGATCCGTTTTGCTTTTCTTAACAAAGCAGCTCAGAGAAAAGAGGT
TTTCTTCTATTCTGTTTCTCTGTGTGCTGCACTTGGGTCCTTAATCCCATTAAAAACAGGGCATGTTAATCCC
AACGACGGTAGCCTTTCCTGACAGCTGACTGTAAATTTTGTCTAACAAAGAAAAAAAAAGATTAGACATGTTT
TTCCTTGTCATTGATTAGGCTGGATTTCTTTCAGAGTGGAACATAGGGGATATATTGGACCAAAAGTAGAATG
GGTATATATTTAAAGTATTTCTGATAGAACAGGAGTATATTGTGCGAAAATATCCTCTATTTTCTGTTGTCTC
CTAATGAGTTTGAATGTAATAATATTCTCATGTGGACATTGCTTGCACCAGGTTCTGTATTAACCGAACCGCA
GGTTTATGGAAGAGACAAAGAGAAAGATGAGATAGTGAAAATCCTAATAAACAATGTTAGTGATGCCCAACAC
CTTTCAGTCCTCCCAATACTTGGTATGGGGGGATTAGGAAAAACGACTCTTGCCCAAATGGTCTTCAATGACC
AGAGAGTTACTGAGCATTTCCATTCCAAAATATGGATTTGTGTCTCGGAAGATTTTGATGAGAAGAGGTTAAT
AAAGGCAATTGTAGAATCTATTGAAGGAAGGCCACTACTTGGTGAGATGGACTTGGCTCCACTTCAAAAGAAG
CTTCAGGAGTTGCTGAATGGAAAAAGATACTTGCTTGTCTTAGATGATGTTTGGAATGAAGATCAACAGAAGT
GGGCTAATTTAAGAGCAGTCTTGAAGGTTGGAGCAAGTGGTGCTTCTGTTCTAACCACTACTCGTCTTGAAAA
GGTTGGATCAATTATGGGAACATTGCAACCATATGAACTGTCAAATCTGTCTCAAGAAGATTGTTGGTTGTTG
TTCATGCAACGTGCATTTGGACACCAAGAAGAAATAAATCCAAACCTTGTGGCAATCGGAAAGGAGATTGTGA
AAAAAAGTGGTGGTGTGCCTCTAGCAGCCAAAACTCTTGGAGGTATTTTGTGCTTCAAGAGAGAAGAAAGAGC
ATGGGAACATGTGAGAGACAGTCCGATTTGGAATTTGCCTCAAGATGAAAGTTCTATTCTGCCTGCCCTGAGG
CTTAGTTACCATCAACTTCCACTTGATTTGAAACAATGCTTTGCGTATTGTGCGGTGTTCCCAAAGGATGCCA
AAATGGAAAAAGAAAAGCTAATCTCTCTCTGGATGGCGCATGGTTTTCTTTTATCAAAAGGAAACATGGAGCT
AGAGGATGTGGGCGATGAAGTATGGAAAGAATTATACTTGAGGTCTTTTTTCCAAGAGATTGAAGTTAAAGAT
GGTAAAACTTATTTCAAGATGCATGATCTCATCCATGATTTGGCAACATCTCTGTTTTCAGCAAACACATCAA
GCAGCAATATCCGTGAAATAAATAAACACAGTTACACACATATGATGTCCATTGGTTTCGCCGAAGTGGTGTT
TTTTTACACTCTTCCCCCCTTGGAAAAGTTTATCTCGTTAAGAGTGCTTAATCTAGGTGATTCGACATTTAAT
AAGTTACCATCTTCCATTGGAGATCTAGTACATTTAAGATACTTGAACCTGTATGGCAGTGGCATGCGTAGTC
TTCCAAAGCAGTTATGCAAGCTTCAAAATCTGCAAACTCTTGATCTACAATATTGCACCAAGCTTTGTTGTTT
GCCAAAAGAAACAAGTAAACTTGGTAGTCTCCGAAATCTTTTACTTGATGGTAGCCAGTCATTGACTTGTATG
CCACCAAGGATAGGATCATTGACATGCCTTAAGACTCTAGGTCAATTTGTTGTTGGAAGGAAGAAAGGTTATC
AACTTGGTGAACTAGGAAACCTAAATCTCTATGGCTCAATTAAAATCTCGCATCTTGAGAGAGTGAAGAATGA
TAAGGACGCAAAAGAAGCCAATTTATCTGCAAAAGGGAATCTGCATTCTTTAAGCATGAGTTGGAATAACTTT
GGACCACATATATATGAATCAGAAGAAGTTAAAGTGCTTGAAGCCCTCAAACCACACTCCAATCTGACTTCTT
TAAAAATCTATGGCTTCAGAGGAATCCATCTCCCAGAGTGGATGAATCACTCAGTATTGAAAAATATTGTCTC
TATTCTAATTAGCAACTTCAGAAACTGCTCATGCTTACCACCCTTTGGTGATCTGCCTTGTCTAGAAAGTCTA
GAGTTACACTGGGGGTCTGCGGATGTGGAGTATGTTGAAGAAGTGGATATTGATGTTCATTCTGGATTCCCCA
CAAGAATAAGGTTTCCATCCTTGAGGAAACTTGATATATGGGACTTTGGTAGTCTGAAAGGATTGCTGAAAAA
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GGAAGGAGAAGAGCAATTCCCTGTGCTTGAAGAGATGATAATTCACGAGTGCCCTTTTCTGACCCTTTCTTCT
AATCTTAGGGCTCTTACTTCCCTCAGAATTTGCTATAATAAAGTAGCTACTTCATTCCCAGAAGAGATGTTCA
AAAACCTTGCAAATCTCAAATACTTGACAATCTCTCGGTGCAATAATCTCAAAGAGCTGCCTACCAGCTTGGC
TAGTCTGAATGCTTTGAAAAGTCTAAAAATTCAATTGTGTTGCGCACTAGAGAGTCTCCCTGAGGAAGGGCTG
GAAGGTTTATCTTCACTCACAGAGTTATTTGTTGAACACTGTAACATGCTAAAATGTTTACCAGAGGGATTGC
AGCACCTAACAACCCTCACAAGTTTAAAAATTCGGGGATGTCCACAACTGATCAAGCGGTGTGAGAAGGGAAT
AGGAGAAGACTGGCACAAAATTTCTCACATTCCTAATGTGAATATATATATTTAAGTTATTTGCTATTGTTTC
TTTGTTTGTGAGTCTTTTTGGTTCCTGCCATTGTGATTGCATGTAATTTTTTTCTAGGGTTGTTTGTTTGTTG
AGTCTCTCTCTCATTGGATGTAATTCTCTTTTGGTAACAAATTAACAATCTATTTGTATTATACGCTTTCAGA
ATCTATTACTTATTTGTAATTGTTTCTTTGTTTGTAAATTGTGAGTATCTTATTGTATGGAATTTTCTGATTT
TATTTTGAAAACAAATCAATAAGATCCATCTGTATTATACTCCCTTCGTCTCATTTTATGTGACACTTTTTGG
ATTTCGAGATTCTTTGATCTTAAATTTTTCATAGATCTTTTAAACATTTTGAATTATCAATTATTGAGATTTT
AGTATTTTTTATGTAGTAAATTAAAAATAAAAACACATCCAATTAACATTGGAGGTCTTGAAAATCGATGGTA
ATTAACAAAGACCCTTGTGAAATTTAAGTCTGTAATTGAAAATTTGAGTATAGGTTAGGGGACATTTGACTAT
TTTCTCATTTTCTTTATCTTTTTCCTAATTTGTGGCAGACAAGTGAGGAGGCCCCACTGTAATTGATTCATGC
TTTTGCTTTCTTGACTTTTTGGAACAATACTATGCATCATATTTGGTCTTAATTATTCCTCTGTTTATTTCCA
GAATTTTGAGCTCTATACATCTAATAACAAAGCAAGCAGAGGATATATAGTTTCATCAACTAAAAAGGTTAGT
CAACTCATCTAATATTTGCTACTCTCATCTCTATTGAAGTACAGTTATGGAAAAGTAGAAGTGATGTAAGAAA
AATGAAAGAACTTTAGTAGGTTAGTTGGATCTAACAAAGAGAAAGGGAAATAAATTGCAGGAGAAAGAGAGAG
GTTAAATACTTACTCACACCACCGATTTACAACAAATCACTTAATTGTGGTTAGTTAATGTATACTTTCACCT
CATTAAATTATTACTTACCCATGATAAGTTGTATTAATTTGGTATTAATATCCGGTGCGGGTGAATTCTTACC
GGGTGAGAGGGATGGGGTTGGAGAGTGTGGAGTGAACAGAAGCAGATGTTTTAGATTTTTTCTAAGATGACGA
AAGATTCCCCTCACTAATGAAAATATATTACTATACGCTATTAGAGATAGAAAGGTTCGGTACCAGTTGGTCT
CGTTTCTGGATGAACCCCATTTTTACAAGTCATTTTCTTCAATTCAAATCGCAAGTGTACCTTTATCATCTTC
CACTAATTAAGTCCTCTTAAGTTCGCGTGAAAATAGTGAAATTATTGATTATTCTTATCATTTCATCTTCTTT
CTCCTGATAAAGTTTTATGTACTTTTTATGCATCAGGTCTTGAGAACTTGGAAAGGAAAAGTAGAATCATGGA
AAAACGAAAAGATAATGAAGAAGCAAACAACTCATTGGTATGTTATTTGATAGAGTGAACTGTAAAGTATTGA
ATTGTAGATATCATGTGGCTTTAAAAATTTGATATGTGTTATTTTGGCAGGAGTCATTTTCTGCTCTTCGCAA
GGATGCTGCCAATGTTCTGGATTTCCTAGAGAGATTAAAGAATGAAGAAGATCAAAAGGCTGTTGATGTGGAT
CTGATTGAAAGCCTGAAATTGAAGCTGACATTTATTTGTACATATGTCCAGCTTTCTTATTCCGATTTGGAGA
AGTTTGAAGATATAATGACTAGAAAAAGACAAGAGGTTGAGAATCTGCTTCAACCAATTTTGGATGATGATGG
CAAAGACGTCGGGTGTAAATATGTCCTTACTAGCCTCGCCGGTAATATGGATGACTGTATAAGCTTGTATCAT
CGTTCTAAATCAGATGCCACCATGATGGATGAGCAATTGGGCTTCCTCCTCTTGAATCTCTCTCATCTATCCA
AGCATCGTGCTGAAAAGATGTTTCCTGGAGTGACTCAATATGAGGTTCTTCAGAATGTATGTGGCAACATAAG
AGATTTCCATGGATTGATAGTGAATTGTTGCATTAAGCATGAGATGGTTGAGAATGTCTTATCTCTGTTTCAA
CTGATGGCTGAGAGAGTAGGACGCTTCCTTTGGGAGGATCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAG
ATGAGGATGATCAGAATGATAAAGACCCTCAACTCTTCAAGCTAGCACATCTACTCTTGAAGATTGTTCCAAC
TGAATTGGAGGTTATGCACATATGTTATAAAACTTTGAAAGCTTCAACTTCAACAGAAATTGGACGCTTCATT
AAGAAGCTCCTGGAAACCTCTCCGGACATTCTCAGAGAATATCTGATTCATCTACAAGAGCATATGATAACTG
TTATTACCCCTAACACTTCAGGGGCTCGAAACATTCATGTCATGATGGAATTCCTATTGATTATTCTTTCTGA
TATGCCGCCCAAGGACTTTATTCATCATGACAAACTTTTTGATCTCTTGGCTCGTGTTGTAGCACTTACCAGG
GAGGTATCAACTCTTGTACGCGACTTGGAAGAGAAATTAAGGATTAAAGAGAGTACTGACGAAACAAATTGTG
CAACCCTAAAGTTTCTGGAAAATATTGAACTCCTTAAGGAAGATCTCAAACATGTTTATCTGAAAGTCCCGGA
TTCATCTCAATATTGCTTCCCCATGAGTGATGGACCTCTCTTCATGCATCTGCTACAGAGACACTTAGATGAT
TTGCTGGATTCCAATGCTTATTCAATTGCTTTGATAAAGGAACAAATTGGGCTGGTGAAAGAAGACTTGGAAT
TCATAAGATCTTTTTTCGCGAATATTGAGCAAGGATTGTATAAAGATCTCTGGGAACGTGTTCTAGATGTGGC
ATATGAGGCAAAAGATGTCATAGATTCAATTATTGTTCGAGATAATGGTCTCTTACATCTTATTTTCTCACTT
CCCATTACCAGAAAGAAGATGATGCTTATCAAAGAAGAGGTCTCTGATTTACATGAGAACATTTCCAAGAACA
GAGGTCTCATCGTTGTGAACTCTCCCAAGAAACCAGTTGAGAGCAAGTCATTGACAACTGATAAAATAATTGT
AGGTTTTGGTGAGGAGACAAACTTGATACTTAGAAAGCTCACCAGTGGACCGGCAGATCTAGATGTCATTTCG
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ATCATTGGTATGCCGGGTTTAGGTAAAACTACTTTGGCGTACAAAGTATACAATGATAAATCAGTTTCTAGCC
ATTTCGACCTTCGTGCATGGTGCACGGTCGACCAAGTATATGACGAGAAGAAGTTGTTGGATAAAATTTTCAA
TCAAGTTAGTGACTCAAATTCAAAATTGAGTGAGAATATTGATGTTGCTGATAAACTACGGAAACAATTGTTT
GGAAAGAGGTATCTTATTGTCTTAGATGACGTGTGGGATACTAATACATGGGATGAGCTAACAAGACCTTTTC
CTGATGGTATGAAAGGAAGTAGAATTATTTTGACAACTCGAGAAAAGAAAGTTGCTTTGCATGGAAAGCTCTA
CACTGATCCTCTTAACCTTCGATTGCTAAGATCAGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGCATTTGGA
AACGAGAGTTGCCCTGATGAACTATTGGATGTTGGTAAAGAAATAGCCGAAAATTGTAAAGGGCTTCCTTTGG
TGGTGGATCTGATTGCTGGAATCATTGCTGGGAGGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTAAATAA
TTTGCATTCCTTTATTTTGAAGAATGAAGTGGAAGTGATGAAAGTTATAGAAATAAGTTATGACCACTTACCT
GATCACCTGAAGCCATGCTTGCTGTACTTTGCAAGTGCGCCGAAGGACTGGGTAACGACAATCCATGAGTTGA
AACTTATTTGGGGTTTTGAAGGATTTGTGGAAAAGACAGATATGAAGAGTCTGGAAGAAGTGGTGAAAATTTA
TTTGGATGATTTAATTTCCAGTAGCTTGGTAATTTGTTTCAATGAGATAGGTGATTACCCTACTTGCCAACTT
CATGATCTTGTGCATGACTTTTGTTTGATAAAAGCAAGAAAGGAAAAGTTGTGTGATCGGATAAGTTCAAGTG
CTCCATCAGATTTGTTGCCACGTCAAATTAGCATTGATTATGATGATGATGAAGAGCACTTTGGGCTTAATTT
TGTCCTGTTCGGTTCAAATAAGAAAAGGCATTCCGGTAAACACCTCTATTCTTTGACCATAAATGGAGATGAG
CTGGACGACCATCTTTCTGATACATTTCATCTAAGACACTTGAGGCTTCTTAGAACCTTGCACCTGGAATCCT
CTTTTATCATGGTTAAAGATTCTTTGCTGAATGAAATATGCATGTTGAATCATTTGAGGTACTTAAGCATTGG
GACAGAAGTTAAATCTCTGCCTTTGTCTTTCTCAAACCTCTGGAATCTAGAAATCTTGTTTGTGGATAACAAA
GAATCAACCTTGATACTATTACCGAGAATTTGGGATCTTGTAAAGTTGCAAGTGCTGTTCACGACTGCTTGTT
CTTTCTTTGATATGGATGCAGATGAATCAATACTGATAGCAGAGGACACAAAGTTAGAGAACTTGACAGCATT
AGGGGAACTCGTGCTTTCCTATTGGAAAGATACAGAGGATATTTTCAAAAGGCTTCCCAATCTTCAAGTGCTT
CATTTCAAACTCAAGGAGTCATGGGATTATTCAACAGAGCAATATTGGTTCCCGAAATTGGATTTCCTAACTG
AACTAGAAAAACTCACTGTAGATTTTGAAAGATCAAACACAAATGACAGTGGGTCCTCTGCAGCCATAAATCG
GCCATGGGATTTTCACTTTCCTTCGAGTTTGAAAAGATTGCAATTGCATGAATTTCCTCTGACATCCGATTCA
CTATCAACAATAGCGAGACTGCTGAACCTTGAAGAGTTGTACCTTTATCGTACAATCATCCATGGGGAAGAAT
GGAACATGGGAGAAGAAGACACCTTTGAGAATCTCAAATGTTTGATGTTGAGTCAAGTGATTCTTTCCAAGTG
GGAGGTTGGAGAGGAATCTTTTCCCACGCTTGAGAAATTAGAACTGTCGGACTGTCATAATCTTGAGGAGATT
CCGTCTAGTTTTGGGGATATTTATTCCTTGAAAATTATCGAACTTGTAAGGAGCCCTCAACTTGAAAATTCCG
CTCTCAAGATTAAGGAATATGCTGAAGATATGAGGGGAGGGGACGAGCTTCAGATCCTTGGCCAGAAGGATAT
CCCGTTATTTAAGTAGTTTTTGAGCATTATGGTTGAAAAGTAGATTGCACTTTGCTGGGTAGATTGTATATGG
TTAAGAAAATTCTGTTACAGTTGTTATGAAACATTTTTATTTGACTTTTCTGAGTTTCTTTTAGAAAACTCAG
AAGTTTTTAACAAAAATTATAGTTTTTATAAATACAATGTGGATTTGCCTTTGGCTGTCCAACTTGGTCTGAA
GTCTCATATGCTCAGAGCACTATCGTTCAACCTCAATCAAGGTACTGATTTAAAATGACATCTATACTACTTT
ATCACAAACCCAACGAACTTTCATCTCAAAAGCTAGGCCAGGAAGTGAAGAGGTTGTAGAGAGCTTATAAGCA
CTCATGACTTCCTTTTCTCGAACATTCAACCAACGTAGGCTGAAATCCCACTCTGAACGAAAATAAGTGTTTG
TTTATCAAATTAACTCTCGTAGTAGAACACTGAAATACCTTCTTCTAAACGTTCAACAAATGGGATTTCCAGC
ACTCAAAGTGAATGAAAGGTTCACATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACATTGA
CAGCACCATTTCAACAGAAGAACAAGTCAATGCTGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAGAGC
GTTTATTAGAATAACGGATATTTAAAAGGGCGTGAAAAGGTTTATCCGTTCGTCCATTTGTATGTG

Plasmid RAkdpot anvendt til YA mfp 1, YA mfp 2, YA mfp 3, YA mfp 4 og
YA mfp 5

CATGCCAACCACAGGGTTCCCCTCGGGATCAAAGTACTTTGATCCAACCCCTCCGCTGCTATAGTGCAGTCGG
CTTCTGACGTTCAGTGCAGCCGTCTTCTGAAAACGACATGTCGCACAAGTCCTAAGTTACGCGACAGGCTGCC
GCCCTGCCCTTTTCCTGGCGTTTTCTTGTCGCGTGTTTTAGTCGCATAAAGTAGAATACTTGCGACTAGAACC
GGAGACATTACGCCATGAACAAGAGCGCCGCCGCTGGCCTGCTGGGCTATGCCCGCGTCAGCACCGACGACCA
GGACTTGACCAACCAACGGGCCGAACTGCACGCGGCCGGCTGCACCAAGCTGTTTTCCGAGAAGATCACCGGL
ACCAGGCGCGACCGCCCGGAGCTGGCCAGGATGCTTGACCACCTACGCCCTGGCGACGTTGTGACAGTGACCA
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GGCTAGACCGCCTGGCCCGCAGCACCCGCGACCTACTGGACATTGCCGAGCGCATCCAGGAGGCCGGCGLCGEGEE
CCTGCGTAGCCTGGCAGAGCCGTGGGCCGACACCACCACGCCGGCCGGCCGCATGGTGTTGACCGTGTTCGCC
GGCATTGCCGAGTTCGAGCGTTCCCTAATCATCGACCGCACCCGGAGCGGGCGCGAGGCCGCCAAGGCCCGAG
GCGTGAAGTTTGGCCCCCGCCCTACCCTCACCCCGGCACAGATCGCGCACGCCCGCGAGCTGATCGACCAGGA
AGGCCGCACCGTGAAAGAGGCGGCTGCACTGCTTGGCGTGCATCGCTCGACCCTGTACCGCGCACTTGAGCGC
AGCGAGGAAGTGACGCCCACCGAGGCCAGGCGGCGCGGTGCCTTCCGTGAGGACGCATTGACCGAGGCCGALCG
CCCTGGCGGCCGCCGAGAATGAACGCCAAGAGGAACAAGCATGAAACCGCACCAGGACGGCCAGGACGAACCG
TTTTTCATTACCGAAGAGATCGAGGCGGAGATGATCGCGGCCGGGTACGTGTTCGAGCCGCCCGCGCACGTCT
CAACCGTGCGGCTGCATGAAATCCTGGCCGGTTTGTCTGATGCCAAGCTGGCGGCCTGGCCGGCCAGCTTGGC
CGCTGAAGAAACCGAGCGCCGCCGTCTAAAAAGGTGATGTGTATTTGAGTAAAACAGCTTGCGTCATGCGGTC
GCTGCGTATATGATGCGATGAGTAAATAAACAAATACGCAAGGGGAACGCATGAAGGTTATCGCTGTACTTAA
CCAGAAAGGCGGGTCAGGCAAGACGACCATCGCAACCCATCTAGCCCGCGCCCTGCAACTCGCCGGGGCCGAT
GTTCTGTTAGTCGATTCCGATCCCCAGGGCAGTGCCCGCGATTGGGCGGCCGTGCGGGAAGATCAACCGCTAA
CCGTTGTCGGCATCGACCGCCCGACGATTGACCGCGACGTGAAGGCCATCGGCCGGCGCGACTTCGTAGTGAT
CGACGGAGCGCCCCAGGCGGCGGACTTGGCTGTGTCCGCGATCAAGGCAGCCGACTTCGTGCTGATTCCGGTG
CAGCCAAGCCCTTACGACATATGGGCCACCGCCGACCTGGTGGAGCTGGTTAAGCAGCGCATTGAGGTCACGG
ATGGAAGGCTACAAGCGGCCTTTGTCGTGTCGCGGGCGATCAAAGGCACGCGCATCGGCGGTGAGGTTGCCGA
GGCGCTGGCCGGGTACGAGCTGCCCATTCTTGAGTCCCGTATCACGCAGCGCGTGAGCTACCCAGGCACTGCC
GCCGCCGGCACAACCGTTCTTGAATCAGAACCCGAGGGCGACGCTGCCCGCGAGGTCCAGGCGCTGGCCGLTG
AAATTAAATCAAAACTCATTTGAGTTAATGAGGTAAAGAGAAAATGAGCAAAAGCACAAACACGCTAAGTGCC
GGCCGTCCGAGCGCACGCAGCAGCAAGGCTGCAACGTTGGCCAGCCTGGCAGACACGCCAGCCATGAAGCGGG
TCAACTTTCAGTTGCCGGCGGAGGATCACACCAAGCTGAAGATGTACGCGGTACGCCAAGGCAAGACCATTAC
CGAGCTGCTATCTGAATACATCGCGCAGCTACCAGAGTAAATGAGCAAATGAATAAATGAGTAGATGAATTTT
AGCGGCTAAAGGAGGCGGCATGGAAAATCAAGAACAACCAGGCACCGACGCCGTGGAATGCCCCATGTGTGGA
GGAACGGGCGGTTGGCCAGGCGTAAGCGGCTGGGTTGTCTGCCGGCCCTGCAATGGCACTGGAACCCCCAAGC
CCGAGGAATCGGCGTGAGCGGTCGCAAACCATCCGGCCCGGTACAAATCGGCGCGGCGCTGGGTGATGACCTG
GTGGAGAAGTTGAAGGCCGCGCAGGCCGCCCAGCGGCAACGCATCGAGGCAGAAGCACGCCCCGGTGAATCGT
GGCAAGCGGCCGCTGATCGAATCCGCAAAGAATCCCGGCAACCGCCGGCAGCCGGTGCGCCGTCGATTAGGAA
GCCGCCCAAGGGCGACGAGCAACCAGATTTTTTCGTTCCGATGCTCTATGACGTGGGCACCCGCGATAGTCGC
AGCATCATGGACGTGGCCGTTTTCCGTCTGTCGAAGCGTGACCGACGAGCTGGCGAGGTGATCCGCTACGAGC
TTCCAGACGGGCACGTAGAGGTTTCCGCAGGGCCGGCCGGCATGGCCAGTGTGTGGGATTACGACCTGGTACT
GATGGCGGTTTCCCATCTAACCGAATCCATGAACCGATACCGGGAAGGGAAGGGAGACAAGCCCGGCCGLCGTG
TTCCGTCCACACGTTGCGGACGTACTCAAGTTCTGCCGGCGAGCCGATGGCGGAAAGCAGAAAGACGACCTGG
TAGAAACCTGCATTCGGTTAAACACCACGCACGTTGCCATGCAGCGTACGAAGAAGGCCAAGAACGGLCCGLCT
GGTGACGGTATCCGAGGGTGAAGCCTTGATTAGCCGCTACAAGATCGTAAAGAGCGAAACCGGGCGGCCGGAG
TACATCGAGATCGAGCTAGCTGATTGGATGTACCGCGAGATCACAGAAGGCAAGAACCCGGACGTGCTGACGG
TTCACCCCGATTACTTTTTGATCGATCCCGGCATCGGCCGTTTTCTCTACCGCCTGGCACGCCGCGCCGCAGG
CAAGGCAGAAGCCAGATGGTTGTTCAAGACGATCTACGAACGCAGTGGCAGCGCCGGAGAGTTCAAGAAGTTC
TGTTTCACCGTGCGCAAGCTGATCGGGTCAAATGACCTGCCGGAGTACGATTTGAAGGAGGAGGCGGGGCAGG
CTGGCCCGATCCTAGTCATGCGCTACCGCAACCTGATCGAGGGCGAAGCATCCGCCGGTTCCTAATGTACGGA
GCAGATGCTAGGGCAAATTGCCCTAGCAGGGGAAAAAGGTCGAAAAGGTCTCTTTCCTGTGGATAGCACGTAC
ATTGGGAACCCAAAGCCGTACATTGGGAACCGGAACCCGTACATTGGGAACCCAAAGCCGTACATTGGGAACC
GGTCACACATGTAAGTGACTGATATAAAAGAGAAAAAAGGCGATTTTTCCGCCTAAAACTCTTTAAAACTTAT
TAAAACTCTTAAAACCCGCCTGGCCTGTGCATAACTGTCTGGCCAGCGCACAGCCGAAGAGCTGCAAAAAGCG
CCTACCCTTCGGTCGCTGCGCTCCCTACGCCCCGCCGCTTCGCGTCGGCCTATCGCGGCCGCTGGCCGCTCAA
AAATGGCTGGCCTACGGCCAGGCAATCTACCAGGGCGCGGACAAGCCGCGCCGTCGCCACTCGACCGLCGGLG
CCCACATCAAGGCACCCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGA
GACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGC
GGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATC
AGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC
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ATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG
CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG
CCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAG
CATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCC
CTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGG
TGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGCATTCTAGGTACTAAAACAAT
TCATCCAGTAAAATATAATATTTTATTTTCTCCCAATCAGGCTTGATCCCCAGTAAGTCAAAAAATAGCTCGA
CATACTGTTCTTCCCCGATATCCTCCCTGATCGACCGGACGCAGAAGGCAATGTCATACCACTTGTCCGCCCT
GCCGCTTCTCCCAAGATCAATAAAGCCACTTACTTTGCCATCTTTCACAAAGATGTTGCTGTCTCCCAGGTCG
CCGTGGGAAAAGACAAGTTCCTCTTCGGGCTTTTCCGTCTTTAAAAAATCATACAGCTCGCGCGGATCTTTAA
ATGGAGTGTCTTCTTCCCAGTTTTCGCAATCCACATCGGCCAGATCGTTATTCAGTAAGTAATCCAATTCGGC
TAAGCGGCTGTCTAAGCTATTCGTATAGGGACAATCCGATATGTCGATGGAGTGAAAGAGCCTGATGCACTCC
GCATACAGCTCGATAATCTTTTCAGGGCTTTGTTCATCTTCATACTCTTCCGAGCAAAGGACGCCATCGGCCT
CACTCATGAGCAGATTGCTCCAGCCATCATGCCGTTCAAAGTGCAGGACCTTTGGAACAGGCAGCTTTCCTTC
CAGCCATAGCATCATGTCCTTTTCCCGTTCCACATCATAGGTGGTCCCTTTATACCGGCTGTCCGTCATTTTT
AAATATAGGTTTTCATTTTCTCCCACCAGCTTATATACCTTAGCAGGAGACATTCCTTCCGTATCTTTTACGC
AGCGGTATTTTTCGATCAGTTTTTTCAATTCCGGTGATATTCTCATTTTAGCCATTTATTATTTCCTTCCTCT
TTTCTACAGTATTTAAAGATACCCCAAGAAGCTAATTATAACAAGACGAACTCCAATTCACTGTTCCTTGCAT
TCTAAAACCTTAAATACCAGAAAACAGCTTTTTCAAAGTTGTTTTCAAAGTTGGCGTATAACATAGTATCGAC
GGAGCCGATTTTGAAACCGCGGTGATCACAGGCAGCAACGCTCTGTCATCGTTACAATCAACATGCTACCCTC
CGCGAGATCATCCGTGTTTCAAACCCGGCAGCTTAGTTGCCGTTCTTCCGAATAGCATCGGTAACATGAGCAA
AGTCTGCCGCCTTACAACGGCTCTCCCGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGAT
TTTGTGCCGAGCTGCCGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACCTGCAGA
AAAATGATACATGTTTAGAGGTCTAGAGCTTAGAAGAAATTGTGGATACCATTGGAGAAAATAATATTGATGA
TGAAGTTGAAGACGATAAAATATATTTGGAACTAGTTACGCATAAGGAAGCACTTATCGCGTCTAGAACTCTT
AACAAAATCTTCTAGAGGTTATTGAATCGAATTTCTTTGATAAACTTTTTTCCAATTTCTCATTGAGCTGTGG
CATATATTGTTGTTCTGATTGCTGATCTATGTGATTTTATTTTAAACCCATTGATAGCTTAATGATAAGCCGA
GCTGGTGCTCTTTTTGAAATTATTTGATTTACTATTAATGATTTCTTAGAGTATTTTGCAGGAGATTTTGAGT
AAAATAGAGAAAATATGAATAATAATCACAATCAGATTACATCTAACAAACTACTTTGAAATTATCCTTAGAC
ATAACAAACCATTTTTGTCATTTTGCTAGTGTCTATCTGTAAAGACAGATAGGATTTTACTTTTATGCTTTAG
TATAAAAAAGGTGTGAAAATATTTTTACCCAGAGAGAAAATTCAGAGGACAAATTTCTGAAGTTCTTCCTTCC
AATCTGTCAGTTTTTTAACCTCTCTGCAATTTTTATTCTTCTAGATATAATGGTTAGTGGTCAGTCAAATGCT
TTGAGAGGAAGAGGTTCGGGATATTTGAAACGTTATGGAGGAAATGCACATAAGCTTACTAGGCAAGAGAATT
GCGGAAAAGGAACTATTCGATCAGTTCATAGCAGGTTTAGGCCAATTGGTGACGGTGGTGTTGCATTGTCAAA
CCATGTTGGTGGAACATGGTTTGACAATCGAGTGGTCGATAAGGAAACATGTAGTGATCGTATTCATAGGACT
ACAAGCTCGAATAACAATTCAATTTTCCTATCCAACTTGTCTGCGAGACCTAGAGTTGTTGATGGTCTGTCAA
GGGATTCGAGGAAAAGAGGCTCGGGATATTTGAAACGTTTGGAGAAAAGAGATGAAGGAGGAGCATATAAGTT
TTCTAGGCAACAGAAAATACTTAGAAGAATAGTGTCAGAGCCTATTCCTCTTATGGCTCAGATTATGCAACAA
CTTGATGACGAAACAGTTGACACAACAAAAGAATACTTGAGGAACCTAATAACAATGCCGGAAGGGATATATG
AGTTTGTTAGCCTTCAGAACAGGCTTGATGAGAGATCTGATCTTACCAATCAGACTCTCTTGAACTGCCATAA
GATCCAACTAGAATTTTTGGTTTCAATAAGAACAGGTCTTGGAAGCTTCTTATTGGAAAACACCCACCTTCTA
ACATCAGAATTGGTTGAAATTTTCTTACTTGAAAGGTGTCGAAACATTAATTGCAGGAGGATTTTGCCTATTG
AGGATCGCGGTTGCAAGATTTGTTCAACGAAGAAGGGATTCTGCAGCGAATGCATGTGTCTTGTGTGTCTGAA
ATTCGACTGTGCCAATAATACTTGCAGTTGGGTAGGGTGTGATGCATGCTTGCATTGGTGTCATGCTGTTTGT
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GGTATTCGTCGAAATCTTATAAAGCCAGGTCCAAGTCTCAAAGGACCCTCTGGGACAACCGAGATGCAATTTT
ACTGTCTGGGATGTGGTCATGCCTCGGAAATGTTTGGCTTCATTAAGGATGTGTTCATATCTTGTGCGAATGA
ATGGGGTGAGGAGACCCTGATAAAAGAGCTTGATTATGTTCGGAAAATCTTCCAAGGGAGTGAAGATTTTAAA
GGCAAGGAGTTACATGTTAAGGCAGATGTCTTGCATACAAAGCTAGCTACAAAGATGATTTCCCCTTCAGACG
CCTGCAATTTTATATTTCAGTTTTTCAGCGGTAAGTATACAAACCAATTCATTTTATCTTATTTGCATAAGAA
CAAGTCTTTATTTTACAATGTTCTGGTTTTCCTTATGTTATACTCATTCCTATTTTTTATTTTTGGTGCACAA
ACCATGAAAGGGAATATTAAGTTAGAAATAGTTGCTACCTAAATCGTTATATTAATTCCGTTTGAAATGGTTG
TGTTGGTATATATACAATTAACCATGCGTTTAGATGCAGGAGTTATACACCCTACATTCTACTCGAGTCATTA
TGATGATGTCTCACGACCAAATCAAATCAAAGTTAAATAAATATCGAACCGAACGCCCACTCTGTATGAGTAT
GGCAAAAGATTTTGAGAGAATCAAGTTGCATAAAAGCCTAATTTTCATGGAACATACAAATTGAGTCTCATAA
TAGCCCAAACTCACAGCCATGAACCCAAATTGGGTAAAGTTTTGCAAGACGTTCATCAAACAGTTAGGAAACA
TAAAATGGCGCTAGATATATAATAAATTTTTTTAACATATGGTGTGATTGATAGTTATATACTAAAGATGTTT
GCTTAGTTACGTAATTTTTTCAAAAAAAAAAGGTACATTATCAATCATCAGTCACAAAATATTAAAAGTTACT
GTTTGTTTTTTAAATTCCATGTCGAATTTAATTGAATGACACTTAAATTGGGACGAACGGTGTAATTTCTTTT
GACTATTCTACTAGTATCTATCCACAGCACGTGTTGTTCCTTTCTTCTTTCGTTTTTCATTTACTTGACATTA
TTAGGAGACTTGGCCCTGAACTCCAACTATTCTAAGCTGACCTTTCTTTTCCTTTACCAATTATCTTCTTCTT
TCTAATTTCGTTTTACGCGTAGTACTGCCTGAATTTTCTGACTTTCAACGTTTGTTATTCATGCTTGAAAACG
AAATACCAGCTAACAAAAGATGAATTATTGTGTTTACAAGACTTGGGCCGTTGACTCTTACTTTCCCTTCCTC
ATCCTCACATTTAGAAAAAAGAAATTTAACGAAAAATTAAAGGAGATGGCTGAAATTCTTCTCACAGCAGTCA
TCAATAAATCAATAGAAATAGCTGGAAATGTACTCTTTCAAGAAGGTACGCGTTTATATTGGTTGAAAGAGGA
CATCGATTGGCTCCAGAGAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGTTGGA
GGCGATTCAAGGGTGAAAAACTTATTAAAAGATATTCAACAACTGGCAGGTGATGTGGAGGATCTATTAGATG
AGTTTCTTCCAAAAATTCAACAATCCAATAAGTTCATTTGTTGCCTTAAGACGGTTTCTTTTGCCGATGAGTT
TGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCTGATATTGACCGTGTAAGGACAACTTACAGCATCACA
GATACAAGTAACAATAATGATGATTGCATTCCATTGGACCGGAGAAGATTGTTCCTTCATGCTGATGAAACAG
AGGTCATCGGTCTGGAAGATGACTTCAATACACTACAAGCCAAATTACTTGATCATGATTTGCCTTATGGAGT
TGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACAACTCTTGCCAAGAAACTTTATAGGCATGTCTGTCAT
CAATTTGAGTGTTCGGGACTGGTCTATGTTTCACAACAGCCAAGGGCGGGAGAAATCTTACATGACATAGCCA
AACAAGTTGGACTGACGGAAGAGGAAAGGAAAGAAAACTTGGAGAACAACCTACGATCACTCTTGAAAATAAA
AAGGTATGTTATTCTCTTAGATGACATTTGGGATGTTGAAATTTGGGATGATCTAAAACTTGTCCTTCCTGAA
TGTGATTCAAAAATTGGCAGTAGGATAATTATAACCTCTCGAAATAGTAATGTAGGCAGATACATAGGAGGGG
ATTTCTCAATCCACGTGTTGCAACCCCTAGATTCAGAGAAAAGCTTTGAACTCTTTACCAAGAAAATCTTTAA
TTTTGTTAATGATAATTGGGCCAATGCTTCACCAGACTTGGTAAATATTGGTAGATGTATAGTTGAGAGATGT
GGAGGTATACCGCTAGCAATTGTGGTGACTGCAGGCATGTTAAGGGCAAGAGGAAGAACAGAACATGCATGGA
ACAGAGTACTTGAGAGTATGGCTCATAAAATTCAAGATGGATGTGGTAAGGTATTGGCTCTGAGTTACAATGA
TTTGCCCATTGCATTAAGGCCATGTTTCTTGTACTTTGGTCTTTACCCCGAGGACCATGAAATTCGTGCTTTT
GATTTGACAAATATGTGGATTGCTGAGAAGCTGATAGTTGTAAATACTGGCAATGGGCGAGAGGCTGAAAGTT
TGGCGGATGATGTCCTAAATGATTTGGTTTCAAGAAACTTGATTCAAGTTGCCAAAAGGACATATGATGGAAG
AATTTCAAGTTGTCGCATACATGACTTGTTACATAGTTTGTGTGTGGACTTGGCTAAGGAAAGTAACTTCTTT
CACACGGAGCACAATGCATTTGGTGATCCTAGCAATGTTGCTAGGGTGCGAAGGATTACATTCTACTCTGATG
ATAATGCCATGAATGAGTTCTTCCATTTAAATCCTAAGCCTATGAAGCTTCGTTCACTTTTCTGTTTCACAAA
AGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACTTCAAATTATTGCAAGTGTTGGTTGTAGTCATGTCT
CAAAAGGGTTATCAGCATGTTACTTTCCCCAAAAAAATTGGGAACATGAGTTGCCTACGTTATGTGCGATTGG
AGGGGGCAATTAGAGTAAAATTGCCAAATAGTATTGTCAAGCTCAAATGTCTAGAGACCCTGGATATATTTCA
TAGCTCTAGTAAACTTCCTTTTGGTGTTTGGGAGTCTAAAATATTGAGACATCTTTGTTACACAGAAGAATGT
TACTGTGTCTCTTTTGCAAGTCCATTTTGCCGAATCATGCCTCCTAATAATCTACAAACTTTGATGTGGGTGG
ATGATAAATTTTGTGAACCAAGATTGTTGCACCGATTGATAAATTTAAGAACATTGTGTATAATGGATGTATC
CGGTTCTACCATTAAGATATTATCAGCATTGAGCCCTGTGCCTAGAGCGTTGGAGGTTCTGAAGCTCAGATTT
TTCAAGAACACGAGTGAGCAAATAAACTTGTCGTCCCATCCAAATATTGTCGAGTTGGGTTTGGTTGGTTTCT
CAGCAATGCTCTTGAACATTGAAGCATTCCCTCCAAATCTTGTCAAGCTTAATCTTGTCGGCTTGATGGTAGA
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CGGTCATCTATTGGCAGTGCTTAAGAAATTGCCCAAATTAAGGATACTTATATTGCTTTGGTGCAGACATGAT
GCAGAAAAAATGGATCTCTCTGGTGATAGCTTTCCGCAACTTGAAGTTTTGTATATTGAGGATGCACAAGGGT
TGTCTGAAGTAACGTGCATGGATGATATGAGTATGCCTAAATTGAAAAAGCTATTTCTTGTACAAGGCCCAAA
CATTTCCCCAATTAGTCTCAGGGTCTCGGAACGGCTTGCAAAGTTGAGAATATCACAGGTACTATAAATAATT
ATTTACGTTTAATATCCATGATTTTTTTAAATTTGTATTTAGTTCATCAACTAAATATTCCATGTCTAATAAA
TTGCAGGGATGCCTTTGAAAATGATTCTGTGTTGGAGAGAATCTTCTGATGCCTGTTGGTATTATAATACTAA
TAATAAGAGAAAAAGTTTGATTACTGTTTCAAGTTAATTGCTTGTGATTTGTAAAAACAAATTACTTTTATAT
TTCTCTTTGTTTTATTTTATGTTTATTTATCTTTAATTAATGGAGTAATAAAATAAAAATCTTATTTTCAATA
GAAAAAAGTAGACCTTATTTGTGGTGCATGTATGGTATCTTTTTGAAATTTTTGATATATTTGCTCTTTGATT
CGAATTTCTTGCTTATATGATGATTTGCAAAATATTAGTCAAAATTTTTATAATTTGACTCAAATCATGAAAA
GTATAATAATTAATAGTGGACGGAGGAAGTATTGTCTTTCCAGATTTGTGGCCATTTTTGGTCCAAGGGCCAT
TAGCAGTTCTCTTCATTTTCTACTTCTGTCTCATATTAGATGGGCATCTTACTAAAAATATTTGTCTCATATT
ACTTGATTATTTATTAAATCAAAAAGAATTAATTAATTTTTTCTCATTTTACCCCTACAATTAATATAGTTTT
AAAAGTTTTAAACAAATTTTGAAGAATCAAAATTTCTTTTGCAAGAGACTTATTAATATAAACAAAGGATAAA
ATAATAAAAGCTGTCAATTTATTGACCATCACTTAATAATATATAAAATACAAACTGCTGATCTAATATGAGA
CGGACAAAATATATTCTAAAATATTTTCGGACAGATATGTGATATTCTAACCATTCACTACACTATATTATGC
ATTTTATCCGCCAATGACTTATTTCAGCTTTAATTAATTAGGAAAGAGGAAACTGCCAATGAGGAAGAGTAGG
GGCGTAGTTGCTGTCGACGAAAAAAAGATAATACTCACTCTTTTCGATTTTTATTTTTATTTATCACTTTTAA
CCTATCATGTAAAAAGATAATTATTTTTTTCATGCTTTATCCTTAGTATTAAACAATTTAATAGGGATTATTT
TGTAAAATATTTATATGAATAATTGTTTTCGTAATGAATTTGTCCGGTCAAACAATGATAAATAAAAATGAAT
GAAGAGAGTAGAAAACAAAACAAAAGAACAAGTTGACAACTTGAGAGATTAAAAGGGTCCAAAACGCCTTGGA
TTTTGAGATTCCATATGTGAAATTTCCATGAAATAATTGAATTTGTATTATTACAAGTCAAACTTTCCATTTC
ATTCCAACTAGCCATCTTGGTTTCAAAATTACACATTCATTCATTCACAGATCTAATATTCTTAATAGTGATT
TCCACATATGGCTGAAGCTTTCATTCAAGTTCTGCTAGACAATCTCACTTCTTTCCTCAAAGGGGAACTTGTA
TTGCTTTTCGGTTTTCAAGATGAGTTCCAAAGGCTTTCAAGCATGTTTTCTACAATTCAAGCCGTCCTTGAAG
ATGCTCAGGAGAAGCAACTCAACAACAAGCCTCTAGAAAATTGGTTGCAAAAACTCAATGCTGCTACATATGA
AGTCGATGACATCTTGGATGAATATAAAACCAAGGCCACAAGATTCTCCCAGTCTGAATATGGCCGTTATCAT
CCAAAGGTTATCCCTTTCCGTCACAAGGTCGGGAAAAGGATGGACCAAGTGATGAAAAAACTAAAGGCAATTG
CTGAGGAAAGAAAGAATTTTCATTTGCACGAAAAAATTGTAGAGAGACAAGCTGTTAGACGGGAAACAGGTAC
TCATCTTAAATTAGTATTACAACAACTAAGTTTATATTCATTTTTTTGGCAATTATCAAATTCAGAAAAGGGT
TAAATATACTCATGTCCTATCGTAAATAGTGTATATATACCTCTCGTTGTACTTTCGATCTGAATATACTTGT
CAAATCTGGCAAGCTCAGAATCAAATTATCCACCCCAACTTTTAAATACTCGATATCTTTAGAAATCCACCTG
TCTAACTCATCCACTACCCATTCCCTTTGCTTTGAATTCTTTTCTTTACCTATAAACTTGGAACACTCGATCC
GTTTTGCTTTTCTTAACAAAGCAGCTCAGAGAAAAGAGGTTTTCTTCTATTCTGTTTCTCTGTGTGCTGCACT
TGGGTCCTTAATCCCATTAAAAACAGGGCATGTTAATCCCAACGACGGTAGCCTTTCCTGACAGCTGACTGTA
AATTTTGTCTAACAAAGAAAAAAAAAGATTAGACATGTTTTTCCTTGTCATTGATTAGGCTGGATTTCTTTCA
GAGTGGAACATAGGGGATATATTGGACCAAAAGTAGAATGGGTATATATTTAAAGTATTTCTGATAGAACAGG
AGTATATTGTGCGAAAATATCCTCTATTTTCTGTTGTCTCCTAATGAGTTTGAATGTAATAATATTCTCATGT
GGACATTGCTTGCACCAGGTTCTGTATTAACCGAACCGCAGGTTTATGGAAGAGACAAAGAGAAAGATGAGAT
AGTGAAAATCCTAATAAACAATGTTAGTGATGCCCAACACCTTTCAGTCCTCCCAATACTTGGTATGGGGGGA
TTAGGAAAAACGACTCTTGCCCAAATGGTCTTCAATGACCAGAGAGTTACTGAGCATTTCCATTCCAAAATAT
GGATTTGTGTCTCGGAAGATTTTGATGAGAAGAGGTTAATAAAGGCAATTGTAGAATCTATTGAAGGAAGGCC
ACTACTTGGTGAGATGGACTTGGCTCCACTTCAAAAGAAGCTTCAGGAGTTGCTGAATGGAAAAAGATACTTG
CTTGTCTTAGATGATGTTTGGAATGAAGATCAACAGAAGTGGGCTAATTTAAGAGCAGTCTTGAAGGTTGGAG
CAAGTGGTGCTTCTGTTCTAACCACTACTCGTCTTGAAAAGGTTGGATCAATTATGGGAACATTGCAACCATA
TGAACTGTCAAATCTGTCTCAAGAAGATTGTTGGTTGTTGTTCATGCAACGTGCATTTGGACACCAAGAAGAA
ATAAATCCAAACCTTGTGGCAATCGGAAAGGAGATTGTGAAAAAAAGTGGTGGTGTGCCTCTAGCAGCCAAAA
CTCTTGGAGGTATTTTGTGCTTCAAGAGAGAAGAAAGAGCATGGGAACATGTGAGAGACAGTCCGATTTGGAA
TTTGCCTCAAGATGAAAGTTCTATTCTGCCTGCCCTGAGGCTTAGTTACCATCAACTTCCACTTGATTTGAAA
CAATGCTTTGCGTATTGTGCGGTGTTCCCAAAGGATGCCAAAATGGAAAAAGAAAAGCTAATCTCTCTCTGGA
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TGGCGCATGGTTTTCTTTTATCAAAAGGAAACATGGAGCTAGAGGATGTGGGCGATGAAGTATGGAAAGAATT
ATACTTGAGGTCTTTTTTCCAAGAGATTGAAGTTAAAGATGGTAAAACTTATTTCAAGATGCATGATCTCATC
CATGATTTGGCAACATCTCTGTTTTCAGCAAACACATCAAGCAGCAATATCCGTGAAATAAATAAACACAGTT
ACACACATATGATGTCCATTGGTTTCGCCGAAGTGGTGTTTTTTTACACTCTTCCCCCCTTGGAAAAGTTTAT
CTCGTTAAGAGTGCTTAATCTAGGTGATTCGACATTTAATAAGTTACCATCTTCCATTGGAGATCTAGTACAT
TTAAGATACTTGAACCTGTATGGCAGTGGCATGCGTAGTCTTCCAAAGCAGTTATGCAAGCTTCAAAATCTGC
AAACTCTTGATCTACAATATTGCACCAAGCTTTGTTGTTTGCCAAAAGAAACAAGTAAACTTGGTAGTCTCCG
AAATCTTTTACTTGATGGTAGCCAGTCATTGACTTGTATGCCACCAAGGATAGGATCATTGACATGCCTTAAG
ACTCTAGGTCAATTTGTTGTTGGAAGGAAGAAAGGTTATCAACTTGGTGAACTAGGAAACCTAAATCTCTATG
GCTCAATTAAAATCTCGCATCTTGAGAGAGTGAAGAATGATAAGGACGCAAAAGAAGCCAATTTATCTGCAAA
AGGGAATCTGCATTCTTTAAGCATGAGTTGGAATAACTTTGGACCACATATATATGAATCAGAAGAAGTTAAA
GTGCTTGAAGCCCTCAAACCACACTCCAATCTGACTTCTTTAAAAATCTATGGCTTCAGAGGAATCCATCTCC
CAGAGTGGATGAATCACTCAGTATTGAAAAATATTGTCTCTATTCTAATTAGCAACTTCAGAAACTGCTCATG
CTTACCACCCTTTGGTGATCTGCCTTGTCTAGAAAGTCTAGAGTTACACTGGGGGTCTGCGGATGTGGAGTAT
GTTGAAGAAGTGGATATTGATGTTCATTCTGGATTCCCCACAAGAATAAGGTTTCCATCCTTGAGGAAACTTG
ATATATGGGACTTTGGTAGTCTGAAAGGATTGCTGAAAAAGGAAGGAGAAGAGCAATTCCCTGTGCTTGAAGA
GATGATAATTCACGAGTGCCCTTTTCTGACCCTTTCTTCTAATCTTAGGGCTCTTACTTCCCTCAGAATTTGC
TATAATAAAGTAGCTACTTCATTCCCAGAAGAGATGTTCAAAAACCTTGCAAATCTCAAATACTTGACAATCT
CTCGGTGCAATAATCTCAAAGAGCTGCCTACCAGCTTGGCTAGTCTGAATGCTTTGAAAAGTCTAAAAATTCA
ATTGTGTTGCGCACTAGAGAGTCTCCCTGAGGAAGGGCTGGAAGGTTTATCTTCACTCACAGAGTTATTTGTT
GAACACTGTAACATGCTAAAATGTTTACCAGAGGGATTGCAGCACCTAACAACCCTCACAAGTTTAAAAATTC
GGGGATGTCCACAACTGATCAAGCGGTGTGAGAAGGGAATAGGAGAAGACTGGCACAAAATTTCTCACATTCC
TAATGTGAATATATATATTTAAGTTATTTGCTATTGTTTCTTTGTTTGTGAGTCTTTTTGGTTCCTGCCATTG
TGATTGCATGTAATTTTTTTCTAGGGTTGTTTGTTTGTTGAGTCTCTCTCTCATTGGATGTAATTCTCTTTTG
GTAACAAATTAACAATCTATTTGTATTATACGCTTTCAGAATCTATTACTTATTTGTAATTGTTTCTTTGTTT
GTAAATTGTGAGTATCTTATTGTATGGAATTTTCTGATTTTATTTTGAAAACAAATCAATAAGATCCATCTGT
ATTATACTCCCTTCGTCTCATTTTATGTGACACTTTTTGGATTTCGAGATTCTTTGATCTTAAATTTTTCATA
GATCTTTTAAACATTTTGAATTATCAATTATTGAGATTTTAGTATTTTTTATGTAGTAAATTAAAAATAAAAA
CACATCCAATTAACATTGGAGGTCTTGAAAATCGATGGTAATTAACAAAGACCCTTGTGAAATTTAAGTCTGT
AATTGAAAATTTGAGTATAGGTTAGGGGACATTTGACTATTTTCTCATTTTCTTTATCTTTTTCCTAATTTGT
GGCAGACAAGTGAGGAGGCCCCACTGTAATTGATTCATGCTTTTGCTTTCTTGACTTTTTGGAACAATACTAT
GCATCATATTTGGTCTTAATTATTCCTCTGTTTATTTCCAGAATTTTGAGCTCTATACATCTAATAACAAAGC
AAGCAGAGGATATATAGTTTCATCAACTAAAAAGGTTAGTCAACTCATCTAATATTTGCTACTCTCATCTCTA
TTGAAGTACAGTTATGGAAAAGTAGAAGTGATGTAAGAAAAATGAAAGAACTTTAGTAGGTTAGTTGGATCTA
ACAAAGAGAAAGGGAAATAAATTGCAGGAGAAAGAGAGAGGTTAAATACTTACTCACACCACCGATTTACAAC
AAATCACTTAATTGTGGTTAGTTAATGTATACTTTCACCTCATTAAATTATTACTTACCCATGATAAGTTGTA
TTAATTTGGTATTAATATCCGGTGCGGGTGAATTCTTACCGGGTGAGAGGGATGGGGTTGGAGAGTGTGGAGT
GAACAGAAGCAGATGTTTTAGATTTTTTCTAAGATGACGAAAGATTCCCCTCACTAATGAAAATATATTACTA
TACGCTATTAGAGATAGAAAGGTTCGGTACCAGTTGGTCTCGTTTCTGGATGAACCCCATTTTTACAAGTCAT
TTTCTTCAATTCAAATCGCAAGTGTACCTTTATCATCTTCCACTAATTAAGTCCTCTTAAGTTCGCGTGAAAA
TAGTGAAATTATTGATTATTCTTATCATTTCATCTTCTTTCTCCTGATAAAGTTTTATGTACTTTTTATGCAT
CAGGTCTTGAGAACTTGGAAAGGAAAAGTAGAATCATGGAAAAACGAAAAGATAATGAAGAAGCAAACAACTC
ATTGGTATGTTATTTGATAGAGTGAACTGTAAAGTATTGAATTGTAGATATCATGTGGCTTTAAAAATTTGAT
ATGTGTTATTTTGGCAGGAGTCATTTTCTGCTCTTCGCAAGGATGCTGCCAATGTTCTGGATTTCCTAGAGAG
ATTAAAGAATGAAGAAGATCAAAAGGCTGTTGATGTGGATCTGATTGAAAGCCTGAAATTGAAGCTGACATTT
ATTTGTACATATGTCCAGCTTTCTTATTCCGATTTGGAGAAGTTTGAAGATATAATGACTAGAAAAAGACAAG
AGGTTGAGAATCTGCTTCAACCAATTTTGGATGATGATGGCAAAGACGTCGGGTGTAAATATGTCCTTACTAG
CCTCGCCGGTAATATGGATGACTGTATAAGCTTGTATCATCGTTCTAAATCAGATGCCACCATGATGGATGAG
CAATTGGGCTTCCTCCTCTTGAATCTCTCTCATCTATCCAAGCATCGTGCTGAAAAGATGTTTCCTGGAGTGA
CTCAATATGAGGTTCTTCAGAATGTATGTGGCAACATAAGAGATTTCCATGGATTGATAGTGAATTGTTGCAT
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TAAGCATGAGATGGTTGAGAATGTCTTATCTCTGTTTCAACTGATGGCTGAGAGAGTAGGACGCTTCCTTTGG
GAGGATCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAGATGAGGATGATCAGAATGATAAAGACCCTCAAC
TCTTCAAGCTAGCACATCTACTCTTGAAGATTGTTCCAACTGAATTGGAGGTTATGCACATATGTTATAAAAC
TTTGAAAGCTTCAACTTCAACAGAAATTGGACGCTTCATTAAGAAGCTCCTGGAAACCTCTCCGGACATTCTC
AGAGAATATCTGATTCATCTACAAGAGCATATGATAACTGTTATTACCCCTAACACTTCAGGGGCTCGAAACA
TTCATGTCATGATGGAATTCCTATTGATTATTCTTTCTGATATGCCGCCCAAGGACTTTATTCATCATGACAA
ACTTTTTGATCTCTTGGCTCGTGTTGTAGCACTTACCAGGGAGGTATCAACTCTTGTACGCGACTTGGAAGAG
AAATTAAGGATTAAAGAGAGTACTGACGAAACAAATTGTGCAACCCTAAAGTTTCTGGAAAATATTGAACTCC
TTAAGGAAGATCTCAAACATGTTTATCTGAAAGTCCCGGATTCATCTCAATATTGCTTCCCCATGAGTGATGG
ACCTCTCTTCATGCATCTGCTACAGAGACACTTAGATGATTTGCTGGATTCCAATGCTTATTCAATTGCTTTG
ATAAAGGAACAAATTGGGCTGGTGAAAGAAGACTTGGAATTCATAAGATCTTTTTTCGCGAATATTGAGCAAG
GATTGTATAAAGATCTCTGGGAACGTGTTCTAGATGTGGCATATGAGGCAAAAGATGTCATAGATTCAATTAT
TGTTCGAGATAATGGTCTCTTACATCTTATTTTCTCACTTCCCATTACCAGAAAGAAGATGATGCTTATCAAA
GAAGAGGTCTCTGATTTACATGAGAACATTTCCAAGAACAGAGGTCTCATCGTTGTGAACTCTCCCAAGAAAC
CAGTTGAGAGCAAGTCATTGACAACTGATAAAATAATTGTAGGTTTTGGTGAGGAGACAAACTTGATACTTAG
AAAGCTCACCAGTGGACCGGCAGATCTAGATGTCATTTCGATCATTGGTATGCCGGGTTTAGGTAAAACTACT
TTGGCGTACAAAGTATACAATGATAAATCAGTTTCTAGCCATTTCGACCTTCGTGCATGGTGCACGGTCGACC
AAGTATATGACGAGAAGAAGTTGTTGGATAAAATTTTCAATCAAGTTAGTGACTCAAATTCAAAATTGAGTGA
GAATATTGATGTTGCTGATAAACTACGGAAACAATTGTTTGGAAAGAGGTATCTTATTGTCTTAGATGACGTG
TGGGATACTAATACATGGGATGAGCTAACAAGACCTTTTCCTGATGGTATGAAAGGAAGTAGAATTATTTTGA
CAACTCGAGAAAAGAAAGTTGCTTTGCATGGAAAGCTCTACACTGATCCTCTTAACCTTCGATTGCTAAGATC
AGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGCATTTGGAAACGAGAGTTGCCCTGATGAACTATTGGATGTT
GGTAAAGAAATAGCCGAAAATTGTAAAGGGCTTCCTTTGGTGGTGGATCTGATTGCTGGAATCATTGCTGGGA
GGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTAAATAATTTGCATTCCTTTATTTTGAAGAATGAAGTGGA
AGTGATGAAAGTTATAGAAATAAGTTATGACCACTTACCTGATCACCTGAAGCCATGCTTGCTGTACTTTGCA
AGTGCGCCGAAGGACTGGGTAACGACAATCCATGAGTTGAAACTTATTTGGGGTTTTGAAGGATTTGTGGAAA
AGACAGATATGAAGAGTCTGGAAGAAGTGGTGAAAATTTATTTGGATGATTTAATTTCCAGTAGCTTGGTAAT
TTGTTTCAATGAGATAGGTGATTACCCTACTTGCCAACTTCATGATCTTGTGCATGACTTTTGTTTGATAAAA
GCAAGAAAGGAAAAGTTGTGTGATCGGATAAGTTCAAGTGCTCCATCAGATTTGTTGCCACGTCAAATTAGCA
TTGATTATGATGATGATGAAGAGCACTTTGGGCTTAATTTTGTCCTGTTCGGTTCAAATAAGAAAAGGCATTC
CGGTAAACACCTCTATTCTTTGACCATAAATGGAGATGAGCTGGACGACCATCTTTCTGATACATTTCATCTA
AGACACTTGAGGCTTCTTAGAACCTTGCACCTGGAATCCTCTTTTATCATGGTTAAAGATTCTTTGCTGAATG
AAATATGCATGTTGAATCATTTGAGGTACTTAAGCATTGGGACAGAAGTTAAATCTCTGCCTTTGTCTTTCTC
AAACCTCTGGAATCTAGAAATCTTGTTTGTGGATAACAAAGAATCAACCTTGATACTATTACCGAGAATTTGG
GATCTTGTAAAGTTGCAAGTGCTGTTCACGACTGCTTGTTCTTTCTTTGATATGGATGCAGATGAATCAATAC
TGATAGCAGAGGACACAAAGTTAGAGAACTTGACAGCATTAGGGGAACTCGTGCTTTCCTATTGGAAAGATAC
AGAGGATATTTTCAAAAGGCTTCCCAATCTTCAAGTGCTTCATTTCAAACTCAAGGAGTCATGGGATTATTCA
ACAGAGCAATATTGGTTCCCGAAATTGGATTTCCTAACTGAACTAGAAAAACTCACTGTAGATTTTGAAAGAT
CAAACACAAATGACAGTGGGTCCTCTGCAGCCATAAATCGGCCATGGGATTTTCACTTTCCTTCGAGTTTGAA
AAGATTGCAATTGCATGAATTTCCTCTGACATCCGATTCACTATCAACAATAGCGAGACTGCTGAACCTTGAA
GAGTTGTACCTTTATCGTACAATCATCCATGGGGAAGAATGGAACATGGGAGAAGAAGACACCTTTGAGAATC
TCAAATGTTTGATGTTGAGTCAAGTGATTCTTTCCAAGTGGGAGGTTGGAGAGGAATCTTTTCCCACGCTTGA
GAAATTAGAACTGTCGGACTGTCATAATCTTGAGGAGATTCCGTCTAGTTTTGGGGATATTTATTCCTTGAAA
ATTATCGAACTTGTAAGGAGCCCTCAACTTGAAAATTCCGCTCTCAAGATTAAGGAATATGCTGAAGATATGA
GGGGAGGGGACGAGCTTCAGATCCTTGGCCAGAAGGATATCCCGTTATTTAAGTAGTTTTTGAGCATTATGGT
TGAAAAGTAGATTGCACTTTGCTGGGTAGATTGTATATGGTTAAGAAAATTCTGTTACAGTTGTTATGAAACA
TTTTTATTTGACTTTTCTGAGTTTCTTTTAGAAAACTCAGAAGTTTTTAACAAAAATTATAGTTTTTATAAAT
ACAATGTGGATTTGCCTTTGGCTGTCCAACTTGGTCTGAAGTCTCATATGCTCAGAGCACTATCGTTCAACCT
CAATCAAGGTACTGATTTAAAATGACATCTATACTACTTTATCACAAACCCAACGAACTTTCATCTCAAAAGC
TAGGCCAGGAAGTGAAGAGGTTGTAGAGAGCTTATAAGCACTCATGACTTCCTTTTCTCGAACATTCAACCAA
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CGTAGGCTGAAATCCCACTCTGAACGAAAATAAGTGTTTGTTTATCAAATTAACTCTCGTAGTAGAACACTGA
AATACCTTCTTCTAAACGTTCAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAAGGTTCACATTAATCTT
CAAAAAGAATTACGACAATTCATGACCACAAGTACATTGACAGCACCATTTCAACAGAAGAACAAGTCAATGC
TGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAGAGCGTTTATTAGAATAACGGATATTTAAAAGGGCGT
GAAAAGGTTTATCCGTTCGTCCATTTGTATGTG

Plasmid RA CrispR anvendt til YAl1OQ 51

CATGCCAACCACAGGGTTCCCCTCGGGATCAAAGTACTTTGATCCAACCCCTCCGCTGCTATAGTGCAGTCGG
CTTCTGACGTTCAGTGCAGCCGTCTTCTGAAAACGACATGTCGCACAAGTCCTAAGTTACGCGACAGGCTGCC
GCCCTGCCCTTTTCCTGGCGTTTTCTTGTCGCGTGTTTTAGTCGCATAAAGTAGAATACTTGCGACTAGAACC
GGAGACATTACGCCATGAACAAGAGCGCCGCCGCTGGCCTGCTGGGCTATGCCCGCGTCAGCACCGACGACCA
GGACTTGACCAACCAACGGGCCGAACTGCACGCGGCCGGCTGCACCAAGCTGTTTTCCGAGAAGATCACCGGL
ACCAGGCGCGACCGCCCGGAGCTGGCCAGGATGCTTGACCACCTACGCCCTGGCGACGTTGTGACAGTGACCA
GGCTAGACCGCCTGGCCCGCAGCACCCGCGACCTACTGGACATTGCCGAGCGCATCCAGGAGGCCGGCGLCGGG
CCTGCGTAGCCTGGCAGAGCCGTGGGCCGACACCACCACGCCGGCCGGCCGCATGGTGTTGACCGTGTTCGCC
GGCATTGCCGAGTTCGAGCGTTCCCTAATCATCGACCGCACCCGGAGCGGGCGCGAGGCCGCCAAGGCCCGAG
GCGTGAAGTTTGGCCCCCGCCCTACCCTCACCCCGGCACAGATCGCGCACGCCCGCGAGCTGATCGACCAGGA
AGGCCGCACCGTGAAAGAGGCGGCTGCACTGCTTGGCGTGCATCGCTCGACCCTGTACCGCGCACTTGAGCGC
AGCGAGGAAGTGACGCCCACCGAGGCCAGGCGGCGCGGTGCCTTCCGTGAGGACGCATTGACCGAGGCCGACG
CCCTGGCGGCCGCCGAGAATGAACGCCAAGAGGAACAAGCATGAAACCGCACCAGGACGGCCAGGACGAACCG
TTTTTCATTACCGAAGAGATCGAGGCGGAGATGATCGCGGCCGGGTACGTGTTCGAGCCGCCCGCGCACGTCT
CAACCGTGCGGCTGCATGAAATCCTGGCCGGTTTGTCTGATGCCAAGCTGGCGGCCTGGCCGGCCAGCTTGGC
CGCTGAAGAAACCGAGCGCCGCCGTCTAAAAAGGTGATGTGTATTTGAGTAAAACAGCTTGCGTCATGCGGTC
GCTGCGTATATGATGCGATGAGTAAATAAACAAATACGCAAGGGGAACGCATGAAGGTTATCGCTGTACTTAA
CCAGAAAGGCGGGTCAGGCAAGACGACCATCGCAACCCATCTAGCCCGCGCCCTGCAACTCGCCGGGGCCGAT
GTTCTGTTAGTCGATTCCGATCCCCAGGGCAGTGCCCGCGATTGGGCGGCCGTGCGGGAAGATCAACCGCTAA
CCGTTGTCGGCATCGACCGCCCGACGATTGACCGCGACGTGAAGGCCATCGGCCGGCGCGACTTCGTAGTGAT
CGACGGAGCGCCCCAGGCGGCGGACTTGGCTGTGTCCGCGATCAAGGCAGCCGACTTCGTGCTGATTCCGGTG
CAGCCAAGCCCTTACGACATATGGGCCACCGCCGACCTGGTGGAGCTGGTTAAGCAGCGCATTGAGGTCACGG
ATGGAAGGCTACAAGCGGCCTTTGTCGTGTCGCGGGCGATCAAAGGCACGCGCATCGGCGGTGAGGTTGCCGA
GGCGCTGGCCGGGTACGAGCTGCCCATTCTTGAGTCCCGTATCACGCAGCGCGTGAGCTACCCAGGCACTGCC
GCCGCCGGCACAACCGTTCTTGAATCAGAACCCGAGGGCGACGCTGCCCGCGAGGTCCAGGCGCTGGCCGLTG
AAATTAAATCAAAACTCATTTGAGTTAATGAGGTAAAGAGAAAATGAGCAAAAGCACAAACACGCTAAGTGCC
GGCCGTCCGAGCGCACGCAGCAGCAAGGCTGCAACGTTGGCCAGCCTGGCAGACACGCCAGCCATGAAGCGGG
TCAACTTTCAGTTGCCGGCGGAGGATCACACCAAGCTGAAGATGTACGCGGTACGCCAAGGCAAGACCATTAC
CGAGCTGCTATCTGAATACATCGCGCAGCTACCAGAGTAAATGAGCAAATGAATAAATGAGTAGATGAATTTT
AGCGGCTAAAGGAGGCGGCATGGAAAATCAAGAACAACCAGGCACCGACGCCGTGGAATGCCCCATGTGTGGA
GGAACGGGCGGTTGGCCAGGCGTAAGCGGCTGGGTTGTCTGCCGGCCCTGCAATGGCACTGGAACCCCCAAGC
CCGAGGAATCGGCGTGAGCGGTCGCAAACCATCCGGCCCGGTACAAATCGGCGCGGCGCTGGGTGATGACCTG
GTGGAGAAGTTGAAGGCCGCGCAGGCCGCCCAGCGGCAACGCATCGAGGCAGAAGCACGCCCCGGTGAATCGT
GGCAAGCGGCCGCTGATCGAATCCGCAAAGAATCCCGGCAACCGCCGGCAGCCGGTGCGCCGTCGATTAGGAA
GCCGCCCAAGGGCGACGAGCAACCAGATTTTTTCGTTCCGATGCTCTATGACGTGGGCACCCGCGATAGTCGC
AGCATCATGGACGTGGCCGTTTTCCGTCTGTCGAAGCGTGACCGACGAGCTGGCGAGGTGATCCGCTACGAGC
TTCCAGACGGGCACGTAGAGGTTTCCGCAGGGCCGGCCGGCATGGCCAGTGTGTGGGATTACGACCTGGTACT
GATGGCGGTTTCCCATCTAACCGAATCCATGAACCGATACCGGGAAGGGAAGGGAGACAAGCCCGGCCGLCGTG
TTCCGTCCACACGTTGCGGACGTACTCAAGTTCTGCCGGCGAGCCGATGGCGGAAAGCAGAAAGACGACCTGG
TAGAAACCTGCATTCGGTTAAACACCACGCACGTTGCCATGCAGCGTACGAAGAAGGCCAAGAACGGCCGCCT
GGTGACGGTATCCGAGGGTGAAGCCTTGATTAGCCGCTACAAGATCGTAAAGAGCGAAACCGGGCGGCCGGAG

Side 13 af 22



I\
N

TACATCGAGATCGAGCTAGCTGATTGGATGTACCGCGAGATCACAGAAGGCAAGAACCCGGACGTGCTGACGG
TTCACCCCGATTACTTTTTGATCGATCCCGGCATCGGCCGTTTTCTCTACCGCCTGGCACGCCGCGCCGCAGG
CAAGGCAGAAGCCAGATGGTTGTTCAAGACGATCTACGAACGCAGTGGCAGCGCCGGAGAGTTCAAGAAGTTC
TGTTTCACCGTGCGCAAGCTGATCGGGTCAAATGACCTGCCGGAGTACGATTTGAAGGAGGAGGCGGGGCAGG
CTGGCCCGATCCTAGTCATGCGCTACCGCAACCTGATCGAGGGCGAAGCATCCGCCGGTTCCTAATGTACGGA
GCAGATGCTAGGGCAAATTGCCCTAGCAGGGGAAAAAGGTCGAAAAGGTCTCTTTCCTGTGGATAGCACGTAC
ATTGGGAACCCAAAGCCGTACATTGGGAACCGGAACCCGTACATTGGGAACCCAAAGCCGTACATTGGGAACC
GGTCACACATGTAAGTGACTGATATAAAAGAGAAAAAAGGCGATTTTTCCGCCTAAAACTCTTTAAAACTTAT
TAAAACTCTTAAAACCCGCCTGGCCTGTGCATAACTGTCTGGCCAGCGCACAGCCGAAGAGCTGCAAAAAGCG
CCTACCCTTCGGTCGCTGCGCTCCCTACGCCCCGCCGCTTCGCGTCGGCCTATCGCGGCCGCTGGCCGCTCAA
AAATGGCTGGCCTACGGCCAGGCAATCTACCAGGGCGCGGACAAGCCGCGCCGTCGCCACTCGACCGLCCGGLG
CCCACATCAAGGCACCCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGA
GACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGL
GGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTTAACTATGCGGCATC
AGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC
ATCAGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG
CTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGG
CCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAG
CATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCC
CTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTG
GGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACC
CGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGG
TGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTG
GTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGCATTCTAGGTACTAAAACAAT
TCATCCAGTAAAATATAATATTTTATTTTCTCCCAATCAGGCTTGATCCCCAGTAAGTCAAAAAATAGCTCGA
CATACTGTTCTTCCCCGATATCCTCCCTGATCGACCGGACGCAGAAGGCAATGTCATACCACTTGTCCGCCCT
GCCGCTTCTCCCAAGATCAATAAAGCCACTTACTTTGCCATCTTTCACAAAGATGTTGCTGTCTCCCAGGTCG
CCGTGGGAAAAGACAAGTTCCTCTTCGGGCTTTTCCGTCTTTAAAAAATCATACAGCTCGCGCGGATCTTTAA
ATGGAGTGTCTTCTTCCCAGTTTTCGCAATCCACATCGGCCAGATCGTTATTCAGTAAGTAATCCAATTCGGC
TAAGCGGCTGTCTAAGCTATTCGTATAGGGACAATCCGATATGTCGATGGAGTGAAAGAGCCTGATGCACTCC
GCATACAGCTCGATAATCTTTTCAGGGCTTTGTTCATCTTCATACTCTTCCGAGCAAAGGACGCCATCGGCCT
CACTCATGAGCAGATTGCTCCAGCCATCATGCCGTTCAAAGTGCAGGACCTTTGGAACAGGCAGCTTTCCTTC
CAGCCATAGCATCATGTCCTTTTCCCGTTCCACATCATAGGTGGTCCCTTTATACCGGCTGTCCGTCATTTTT
AAATATAGGTTTTCATTTTCTCCCACCAGCTTATATACCTTAGCAGGAGACATTCCTTCCGTATCTTTTACGC
AGCGGTATTTTTCGATCAGTTTTTTCAATTCCGGTGATATTCTCATTTTAGCCATTTATTATTTCCTTCCTCT
TTTCTACAGTATTTAAAGATACCCCAAGAAGCTAATTATAACAAGACGAACTCCAATTCACTGTTCCTTGCAT
TCTAAAACCTTAAATACCAGAAAACAGCTTTTTCAAAGTTGTTTTCAAAGTTGGCGTATAACATAGTATCGAC
GGAGCCGATTTTGAAACCGCGGTGATCACAGGCAGCAACGCTCTGTCATCGTTACAATCAACATGCTACCCTC
CGCGAGATCATCCGTGTTTCAAACCCGGCAGCTTAGTTGCCGTTCTTCCGAATAGCATCGGTAACATGAGCAA
AGTCTGCCGCCTTACAACGGCTCTCCCGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGAT
TTTGTGCCGAGCTGCCGGTCGGGGAGCTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACCTGCAGG
CCTTGTAGAGTCTGGTAATGGTCAAATTGACGCTTAGACAACTTAATAACACATTGCGGACGTTTTTAATGTA
CTGAATTAACGCCGAATTAATTCGGGGGATCTGGATTTTAGTACTGGATTTTGGTTTTAGGAATTAGAAATTT
TATTGATAGAAGTATTTTACAAATACAAATACATACTAAGGGTTTCTTATATGCTCAACACATGAGCGAAACC
CTATAGGAACCCTAATTCCCTTATCTGGGAACTACTCACACATTATTATGGAGAAACTCGAGCTTGTCGATCG
ACTCTAGCTAGAGGATCGATCCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCG
ATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTT
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CAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAA
TCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGTGTCACGACGAGATCCTCG
CCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGAT
CATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAA
TGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGA
GCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGA
CAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGGAG
TTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACG
GCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAG
AACCTGCGTGCAATCCATCTTGTTCAATCCCCATGGTCGATCGACAGATCTGCGAAAGCTCGAGAGAGATAGA
TTTGTAGAGAGAGACTGGTGATTTCAGCGTGTCCTCTCCAAATGAAATGAACTTCCTTATATAGAGGAAGGTC
TTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGAGATATCACATCAATCCACTTGCTTTGAA
GACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTTTGGGACCACTGTCGG
CAGAGGCATCTTGAACGATAGCCTTTCCTTTATCGCAATGATGGCATTTGTAGGTGCCACCTTCCTTTTCTAC
TGTCCTTTTGATGAAGTGACAGATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGATATTACCCTTTGTTGA
AAAGTCTCAATAGCCCTTTGGTCTTCTGAGACTGTATCTTTGATATTCTTGGAGTAGACGAGAGTGTCGTGCT
CCACCATGTTATCACATCAATCCACTTGCTTTGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCT
CGTGGGTGGGGGTCCATCTTTGGGACCACTGTCGGCAGAGGCATCTTGAACGATAGCCTTTCCTTTATCGCAA
TGATGGCATTTGTAGGTGCCACCTTCCTTTTCTACTGTCCTTTTGATGAAGTGACAGATAGCTGGGCAATGGA
ATCCGAGGAGGTTTCCCGATATTACCCTTTGTTGAAAAGTCTCAATAGCCCTTTGGTCTTCTGAGACTGTATC
TTTGATATTCTTGGAGTAGACGAGAGTGTCGTGCTCCACCATGTTGGCAAGCTGCTCTAGCCAATACGCAAAC
CGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAG
TGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCT
CGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCG
AGCTCGGTACCCGGGGATGACCATTACCAGACTCTACAAGGCCTGCAGGAGTTATACACCCTACATTCTACTC
GAGTCATTATGATGATGTCTCACGACCAAATCAAATCAAAGTTAAATAAATATCGAACCGAACGCCCACTCTG
TATGAGTATGGCAAAAGATTTTGAGAGAATCAAGTTGCATAAAAGCCTAATTTTCATGGAACATACAAATTGA
GTCTCATAATAGCCCAAACTCACAGCCATGAACCCAAATTGGGTAAAGTTTTGCAAGACGTTCATCAAACAGT
TAGGAAACATAAAATGGCGCTAGATATATAATAAATTTTTTTAACATATGGTGTGATTGATAGTTATATACTA
AAGATGTTTGCTTAGTTACGTAATTTTTTCAAAAAAAAAAGGTACATTATCAATCATCAGTCACAAAATATTA
AAAGTTACTGTTTGTTTTTTAAATTCCATGTCGAATTTAATTGAATGACACTTAAATTGGGACGAACGGTGTA
ATTTCTTTTGACTATTCTACTAGTATCTATCCACAGCACGTGTTGTTCCTTTCTTCTTTCGTTTTTCATTTAC
TTGACATTATTAGGAGACTTGGCCCTGAACTCCAACTATTCTAAGCTGACCTTTCTTTTCCTTTACCAATTAT
CTTCTTCTTTCTAATTTCGTTTTACGCGTAGTACTGCCTGAATTTTCTGACTTTCAACGTTTGTTATTCATGC
TTGAAAACGAAATACCAGCTAACAAAAGATGAATTATTGTGTTTACAAGACTTGGGCCGTTGACTCTTACTTT
CCCTTCCTCATCCTCACATTTAGAAAAAAGAAATTTAACGAAAAATTAAAGGAGATGGCTGAAATTCTTCTCA
CAGCAGTCATCAATAAATCAATAGAAATAGCTGGAAATGTACTCTTTCAAGAAGGTACGCGTTTATATTGGTT
GAAAGAGGACATCGATTGGCTCCAGAGAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCARAAG
GAAGTTGGAGGCGATTCAAGGGTGAAAAACTTATTAAAAGATATTCAACAACTGGCAGGTGATGTGGAGGATC
TATTAGATGAGTTTCTTCCAAAAATTCAACAATCCAATAAGTTCATTTGTTGCCTTAAGACGGTTTCTTTTGC
CGATGAGTTTGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCTGATATTGACCGTGTAAGGACAACTTAC
AGCATCACAGATACAAGTAACAATAATGATGATTGCATTCCATTGGACCGGAGAAGATTGTTCCTTCATGCTG
ATGAAACAGAGGTCATCGGTCTGGAAGATGACTTCAATACACTACAAGCCAAATTACTTGATCATGATTTGCC
TTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACAACTCTTGCCAAGAAACTTTATAGGCAT
GTCTGTCATCAATTTGAGTGTTCGGGACTGGTCTATGTTTCACAACAGCCAAGGGCGGGAGAAATCTTACATG
ACATAGCCAAACAAGTTGGACTGACGGAAGAGGAAAGGAAAGAAAACTTGGAGAACAACCTACGATCACTCTT
GAAAATAAAAAGGTATGTTATTCTCTTAGATGACATTTGGGATGTTGAAATTTGGGATGATCTAAAACTTGTC
CTTCCTGAATGTGATTCAAAAATTGGCAGTAGGATAATTATAACCTCTCGAAATAGTAATGTAGGCAGATACA
TAGGAGGGGATTTCTCAATCCACGTGTTGCAACCCCTAGATTCAGAGAAAAGCTTTGAACTCTTTACCAAGAA
AATCTTTAATTTTGTTAATGATAATTGGGCCAATGCTTCACCAGACTTGGTAAATATTGGTAGATGTATAGTT
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GAGAGATGTGGAGGTATACCGCTAGCAATTGTGGTGACTGCAGGCATGTTAAGGGCAAGAGGAAGAACAGAAC
ATGCATGGAACAGAGTACTTGAGAGTATGGCTCATAAAATTCAAGATGGATGTGGTAAGGTATTGGCTCTGAG
TTACAATGATTTGCCCATTGCATTAAGGCCATGTTTCTTGTACTTTGGTCTTTACCCCGAGGACCATGAAATT
CGTGCTTTTGATTTGACAAATATGTGGATTGCTGAGAAGCTGATAGTTGTAAATACTGGCAATGGGCGAGAGG
CTGAAAGTTTGGCGGATGATGTCCTAAATGATTTGGTTTCAAGAAACTTGATTCAAGTTGCCAAAAGGACATA
TGATGGAAGAATTTCAAGTTGTCGCATACATGACTTGTTACATAGTTTGTGTGTGGACTTGGCTAAGGAAAGT
AACTTCTTTCACACGGAGCACAATGCATTTGGTGATCCTAGCAATGTTGCTAGGGTGCGAAGGATTACATTCT
ACTCTGATGATAATGCCATGAATGAGTTCTTCCATTTAAATCCTAAGCCTATGAAGCTTCGTTCACTTTTCTG
TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACTTCAAATTATTGCAAGTGTTGGTTGTA
GTCATGTCTCAAAAGGGTTATCAGCATGTTACTTTCCCCAAAAAAATTGGGAACATGAGTTGCCTACGTTATG
TGCGATTGGAGGGGGCAATTAGAGTAAAATTGCCAAATAGTATTGTCAAGCTCAAATGTCTAGAGACCCTGGA
TATATTTCATAGCTCTAGTAAACTTCCTTTTGGTGTTTGGGAGTCTAAAATATTGAGACATCTTTGTTACACA
GAAGAATGTTACTGTGTCTCTTTTGCAAGTCCATTTTGCCGAATCATGCCTCCTAATAATCTACAAACTTTGA
TGTGGGTGGATGATAAATTTTGTGAACCAAGATTGTTGCACCGATTGATAAATTTAAGAACATTGTGTATAAT
GGATGTATCCGGTTCTACCATTAAGATATTATCAGCATTGAGCCCTGTGCCTAGAGCGTTGGAGGTTCTGAAG
CTCAGATTTTTCAAGAACACGAGTGAGCAAATAAACTTGTCGTCCCATCCAAATATTGTCGAGTTGGGTTTGG
TTGGTTTCTCAGCAATGCTCTTGAACATTGAAGCATTCCCTCCAAATCTTGTCAAGCTTAATCTTGTCGGCTT
GATGGTAGACGGTCATCTATTGGCAGTGCTTAAGAAATTGCCCAAATTAAGGATACTTATATTGCTTTGGTGC
AGACATGATGCAGAAAAAATGGATCTCTCTGGTGATAGCTTTCCGCAACTTGAAGTTTTGTATATTGAGGATG
CACAAGGGTTGTCTGAAGTAACGTGCATGGATGATATGAGTATGCCTAAATTGAAAAAGCTATTTCTTGTACA
AGGCCCAAACATTTCCCCAATTAGTCTCAGGGTCTCGGAACGGCTTGCAAAGTTGAGAATATCACAGGTACTA
TAAATAATTATTTACGTTTAATATCCATGATTTTTTTAAATTTGTATTTAGTTCATCAACTAAATATTCCATG
TCTAATAAATTGCAGGGATGCCTTTGAAAATGATTCTGTGTTGGAGAGAATCTTCTGATGCCTGTTGGTATTA
TAATACTAATAATAAGAGAAAAAGTTTGATTACTGTTTCAAGTTAATTGCTTGTGATTTGTAAAAACAAATTA
CTTTTATATTTCTCTTTGTTTTATTTTATGTTTATTTATCTTTAATTAATGGAGTAATAAAATAAAAATCTTA
TTTTCAATAGAAAAAAGTAGACCTTATTTGTGGTGCATGTATGGTATCTTTTTGAAATTTTTGATATATTTGC
TCTTTGATTCGAATTTCTTGCTTATATGATGATTTGCAAAATATTAGTCAAAATTTTTATAATTTGACTCAAA
TCATGAAAAGTATAATAATTAATAGTGGACGGAGGAAGTATTGTCTTTCCAGATTTGTGGCCATTTTTGGTCC
AAGGGCCATTAGCAGTTCTCTTCATTTTCTACTTCTGTCTCATATTAGATGGGCATCTTACTAAAAATATTTG
TCTCATATTACTTGATTATTTATTAAATCAAAAAGAATTAATTAATTTTTTCTCATTTTACCCCTACAATTAA
TATAGTTTTAAAAGTTTTAAACAAATTTTGAAGAATCAAAATTTCTTTTGCAAGAGACTTATTAATATAAACA
AAGGATAAAATAATAAAAGCTGTCAATTTATTGACCATCACTTAATAATATATAAAATACAAACTGCTGATCT
AATATGAGACGGACAAAATATATTCTAAAATATTTTCGGACAGATATGTGATATTCTAACCATTCACTACACT
ATATTATGCATTTTATCCGCCAATGACTTATTTCAGCTTTAATTAATTAGGAAAGAGGAAACTGCCAATGAGG
AAGAGTAGGGGCGTAGTTGCTGTCGACGAAAAAAAGATAATACTCACTCTTTTCGATTTTTATTTTTATTTAT
CACTTTTAACCTATCATGTAAAAAGATAATTATTTTTTTCATGCTTTATCCTTAGTATTAAACAATTTAATAG
GGATTATTTTGTAAAATATTTATATGAATAATTGTTTTCGTAATGAATTTGTCCGGTCAAACAATGATAAATA
AAAATGAATGAAGAGAGTAGAAAACAAAACAAAAGAACAAGTTGACAACTTGAGAGATTAAAAGGGTCCAAAA
CGCCTTGGATTTTGAGATTCCATATGTGAAATTTCCATGAAATAATTGAATTTGTATTATTACAAGTCAAACT
TTCCATTTCATTCCAACTAGCCATCTTGGTTTCAAAATTACACATTCATTCATTCACAGATCTAATATTCTTA
ATAGTGATTTCCACATATGGCTGAAGCTTTCATTCAAGTTCTGCTAGACAATCTCACTTCTTTCCTCAAAGGG
GAACTTGTATTGCTTTTCGGTTTTCAAGATGAGTTCCAAAGGCTTTCAAGCATGTTTTCTACAATTCAAGCCG
TCCTTGAAGATGCTCAGGAGAAGCAACTCAACAACAAGCCTCTAGAAAATTGGTTGCAAAAACTCAATGCTGC
TACATATGAAGTCGATGACATCTTGGATGAATATAAAACCAAGGCCACAAGATTCTCCCAGTCTGAATATGGC
CGTTATCATCCAAAGGTTATCCCTTTCCGTCACAAGGTCGGGAAAAGGATGGACCAAGTGATGAAAAAACTAA
AGGCAATTGCTGAGGAAAGAAAGAATTTTCATTTGCACGAAAAAATTGTAGAGAGACAAGCTGTTAGACGGGA
AACAGGTACTCATCTTAAATTAGTATTACAACAACTAAGTTTATATTCATTTTTTTGGCAATTATCAAATTCA
GAAAAGGGTTAAATATACTCATGTCCTATCGTAAATAGTGTATATATACCTCTCGTTGTACTTTCGATCTGAA
TATACTTGTCAAATCTGGCAAGCTCAGAATCAAATTATCCACCCCAACTTTTAAATACTCGATATCTTTAGAA
ATCCACCTGTCTAACTCATCCACTACCCATTCCCTTTGCTTTGAATTCTTTTCTTTACCTATAAACTTGGAAC
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ACTCGATCCGTTTTGCTTTTCTTAACAAAGCAGCTCAGAGAAAAGAGGTTTTCTTCTATTCTGTTTCTCTGTG
TGCTGCACTTGGGTCCTTAATCCCATTAAAAACAGGGCATGTTAATCCCAACGACGGTAGCCTTTCCTGACAG
CTGACTGTAAATTTTGTCTAACAAAGAAAAAAAAAGATTAGACATGTTTTTCCTTGTCATTGATTAGGCTGGA
TTTCTTTCAGAGTGGAACATAGGGGATATATTGGACCAAAAGTAGAATGGGTATATATTTAAAGTATTTCTGA
TAGAACAGGAGTATATTGTGCGAAAATATCCTCTATTTTCTGTTGTCTCCTAATGAGTTTGAATGTAATAATA
TTCTCATGTGGACATTGCTTGCACCAGGTTCTGTATTAACCGAACCGCAGGTTTATGGAAGAGACAAAGAGAA
AGATGAGATAGTGAAAATCCTAATAAACAATGTTAGTGATGCCCAACACCTTTCAGTCCTCCCAATACTTGGT
ATGGGGGGATTAGGAAAAACGACTCTTGCCCAAATGGTCTTCAATGACCAGAGAGTTACTGAGCATTTCCATT
CCAAAATATGGATTTGTGTCTCGGAAGATTTTGATGAGAAGAGGTTAATAAAGGCAATTGTAGAATCTATTGA
AGGAAGGCCACTACTTGGTGAGATGGACTTGGCTCCACTTCAAAAGAAGCTTCAGGAGTTGCTGAATGGAAAA
AGATACTTGCTTGTCTTAGATGATGTTTGGAATGAAGATCAACAGAAGTGGGCTAATTTAAGAGCAGTCTTGA
AGGTTGGAGCAAGTGGTGCTTCTGTTCTAACCACTACTCGTCTTGAAAAGGTTGGATCAATTATGGGAACATT
GCAACCATATGAACTGTCAAATCTGTCTCAAGAAGATTGTTGGTTGTTGTTCATGCAACGTGCATTTGGACAC
CAAGAAGAAATAAATCCAAACCTTGTGGCAATCGGAAAGGAGATTGTGAAAAAAAGTGGTGGTGTGCCTCTAG
CAGCCAAAACTCTTGGAGGTATTTTGTGCTTCAAGAGAGAAGAAAGAGCATGGGAACATGTGAGAGACAGTCC
GATTTGGAATTTGCCTCAAGATGAAAGTTCTATTCTGCCTGCCCTGAGGCTTAGTTACCATCAACTTCCACTT
GATTTGAAACAATGCTTTGCGTATTGTGCGGTGTTCCCAAAGGATGCCAAAATGGAAAAAGAAAAGCTAATCT
CTCTCTGGATGGCGCATGGTTTTCTTTTATCAAAAGGAAACATGGAGCTAGAGGATGTGGGCGATGAAGTATG
GAAAGAATTATACTTGAGGTCTTTTTTCCAAGAGATTGAAGTTAAAGATGGTAAAACTTATTTCAAGATGCAT
GATCTCATCCATGATTTGGCAACATCTCTGTTTTCAGCAAACACATCAAGCAGCAATATCCGTGAAATAAATA
AACACAGTTACACACATATGATGTCCATTGGTTTCGCCGAAGTGGTGTTTTTTTACACTCTTCCCCCCTTGGA
AAAGTTTATCTCGTTAAGAGTGCTTAATCTAGGTGATTCGACATTTAATAAGTTACCATCTTCCATTGGAGAT
CTAGTACATTTAAGATACTTGAACCTGTATGGCAGTGGCATGCGTAGTCTTCCAAAGCAGTTATGCAAGCTTC
AAAATCTGCAAACTCTTGATCTACAATATTGCACCAAGCTTTGTTGTTTGCCAAAAGAAACAAGTAAACTTGG
TAGTCTCCGAAATCTTTTACTTGATGGTAGCCAGTCATTGACTTGTATGCCACCAAGGATAGGATCATTGACA
TGCCTTAAGACTCTAGGTCAATTTGTTGTTGGAAGGAAGAAAGGTTATCAACTTGGTGAACTAGGAAACCTAA
ATCTCTATGGCTCAATTAAAATCTCGCATCTTGAGAGAGTGAAGAATGATAAGGACGCAAAAGAAGCCAATTT
ATCTGCAAAAGGGAATCTGCATTCTTTAAGCATGAGTTGGAATAACTTTGGACCACATATATATGAATCAGAA
GAAGTTAAAGTGCTTGAAGCCCTCAAACCACACTCCAATCTGACTTCTTTAAAAATCTATGGCTTCAGAGGAA
TCCATCTCCCAGAGTGGATGAATCACTCAGTATTGAAAAATATTGTCTCTATTCTAATTAGCAACTTCAGAAA
CTGCTCATGCTTACCACCCTTTGGTGATCTGCCTTGTCTAGAAAGTCTAGAGTTACACTGGGGGTCTGCGGAT
GTGGAGTATGTTGAAGAAGTGGATATTGATGTTCATTCTGGATTCCCCACAAGAATAAGGTTTCCATCCTTGA
GGAAACTTGATATATGGGACTTTGGTAGTCTGAAAGGATTGCTGAAAAAGGAAGGAGAAGAGCAATTCCCTGT
GCTTGAAGAGATGATAATTCACGAGTGCCCTTTTCTGACCCTTTCTTCTAATCTTAGGGCTCTTACTTCCCTC
AGAATTTGCTATAATAAAGTAGCTACTTCATTCCCAGAAGAGATGTTCAAAAACCTTGCAAATCTCAAATACT
TGACAATCTCTCGGTGCAATAATCTCAAAGAGCTGCCTACCAGCTTGGCTAGTCTGAATGCTTTGAAAAGTCT
AAAAATTCAATTGTGTTGCGCACTAGAGAGTCTCCCTGAGGAAGGGCTGGAAGGTTTATCTTCACTCACAGAG
TTATTTGTTGAACACTGTAACATGCTAAAATGTTTACCAGAGGGATTGCAGCACCTAACAACCCTCACAAGTT
TAAAAATTCGGGGATGTCCACAACTGATCAAGCGGTGTGAGAAGGGAATAGGAGAAGACTGGCACAAAATTTC
TCACATTCCTAATGTGAATATATATATTTAAGTTATTTGCTATTGTTTCTTTGTTTGTGAGTCTTTTTGGTTC
CTGCCATTGTGATTGCATGTAATTTTTTTCTAGGGTTGTTTGTTTGTTGAGTCTCTCTCTCATTGGATGTAAT
TCTCTTTTGGTAACAAATTAACAATCTATTTGTATTATACGCTTTCAGAATCTATTACTTATTTGTAATTGTT
TCTTTGTTTGTAAATTGTGAGTATCTTATTGTATGGAATTTTCTGATTTTATTTTGAAAACAAATCAATAAGA
TCCATCTGTATTATACTCCCTTCGTCTCATTTTATGTGACACTTTTTGGATTTCGAGATTCTTTGATCTTAAA
TTTTTCATAGATCTTTTAAACATTTTGAATTATCAATTATTGAGATTTTAGTATTTTTTATGTAGTAAATTAA
AAATAAAAACACATCCAATTAACATTGGAGGTCTTGAAAATCGATGGTAATTAACAAAGACCCTTGTGAAATT
TAAGTCTGTAATTGAAAATTTGAGTATAGGTTAGGGGACATTTGACTATTTTCTCATTTTCTTTATCTTTTTC
CTAATTTGTGGCAGACAAGTGAGGAGGCCCCACTGTAATTGATTCATGCTTTTGCTTTCTTGACTTTTTGGAA
CAATACTATGCATCATATTTGGTCTTAATTATTCCTCTGTTTATTTCCAGAATTTTGAGCTCTATACATCTAA
TAACAAAGCAAGCAGAGGATATATAGTTTCATCAACTAAAAAGGTTAGTCAACTCATCTAATATTTGCTACTC
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TCATCTCTATTGAAGTACAGTTATGGAAAAGTAGAAGTGATGTAAGAAAAATGAAAGAACTTTAGTAGGTTAG
TTGGATCTAACAAAGAGAAAGGGAAATAAATTGCAGGAGAAAGAGAGAGGTTAAATACTTACTCACACCACCG
ATTTACAACAAATCACTTAATTGTGGTTAGTTAATGTATACTTTCACCTCATTAAATTATTACTTACCCATGA
TAAGTTGTATTAATTTGGTATTAATATCCGGTGCGGGTGAATTCTTACCGGGTGAGAGGGATGGGGTTGGAGA
GTGTGGAGTGAACAGAAGCAGATGTTTTAGATTTTTTCTAAGATGACGAAAGATTCCCCTCACTAATGAAAAT
ATATTACTATACGCTATTAGAGATAGAAAGGTTCGGTACCAGTTGGTCTCGTTTCTGGATGAACCCCATTTTT
ACAAGTCATTTTCTTCAATTCAAATCGCAAGTGTACCTTTATCATCTTCCACTAATTAAGTCCTCTTAAGTTC
GCGTGAAAATAGTGAAATTATTGATTATTCTTATCATTTCATCTTCTTTCTCCTGATAAAGTTTTATGTACTT
TTTATGCATCAGGTCTTGAGAACTTGGAAAGGAAAAGTAGAATCATGGAAAAACGAAAAGATAATGAAGAAGC
AAACAACTCATTGGTATGTTATTTGATAGAGTGAACTGTAAAGTATTGAATTGTAGATATCATGTGGCTTTAA
AAATTTGATATGTGTTATTTTGGCAGGAGTCATTTTCTGCTCTTCGCAAGGATGCTGCCAATGTTCTGGATTT
CCTAGAGAGATTAAAGAATGAAGAAGATCAAAAGGCTGTTGATGTGGATCTGATTGAAAGCCTGAAATTGAAG
CTGACATTTATTTGTACATATGTCCAGCTTTCTTATTCCGATTTGGAGAAGTTTGAAGATATAATGACTAGAA
AANAGACAAGAGGTTGAGAATCTGCTTCAACCAATTTTGGATGATGATGGCAAAGACGTCGGGTGTAAATATGT
CCTTACTAGCCTCGCCGGTAATATGGATGACTGTATAAGCTTGTATCATCGTTCTAAATCAGATGCCACCATG
ATGGATGAGCAATTGGGCTTCCTCCTCTTGAATCTCTCTCATCTATCCAAGCATCGTGCTGAAAAGATGTTTC
CTGGAGTGACTCAATATGAGGTTCTTCAGAATGTATGTGGCAACATAAGAGATTTCCATGGATTGATAGTGAA
TTGTTGCATTAAGCATGAGATGGTTGAGAATGTCTTATCTCTGTTTCAACTGATGGCTGAGAGAGTAGGACGC
TTCCTTTGGGAGGATCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAGATGAGGATGATCAGAATGATAAAG
ACCCTCAACTCTTCAAGCTAGCACATCTACTCTTGAAGATTGTTCCAACTGAATTGGAGGTTATGCACATATG
TTATAAAACTTTGAAAGCTTCAACTTCAACAGAAATTGGACGCTTCATTAAGAAGCTCCTGGAAACCTCTCCG
GACATTCTCAGAGAATATCTGATTCATCTACAAGAGCATATGATAACTGTTATTACCCCTAACACTTCAGGGG
CTCGAAACATTCATGTCATGATGGAATTCCTATTGATTATTCTTTCTGATATGCCGCCCAAGGACTTTATTCA
TCATGACAAACTTTTTGATCTCTTGGCTCGTGTTGTAGCACTTACCAGGGAGGTATCAACTCTTGTACGCGAC
TTGGAAGAGAAATTAAGGATTAAAGAGAGTACTGACGAAACAAATTGTGCAACCCTAAAGTTTCTGGAAAATA
TTGAACTCCTTAAGGAAGATCTCAAACATGTTTATCTGAAAGTCCCGGATTCATCTCAATATTGCTTCCCCAT
GAGTGATGGACCTCTCTTCATGCATCTGCTACAGAGACACTTAGATGATTTGCTGGATTCCAATGCTTATTCA
ATTGCTTTGATAAAGGAACAAATTGGGCTGGTGAAAGAAGACTTGGAATTCATAAGATCTTTTTTCGCGAATA
TTGAGCAAGGATTGTATAAAGATCTCTGGGAACGTGTTCTAGATGTGGCATATGAGGCAAAAGATGTCATAGA
TTCAATTATTGTTCGAGATAATGGTCTCTTACATCTTATTTTCTCACTTCCCATTACCAGAAAGAAGATGATG
CTTATCAAAGAAGAGGTCTCTGATTTACATGAGAACATTTCCAAGAACAGAGGTCTCATCGTTGTGAACTCTC
CCAAGAAACCAGTTGAGAGCAAGTCATTGACAACTGATAAAATAATTGTAGGTTTTGGTGAGGAGACAAACTT
GATACTTAGAAAGCTCACCAGTGGACCGGCAGATCTAGATGTCATTTCGATCATTGGTATGCCGGGTTTAGGT
AAAACTACTTTGGCGTACAAAGTATACAATGATAAATCAGTTTCTAGCCATTTCGACCTTCGTGCATGGTGCA
CGGTCGACCAAGTATATGACGAGAAGAAGTTGTTGGATAAAATTTTCAATCAAGTTAGTGACTCAAATTCAAA
ATTGAGTGAGAATATTGATGTTGCTGATAAACTACGGAAACAATTGTTTGGAAAGAGGTATCTTATTGTCTTA
GATGACGTGTGGGATACTAATACATGGGATGAGCTAACAAGACCTTTTCCTGATGGTATGAAAGGAAGTAGAA
TTATTTTGACAACTCGAGAAAAGAAAGTTGCTTTGCATGGAAAGCTCTACACTGATCCTCTTAACCTTCGATT
GCTAAGATCAGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGCATTTGGAAACGAGAGTTGCCCTGATGAACTA
TTGGATGTTGGTAAAGAAATAGCCGAAAATTGTAAAGGGCTTCCTTTGGTGGTGGATCTGATTGCTGGAATCA
TTGCTGGGAGGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTAAATAATTTGCATTCCTTTATTTTGAAGAA
TGAAGTGGAAGTGATGAAAGTTATAGAAATAAGTTATGACCACTTACCTGATCACCTGAAGCCATGCTTGCTG
TACTTTGCAAGTGCGCCGAAGGACTGGGTAACGACAATCCATGAGTTGAAACTTATTTGGGGTTTTGAAGGAT
TTGTGGAAAAGACAGATATGAAGAGTCTGGAAGAAGTGGTGAAAATTTATTTGGATGATTTAATTTCCAGTAG
CTTGGTAATTTGTTTCAATGAGATAGGTGATTACCCTACTTGCCAACTTCATGATCTTGTGCATGACTTTTGT
TTGATAAAAGCAAGAAAGGAAAAGTTGTGTGATCGGATAAGTTCAAGTGCTCCATCAGATTTGTTGCCACGTC
AAATTAGCATTGATTATGATGATGATGAAGAGCACTTTGGGCTTAATTTTGTCCTGTTCGGTTCAAATAAGAA
AAGGCATTCCGGTAAACACCTCTATTCTTTGACCATAAATGGAGATGAGCTGGACGACCATCTTTCTGATACA
TTTCATCTAAGACACTTGAGGCTTCTTAGAACCTTGCACCTGGAATCCTCTTTTATCATGGTTAAAGATTCTT
TGCTGAATGAAATATGCATGTTGAATCATTTGAGGTACTTAAGCATTGGGACAGAAGTTAAATCTCTGCCTTT
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GTCTTTCTCAAACCTCTGGAATCTAGAAATCTTGTTTGTGGATAACAAAGAATCAACCTTGATACTATTACCG
AGAATTTGGGATCTTGTAAAGTTGCAAGTGCTGTTCACGACTGCTTGTTCTTTCTTTGATATGGATGCAGATG
AATCAATACTGATAGCAGAGGACACAAAGTTAGAGAACTTGACAGCATTAGGGGAACTCGTGCTTTCCTATTG
GAAAGATACAGAGGATATTTTCAAAAGGCTTCCCAATCTTCAAGTGCTTCATTTCAAACTCAAGGAGTCATGG
GATTATTCAACAGAGCAATATTGGTTCCCGAAATTGGATTTCCTAACTGAACTAGAAAAACTCACTGTAGATT
TTGAAAGATCAAACACAAATGACAGTGGGTCCTCTGCAGCCATAAATCGGCCATGGGATTTTCACTTTCCTTC
GAGTTTGAAAAGATTGCAATTGCATGAATTTCCTCTGACATCCGATTCACTATCAACAATAGCGAGACTGCTG
AACCTTGAAGAGTTGTACCTTTATCGTACAATCATCCATGGGGAAGAATGGAACATGGGAGAAGAAGACACCT
TTGAGAATCTCAAATGTTTGATGTTGAGTCAAGTGATTCTTTCCAAGTGGGAGGTTGGAGAGGAATCTTTTCC
CACGCTTGAGAAATTAGAACTGTCGGACTGTCATAATCTTGAGGAGATTCCGTCTAGTTTTGGGGATATTTAT
TCCTTGAAAATTATCGAACTTGTAAGGAGCCCTCAACTTGAAAATTCCGCTCTCAAGATTAAGGAATATGCTG
AAGATATGAGGGGAGGGGACGAGCTTCAGATCCTTGGCCAGAAGGATATCCCGTTATTTAAGTAGTTTTTGAG
CATTATGGTTGAAAAGTAGATTGCACTTTGCTGGGTAGATTGTATATGGTTAAGAAAATTCTGTTACAGTTGT
TATGAAACATTTTTATTTGACTTTTCTGAGTTTCTTTTAGAAAACTCAGAAGTTTTTAACAAAAATTATAGTT
TTTATAAATACAATGTGGATTTGCCTTTGGCTGTCCAACTTGGTCTGAAGTCTCATATGCTCAGAGCACTATC
GTTCAACCTCAATCAAGGTACTGATTTAAAATGACATCTATACTACTTTATCACAAACCCAACGAACTTTCAT
CTCAAAAGCTAGGCCAGGAAGTGAAGAGGTTGTAGAGAGCTTATAAGCACTCATGACTTCCTTTTCTCGAACA
TTCAACCAACGTAGGCTGAAATCCCACTCTGAACGAAAATAAGTGTTTGTTTATCAAATTAACTCTCGTAGTA
GAACACTGAAATACCTTCTTCTAAACGTTCAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAAGGTTCAC
ATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACATTGACAGCACCATTTCAACAGAAGAACA
AGTCAATGCTGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAGAGCGTTTATTAGAATAACGGATATTTA
AAAGGGCGTGAAAAGGTTTATCCGTTCGTCCATTTGTATGTG
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YAmfp1-5:

RE T-DNA repeat

pCAM2300_BLB1BLB2VNT1_KanDel_Potspacer

22.663 bp
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Gensekvenser

>Vntl.1l inklusiv Promoter og 3’ -UTR

AGTTATACACCCTACATTCTACTCGAGTCATTATGATGATGTCTCACGACCAAATCAAATCAAAGTTAAATAA
ATATCGAACCGAACGCCCACTCTGTATGAGTATGGCAAAAGATTTTGAGAGAATCAAGTTGCATAAAAGCCTA
ATTTTCATGGAACATACAAATTGAGTCTCATAATAGCCCAAACTCACAGCCATGAACCCAAATTGGGTAAAGT
TTTGCAAGACGTTCATCAAACAGTTAGGAAACATAAAATGGCGCTAGATATATAATAAATTTTTTTAACATAT
GGTGTGATTGATAGTTATATACTAAAGATGTTTGCTTAGTTACGTAATTTTTTCAAAAAAAAAAGGTACATTA
TCAATCATCAGTCACAAAATATTAAAAGTTACTGTTTGTTTTTTAAATTCCATGTCGAATTTAATTGAATGAC
ACTTAAATTGGGACGAACGGTGTAATTTCTTTTGACTATTCTACTAGTATCTATCCACAGCACGTGTTGTTCC
TTTCTTCTTTCGTTTTTCATTTACTTGACATTATTAGGAGACTTGGCCCTGAACTCCAACTATTCTAAGCTGA
CCTTTCTTTTCCTTTACCAATTATCTTCTTCTTTCTAATTTCGTTTTACGCGTAGTACTGCCTGAATTTTCTG
ACTTTCAACGTTTGTTATTCATGCTTGAAAACGAAATACCAGCTAACAAAAGATGAATTATTGTGTTTACAAG
ACTTGGGCCGTTGACTCTTACTTTCCCTTCCTCATCCTCACATTTAGAAAAAAGAAATTTAACGAAAAATTAA
AGGAGATGGCTGAAATTCTTCTCACAGCAGTCATCAATAAATCAATAGAAATAGCTGGAAATGTACTCTTTCA
AGAAGGTACGCGTTTATATTGGTTGAAAGAGGACATCGATTGGCTCCAGAGAGAAATGAGACACATTCGATCA
TATGTAGACAATGCAAAGGCAAAGGAAGTTGGAGGCGATTCAAGGGTGAAAAACTTATTAAAAGATATTCAAC
AACTGGCAGGTGATGTGGAGGATCTATTAGATGAGTTTCTTCCAAAAATTCAACAATCCAATAAGTTCATTTG
TTGCCTTAAGACGGTTTCTTTTGCCGATGAGTTTGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCTGAT
ATTGACCGTGTAAGGACAACTTACAGCATCACAGATACAAGTAACAATAATGATGATTGCATTCCATTGGACC
GGAGAAGATTGTTCCTTCATGCTGATGAAACAGAGGTCATCGGTCTGGAAGATGACTTCAATACACTACAAGC
CAAATTACTTGATCATGATTTGCCTTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACAACT
CTTGCCAAGAAACTTTATAGGCATGTCTGTCATCAATTTGAGTGTTCGGGACTGGTCTATGTTTCACAACAGC
CAAGGGCGGGAGAAATCTTACATGACATAGCCAAACAAGTTGGACTGACGGAAGAGGAAAGGAAAGAAAACTT
GGAGAACAACCTACGATCACTCTTGAAAATAAAAAGGTATGTTATTCTCTTAGATGACATTTGGGATGTTGAA
ATTTGGGATGATCTAAAACTTGTCCTTCCTGAATGTGATTCAAAAATTGGCAGTAGGATAATTATAACCTCTC
GAAATAGTAATGTAGGCAGATACATAGGAGGGGATTTCTCAATCCACGTGTTGCAACCCCTAGATTCAGAGAA
AAGCTTTGAACTCTTTACCAAGAAAATCTTTAATTTTGTTAATGATAATTGGGCCAATGCTTCACCAGACTTG
GTAAATATTGGTAGATGTATAGTTGAGAGATGTGGAGGTATACCGCTAGCAATTGTGGTGACTGCAGGCATGT
TAAGGGCAAGAGGAAGAACAGAACATGCATGGAACAGAGTACTTGAGAGTATGGCTCATAAAATTCAAGATGG
ATGTGGTAAGGTATTGGCTCTGAGTTACAATGATTTGCCCATTGCATTAAGGCCATGTTTCTTGTACTTTGGT
CTTTACCCCGAGGACCATGAAATTCGTGCTTTTGATTTGACAAATATGTGGATTGCTGAGAAGCTGATAGTTG
TAAATACTGGCAATGGGCGAGAGGCTGAAAGTTTGGCGGATGATGTCCTAAATGATTTGGTTTCAAGAAACTT
GATTCAAGTTGCCAAAAGGACATATGATGGAAGAATTTCAAGTTGTCGCATACATGACTTGTTACATAGTTTG
TGTGTGGACTTGGCTAAGGAAAGTAACTTCTTTCACACGGAGCACAATGCATTTGGTGATCCTAGCAATGTTG
CTAGGGTGCGAAGGATTACATTCTACTCTGATGATAATGCCATGAATGAGTTCTTCCATTTAAATCCTAAGCC
TATGAAGCTTCGTTCACTTTTCTGTTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACTTC
AAATTATTGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTTACTTTCCCCAAAAAAATTG
GGAACATGAGTTGCCTACGTTATGTGCGATTGGAGGGGGCAATTAGAGTAAAATTGCCAAATAGTATTGTCAA
GCTCAAATGTCTAGAGACCCTGGATATATTTCATAGCTCTAGTAAACTTCCTTTTGGTGTTTGGGAGTCTAAA
ATATTGAGACATCTTTGTTACACAGAAGAATGTTACTGTGTCTCTTTTGCAAGTCCATTTTGCCGAATCATGC
CTCCTAATAATCTACAAACTTTGATGTGGGTGGATGATAAATTTTGTGAACCAAGATTGTTGCACCGATTGAT
AAATTTAAGAACATTGTGTATAATGGATGTATCCGGTTCTACCATTAAGATATTATCAGCATTGAGCCCTGTG
CCTAGAGCGTTGGAGGTTCTGAAGCTCAGATTTTTCAAGAACACGAGTGAGCAAATAAACTTGTCGTCCCATC
CAAATATTGTCGAGTTGGGTTTGGTTGGTTTCTCAGCAATGCTCTTGAACATTGAAGCATTCCCTCCAAATCT
TGTCAAGCTTAATCTTGTCGGCTTGATGGTAGACGGTCATCTATTGGCAGTGCTTAAGAAATTGCCCAAATTA
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AGGATACTTATATTGCTTTGGTGCAGACATGATGCAGAAAAAATGGATCTCTCTGGTGATAGCTTTCCGCAAC
TTGAAGTTTTGTATATTGAGGATGCACAAGGGTTGTCTGAAGTAACGTGCATGGATGATATGAGTATGCCTAA
ATTGAAAAAGCTATTTCTTGTACAAGGCCCAAACATTTCCCCAATTAGTCTCAGGGTCTCGGAACGGCTTGCA
AAGTTGAGAATATCACAGGTACTATAAATAATTATTTACGTTTAATATCCATGATTTTTTTAAATTTGTATTT
AGTTCATCAACTAAATATTCCATGTCTAATAAATTGCAGGGATGCCTTTGAAAATGATTCTGTGTTGGAGAGA
ATCTTCTGATGCCTGTTGGTATTATAATACTAATAATAAGAGAAAAAGTTTGATTACTGTTTCAAGTTAATTG
CTTGTGATTTGTAAAAACAAATTACTTTTATATTTCTCTTTGTTTTATTTTATGTTTATTTATCTTTAATTAA
TGGAGTAATAAAATAAAAATCTTATTTTCAATAGAAAAAAGTAGACCTTATTTGTGGTGCATGTATGGTATCT
TTTTGAAATTTTTGATATATTTGCTCTTTGATTCGAATTTCTTGCTTATATGATGATTTGCA

>blbl inkl. Promoter og 3’ -UTR

AAATATTAGTCAAAATTTTTATAATTTGACTCAAATCATGAAAAGTATAATAATTAATAGTGGACGGAGGAAG
TATTGTCTTTCCAGATTTGTGGCCATTTTTGGTCCAAGGGCCATTAGCAGTTCTCTTCATTTTCTACTTCTGT
CTCATATTAGATGGGCATCTTACTAAAAATATTTGTCTCATATTACTTGATTATTTATTAAATCAAAAAGAAT
TAATTAATTTTTTCTCATTTTACCCCTACAATTAATATAGTTTTAAAAGTTTTAAACAAATTTTGAAGAATCA
AAATTTCTTTTGCAAGAGACTTATTAATATAAACAAAGGATAAAATAATAAAAGCTGTCAATTTATTGACCAT
CACTTAATAATATATAAAATACAAACTGCTGATCTAATATGAGACGGACAAAATATATTCTAAAATATTTTCG
GACAGATATGTGATATTCTAACCATTCACTACACTATATTATGCATTTTATCCGCCAATGACTTATTTCAGCT
TTAATTAATTAGGAAAGAGGAAACTGCCAATGAGGAAGAGTAGGGGCGTAGTTGCTGTCGACGAAAAAAAGAT
AATACTCACTCTTTTCGATTTTTATTTTTATTTATCACTTTTAACCTATCATGTAAAAAGATAATTATTTTTT
TCATGCTTTATCCTTAGTATTAAACAATTTAATAGGGATTATTTTGTAAAATATTTATATGAATAATTGTTTT
CGTAATGAATTTGTCCGGTCAAACAATGATAAATAAAAATGAATGAAGAGAGTAGAAAACAAAACAAAAGAAC
AAGTTGACAACTTGAGAGATTAAAAGGGTCCAAAACGCCTTGGATTTTGAGATTCCATATGTGAAATTTCCAT
GAAATAATTGAATTTGTATTATTACAAGTCAAACTTTCCATTTCATTCCAACTAGCCATCTTGGTTTCAAAAT
TACACATTCATTCATTCACAGATCTAATATTCTTAATAGTGATTTCCACATATGGCTGAAGCTTTCATTCAAG
TTCTGCTAGACAATCTCACTTCTTTCCTCAAAGGGGAACTTGTATTGCTTTTCGGTTTTCAAGATGAGTTCCA
AAGGCTTTCAAGCATGTTTTCTACAATTCAAGCCGTCCTTGAAGATGCTCAGGAGAAGCAACTCAACAACAAG
CCTCTAGAAAATTGGTTGCAAAAACTCAATGCTGCTACATATGAAGTCGATGACATCTTGGATGAATATAAAA
CCAAGGCCACAAGATTCTCCCAGTCTGAATATGGCCGTTATCATCCAAAGGTTATCCCTTTCCGTCACAAGGT
CGGGAAAAGGATGGACCAAGTGATGAAAAAACTAAAGGCAATTGCTGAGGAAAGAAAGAATTTTCATTTGCAC
GAAAAAATTGTAGAGAGACAAGCTGTTAGACGGGAAACAGGTACTCATCTTAAATTAGTATTACAACAACTAA
GTTTATATTCATTTTTTTGGCAATTATCAAATTCAGAAAAGGGTTAAATATACTCATGTCCTATCGTAAATAG
TGTATATATACCTCTCGTTGTACTTTCGATCTGAATATACTTGTCAAATCTGGCAAGCTCAGAATCAAATTAT
CCACCCCAACTTTTAAATACTCGATATCTTTAGAAATCCACCTGTCTAACTCATCCACTACCCATTCCCTTTG
CTTTGAATTCTTTTCTTTACCTATAAACTTGGAACACTCGATCCGTTTTGCTTTTCTTAACAAAGCAGCTCAG
AGAAAAGAGGTTTTCTTCTATTCTGTTTCTCTGTGTGCTGCACTTGGGTCCTTAATCCCATTAAAAACAGGGC
ATGTTAATCCCAACGACGGTAGCCTTTCCTGACAGCTGACTGTAAATTTTGTCTAACAAAGAAAAAAAAAGAT
TAGACATGTTTTTCCTTGTCATTGATTAGGCTGGATTTCTTTCAGAGTGGAACATAGGGGATATATTGGACCA
AAAGTAGAATGGGTATATATTTAAAGTATTTCTGATAGAACAGGAGTATATTGTGCGAAAATATCCTCTATTT
TCTGTTGTCTCCTAATGAGTTTGAATGTAATAATATTCTCATGTGGACATTGCTTGCACCAGGTTCTGTATTA
ACCGAACCGCAGGTTTATGGAAGAGACAAAGAGAAAGATGAGATAGTGAAAATCCTAATAAACAATGTTAGTG
ATGCCCAACACCTTTCAGTCCTCCCAATACTTGGTATGGGGGGATTAGGAAAAACGACTCTTGCCCAAATGGT
CTTCAATGACCAGAGAGTTACTGAGCATTTCCATTCCAAAATATGGATTTGTGTCTCGGAAGATTTTGATGAG
AAGAGGTTAATAAAGGCAATTGTAGAATCTATTGAAGGAAGGCCACTACTTGGTGAGATGGACTTGGCTCCAC
TTCAAAAGAAGCTTCAGGAGTTGCTGAATGGAAAAAGATACTTGCTTGTCTTAGATGATGTTTGGAATGAAGA
TCAACAGAAGTGGGCTAATTTAAGAGCAGTCTTGAAGGTTGGAGCAAGTGGTGCTTCTGTTCTAACCACTACT
CGTCTTGAAAAGGTTGGATCAATTATGGGAACATTGCAACCATATGAACTGTCAAATCTGTCTCAAGAAGATT
GTTGGTTGTTGTTCATGCAACGTGCATTTGGACACCAAGAAGAAATAAATCCAAACCTTGTGGCAATCGGAAA
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GGAGATTGTGAAAAAAAGTGGTGGTGTGCCTCTAGCAGCCAAAACTCTTGGAGGTATTTTGTGCTTCAAGAGA
GAAGAAAGAGCATGGGAACATGTGAGAGACAGTCCGATTTGGAATTTGCCTCAAGATGAAAGTTCTATTCTGC
CTGCCCTGAGGCTTAGTTACCATCAACTTCCACTTGATTTGAAACAATGCTTTGCGTATTGTGCGGTGTTCCC
AAAGGATGCCAAAATGGAAAAAGAAAAGCTAATCTCTCTCTGGATGGCGCATGGTTTTCTTTTATCAAAAGGA
AACATGGAGCTAGAGGATGTGGGCGATGAAGTATGGAAAGAATTATACTTGAGGTCTTTTTTCCAAGAGATTG
AAGTTAAAGATGGTAAAACTTATTTCAAGATGCATGATCTCATCCATGATTTGGCAACATCTCTGTTTTCAGC
AAACACATCAAGCAGCAATATCCGTGAAATAAATAAACACAGTTACACACATATGATGTCCATTGGTTTCGCC
GAAGTGGTGTTTTTTTACACTCTTCCCCCCTTGGAAAAGTTTATCTCGTTAAGAGTGCTTAATCTAGGTGATT
CGACATTTAATAAGTTACCATCTTCCATTGGAGATCTAGTACATTTAAGATACTTGAACCTGTATGGCAGTGG
CATGCGTAGTCTTCCAAAGCAGTTATGCAAGCTTCAAAATCTGCAAACTCTTGATCTACAATATTGCACCAAG
CTTTGTTGTTTGCCAAAAGAAACAAGTAAACTTGGTAGTCTCCGAAATCTTTTACTTGATGGTAGCCAGTCAT
TGACTTGTATGCCACCAAGGATAGGATCATTGACATGCCTTAAGACTCTAGGTCAATTTGTTGTTGGAAGGAA
GAAAGGTTATCAACTTGGTGAACTAGGAAACCTAAATCTCTATGGCTCAATTAAAATCTCGCATCTTGAGAGA
GTGAAGAATGATAAGGACGCAAAAGAAGCCAATTTATCTGCAAAAGGGAATCTGCATTCTTTAAGCATGAGTT
GGAATAACTTTGGACCACATATATATGAATCAGAAGAAGTTAAAGTGCTTGAAGCCCTCAAACCACACTCCAA
TCTGACTTCTTTAAAAATCTATGGCTTCAGAGGAATCCATCTCCCAGAGTGGATGAATCACTCAGTATTGAAA
AATATTGTCTCTATTCTAATTAGCAACTTCAGAAACTGCTCATGCTTACCACCCTTTGGTGATCTGCCTTGTC
TAGAAAGTCTAGAGTTACACTGGGGGTCTGCGGATGTGGAGTATGTTGAAGAAGTGGATATTGATGTTCATTC
TGGATTCCCCACAAGAATAAGGTTTCCATCCTTGAGGAAACTTGATATATGGGACTTTGGTAGTCTGAAAGGA
TTGCTGAAAAAGGAAGGAGAAGAGCAATTCCCTGTGCTTGAAGAGATGATAATTCACGAGTGCCCTTTTCTGA
CCCTTTCTTCTAATCTTAGGGCTCTTACTTCCCTCAGAATTTGCTATAATAAAGTAGCTACTTCATTCCCAGA
AGAGATGTTCAAAAACCTTGCAAATCTCAAATACTTGACAATCTCTCGGTGCAATAATCTCAAAGAGCTGCCT
ACCAGCTTGGCTAGTCTGAATGCTTTGAAAAGTCTAAAAATTCAATTGTGTTGCGCACTAGAGAGTCTCCCTG
AGGAAGGGCTGGAAGGTTTATCTTCACTCACAGAGTTATTTGTTGAACACTGTAACATGCTAAAATGTTTACC
AGAGGGATTGCAGCACCTAACAACCCTCACAAGTTTAAAAATTCGGGGATGTCCACAACTGATCAAGCGGTGT
GAGAAGGGAATAGGAGAAGACTGGCACAAAATTTCTCACATTCCTAATGTGAATATATATATTTAAGTTATTT
GCTATTGTTTCTTTGTTTGTGAGTCTTTTTGGTTCCTGCCATTGTGATTGCATGTAATTTTTTTCTAGGGTTG
TTTGTTTGTTGAGTCTCTCTCTCATTGGATGTAATTCTCTTTTGGTAACAAATTAACAATCTATTTGTATTAT
ACGCTTTCAGAATCTATTACTTATTTGTAATTGTTTCTTTGTTTGTAAATTGTGAGTATCTTATTGTATGGAA
TTTTCTGATTTTATTTTGAAAACAAATCAATAAGATCCATCTGTATTATACTCCCTTCGTCTCATTTTATGTG
ACACTTTTTGGATTTCGAGATTCTTTGATCTTAAATTTTTCATAGATCTTTTAAACATTTTGAATTATCAATT
ATTGAGATTTTAGTATTTTTTATGTAGT

>blb2 inkl. promoter og 3’ -UTR

AAATTAAAAATAAAAACACATCCAATTAACATTGGAGGTCTTGAAAATCGATGGTAATTAACAAAGACCCTTG
TGAAATTTAAGTCTGTAATTGAAAATTTGAGTATAGGTTAGGGGACATTTGACTATTTTCTCATTTTCTTTAT
CTTTTTCCTAATTTGTGGCAGACAAGTGAGGAGGCCCCACTGTAATTGATTCATGCTTTTGCTTTCTTGACTT
TTTGGAACAATACTATGCATCATATTTGGTCTTAATTATTCCTCTGTTTATTTCCAGAATTTTGAGCTCTATA
CATCTAATAACAAAGCAAGCAGAGGATATATAGTTTCATCAACTAAAAAGGTTAGTCAACTCATCTAATATTT
GCTACTCTCATCTCTATTGAAGTACAGTTATGGAAAAGTAGAAGTGATGTAAGAAAAATGAAAGAACTTTAGT
AGGTTAGTTGGATCTAACAAAGAGAAAGGGAAATAAATTGCAGGAGAAAGAGAGAGGTTAAATACTTACTCAC
ACCACCGATTTACAACAAATCACTTAATTGTGGTTAGTTAATGTATACTTTCACCTCATTAAATTATTACTTA
CCCATGATAAGTTGTATTAATTTGGTATTAATATCCGGTGCGGGTGAATTCTTACCGGGTGAGAGGGATGGGG
TTGGAGAGTGTGGAGTGAACAGAAGCAGATGTTTTAGATTTTTTCTAAGATGACGAAAGATTCCCCTCACTAA
TGAAAATATATTACTATACGCTATTAGAGATAGAAAGGTTCGGTACCAGTTGGTCTCGTTTCTGGATGAACCC
CATTTTTACAAGTCATTTTCTTCAATTCAAATCGCAAGTGTACCTTTATCATCTTCCACTAATTAAGTCCTCT
TAAGTTCGCGTGAAAATAGTGAAATTATTGATTATTCTTATCATTTCATCTTCTTTCTCCTGATAAAGTTTTA
TGTACTTTTTATGCATCAGGTCTTGAGAACTTGGAAAGGAAAAGTAGAATCATGGAAAAACGAAAAGATAATG
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AAGAAGCAAACAACTCATTGGTATGTTATTTGATAGAGTGAACTGTAAAGTATTGAATTGTAGATATCATGTG
GCTTTAAAAATTTGATATGTGTTATTTTGGCAGGAGTCATTTTCTGCTCTTCGCAAGGATGCTGCCAATGTTC
TGGATTTCCTAGAGAGATTAAAGAATGAAGAAGATCAAAAGGCTGTTGATGTGGATCTGATTGAAAGCCTGAA
ATTGAAGCTGACATTTATTTGTACATATGTCCAGCTTTCTTATTCCGATTTGGAGAAGTTTGAAGATATAATG
ACTAGAAAAAGACAAGAGGTTGAGAATCTGCTTCAACCAATTTTGGATGATGATGGCAAAGACGTCGGGTGTA
AATATGTCCTTACTAGCCTCGCCGGTAATATGGATGACTGTATAAGCTTGTATCATCGTTCTAAATCAGATGC
CACCATGATGGATGAGCAATTGGGCTTCCTCCTCTTGAATCTCTCTCATCTATCCAAGCATCGTGCTGAARAAG
ATGTTTCCTGGAGTGACTCAATATGAGGTTCTTCAGAATGTATGTGGCAACATAAGAGATTTCCATGGATTGA
TAGTGAATTGTTGCATTAAGCATGAGATGGTTGAGAATGTCTTATCTCTGTTTCAACTGATGGCTGAGAGAGT
AGGACGCTTCCTTTGGGAGGATCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAGATGAGGATGATCAGAAT
GATAAAGACCCTCAACTCTTCAAGCTAGCACATCTACTCTTGAAGATTGTTCCAACTGAATTGGAGGTTATGC
ACATATGTTATAAAACTTTGAAAGCTTCAACTTCAACAGAAATTGGACGCTTCATTAAGAAGCTCCTGGAAAC
CTCTCCGGACATTCTCAGAGAATATCTGATTCATCTACAAGAGCATATGATAACTGTTATTACCCCTAACACT
TCAGGGGCTCGAAACATTCATGTCATGATGGAATTCCTATTGATTATTCTTTCTGATATGCCGCCCAAGGACT
TTATTCATCATGACAAACTTTTTGATCTCTTGGCTCGTGTTGTAGCACTTACCAGGGAGGTATCAACTCTTGT
ACGCGACTTGGAAGAGAAATTAAGGATTAAAGAGAGTACTGACGAAACAAATTGTGCAACCCTAAAGTTTCTG
GAAAATATTGAACTCCTTAAGGAAGATCTCAAACATGTTTATCTGAAAGTCCCGGATTCATCTCAATATTGCT
TCCCCATGAGTGATGGACCTCTCTTCATGCATCTGCTACAGAGACACTTAGATGATTTGCTGGATTCCAATGC
TTATTCAATTGCTTTGATAAAGGAACAAATTGGGCTGGTGAAAGAAGACTTGGAATTCATAAGATCTTTTTTC
GCGAATATTGAGCAAGGATTGTATAAAGATCTCTGGGAACGTGTTCTAGATGTGGCATATGAGGCAAAAGATG
TCATAGATTCAATTATTGTTCGAGATAATGGTCTCTTACATCTTATTTTCTCACTTCCCATTACCAGAAAGAA
GATGATGCTTATCAAAGAAGAGGTCTCTGATTTACATGAGAACATTTCCAAGAACAGAGGTCTCATCGTTGTG
AACTCTCCCAAGAAACCAGTTGAGAGCAAGTCATTGACAACTGATAAAATAATTGTAGGTTTTGGTGAGGAGA
CAAACTTGATACTTAGAAAGCTCACCAGTGGACCGGCAGATCTAGATGTCATTTCGATCATTGGTATGCCGGG
TTTAGGTAAAACTACTTTGGCGTACAAAGTATACAATGATAAATCAGTTTCTAGCCATTTCGACCTTCGTGCA
TGGTGCACGGTCGACCAAGTATATGACGAGAAGAAGTTGTTGGATAAAATTTTCAATCAAGTTAGTGACTCAA
ATTCAAAATTGAGTGAGAATATTGATGTTGCTGATAAACTACGGAAACAATTGTTTGGAAAGAGGTATCTTAT
TGTCTTAGATGACGTGTGGGATACTAATACATGGGATGAGCTAACAAGACCTTTTCCTGATGGTATGAAAGGA
AGTAGAATTATTTTGACAACTCGAGAAAAGAAAGTTGCTTTGCATGGAAAGCTCTACACTGATCCTCTTAACC
TTCGATTGCTAAGATCAGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGCATTTGGAAACGAGAGTTGCCCTGA
TGAACTATTGGATGTTGGTAAAGAAATAGCCGAAAATTGTAAAGGGCTTCCTTTGGTGGTGGATCTGATTGCT
GGAATCATTGCTGGGAGGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTAAATAATTTGCATTCCTTTATTT
TGAAGAATGAAGTGGAAGTGATGAAAGTTATAGAAATAAGTTATGACCACTTACCTGATCACCTGAAGCCATG
CTTGCTGTACTTTGCAAGTGCGCCGAAGGACTGGGTAACGACAATCCATGAGTTGAAACTTATTTGGGGTTTT
GAAGGATTTGTGGAAAAGACAGATATGAAGAGTCTGGAAGAAGTGGTGAAAATTTATTTGGATGATTTAATTT
CCAGTAGCTTGGTAATTTGTTTCAATGAGATAGGTGATTACCCTACTTGCCAACTTCATGATCTTGTGCATGA
CTTTTGTTTGATAAAAGCAAGAAAGGAAAAGTTGTGTGATCGGATAAGTTCAAGTGCTCCATCAGATTTGTTG
CCACGTCAAATTAGCATTGATTATGATGATGATGAAGAGCACTTTGGGCTTAATTTTGTCCTGTTCGGTTCAA
ATAAGAAAAGGCATTCCGGTAAACACCTCTATTCTTTGACCATAAATGGAGATGAGCTGGACGACCATCTTTC
TGATACATTTCATCTAAGACACTTGAGGCTTCTTAGAACCTTGCACCTGGAATCCTCTTTTATCATGGTTAAA
GATTCTTTGCTGAATGAAATATGCATGTTGAATCATTTGAGGTACTTAAGCATTGGGACAGAAGTTAAATCTC
TGCCTTTGTCTTTCTCAAACCTCTGGAATCTAGAAATCTTGTTTGTGGATAACAAAGAATCAACCTTGATACT
ATTACCGAGAATTTGGGATCTTGTAAAGTTGCAAGTGCTGTTCACGACTGCTTGTTCTTTCTTTGATATGGAT
GCAGATGAATCAATACTGATAGCAGAGGACACAAAGTTAGAGAACTTGACAGCATTAGGGGAACTCGTGCTTT
CCTATTGGAAAGATACAGAGGATATTTTCAAAAGGCTTCCCAATCTTCAAGTGCTTCATTTCAAACTCAAGGA
GTCATGGGATTATTCAACAGAGCAATATTGGTTCCCGAAATTGGATTTCCTAACTGAACTAGAAAAACTCACT
GTAGATTTTGAAAGATCAAACACAAATGACAGTGGGTCCTCTGCAGCCATAAATCGGCCATGGGATTTTCACT
TTCCTTCGAGTTTGAAAAGATTGCAATTGCATGAATTTCCTCTGACATCCGATTCACTATCAACAATAGCGAG
ACTGCTGAACCTTGAAGAGTTGTACCTTTATCGTACAATCATCCATGGGGAAGAATGGAACATGGGAGAAGAA
GACACCTTTGAGAATCTCAAATGTTTGATGTTGAGTCAAGTGATTCTTTCCAAGTGGGAGGTTGGAGAGGAAT
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CTTTTCCCACGCTTGAGAAATTAGAACTGTCGGACTGTCATAATCTTGAGGAGATTCCGTCTAGTTTTGGGGA
TATTTATTCCTTGAAAATTATCGAACTTGTAAGGAGCCCTCAACTTGAAAATTCCGCTCTCAAGATTAAGGAA
TATGCTGAAGATATGAGGGGAGGGGACGAGCTTCAGATCCTTGGCCAGAAGGATATCCCGTTATTTAAGTAGT
TTTTGAGCATTATGGTTGAAAAGTAGATTGCACTTTGCTGGGTAGATTGTATATGGTTAAGAAAATTCTGTTA
CAGTTGTTATGAAACATTTTTATTTGACTTTTCTGAGTTTCTTTTAGAAAACTCAGAAGTTTTTAACAAAAAT
TATAGTTTTTATAAATACAATGTGGATTTGCCTTTGGCTGTCCAACTTGGTCTGAAGTCTCATATGCTCAGAG
CACTATCGTTCAACCTCAATCAAGGTACTGATTTAAAATGACATCTATACTACTTTATCACAAACCCAACGAA
CTTTCATCTCAAAAGCTAGGCCAGGAAGTGAAGAGGTTGTAGAGAGCTTATAAGCACTCATGACTTCCTTTTC
TCGAACATTCAACCAACGTAGGCTGAAATCCCACTCTGAACGAAAATAAGTGTTTGTTTATCAAATTAACTCT
CGTAGTAGAACACTGAAATACCTTCTTCTAAACGTTCAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAA
GGTTCACATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACATTGACAGCACCATTTCAACAG
AAGAACAAGTCAATGC

>Potato_spacer (ch01:629893..631973 Solanum tuberosum group Phureja DM 1-3
v6.1)

GAAAAATGATACATGTTTAGAGGTCTAGAGCTTAGAAGAAATTGTGGATACCATTGGAGAAAATAATATTGAT
GATGAAGTTGAAGACGATAAAATATATTTGGAACTAGTTACGCATAAGGAAGCACTTATCGCGTCTAGAACTC
TTAACAAAATCTTCTAGAGGTTATTGAATCGAATTTCTTTGATAAACTTTTTTCCAATTTCTCATTGAGCTGT
GGCATATATTGTTGTTCTGATTGCTGATCTATGTGATTTTATTTTAAACCCATTGATAGCTTAATGATAAGCC
GAGCTGGTGCTCTTTTTGAAATTATTTGATTTACTATTAATGATTTCTTAGAGTATTTTGCAGGAGATTTTGA
GTAAAATAGAGAAAATATGAATAATAATCACAATCAGATTACATCTAACAAACTACTTTGAAATTATCCTTAG
ACATAACAAACCATTTTTGTCATTTTGCTAGTGTCTATCTGTAAAGACAGATAGGATTTTACTTTTATGCTTT
AGTATAAAAAAGGTGTGAAAATATTTTTACCCAGAGAGAAAATTCAGAGGACAAATTTCTGAAGTTCTTCCTT
CCAATCTGTCAGTTTTTTAACCTCTCTGCAATTTTTATTCTTCTAGATATAATGGTTAGTGGTCAGTCAAATG
CTTTGAGAGGAAGAGGTTCGGGATATTTGAAACGTTATGGAGGAAATGCACATAAGCTTACTAGGCAAGAGAA
TTGCGGAAAAGGAACTATTCGATCAGTTCATAGCAGGTTTAGGCCAATTGGTGACGGTGGTGTTGCATTGTCA
AACCATGTTGGTGGAACATGGTTTGACAATCGAGTGGTCGATAAGGAAACATGTAGTGATCGTATTCATAGGA
CTACAAGCTCGAATAACAATTCAATTTTCCTATCCAACTTGTCTGCGAGACCTAGAGTTGTTGATGGTCTGTC
AAGGGATTCGAGGAAAAGAGGCTCGGGATATTTGAAACGTTTGGAGAAAAGAGATGAAGGAGGAGCATATAAG
TTTTCTAGGCAACAGAAAATACTTAGAAGAATAGTGTCAGAGCCTATTCCTCTTATGGCTCAGATTATGCAAC
AACTTGATGACGAAACAGTTGACACAACAAAAGAATACTTGAGGAACCTAATAACAATGCCGGAAGGGATATA
TGAGTTTGTTAGCCTTCAGAACAGGCTTGATGAGAGATCTGATCTTACCAATCAGACTCTCTTGAACTGCCAT
AAGATCCAACTAGAATTTTTGGTTTCAATAAGAACAGGTCTTGGAAGCTTCTTATTGGAAAACACCCACCTTC
TAACATCAGAATTGGTTGAAATTTTCTTACTTGAAAGGTGTCGAAACATTAATTGCAGGAGGATTTTGCCTAT
TGAGGATCGCGGTTGCAAGATTTGTTCAACGAAGAAGGGATTCTGCAGCGAATGCATGTGTCTTGTGTGTCTG
AAATTCGACTGTGCCAATAATACTTGCAGTTGGGTAGGGTGTGATGCATGCTTGCATTGGTGTCATGCTGTTT
GTGGTATTCGTCGAAATCTTATAAAGCCAGGTCCAAGTCTCAAAGGACCCTCTGGGACAACCGAGATGCAATT
TTACTGTCTGGGATGTGGTCATGCCTCGGAAATGTTTGGCTTCATTAAGGATGTGTTCATATCTTGTGCGAAT
GAATGGGGTGAGGAGACCCTGATAAAAGAGCTTGATTATGTTCGGAAAATCTTCCAAGGGAGTGAAGATTTTA
AAGGCAAGGAGTTACATGTTAAGGCAGATGTCTTGCATACAAAGCTAGCTACAAAGATGATTTCCCCTTCAGA
CGCCTGCAATTTTATATTTCAGTTTTTCAGCGGTAAGTATACAAACCAATTCATTTTATCTTATTTGCATAAG
AACAAGTCTTTATTTTACAATGTTCTGGTTTTCCTTATGTTATACTCATTCCTATTTTTTATTTTTGGTGCAC
AAACCATGAAAGGGAATATTAAGTTAGAAATAGTTGCTACCTAAATCGTTATATTAATTCCGTTTGAAATGGT
TGTGTTGGTATATATACAATTAACCATGCGTTTAGAT
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Appendix 3
Sekvensdokumentation for inserts.

Figurforklaring: @verst ses en lineaer angivelse af den cirkulaere vektor (appendix 1) med funktionelle
elementer angivet. Nedenunder findes linjer/reads som reprasenterer DNA sekvens read i hhv forward
(gren) og reverse (rgd) orientering. Nar linjen/read er skraveret, sa betyder det at dette omrade af sekvens-
readet ikke aligner til vektoren, hvorimod uskraveret linje/read angiver den del af reads som aligner til
vektor sekvens. Bemaerk at det er umuligt ikke at lave sjeeldne sekvensfejl under sekventering. Derfor
inoreres sekvensvarianter, der kun er set fa gange fra analysen). Note: for YSF5, YSF12 og YSF13 er
dokumentationen identisk med den godkendte ansggning i 2025.

A: Oversigt over mapping af insert-specifikke reads fra rekombinante linjer til hele vektor. Der ses kun reads
som mapper til det forventede insert og ikke til de dele af plasmidet som ikke skal indszettes. Den genetiske
baggrund, Ydun, er medtaget for sammenligning. Bemaerk, at der er en ikke-relevant baggrundsmapping fra
Ydun, som ikke stammer fra vores behandling og derfor ikke relevant for insert-karakteriseringen.

YSF5: (gener er markeret med gule pile, promoter med grgnne pile, 3’-UTR regioner med rgde pile)

2000 a0 5000 8.000 10000 12.000 14000 16.000 18,000 20,000

pVSL Stad pVSL oriv Native promoter region \Native promoter region |Native promoter region
PVSL RepA L orif  KanR, B Native 3 UTR  blbl Factor Xa site Native 3'UTR |blb2 {ative 3 UTR
pCam23 Rgenesl.4_KanDel
i
Coverage gl

YSF12: (gener er markeret med gule pile, promoter med grgnne pile, 3'-UTR regioner med rgde pile)

2000 ag00 6000 e.00 g0 32000 100 w0 1e.000 2000

pVSL Stad pYSL oriv
PVS1 RepA L orf  KanRy

Native promoter region |Native promoter region {Native promater region
wntL.1 Native 3 UTR  blbl Factor Xa site Native 3' UTR  blb2 Wative 3' UTR

pcam23_Rgenesl.4_KanDel
87

Coverage
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YSF13: (gener er markeret med gule pile, promoter med grgnne pile, 3'-UTR regioner med rgde pile)

2000 4,000 6,000 2,000 10,000 12,000 14,000 16,000 12,000 20000
] 1 1 1 i V i i i V
pVSL Stak pVS1 oriv Native promoter region {Native promoter region |Native promoter region
PVS1 Reph E orif  KanRy wntl.1 Native 3' UTR  blbl Factor Xa site Native 3' UTR  |blb2 Wative 3' UTR
: : o — " ) N a 5
pcam23_Rgenesl.d_KanDel
18 —
Coverage
e —,

YA_mfp_1: (gener tilhgrende vektor er markeret med gule pile, gnskede inserts (inkl. evt. native promoter
og 3’-UTR) er markeret med rgde pile. Bemaerk at i denne figur er enkelte sekvensfejl pa individuelle reads
angivet. Det gra omrade upstream opstar fordi der er to kopier af de indsatte gener som mapper til den

cirkulaere vektor, men som ikke indeholder de omrader af sekvensen som markeres med ”.” som fremstar

gra i denne figur. | figur B ses detaljer for mfp-1, hvor det tydeligt fremgar, at der er tale om ”.”, og dermed
at reads ikke indeholder denne del af vektor-sekvensen)

200 g0 son ca00 1000 12400 12000 16000 1008 20000 200
\bom
1 StaA PVSL ol potspacer
rvsz i ory  Kan hm TONArepeat 1.1 increquiatory b1 factorxa ste Blb2_inclregulatory \RE T-DNA repeat
= ) s A
PCAM2300_blblbl2vnt]_kanDel_potspacer
5

Coverage

YA _mfp_2: (gener tilhgrende vektor er markeret med gule pile, gnskede inserts (inkl. evt. native promoter
og 3’-UTR) er markeret med rgde pile.

2000 4000 (X1 .00 10000 12,00 14000 16,000 18,000 20000 22000
0 1 " P i i 1 " I ¥ I

\bom
rvsn Stah WVS1 oriv otspacer

P
VS1 RepA g L orf KkanR (LB T-DNA repest vnt1.1 inclregulstory glb1 Factor Xa ste Bib2_inclre gulatery RS T-DNA repaat
3 i pas

PCAM2300_biblbl2witl_kanDel_potspacer
1

Coverage
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YA_mfp_3: (gener tilhgrende vektor er markeret med gule pile, gnskede inserts (inkl. evt. native promoter
og 3’-UTR) er markeret med rgde pile.

200 1000 6000 8000 10,000 12000 18000 16,000 18000 20,000 22,000
| I i " v i v v v v

rvsl staA

rvmep,xr L P

= == —
PCAM2300_blb1bl2vntl_kanDel_potspacer
2

Coverage -—_-.

\bom
VSl oV otspacer
r 8 T-DNA repeat Va2 inclrguistory plea Factor Xa site o2 inclraguistery \RB T-DNA repeat

YA_mfp_5: (gener tilhgrende vektor er markeret med gule pile, gnskede inserts (inkl. evt. native promoter
og 3’-UTR) er markeret med rgde pile. Bemaerk at i denne figur er enkelte sekvensfejl pa individuelle reads
angivet. Det gra omrade upstream opstar fordi der er to kopier af de indsatte gener som mapper til den

cirkulaere vektor, men som ikke indeholder de omrader af sekvensen som markeres med ”.” som fremstar

gra i denne figur. | figur B ses detaljer for mfp-1, hvor det tydeligt fremgar, at der er tale om ”.”, og dermed
at reads ikke indeholder denne del af vektorsekvensen)

2000 a0se om0 non 10000 12000 18000 16000 100 20,000 200

ve1 s bom i
VSL RepA pVSlorV o KanR, rm T-ONA repeat Vntl,]_inclregulatory Blbl Factor Xa ste b2_inclregulatory R T-ONA repeat
F sl Y S, L | e f i

PCAM2300_bib1bi2vnt]_kanDel_potspacar
1

Coverage

YA10_51: (gener er markeret med bla pile, regulatoriske elementer fra vektor med gule pile og promoter
elementer med grgnne pile). Bemeerk at der er betydelig cross-mapping af reads fra baggrundsloci for vnt1-
genet (derfor den hgje coverage i netop det omrade) — det er kun de reads som spanner vnt1-Pblb1
junction, som vi med sikkerhed ved stammer fra insert. Det er et resultat af at vi for denne CrispR editerede
linje ikke har samme mulighed for at effektivt at filtrere baggrundsreads fra, som med de andre linjer, hvor
vi har kendt sekvens pa begge sider af DNA-element overgangene, da vi i dette tilfaelde kun har CrispR
downstream information.

2000 w0 s 8.000 1000 1m0 14900 16.000 1800 20000 22000
i i T ¥ i

upstream CrispR site,
o Downstream CrispR site

Promunt].1 Promblbl Prom_bib2
s ‘bm ‘wlnz
=2 _

|psv1 Staa

pom
svL onv Camv 355
isw RepAr \ I‘ Karf|  NeoRlKan,

peambia2300_Rgenes_Crispr_Sbfl.4_prims
o

Covarage
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Ydun: (gener er markeret med gule pile, promoter med grgnne pile, 3’-UTR regioner med rgde pile)

2000 40 5.000 e00 10,900 12000 La000 16.000 18000 20000

pVs1 Stad 1 orfv

puS:
PVSL RepA L o KarR

Native promoter region ‘Natwe promoter region {Mative promoter region
VL1 Mative 3'UTR  bibl Factor Xa site Native 3' UTR  blb2 Native 3 UTR

pCam23 Rgenesl.d_KanDel
15

Coverage

B: Udsnit fra A som fokuserer pa 5’-enden af insert. Bemaerk at den insert-flankerede sekvens (nar man ser
bort fra Ydun baggrundssekvenser) er entydige, hvilket betyder, at der kun er et enkelt insertionsite.

YSF5: (bemaerk at det er de reads som aligner til vektor nt 8665- tilhgrer vores insert — de andre er Ydun
baggrundsreads)

8500 820 8.0 8660 8680 8700 820 8740

I s e e |
pCam23_Rgenesl.4_KanDel ‘TCCATTTAAATCCTAAGCCTATGAAGCTTCGTTCACTTTTCTG- TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACTTCAAATTATTGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
20

Coverage

“TCCATTTAAATCCTAAGCCTAGGAAGCTTCGTTCACTTTTCTG- TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTLATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAATGTG TATCAGCATGTT -4

AAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
TCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTCTGTTTTCACAAAAGAC(GTTGCATATTTTCTCAAATGGCTCATCTTAACCT(AAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGATTGTTATCAGCATGTT ’
TTCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTITTC CAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGATTGTTATCAGCATGTT -/

TCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTLTG TTTCACAAAAGAccGTTGCATATTTTCT(AAATGGCTCATCTTAACcTcAAATTATTGCAAGTGTTGuTTGTAGTcAcGTcTTGAGATTGTTATCAGCATGTT ’

TCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTCTG TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGATTGTTATCAGCATG
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/

TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -4
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -4

TT T T T T TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -4
T TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/

YSF12:

7220 200 7260 72800 7300 730 730

pCam23_Rgenesl.4_KanDel AACTT.
2

Coverage

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC GATG AGTTTGCTAT--GG-AGATTGA(
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGC -AGTTTGCTAT--GG-AGATTGA(
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC~ ATG AGTTTGCTAT--GG-AGATTGA(

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGA(
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - - GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTATGAGG - AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTATGAGG - AGATTGA(C

T TAAG- TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC GATG- AGTTTGCTAT- SGE- AGATTGA(
T T T T T TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCT-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCT-GATG-AGTTTGCTAT - -GG -AGATTGA(C

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - - GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTC-TTTGCT-GATGAAGTTCGTGAT - - GGAAGATTGA(C

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - - GG - AGATTGA(C

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - - GG-AGATTGA(

T TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG -AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - - GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG -AGATTGAC
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YSF13:

(bemeerk at det er reads som aligner til vektor nt 7132- som tilhgrer vores insert)

7.060 7.080 7100 7120 7100 7160 7180

pCam23_Rgenesl.4_KanDel TCAATAAATCAATAGAAATAGC TGGAAATGTACTCTTTCAAGAA - -GGTACGCGTTTATATTGGTTGAAAGAGGACATCGATTGGC TCCAGAGAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGTTGGAG
4

Coverage

Eee————ae—e—————s E N E [Seem—— ———— ]
TCAATAAATCTGTAGAAATAGCTGCAAATCTACTCTTTCAACAAGGGGGCCGC - TTGA-ATTTTTTGAAGGAGGACATCAATTGGCTCCAAAGAGAACTGAGACACATTCGATCATACATTGACAACGCAAAGGACAAGGCAATTGGAG

GAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGTTGGAG

GAGAAATGAGACACATTCGATCATATGTAGACAATGC
GAGAAATGAGACACATTCGATCATATGTAGACAATGC

AAGGAAGTTGGAG
AAGGAAGTTGGAG

YA _mfp_1:

(bemazerk at dobbeltkopien af R-generne forarsager et “gap” i mappingen som markeres med ”.” for de
reads som stammer fra downstream kopi af insert). Det er disse som fremstar "gra” i figur A.

s sm e e o o --‘u o wan e an o s s o

:m L8 TONA repent
PCAM2300_bIBII2E) KarDel_potspacer < accrar reTACET
=

comooe i === B—_ —

YA_mfp_2: Bemaerk at det nederste “skraverede” read er flankerende sekvens fra reads som krydsmapper
fra vntl-homologe gener i Ydun baggrund — se figur A hhv Ydun og YA_mfp_2).

0 oo ss cou o o om B ) e an an o aa s

PCAMZ300_bibblavntl_kanDe! potspacer
0

coverage

Side 5 af 9



I\
N

YA_mfp_3: Bemaerk at de to gverste og det nederste skraverede reads stammer fra reads som krydsmaper
fra vntl-homologe gener i Ydun baggrund — figur A hhv. Ydun og YA_mfp_3.

a1z o 650 <o can €2 20 60 210 an can 6200 sae
v iV v ¥ 0 i 1 \ 0 0 0

iz {BTONA repest

PCAM2300_bib1bizvntl_KanDel_potspacer 0 T TOGAACTAGT TACGCATA - -A- GGAROCACTTA TAACARAATCTTCTAOAL
n

Coverage

YA _mfp_5: (Bemaerk at dobbeltkopien af R-generne forarsager et “gap” i mappingen som markeres med ”.”
for de reads som stammer fra downstream kopi af insert. Det er disse som fremstar “gra” i figur A. De to
nederste “skraverede” reads er flankerende sekvens fra reads som krydsmapper fra vntl-homologe gener i
Ydun baggrund — se figur A).

6260 san 300 s e 660 e sane e an casc

— — e,
PCAMZ300_bIBLBINK1_kanDel potspacer TTGGAGAAAATAATATTGATGATGAAGT TGAAGACGATAAAATATATTTGGAAC TAGT TACGCATAAGGAAGCACT TATCGCGTC TAGAACTC T TAACAAAATCTTCTAGAGGT TATTGAATCGAATTTCTTTGATAAAC - TTTTTTCCAATTTC TCATTGAGC TGTGGCATATATTGTTGTTCTGATTGC TGATCTATGTGATT1

YA10_ 51: Bemeerk at der er betydelig cross-mapping af reads fra baggrundsloci for vntl-genet (derfor den
hgje coverage i netop det omrade). Det er et resultat af at vi for denne CrispR editerede linje ikke har
samme mulighed for effektivt at filtrere dem fra, som med de andre linjer, hvor vi har kendt sekvens pa
begge sider af DNA-element overgangene, hvor vi i dette tilfaelde kun har CrispR downstream information.
Disse reads er de skraverede 36 nederste reads)

» 360 e300 s sz a0
i g V i

[ CrabAR romvntl.1

peambia2300_Rgenes_Crispr_Sbf1.4_prims G TGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTCGGTACCCGGGGATGACCATTACCAGACTCTACAAGGCCTGCAGGAGTTAT -ACACC
"

Coverage
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C: Udsnit af A som fokuserer pa 3’-enden af insert.

YSF5:

20360 20380 20,400 20,420 20,400 20,460 20,480

pCam23_Rgenesl.4_KanDel 3TTcAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAAGGTTCACATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACATTGACAGCACcATTTcAAcAGAAGAACAAGTCAAT!CTGACAGGATATATTGGCGGG

2
covermgs _

3TTCAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAAGGTTCACATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACATTGACAGCACCATTTCAACAGAA
STTCAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAAGGTTCACATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACATTGACAGCACCATTTCAACAGAA

YSF12:

20350

pCam23_Rgenesl.4_KanDel :AAATGGGAT - TTCCAGCACT - - - CAAAGTGAATGAAAGGTTCACATTAAT -C - TTCAAAAAGAAT - TACGAC -AA- TTCATGACCACAAG- TACATTGACAGCACCATTTCAACAGAAGAACAAGTCAAT!CTGACAGGATATATTGG(

16
Coverage

AAATGGGAT - TTCCAGCACT - - - CAAAGTGAATGAAAGGTTCACATTAAT-C - TTCAAAAAGAAT - TACGAC -AA- TTCATGACCACAAG- TACATTGACAGC

200 2420 w0 20850 20,080

AAATGGCATATT---TCACT
AAATGGGAT - TTCCAGCACT
AAATGGGAT-TTCCAGCACT

- -GAGCCAATGAAAGGTTCAC- -GGAT-CTTTC- -AAAGAAT - TACGACAAA-TTCATGACCATAAG- TACATTGACAGC
CAAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC -AA-TTCATGACCACAAG- TACATTGACAGC
CAAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC-AA-TTCATGACCACAAG- TACATTGACAGC

AAATGGGAT - TTCCAGCAC TAAAGAAAGTGAATGAAAGGTTCACATTAAT -C- TTGAAAAAGAAT - TACGAC -AA- TTCATGACCACAAG- TACATTGACAGC
AAATGGGAT - TTCCAGCAC TAAAGAAAGTGAATGAAAGGTTCACATTAAT -C - TTGAAAAAGAAT - TACGAC -AA-TTCATGACCACAAG-TACATTGACAGC
AAATGGGAT-TTCCAGCACT AAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC -AA-TTCATGACCACAAG- TACATTGACAGC
AAATGGGAT - TTCCAGCACT- - -CAAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC -AA- TTCATGACCACAAG- TACATTGACAGC

AAATGGGAT-TTCCAGCACT
AAATGGGAT -TTCCAGCACT

CAAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC-AA-TTCATGACCACAAG- TACATTGACAGC
CAAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC -AA-TTCATGACCACAAG- TACATTGACAGC

CAAAGTGAATGAAAGGTTCACATTAAT-C- TTCAAAAAGAAT - TACGAC -AA - TTCATGACCACAAGTTACATTGACAGC
AGAAGTGAATGAAAGGTTCACATTGATCC - TTCAAAAAGAATATACGAC -AATTTCATGACC

-AATG CCGAGCACT ACAAG-T
CAAAGTGAATGAAAGGTTCACATTAAT-C-TTCAAAAAGAAT - TACGAC -AA-TTCATGACCACAAG- TACATTGACAGC

GGAT-T
AAATGGGAT-TTCCAGCACT

YSF13:

w3 20350 20380 200 w420 20,440 w050 w0480

pCam23_Rgenesl.4_KanDel I TCTAAACGTTCAACAAATGGGATTTCCAGCACTCAAAGTGAATGAAAGGTTCACAT - TAATCTTCAAAAAGAATTACGACAATTCATGACC ACAAGTACATTGACAGCACCATTTCAACAGAAGAACAAGTCAAT!CTGACAGGATA

| |

TTCTAAACGTTCAACAAATGGGATTTCCAGCA-TCAAAGTGAATGTAAGGTTCACATCAAATCTTC -AAAAGTATTACTAAGATTGATGACCAACAAGTACATTGACAGCACCATTTCAACAGAA
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YA_mfp_1: (bemaerk at YA_mfpl har tandem insertion og dermed er der sekvenssupport for bade
overgangen fra den ene tandem kopi til naeste (den leengste match) og overgangen fra tandem kopi nr. 2 og
downstream for insertion site kartoffel flankerede gDNA)

2 2250 560 210 200 220 2240 22560
RB T-DNA repeat
PCAM2300_blb1bl2vntl_kanDel potspacer TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTGACAGGATATATTGGCGGGTAAACC TAAGAGAAAAGAGCGT TTATTAGAATAACGGATAT TTAAAAGGGCGTGAAAAGGTTTATCCGTTCGTCCATTTGTATGTG:
P - —
Coverage -

TTGACA--ACCATCTCAACAGAAGAACAAGTCAATGCTGACAGGATATATTGTGGTGTAAACCT
TTGACA- -ACCATCTCAACAGAAGAACAAGTCAATGCTGACAGGATATATTGTGGTGT AAACCT

TTGACAGEACCATTTCAACAGAAGAACAAGTCAAT GCTGACAGGATATATT GTOGT ST AAACE T

TTGA ACCATTTCA, AAGTCAATGCTGA -
TTGACAGCACCATTTCAACAGAAGAACAAGT CAATGCTGA -
TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTGA -
TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTGACAG
TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCT-A-

TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCT-A---
TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTGA - - -

TTGACAGCACCA

GAAGTACAAGTCAATGCTGA -

YYGA(AGCA(tAYTYCAA&AéAAGAA\AAGYFAAWGLWF
TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTG
TTGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTG

YA_mfp_2:

a0 2500 s 50 a0 e 2500 g
RB T-DNA repeat
pnAmzzumbmxmamu_nnoeLpaspmevrTcA:ArrAArcTrcAAAAAsAATYAcsAcAArrcArsaccAcAAsrAcarrsacAscAccArrrcAAcAaAAeAAcAAsr:AArEnaAcAssnrArATrsccsssrAAAccYAAGAGAAAAGAsccrrrArrAaAAwAA:saAYArTYAAAA
2

Coverage

TTCACATTAAT
TTCACATTAATCT

YA_mfp_3: (kun et enkelt read)

50 2520 2540 2560 e 200 g0 ey g
RB T-DNA repeat
p(AMZBnD_mebuvnu_kanDELpoupa:evAAAAAGAATTACGA[AATTCATGACCACAAGTAEAYTGACAGCACCATYTCAACAGAAGAACAAGT{AAT![TGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAGAGCGTTTATTAGAATAACGGATATTTAAAACGGCGTGAAAAGGTTTATC[GTTCGTCCATTTGTATGTG
1

Coverage

YA_mfp_5: (bemaerk at YA_mfpl har tandem insertion og dermed er der sekvenssupport for bade
overgangen fra den ene tandem kopi til naeste (den laeengste match) og overgangen fra tandem kopi nr. 2 og
downstream for insertion site kartoffel flankerede gDNA — dog kun med et enkelt read).

TONA repeat
e

PCAM2300_bib1bizw1_kanDel potspacer3 G T A C A T T GACAGCACCA-TTTCAACAGAAGAACAAGTCAATGLETGACAGGATATATTGGCGGGTAAACC TAAGAGAAAAGAGECGT TTATTAGAATAACGGAT
Coverage
-o— =
TCTTAACAAAATCT TCTARAGET
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YA10_51:

1250 2560 22510 2600 a6 22600 2660
T T v v T

22700 2020 2y
f V i

-T-DNA repeat

pcambia2300_Rgenes_Crispr_Sbfl.4_prims «0TGTTTGTT TATCAAAT TAACT CTCOTAS TAGAACACTGAAATACCTTC TTCTARACOTTCAACAAATO 6OA -TT
.

Coverage
aTeTTTG COTAG TAGAACACTG! asac AAATGGGA -TT TCCAGEACTCARR o1t . . AcAATT

T G TTTOTT TATCAAATTAACT CTCGTAG TAGAACACTGARATACCTTC TTCTAAACGTTC AACAAATGGGA . TT TCCAGCACTCARAG TGAATGARAGGTT CACAT TAATCTTCAAR AAGAAT TACGACAATT
ARATTAACT € TCST AG TAGAACACTGARAT! AACOTTCAACAAATOGATTT TCCAGCACTC ARA TOARTGAAAGDTT CACATTAR TCT TCARAARGAAT TACGACAATT

7T~ /7
(@TGTTTGTTTATCARATTAACT T TCACATTAATCT
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Appendix 3
Sekvensdokumentation for inserts.

Figurforklaring: @verst ses en lineaer angivelse af den cirkulaere vektor (appendix 1) med funktionelle
elementer angivet (gule piler er gener; grgnne pile er promotorer og rgde pile er 3-UTR regioner).
Nedenunder findes linjer/reads som repraesenterer DNA sekvens read i hhv forward (grgn) og reverse (rgd)
orientering. Nar linjen/read er skraveret, sa betyder det at dette omrade af sekvens-readet ikke aligner til
vektoren, hvorimod uskraveret linje/read angiver den del af reads som aligner til vektor sekvens. Bemaerk
at det er umuligt ikke at lave sjeldne sekvensfejl under sekventering. Derfor udelukkes sekvensvarianter,
der kun er set en enkelt gang fra analysen).

Note: for YSF5, YSF12 og YSF13 er dokumentationen identisk med den godkendte ansggning i 2025.

A: Oversigt over mapping af insert-specifikke reads fra rekombinante linjer til hele vektor. Der ses kun reads
som mapper til det forventede insert og ikke til de dele af plasmidet som ikke skal indsaettes. Den genetiske
baggrund, Ydun, er medtaget for sammenligning. Bemeerk, at der er en ikke-relevant baggrundsmapping fra
Ydun, som ikke stammer fra vores behandling og derfor ikke relevant for insert-karakteriseringen.

2000 2000 a0 so0  wesr  omew oo e wew 20
| ] ] ) i i i i i i
PVSL StaA PYS1 ariv Native promoter region \Native promoter region \Native promoter region
PVSL RepA E ori KanR, jwntl.1l Native 3' UTR  blbl Factor Xa site fNative 3' UTR  |blb2 Native 3' UTR.
pCam23_Rgenesl.4_KanDel
. p—
[«
overage - e Y
200 a0 sa agu wgu 2ou w900 won 1000 ang00
PVSL Stah PYSL oriv Native promoter region |Native promoter region |Native promoter region
PVS1 RepA k orj KanR ntl.l (Native 3' UTR  blbl Factor Xa site Native 3' UTR  blb2 Native 3' UTR
pcam23_Rgenesl.4_KanDel
o
Coverage

Ingredients to grow your business
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5000

800 10,000 12000 1ag00 15,000 18,000 2000
PYSL StaA pysl ort Mative promoter region |Native promoter region |Native promoter region
PVS1 RepA L ori Ry vntl.1 Mative 3 UTR  blbl Factor Xa site Native 3 UTR  (blb2 \ative 3' UTR
pcam23_Rgenesl.4_KanDel
18
Coverage

YA _mfp_1:

2000
"

(bemazerk at i denne figur er enkelte sekvensfejl pa individuelle reads angivet)

ag0 a0 a0 10000 12000 1ag00 16000 18000 20900 200
\bom
VS1 StaA {PVS1 orV potspacer
ﬁ: NupA‘ L MI uni ||m T-ONA repeat Vit incireguistory 158 foctorxa ske ioz.increguiatory \RB T-DNA repeat
PCAM2300_blb1bl2vntl_kanDel potspacer
B
Coverage

YA_mfp_2:

J.O’M A,ﬁﬂl ﬂ.l‘ﬂ. I.D'M m_‘m lr_‘ho ll,lﬂm l&'lli n_‘m Hflﬂ n_‘m
ibom
pVSI Stak 1 oriv otspacar
ﬁl RepA L nrl KanR EL! T-DNA repeat Jvml.lmurnguumry Inlu ra:mrn ste IBhlJnclrlguI-mry \RE T-DNA repeat
pCAM2300_bib1bl2wnit]_kanDel_potspacer - -
10
Coverage

YA _mfp_3:

2000
I

bom
1 StaA VS1 oriv otspacer
1 RepA £ k orj  KanR, ﬁm T-DNA repeat Jvnu.l_lnelragulmmy Flbl Factor Xa site F‘lbz_ln:lngulnmry \RB T-DNA repeat
PCAM2300_biblbl2vntl_kanDel_potspacer
v et ) ol
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YA_mfp_4:

2000 4000 5.000 800 1000 12000 100 16000 18000 2000 2000
i i

ibom
PVSL Staa PVS1 orlV. otspacer
:vs) RepAL L orl)  KanR ﬁua T-DNA repeat .l\lml,Llntlugululcry Fbx rmor Xa site |Bl’2_lnclrwulmory \RB T-DNA repeat.

PCAM2300_blblbl2vntl_kanDel potspacer
w0

Coverage

YA _mfp_5:

(bemzerk at i denne figur er enkelte sekvensfejl pa individuelle reads angivet)

240 gm0 600

1900 200 1ag00 16309 100 20900 20
!

\bom

1 orv

VSL Stah PV potspacer
Evs: rupAb L orJu K‘ﬂ hw TONArepest ntl.L inclreguistory b factorxa ste o2 Inclreguistory \RB T-DNA repeat
PCAM2300_blblbl2vnt]_kanDel_potspacer
5

T e —

YA10_51:

2000 a0 com a0 10000 gm0 1ape0 16000 18000 g0 200
upstream CrispR site
jbom Downstream CrispR site
pSVL Staa SVL onv CaMy 355, [Promuntl.1 romblbl Prom_bib2
ﬁm neM[ ‘ ory  KanR j2oR/KaNR, e F\bl ‘blbz
peambia2300_Rgenes_Crispr_Sbf1.4_prims. —_ - -
™
Coverage
2300 4000 5.0 800 1000 1200 1ag00 16,000 10 20400

{Mative promoter region
pCam23 Rgenesl.d_KanDel

Stad pVs1 oriv Native promoter region |Native promoter region
PVSL RepA L o KarR VL1 Mative 3'UTR  bibl Factor Xa site Native 3' UTR  blb2 Native 3 UTR
15
] -
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B: Udsnit fra A som fokuserer pa 5’-enden af insert. Bemaerk at den insert-flankerede sekvens (nar man ser
bort fra Ydun baggrundssekvenser) er entydige, hvilket betyder, at der kun er et enkelt insertionsite.

YSF5: (bemaerk at det er de reads som aligner til vektor nt 8665- tilhgrer vores insert — de andre er Ydun
baggrundsreads)

a0 s520 a0 ag60 sgs0 s700 e a0
e ||
pCam23_Rgenesl.4_KanDel ‘TCCATTTAAATCCTAAGCCTATGAAGCTTCGTTCACTTTTCTG- TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACTTCAAATTATTGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/

2
Coverage

“TCCATTTAAATCCTAAGCCTAGCGAAGCTTCGTTCACTTTTCTG- TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAATGTG- TATCAGCATGTT -4

TGCAAGTGTTGGTTGTAGTCATGTCTCAAAA!
CTCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTCTGTTTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGA
TCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTC¥G TTTCACAAAAGACCGTTG[ATATTTTCT(AAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGA

chATTTAAATCcTAAGCCTACGAAGCTTCGTTCACTTTTCTG TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGA
TTCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTCTG- TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGA
TTCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTCTG-TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGA
TTCCATTTAAATCCTAAGCCTACGAAGCTTCGTTCACTTTTCTG- TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACCTCAAATTATTGCAAGTGTTGGTTGTAGTCACGTCTTGAGA
TCCATTTAAATCC TAAGCC TABGAAGCTTCGTTCACTTTTCTG. TTTCACAAAAGACCGTTGCATATTTTCTCAAATGGCTCATCTTAACETCAAATTATTGCAAGTGTTGGTTGTAGTCAEGTCTTGAGA

T TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/

TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
T T T TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT - l

TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/

TT AT TCCTT A TTTT TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/
T 5 TGCAAGTGTTGGTTGTAGTCATGTCTCAAAAGGGTTATCAGCATGTT -/

YSF12:

7220 7.240 7.280 7280 7.300 7320 7340

pCam23_Rgenesl.4_KanDel AACTTATTAAAAGATATTCAACAACTGGCAGGTGATGTGGAGGATCTATTAGATGAGTTTCTTCCAAAAATTCAACAATCCAATAAGTTCATTTGTTGCCTTAAGACGGTTTCTTTTGC
2

ATG-AGTTTGCTAT

Coverage

CATTTGTTGCCTTAAGACGGTTTCTTTTGC

ATG-AGTTTGCTAT

GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC
T T T T GT T G TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG -AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGA(

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG- AGTTTGCTAT -GG-AGATTGAC

TT ATTTA T TAT ATGAT T TTTAAA TAA TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCT. GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG- AGTTTGCTATGAGG AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTATGAGG - AGATTGA(

TG T T TT TGT T TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG -AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG-AGATTGA(

AAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCCAGATG-AGTTTGCTAT - -GG -AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCT-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCT-GATG-AGTTTGCTAT - -GG -AGATTGA(C

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - - GG-AGATTGAC

TG TTATT T TT TGT T TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - - GG-AGATTGAC
T TTATT TAT TTT TT TTT T TAAG-TCATTTGTTGCCTTAAGACGGTTTC-TTTGCT-GATGAAGTTCGTGAT - - GGAAGATTGA(C
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - - GG-AGATTGA(C

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGA(

TT AT ATGATAT T TAA TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

d T T TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGA(

TTG T T T TTT TT 2 T T T TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG -AGATTGAC
TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC-GATG-AGTTTGCTAT - -GG-AGATTGAC

TAAG-TCATTTGTTGCCTTAAGACGGTTTCTTTTGCC -GATG-AGTTTGCTAT - -GG-AGATTGAC

YSF13:

(bemaerk at det er reads som aligner til vektor nt 7132- som tilhgrer vores insert)

7060 7480 7400 420 7100 7160 7180

pCam23_Rgenesl.4_KanDel TCAATAAATCAATAGAAATAGC TGGAAATGTACTCTTTCAAGAA
4

GGTACGCGTTTATATTGGT TGAAAGAGGACATCGATTGGCTCCAGAGAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGTTGGAG
Coverage
L J N N NN B ]
TCAATAAATCTGTAGAAATAGCTGCAAATCTACTCTTTCAACAAGGGGGCCGC - TTGA-ATTTTTTGAAGGAGGACATCAATTGGC TCCAAAGAGAACTGAGACACATTCGATCATACATTGACAACGCAAAGGACAAGGCAATTGGAG

GAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGT TGGAG

GAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGTTGGAG
GAGAAATGAGACACATTCGATCATATGTAGACAATGCAAAGGCAAAGGAAGTTGGAG

YA_mfp_1:
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PCAM2300_bib1bi2vnt]_kanDel_potspacer
n

YA _mfp_2:

camzson s om0 s TP TSP T TP ATee
5

YA_mfp_3:

£
bCYWS300 PIPT PISAUST 'KSUDS| DOF2bSCEL CCCELCEEECYECLAL1CCCLEACLACLACCYCCYLYLY LLELECLeLYVYCCLOCYOYVVVVLCYLIVCVLICLLLIVEYCCLCLIYOVACLLYCYYOVYVLLCLeAYLVCCYLLEAYAYVVY.LVVLVLICV.LCY ICVVCLLeYYOYCOVLVYYVLYL

6.100
1

otspacer

5160 .80
i P

T-DNA repeat

STTGCCGTTCTTCCGAATAGCATCGGTAACATGAGCAAAGTC TGCLGCCTTACAACGGCTCTCCCGCTGACGCCGTCCCGGACTGATGGGCTGCCTGTATCGAGTGGTGAT TTTGTGCCGAGCTGCCGGTCGGGGAGCTGT TGGCTGGCTGGTGGCAGGATATAT

- [P ——— Sy E——

Coverage

consLede

€0
v

1-Duv Lebes;
el

|
esn

CAGGATATAL
CAGGATATA)
CAGGATATA1
CAGGATATA]
CAGGATATA1
CAGGATATA1
CAGGATATAL
CAGGATATA1
CAGGATATA]
CAGGATATA]
CAGGATATA]
CAGGATATA]
CAGGATATA1
CAGGATATAT
CAGGATATA1
CAGGATATA1
CAGGATATA]
CAGGATATA1
CAGGATATA)
CAGGATATAT

CAGTATATA)
CAGGATATAT
CAGGATATAY
CAGGATATA1

CAGGATATA1

CAGGATATA1

CAGGATATA1

CAGGATATA1

we20 caa
v i

GCAATTTTTATTCTTCTAGATATAATGGTT
GCAATTTTTATTCTTCTAGATATAATGGTT
GCAATTTTTATTCTTCTAGATATAATGGTT
GCAATTTTTATTCTTCTAGATATAATGGTT

GCAATTTTTATTCTTCTAGATATAATGGTT
GCAATTTTTATTC-TCTAGATATAATGGTT
GCAATTTTTATTC - TCTAGATATAATGGTT

GCAATTTTTATTC-TCTAGATATAATGGTT
GCAATTTTTATTATTCTAGATATAATGGTT
GCAATTTTTATTCTTCTAGATATAATGGTT

VAVYVVLYLIVL
VAVYYVLYLVL
VIVYUYLVIVL
VLVVVVLVLiVL
VIVVYVLYiVL
VIVYVVLVLVL
ViVYVYLViVL
VIVVYVLIVIVL
VAVVYVYLVIVL

| '
esi0 vi00

Side 5 af 10



YA_mfp_4:

_—_--1 = = —,nnnn= V=== >-—=—n—n—
PCAM2300_blb1bl2vnt]_kanDel_potspacer GGAGAAAATAATATTGAT GATGAAGTTGAAGACGATAAAATATAT TTGGAACTAGT TACGCATAAGGAAGCACTTATCGCGTCTAGAACTCTTAACAAAAT CTTCTAGAGGTTAT TGAATCGAATTTCT TTGATAAACTT TTTTCCAATT TCTCATTGAGCTGTGGCATATATTGTTGTTCTG
.

Coverage

AATTTCACATTGAGCTGTGGCATATATTGTTGTTCTG
AATTTCACATT GAGCTGTGGCATATATTGTTGTTCTG
AATTTCACATTGAGCTGTGGCATATATTGTTGTTCTG
T T i c T T 104 AATTTCACATTGAGCTGTGGCATATATTGTTGTTCTG
AATTTCACATTGAGCTGTGGCATATATTGTTGTTCTG

T T [ AATTTCACATTGAGCTGTGGCATATATTGTTGTTCTG

YA_mfp_5:

0 500 6050 680 a0 e s160 a0

potspacer DNA repeat

PCAM2300_blb1bl2vnt]_kanDel_potspacer AACCCGGCAGCTTAGTTGCCGTTCTT GCCTTACA TCCCGE TGATGGGC TGCCTGTATCGAGTGG TGATT TTGTGCCGAGCT GCCGGTCOGGGAGC TGT TGGCTGGC TGGTGGCAGGATATATTGTGGT -G T/
n

e s s v . S e S SRR SRR |
TG! AT

C
~CAGGATATATTGTGGT-GT/

T T TT CAGTATATATTGTG- - -GT
r T T CAGGATATATTGTGGT -GT/
CAGGATATATTGTGGT -GT+
CAGGATATATTGTGGT -GT/

i : T A\ CAGGATATATTGTGGT-GT/
4 CAGGATATATTGTGGT -GT+
T T /(7 \CAGGATATATTGTGGT -GT)

CAGGATATATTGTGGT-GT+

Side 6 af 10



YA10_51

g
E
H

[Pownstrean Cspr ske

360

peambia2300_Rgenes_Crispr_Sbfl.4 prims G TGAGC GGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTCGGTACCCGGGGATGACCATTACCAGACTCTACAAGGCCTGCAGGAGTTAT -ACACC

7

Coverage
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C: Udsnit af A som fokuserer pa 3’-enden af insert.

YSF5:

20360 20380 20,400 20,420 20,400 20,460 20,480
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Summary

Late blight, caused by the oomycete pathogen Phytophthora infestans, is the most devastating disease for
potato cultivation. Here, we describe the positional cloning of the Rpi-blb1 gene from the wild potato species
Solanum bulbocastanumknown for its high levels of resistance to late blight. The Rpi-blb1locus, which confers
full resistance to complex isolates of P. infestans and for which race specificity has not yet been demonstrated,
was mapped in an intraspecific S. bulbocastanum population on chromosome 8, 0.3 ¢cM from marker CT88.
Molecular analysis of a bacterial artificial chromosome (BAC) clone spanning the Rpi-blb1 locus identified a
cluster of four candidate resistance gene analogues of the coiled coil, nucleotide-binding site, leucine-rich
repeat (CC-NBS-LRR) class of plant resistance (R) genes. One of these candidate genes, designated the Rpi-
blb1 gene, was able to complement the susceptible phenotype in a S. tuberosum and tomato background,
demonstrating the potential of interspecific transfer of broad-spectrum late blight resistance to cultivated
Solanaceae from sexually incompatible host species. Paired comparisons of synonymous and non-synon-
ymous nucleotide substitutions between different regions of Rpi-blb1paralogues revealed high levels of synon-
ymous divergence, also in the LRR region. Although amino acid diversity between Rpi-blb1 homologues is
centred on the putative solvent exposed residues of the LRRs, the majority of nucleotide differences in this
region have notresulted in an amino acid change, suggesting conservation of function. These data suggest that
Rpi-blb1is relatively old and may be subject to balancing selection.

Keywords: Rpi-bilb1, disease resistance, Phytophthora infestans, Solanum bulbocastanum, potato, tomato.

Introduction

Despite the notorious Irish potato famine of the mid-19th
century, late blight, caused by the oomycete pathogen
Phytophthora infestans, still continues to be one of the
most devastating of all plant diseases (Duncan, 1999).
Although chemicals targeted against P. infestans provide
reasonable levels of disease control, world-wide losses
because of late blight and costs of control measures are
estimated to still exceed $3 billion annually. P. infestansis a
specialised pathogen, primarily causing disease on the
foliage and fruits of a range of Solanaceae species (Erwin
and Ribeiro, 1996), especially potato and tomato (Fry and
Goodwin, 1997). The necessity of developing crops that
possess durable resistance increases as more virulent,
crop-specialised and pesticide-resistant strains of the

© 2003 Blackwell Publishing Ltd

pathogen are rapidly emerging. The relatively recent intro-
duction of both mating types to major potato-growing
areas of the world has enabled the pathogen to reproduce
sexually (Goodwin et al, 1995; Smart and Fry, 2001;
Spielman et al., 1991). This allows the recombination of
traits in the sexual cycle, thereby generating new possibi-
lities for quick adaptation.

To obtain late blight resistance, breeders have in the past
focussed on the introgression of dominant resistance (R)
genes from Solanum demissum, a wild potato species
indigenous to Mexico (Malcomson and Black, 1966; Wastie,
1991). Eleven such R genes have been identified, several of
which have been mapped to specific loci on the genetic
map of potato (reviewed by Gebhardt and Valkonen, 2001).

867



868 Edwin van der Vossen et al.

Unfortunately, the resistance caused by these R genes,
although nearly complete to specific races of the pathogen,
appeared not to be durable. Once newly bred potato culti-
vars are grown on larger scale in commercial fields, new
virulences emerge in P. infestans, which render the patho-
gen able to overcome the introgressed resistance (Wastie,
1991). More durable field resistance to late blight, often
guantitative in nature and presumed to be race non-spe-
cific, can be found in several Mexican and Middle and South
American Solanum species (Ross, 1986). However, this type
of resistance is difficult to transfer into potato cultivars
through crossing and phenotypic selection. The ultimate
goal of breeders, therefore, is to introduce into potato
varieties major R genes that confer broad-spectrum resis-
tance to late blight through recognition of pathogen factors
that are essential for pathogen fitness.

Diploid S. bulbocastanum from Mexico and Guatemala is
one of the tuber-bearing species that is known for its high
levels of resistance to late blight (Niederhauser and Mills,
1953). Unfortunately, classic transfer of resistance from
wild Solanum species to cultivated potato is not easy
because of differences in ploidy and Endosperm Balance
Number (Johnston et al., 1980). Despite these problems,
introgression of the S. bulbocastanum resistance trait has
been successful. Ploidy manipulations and a series of
tedious bridge crosses resulted in S. bulbocastanum-
derived, P. infestans-resistant germplasm (Hermsen and
De Boer, 1971; Hermsen and Ramanna, 1969, 1973;
Ramanna and Hermsen, 1971). However, 40 years of
intense and continuous breeding efforts with this germ-
plasm has still not resulted in market introduction of
resistant cultivars. More recently, somatic hybrids of S. bul-
bocastanum and S. tuberosum and backcrossed germ-
plasm were found to be highly resistant to late blight, even
under extreme disease pressure (Helgeson et al., 1998).
However, suppression of recombination within this material
could form a potential obstacle for reconstitution of the
cultivated potato germplasm by recurrent crosses, to a level
that could meet the standards for newly bred potato cultivars
(Helgeson et al., 1998). Isolation of the genes that code forthe
resistance traits found in wild sources and subsequent
transformation of existing potato cultivars with these genes
could be a much quicker means of exploiting potentially
durable late blight resistance in wild Solanum species.

According to the gene-for-gene hypothesis (Flor, 1971),
disease resistance starts with recognition of pathogen
avirulence (Avr) factors by plant R proteins, followed by
signal transduction leading to a hypersensitive response
(HR) and resistance (Dangl et al., 1996). The cloning and
molecular characterisation of over 30 plant R genes con-
ferring resistance to bacteria, fungi, oomycetes, viruses,
nematodes or insects has allowed their classification in
structural classes regardless of pathogen specificity
(reviewed by Dangl and Jones, 2001; Hulbert et al., 2001).

The most abundant class of characterised R genes, com-
prising approximately 0.5% of the genes predicted in the
Arabidopsis genome (Meyers et al., 2002), is predicted to
encode intracellular proteins that carry leucine-rich repeat
(LRR) and nucleotide-binding site (NBS) domains, motifs
also found in other receptor and signal transduction pro-
teins. In common with other receptors, it is generally con-
sidered that NBS-LRR R proteins have a modular structure
with separate recognition and signalling domains, whereby
the LRR is the candidate recognition domain and the N-
terminal region including the NBS, the major signalling
domain. Functional analysis of recombinant R proteins
indicates that recognition specificity indeed resides in the
LRR (Dodds et al., 2001; Ellis et al., 1999). Moreover, the
LRR is the most variable region in closely related NBS-LRR
proteins and is under selection to diverge (Meyers et al.,
1998; Noél et al., 1999; Van der Vossen et al., 2000). How-
ever, evidence is accumulating that LRRs also contribute to
signalling through negative regulation involving putative
intramolecular interactions (Bendahmane et al, 2002;
Hwang et al., 2000; Moffet et al., 2002).

Currently, five R genes have been cloned from potato,
including the S. demissum- and S. bulbocastanum-derived
late blight resistance genes R7 and RB, respectively
(Ballvora et al., 2002; Bendahmane et al., 1999, 2000; Song
et al., 2003; Van der Vossen et al., 2000). Here, we report the
positional cloning of Rpi-blb1, a CC-NBS-LRR plant R gene
derived from S. bulbocastanum. Rpi-blb1, when expressed
in potato or tomato, confers full resistance to a range of
P. infestans isolates carrying multiple virulence factors.
Race specificity has not yet been found. The potential
significance of single R genes from the wider gene pool
for cultivated Solanaceae is demonstrated.

Results

Evaluation of late blight resistance in S. bulbocastanum

A first and crucial step in determining the genetic basis of
late blight resistance in S. bulbocastanum was the identi-
fication of susceptible individuals for the generation of
intraspecific mapping populations. Five S. bulbocastanum
accessions, originating from different areas in Mexico,
were screened for P. infestans susceptibility in detached
leaf assays using a complex isolate (IPO655-2A). Although
the accessions predominantly produced resistant indivi-
duals, fully susceptible individuals were encountered at a
low frequency in three of the five accessions tested. A series
of intraspecific crosses were subsequently made between
resistant individuals from each accession with a susceptible
genotype from BGRC accession 8006, and segregation of
the resistance was analysed. Resistance in the F; popula-
tion resulting from a cross between a resistant plant from
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Table 1 Characteristics of P. infestans isolates for which the BIb8005-8 clone showed a typical HR in detached leaf assays

Isolate ID Country of origin Isolation year Host Mating type RACE®*

IPO98014 the Netherlands 1998 Potato A1 1.2.3.4.7.11

IPO428-2 the Netherlands 1992 Potato A2 1.2.3.4.5.6.7.8.9.10.11
1PO82001 Belgium 1982 Potato A2 1.2.3.4.5.6.7.10.11
IPO655-2A the Netherlands 1992 Potato A2 1.2.3.4.5.6.7.8.9.10.11
PIC96001 Mexico 1996 Potato A1 n.d.

PIC36002 Mexico 1996 Potato A2 n.d.

IPO01900 the Netherlands 2001 S. sisymbriifolium A1 1.2.3.7.8.11
GNVM48-2 the Netherlands 2000 Potato Al n.d.

GNVM49-1 the Netherlands 2000 Potato A2 n.d.

GNVM62-1 the Netherlands 2000 Potato Al n.d.

®Numbers indicate R-gene differentials for which isolates showed compatible interactions in detached leaf assays.

BGRC accession 8005 (individual 8005-8) and the suscep-
tible plant from BGRC accession 8006 (individual 8006-9)
segregated in a ratio not significantly different from 1 : 1. Of
the 42 F, genotypes screened, 22 were resistant, 16 were
susceptible and 4 initially displayed unclear phenotypes.
However, these data indicated that the resistance in 8005-8
inherited as a dominant allele at a single locus. In the
expectation that additional late blight resistance loci will
be found in S. bulbocastanum, the locus identified in 8005-
8 was named Rpi-blb1.

To determine the specificity of the Rpi-blb1 locus, we
screened the resistant genotype 8005-8 with 10 different
P. infestans field isolates with varying complexity and
aggressiveness (Table 1). Included in this panel of isolates
were some of the highly aggressive isolates that can nowa-
days be collected in Dutch potato fields. the Netherlands
forms a region with a high level of disease pressure
because of the presence of both mating types A1 and A2

(Flier and Turkensteen, 1999; Flier et al.,, 2003). Rpi-blb1
conferred full resistance to all the tested isolates thereby
inducing a typical HR reaction, suggesting the involvement
of an R gene that currently has an unmatched specificity.

Genetic and physical mapping of the Rpi-blb1 locus

Screening of the original 42 F, progeny plants, derived from
the intraspecific cross between S. bulbocastanum geno-
types 8005-8 and 8006-9, with the chromosome 8 marker
CT88 (Tanksley et al., 1992) indicated that Rpi-blb1 mapped
to the same genetic region on chromosome 8 as the S. bul-
bocastanum-derived Phytophthora resistance locus RB
(Naess et al., 2000). To investigate this further, restriction
fragment length polymorphism (RFLP) markers flanking
CT88 (TGH13 and CT64, respectively; Tanksley et al,
1992) were developed into cleaved amplified polymorphic
sequence (CAPS) markers (Table 2) and tested on 512 F,

Table 2 Overview of markers and primers used for mapping Rpi-blb1

Marker F/R? Primer sequence” Annealing temperature (°C) Enzyme®
CT88 F GGCAGAAGAGCTAGGAAGAG 57 Mbol
R ATGGCGTGATACAATCCGAG
F TTCAAGAGCTTGAAGACATAACA 60 a.s.
R ATGGCGTGATACAATCCGAG
TG513 F CGTAAACGCACCAAAAGCAG 58 a.s.
R GATTCAAGCCAGGAACCGAG
CT64 F ACTAGAGGATAGATTCTTGG 56 Cfol
R CTGGATGCCTTTCTCTATGT
B139R F GATCAGAAGTGCCTTGAACC 56 Taql
R CAAGGAGCTTGGTCAGCAG
SPB33L F ATTGCACAGGAGCAGATCTG 59 Hinfl
R TGTAAGAGAGCAAGAGGCAC
SPB42L F AGAGCAGTCTTGAAGGTTGG 58 Cfol
R GATGGTAACTAAGCCTCAGG
B149R F GACAGATTTCTCATAAACCTGC 58 Msel/Xbal
R AATCGTGCATCACTAGAGCG
RGA1-4 F TGTGGAGTAAGAGAGGAAGG 62 Sspl/Msel
R TCAGCTGAGCAGTGTGTGG

POrientation of the primer: F, forward; R, reverse.
bPrimer sequences according to IUB codes.
‘a.s., allele specific.
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Figure 1. Genetic and physical map of the Rpi-blb1 locus.

(a) Genetic and physical map of the S. bulbocastanum genomic region containing Rpi-blb1. Vertical arrows indicate the relative positions of markers linked to
resistance. Numbers above the horizontal line indicate the number of recombinants identified between the flanking markers in 2109 progeny plants. Rectangles
represent BAC clones. The dotted rectangle represents a BAC clone derived from the recessive rpi-blb1 haplotype.

(b Relative positions of candidate genes for late blight resistance on BAC SPB4.

(c) Schematic representation of the Rpi-bib1 gene structure. Horizontal lines indicate exons. Open boxes represent coding sequence. Lines angled downwards
indicate the position of a 678-nt long intron sequence. Numbers in-between brackets indicate the length of the 5'- and 3'-UTRs of the putative Rpi-blb1transcript.

individuals. In this screen, 5 CT64-CT88 recombinant geno-
types and 41 CT88-TG513 recombinant genotypes were
identified. A single recombination event was found
between the Rpi-blb1 locus and marker CT88.

For further fine mapping of the Rpi-blb1 locus, a total of
2109 F, individuals were screened for recombination
between markers TG513 and CT64. The recombinant geno-
types (219/2109) were subsequently screened with CAPS
markers derived from left (L) and right (R) border sequences
of bacterial artificial chromosome (BAC) clones isolated
from a BAC library prepared from the resistant S. bulbo-
castanum parent genotype 8005-8 (Table 2). The BAC
library was initially screened with marker CT88. BAC clones
identified with this marker were used as seed BACs for a
subsequent chromosome walk to the Rpi-blb1locus. These
data together with the disease resistance data of each
recombinant, obtained through detached leaf assays, posi-
tioned the Rpi-blb1 locus within a 0.1-cM genetic interval
between markers SPB33L and B149R (4/2109 recombi-
nants), an interval physically spanned by the overlapping
BAC clones SPB4 and B49 (Figure 1a). Within this interval,
resistance co-segregated with the BAC end marker SPB42L,
the sequence of which was highly homologous to partial

NBS fragments (Q97, Q137, Q152 and Q153) from tomato
(Pan et al., 2000). Southern analyses of BAC clones span-
ning the SPB33L-B149R interval using a *?P-labelled PCR
fragment of marker SPB42L as a probe revealed the pre-
sence of at least four copies of this NBS sequence within the
Rpi-blb1 interval. Moreover, all of these copies were pre-
sent on BAC SPB4. Sequencing and annotation of the
complete insert of this BAC clone identified four complete
R gene analogues (RGA) of the NBS-LRR class of plant R
genes and a remnant part of such a gene (Figure 1b).
Although two recombinant genotypes indicated that
RGA4-blb was not a candidate for Rpi-blb1, all four RGAs
were selected for complementation analysis.

Complementation analysis

Genomic fragments of 7-10 kbp harbouring RGA1-bib,
RGA2-blb, RGA3-blb or RGA4-blb were subcloned from
BAC SPB4 into the binary plant transformation vector
pBINPLUS (Van Engelen et al., 1995) and transferred to a
susceptible potato cultivar through Agrobacterium-
mediated transformation. In view of clone instability
and low transformation frequencies encountered with
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Table 3 Complementation of late blight susceptibility in potato and tomato

AGLO® LBA4404 UIA143
Genotype® To° RGA* R® To RGA R Ts RGA R
IMP (RGA1-blb) 17 15 0 - - - 9 8 0
IMP (RGA2-blIb) - - - 31 6 6 14 12 9
IMP (RGA3-blb) - - - 6 0 - 5 5 0
IMP (RGA4-blb) 19 18 0 12 1 0 - - -
IMP (vector) 8 8 0 = - = 10 9 0
MM (RGA2-blb) - - - - - - 1 9 7

“Primary transformants obtained from transformation of the susceptible potato and tomato genotypes Impala (IMP) and Moneymaker
(MM), respectively, with T-DNA constructs containing the Rpi-blb1 gene candidates RGA1-bib, RGA2-blb, RGA3-blb or RGA4-blb.

bA. tumefaciens strains used for transformation.
“Number of primary transformants resistant to kanamygin.

9Number of kanamycin-resistant primary transformants containing a complete gene construct.
*Number of primary transformants resistant to P. infestans. Resistance was tested in detached leaf assays using the complex isolates

IPO655-2A and IPO428-2.

Agrobacterium tumefaciens strain LBA4404 (Hoekema
et al., 1983), second and third transformation experiments
were carried out independently using the A. tumefaciens
strains AGLO (Lazo et al., 1991) or UIA143 (Farrand et al.,
1989; Table 3). Primary transformants harbouring the trans-
genes of interest were tested for resistance to P. infestans
in detached leaf assays. Only the genetic construct harbour-
ing RGA2-blb was able to complement the susceptible
phenotype; 15 out of 18 RGA2-blb containing primary
transformants were resistant (Table 3) whereas all RGAT-
blb, RGA3-blb and RGA4-blb containing primary transfor-
mants were susceptible to P. infestans. As the RGAZ2-blb
transformants showed similar resistance phenotypes as the
S. bulbocastanum-resistant parent (Figure 2), RGAZ2-blb
was designated the Rpi-blb1 gene.

Rpi-blb1 is functional in tomato

To investigate whether Rpi-blb1could also complement the
susceptible phenotype in tomato, primary transformants
of cultivar Moneymaker harbouring the Rpi-blb1 gene
construct were initially tested with the potato-derived

Figure 2. Detached leaf disease assays. (a)
(a) Resistant phenotype of the S. bulbocasta-
num 8005-8 parent genotype 6 days post inocu-
lation (dpi) with P. infestans sporangiospore
droplets.

{b) Genetic complementation for late blight
resistance in potato. Typical disease pheno-
types of leaves derived from transgenic potato
plants harbouring RGA1-blb, RGA2-blb, RGA3-
blb or RGA4-blb and control plants 6 dpi with
P. infestans sporangiospore droplets.

Blb 8005-8

P. infestans isolates IPO655-2A and 1PO428. Seven out of
nine primary transformants were resistant (Table 3). As the
tested potato P. infestans isolates were less virulent on
tomato than on potato, the primary transformants were
also tested with a P. infestans isolate collected from late
blight diseased plants of cultivar Moneymaker in a home
garden. Even though this isolate was significantly more
aggressive on Moneymaker than the isolates IPO655-2A
and IPO428 (data not shown), all seven primary transfor-
mants remained resistant. These results illustrate the
potential effectiveness of the Rpi-blb1gene not only against
complex isolates derived from potato but also against those
specialised on tomato.

Rpi-blb1 gene structure and putative amino acid
sequence

The size and structure of the Rpi-blb1 gene were deter-
mined by comparing the genomic sequence derived from
the insert of pRGA2-blb with cDNA fragments generated by
5 and 3' rapid amplification of cDNA ends (RACE). RACE
identified 5 and 3' Rpi-blbi-specific cDNA fragments

(b)
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CcC KPLENWLOKLNAATYEVDDILDEYKTEATRFSQSEYGRYHPKVIPFRHEVGKRMD

MAEAFIQVLLDNLTSFLEKGELVLLFGFQDEFQRLSSMESTIQAVLEDAQEKQLNN 5

QVMKELKAIAEERKNFHLHEKIVERQAVRRETGSVLTEPQVYGRDKEKDEIVEIL

Figure 3. Deduced Rpi-blb1 protein sequence.
The amino acid sequence deduced from the
1 DNA sequence of Rpi-blb1 is divided into three
65 domains (CC, NBS and LRR). Hydrophobic resi-
dues in the CC domain that form the first and
fourth residues of heptad repeats of potential

w

[=]

INNVSDAQHLSVLpilgmgglgktt1aQMVENDQRVTEHFHSKIWICVSEDFDEK 220 coiled-coil domains are underlined. Conserved
RLIKAIVESIEGRPLLGEMDLAPLOKKLOELLNGkryllvlddvwNEDQDKWANL 275 motifs in R proteins are written in lowercase and
RAVLKVGASGAsvI t tt rLEKVGS IMGTLQPYELSNLSQEDCWLLFMORAFGHQE 330 in italic in the NE:S domain. Residues matching
NBS EINPNLVAIGKEIVKKsggvplaaktlggl LCFKREERAWEHVRDSPIWNLPQDE 385 :::‘:efjo?:et;];;siﬁ ::: E;‘;pézm';}gitiﬁ?n':ﬂ;
SSILPALRLSYHQLPLDIkgcfaycavFPKDAKMEKEKLI SLUMAHGFLLSKGNM 440 sequence have been introduced to align the
ELEDVGDEVWKELYLRSFFQEIEVKDGKTYFKmhdlihdlatSLFSANTSSSNIR 495 sequence to the consensus LRR sequence

EINKHSYTHMMSIGFAEVVFFYTLPP

LEKFISLRVLNLGDST,. FNKLPSS 1
IGDLVHLRYLNLYGSE. MESLPKQ 2
LCKLONLOTLDLOYCTKELCCLPKE 3
TSKLGSLENLLLDGSSLTCMPPR 4
IGSLTCLKTLGQEVVGERKK 5
GYQLGELGNLNLYGS IKISHLERVENDKDAKEAN 6
LSAKGNLHSLSMSWNNFGPHIYESEEVKVLEA 7
LEPHSNLTSLEIYGFRGIH . LPEWMN 8
LRR HSVLENEVSILISNFRNCSCLPP 9
FGDLPCLESLELHWGSADVEYVEEVDIDVHSGEFPT 10
EIRFPSLEKLDIWDFGSLEGLLEKEG 11
EEQFPVLEEMIIHECPFLTL 12
SSNLRALTSLRICYNKVATSFPEEM 13
FENLANLKYLTISRCNNLKELPTS 14
LASLNALKSLEIQLCCALESLPEEG 15
LEGLSSLTELFVEHCNMLECLPEG 16
LOHLTTLTSLEIRGCPOLIKRCE 17

KGIGEDWHKISHIPNVNIYI

comprising 5’ and 3’ untranslated regions (UTRs) of 45 and
181 nucleotides (nt), respectively. The Rpi-blb1 gene con-
tains a single intron of 678 nt starting 428 nt downstream of
the ATG start codon of the gene (Figure 1c). The coding
sequence of the Rpi-blb1 transcript is 2910 nt.

The deduced open-reading frame (ORF) of the Rpi-blb1
gene encodes a predicted polypeptide of 970 amino acids
with an estimated molecular weight of 110.3 kDa (Figure 3).
Several functional motifs present in R genes of the NBS-
LRR class of plant R genes are apparent in the encoded
protein. As illustrated in Figure 3, the Rpi-blb1 protein
belongs to the coiled-coil subset of NBS-LRR resistance
proteins (Pan et al., 2000). The N-terminal half of the Rpi-
blb1 protein contains a potential coiled-coil region between
amino acids 10 and 72 and six conserved motifs indicative
of a nucleotide-binding site (Van der Biezen and Jones,
1998). The C-terminal half of Rpi-blb1 comprises a series of
17 LRRs of irregular size that can be aligned according to the
consensus sequence LxxLxxLxxLxLxxC/N/Sx{x)LxxLPxx
observed in other cytoplasmic R proteins (Jones and Jones,
1997). The third LRR contains the xLDL motif that is con-
served in the third LRR of many NBS-LRR proteins (Axtell
et al, 2001; Banerjee et al, 2001). PROSITE analysis

521 of cytoplasmic LRRs. The LRR subdomain
xxLxLxoook is framed.

970

(Hofmann et al., 1999) identified 8 N-glycosylation, 1 cAMP-
and cGMP-dependent protein kinase phosphorylation, 12
protein kinase C phosphorylation, 8 casein kinase Il phos-
phorylation, 10 N-myristoylation and 3 amidation putative
sites in the deduced Rpi-blb1 amino acid sequence.

To identify in silico homologues of the Rpi-blb1 gene,
BLAST searches (Altschul et al., 1990) were carried out with
the coding sequence of the Rpi-blb1 gene. BLASTN
searches identified a number of sequences with significant
homology to short stretches of the Rpi-blb1 gene. Nucleo-
tides 549-1245 of the coding sequence of the Rpi-blb1gene
share 81-90% sequence identity to partial NBS fragments
from tomato (e.g. Q194, Q137, Q198 and Q199; Pan et al.,
2000). These sequences vary in length between 525 and 708
nt and are PCR fragments, which were identified by system-
atically scanning the tomato genome using (degenerate)
primer pairs based on ubiquitous NBS motifs (Leister et al.,
1996; Pan et al., 2000). Nucleotides 76-805 of the coding
sequence of the Rpi-blb1gene share 91% sequence identity
with an expressed sequenced tag (EST) from potato (EMBL
database Accession no. BG890602). No hits were identified
that share homology with Rpi-blb1 gene sequences down-
stream of nucleotide 1245, comprising the LRR region. At
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Table 4 Sequence variability and nucleotide substitution rates in different regions of Solanaceous R gene paralogues

Nucleotide substitutions®

Comparison Region? aa® K Ks K./K
Rpi-blb1 versus RGA3-blb Gene 81 0.099 0.163 0.61
CC-NBS 91 0.043 0.122 0.35
LRR 71 0.169 0.207 0.81
xxLxLxxoox 63 0.280 0.335 0.84
Rpi-blb1 versus RGA1-blb Gene 76 0.132 0.270 0.49
CC-NBS 79 0.112 0.345 0.33
LRR 72 0.155 0.201 0.77
Rpi-blb1 versus RGA4-blb Gene 70 0.171 0.297 0.58
CC-NBS 75 0.142 0.359 0.36
LRR 66 0.207 0.237 0.86
Mi-1.2 versus Mi-1.1 Gene 91 0.048 0.037 1.31
CC-NBS 0.043 0.029 1.48
LRR 0.064 0.057 1.1
12 versus [2C-2 Gene 93 0.064 0.091 0.70
CC-NBS 0.038 0.101 0.37
LRR 0.085 0.083 1.02
Sw5B versus Sw5A Gene 97 0.024 0.018 1.34
CC-NBS 0.012 0.009 1.30
LRR 0.056 0.040 1.41
GpaZ2 versus Rx1 Gene 88 0.060 0.041 1.46
CC-NBS 0.041 0.050 0.82
LRR 0.080 0.032 2.50

“Regions analysed are defined in Figure 4.
PPercentage amino acid (aa) sequence identity.

“The rates of non-synonymous (K,) and synonymous (K.} nucleotide substitutions per non-synonymous/synonymous site were calculated

using the DIVERGE program in the GCG software package.

the amino acid level, similarity with any known sequence
did not exceed 36% sequence identity. The highest BLASTX
score was obtained with an NBS-LRR gene derived from
rice (Oryza sativa; 36.5% amino acid sequence identity). The
most homologous NBS-LRR gene derived from Solanaceae
species is amember of the /2locus in tomato, which confers
resistance to race 2 of the soil-borne fungus Fusarium
oxysporum f sp. lycopsersici (12C-1: 27% sequence identity;
Ori et al., 1997; Simons et al., 1998).

Comparison of the protein sequences encoded by the
four members of the Rpi-blb1 gene cluster on BAC SPB4,
revealed that amino acid sequence identity within the Rpi-
blb1 gene cluster varies between 70 and 81%. Within the
cluster, Rpi-blb1 shares the highest overall homology with
RGA3-blb (81% identity; Table 4). To further deduce
sequence variation within the Rpi-blb1 gene family, addi-
tional (susceptible) alleles of the Rpi-blb1gene cluster were
isolated. The 8005-8-derived BAC clone B149 and two other
existing BAC libraries, derived from S. tuberosum and
S. tarijense, respectively, were screened with primers
designed around or in the vicinity of the start and stop
codons of the Rpi-b/b1 gene. BAC clones containing puta-
tive Rpi-blb1 homologues were further screened with the
Rpi-blb1 flanking markers SPB33L and B149R (Figure 1) to
identify those BAC clones that were derived from the same

genetic interval as BAC clone SPB4. Putative Rpi-blb1
homologous PCR fragments derived from BAC clone
B149 or from S. tuberosum or S. tarijense BAC clones for
which it was possible to generate a positive PCR signal of
the correct size with the primers of markers SPB33L and/or
B149R were subsequently cloned and sequenced. In this
way, we were able to compare the deduced protein
sequences of the Rpi-blb1 haplotype with the deduced
protein sequences of four additional Rpi-b/b1 homologues
(RGA_B149-blb, RGA_SH10-tub, RGA_SH20-tub and
RGA_T118-tar; Figure 4). Interestingly, two pairs of protein
sequences shared a significantly higher degree of similarity
than the paralogues of the Rpi-blb1 haplotype. RGA1-blb
and RGA_B149-blb are nearly identical to each other and
RGA_SH20-tub and RGA_T118-tar are 96.5% identical, sug-
gesting that they are orthologues and occupy allelic posi-
tions. Comparison of the eight sequences identified a total
of 51 Rpi-blb1-specific amino acid residues (51/970; 5.25%;
Figure 4). The majority are located in the LRR region (36/51;
70%) and are centred on the B-strand/B-turn motif
xxLxLxxxx (framed region; Figure 3), which is predicted
to encode the putative solvent exposed residues of the
repeats (Figure 4). These data are compatible with the idea
that the LRR region of R proteins mainly defines ligand
specificity.

© Blackwell Publishing Ltd, The Plant Journal, (2003), 36, 867-882

9sUIIIT sUowwW o)) aAneal) ajgedidde ayy Aq pautanob ale sapie YO @sn Jo sajnt 1oy Aieiqi] auljuQ A3]IM\ UO (SUOIIPUOI-pue-SWId}/Wod A3 IMAielqijduljuo//:sdny)
SUOIIPUO) pue SWId] 3y} 335 "[9202/£0/61] uo Areiqr aunug Aapim ‘Aieiqry Aussanun Bioqley Ag “x#€610°€002 XELE-S9EL /9101 0L/10p/wodAsjimAieiqijauljuo//:sdny woly papeojumoq ‘9 ‘€002 'XELESIEL



874 Edwin van der Vossen et al.

Bpi-blbl
RGA3-blb
SH10-tub
RGA1-blb
Bl49-blb
SH20-tub
Tllé-tar
RGA4-blb

Rpi-blbl
RGAZ-blb
SH10-tub
RGAl-blb
B149-blb
SH20-tub
Tllg-tar
RGA4=-blb

Rpi-blbl
RGA3-blb
SH10-tub
RGAl-blb
B149-blb
SH20-tub
Tll8-tar
RGA4-blb

Rpi-blbl
RGA3-blb
SH10-tub
RGAl-blb
Bl49-blb
SH20-tub
Tllg-tar
RGA4=-blb

Rpi-blbl
RGA3-blb
SH10-tub
RGAl1-blb
B149-blhb
SH20-tub
Tllg-tar
RGRA-blb

Rpi-blbl
RGA3-blb
SH10-tub
RGAl-blb
B149-blb
SH20-tub
Tllg-tub
RGA4-blb

Rpi-blbl
RGA3-blb
SH10-tub
RGA1-bhlb
B149-blb
SH20-tub
Tll8-tar
RGA4-blb

Rpi-blbl
RGA3I-blb
SH10-tub
RGAL-blb
B149-blb
SH20-tub
Tllg-tar
RGA4-blb

Bpi-blbl
RGA3-blb
SH1O0-tub
RGAl-blb
B149-blb
SH20-tub
Tllé-tar
BGA4-blb

Evolution of the Rpi-blb1 locus

Studies of plant R gene sequences involving the compar-
ison of amino acid substitution rates (K;) to synonymous
(Ks) substitution rates has revealed that the LRR region of R
genes and more specifically the B-strand/B-turn motif is

v
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Figure 4. Alignment of the deduced protein
products encoded by Rpi-blb1, RGA1-bib,
RGA3-blb, RGA4-blb, RGA_B149-blh, RGA_
SH10-tub, RGA_SH20-tub and RGA_T118-tar.
The complete amino acid sequence of Rpi-blb1
is shown and amino acid residues from RGA1-
blb, RGA3-blb and RGA4-blb that differ from the
corresponding residue in Rpi-blb1. Dashes indi-
cate gaps inserted to maintain optimal align-
ment. Amino acid residues that are specific for
Rpi-blb1, when compared to those at corre-
sponding positions in RGA1-blb, RGA3-blb
and RGA4-blb, RGA_B149-blb, RGA_SH10-tub,
RGA_SH20-tub and RGA_T118-tar, are high-
lighted in red. The regions of the LRRs that
correspond to the p-strand/B-turn  motif
xxLxLxxxx are underlined. Conserved motifs
in the NBS domain are indicated in lowercase.
A vertical line indicates the division between
CC-NBS and LRR region. The shaded rectangle
indicates the region at the C-termini of Rpi-blb1
and RGA1-blb that are identical.

subject to divergent selection (reviewed in Bergelson et al.,
2001). Under the assumption that synonymous changes are
selectively neutral, values of the ratio K,/K; greater than 1
provide strong evidence for positive selection for amino
acid substitution. Paired comparisons of synonymous
and non-synonymous nucleotide substitutions between
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Figure 4. continued Rpi-blbl  ANTSSSNIREINKH-— - SYTHMMSIGFAEVVFFYTLPHLEKFISLEVLNLGDS 536
RGA3-blb A== ==YDGY 853 8PS Q WV BN 535
SH10-tub 3 VE-=————— G P K T 38 SPSLEQ W SNL 537
RGAl-blb 5A RS Q VKDDEDMMFIVTN KD s 38 SPSLFKR V SN 545
B149-blb 84 RS @ VKDDEDMMFIVTN KD 5 58 SPSLFKR V SN 545
SH20-tub 5 88 spSL{Q WV sY 534
Tll8-tar 5 85 8PS Q WV 3Y 534
RGA4=-blb 3R CG A B85 SPSLHK V 8Y 589
Rpi-blbl TFNKLPSSIGDLVHLRYLNLYG~-SGMRSLPKQLCKLONLOTLDLOYCTKLCCLPKETSKL 595
RGA3-blb NL Q D S NFRI N R R H Ds s Q 595
SH10-tub H EE S5 MCDBSEN I HN ¥5 § P 597
RGAl-blb E EQ v D 8 -NKIC R YN Q5 5 o} 604
B149-blb E EQ v D 5 -NKIC R R YN Q5 5 Q e04
SH20-tub K EE MD SNNIEI R Q 594
Till8-tar K EE MD SNNIEI R Q 594
RGA4-blb KLEQ L D SC-NNF ER VHN ¥5 N Q 648
Rpi-blbl GSLENLLLDGSQSLTCHPPRIGSLTCLKTLGOFVVGREKKGYQLGELGNLNLYGSTKISHL 655
RGA3-blb -C ST 3 8C IKR K S TK 654
SH10-tub FFH CDE NS F EWICC T K RDV E T 658
RGAR1-blb i Vv H-CP S L A ER R BRAST 663
B149-blb c VDHCP 8§ L X ER R RAST 663
SH20-tub H CHR RT 5 K 3 654
TilB8-tar H CHR RT ] 654
RGA4-blb 5 H VW -CP ST L 3 i - K C ST 707
Rpi-blbl ERVKNDKDAKEANLSAKGNLHSLSMSWNNFGPHIYESEEVKVLEALKPHSNLTSLKIYGE 715
RGA3-blb D K 3 A CL DLD KR D =--E KY E N 711
S5H10-tub VM I N SRKG RI P CTS Tle
RGAL-blb ME A D--R R P KY E ID 721
B149-blb ME A D--R NR P KYEID 719
SH20-tub E E K DDDE R E c g 113
Tll8-tar E E K DDDE R E cC'TS 713
RGA4-blb T = A Q D D NR K P KY E IA 766
Rpi-blbl RGIHLPEWMNHSVLENIVSILI SNFRNCSCLPPFGDLPCLESLELHWGSADVEYVEEVDT 775
RGA3-blb G R D Q v R RGCE E T DN=- 769
SH10-tub FRF v E GCK E KR QK E D——== 774
RGAl-blb cCFC D v GCE E QD VE DS-- 779
B149-blb CFC D v GCE E QDb VE D=-=-- 778
SH20-tub R D L E GCK YR e 773
Tll8-tar R D L E GCK Q YR e 773
RGA4-blb G FRF 3 I EKVI VR KSCK L E N oN E P== 824
Rpi-blbl DVHSGFFTRIRFPSLRKLDIWDFGS LKGLLKKEGEEQFPVLEEMITHECPFLTLS - —~-~-~ 830
RGA3-blb R ] v SN K TFYW MFVIPTLSSV 823
SH10-tub = R F GE PN R T FY HMFVYTTL--- B28
REGAl-blb e, LR H GG CN QORMK E K 3D MFVFPTLSSV 835
B149-blb e L R H GG CN QRMK A K 5D MFVFPTLSSV 832
SHZ20-tub D L T CE DN G E RY 1IF 827
Tll8-tar D C CK DN v G EBA: LR 828
RGA4-blb R 8 RS K R FR ME K M A LY LEVFPTLSSV 884
Rpi-blbkl  -==—=——=-——————ee SNLRALTSLEICYNKVATSFPEEMFENLANLEYLTISRCNNLE 873
RGA3-blb KTLEVI-ATDATVLRSI D SN VE L 3 N FFR 882
SHI10=tub  ====———————e———ee F HSHNE L I SF K LFY 869
RGAl-blb KKLEIWGEADAGGLSSI ST E FSs HTV LL E I SV FLE B495
B149-blb KKLEIWGEADAGGLSSI ST K FS8 HTV LL E I S5V FLE 842
SH20-tub:  ———mm———m—mm————— F K N SD E 5 N HFK 868
TliB-tay:  —moor—s—momommees K N SD E Ks N HFK BG69
RGA4-blb KKLEVHGNTNTRGLSSI 3T GA YR L TS T EF SFFDFK 944
Rpi-blbl ELPTSLASLNALKSLKIQLCCALESLPEEGLEGLSSLIELEVEHCNMLKCLPEGLQHLTT 933
RGA3-blb FEF N VE T 5 SN M A 942
SH10-tub s [+ T EHE8 VK T YD E F A 929
RGA1-blb N CDRYY 955
B149-blb N € D:RY:-¥ 952
SH20-tub w NIK VK T I KFSKV H A 928
Tll8-tar W I VK T I KF K A 929
RGA4d-blb D T R QO ES DS F Q T Q KY K A 1004
Rpi-blbl LTSLKIRGCPOLIKRCEKGIGEDWHKISHIPNVNIYI 970
RGA3-blb T T TQ IVF R A YLTL E 979
SH10-tub L R = —= 9448
RGAl-blb 992
B149-blb — - 971
SH20-tub R w i - 947
Tll8-tar RV W A = S48
RGA4=-blb N GV3 EVE D E A LD H- 1040

different regions of Rpi-blb1 with those of RGA1-blb, RGA3-
blb and RGA4-blb revealed that although rates of amino
acid replacement changes are higher in the LRR region, K,/
Ks values for the LRR domain remain smaller than 1. Higher
rates of amino acid replacement changes in the LRR region
are masked by striking high levels of synonymous diver-

gence (K for the entire LRR) among paralogues of 20.1-
23.7% (Table 4). For comparison, synonymous divergence
in the LRRs of the most related paralogues of the Solanac-
eous R gene clusters Mi (Milligan et al., 1998), 12 (Ori et al.,
1997; Simons et al., 1998), Sw5 (Spassova et al., 2001) and
GpaZ/Rx (Bendahmane et al., 2000; Van der Vossen et al.,
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Figure 5. Genomic organisation of Rpi-blb1 locus.
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(a) Southern analysis of BAC DNA (left panel) and PCR analysis (central and right panel) of genomic DNA (8005-8, Impala), BAC DNA (B139, SPB33, SPB42, B49
and B149) or binary plasmid DNA (pRGA1-blb; pRpi-blb1, pRGA3-blb and pRGA4-blb) with gene-specific primer sets (RGA1, Rpi-blb1, RGA3 and RGA4).

(b) Schematic representation of the Rpi-blb1 (R) and rpi-bib1 (r} haplotype in the S. bulbocastanum genotype 8005-8.

(c) Sequence relationships between the coding and flanking sequences of Rpi-blb1, RGA1-blband RGA3-blb. Homologous regions are shown in the same colour.
Percentage nucleotide sequence identity is indicated. ATG and TAA indicate the relative positions of the start and stop codons of Rpi-blb1, respectively. The

length of the homologous 5’ and 3’ flanking sequences are indicated.

2000) ranges between 3.2 and 8.3% (K for the LRR region;
Table 4). The extraordinary high K values calculated for the
Rpi-blb1 gene cluster suggest that these genes are rela-
tively old. Moreover, although amino acid diversity within
the LRR region is centred on the xxLxLxxxx motif, the
majority of nucleotide differences in this region have appar-
ently not resulted in an amino acid change, leading to Ky/Ks
ratio <1 (Table 4). Despite the relatively smaller genealo-
gical antiquity of Rpi-blb1 and RGA3-blb, exemplified by
lower synonymous divergence in the CC-NBS region
(12.2%) compared to RGAT-blb (34.5%) or RGA4-blb
(35.9%), K, values calculated for the LRR region are as high
as those calculated for the paired comparisons between
Rpi-blb1 and RGA1-bib or RGA4-blb (Table 4). Altogether,
these data suggest that the LRR region of Rpi-blb1may well
be subject to purifying selection rather than to divergent
selection.

Southern analyses of the BAC clones spanning the Rpi-
blb1 interval revealed that BAC SPB4 contained an extra
copy of the SPB42L sequence compared to BAC B149

(Figure 5a). The latter BAC clone is derived from the homo-
logous chromosome harbouring the putative susceptible
Rpi-blb1 allele. The finding that the RFLP was specific for
BAC clones harbouring the Rpi-blb1 gene and genetic
constructs that complemented the susceptible phenotype
in potato and tomato (data not shown), suggested that the
Rpi-blb1gene was present as an extra copy on the Rpi-blb1
bearing chromosome. To verify this, we designed several
sets of Rpi-blb1-specific primers both within and flanking
the coding region of Rpi-blb1and used these to screen BAC
B149. These primer sets were able to amplify fragments of
the expected size only from DNA templates containing the
Rpi-blb1gene and not from B149 (Figure 5a), indicating that
Rpi-blb1is present as an extra gene in the Rpi-blb1 haplo-
type (Figure 5b).

Recombination and sequence exchange between para-
logues at complex resistance loci may contribute to the
evolution of novel resistance specificities by generating
new combinations of polymorphic residues (Parniske et al.,
1997). We therefore examined the gene sequences for
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shared polymorphisms that may be indicative of sequence
exchange. Although alignment of informative polymorphic
sites for paralogues of the Rpi-blb1haplotype did not reveal
a patchwork arrangement of sequence identities, it did
reveal an apparent recombination break point at the C-
terminus of Rpi-blb1. Consistent sequence affiliation was
observed throughout the ORFs of Rpi-blb1 and RGA3-blb,
except for the C-terminal region of the gene corresponding
to the last 75 amino acids. This region of the Rpi-blb1gene
is identical to the corresponding region of RGAT-blb
(Figures 4 and 5). Comparison of the 5’ and 3’ sequences
flanking the paralogues of the Rpi-blb1 haplotype reveals
sequence affiliation at the 5-end between Rpi-blb7 and
RGA3-blb and at the 3'-end between Rpi-blb1 and RGA1-
bib (Figure 5c¢). The 4522 bp preceding the translation start
codon of Rpi-blb1 are highly homologous (91%) to the
4899 bp upstream of RGA3-blb. Sequence homology at
the 3'-end is retained between Rpi-b/lb7 and RGAT1-blb until
285 and 295 bp after the stop codon of Rpi-blb7and RGA1-
bib, respectively. The Rpi-blb1gene has apparently evolved
through intragenic recombination between the ancestral
genes of RGA3-blb and RGA1-blb.

Discussion

Development of disease-resistant cultivars is an effective
way to control diseases if sufficient genetic variation for
resistance is available. When sources of resistance are
limited, breeders look to the secondary gene pool for
species that can serve as such and that can be hybridised
with cultivated species. However, because of the hetero-
zygous nature of potato, introgression of resistance from
wild species through recurrent backcross programmes is
very inefficient. Moreover, several wild Solanum species
displaying high levels of late blight resistance, e.g. S. bul-
bocastanum, are sexually incompatible with cultivated
potato. Isolation of the genes responsible for resistance
could be a faster means of exploiting potentially durable
late blight resistance in wild Solanum species. Several
resistance genes from species in the Solanaceae, the Pto
gene of tomato (Rommens et al., 1995), the N gene of
tobacco (Whitham et al., 1994), the Cf-9 gene of tomato
{(Hammond-Kosack et al., 1998) and the Bs2 gene of pepper
(Tai et al., 1999), have successfully been transferred as
transgenes to other Solanaceous species. In cloning the
Rpi-blb1 gene, we demonstrate the efficient interspecific
transfer of broad-spectrum late blight resistance from
S. bulbocastanum to cultivated potato and tomato.

The Rpi-blb1 resistance locus was mapped in an intras-
pecific S. bulbocastanum population to the same genetic
location on chromosome 8 as the previously reported late
blight resistance locus RB (Naess et al, 2000). Physical
mapping of the Rpi-blb1locus identified a BAC clone com-
prising a tightly linked cluster of four R gene homologous
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sequences of the CC-NBS-LRR class of plant R genes.
Complementation analysis showed that one of these can-
didate genes, RGA2-blb, was able to facilitate a typical HR in
the otherwise susceptible cultivar Impala in more than 80%
of the primary transformants carrying an intact genetic
construct. This RGA was therefore designated the Rpi-
blb1 gene. Interestingly, the coding sequence of Rpi-blb1
is identical to that of the RB gene, which has also recently
been cloned (Song et al., 2003). This suggests that Rpi-blb1
and RB are identical genes. However, when comparing
flanking sequences and the intron of these two genes,
single nucleotide polymorphisms or single nucleotide
insertions can be found at a frequency ranging between
0.4 and 0.8%. We therefore conclude that Rpi-blb1 and RB
are allelic, although functionally equivalent.

Significant DNA homology (81-90%) between Rpi-blb1
and partial NBS sequences from tomato, which have been
mapped to loci on chromosomes 2, 8 and 9 of tomato (Pan
et al., 2000), indicates that Rpi-blb1is probably a member of
a Solanaceae NBS-LRR gene family, which apparently is not
restricted to the Rpi-blb1 gene cluster on chromosome 8.
Map positions of Rpi-blb1homologous sequences on chro-
mosomes 2 and 9 of tomato correspond to the resistance
loci Tm-1and Tm-2, respectively, that encode resistance to
tomato mosaic virus (Levesque et al., 1990; Pan et al., 2000;
Young et al., 1988). This suggests that Rpi-blb1gene family
members also function against taxa of plant pathogens
other than oomycetes. Interestingly, quantitative trait loci
(QTL) associated with resistance to P. infestans (Oberha-
gemann et al., 1999) and Erwinia carotovora ssp. atrosep-
tica (Zimnoch-Guzwska et al., 2000) also correspond to the
Rpi-blb1 homologous gene cluster on chromosome 2.

As R genes of the NBS-LRR class lack predicted trans-
membrane segments or signal peptides, perception of
cognate Avr products probably occurs in the cytoplasm.
The most straightforward interpretation of R gene-
mediated elicitor recognition invokes a direct intermolecu-
lar interaction. However, experimental evidence for direct
binding is limited (Jia et al., 2000). This suggests that either
the interaction is transient or the elicitor interacts indirectly
with the R gene product through a virulence target
(Banerjee et al., 2001; Dangl and Jones, 2001; Kooman-
Gersmann et al., 1996; Leister and Katagiri, 2000; Mackey
et al., 2002; Van der Biezen and Jones, 1998). According to
the ‘guard model’ (Van der Biezen and Jones, 1998), resis-
tance is triggered when the R protein detects modifications
to its guardee, which is presumably targeted and modified
by the Avr factor to create a favourable environment for the
pathogen. Accordingly, R proteins that guard virulence
targets are more likely to be maintained in the plant popu-
lation than R proteins that rely on a direct physical inter-
action between R protein and Avr factor (Van der Hoorn
et al., 2002). In this respect, it is tempting to speculate on
the age of the Rpi-blb1 gene cluster and on the mode of
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action of the Rpi-blb1 protein. The extraordinary high levels
of synonymous divergence among paralogues of the Rpi-
bib1 haplotype reflects longevity of the Rpi-blb1 gene
cluster and thereby the possible occurrence of balancing
selection at this locus in natural S. bulbocastanum popula-
tions. This would implicate a high relative contribution of
the matching Avrgene to the virulence of P. infestans. This
is in line with the broad spectrum of the resistance con-
ferred by Rpi-blb1 and the observation that amino acid
replacement changes have not accumulated faster than
synonymous changes in those regions of the gene that,
in well-studied R genes, have been pinpointed as the major
determinants of recognition specificity for Avr factors (Ellis
et al., 2000).

Evolution of new pathogen specificity has been traced to
shifts in solvent-exposed LRR residues that are caused by
single-base changes, insertion or deletion events, and by
unequal-exchange meiotic recombination events within R
genes or between closely linked homologous R genes in a
cluster (Ellis et al., 2000). Comparison of the Rpi-blb1 pro-
tein sequence with those of seven other members of the
Rpi-blb1 protein family identified, in addition to various
indels, a total of 51 Rpi-blb1-specific amino acid residues,
the majority of which (70%) are located in the LRR region.
Targeted or random mutagenesis of Rpi-blb1is necessary
to determine which of these residues are essential for
recognitional and/or signalling capacity of the Rpi-blb1
protein. Recent structure-function analysis of the CC-
NBS-LRR protein encoded by Rx implies that conserved
motifs in the NBS and LRR regions of Rx regulate a signal-
ling domain in the amino-terminal region possibly through
intramolecular interactions (Bendahmane et al, 2002).
Interestingly, one of the Rpi-blb1-specific amino acid resi-
dues is situated at the same position as an Rx gain-of-
function mutation close to the RNBS-D (CFLY) motif that
is conserved in R proteins (Meyers et al., 1999).

The majority of R genes are members of tightly linked
multigene families. This is thought to facilitate the genera-
tion of novel R gene specificities through re-assortment of
sequence polymorphism by (un)equal inter- and/or intra-
genic meiotic recombination between family members
resulting in duplication, partial deletion or formation of
new chimaeric genes. Comparative sequence analysis of
several R gene haplotypes supports this idea (reviewed in
Hulbert et al., 2001). The two homologous chromosomes of
S. bulbocastanum 8005-8 contain different numbers of
RGAs, the Rpi-blb1 gene being present as an extra copy
in the Rpi-blb 1 haplotype. Shared polymorphisms between
Rpi-blb1 and the two flanking paralogues RGA3-blb and
RGAT1-blb indicate that Rpi-blb1 is likely to have evolved
through unequal intragenic meiotic recombination be-
tween ancestral genes of RGA3-blb and RGA1-bib. The
presence of a truncated RGA between RGA3-blb and Rpi-
blb1 suggests that additional unequal recombinational

events have occurred in the evolution of the Rpi-blb1 gene
cluster.

The cloning of Rpi-blb1has paved the way to develop late
blight-resistant potato and tomato varieties through a
transgene approach. A drawback to the use of R genes to
obtain resistance in crop plants is that their effects often
appear not to be durable because of shifts in Avr gene
frequencies in pathogen populations. Indirect evidence that
Rpi-blb1-mediated resistance might be stable is the obser-
vation that it confers full resistance to a range of P. infes-
tans isolates carrying multiple virulence factors. Race
specificity has also not been observed with breeding mate-
rial containing the RB locus. Somatic hybrids of S. bulbo-
castanum and S. tuberosum and backcrossed germplasm
were found to be highly resistant to late blight, even under
extreme disease pressure in repeated trials (Helgeson et al.,
1998). One reason Rpi-blb1 may remain effective is if the
loss of the corresponding Avrgene from the pathogen has a
significant cost in terms of fitness or pathogenicity (Leach
et al., 2001). An example of this is the isolated Bs2 gene
from pepper (Tai et al., 1999), whose cognate Avrgene that
codes for a virulence factor is widespread in Xanthomonas
campestris pathovars (Kearney and Staskawicz, 1990). The
possible occurrence of balancing selection at the Rpi-blb1
locus may however imply the existence of resistance-break-
ing isolates. Cloning of Avr-blb1 and subsequent analysis
of its frequency and variation within Phytophthora species
will help in predicting the stability of the Rpi-blb1-derived
resistance in crop plants. However, to date, no Avr gene
from Phytophthora has been cloned. Another way to
increase the stability of late blight resistance is by combin-
ing R genes that actually require the pathogen to lose or
mutate several Avr genes simultaneously. This would be
especially important when introducing R genes that, in
natural populations, are under balancing selection. Mani-
pulation of R genes as transgenes facilitates the pyramiding
of R genes at a single linkage block in the genome. This
could promote durability of the complex by preventing the
single deployment of the component genes in other culti-
vars by various breeding programmes.

Experimental procedures

Disease assay

The phenotypes of S. bulbocastanum, S. tuberosum and tomato
genotypes for resistance to P.infestans were determined by
detached leaf assays (El-Kharbotly et al, 1994). Each leaf was
inoculated with two droplets (25 pl each) of sporangiospore solu-
tion (30 000-50 000 sporangiospores per millilitre) on the abaxial
side. After 6 days, the leaves were evaluated for the development
of P. infestans disease symptoms. Plants with leaves that clearly
showed sporulating lesions 6 days after inoculation were consid-
ered to have a susceptible phenotype, whereas plants with leaves
showing no visible symptoms or necrosis at the site of inoculation
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in the absence of clear sporulation were considered to be resistant.
Plants initially displaying unclear phenotypes could, in nearly all
cases, be classified as resistant or susceptible after a second test.
The assays were performed with P. infestansisolates mentioned in
Table 1.

Plant DNA marker screening

Genomic DNA was extracted from young leaves according to
Bendahmane et al. {(1997). For PCR analysis, 15-ul reaction mix-
tures were prepared containing 0.5 pg DNA, 15 ng of each primer,
0.2mm of each dNTP, 0.6 units Tag polymerase (15U pl™",
SphaeroQ, Leiden, the Netherlands), 10 mm Tris-HCI (pH 9),
1.5 mm MgCl,, 50 mm KCI, 0.1% Triton X-100 and 0.01% (wi/v)
gelatin. The PCRs were performed using the following cycle pro-
file: 26-sec DNA denaturation at 94°C, 30-sec annealing and 40-sec
elongation at 72°C. As a first step in PCR amplification, DNA was
denatured for 5 min at 94°C and finalised by an extra 5-min
elongation step at 72°C. The amplification reactions were per-
formed in a Biometra® T-Gradient or Biometra® Uno-Il thermo-
cycler (Westburg, Leusden, the Netherlands). Depending on the
marker, the PCR product was digested with an appropriate restric-
tion enzyme to generate polymorphisms. An overview of the
markers including primer sequences, annealing temperature
and restriction enzymes is given in Table 2. Subsequently, the
(digested) PCR products were analysed by electrophoresis in
agarose or acrylamide gels.

BAC library construction and screening

A resistant clone of S. bulbocastanum (blb) BGRC accession 8005,
heterozygous for the Rpi-blb1 locus, was used as source DNA for
the construction of the 8005-8 BAC library. High-molecular weight
DNA preparation and BAC library construction were carried out as
described by Rouppe van der Voort et al. (1999). Approximately
130 000 clones with an average insert size of 100 kbp, which
corresponds to 15 genome equivalents, were obtained. A total
of approximately 83 000 clones were individually stored in
216 384-well microtitre plates at —80°C. Another 50 000 clones
were stored as bacterial pools containing approximately 1000
white colonies. These were generated by scraping the colonies
from the agar plates into LB medium containing 18% glycerol and
12.5 pg ml~" chloramphenicol using a sterile glass spreader.
These so-called super pools were also stored at —80°C. Marker
screening of the BAC library harbouring the individually stored
BAC clones was carried out as described by Rouppe van der Voort
et al. (1999). For the screening of the BAC library stored as 50 pools
of approximately 1000 clones, plasmid DNA was isolated from
each pool of clones using the standard alkaline lysis protocol and
PCR was carried out to identify positive pools. Bacteria corre-
sponding to positive pools were diluted and plated on LB agar
plates containing chloramphenicol (12.5 ug ml~"). Individual
white colonies were picked into 384-well microtitre plates and
single positive BAC clones subsequently identified as described
above. Names of BAC clones isolated from the super pools carry
the prefix SP (e.g. SPB33).

DNA sequencing and computer analysis

The DNA sequence of BAC clone SPB4 was determined by shotgun
sequence analysis as described by Van der Vossen et al. (2000).
The automated assembly of the shotgun reads was carried out
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using the PHRED-PHRAP programs (Ewing and Green, 1998;
Ewing et al., 1998). A total of 835 reads provided an overall BAC
sequence coverage equal to 5x. Gaps between contigs were closed
by primer walking or through a combinatorial PCR approach. The
sequence was finally edited at PHRED quality 40 (1 error every
10 000 nt) by manual inspection of the assembly using the Gap4
contig editor and re-sequencing of all low-quality regions. The
complete sequence of the insert of BAC SPB4 consisted of 77 283
nt. Positions of putative genes were predicted using GENSCAN
(Burge and Karlin, 1997) and GENEMARK (Lukashin and Boro-
dovsky, 1998). Homology searches were carried out using the
BLAST program (Altschul et al., 1990). DNAstar (Lasergene, Madi-
son, WI, USA) and Genetics Computer Group (Madison, WI, USA)
software packages were used for sequence alignments and
sequence comparisons. Nucleotide substitution rates were calcu-
lated using the DIVERGE program in the Genetics Computer Group
software package.

Subcloning of candidate genes

Candidate RGAs were subcloned from BAC clone SPB4 as follows.
Aliquots of approximately 1 g BAC DNA were digested with 1, 0.1
or 0.01 U of Sau3Al restriction enzyme for 30 min. The partially
digested BAC DNA was subjected to CHEF electrophoresis at 4°C in
0.5x TBE using a linear increasing pulse time of 1-10 sec and a
field strength of 6 Vem™" for 16 h. After electrophoresis, the
agarose gel was stained with ethidium bromide to locate the
region of the gel containing DNA fragments of approximately
10 kbp in size. This region was excised from the gel and treated
with GELASE (Epicentre Technologies, USA) according to the
manufacturer. The size-selected DNA was ligated to the BamHI-
digested and dephosphorylated binary vector pBINPLUS (Van
Engelen et al., 1995) followed by transformation to ElectroMAX
E. coli DH10B competent cells (Life Technologies, UK). A total of
480 clones were PCR screened for the presence of RGA sequences
using primers SPB42LF and SPB42LR or RGA4F and RGA4R
(Table 2). Positive clones were selected for further characterisa-
tion. Identification of clones harbouring RGA1-blb, RGAZ2-blb,
RGA3-blb or RGA4-blb was carried out by sequencing the SPB42L
PCR fragments derived from positive clones. The relative position
of the RGAs within a subclone was determined by sequencing the
ends of the clone and subsequent comparison of the sequences to
the complete BAC insert sequence.

Agrobacterium tumefaciens-mediated transformation of
potato and tomato

Binary plasmids harbouring the candidate genes were trans-
formed to A.tumefaciens strains LBA4404 (Hoekema et al.,
1983), AGLO (Lazo et al., 1991) or UIA143 (Farrand et al., 1989),
the latter containing the helper plasmid pCH32 (Hamilton et al.,
1996). Overnight cultures of the transformed A. tumefaciens
strains were used to transform potato tuber discs (cv. Impala) or
tomato leaf discs (cv. Moneymaker) according to standard proto-
cols (Fillati et al., 1987; Hoekema et al., 1989). Three plants per
transformed regenerant were transferred to the greenhouse.

Rapid amplification of amplification of cDNA ends
(RACE)

The &'- and 3'-ends of the Rpi-blb1cDNA were determined by RACE
using the GeneRacer™ kit (Invitrogen™, the Netherlands). 3
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RACE was carried out with the nested primers GSP1 (5'-GAG-
GAATCCATCTCCCAGAG) and GSP2 (5-GTGCTTGAAGAGATGA-
TAATTCACGAG) in combination with the GeneRacer™ 3' primer
and GeneRacer™ 3' nested primer, respectively. 5 RACE was
carried out on cDNA synthesised with the primer GSP3 (5'-GTCC-
ATCTCACCAAGTAGTGG) using primers GSP4 (5'-GAAATGCT-
CAGTAACTCTCTGG) and GSP5 (5-GGAGGACTGAAAGGTGTT-
GG) in combination with the GeneRacer™ &' primer and Gene-

Racer™ 5' nested primer, respectively.
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Summary

The necessity to develop potato and tomato crops that possess durable resistance against the oomycete
pathogen Phytophthora infestans is increasing as more virulent, crop-specialized and pesticide resistant
strains of the pathogen are rapidly emerging. Here, we describe the positional cloning of the Solanum
bulbocastanum-derived Rpi-blb2 gene, which even when present in a potato background confers broad-
spectrum late blight resistance. The Rpi-blb2 locus was initially mapped in several tetraploid backcross
populations, derived from highly resistant complex interspecific hybrids designated ABPT (an acronym of the
four Solanum species involved: S. acaule, S. bulbocastanum, S. phurejaand S. tuberosum), to the same region
on chromosome 6 as the Mi-7 gene from tomato, which confers resistance to nematodes, aphids and white
flies. Due to suppression of recombination in the tetraploid material, fine mapping was carried out in a diploid
intraspecific S. bulbocastanum F1 population. Bacterial artificial chromosome (BAC] libraries, generated from a
diploid ABPT-derived clone and from the resistant S. bulbocastanum parent clone, were screened with markers
linked to resistance in order to generate a physical map of the Rpi-blb2locus. Molecular analyses of both ABPT-
and S. bulbocastanum-derived BAC clones spanning the Rpi-blb2 locus showed it to harbor at least 15 Mi-1
gene homologs (MiGHs). Of these, five were genetically determined to be candidates for Rpi-blb2.
Complementation analyses showed that one ABPT- and one S. bulbocastanum-derived MiGH were able to
complement the susceptible phenotype in both S. tuberosum and tomato. Sequence analyses of both genes
showed them to be identical. The Rpi-blb2 protein shares 82% sequence identity to the Mi-1 protein.
Significant expansion of the Rpi-blb2 locus compared to the Mi-1 locus indicates that intrachromosomal
recombination or unequal crossing over has played an important role in the evolution of the Rpi-blbZlocus. The
contrasting evolutionary dynamics of the Rpi-blb2/Mi-1 loci in the two related genomes may reflect the
opposite evolutionary potentials of the interacting pathogens.

Keywords: Rpi-blb2, disease resistance, Phytophthora infestans, Solanum bulbocastanum, potato, late blight.

Introduction

The oomycete Phytophthora infestans, the causal agent of
late blight, remains the most important pathogen in major
potato producing regions of the world. It has a potential to
devastate crops in a couple of weeks if meteorological con-
ditions are conducive to the onset and spread of an epi-
demic. To a lesser extent, late blight is also problematic in
tomato cultivation (Fry and Goodwin, 1997). Disease
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management is currently based on the application of fung-
icides. Frequent seasonal spraying with fungicides imposes
high input costs to the farmer, is detrimental to the
environment and imposes a pressure on the pathogen for
developing resistance to the active ingredients of the crop
protectants applied. During the 20th century, breeding of
new potato cultivars with high levels of durable resistance to

© 2005 Blackwell Publishing Ltd



P. infestans has been considered an alternative to the use of
fungicides. Breeders have introgressed from the wild potato
species Solanum demissum the dominant resistance (R)
genes R1, R2, R3, R4and R10 up to cultivar level, but races of
the pathogen that were able to overcome these genes
emerged within a few years after market introduction (Tur-
kensteen, 1993). By the end of the 1950s, most breeders had
switched to the use of sources of germplasm with partial/
quantitative resistance (Hawkes, 1978). The underlying
paradigm was that this type of resistance is R gene inde-
pendent and assumed to be of polygenic nature, which
could make it more durable than resistance based on
monogenic inherited R genes (Turkensteen, 1993). However,
partial resistance is day-length dependent and is strongly
correlated with late maturity under long-day conditions
(Howard, 1970). Also, erosion of general resistance has been
reported in case studies (Flier et al., 2003). Genetic studies
using molecular markers have shown that general resistance
is often based on two or three major quantitative trait loci
(QTL), the genome positions of which often correspond to
loci harboring R gene clusters (Gebhardt and Valkonen,
2001; Grube et al., 2000). The goal of some breeders now is
to identify additional major R genes conferring broad-spec-
trum resistance to late blight and to combine these in
modern potato varieties. In contrast to introgression breed-
ing, isolation of such genes from Solanum species and their
stable transformation as cis genes into existing potato or
tomato varieties is by far the fastest means of exploiting
potentially durable late blight resistance present in the Sol-
anum gene pool.

Identification of numerous functional R genes from model
and crop species has revealed that the majority of these
genes encode cytoplasmic proteins with nucleotide binding
site (NBS) and leucine-rich repeat (LRR) domains and that
they often belong to complex loci comprised of arrays of
related genes (reviewed in Martin et al., 2003). This struc-
ture-function relationship has led to the development of
homology-based approaches aimed at the identification of
structurally related sequences, termed A gene homologs
(RGHs), from many host species including Solanaceae
(Leister et al., 1996; van der Linden et al., 2004; Pan et al.,
2000). In a comparative study of genomic organization of
R genes and RGHs in three solanaceous crop genera,
tomato, potato and pepper, Grube et al. (2000) observed
significant conservation of R gene loci, despite limited
positional correspondence of phenotypically defined genes
conferring resistance to related or identical pathogens. This
suggests that the chromosomal locations of R gene clusters
may be quite broadly conserved through speciation and that
comparative genomics can be instrumental for the rapid
identification of genes similar to those already mapped in
related genera.

Seven functional R genes from potato have currently
been cloned and all belong to the NBS-LRR class of plant
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R genes (Ballvora et al., 2002; Bendahmane et al., 1999,
2000; Huang et al., 2005; Paal et al., 2004; Song et al., 2003;
van der Vossen et al., 2000, 2003). Three of these confer
resistance to late blight. The Solanum demissum-derived
genes R7and R3a on chromosomes 5 and 11, respectively,
confer race-specific resistance whereas the identical genes
Rpi-blb1 and RB, further referred to as Rpi-blb1, on
chromosome 8 from the wild potato species Solanum
bulbocastanum confer high levels of resistance to a range
of P. infestans isolates with complex race structures
(Helgeson et al., 1998; Song et al., 2003; van der Vossen
et al, 2003). Solanum bulbocastanum from Mexico and
Guatemala is a diploid tuber bearing species that has long
been known for its high levels of resistance to late blight
(Niederhauser and Mills, 1953). Transfer of its resistance to
the gene pool of cultivated potato has been successful by
carrying out a tedious and time-consuming breeding
scheme involving ploidy manipulations and a series of
bridge crosses. The resulting P. infestans resistant inter-
specific hybrids were designated ABPT, an acronym of the
four Solanum species involved: S. acaule, S. bulbocasta-
num, Solanum phureja and Solanum tuberosum (Fig-
ure S1) (Hermsen and Ramanna, 1973). Over 20 years of
resistance phenotyping of ABPT-derived germplasm under
diverse conditions suggested the presence of broad-spec-
trum late blight resistance, prompting us to analyze its
genetic basis. Here, we describe the genetic mapping and
cloning of a second late blight R gene derived from S.
bulbocastanum. The Rpi-blb2 gene was initially mapped in
several ABPT-derived tetraploid backcross populations to
the same region on chromosome 6 as the Mi-1 gene from
tomato. Subsequently, Mi-7 gene homolog (MiGH) specific
markers were developed to aid in the fine mapping of Rpi-
blbZ in a diploid intraspecific S. bulbocastanum F1 popu-
lation and in the identification and isolation of candidate
genes on bacterial artificial chromosome (BAC) clones
spanning the locus. The Rpi-blb2 gene is able to comple-
ment the susceptible phenotype in both cultivated potato
and tomato. The Rpi-blb2 protein shares 82% sequence
identity with the Mi-1 protein, which in tomato confers
resistance to three species of root knot nematodes (Mel-
oidogyne spp.) as well as to the potato aphid Macrosip-
hum euphorbiae (Milligan et al.,, 1998; Rossi et al., 1998;
Vos et al., 1998) and to both B and Q biotypes of whitefly
Bemisia tabaci (Nombela et al., 2003).

Results

Evaluation of resistance in ABPT-derived backcross clones
and mapping populations

Late blight resistance in the ABPT-derived BC2 clone ARF
87-601 was initially evaluated in a field trial in the Toluca
area in Mexico in 1991. A plot of clone ARF 87-601 with seven
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Figure 1. Disease progress curves for clone ARF 87-601 and susceptible
control cultivars (cv) Bildtstar, Eersteling and the partial resistant control
cultivar Pimpernel in a field test for foliar resistance to late blight in Toluca
Valley, Mexico.

At eight time points after planting, the percentage blighted foliage due to a
natural late blight infection was scored on the 1 to 9 International Potato
Center (CIP) scale (Estrada-Ramos et al., 1983).

plants was evaluated in comparison to plots with control
cultivars Bildtstar, Eersteling and Pimpernel, which accord-
ing to the ratings for resistance to late blight in the Dutch
national list of recommended potato cultivars of 1988,
scored 3, 3 and 8 respectively on a scale from 3 to 8 of
increasing resistance. Cultivar Pimpernel is considered as a
source of partial resistance (Colon et al., 1985). About forty
days after planting, natural infection by P. infestans estab-
lished. The development of late blight in the foliage was
subsequently monitored eight times during the growing
season (Figure 1). At seventy four days after planting,
foliage of the control cultivars was completely or nearly
completely blighted, whereas clone ARF 87-601 showed no
visible symptoms.

For the development of mapping populations, clones ARF
87-601, ARF 87-507 and ARF 87-801 were subsequently used
for further backcrossing with late blight susceptible cultivars
and breeding clones of S. tuberosum. This resulted in one
tetraploid BC3 population {ARG 95-15), two tetraploid BC4
populations (ARG 95-3 and ARP 96-11) and a diploid BC4
population (DP1; Figure S2). Clear segregation for late blight
resistance in ABPT-derived progeny and mapping popula-
tions was observed during successive years of field testing
in the Netherlands, suggesting the presence of a dominant
resistance allele at a single locus. Typically, resistant clones
showed no or hardly any sporulating lesions, whereas
susceptible clones showed completely blighted foliage.
Notably, detached leaf assays with ABPT-derived progeny
were found to be less accurate for phenotyping than
screening under field conditions. Approximately 17% of
the resistant haplotype plants and 3% of the susceptible
haplotype plants were miscored as susceptible or resistant,
respectively, in the detached leaf assays.

Mapping of the Rpi-blb2 locus to the Mi-1 gene cluster on
chromosome 6

To identify Amplified Fragment Length Polymorphism
(AFLP) markers linked to resistance, a bulked segregant
analysis (BSA; Michelmore et al., 1991) was carried out with
160 primer combinations on two resistant and two sus-
ceptible DNA pools, each containing genomic DNA of eight
resistant or susceptible ARG 95-15 progeny plants, respect-
ively. This resulted in the identification of 58 AFLP markers
potentially linked to resistance. When a number of these
markers were tested on progeny plants of ARG 95-3, linkage
to resistance was also observed in this population, sug-
gesting that in both populations the resistance was deter-
mined by the same locus, which we designated Rpi-bl/b2.

To determine the position of the Rpi-blb2 locus on the
genetic map of potato, two cosegregating AFLP markers,
E40M58 and E46M52, were developed into cleaved ampli-
fied polymorphic sequence (CAPS) markers. Cleaved
amplified polymorphic sequence marker E40M58 was
subsequently tested on 46 progeny plants of the reference
mapping population CxE (van Eck et al., 1995). By applying
Joinmap linkage analyses (Stam, 1993), we mapped
E40M58 8 cM distal to the chromosome 6 specific marker
GP79 (Gebhardt et al., 1991), positioning Rpi-blb2 on the
short arm of chromosome 6. This was further confirmed
through the conversion of the chromosome 6 specific
Restriction Fragment Length Polymorphism (RFLP) mark-
ers CT119 and CT216 into CAPS markers, which cosegre-
gated with resistance in all four mapping populations.

Subsequently, for recombinant screening purposes, the
cloned AFLP markers E46M52 and E40M58 were extended by
thermal asymmetric interlaced (TAIL) Polymerase Chain
Reaction (PCR) on genomic DNA of AR 91-1263 and ARD
1197-16, respectively, and converted into the sequence SCAR
markers E46M52e and E40M58e. E46M52e was polymorphic
in all the mapping populations, whereas E40M58e was
amplified only in ARG 95-3 and DP1. As the parental clones
of the different mapping populations were derived from
different ABPT clones, we extended the AFLP fragment a
second time but now from AR 91-1292, the resistant parental
clone of ARP 96-11, resulting in E40M58e2. Sequence
alignment of the two extended fragments showed that only
the first 37 bp of the extended fragments were identical.
When both extended markers were tested on genomic DNA
derived from S. bulbocastanum (BGRC 8005 and 8006), only
E40M58e amplified a fragment, indicating that part of the
sequence of EA0M58e2 was not derived from S. bulbocast-
anum. This observation suggested that E40M58e was
located on the border of the S. bulbocastanum introgression
fragment in clone AR 91-1292 and that the position of the Rpi-
blb2 locus was proximal to marker E40M58e.

In an attempt to identify functionally relevant markers
linked to resistance, an RGH-fingerprinting technique was
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Figure 2. Genetic linkage maps of the Rpi-blb2 locus generated in two mapping populations, ARG95-3 and B6.

Long vertical lines represent either chromosome 6 of tomato or short stretches of the distal part of chromosome 6 of potato harboring the Rpi-blb2 locus. Indicated
to the left is a schematic representation of tomato chromosome 6, showing the relative positions of resistance loci and markers identified on the short arm of this
chromosome. Numbers left of the remaining vertical lines indicate genetic distances (cM). Relative positions of mapped loci are indicated by horizontal lines. Names
of the mapped loci are indicated to the right of the horizontal lines. Vertical lines connected to the right side of the horizontal lines group loci that cosegregate. The

size of each mapping population is indicated at the bottom of each map.

applied. Using the P- loop based primer S1 from Leister et al.
(1996) in combination with the Eco00 AFLP primer, an RGH
specific marker, STE00 was identified that cosegregated with
resistance and markers EA0M58e and CT119 in the ARG 95-3
mapping population (Figure 2). Cloning and sequencing of
the 75-bp-long S1E00 fragment did not reveal homology to
St3313, an RGH sequence previously mapped to the short
arm of chromosome 6 in potato (Leister et al., 1996), but
rather to the Mi-1 gene from tomato.

Physical mapping of the ABPT-derived Rpi-blb2 locus

The diploid clone ARD 1197-16, heterozygous for the Rpi-
blb2locus, was used as source DNA for the construction of a
BAC library (hereafter, referred to as the 1197-16 BAC
library), consisting of 104.832 clones with an average insert
size of 100 kb (approximately 12 genome equivalents). In
order to build a BAC contig across the Rpi-blb2 locus, the
1197-16 BAC library was initially screened with markers
E40M58e, S1E00 and CT119, which are all linked in coupling
phase to resistance. E40M58e identified BAC clones 69 and
141, S1E00 identified BAC clones 14, 24, 123 and 133 and
CT119 identified BAC clone 67. Sequencing of the left (L) and
right (R) borders of these BAC clones led to the development
of markers 69R, 69L, 141R, 24L, 14L, 24R, 123L, 123R, 133R
and 67L, all of which were linked in coupling phase to

resistance. Screening of the identified BAC clones with these
BAC-end specific markers indicated that the S1E00 positive
BAC clones in fact did not all overlap with each other,
implying that S1E00 was a repetitive sequence. This to-
gether with the finding that the sequences of 24L and 123R
were highly homologous to various regions of the Mi-7gene
indicated that the Rpi-blb2 locus harbored a cluster of Mi-
GHs. Subsequent screening of the 1197-16 BAC library with
the BAC-end specific markers 69R, 24L, 24R, 123L and 133R
identified BAC clones 36, 211, 242, 191 and 99 (Figure 3),
leading to the development of markers 36L and 99L. Finally,
the BAC contig comprising BAC clones 141, 69 and 36 was
distally extended with BAC clones 41 and 112, leading to the
development of markers 41L and 112L (Figure 3).

Fine mapping of the ABPT-derived Rpi-blb2 locus was
carried out on 2283 ARG 95-3 and 568 ARP 96-11 clones,
which were tested in a field trial for resistance to late blight.
Finally, only 886 ARG 95-3 and 170 ARP 96-11 clones with a
clear resistant phenotype were selected for recombinant
screening with SCAR marker CT216 and CAPS marker 41L or
36L, respectively. In total, 85 (9.6 cM) and 22 (12.9 cM)
recombinants were obtained in mapping populations ARG
95-3 and ARP 96-11, respectively, three of which positioned
the Rpi-blb2 locus between markers E40M58e and 133R
(Figure 2).Interestingly, the left (L) BAC-end sequence of BAC
clone 67, which was identified with marker CT119 and shares
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Figure 3. Genetic and physical strategy used to clone the Rpi-blb2 gene.

High-resolution genetic and physical maps of the Rpi-blb2locus in (a) the ABPT-derived plant material and (b) the 5. bulbocastanum-derived material. Vertical spotted
lines indicate the relative positions of markers linked to resistance. Numbers above the horizontal lines are the numbers of recombinants identified between the
flanking markers in 886 ARG95-3 and 1899 B6 progeny plants, respectively. Rectangles represent bacterial artificial chromosome (BAC) clones. Relative positions of
Mi-1gene homologs (MiGHs) are indicated by asterisks and horizontal arrows, the latter indicating the relative orientations there where known.

(c) Schematic representation of the Rpi-blb2 gene structure. Horizontal lines represent exons. Black rectangles represent open reading frames. Lines angled
downwards indicate the positions of introns. Numbers between parentheses indicate the length of the 5'- and 3'- untranslated regions (UTRs) of the putative Rpi-blb2

transcript.

significant DNA sequence homology (94%) to Cf-5 from
tomato (Dixon et al., 1998), was mapped 0.33 and 1.76 cM
proximal to Rpi-blb2in ARG 95-3 and ARP 96-11, respectively.

To estimate the number of MiGHs present in the above
defined Rpi-blb2 interval, BAC clones spanning the interval
were screened by Southern analysis using markers 123R,
14L, or 24L as probes. These probes share high homology
to different regions of the Mi-1 gene. The results indicated
that the BAC contig comprising BAC clones 211, 24, 191,
123 and 133 contained at least approximately 12 MiGHs.
Additional MiGH specific markers were developed by
cloning and sequencing PCR fragments generated from
BAC clones 24 and 123 with the primer combination 14LR
and 24LF. Based on the alignment of these sequences, a
set of primers was designed, univi4L and univ24L
(Table 1), with the aim to amplify the corresponding
region of as many as possible MiGHs within the Rpi-blb2
interval. This universal primer set was subsequently used
to develop the MiGH specific SCAR/CAPS markers 14L24L
and 24L9spec (Figure 2).

Genetic and physical mapping of Rpi-blb2 in a Solanum
bulbocastanum intraspecific mapping population

To delimit the Rpi-blb2 locus further, the intraspecific
S. bulbocastanum mapping population B6 was developed

(Figure S3). Repeated detached leaf assays on 47 progeny
plants showed a clear 1:1 segregation of susceptibil-
ity:resistance in this population. Screening of these plants
with markers 112L and EA6M52e indicated that the resistance
locus was located in the same region as the ABPT-derived
Rpi-blb2 locus. Subsequently, 1899 progeny plants were
subjected to a recombinant screen. A total of 138 112L/
E40M52e recombinant plants were identified (7.26 cM) and
screened with all the available markers within the interval,
positioning Rpi-blb2between markers 69L and 24L (Figure 2).

As the generated ABPT-derived BAC contig spanning the
Rp-blb2locus still contained a gap between 141R and the 24L
positive BAC clones (Figure 3), a second BAC library was
made using high molecular weight DNA of the resistant
S. bulbocastanum parental clone of mapping population B6.
Approximately 100 000 clones with an average insert size of
100 kb were generated and stored as 50 bacterial pools
containing approximately 2000 colonies. Screening of this
pooled BAC library with markers 141L and 24L led to the
isolation of the two overlapping BAC clones SPB30 and
SPB39, which spanned the 141R-24L marker interval. Bac-
terial artificial chromosome end sequences of both BAC
clones were used to develop the markers SPB30L and
SPB39L (Figure 3). Screening of the recombinants within
the 69L-24L interval delimited Rpi-b/b2 between SPB30L and
241 (Figures 2 and 3).
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Table 1 Overview of markers used for mapping Rpiblb2

Marker

E46M52
E46M52e
E40M58
E40M58e
S1E00
41L
36L
69L

69R
141R
24L
24R
14L
123L
123L2
123R
133R
133R2
99L

67L
112L
CT216
CT119
14L24L
SPB30L
SPB39L

241 9spec

Orientation of
the primer

T ITD T I MIODTITMIDITIOTNMIOTDTMIMIDTMTITTITMIOITMIODTITIMIOITMIOT NI TIMIMID I TIDIMITID I

Sequence

TTGTGGTTATCGATGAGAAT
GAAACAACAGCAGGATAGTGAG
TTGTGGTTATCGATGAGAAT
GAAACAACAGCAGGATAGTGAG
GAATTCAGCACAAATACCAA
TTAACGTTTACTATCACGAG
GTAGAAACAGCAGCCTCATAAGC
TTCTGCCTAATTGCCCTGTG
GGGGTTGGGAAGACAACGACAC
AATTCCAAGATACAGTCAAATAC
AGGCAGGATTAACAGTAGAAG
CATGCTTTTAGGAAGAAGCTC
TTGAGACAAAGCAGCTCCAC
ACGTTTCTCACACCTACAGG
TGATGGCACGTTTGATCGTG
TAAGATCCAAACCAGCCACC
CCTTATCACACATGTGGCTAC
ATTGAAACGGAGGAAGTACAAC
TTCTTCATATGGCAGACCAAC
CTACTCTGCTGACATGCAGG
GAGATTCTCAAAGGTGTCTTCC
AACCTGTGCTTTCCCATTCG
CTTTCACAAGCGTCACTTTGG
TAAAAAGAATCAACAGGGCAAC
ACGACTGCTCAAAGTTGGCC
CCAAGAAGCCAGTTGAGAGC
GTAGATTACACTATGGATATGG
CAGTTAGCAGCAATGTCAGC
CATTCAACTAGGCCAAAAGTGG
CCAGGTAGGTGTTTTCTTCC
GTTCTAAGTCAGATGCCACC
AAGTGCTCCAACACGAGCC
TGAGTTCTCTTACCCTGCG
GGATATCCAGCATCAATGCC
GGTGAGCCTCCTTGCATTCC
CCTGAGGGAAGATGTCACG
CCTAGTTTAGAGTGAGTAGAC
GTGATATATTGCTCAAGGATCC
GATTAGTGTAGATCTTAGCTTG
AAATCTCTCTCACAATTATCCC
CTATTGACTGAACCTGCTGAG
TGAAGTCATTTAGTCCACAGC
CGTAGTCCATCTGAAGCTCC
TCTTCTTCTGCTAGTCGTCG
ACTATTCTCACGTAAGGGGACAC
GTGTACATGTATGAAACTCTAGC
AGAAAGCTCACCAGTGGACC
ATTTATGGCTGCAGAGGACC
CAAGTTACGGCAACCAAGAG
CTTTGACACAGTGTTAGAATGC
CGTGATCTAGGAGTTACGAC
CTTATTTTAAATACAAGACATCTGG
AGAAAGCTCACCAGTGGACC
CAGAGGAAAGTCAACCAACG

Annealing
temp (°C)

56.5
61
50
55
50
58
59
61

58

58

58

59

62

58
62
56

65

57
52

56

Restriction enzyme

SCAR (b)
SCAR (a,b); Mbol (c)
Ddel (a)

SCAR (a)

Tagl (a)

Apol (a,b)

Tagl (a,b); Hpall (c)
Rsal (a,b); Apol (c)
Rsal (a,b); Ddel (c)
SCAR (a,b,c)
SCAR (a,b)

SCAR (a,b,c)
SCAR (a,b)

SCAR (a,b); Dral (c)
SCAR (a,b)

SCAR (a,b)

SCAR (a,b)

SCAR (a,b)

Mbol {a,b)

Haelll (a); Hinfl (c)
SCAR (a,b)

Hindlll {a,b)

Cfol (c)

Hpall (c)

SCAR (c)

Hhal (c)

F, forward primer; R, reverse primers; a, ARG95-3; b, ARP96-11; c, B6.
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Complementation analyses

For complementation purposes, all MiGHs present on BAC
clones SPB30, SPB39, 242, 211 and 24 were subcloned as
approximately 10 kb genomic DNA fragments into the bin-
ary vector pBINPLUS (van Engelen et al., 1995). MiGH har-
boring subclones were identified by screening subclone
libraries of each BAC clone with the primer combination
14L24LF/R. Based on the restriction pattern of the 14L24L
fragments digested with the enzymes Rsal, Taql, Alul, Dpnll
or Msel, eight different MiGHs were identified. Subclones
harboring the 24L specific MiGH were not detected with the
universal primers 14L24LF/R. These were selected using the
24L specific primers 24LF and 24LR, bringing the total
number of identified MiGHs on these BAC clones to nine
(Figure 3). Subclones with MiGHs from the SP30L-24L
interval were transferred to the susceptible potato cultivars
Impala and Kondor through Agrobacterium mediated
transformation using strain UIA143 (Farrand et al., 1989) or
AGLO (Lazo et al., 1991). Primary transformants harboring
the transgenes of interest were tested for resistance to
P. infestans in detached leaf assays using the complex iso-
lates IPO655-2A and IPO82001 (Table 2). Genetic constructs
harboring MiGHS5, derived either from the ABPT material or
from S. bulbocastanum, were able to complement the sus-
ceptible phenotype in both cultivars. In total, 34 out of 36
MiGH5 containing primary transformants were resistant
whereas all other MiGH containing primary transformants
were susceptible to P. infestans (Table 2; Figure 4). A
selection of primary transformants containing MiGH5 was
analyzed for copy number by Southern analysis, identifying
four single copy integrations in cultivar Impala and six in
cultivar Kondor. Of these, nine were resistant. MiGH5 was
therefore designated the Rpi-blb2 gene.

Primary transformants of cultivar Moneymaker harboring
the Rpi-blb2 gene construct were also produced and tested
with the potato-derived isolates IPO82001 and IPO655-2A.
The disease resistance assay revealed that Rpi-blb2 is also
able to complement the susceptible tomato phenotype
(Table 2; Figure 4).

Rpi-blb2 gene structure and putative amino acid sequence

The inserts of two MiGH5 containing binary subclones, from
BAC clone 211 and SPB39 from the ABPT and S. bulbocast-
anum sources respectively were sequenced by a primer walk
strategy. The complete sequences of the inserts of clones
211-F/C12 and SPB39-20 consisted of 7967 and 9949 nucle-
otides (nt), respectively. The sequence of clone 211F/C12
was identical to the corresponding sequence within clone
SPB39-20. The size and structure of the gene was deter-
mined by comparing the genomic sequence with 5" and 3’
rapid amplification of cDNA ends (RACE) products. The Rpi-
blb2 gene contains 5" and 3’ untranslated regions (UTRs) of

767 and 201 nt, respectively, and two introns at similar
positions as those in Mi-1. Intron 1 is 626 nt long and is
positioned within the 5" UTR ending 32 nt upstream of the
ATG start codon. Intron 2 is 86 nt long starting 43 nt down-
stream of the ATG start codon of the gene. The coding se-
quence of the Rpi-blb2 transcript is 3804 nt.

The deduced open reading frame of the Rpi-blb2 gene
encodes a predicted polypeptide of 1267 amino acids with
an estimated molecular weight of 146 kDa (Figure 5). The N-
terminal half of the Rpi-blb2 protein contains three potential
coiled-coil (CC) domains (amino acids 24-62, 326-374 and
413-434) and six conserved motifs indicative of an NBS
motif (van der Biezen and Jones, 1998). The C-terminal half
of Rpi-blb2 comprises a series of 13 irregular LRRs that can
be aligned according to the consensus sequence
hxxhxxLxxLxLxxC/N/Sx(x)LxxLPxx observed in other cyto-
plasmic R proteins, whereby h can be L, I, M, V or F, and x
any amino acid residue.

The Rpi-blb2 coding sequence shares 89.7% homology
with Mi-1 from tomato. At the amino acid level Rpi-blb2
shares 82% sequence identity with Mi-1.1 and 81% with
Mi-1.2. Through ClustalW alignment of the deduced amino
acid sequences of Rpi-blb2, Mi-1.1and Mi-1.2, 197 amino acid
residues were identified that are unique to Rpi-blb2 (Fig-
ure 5). Of these, 12 are encoded by three insertions; a single
amino acid insertion at position 317, a three amino acid
insertion comprising residues 33-35 and an eight amino acid
insertion comprising residues 95-102 (Figure 5). Of the
remaining 185 amino acids unique to Rpi-blb2, 111 (60%)
are non-conservative substitutions. This means that the
relevant amino acid does not belong to the same group as
the corresponding amino acid in Mi-1.1 or Mi-1.2 (Figure 5),
whereby the amino acid groups are classified based on ionic
charges. When comparing the ratio of non-conserved versus
conserved substitutions in the different domains of Rpi-blb2
(CC domain, NBS domain and LRR domain; Figure 5), we
observed that the non-conservative nature of the substitution
was highest in the LRR domain (42/61; 69%) and lowest in the
NBS-domain (25/52; 48%). Within the LRR domain, these
types of substitutions are centered on the xxLxLxxxx motif,
which is predicted to encode the putative solvent exposed
residues of the repeats (Figure 5). This fits the model that the
LRR region of R proteins mainly defines resistance specificity.
However, the relatively high non-conservative substitution
rate in the CC domain (44/72; 61%) together with the
concentration of insertions within this region also suggest
an active role for this region. Correct intramolecular interac-
tions between N- and C-terminal domains of the Mi-1 protein
are essential for proper functioning of the protein (Hwang
and Williamson, 2003; Hwang et al., 2000). Highlighted in
Figure 5 are 26 amino acids in the LRR region of the Mi-1
protein that are crucial for correct functioning of the protein.
At 23 positions, alteration of the Mi-1.2 amino acid to that of
Mi-1.1 resulted in the loss of both nematode resistance

© Blackwell Publishing Ltd, The Plant Journal, (2005), 44, 208-222

9sUIIIT sUoww o)) daAneal) ajgedidde ayy Aq pautanob ale sapile YO @sn Jo sajnt 1oy Aieiqi] auljuQ A3]IM\ UO (SUOIIPUOI-pue-sWId}/Wod A3 IMAielqijduljuo//:sdny)
SUOIHIPUOD pue swid) 3y} 335 "[9202/£0/611 uo Aieiqry aunuo Aapip ‘Aieiqry Assanun Bioqley Ag “x'£z520°5002 XELE-GEL T/LLLL'OL/1op/wodAsjimAseiqijauljuo//:sdiy woly papeojumoq ‘Z 'S00Z 'XELESIEL



1365313x, 2005, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/j.1365-313X.2005.02527.x. By Aalborg University Library, Wiley Online Library on [19/03/2026]. See the Terms and Conditions
(https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

“JayewAauoly JeAl|Nd ojewo} a|qndassns Jo JOpuoy pue ejedw|
sieAIno ojejod a|qudadsns suejsajul eioyiydolAld 8y} Jo UOBUIIOJSURI} 10§ PBSN B1aM ,0TDY 1O (EVLYIN SUIBAS SUsjoBfaWN] WNLiB)oeqo.By *10199A SMTdNIGd Aidwa ue 10 19z)DY pue 8OOY
01 |)9Y salepipues auab zq|g-idy aul Buiuleluos s}on1ISU0d YNQ-L UHM Jopuoy Jo ejedw| s1ealyno olejod a|qidaosns ay} JO UOIELWIOSUEI] WO Paulelqo sjuewojsues) Alewid ale sadAjouab 0y,

Isolation of the late blight resistance gene Rpi-blb2 215

8/0 oL/g ¥[1] £e {SN1dnigd) oy
(rz) °y 6€£8dS
L/0 qblL (8HDIW) °Y 0€8ds
6/0 4616 £/0 qt/e (LHDIW) %Y 0€8ds
9/0 q9/9 £/0 qElE (9HD!N) °Y 6£8dS
vefee o592/ 8/.L 48/8 LL/LL qGl/LL (SHO!N) °Y 6€£8dS
€/ oE/€ S/0 q9/6 (PHDIN)®Y 6€£8dS 200z qi19
(TWZ-HOIN) °Y Lz
(9HDIW) °Y Lz
o9p-gL qEL/TL Sy qL/G (SHO!N) °Y Lz
8/0 q8/8 S/0 qL/G (FHOIN) %Y e
oL/o qeLi0L S/0 ql§ (YHDIW) °Y Lz
S/0 2LfG
LL/0 qEL/LL (EHDIN) °Y ¥e
S/0 29/G
8/0 gl L8 (ZHDIW) °Y ¥
8/0 20L/8
zZLo oSLZL (LHO!) Y vZ  9l-L6LL QYY
sjue|d Bujuieuoo sjuewJojsuelyfsjueld sjue|d Bujuieuod sjuew.Jojsuelyfsjueld sjue|d Bujuieuod SjuewJojsuesy/siue|d 8dAjousn ove Aeiql-ovg
-HOIN/sIueld Y Bujuieluoo-HoIN -HOIW/sWeld Y Bujureuoo-HoIW -HOIN/sueld Y Bujureluod-HoIN 82inog
layewAauoly A2 0jewo] 10puoy| Ad eledw| A2

olewo} pue ojelod ul Aljiqidaosns 1y6i|q ale| jo uonejuawa|dwor) g ajqel

© Blackwell Publishing Ltd, The Plant Journal, (2005), 44, 208-222



216 Edwin A.G. van der Vossen et al.

Figure 4. Genetic complementation for late blight susceptibility.

Typical disease phenotypes 6 days after inoculation with a sporangiospore
suspension of Phytophthora infestans isolate 655-2A. Indicated are leaves
derived from: (a) cv Kondor; (b) a primary transformant of cv Kondor
harboring the MiGH5 (Rpi-blb2) from bacterial artificial chromosome (BAC)
SPB39; (c) cv. Impala; (d) a primary transformant of cv Impala harboring
MiGHb5 (Rpi-blb2) from BAC 211; (e) tomato cv. Moneymaker; (f} a primary
transformant of tomato cv Moneymaker harboring Rpi-blb2.

Panels (a), (c) and (e) depict typical susceptible responses with extensive
sporulating lesions of P. infestans.

Panels (b), (d) and (f) depict typical resistance reactions observed at the sites
of inoculation on transgenic plants harboring Rpi-bib2.

mediated by Mi-1.2 and the ability of the Mi-DS3 chimeric
gene construct to cause cell death in a transient expression
assay on Nicotiana benthamiana leaves (Hwang and Will-
iamson, 2003). Their data suggest a role of these amino acids
in recognition of signaling molecules or interacting proteins,
or changes in protein folding, stability or localization. Inter-

estingly, Rpi-blb2 carries the Mi-1.1 specific amino acid at
eight of these positions (Figure 5), suggesting therefore a
different function for these amino acids in the Rpi-blb2
protein context. Moreover in the former study, a cluster of
three amino acids was identified that appeared to be crucial
for nematode recognition and not for cell death (Figure 5).
Interestingly, Rpi-blb2 harbors two of the three Mi-1.2 specific
amino acids at the corresponding position.

Discussion

Here, we report on the cloning of the late blight resistance
gene Rpi-blb2 from the wild potato species S. bulbocasta-
num and demonstrate that this gene is orthologous to the
tomato Mi-1 gene from tomato. The Rpi-blb2 locus was
initially mapped in several tetraploid BC populations,
derived from highly resistant complex interspecific hybrids
designated ABPT, to the distal end of the short arm of chro-
mosome 6 using a standard marker BSA approach (Michel-
more et al, 1991). However, fine mapping in these BC
populations was hampered by low recombination frequen-
cies at the Rpi-bib2locus and the fact that only marker alleles
linked in coupling phase to resistance could be used. To
circumvent these intrinsic problems of genetics in tetraploid
potato, a diploid intraspecific S. bulbocastanum mapping
population was developed in which late blight resistance
cosegregated with Rpi-blb2 locus specific markers previ-
ously developed in the BC populations. Higher recombina-
tion frequencies in the diploid S. bulbocastanum resistant
parent together with the additional informative nature of
marker alleles linked in repulsion phase to resistance en-
abled the genetic mapping of BAC-end markers and thus the
efficient tiling of BAC clones across the Rpi-blb2 locus.
Instrumental in the cloning process of Rpi-blb2 was also the
syntenous nature of Rpi-b/b2to the Mi-1locus, revealing the
probable nature of the gene and thus prompting the devel-
opment of candidate gene specific markers. By switching to
the wild species level and through comparative genomics,
problems usually encountered during the positional cloning
of an R gene in potato were successfully circumvented.
Recently, comparative analyses of the S. demissum-
derived complex locus R3, conferring race-specific resist-
ance to P. infestans with the corresponding complex locus /2
from tomato, conferring resistance to the fungus Fusarium
oxysporum f. sp. lycopersici, revealed a significant expan-
sion of the R3locus compared with the /2locus (Huang et al.,
2005). It was argued that the contrasting evolutionary fates
of the two syntenic loci reflect the opposite evolutionary
potential of the interacting pathogens (McDonald and Linde,
2002). The similar chromosomal positions of the Rpi-blb2
and Mi-1 gene clusters in potato and tomato warrants the
comparative analyses of these two loci. Mi-1 originates from
the wild tomato species Lycopersicon peruvianum and has
been introgressed into many tomato lines. In nematode-
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218 Edwin A.G. van der Vossen et al.

resistant tomato, Mi-1 and six homologs are grouped into
two clusters separated by 300 kb (Vos et al., 1998). Mi-1
resides in the proximal cluster with two additional MiGHs.
Recently, it was shown that the Mi-1 locus from susceptible
tomato carried the same number and distribution of MiGHs
as the resistant locus (Seah et al., 2004). The similarity in
structure and organization of the Mi-1loci in L. peruvianum
and Lycopersicon esculentum could suggest that the locus
has not evolved much since the divergence of L. esculentum
and L. peruvianum. In contrast, the Mi-1 gene cluster in
S. bulbocastanum, which harbors Rpi-blb2, seems to have
expanded significantly since speciation of Solanum and
Lycopersicon. Although the two-cluster structure is roughly
conserved, the number of homologs per cluster has signi-
ficantly increased. The distal cluster contains Rpi-blb2 with
eight additional MiGHs, whereas the proximal cluster con-
tains at least six MiGHs (Figure 3). The distal cluster
harboring Rpi-blb2 is inverted compared with the proximal
cluster, the proximal cluster having the same orientation as
the Mi-Tharboring cluster in tomato (Figure 3). Although the
orientation of the distal cluster in tomato is unknown, the
conservation of the two-cluster structure in both species
suggests that the original duplication event occurred in the
ancestral progenitor species of Solanum and Lycopersicon.
As we also have preliminary data that indicate that the locus
in S. tuberosum is also expanded compared with L. peru-
vianum and L. esculentum, we conclude that intrachromo-
somal recombination or unequal crossing over has played
an important role in the evolution of the Rpi-blb2 locus in
potato. Intergenic and intragenic recombination at R gene
loci has been described extensively and is thought to be a
major mechanism for generating novel resistance specifici-
ties (reviewed in Hulbert et al., 2001).

The short arm of chromosome 6 can be defined as a hot
spot for resistance. In tomato, other dominant resistance
genes that reside in the same region as Mi-1 are Mi-9,
conferring heat-stable resistance to root-knot nematodes
(Ammiraju et al., 2003), Ol-4 and OI-6 for resistance to
Oidium neolycopersici (Bai et al., 2005), and the cloned Cf-2
and Cf-5 genes for resistance to Cladosporium fulvum (Dixon
et al., 1996, 1998). In addition, quantitative resistance traits
Ty-1 for resistance to tomato yellow leaf curl virus (Zamir
et al., 1994) and Bw-5 for resistance to Ralstonia solanacea-
rum (Thoquet et al., 1996) also reside in this region. In potato,
in addition to Rpi-blb2, QTLs for resistance to P. infestansand
Erwinia carotovora have been described in this region

(Gebhardt and Valkonen, 2001). Clearly, the Mi-1 locus in
tomato and potato is not only agronomically of interest but
also scientifically. Further comparison of the structure of this
locusinthe Solanumand Lycopersiconaccessions harboring
the above described dominant or quantitative resistance
traits is likely a rich source of information on the genetic
mechanisms associated with the evolution of R genes,
thereby opening up an important experimental system for
comparative studies, with potential economic benefits.

The most straightforward prediction of the gene-for-gene
model (Flor, 1971) is that R proteins recognize single patho-
gen avirulence (Avr) or effector proteins and that recognition
involves a direct binding between the two proteins. However,
more recent findings are consistent with the so-called guard
model for R-Avr interactions. This model predicts that R
proteins detect modifications of host proteins targeted by
effectors, rather than the effectors themselves (van der
Biezen and Jones, 1998; Dangl and Jones, 2001). In light of
this model, host genes identified through mutational screens
as being required for R gene function or proteins that interact
with effector proteins in Y2H screens and/or co-immunopre-
cipitation studies, are possible candidates for virulence
targets (Mackey et al., 2002; Rooney et al., 2005; Shao et al.,
2003). In case of the Mi-1 protein, mutations at the Rme locus
oftomato have been shown to suppress Mi-1function both in
the nematode and potato aphid resistance (de llarduya et al.,
2001). Classic receptor-ligand models would predict that all
pathogens recognized by the Mi-1 protein have evolved
conserved ligands. However, it seems more likely that Mi-1
recognizes the modification of a conserved host factor,
possibly the Rme protein, which is targeted and modified
by several unrelated effectors. The finding that Rpi-blb2 and
Mi-1 are highly homologous (81% amino acid sequence
identity) and that the corresponding genes have a common
ancestral origin could suggest that they function through the
same signaling pathways. The question that now arises is
whether both proteins have evolved to guard the same or
similar virulence targets or that the P. infestans effector(s)
recognized by Rpi-blb2 is (are} somehow related to those
from root-knot nematodes, potato aphids and white flies. The
observation that the Rpi-blb2 protein in fact contains one-
third of the Mi-1.1 specific amino acid residues that when
present in an Mi-1.2 context lead to loss of function (Hwang
and Williamson, 2003) may suggest that neither is the case.
Further insight into the above questions awaits functional
analyses of Rpi-blb2in an rme background and/or the cloning

Figure 5. Alignment of the deduced protein products encoded by Rpi-blb2, Mi-1.1 and Mi-1.2.

The complete amino acid sequence of Rpi-blb2 is shown and amino acid residues from Mi-1.1 and Mi-1.2 that differ from the corresponding residue in Rpi-blb2.
Dashes indicate gaps inserted to maintain optimal alignment. The positions of putative coiled-coil (CC) domains are underlined with a dashed line. The N-terminal
boundaries of the NBS and LRR region are indicated. Conserved motifs in the NBS domain are indicated in lower-case italics. The regions of the leucine-rich repeats
(LRRs) that correspond to the B-strand/B-turn motif xxLxLxxxx are underlined. Rpi-blb2 specific amino acid residues comprising a non-conservative amino acid
substitution between Rpi-blb2 and Mi-1.1 and Mi1.2 are highlighted in bold. Amino acid residues in the LRR region of the Mi-1 protein that are crucial for correct
functioning of the protein are boxed (Hwang and Williamson, 2003). Boxed amino acid positions where Rpi-blb2 carries the Mi-1.1 specific amino acid are indicated

with an asterisk.
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of the effectors from the relevant pathogens. Recently, the
first Avr gene from P. infestans, Avr3a, was identified using
association genetics (Armstrong et al., 2005). Avr3ais part of
an ancestral oomycete locus and encodes a protein that is
recognized in the host cytoplasm, where it triggers R3a-
dependent cell death.

Like Rpi-blb1, Rpi-blb2 confers broad-spectrum resistance
to P. infestans. In more than 20 years of late blight resistance
breeding involving annual screenings on inoculated fields in
the Netherlands, potato clones harboring the Rpi-blb2 gene
showed no or hardly any sporulating lesions. The same
observation was performed when such clones were tested
under organic farming conditions at multiple sites in regions
of the Netherlands where more virulent and aggressive
isolates are being found (Flier et al., 2003). The few sporu-
lating lesions that were found only appeared at the end of
the growing season at crop maturity. This phenomenon was
also observed for the Rpi-blb1 gene containing plant mater-
ial (Helgeson et al., 1998). Interestingly, detached leaf assays
with ABPT-derived progeny were found to be less accurate
for phenotyping than screening under field conditions.
Although the apparent partial resistance phenotype ob-
served under detached leaf assay conditions suggests a
resistance mechanism similar to what can be observed in
clones with enhanced levels of quantitative resistance,
under field conditions, the Rpi-blb2 based resistance is
complete and behaves as a dominant trait. It remains to be
seen if the use of these broad-spectrum late blight R genes is
durable under conditions of large-scale agricultural produc-
tion. Anyway, the cloning of these genes opens the way to
efficient gene pyramiding or polyculture strategies (Nied-
erhauser et al., 1996), although durability prediction criteria
need to be developed that will allow for the combination of
genes that have the greatest potential for conferring durable
resistance. For this purpose, it is essential to better under-
stand how late blight R gene loci have evolved in the
Solanum gene pool, how they are combined in natural
Solanum habitats, the resistance mechanisms by which they
confer resistance and, most important of all, to understand
the biological function of the effectors that they recognize.
Only then can we start thinking of durably exploiting R genes
in the battle against late blight.

Experimental procedures

Plant material and development of mapping populations

The complex interspecific hybrid clones designated ABPT were
made by Hermsen and co-workers (Figure S1; Hermsen and
Ramanna, 1973). The Phytophthora infestans resistant clones ARF
87-507, ARF 87-801 and ARF 87-601 represent offspring from a
second backcross (BC2) with the complex interspecific ABPT
clones 55 or 60 and were used to develop the tetraploid mapping
populations ARG 95-15 (BC3), ARG 95-3 and ARP 96-11 (BC4) and
the diploid mapping population DP1 (Figure S2). Diploid popu-
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lation DP1 was obtained by crossing the resistant clone ARD
1197-16, with the susceptible diploid clone ARD 93-2090. The
resistant diploid clone ARD 1197-16 was induced from AR 92-
1197. This tetraploid clone AR 92-1197 was derived from a BC3
offspring derived from clone ARF 87-601.

The diploid S. bulbocastanum mapping population, designated
B6, was developed by crossing a P. infestans resistant clone Blb
2002 with a susceptible clone Blb 48-5 (Figure S3). Results from
reciprocal crosses of population B6 were combined. The resistant
parental clone of population B6 was obtained from a cross between
S. bulbocastanum clone Blb 93-D26-3 (accession numbers BGRC
8002, CGN 17690 and Pi 275187) as the female parent and S.
bulbocastanum clone Blb 93-60-10 (accession numbers BGRC 8006
and Pi 275194) as the male parent. The susceptible parental clone of
population B6 was obtained from a cross between S. bulbocasta-
num clones from accession numbers BGRC 8005 (CGN 17692 and Pl
275193) and BGRC 8006.

Disease assays

Two different P. infestans isolates were obtained from Plant Re-
search International B.V. (Wageningen, the Netherlands). Race
structures and mating types were as follows: IPO82001, race struc-
ture 1.2.3.4.5.6.7.10.11, mating type A2; IPO655-2A. race structure
1.2.3.4.5.6.7.8.9.10.11, mating type A1 (Flier et al., 2003).

Glasshouse-grown seedling tubers or field-grown seed potatoes
were planted at trial sites in Marknesse, the Netherlands, from 1985
to 2002 and in the Toluca area of Mexico in 1991. For individual
clones, plots were planted consisting of one to ten tubers.
Approximately eight weeks after planting, the field at Marknesse
was inoculated with a sporangiospore solution of P. infestans
isolate IPO82001 and disease scores were collected 3 to 6 weeks
after inoculation. Clones that were free or nearly free from late blight
were classified as having a resistant phenotype, whereas clones
with complete or nearly complete blighted foliage were classified as
susceptible. Clones with intermediate reactions to late blight were
classified as having an unknown phenotype. At the field trial in
Mexico, natural infection had to occur. Once this natural infection by
P. infestans was established, the percentage of blighted foliage of
plants on each plot was scored 8 times on a 1-9 scale. Estimated
percentages of blighted foliage from 1 to 9 were: 0, 3, 10, 25, 50, 75,
90, 97 and 100 (Estrada-Ramos et al., 1983).

Detached leaf assays were carried out as described previously
(van der Vossen et al., 2003).

Plant DNA marker screening

Genomic DNA extractions and PCR analyses were carried out as
described previously (van der Vossen et al., 2003). An overview of
the markers including primer sequences, annealing temperature
and restriction enzymes if appropriate is given in Table 1.

AFLP fingerprinting and cloning and elongation of AFLP
fragments

Template preparation and AFLP fingerprinting were performed
essentially as described in Vos et al. (1995). Cloning of specific AFLP
fragments was performed as described in Brugmans et al. (2003).
Elongation of the sequence of an AFLP fragment was performed by
TAIL PCR according to Liu and Whittier (1995). Essentially, elonga-
tion of AFLP fragments was performed using two or three nested
specific primers (sp) in combination with an arbitrary degenerate
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(AD) primer. The first PCR was performed with primers sp1 and an
AD, the second with sp2 and an AD and the third with sp3 and an AD.
The elongated fragments were cloned in pGEM-T (Promega, Leiden,
the Netherlands) and sequenced.

R gene homolog fingerprinting

Template preparation was essentially performed as described in
Vos et al. (1995). However, the second amplification step was car-
ried out with the P-loop based primer S1 from Leister et al. (1996) in
combination with the EcoRl + 0 AFLP primer. A 10- pl reaction
mixture [0.5 pl **P-labelled S1 primer (10 ng pl™"); 0.5 pl EcoR1 + 0
primer (10 ng pl™"); 0.8 ul dNTPs (5 mm); 2 ul 10xGoldstar™ PCR
buffer (Eurogentec, Seraing, Belgium); 1.2 ul MgCl; (25 mm); 0.06 pl
Goldstar™ DNA polymerase (5 U pl™"; Eurogentec); 14.94 ul MQ
water] was added to a 10 pl diluted template (20x diluted in MQ
water) and a PCR reaction performed using the following cycle
profile: 45 sec DNA denaturation at 94°C, 45 sec primer annealing at
49°C and 2 min elongation step at 72°C (35 cycles). Prior to the
cycling, the template DNA was denatured for 2 min at 94°C and the
PCR was finalized by applying an extra 5 min elongation step at
72°C. The labelled PCR products were separated on a 6% poly-
acrylamide gel and the individual bands visualized by autoradiog-
raphy according to standard procedures.

Bacterial artificial chromosome library construction and
screening

Resistant clones ARD 1197-16 and BIb2002, both heterozygous for
the Rpi-blb2 locus, were used as source DNA for the construction of
the ABPT-derived and S. bulbocastanum-specific BAC libraries,
respectively. High molecular weight DNA preparation and BAC lib-
rary construction were carried out as described in Rouppe van der
Voort et al. (1999). Marker screening of the BAC library harboring
the individually stored BAC clones was carried out as described in
Rouppe van der Voort et al. (1999). The BAC library stored as
superpools was screened as described in van der Vossen et al.
(2003). Names of BAC clones isolated from the superpools carry the
prefix SP (e.g. SPB39).

Subcloning of candidate genes and transformation to potato
and tomato

Candidate MiGHs were subcloned from BAC clones 24, 211, 242,
SPB30 and SPB39 as described previously (van der Vossen et al.,
2003). Binary plasmids harboring the candidate genes were trans-
formed to Agrobacterium tumefaciens strains AGLO (Lazo et al.,
1991) or UIA143 (Farrand et al., 1989), the latter containing the
helper plasmid pCH32 (Hamilton et al., 1996). Overnight cultures of
the transformed A. tumefaciens strains were used to transform
potato tuber discs (cvs Impala and Kondor) or tomato leaf discs
according to standard protocols (Fillati ef al., 1987; Hoekema et al.,
1989; van der Vossen et al., 2003).

Rapid amplification of cDNA ends

Rapid amplification of cDNA ends was carried out using the Gene-
Racer™ kit lInvitngenTM, Groningen, the Netherlands). 5 rapid
amplification of cDNA ends was carried out on cDNA synthesized
with primer GSP4 (CTCAGCCATCAGTTGAAACAGAGA). Subse-
quently, primer GSP6 (GAGAGAGATTCAAGAGGAGGAAGC) was

used in combination with the GeneRacer™ &' primer and the

final amplification was carried out with GSP6 in combination
with the GeneRacer™ 5’ nested primer. 3' rapid amplification
of cDNA ends was carried out with the nested primers
GSP1 (GTGCTTCATTCAAACTCAAGGAG) and GSP2 (CTGAAC
TAGAAAAACTCACTGTAGA) in combination with the GeneRacer 3’
primer. The final amplification was carried out with GSP3
(GTTTGAAAAGATTGCAATTGCATG) in combination with Gene-
Racer nested 3" primer. Both 5" and 3" RACE amplification steps
were carried out using Accuprime (Invitrogen) instead of the Taq
polymerase supplied by the GeneRacer™ kit.
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The following supplementary material is available for this article
online:

Figure S1. Schematic representation of the development of the
complex interspecific hybrid clones designated as ABPT (an acro-
nym of the four species involved: A, Solanum acaule; B, Solanum
bulbocastanum; P, Solanum phureja; T, Solanum tuberosum).

2x, diploid (2n = 2x = 24); 3x, triploid; 4x, tetraploid; 6x, hexaploid;
cv, cultivar.

Figure 52. Schematic representation of the development of the
Solanum tuberosum mapping populations derived from ABPT (an
acronym of the four species involved: Solanum acaule, Solanum
bulbocastanum, Solanum phureja, Solanum tuberosum) clones 55
or 60.

(a) ARG 95-3 and DP1.

{b) ARG 95-15.

{c) ARP 96-11.

2x, diploid (2n = 2x = 24); 4x, tetraploid; cv, cultivar; BC, backcross.
Codes in italics indicate mapping populations.

Figure S3. Schematic representation of the development of the
diploid, intraspecific mapping population B6 of Solanum bulbo-
castanum.

This material is available as part of the online article from http://
www.blackwell-synergy.com
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In order to retrieve the missing C-terminal part of the ampli-
fied Tm2GH, a 3'-genome walk was performed using primers
NBS-GSP1 and NBS-GSP2 (Tables 2 and 3), which were de-
signed approximately 100 bp upstream of the REV-A, REV-B.
and REV-C primers, in order to generate an overlap of 100p
between the cloned NBS3B-like sequences and clones generated
with the genome walk. Three amplicons of approximately 200
bp were obtained from vnt7014-9 and a single clone of approxi-
mately 1 kb from vnt365-1. Following cloning, sequencing, and
alignment to the cloned Tm2GH, all four clones seemed to fit
to clone Tm2GH-vnt8b. because the overlapping 100 bp were
an exact match. To be able to subsequently amplify full-length
Tm2GH from the Rpi-vatl.] and Rpi-vntl.3 loci, we designed
a novel reverse primer (TAA-8bR) (Tables 2 and 3) based on
the alignment of the full-length Tm2GH-vnt8b sequence with
the Tm-2? sequence from tomato (Fig. 2). The original TGA
stop codon was not present in the Tm2GH-vni8b sequence:
therefore, we included the next in-frame stop-codon (TAA)
which was situated 12 bp downstream.

Full-length amplification of Tm2GH from vnt7014-9 and
vnt365-1 was subsequently pursued with high-fidelity Pfu
Turbo polymerase using primers ATG-Tm2F and TAA-8bR.
Amplicons of approximately 2.6 kb were cloned into the
pGEM-T Easy vector and sequenced. Three different types of
clones were obtained from vnt7014-9, one of which harbored
an open reading frame (ORF) of the expected size (Tm2GH-
vntlb). All the clones obtained from vnt365-1 were identical
to each other and contained the expected ORF. Clone
Tm2GHvnt1.9 was chosen together with Tm2GH-vntlb for
further genetic analysis.

Before targeting Tm2GH-vntlb and 7m2GH-vntl.9 for
complementation analysis, we needed to confirm that the se-
lected Tm2GH indeed mapped to the Rpi-vatl.l and Rpi-
vatl.3 loci. When tested as SCAR markers in the initial map-
ping populations, both markers cosegregated with resistance.
Upon amplification with ATG-Tm2F and TAA-8bisR in the set
of recombinants which defined the Rpi-vntl.l and Rpi-vntl.3
loci, amplicons of the expected size were indeed only gener-

Tm22

ated from late-blight-resistant recombinants, confirming that
both Tm2GH were indeed good candidates for Rpi-vatl.1 and
Rpi-vatl.3. However, there were resistant recombinants, two in
the Rpi-vntl.] mapping population and one in the Rpi-vntl.3
mapping population, which did not give the expected poly-
merase chain reaction (PCR) product, suggesting that both loci
could in fact harbor a tandem of two functional R genes.

Transient complementation
using Agrobacterium transient transformation assays
in N. benthamiana.

To investigate whether Tm2GH-vntlb and Tm2GH-vntl.9
were functional R genes, we inserted them into a Gateway bi-
nary expression vector in between the regulatory elements of
the Rpi-blb3 gene (Lokossou et al. in press). N. benthamiana
leaves were then infiltrated with Agrobacierium tumefaciens
cultures containing the relevant clones. Two days postinfiltra-
tion, the leaves were challenged with P. infestans in a DLA.
Two different isolates were used, EC1 and [PO-C, which show
a differential response to Rpi-vntl.l and Rpi-vntl.3. Both
genes confer resistance to [PO-C but allow for a compatible
interaction in the case of ECI. Three independent transient
complementation assays were carried out in triplicate with
both isolates. For each replicate, leaf numbers 4, 5, and 6
(when counting from the bottom of the plant) were agroinfil-
trated and subsequently challenged with P. infestans. At 6 days
postinoculation with IPO-C, leaves transiently expressing
Tm2GH-vntlb or Tm2GH-vntl.9 displayed an infection effi-
ciency between 40 and 60% (Fig. 3A and B). The resistant
control plants transiently expressing the functional Rpi-stol
gene (Vleeshouwers et al. 2008) showed a significantly lower
infection efficiency ranging between 10 and 20%. (80 to 90%
of the challenged leaves showed a hypersensitive response
[HR]). In contrast, leaves expressing abptGH-a. a nonfunctional
paralog of Rpi-abpt (Lokossou et al. in press) were fully sus-
ceptible (Fig. 3A and B). In the case of EC1. all agroinfiltrated
leaves were susceptible except for those infiltrated with Rpi-
stol, which confers resistance to ECI (Fig. 3A and C). These

NBS3B

v

Fragment GW 1
Fragment GW 2

GGAACGGCTTAAAAAGCTGAGTAAATGA
GGAACGGCTTGCAAAGTTGAGAATAT
GGAACGGCTTGCAAAGTTGAGAATATCACAGGTACTATAAATAATTA

Fig. 2. Alignment of the Tm-2° open reading frame with two polymerase chain reaction fragments obtained with a Genome Walking kit (GW1 and GW2).
The stop codons of the Tm-2? gene and Rpi-vatl. 1 /vntl.3 are presented in blue and red, respectively.
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data matched with the resistance spectrum of Rpi-vnil.l and
Rpi-vntl.3, suggesting that Tm2GH-vntlb and Tm2GH-vnt1.9
indeed represented Rpi-varl.l and Rpi-vntl.3, respectively.

Complementation analysis
through stable transformation of cv. Desiree.

To confirm the results obtained with the transient complemen-
tation assays in N. benthamiana, the binary Gateway constructs

A Tm2GH-vntlb Tm2GH-vntl.9

Rpi-stol

harboring Tm2GH-vntlb and Tm2GH-vnt1.9 were transferred
to the susceptible potato cv. Desiree through Agrobacterium-
mediated transformation. As a resistant control, we also trans-
formed cv. Desiree with construct pSLIJ21152, a binary con-
struct harboring a 4.3-kb fragment carrying the putative Rpi-
vntl.l promoter, ORF, and terminator sequence (Foster et al.
2009). Primary transformants harboring the transgenes of inter-
est were lested for resistance to P. infestans in DLA. Surpris-
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leaves challenged with IPO C.(6dpi)

e |
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Infiltrated R genes

infection efficiency
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C 1-Detached leaf assay responses of infiltrated N. benthamiana
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Tm2GH-wnt1b  Tm2GH-wnt1.9  Rpi-stol abpt-RGH-a  noninfiltrated
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Infiltrated R genes

infection efficiency
(%)

3-Detached leaf assay responses of infiltrated N. benthamiana
leaves challenged with EC1 (6dpi)

Thall
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Fig. 3. Transient complementation assays in Nicotiana benthamiana. A, Typical detached leaf assay responses of N. benthamiana leaves infiltrated with
either Tm2GH-vntlb, Tm2GH-vnt1.9, Rpi-stol (resistant control), or abptGH-a (susceptible control). The top row shows the response to IPO-complex (non-
virulent isolate) whereas the bottom row shows the response to EC1 (virulent isolate). Rpi-sto/ gives resistance to both isolates as expected. Pictures were
taken 6 days postinoculation. B and C, Quantification of infection efficiency in the transient complementation assay as illustrated in A. Tm2GH-vnt1b and
Tm2GH-vnt1.9 showed a higher infection efficiency, ranging from 40 to 60%. than the resistant control Rpi-stel construct during an incompatible interaction

with [PO complex isolate.
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Fig. 4. Functional comparison of the N-terminal part of the truncated and full-length Rpi-vatl.! and Rpi-vnrl.3 gene constructs. A, Transient complementa-
tion assays in Nicotiana benthamiana were repeated to compare infection efficiency of the full-length candidate genes Tm2GH-vntl.1FL and Tm2GH-
vnt|.3FL with the truncated ones, Tm2GH-vnt1b and Tm2GH-vnt1.9. The construct pSLI21152, harboring a 4.3-kb fragment carrying the putative Rpi-vntl.1
promoter, open reading frame (ORF). and terminator sequence was used as resistant control. The nonfunctional resistance gene abpr-RGH-a was chosen as
susceptible control. Candidate genes Tm2GH-vntl. IFL and Tm2GH-vntl.3FL show an infection efficiency as low as the resistant control (construct
pSLI21152) whereas the truncated candidate genes show a higher infection efficiency. B and C, Quantification of infection efficiency in the transient com-
plementation assay as illustrated in A. Tm2GH-vnt1.1FL (full length of Rpi-vnt].] candidate gene) and Tm2GH-vnt1.3FL (full length of Rpi-vnt/.3 candidate
gene) showed a level of infection similar to the resistant control, pSLI21152 (4.3-kb fragment carrying the putative Rpi-vatl.] promoter, ORF, and termina-
tor sequence).
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the distal end of the long arm of the chromosome 9. Alignment
of mapped fragments shows that they all cluster with Tm2GHs
in a different group than Rpi-vntl.l and Rpi-vntl.3. Therefore,
Rpi-meql is likely to be a Tm2GH as well.

DISCUSSION

Here, we report on the cloning of two putatively allelic late-
blight R genes, Rpi-vatl.1 and Rpi-vnil.3, from the wild potato
species S. veniurii, using a candidate gene allele-mining ap-
proach. The candidate gene family was identified through NBS
profiling (van der Linden et al. 2004) in combination with a
BSA approach. Sequences of NBS marker bands genetically
linked to the resistance phenotypes suggested that the target
genes were located in an area of the potato genome that har-
bored R gene homologs that were highly homologous to the
Tomato mosaic virus resistance (ToMV) gene Tm-2* from to-
mato, which resides on the long arm of chromosome 9 (Ganal
et al. 1989: Young et al. 1988). Putative genomic location of
Rpi-vatl.1 and Rpi-vntl.3 allowed for the targeted selection of
chromosome-9-specific markers (e.g., TG35 or TG551) to
align both linkage groups to potato and tomato chromosome 9.
Subsequently, all publicly available Tm-2? homologous se-
quences were aligned to design a set of primers with which we
could PCR amplify putatively full-length gene candidates from
relevant resistant genotypes. Candidate genes that were geneti-
cally closely linked to the R loci of interest were cloned in be-
tween the promoter and terminator sequences of the recently
cloned Rpi-blb3 gene (Lokossou et al. in press) and targeted
for complementation analyses, either through Agrobacterium
transient transformation assays (ATTA) in N. benthamiana or
by stable Agrobacterium-mediated transformation of the suscep-
tible potato cv. Desiree. Results of transient assays carried out
with the initial truncated amplicons in N. benthamiana using
the appropriate differential isolates suggested that we had indeed
cloned two functional R genes. However, transgenic Desiree
plants transformed with the same gene constructs were fully
susceptible to P. infestans, whereas those transformed with a
4.3-kb genomic fragment, which was subcloned by Foster and
co-workers from a BAC (bacterial artificial chromosome) clone
that spanned the Rpi-vntl.1 locus (Foster et al. 2009), displayed
the expected resistance spectrum. Alignment of the initial trun-
cated amplicon sequences to those of the functional genomic
fragment revealed the presence of an additional in-frame ATG
start codon 99 nt upstream of the start codon that was initially
used as basis for the PCR-based allele-mining experiments,
suggesting that the functional Rpi-vntl.l protein had an ex-
tended N-terminus of 33 amino acids compared with Tm-2°.

cv. Desiree

cv. Bintje

pSLJ21152

Subsequent analysis of the full-length Rpi-vntl.] and Rpi-
vatl.3 genes from the relevant parental genotypes revealed that
Rpi-vntl.3 contained an additional 42-nt insertion in the 5
extended region compared with Rpi-vntl. 1. Full-length versions
of both Rpi-vntl.l and Rpi-vntl.3 were shown to confer resis-
tance using transient and stable complementation assays. Al-
though the 5' truncated versions of Rpi-vntl.] and Rpi-vnil.3
were not able to confer resistance when expressed as stable
transgenes, they were able to induce significant levels of resis-
tance when expressed transiently in ATTA experiments. We
speculate that absence of the N-termini of the R proteins may
be compensated by the relatively high expression inherent to
ATTA experiments. Rpi-vntl.] and Rpi-vntl.3 belong to the
CC-NBS-LRR class of plant R proteins. The CC domain, typi-
cally containing two or more « helices, which interact to form
a super coil structure, is involved in protein—protein interac-
tions (Liu et al. 2006). In the case of R proteins, it seems that
the CC domain is involved in downstream signaling rather than
in recognition (Van der Biezen 2002: Warren et al. 1999).
Alignment of several R protein sequences recently led to the
identification of a conserved EDVID motif among CC-NBS-
LRR proteins. This motif was shown to be required for interac-
tion between the CC domain and NBS-ARC or LRR domain
(Rairdan et al. 2008). Moreover, this interaction is dependent
on a wild-type P-loop motif (Moffett et al. 2002). A model
proposed by Takken and co-workers (2006) suggests that the
CC domain plays a role as an interactive platform for down-
stream signaling partners. Upon binding of ATP to the NB do-
main, a conformational change occurs in the CC domain,
which releases the LRR signaling potential. Although the CC
domain plays a role in downstream signaling, it cannot trigger
the HR on its own. Another model proposed by Moffett and
coworkers (2002) suggests that the CC domain may bind to an
effector molecule which is released upon conformational
changes within the R protein leading to the activation of down-
stream partners. The N-termini of Rpi-vntl.l1 an Rpi-vntl.3
harbor four putative « helices that could interact to form two
dimers. The first helice is present in the additional 99 nt up-
stream of the start codon that corresponds to the start codon of
the Tm-2° gene. The truncated versions of Rpi-vntl.1 and Rpi-
vntl.3 lack this first helice, thereby destabilizing a possible
interaction of the CC domain with the NB or LRR domain
leading to less efficient downstream signaling. Overexpression
of the truncated protein may override the negative effect of de-
stabilized intramolecular interactions and, thus, have only mi-
nor effects on the triggering of the HR upon pathogen attack.
This is in line with previous findings that overexpression of
functional R genes (e.g.. Rx. RPM1 and RPS2) using the 358

Tm2GH-vnt1.1FL Tm2GH-vntlb  Tm2GH-vnt1.3FL Tm2GH-vnt1.9

Fig. 5. Genetic complementation of cv. Desiree using full-length versions of Rpi-vnt/.1 and Rpi-varl.3 (Tm2GH-vnt1.1FL and Tm2GH-vnt1.3FL, respec-
tively). Cv. Bintje, cv. Desiree, Tm2GH-vnt1b, and Tm2GH-vnt1.9 were used as susceptible controls and pSLI21152 (4.3-kb fragment carrying the putative
Rpi-vntl. ] promoter. open reading frame, and terminator sequences) as resistant control. Primary transformants were challenged with IPO-complex (nonviru-
lent isolate) and scored 6 days postinoculation. Tm2GH-vnt1.1FL primary transformant -16 and Tm2GH-vnt1.3FL primary transformant -15 were chosen to
illustrate detached leaf assay results. As expected, Bintje, Desiree, Tm2GH-vnt1b, and Tm2GH-vnt1.9 showed late-blight symptoms whereas pSLJ21152 and

the full-length primary transformants were fully resistant to IPO-complex.
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promoter can lead to cell death responses even in the absence
of the pathogen (Belkhadir et al. 2004; Tao et al. 2000).
Complementation analysis of candidate R genes is usually
done by stable transformation of susceptible potato cultivars.
This approach is time consuming, requiring several months to
confirm the function of the candidate genes. In the case of an
allele-mining approach, one can expect to identify many paralo-
gous candidate resistant genes, which calls for a quick and
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efficient complementation assay. Previous studies reported that
resistance observed on N. benthamiana to P. infestans was me-
diated by the recognition of the elicitor protein INF1 (Kamoun
et al. 1998). A transgenic P. infestans line, engineered to silence
INF1 (Van West et al. 1999), was shown to be virulent on N.
benthamiana. However, recent screens with a diverse set of P,
infestans isolates showed that most isolates are, in fact, able to
infect N. benthamiana (H. Rietman, I. Hein, R. G. E,, Visser,
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Tm2*

Rpi-vntl.3
Rpi-vntl.1
Tm2 :

Rpi-vntl.3
Rpi-vntl.l
Tm2®

Rpi-vntl.3
Rpi-vntl.1l
Tm2*

Rpi-vntl.3
Rpi-vntl.1l
Tm2®

Rpi-vntl.3
Rpi-vntl.1l
Tm2*

Rpi-vntl.3
Rpi-vntl.1l
Tm2*

Rpi-vntl.3
Rpi-vntl.1l
Tm2?

Rpi-vntl.3
Rpi-vntl.1
Tm2?

Rpi-vntl.3
Rpi-vntl.1
Tm2*

Rpi-vntl.3
Rpi-vntl.1l
Tm2*

Rpi-vntl.3
Rpi-vntl.1l
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Fig. 6. Alignment of Rpi-vntl.1, Rpi-vnt1.3, and Tm-2? protein sequences. In the coiled-coil domain, four putative heptad motifs and the conserved motif
EDVDID are underlined in bold or italic, respectively. Conserved motifs within the NBS-ARC (nucleotide-binding site apoptosis, R gene products, CED-4)
domain are underlined in italic. Residues in bold represent the differences between Rpi-vatl.1 and Rpi-vnt].3 in the leucine-rich repeat domain.
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Executive summary

Executive summary

The Technical Working Group (TWG) for Potato is the fourth one of the European Coexistence Bureau (ECoB) and is established
for elaboration of the coexistence issues between genetically modified (GM) potato cultivation and non-GM potato and honey
production in the EU.

The present technical report analysed the possible sources for potential cross-pollination with GM potato and
adventitious admixture of GM potato material such as seeds and pollen and presents consensually agreed by TWG
for Potato best practices for coexistence. The terms of reference for this review are presented in Section 1. The scope
of the Best Practice Document is coexistence in potato production in the EU. It includes the coexistence between GM
potato cultivation and honey production.

The ECoB TWG for Potato held two meetings in November 2015 and May 2016 and examined the state-of-the-art
from scientific literature, research projects and empirical evidence provided by existing studies for segregation in potato
production looking at the factors determining the cross-pollination rates in potato as well as other sources of admixture of
GM material in conventional potato harvests and EU-produced honey. The review of this information (coming from a total of
155 references) is presented in a structured manner in Sections 4-6 of this document. Finally, the TWG for Potato reviewed
the up to date approaches for the detection and identification of traces of GM potato material in non-GM potato harvests
and honey (Section 7).

The TWG for Potato of the ECoB, based on the analysis of the evidence summarised in this document submitted proposals
for best management practices, which form the ground for the agreed consensus recommendations presented in Section 8,
complemented by an ex-ante view about their economic impact (Section 9).






Table

Table of contents

Acknowledgements
Executive summary

1. Introduction
1.1. Legal background
1.2. The role of the European Coexistence Bureau
1.3. Scope of the Best Practice Document

2. Potato cultivation in the EU: demand and crop production
2.1. Market and demand
2.1.1. Production in selected Member States
2.2. Growth and cultivation

3. Potato biology, evolution and breeding
3.1. Biology and taxonomy
3.2. Evolution and breeding
3.3. Reproduction

4. Review of available information on adventitious GM presence in potato crop production
4.1. Seed potato impurities
4.1.1. Approach to adventitious GM presence control in selected Member States
4.1.2. Registered potato varieties in selected Member States
4.2. Potential admixture during cultivation
4.2.1. Outcrossing to wild relatives
4.2.2. Outcrossing between GM and non-GM potato
4.2.3 Insect impact on cross pollination
4.2.4. Volunteers
4.2.5. Volunteer management
4.2.5.1. Preventative management
4.2.5.2. Mechanical control
4.2.5.3. Chemical control
4.2.5.4. Crop rotation
4.3. Extent of mechanical admixture during planting, harvesting, transportation and storage
4.3.1. Planting
4.3.2. Harvesting
4.3.3. Storage, packaging and transportation

of

contents

13
13
14
15

17
17
18
20

23
23
23
25

27
27
27
29
31
31
31
32
32
33
34
35
36
37
37
38
38
38



Best practice document for the coexistence of genetically modified potato with conventional and organic farming

10.

Existing systems for segregation and identity preservation in potato production in selected EU
Member States

Occurrence of potato pollen in honey
Detection of GM events in potato harvest and honey

Best practices for coexistence in potato production
8.1. Scientific background
8.2. Best practices for ensuring seed potato purity
8.3. Best practices for coexistence
8.3.1. Isolation distances
8.3.2. Sowing, harvesting, drying and storage on farm
8.3.3. Volunteer control
8.3.4. Coexistence with honey production
8.3.5. GM detection and quantification

Cost analysis of the management practices

References

41

45

47

49
49
50
50
50
51
51
51
51

53

55



1. Introduction

1.1. Legal Background

The European legislative framework for coexistence in ag-
riculture was created to ensure that the cultivation of ge-
netically modified (GM) crops is carried out in a way that
allows different agricultural systems to co-exist side by side
in a sustainable manner, which in turn promotes freedom
of choice throughout the food chain. The coexistence rules
support market forces to operate freely in compliance with
the Community legislation. The legislative basis in the EU
for the coexistence of GM and non-GM crops is established
by the relevant legislation for the release of genetically
modified organisms (GMOs) into the environment, and food
and feed legislation for the labelling requirements of GMO
presence. Both pieces of legislation provide a harmonised
approach for the assessment of all potential environmen-
tal and health risks which might potentially be connected to
placing of GMOs on the market.

Directive 2001/18/EC* on the deliberate release of GMOs
into the environment and Regulation No 1829/20032 on GM
food and feed ensure strict control of placing on the market
GMOs in the EU. All GMOs and food and feedstuffs derived
from them have to be clearly labelled to ensure freedom
of choice for the consumer. In addition to that, and as an
exemption of the labelling requirements, the European leg-
islation takes into consideration the presence of technically
unavoidable or adventitious traces of GM material. Directive

1 Directive 001/18/EC of the European Parliament and of the Council of 12 March
2001 on the deliberate release into the environment of genetically modified organisms
and repealing Council Directive 90/220/EEC. OJ L 106, 17.4.2001, p. 1 Eur.

2 Directive 001/18/EC of the European Parliament and of the Council of 12 March
2001 on the deliberate release into the environment of genetically modified organisms
and repealing Council Directive 90/220/EEC. OJ L 106, 17.4.2001, p. 1 Eu.

1. Introduction

2008/27/EC®> which amended Directive 2001/18/EC estab-
lished the threshold of 0.99% for commodities intended for
direct processing, which comprises all crop harvests (exclud-
ing the case when they are intended for seed production)
below which traces of market-approved GM products do
not require labelling. Regulation (EC) No 1829/2003 estab-
lishes the same threshold for food and feed. With Directive
2014/63/EU* amending Council Directive 2001/110/EC re-
lating to honey the threshold of 0.9% adventitious admix-
ture of GM pollen over total honey was adopted. These la-
belling rules are also valid for organic products, including
food and feed, according to Regulation (EC) No 834/2007>.

The adopted threshold for labelling exclusion is applicable
only for adventitious, technically unavoidable admixtures.
For farm-scale activities which are performed in open-space
environments, it has always been understood that some
admixing will occur. To control adventitious GM presence,
adequate technical and organisational measures during cul-
tivation, on-farm storage and transportation are required.
Therefore the potential admixing below the threshold for
which particular coexistence measures are designed is pos-
sible and technically unavoidable and adventitious. Thus the
effectiveness of the coexistence measures used to limit the

3 Directive 2008/27/EC of the European Parliament and of the Council of 11 March
2008 amending Directive 2001/18/EC on the deliberate release into the environment
of genetically modified organisms, as regards the implementing powers conferred on
the Commission, OJ L 81, 20.3.2008, p. 45-47.

4 Directive 2014/63/EU of the European Parliament and of the Council of 15 May
2014 amending Council Directive 2001/110/EC relating to honey. OJ L 164, 3.6.2014,
p. 1-5.

5 Council Regulation (EC) No 834/2007 of 28 June 2007 on organic production and
labelling of organic products and repealing Regulation (EEC) No 2092/91. 0J L 189,
20.7.2007, p. 1-3.
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potential intermixing to below a certain threshold defines
what is “adventitious or technically unavoidable” in terms of
coexistence for open-space farm activities.

As local environmental conditions and farm structures may
have a significant impact on the effectiveness and efficiency
of coexistence measures, their development is under the re-
mit of individual Member States (MS).

Recommendation 2010/C 200/01° of the EC provides guide-
lines for development of national coexistence measures to
avoid the unintended presence of GMOs in conventional
and organic crops, replacing Commission Recommendation
556/2003”. Recommendation 2010/C 200/01 recognises
that the market demand for particular food crops may re-
sult in economic damage to operators who would wish to
market them as not containing GMOs, even if GMO traces
are present at a level below 0.9%. Therefore MS may es-
tablish different thresholds for adventitious and technically
unavoidable admixture of GMOs in non-GM harvests, tak-
ing into account the demands of the consumers and their
market. The Recommendation also takes into consideration
the extreme diversity of European farming systems, natu-
ral and economic conditions and clarifies that under certain
climatic and/or agronomic conditions MS may exclude GMO
cultivation from large areas, if other measures are not suf-
ficient to ensure coexistence.

Directive 2015/4128 amended Directive 2001/18/EC regard-
ing the possibility for MS to restrict or prohibit the cultivation
of GMOs in their territory. This Directive reaffirms the ex-
isting approach for development of coexistence measures,
established by the Commission Recommendation of 13 July
2010. Directive 2015/412 places on MS (in which GMOs are
cultivated) the responsibility to take appropriate measures
in border areas of their territory with the aim of avoiding
possible cross-border contamination into neighbouring MS
in which the cultivation of these GMOs is prohibited, unless
such measures are unnecessary in light of particular geo-
graphical conditions.

6 0JC200,22.7.2010,p. 1-5.

7 Commission Recommendation 556/2003 of 23 July 2003 on guidelines for the
development of national strategies and best practices to ensure the co-existence
of genetically modified crops with conventional and organic farming. OJ L 189,
29.7.2003, p. 36.

8 Directive 2015/412 of the European Parliament and of the Council of 11 March
2015, amending Directive 2001/18/EC as regards the possibility for the Member
States to restrict or prohibit the cultivation of genetically modified organisms (GMOs)
in their territory OJ L 68, 13.3.2015, p. 1-8.

1.2. The role of the European

Coexistence Bureau

The diversity of agricultural practices and legal environ-
ments among the MS has led to adoption of the subsidi-
arity approach in the EU for the implementation of coexist-
ence regulations. Although the development of coexistence
measures is under the remit of individual EU MS, the Euro-
pean Commission retains several roles in this process. One
important role is the technical advice offered to MS through
the European Coexistence Bureau (ECoB).

The mission of the ECoB, created in 2008, is to organise
the exchange of technical and scientific information on the
best agricultural management practices for coexistence
and, on the basis of this process, to develop consensually
agreed crop-specific guidelines for technical coexistence
measures. The ECoB is managed by and located on the
premises of the Joint Research Centre (JRC) of the European
Commission.

The work of ECoB is organised into crop-specific Techni-
cal Working Groups consisting of experts nominated by EU
MS. Their main task is to develop Best Practice Documents
(BPDs). The BPDs of ECoB comprise a methodological tool
to assist development of national coexistence measures,
based on scientific evidence and practical experience.

The ECoB has established TWG for maize, soybean, cotton
and potato. The first TWG for maize crop production started
its work in 2008. The TWG for maize has developed three
BPDs for:

B Coexistence of GM maize crop production with conventional
and organic farming (Czarnak-Ktos and Rodriguez-Cere-
zo, 2010);

B Monitoring efficiency of coexistence measures in maize
crop production (Rizov and Rodriguez-Cerezo, 2014); and

B Coexistence of GM maize and honey production (Rizov
and Rodriguez-Cerezo, 2013).

The second TWG, for soybean, was established in 2013 and
developed a BPD for Coexistence of genetically modified
soybean crops with conventional and organic farming (Rizov
and Rodriguez-Cerezo, 2015).



The third TWG, for cotton, was established in 2014 and de-
veloped a BPD for Coexistence of genetically modified soy-
bean crops with conventional and organic farming (Rizov
and Rodriguez-Cerezo, 2016).

The TWG for potato started work on this BPD in 2015.

1.3. Scope of the Best Practice
Document

This document focuses on the development, based on
current scientific knowledge and agricultural practices, of
a set of best agricultural management practices that will
ensure coexistence of GM potato with conventional and
organic potato while maintaining economic and agronomic

1. Introduction

efficiency of the farms. The TWG for potato was also asked
to examine the issue of coexistence between GM potato
cultivation and honey production in the EU. The scope of
the BPD is coexistence in the cultivation of potato in the
EU.

It is assumed that for the purpose of this document, the
coexistence measures should be addressed to GM potato
producers. All these measures should be proportionate,
technically and economically consistent.

The document considers both the need for compliance with
the reqgulated labelling threshold of 0.9% as well as with
lower thresholds of adventitious presence of GM material
(0.19%) which may be required by private operators in some
markets.

The document exclusively considers GM potato with a single
gene transformation event.
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2. Potato cultivation in the EU:
demand and crop production

2.1. Market and demand

Potato is the fourth most important crop in the world in
terms of human consumption, following rice, wheat, and
maize (corn) (Arvanitoyannis et al, 2008; Llorente et al,
2011; Zaheer and Akhtar, 2016) and the second most
important arable crop in Europe, with 1.7 million hectares
under potatoes in the EU-28 in 2016 grown at a value of 9.2
billion Euros in 2014 (Eurostat, 2016a,b). Potato is grown
in over 100 countries, with world potato production being
385 million t (Mt) in 2014 (FAOSTAT, 2016). China, India,
Russia, the Ukraine and the U.S. are the five largest potato
producing countries (FAO, 2013; Zaheer and Akhtar, 2016).
Since the early 1960s, the growth in potato production area
has rapidly overtaken all other food crops in developing
countries. It is a fundamental staple, ensuring food security
for millions of people across South America, Africa and
Asia, including Central Asia. Presently, more than half of the
global potato production comes from developing countries.
Potatoes for human consumption also belong to the most
competitive sector of EU agriculture, despite the relative
and absolute decline in production observed in recent years.
Germany, Poland, France, the Netherlands and the United
Kingdom are the main potato producing EU Member States
(Eurostat, 2016).

The EU potato sector shows a competitive edge in
international markets, especially in the sub-sectors of seed
potatoes and processed products. Potatoes for human
consumption are not covered by the Single Common Market

Organisation, except for the standard rules on state aids.
Since 2008, all the potato areas in the EU are potentially
eligible to receive direct payments. Moreover, potato
operators may benefit from the CAP promotion and quality
schemes. The legal framework for these actions is laid
down in Council Regulation (EC) No 3/2008 of 17 December
2007 on information provision and promotion measures
for agricultural products on the internal market and in third
countries.

The potato market is complex, and in addition to GM/non-
GM/organic separation, consideration must be given to
potatoes of specific designated origin. Examples of potatoes
that are registered as Protected Designation of Origin (PDO)
| Protected Geographical Indication (PGI)° comprise, among
others, “Patata Kato Nevrokopiu” (PGl - Greece), “Pomme
de terre de Merville” (PGl - France), “Pomme de terre de
Ile de Ré” (PDO - France), “Opperdoezer Ronde” (PDO -
Netherlands), “Lapin Puikula” (PDO - Finland) and “Jersey
Royal potatoes” (PDO - UK).

The potato market is also becoming increasingly segmented
as new varieties are created to satisfy particular needs of
the value chain. However, as a starting point, early potatoes,
main crop potatoes, seed potatoes, and starch potatoes can
be identified as some broad categories of potatoes.

Potatoes for human consumption, i.e. early and main crop
potatoes (also referred to as ware potatoes), can be used

9 More on PDO/PGI and TSG at http://ec.europa.eu/agriculture/quality/schemes/
index_en.htm.
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fresh as table potatoes, or as raw material for the food
processing industry. The food industry requires potatoes for
different types of products:

B pre-cooked products (mostly French fries);

B dehydrated products (i.e. potato flours, potato flakes or
potato granules);

B snacks;

B other products (gnocchi, salads, ready prepared meals,
etc.).

The extent of potato production varies among different Eu-
ropean countries. An overview of potato production for a
number of selected countries is outlined in the following
paragraphs.

2.1.1. Production in selected Member States

Austria

In Austria potatoes were grown on an area of 20,400 ha in
2015, an 8% reduction within the past 10 years. On 53% of
the production area ware potatoes are produced, including
4% early potatoes, and on 7% of the area seed potatoes are
propagated. About 40% of the production volume is used for
industrial purposes.

Belgium

In Belgium, the potato acreage increased significantly
from 60,000 to 81,500 hectares over the last ten years.
In 2014 the total Belgian production of consumption
potatoes was estimated at 4.58 Mt with yields up to
60 t per hectare. This record production (because of an
increased area and higher yields) is almost 30% higher
than the average production, which amounted to 3 Mt
over the past years. Belgian production consists almost
exclusively of consumption potatoes. There is no starch
potato production and seed potato production is limited.
After strong growth of its potato processing activities
Belgium became a world-leader. In 1990, only 500,000
t of potato were processed, increasing to almost 3.5 Mt
in 2013, of which 1.87 Mt were exported. Belgium also
imports potatoes for processing.

Croatia

The annual production of potato in Croatia is around
160,000 t per year corresponding to a production area of
about 10,000 ha. In the last ten years the production area
has been reduced from approximately 18,000 ha to 10,000
ha. The production of potatoes takes place in all Croatian
regions.

Denmark

In Denmark the potato production area of 46,000 ha repre-
sents 1.5% of total agricultural area and has increased in
the previous 5 years slightly from 41,500 ha. 20% of this
area is used for ware potato production and 57% for starch
potato production. The main production region is the West-
ern part of Denmark (middle and west Jutland on sandy
soils). There has been an increase in the area of potatoes
grown for starch production with an expected future trend
towards a further increase, a decline in production of ware
potatoes, and a slight increase in production of seed po-
tatoes. Organic potato production represents approximately
3.6% of total potato area.

Estonia

In Estonia, production in 2015 was 117,200 t on an area of
5,800 ha. Although the area sown to potato has decreased
by 59% over the past 10 years, the total annual potato yield
increased by 34% in the same period.

Finland

Commercial potato production is focused on a narrow strip
in the coastal areas of Finland and potato monoculture is
very common. The cultivation of the highest seed potato
grades is focused on the Northern Ostrobothnia region. Total
potato production area in Finland is on average 22,000 ha
with a total production volume of 0.65 Mt.

Germany

In Germany, the annual production area of potatoes steadily
decreased during the last century and the early part of this
century; this trend is likely to continue in the coming years.
In 2016, potatoes were grown on an area of approximately
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236,000 ha. Prior to 2000, the area used for potato produc-
tion exceeded 300,000 ha. However, the total tuber yield
only decreased slightly from 11.6 Mt in 1999 to 10.2 Mt in
2016 due to significant yield increases. The main production
area within Germany is the Federal state of Lower Saxony,
followed by the states of North Rhine-Westphalia and Ba-
varia. About 5% of the total production area is used for the
cultivation of early potatoes.

In 2015, about 3.5 Mt of potatoes were processed into food.
Whereas the per capita consumption of fresh potatoes is
decreasing from year to year, the proportion of processed
potato products (French fries, potato chips, mash, cooled
and deep frozen potato products, etc.) is increasing. The per
capita annual consumption of potatoes has decreased from
285 kg in 1900 to 58 kg in 2015. About 43% of the potato
production is used for human nutrition while 20% enters the
starch industry. Approximately 30% of this starch is used in
non-food applications such as glues, lubricants, paper and
corrugated cardboard production, as well as packaging and
building material.

The use of potatoes as an animal feedstuff is at present
of no significance. Mainly unmarketable potatoes enter this
market in addition to being used for the production of ener-
gy in biogas plants.

Greece

Approximately 821,500 t of potato are produced annually
in Greece with an average yield of 24.7 t /ha (2001-2011
average). Potatoes are produced in all parts of the coun-
try with approximately 60% being produced in the southern
regions (Sterea Ellada, Peloponissos and Kriti) and 30% in
the northern part (Makedonia, Thraki, Ipiros and Thessalia).
Production is based on a large number of small production
farms with an average area of 1.5 ha in the mainland and
0.1 ha on the islands.

Due to the typical Mediterranean climate, there are three
production cycles for potato. There is spring cultivation
(planting between December and early April), summer
cultivation (planting between late April and early May), and
autumn cultivation (planting in August and September).
Summer and spring cultivation account for approximately
75% of annual potato production. All potato production
is irrigated. Potatoes are produced mainly for direct
consumption but also for frozen potato products and for

chipping.

cultivation

in the EU: demand and crop production

Lithuania

Approximately 399,200 t of potato were produced in Lith-
uania in 2015, with an average yield of 17 t/ha. The total
area planted with potatoes in 2015 accounted for 23,500
ha which is a reduction of 13.9% compared to 2014 and
37.7% compared to 2011. Average yield of potatoes over
the 2011 to 2015 period was 16.2 t/ha. Over the past five
years, potato production in Lithuania has declined by 32.1%.
Potatoes are integrated into predominantly cereal based ro-
tation systems and are cultivated every 4-5 years.

The Netherlands

In 2014, 7.1 Mt of potatoes were harvested in the Nether-
lands on an area of 156,252 ha. Approximately 3.87 Mt of
consumption potatoes were produced on an area of 74,068
ha and approximately 1.75 Mt of starch potatoes on 42,310
ha. An area of 39,874 ha was dedicated to seed potato pro-
duction with a yield of approximately 1.48 Mt. Around 70%
of the seed potatoes produced in the Netherlands are ex-
ported. In 2013, 1,479 ha were dedicated to organic potato
production.

Potatoes for consumption are mainly produced on clay soil
in the central part (IJsselmeerpolders) and in the southwest
of the country, as well as on sandy soils in the south-east-
ern part (provinces of Noord-Brabant and Limburg). The main
production regions for starch potatoes are the provinces of
Groningen and Drenthe in the northeast of the Netherlands,
which are characterised by sandy soils. Seed potatoes are pro-
duced on clay soils in the north (provinces of Groningen and
Friesland) and in the northwestern province of Noord-Holland.

Spain

In Spain, 2.2 Mt of potatoes were produced on 73,000 ha in
2016. Seed potatoes account for 2,300 ha. The main pro-
duction areas are Castile and Ledn (409), Galicia (20%), and
Andalusia (12%). The area used for potato cultivation has
decreased from 95,123 ha in 2005 but production area has
not changed to any great extent over the last years.

Sweden

The yearly potato production in Sweden is about 25,000 ha
of which 7,000 ha are starch potatoes and 900 ha seed
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potatoes. Potatoes are grown in the whole country but with
a concentration in the southern part. The average yield for
food potatoes is a little more than 30 t/ha and for starch
potatoes close to 40 t/ha.

After a long period of slowly decreasing potato cultivation
acreage, there was a slight increase in 2016, for both food
and seed potatoes.

United Kingdom

The UK is the twelfth largest producer of potatoes globally,
harvesting around 6 Mt of the crop each year. Whilst long-
term trends show a considerable decrease in the UK plant-
ed area, from over 250,000 ha in the 1960s to just over
100,000 ha in 2015, increased yields (from around 23 t/ha
in 1960 to around 48 t/ha in 2014) have compensated for
this reduction. This yield increase has been driven largely
by improved agronomy, crop protection, fertiliser regimes,
change in varieties and better irrigation. In 2014 the number
of registered growers in the UK stood at 2,160 (down from
over 250,000 in 1960), with the average area per grow-
er around 53 hectares. The number of smaller growers is
in decline, whilst the number of larger, specialist, growers
is increasing. The largest proportion of the area grown, at
around 359%, is intended for use in the pre-pack market, with
the processing sector, making up the second largest area, at
30% of the total. Seed potatoes are grown predominately
in Scotland where the levels of virus-transmitted aphids are
low, although there is some seed potato production in Eng-
land (especially in Yorkshire) and Wales. In terms of ware
potatoes, around 57% are produced in the East of England
(in Norfolk, Yorkshire and the Humber regions) and around
12% are produced in Scotland, with the remainder spread
across England and Wales.

2.2. Growth and cultivation

Potatoes are efficient in using water and therefore produce
more food per unit of water than any other major crop (FAQ,
2008). They can be grown at altitudes from sea level to up
to 4,700 meters above sea level, from southern Chile to
Greenland. Although special cultivars have been bred that
are adapted to these diverse environmental conditions,
extreme low or high temperatures, in particular during the
night, can obstruct tuber formation. Tubers of varieties of

20

S. tuberosum subsp. tuberosum cannot survive tempera-
tures of -3°C or below and potato foliage dies at temper-
atures of -4°C (van Swaaij et al,, 1987; Vayda, 1994). Dale
(1992) reported that potato tubers lose viability following a
25 hour-period at -2°C or 5 hours at -10°C. Additionally, the
exposure of tubers to low temperatures in the field or during
storage can cause low temperature injury, while high soil
temperatures and nutrient or water imbalances can cause
tuber deformities.

S. tuberosum subsp. tuberosum is a daylight neutral crop,
which means that tubers are set at a growth stage inde-
pendent of the day length. But variation for daylight sensi-
tivity can be found among S. tuberosum subsp. tuberosum
cultivars. Short days with less than 14 hours and moderate
ground temperatures of 15-18°C enhance tuber formation,
while longer days of 14-16 hours and higher day temper-
atures of 20-25°C enhance flowering and seed formation
(Beukema and van der Zaag, 1979; Burton, 1989). The po-
tato is commonly considered a cool season crop, but it also
grows at high temperatures if sufficient water is available
(Haverkort, 1990).

Potatoes are very sensitive to soil water deficit (Vayda,
1994) and therefore can only be cultivated in areas with
adequate rainfall or the ability to irrigate (Bohl and Johnson,
2010; Haverkort, 1990). A wide range of soil pH can be tol-
erated by potatoes, normally pH 5 and higher is optimal, but
even at pH 3.7 good production has been observed, and po-
tatoes can grow well on a wide range of different soil types
(Vayda, 1994).

Potato is a perennial crop grown annually from vegetative
tubers, known as seed tubers or seed potatoes, which can
persist in the soil when the plant dies back each autumn. Un-
der European conditions the tubers persist poorly in cold wet
soils and tubers, as well as plants rapidly become infected
with a range of fungal and viral diseases, hence the crop is
grown as an annual.

Planting time varies considerably from region to region de-
pending not only on local climatic conditions but also on in-
tended market use. This means that potato production can
be achieved in many different areas and, indeed, explains
why potatoes are grown in all EU countries.

Potato cultivars adapted to different regions within the EU
have been bred. Early cultivars mature in less than four
months, medium within 4 - 5 months, and late cultivars
in up to 7 months, depending on the prevailing weather
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conditions. Early potatoes are harvested before being ful-
ly mature, have easily removable skin, and are marketed
as soon as possible after harvest. Harvest time depends on
the climatic conditions and starts in the first semester of
the year in the Mediterranean area including Spain, Cyprus,
Greece, Malta and Portugal and in late May until August in
the Continental and Northern part of Europe. The yields of
early potatoes are lower, but as they attract a premium price
and farmers usually make a larger profit than with main
crop potatoes.

The harvest of main crop (medium and late) potatoes starts
later, usually in September, and production costs are lower
due to higher yields. The progress in storage techniques al-
lows a prolongation of marketing main crop potatoes until
May-June. As a consequence, there is an overlap of the sea-
son of main crop potatoes with that of early potatoes from
the Mediterranean area.

The geographical distribution of potato production within
the European Union is characterised by 5 main aspects:

B The Mediterranean part of the EU is mainly specialised
in early potatoes that are commercialised in the first se-
mester of the calendar year,;

B Early potatoes cultivated in Northern, Eastern and Cen-
tral European countries are brought on the market be-
tween late May and August. However, these countries
focus on marketing main crop potatoes;

B There is a trend towards the concentration of potato
production in five Member States: Germany, the Nether-
lands, France, UK, and Poland (so called EU-5). As a con-
sequence, the potato production of Poland as the former
first potato producer in the EU has considerably declined
due to the strengthening of the EU-5 countries’ position
on the EU markets;

B The new Member States’ potato production underwent a
drastic process of structural change following the end of
the former central planning economy;

B The path towards a modern system of market economic
relationships is bringing about some developments but
the re-organisation of the sector is still not completed.

Usually, seed potatoes normally weigh between 35 and 85
g and seeding rate typically ranges between 1 - 6 t/ha de-
pending on the intended end use (Firman and Allen, 2007).

cultivation

in the EU: demand and crop production

Planting depth is between 10 and 18 cm. Depending on va-
riety, the intended market, soil moisture, planting date, seed
potato size and age, in-row spacing ranges from 15 to 46
cm, and rows are typically 75 to 97 cm apart. Potato tubers
may be planted before the usual date of the last days with
sub-zero temperatures. However, soil temperatures should
be at least 8-10°C.

Potatoes draw a lot of nutrients from the soil, and sufficient
applications of nitrogen, phosphorous and potassium
are generally required to ensure adequate plant growth,
tuber yield and quality, and to minimise susceptibility to
diseases. Nitrogen is the most likely parameter to limit
potato production, but excess nitrogen can have negative
impacts as well. Soil and, in some cases, tissue testing is
recommended in order to determine the most effective
fertilization rates. In areas where the soil is naturally acidic
agricultural limestone may be added to maintain pH within
the desired range.

Potatoes typically require high levels of soil cultivation (Hop-
kins et al., 2004) for improved weed control, aeration and
bed shaping as well as maintaining proper seed depth and
establishing irrigation furrows (Bechinski et al., 2001; Siec-
zka, 2010). Potato production is generally not conducive to
maintaining healthy soil conditions because of intensive till-
age, minimal crop residues left on the field, heavy field traffic
and long periods of soil being left bare (Hopkins, 2010). In
the Northwest of the USA, potato fields are typically tilled
both before and after the season (Hopkins et al.,, 2004).

Irrigation is often applied in potato production, since S. tu-
berosum is a drought-sensitive crop and has a shallow ac-
tive root zone (Obidiegwu et al, 2015). Water demand is
highest during the tuber bulking stage of growth, and an
inadequate supply will reduce tuber yield and quality.

There are many serious diseases that may be inherent in
seed potatoes, including late blight (Phytophthora infestans
(Mont.) de Bary), early blight (Alternaria solani Sorauer), bac-
terial wilt (Ralstonia solanacearum (Smith) Yabuuchi et al.),
bacterial ring rot (Clavibacter michiganensis subsp. sepe-
donicus (Spieckermann and Kotthoff; Davis et al.)), black
leg (Pectobacterium spp. and Dickeya ssp.), and black scurf
(Rhizoctonia solani Kuihn), as well as several viral diseases.
The best protection against some of these diseases is to
use certified disease-free seed potatoes and the use of fun-
gicide sprays. Crop rotations, the use of resistant cultivars,
and proper sanitary practices are also important for reduc-
ing the incidence of disease (Bohl and Johnson, 2010).
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Employing practices to prevent the entry of weeds, such
as proper equipment cleaning are common best agricul-
tural practices. Pre-plant incorporated, pre-emergence, and
post-emergence herbicide applications as well as pre-emer-
gence burn-off can be used to control weeds in addition to
cultural practices such as harrowing and hilling. Integrated
pest management is strongly recommended, with a combi-
nation of cultural and chemical approaches.
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Tubers should ideally be harvested when their skin is ripe,
the tubers are chemically mature, and temperatures range
between 7 and 15°C to reduce shatter bruises and to avoid
frost damage. Chemical maturity of tubers is important
for long-term storage and processing and is reached when
the amount of free sugars falls below a variety dependent
standard minimum level (Western Potato Council, 2003).
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and breeding

3.1. Biology and taxonomy

Potato, S. tuberosum subsp. tuberosum, is an herbaceous
perennial crop (OECD, 1997). The aerial parts of the plant
range from 30 to 80 cm in length, with some cultivars
reaching a height of two meters, and with a habit varying
from erect to fully prostrate (Spooner and Knapp, 2013).
Stems range from nearly hairless to densely hairy and may
be green, purple, or mottled green and purple. Leaves are
pinnate with a single terminal leaflet and three or four pairs
of large, ovoid leaflets with smaller ones in between (Spoon-
er and Knapp, 2013; Struik, 2007). The flowers are white,
yellow, purple, blue or variegated, usually with a five-part
corolla and exerted stamens with very short filaments. The
fruits look like a small cherry tomato and are yellowish or
green, globose, and have a diameter of less than 2.5 cm.
Some lack seeds, but others may contain several hundred
(Linsinka and Leszczynki, 1989). The nomenclature differ-
entiates between potato seed (meaning seeds from fruits,
and also known as ‘true potato seed’) and seed potatoes
(meaning tubers for planting).

Cultivated potato (Solanum tuberosum L.) and its wild rel-
atives are classified in order Solanales, family Solanaceae,
genus Solanum. The genus Solanum is polymorphous and
the largest genus comprising 1,500-2,000 species (PBI So-
lanum Project, 2014), predominantly found in tropical and
sub-tropical regions (Fernald, 1970; Burton, 1989; Spooner
and Knapp, 2013). The species S. tuberosum is divided into
the two subspecies tuberosum and andigena. The subspecies

tuberosum is the cultivated potato used worldwide, whereas
the subspecies andigena is restricted to Central and South
America (Hawkes, 1990; OECD, 1997). S. tuberosum sub-
species tuberosum and andigena are fully cross-compatible
(Plaisted, 1980). Hybrids can occur in nature, although the
frequency of occurrence of such crosses is not well docu-
mented, as the morphological distinction between the two
subspecies is very small. The greatest difference is the short
day dependence of the subspecies andigena (OECD, 1997).
As both subspecies only occur in southern North America
and some parts of South America, natural crosses are likely
to be found only there.

3.2. Evolution and breeding

A considerable number of highly diverse species exist in
the genus Solanum, therefore cultivated potato has an ex-
tremely large secondary gene pool consisting of related wild
species. The evolution of the cultivated potato is quite com-
plex due to introgression, interspecific hybridisation, auto- or
allopolyploidy, sexual compatibility among many species,
a mixture of sexual and asexual reproduction, recent spe-
cies divergence, and phenotypic plasticity resulting in a high
morphological similarity among species (Spooner, 2009;
Spooner and Bamberg, 1994). Wild potatoes are widely dis-
tributed in most parts of America, from southwest USA to
Mexico and Central America. In South America, they occur
in almost every country, mainly in the Andes of Venezuela,
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Colombia, Ecuador, Peru, Bolivia and Argentina (Hijmans et
al, 2002). The adaptation to a wide range of habitats has
made the wild species tolerant to different environmental
stresses and resistant to a broad range of pests and dis-
eases (Hawkes, 1994). Wild potato species, however, are not
present in Europe.

The value of germplasm of primitive cultivars and wild spe-
cies in potato breeding is determined by its genetic diver-
sity, availability and utility. In this sense, potato stands out
among all other crops (Bamberg and del Rio, 2005). Primi-
tive forms of cultivated potato and their wild relatives pro-
vide a rich, unique, and diverse source of genetic variation,
which is a source of various traits for potato breeding.

The potential for using these genetic resources in
conventional breeding depends on their ‘crossability’ with
the commonly cultivated potato (S. tuberosum). Cultivated
potato is only sexually compatible with some of the other
tuber bearing species in the section Petota and rarely with
the non-tuber-bearing species in the section Etuberosum,
and there are very strong barriers to hybridisation with other
Solanum species (Jackson and Hanneman, 1999; Andersson
and de Vicente, 2010), such as differences in the endosperm
balance number (EBN) and ploidy level. The EBN concept
was first published by Johnston et al. (1980) to explain
the success or failure of intraspecific crosses. The EBN is
a measure to express the “effective ploidy of a genome
in the endosperm”. To enable normal development of the
endosperm after fertilization, the maternal EBN must be
twice that of the paternal EBN (2:1), hence this system forms
a strong isolating mechanism present in the section Petota.
The EBN is independent of ploidy level and is determined
based on cross compatibility using standard EBN test
crosses. Crosses between species with different EBNs are
very often unsuccessful, whereas crosses between species
with the same EBN number are frequently successful, even
if they have different ploidy levels (Johnston and Hanneman,
1980).

The basic chromosome number in the genus Solanum is
twelve. S. tuberosum subsp. tuberosum can be diploids (2n
= 2x = 24) or tetraploids (2n = 4x = 48). The diploid form is
found primarily in South America, while the tetraploid form
is cultivated all over the world. The tetraploidy of cultivated
S. tuberosum subsp. tuberosum originated either from au-
totetraploid (doubling of the chromosomes of a diploid spe-
cies) or from allotetraploid (doubling of the chromosomes
of a diploid hybrid between two related species) (Hawkes,
1990; Andersson and de Vicente, 2010).
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Due to complex chromosome segregation ratios, polyploid
crops are inherently more difficult to breed (Hoopes and
Plaisted, 1987). Furthermore, vegetatively propagated crops
like potato are often poor seed producers due to partial or
full sterility. Additionally, continued self-pollination of S. tu-
berosum can lead to large inbreeding depression due to the
fact that many traits are determined by non-additive genet-
ic effects (Gopal and Ortiz, 2006).

Potato breeders have developed methods for overcoming
this hybridisation barrier, such as ploidy manipulations,
bridge crosses, auxin treatments, mentor pollinations, and
embryo rescue (Jansky, 2006). Using these effective tools,
potato breeders can gain access to the promising traits
present in wild potato species.

However, the inherent complexity of genetics makes
potato breeding time-consuming. Polygenes are believed
to underlie quantitative resistance, which is difficult to
maintain intact during the breeding process. Thus, the
selection cycle, from initial crosses to variety release,
requires approximately 10 or sometimes even more
than 30 years (Gebhardt, 2013, Haverkort et al, 2009).
Consequently, to overcome these hurdles, marker-assisted
selection is applied to reduce breeding time and molecular
biology techniques to overcome inter-specific hybridisation
barriers (Song et al., 2003; Van der Vossen et al., 2003), both
of which significantly speed up the breeding process. By
employing cisgenesis, in which genes obtained exclusively
from cross-compatible species are used in their native
state, efficient stacking of multiple resistance genes can
result in potato varieties with a more durable resistance
to late blight. Proof of concept has been attained in the
DuRPh programme in the Netherlands (Haverkort et al,,
2016) as well as in the UK and Belgium (Haesaert et al.,
2015), and locally popular varieties are presently being
addressed for late blight resistance using cisgenesis.
Other novel breeding techniques, such as intragenesis and
genome editing, are being used in potato to engineer novel
traits such as lower content of asparagines (for lowering
amounts of acrylamide produced during heating) and
reducing sugars (Cardi, 2016).

The genome sequencing of potato was completed in 2011
based on the DNA from two different diploid genotypes
(The Potato Genome Sequencing Consortium, 2011). The
sequence information of the potato genome with a size of
844 Mb revealed 39,031 protein-coding genes, suggesting a
paleohexaploid duplication event during genome evolution.
This genome sequence information, as well as supporting
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phylogenetic research on the genus Solanum, is also helping
to expedite the genetic improvement of potato.

3.3. Reproduction

Potatoes flower under long day conditions, moderate tem-
peratures, high humidity and availability of sufficient soil
nutrients (Kumar et al., 2006). The percentage and duration
of flowering as well as the influence of environmental con-
ditions on flowering is highly determined by cultivar (Bur-
ton, 1989). The flowers can be cross fertilised by insects,
but are largely self-pollinated. Wind pollination is of minor
importance (White, 1983). The extent of pollen dispersal in
potato is related to the pollinating insect species, weather
conditions and the fertility of the cultivar (Treu and Emberlin,
2000).

Flowering starts on branches located near to the base of
the plant and proceeds upwards. Each flower will typically
remain open for two to four days, with the stigma being
receptive and pollen being produced for approximately two
days (Plaisted, 1980). Fertilization occurs approximately 36
hours after pollination (Clarke, 1940). Viable seeds require a
minimum of six weeks to develop.

Flower development does not ensure fruit set, and pollen
sterility is frequently encountered under field conditions in
parts of Europe (Anonymous, 1996). Very early varieties can
complete their vegetation cycle before they start to flower.
In some cases, flowers are set but abort early. Some culti-
vars may also exhibit male sterility, and/or inability to set
fruit (Gopal, 1994). The berries are toxic due to the presence
of glycoalkaloids (Bailey and Bailey, 1976).

Potato pollen is small and round with little or no ornamen-
tation (Symon, 1981; Mali et al., 2014). Pollen sterility is the
most important obstacle to sexual recombination of pota-
to dihaploids (Gorea, 1970; Carroll and Low, 1976; Iwana-
ga, 1984; Ross, 1986). Pollen sterility and varying levels of
pollen fertility can be caused by inbreeding depression as
a result of dihaploidization (Carroll and Low, 1976) or by
the interaction of nuclear genes and cytoplasm in dihaploids
(Howard, 1970).

Many S. tuberosum cultivars exhibit reduced fertility, and
this may limit their ability to hybridise. Male sterility, pre-
mature flower drop and the inability to set fruit are common

Potato biology, evolution and breeding

(Gopal, 1994; Sleper and Poehlman, 2006). Male sterility
may result from deformed flowers with anthers that do not
dehisce or produce shrivelled microspores. Pollen may not
form at all or the pollen may be of poor quality (Sleper and
Poehlman, 2006). In a study of 676 tetraploid S. tuberosum
accessions from 25 countries, it was found that in 20.4% of
the accessions, flower buds dropped prematurely and 23%
of the accessions were found to be completely male sterile
(Gopal, 1994). Pollen sterility occurs frequently in S. tubero-
sum and ovule sterility occasionally; many varieties do not
produce any seed.

The cultivated tetraploid S. tuberosum subsp. tuberosum is
self-compatible, although most of the related diploid spe-
cies are self-incompatible. The S alleles occur in this species,
but somehow the incompatibility system is weakened. The
mechanism behind this is not known. Plaisted (1980) has
shown that under field conditions selfing is most likely for
tetraploid S. tuberosum, with 80-100% of the seeds formed
due to selfing.

Hanneman (1995) reported that the occurrence of unre-
duced gametes is a common phenomenon in Solanum spe-
cies. In most Solanum species, additional to the normal hap-
loid gametes (n), unreduced gametes (2n) can be found that
greatly extend the possible number of natural crosses. Also
Watanabe and Peloquin (1991) observed the production of
2n pollen in most of the 38 examined tuber-bearing Sola-
num species with a frequency varying from 2 up to 10%.
The occurrence of unreduced gametes in Solanum spp. pro-
vides an exception to the general rule that crosses between
species with differing EBN are not successful.

S. tuberosum plants produce rhizomes (often called stolons)
that have rudimentary leaves and are typically hooked at
the tip. They originate from the basal stem nodes, typically
below ground, with up to three rhizomes per node (Struik,
2007). Tubers, spherical to ovoid in shape, are swellings of
the rhizome at the end of underground stolons. They main-
tain the characteristics of the above ground stem, such as
nodes, internodes, scale leaves, and lenticel pores. Tubers
have two ends - the bud end and stem end, the latter of
which is attached to the stolon.

Potatoes are very easily regenerated with the use of in vitro
tissue culture techniques. This form of vegetative propaga-
tion normally leads to genetically identical individuals, but
considerable heterogeneity is common after tissue culture
in which a callus stage is included. This variation is called
somaclonal variation. S. tuberosum subsp. tuberosum is,
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like all potatoes, quite prone to this kind of variation (Cutter,
1992; Hawkes, 1990).

Information on the dispersal of true potato seed is some-
what lacking. Birds are unlikely to distribute the seeds be-
cause the berries are green and inconspicuous, although
Hawkes (1988) suggests that the distribution of berries by
small (or perhaps large) mammals is possible due to their
sweet and aromatic nature. However, there is no mention
regarding the toxicity of the berries and whether this may
impede browsing by animals. Love (1994) reports that true
potato seeds can survive and germinate for periods of time
in excess of seven years, whilst Lawson (1983) showed that
in Scotland true potato seeds could be stored in the ground
for up to ten years without losing viability. However, a long
dormancy period of true potato seeds makes the resulting
plants weak competitors with cultivated crops during a par-
ticular cropping year.

In practice, the seed is seldom used in commercial plantings
and mostly utilised in breeding programmes. Most common
is vegetative propagation using tubers. The major disadvan-
tage of true potato seeds is that they segregate for numer-
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ous traits because of high potato heterozygosity, and plants
arising from true potato seeds typically take longer to es-
tablish than seed tubers, resulting in lower yield than from
seed potatoes (Pallais, 1987).

Potato is vegetatively propagated, meaning that a new
plant can be grown from a potato tuber or piece of potato
tuber. On the surface of the tuber are axillary buds with
scars of scale leaves that are called eyes (Struik, 2007).
When tubers are planted, the eyes develop into stems to
form the next vegetative generation. Thus, tuber formation
is a method of reproduction, as each plant produces
a multitude of tubers, each of which can theoretically
develop into a new plant. The eyes on the tubers are buds
that can sprout and develop into new stems. During the
growing season tubers are produced continuously leading
to the first tubers being the biggest, with smaller fertile
tuber as small as one centimetre in diameter. The tuber
acts as a source of nutrients for the new plant, and plants
grown from tubers tend to have more early vigour than
those grown from true potato seeds (Hoopes and Plaisted,
1987). Vegetative propagation may transmit diseases into
successive generations.
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4. Review of available
information on adventitious
GM presence in potato crop

production

4.1. Seed potato impurities

Potatoes are vegetatively propagated by planting tubers or
tuber pieces, while true potato seeds are normally used in
breeding programmes. Because of the clonal propagation
of commercial potatoes, the risk of affecting seed potato
supplies through cross-pollination is negligible. Commercial
seed potatoes are certified for purity before distribution to
potato producers and contamination with a different cultivar
by tubers from volunteer potatoes as well as mixing during
sorting and grading can lead to small amounts of admixture.
Although this is not critical in the fresh or processing market,
it may lead to the rejection of the harvest for seed production
(Steiner et al., 2005).

The two important parts of EU legislation covering the purity
requirements of seed potatoes are the Council Directive
2014/20/EU determining Union grades of basic and certified
seed potatoes and Directive 2001/18/EC on the deliberate
release into the environment of GMOs. In annex | and Il of
the Council Directive 2014/20/EU the conditions which must
be satisfied by seed potatoes are laid down. For basic seed
potatoes the number of plants not breeding true to the variety
and the number of plants of a different variety shall, together,
not exceed 0.1%. For certified seed potatoes, the number of

plants not breeding true to the variety and the number of
plants of a different variety shall, together, not exceed 0.2%.

In terms of adventitious GM presence, there are no tolerance
thresholds (for authorised or unauthorised GM events) laid
down for the marketing of conventional seed potatoes in the
EU. In order to avoid potential admixture of GM seed potato,
official controls of conventional seed potatoes are regularly
applied by Member States of the EU. However, these controls
differ between the countries. In the following paragraphs
information is presented for different Member States.

4.1.1. Approach to adventitious GM presence
control in selected Member States

Many countries like Denmark, Estonia, Greece and Spain do

not apply any controls for the adventitious GM presence in

potatoes.

Belgium

In Belgium, about 2,200 ha of seed potatoes were grown.

Clear guidelines, taking into account e.g. soil quality, diseas-
es, isolation distances etc., describe how seed potatoes have
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to be grown. Before, during and after production the whole
process is controlled by the regional inspection services, i.e.
the Product Quality Management Division of the Department
of Agriculture and Fisheries for the Flemish Government and
Direction de la Qualité for the Walloon region. If all quality
criteria are met, these authorities provide certification for
the seed potatoes. Only certified seed potatoes can be trad-
ed. The top varieties of which seed potatoes were produced
in Belgium in 2016 were Bintje (487 ha), Spunta (230 ha),
Fontane (226 ha), Agria (153 ha) and Royal (81 ha). In par-
ticular cases, farmers also have the opportunity to use their
own, farm-saved seed potatoes (‘hoevepootgoed’).

Czech Republic

In the Czech Republic, the GM potato variety “Amflora” was
tested on an area of approximately 50 ha and was com-
mercially cultivated by Czech farmers in 2010. After the
cultivation of Amflora was stopped, fields on which Amflora
potatoes had been cultivated were monitored for several
years by the Czech Environmental Inspection together with
the company BASF. Volunteers were recorded. In addition,
the Czech Food and Feed Inspectorate tested for two years
the possible occurrence of GM potato starch in commercial
starch, using validated methods of DNA extraction and Am-
flora potato detection. No GM potato starch was detected.

Finland

GM potatoes were grown in Finland only for research pur-
poses during 2009-2010 by the Potato Research Institute;
GM potatoes are not cultivated for commercial use. No co-
existence legislation for GM potatoes has been established
in Finland, but still farmers have the obligation to notify the
cultivation of GM varieties.

Germany

Germany established GM control inspection guidelines for
standardised sampling, sample preparation, analysis, and
assessment of results in 2006 and subsequently adjusted
them in 2010 and again in 2014. Although the focus is on
maize and rape seeds, other species including potato are
also considered. The results of seed monitoring for GM per-
centage are available before seeding to avoid post-sowing
enforcement activities. In the case of potatoes, fewer sam-
ples are taken, but on a reqularly basis. The official GM mon-
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itoring programme for seed potatoes is only applied to seed
potatoes produced within Germany.

The control programme consists of two steps and is based
on existing routines and processes of official seed certifica-
tion and phytosanitary controls. Step 1 is the official field
inspection for varietal identity and purity while step 2 is the
official investigation of seed potatoes for GM admixture in
the laboratory. Samples for GM-analysis are taken from
10% of the seed crops (fields) where admixture has been
observed through field inspection. A sample of 200 tubers is
taken for every 3 ha either from the field or during storage.
The laboratory used for the analysis is accredited for the
purposes of PCR analysis for the detection of GM potatoes.

The first year of analyses for the presence of GM was 2011
where 15 samples were taken from the Federal State of
Mecklenburg-Vorpommern. No admixture was detected in
2011 or in the years since. Sampling has been continued in
2012 (52 samples), 2013 (51 samples), 2014 (61 samples)
and 2015 (19 samples).

Greece

In Greece, basic and certified seed potatoes are imported
from other Member States (the Netherlands and Cyprus lead
the market) for planting as the domestic seed production is
limited with the main production area on the island of Naxos
(Kyklades) but also in Tripoli (Peloponissos), loannina (Ipiros)
and in Thessaloniki (Makedonia). In these regions, private
companies and local agricultural co-operatives are respon-
sible for the production of certified seed under the control
of the local Departments of the Decentralised Agricultural
Development (T.A.A.) of the Ministry of Rural Development
and Food.

In the last ten years, potato growers tended to plant basic
and certified seed potatoes of high productivity and resistant
to pathogens. The main prospective for potato production in
Greece is to increase the limited seed potato production in
order to reduce the dependence of Greek potato growers on
imported seed potatoes.

Lithunia

In Lithuania, nine samples from potato crops were tested for
GM admixture in 2015 and showed no presence of GM. No
samples were taken from seed potato crops in 2015.
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United Kingdom

No GM potatoes are grown commercially in the UK at pres-
ent, although a number of experimental trials of GM po-
tatoes have been carried out. The Genetic Modification In-
spectorate (GMI) for England, based at the Animal and Plant
Health Agency, has designated responsibility for ensuring
compliance with legislation pertaining to the deliberate re-
lease to the environment of genetically modified organisms
in England. This includes (where appropriate) carrying out
audits of companies that market seed of conventional crops,
to assess whether they have appropriate controls in place
to minimise the risk of adventitious GM presence (AGMP)
in the material they handle. The GMI has assessed the risk
of AGMP in potatoes for planting and has concluded that
this risk is very low compared to other crops. Consequently
the GMI does not currently conduct audits of seed potato
producers and/or retailers in England. UK seed potatoes are
subject to statutory inspections in terms of varietal purity
and freedom from disease.

4.1.2. Registered potato varieties in selected
Member States

In the following paragraphs information is presented about
the number of registered varieties and their ability to flower
for selected EU Member States. Segregation requirements
for seed potato production are added if available.

Austria

The Austrian national catalogue contains 48 potato varie-
ties. On about 1,600 ha seed potatoes are produced. The
estimated rate of using farm saved seed potatoes in Austria
is about 40 - 50%.

Croatia

In the national catalogue of Croatia, 50 potato varieties are
registered. In the season 2014/2015, 514,621 kg of seed
potatoes were certified for the Croatian market.

Denmark

In Denmark approximately 113 varieties are in the national
catalogue. Information on the proportion of male sterile and

fertile varieties is difficult to obtain. In 2015, pre basic seed
were produced on 239 ha and basic seed on 4,310 ha. In
the Danish propagation of seed potatoes the segregation re-
quirements regulate a distance of 50 m for pre-basic seed,
of 25m for basic seed, and of 15 m certified seed to potato
production fields.

Estonia

In Estonia, 10 varieties are registered in the national cata-
logue. Certified seed potatoes are produced on an area of
about 200 ha. As segregation requirements, a separation
distance of 50 m has to be met for pre-basic seed potatoes,
whereas for basic seed potatoes 25 m and for certified seed
potatoes 10 m are sufficient.

Germany

210 potato varieties are listed in the German national cata-
logue. However, only a limited number of these are grown in
the field. Information in respect to fertility of these varieties
is not given in the catalogue. According to the German po-
tato breeders about 30% of the actual potato varieties are
sterile. The proportion of sterile varieties is particularly high
in starch potatoes.

In 2014, the demand for seed potatoes represented about
0.55 million ha. Around 70 — 75% of these are produced
in Germany. For seed potato production, contracts between
breeders and farmers are closed. Breeders clearly describe
the obligatory production management in annual newslet-
ters. In addition, legal regulation from the German seed
marketing act, plant certification, and plant breeders’ rights
have to be taken into account. It is important to note that
only about 50% of seed potatoes in commercial production
are certified seed, the other 50% being farm saved seed.

Greece

The current National Catalogue of Greece contains 18 po-
tato varieties which are all fertile. The National production
of certified seed potatoes (4-year average, 2012-2015) is
approximately 1.191 t.

According to Greek Legislation (Ministerial Decision

276357/29-07-2002, National Gazette 1020/05-08-2002:
"Technical Regulation for the certification and control of
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potato propagating material for cultivation”), the field
requirements for seed potato are:

for basic seed potato production:

B 10m distance for potato cultivation for consumption
B 5m distance from seed potato crop of lower class

B 3m distance from seed potato crop of another variety of
the same class

B one skip row to seed potato crop of the same variety and
class.

for certified seed potato production:
B 10m distance for potato cultivation for consumption

B 2m distance from seed potato crop of another variety of
the same class

B one skip row to seed potato crop of the same variety and
class.

In Greece, commercial potato production relies 100% on cer-
tified seeds. However, there are also growers who cultivate
potatoes for their own use and possibly save seed potatoes
for next cultivation. Since these growers are not registered,
the kind and quantity of seed potatoes cannot be controlled.

Hungary

There are 60 potato varieties on the Hungarian National
Catalogue. While ware potatoes were produced on 18.000
ha in 2015 with a total yield of 412.000 t, 32 varieties are
grown for seed multiplication purposes on 181 ha. Approx-
imately only 15% of the ware potato production relies on
certified seed potatoes.

There is a 200 m isolation applied between seed potato and
ware potato production on the field to protect crops from
aphids transmitted virus infections. Each field is inspected
at least 4 times a year, and each potato field is tested for
quarantine pests.

Lithuania

In 2016, 22 potato varieties were included in the Lithuanian
list of plant varieties. The quantity of certified seed potatoes
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grown in Lithuania during the last five years ranged between
about 2,800 t in 2015 and 3,200 t in 2011. In 2015, ap-
proximately 2,800 t of seed potatoes were produced. Seg-
regation requirements for propagation of seed potatoes
were established in the Order of the Minister for Agriculture
(“Concerning Mandatory Requirements on Seed Potatoes In-
tended for Placing on the Market”, 2015 December 18, No.
3D-938).

The Netherlands

In the Netherlands, there were 511 consumption and 77
starch varieties on the national list in 2016. No information
is available about the fertility of the registered varieties.
Some information is presented in cultivation manuals
pointing out profuse berry production e.g. by the varieties
Désirée, Hansa, Morene, Saturna, and Van Gogh, whereas
poor berry formation is described in, for example, the variety
Bintje. In 2014, 1,475,000 t of seed potatoes were produced
in the Netherlands (~70% for export) on an area of 39,874
ha. 38,626 ha were inspected and 1,083,000 t certified by
the inspection service NAK (The Dutch General Inspection
Service). As segregation requirement for propagation
of seed potatoes, a separation distance of 3 m to other
potato cultivations has to be met. About 10% of the starch
potatoes are grown from farm-saved seeds (one round of
multiplication).

Spain

Most of the potato varieties grown in Spain are registered
in the European Common Catalogue, but not in the Spanish
Catalogue. Around 40,000 t of seed potatoes are produced
on an area of 2,300 ha. Around 75% of seed potatoes are
certified seed and 25% farm saved seed.

United Kingdom

In 2015 there were 183 varieties on the UK National List.
The most popular variety in terms of production is Maris Pip-
er (@ main crop multipurpose variety), accounting for around
15% of planted area in 2015. This is followed by Markies (a
popular variety for chipping) at around 6%.
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4.2. Potential admixing during

cultivation

4.2.1. Outcrossing to wild relatives

Numerous biological and geographical obstacles make gene
flow from cultivated potato varieties to the two wild rela-
tives in Europe, S. nigrum and S. dulcamara, a highly unlikely
occurrence, and there have been no reports that such cross-
es have ever occurred naturally (Love, 1994; Spooner et al.,
2004). In most parts of the world, no Solanum species from
the section Petota with a ploidy level and an endosperm
balance number (EBN) of 2 or 4 will occur next to cultivat-
ed tetraploid S. tuberosum subsp. tuberosum. Crosses are
therefore not likely, due to geographical isolation. Only in
the southern United States and South America do potential
crossing partners with a suitable EBN occur next to cultivat-
ed tetraploid S. tuberosum subsp. tuberosum. (OECD, 1997,
Celis et al., 2004; Scurrah et al., 2008; Capurro et al,, 2013).

Within the family Solanaceae, potatoes have a number of
crop species as relatives, the closest being tomato (Sola-
num lycopersicum), as well as tobacco (Nicotiana tabacum),
sweet pepper (Capsicum annuum) and petunia (Petunia hy-
brida). However S. tuberosum is not able to hybridise with
any of the non-tuber bearing Solanum species outside of
the section Petota (Conner, 1994; Love, 1994). There is also
no evidence to suggest that intergeneric hybridisation can
occur between potato and its related crop species (Treu
and Emberlin, 2000). Other than potato, there are around
13 species within the genus Solanum found in various parts
of Europe. Most of these species are introduced casuals,
although some, including S. dulcamara (bittersweet night-
shade) and S. nigrum (black nightshade) are native and
common. Eijlander and Stiekema (1994) and McPartlan and
Dale (1994) found that the cross of tetraploid S. tuberosum
subsp. tuberosum with S. dulcamara did not result in any
viable seeds and plants. For the cross of S. nigrum with S. tu-
berosum the same is valid. Therefore, the natural gene flow
from potato to its wild relatives S. nigrum and S. dulcamara
is highly unlikely. Eastham and Sweet (2002) concluded that
naturally occurring cross-pollination and subsequent gene
flow between potato and its related wild species in Europe
is unlikely. Without the help of sophisticated embryo res-
cue techniques no viable hybrids between cultivated potato
and its related wild species in Europe have been obtained.
Also, it is likely, given the breeding barriers known within the

genus that even if cross-pollination was successful, strong
post-zygotic barriers would prevent the formation of a via-
ble hybrid (DoE, 1994).

4.2.2. Outcrossing between GM and non-GM
potato

Cross-pollination between fields of potatoes may be less
significant than in some other crops since the potato tuber
as a harvest product is not affected by the fertilisation of the
plant with foreign pollen. Furthermore, the crop is almost ex-
clusively sown with seed tubers rather than true seeds (Treu
and Emberlin, 2000).

Outcrossing has primarily been observed to occur between
adjacent plants and the rate of outcrossing decreases rap-
idly thereafter, with only small rates observed beyond 4.5 m
(Conner, 1993; Dale et al,, 1992; McPartlan and Dale, 1994;
Tynan et al,, 1990).

Tynan et al. (1990) measured outcrossing using a gene en-
coding a chlorsulfuron-insensitive form of acetolactate syn-
thase as a selectable marker. They found that within the plot
with marked potatoes, 1.14% of seedlings were resistant to
chlorsulfuron, while between 0-1.5 m from the trial, only
0.03% of seedlings were resistant. At a distance of 1.5-3 m
and 3-4.5 m, 0.05% of seedlings were resistant. No resist-
ance was detected beyond 4.5 m.

McPartlan and Dale (1994) carried out a similar field exper-
iment using the variety ‘Désirée’ transformed for herbicide
tolerance. A central 20 m x 20 m plot of the transgenic po-
tato plants was established, with non-transgenic sub-plots
planted in four directions from the central plot at distances
of 0 to 20 m. The frequencies of herbicide tolerant seedlings
obtained from the non-transgenic potato plants were 2% in
a distance of 3 m, 0.017% in case of 10 m distance, and 0%
in a distance of 20 m.

In a study by Skogsmyr (1994) much higher rates of out-
crossing using the variety Désirée transformed with the nptll
and GUS marker genes as the pollen donor and Stina as the
pollen receptor were observed. Rates were 72% at a dis-
tance of 0-1 m and 319% at 1,000 m. The authors attributed
the high rates of outcrossing observed in this study to the
behaviour of the predominant pollinator species found in the
plots, the pollen beetle Meligethes aeneus, which tends to
move together in large numbers and fly over large distances
(Skogsmyr, 1994). This research was scrutinised by Conner
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and Dale (1996) who concluded that there had been a large
number of false positives during the PCR analysis of the np-
tll marker gene, giving the impression of high levels of gene
dispersal. They collected outcrossing data from several field
experiments with genetically modified potatoes, performed
in New Zealand, the United Kingdom, and Sweden. In none of
these studies was outcrossing detected when the pollen-re-
ceiving plants were separated by more than 20 metres from
the genetically modified plants.

Another study from seven field-test sites over six sea-
sons screened a total of over 1.3 million progenies from
non-transgenic pollen-trap buffer rows (Erasmuson et
al, 2005; Conner, 2006). The accuracy of this phenotypic
screening was verified by PCR. In the buffer row immediately
adjacent to the donor plot, the frequency of transgenic prog-
eny ranged from 0.007 to 0.059% and declined to between
0 and 0.005% at the third buffer row from the field trial,
representing a distance of 2.25 m.

Petti et al. (2007) also found higher rates of outcrossing
between the varieties Désirée and British Queen, due to the
latter’'s male sterility. Using a microsatellite marker system,
they found evidence of out-crossing at the maximum dis-
tance studied of 21 m, but with very low frequency (23 ger-
minating seeds from 140 berries).

Capurro et al. (2013) examined pollen mediated gene flow
from a commercial potato cultivar to the compatible cloned
genotype of the related wild potato S. chacoense Bitter in a
field experiment in Argentina. Berry formation with hybrid
seeds occurred at 30 m from the pollen source (1 out of
69 harvested berries contained 3 hybrid seeds). In anoth-
er study outcrossing was investigated using a male fertile
commercial potato cultivar as pollen donor and a male ster-
ile cultivar as pollen recipient (Capurro et al., 2014). Three
berries with seeds were collected from plants at a distance
of 40 m from the pollen source; these contained 21, 22 and
70 seeds/berry, respectively. However, again a quantification
of the results is difficult.

The extent of pollen dispersal undoubtedly varies with cul-
tivar, climatic conditions during flowering and presence and
frequency of pollination vectors. The majority of field stud-
ies have detected potato pollen at a maximum distance of
about 20 m from the source (Eastham and Sweet, 2002).

Because potato is planted with seed tubers rather than true

seed, any GM contaminant would not be transmitted to
progeny crops (Eastham and Sweet, 2002).
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4.2.3. Insect impact on cross-pollination

Cross-breeding and selfing is enhanced by some insects. In
particular bumblebees (e.g. Bombus funebris Smith and B.
impatiens Cresson) are good pollinators for potatoes (White,
1983). Potatoes possess apically dehiscent anthers that
only disperse pollen to bees that vibrate the anthers to col-
lect it (Roulston et al., 2000). This specific plant-bee mech-
anism is called “buzz pollination” (Buchmann and Hurley,
1978; Buchmann, 1983), meaning bees use their thoracic
muscles to produce very high frequency vibrations that ex-
pels pollen from the anthers. Moreover, bumblebees prefer-
entially visit the flowers of potato cultivars that produce vi-
able pollen grains instead of cultivars that produce primarily
unviable, shrunken pollen grains (Batra, 1993). Since potato
flowers do not produce nectar, honeybees (Apis mellifera L.)
and Bombus fervidus Fabricius are not pollinators of pota-
to (Sanford and Hanneman, 1981). Moreover, honeybees do
not practice buzz pollination and it is likely for this reason
that they are uninterested in S. tuberosum flowers (Sanford
and Hanneman, 1981).

It was observed that bumblebees are more likely to visit
plants at the edges of plots as opposed to their centres, al-
lowing them to stay closer to their nests (Batra, 1993; Free
and Butler, 1959; McPartlan and Dale, 1994). Highest levels
of berry formation were also recorded at the edges of plots,
compared with the centre, suggesting that bumblebee activ-
ity was a contributing factor to pollination. Bumblebees will
selectively visit different potato cultivars, preferring those
with fertile pollen (Arndt et al., 1990; Batra, 1993; Sanford
and Hanneman, 1981).

Besides Hymenoptera, the pollen beetle species Meligethes
aeneus Fabricius has also been observed to transfer potato
pollen in Europe (Petti et al., 2007; Skogsmyr, 1994).

4.2.4. Volunteers

The presence of volunteer potatoes and the resultant prob-
lems in crop rotations have been recognised for almost 80
years (Bonde, 1942; Fernow, 1959) and are the subject of
continual research efforts. Volunteer potatoes appear to
occur in virtually all crops to a greater or lesser extent on
all farms where potatoes have been grown in the rotation
(Askew, 1993).

S. tuberosum volunteers may develop either from true pota-
to seed or from tubers that are left behind following harvest
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(Andersson and de Vicente, 2010). While many potato cul-
tivars are partially or fully sterile and rarely produce fruits,
some cultivars are capable of prolific fruit and seed produc-
tion. The amount of true potato seed produced in a given
crop will depend on the cultivar as well as environmental
conditions, particularly photoperiod, temperature, plant den-
sity, and nitrogen supply (Askew, 1993; Struik, 2007). How-
ever, the early growth of seedlings from true potato seed is
slow compared to that of plants growing from tubers, and
daughter tubers are generally smaller as well (Pérombelon,
1975; Rowell et al,, 1986). Therefore, the majority of volun-
teer potato plants originate from tubers (Bond et al., 2007).

Most potato volunteers are the result of harvesting methods
of commercial potato production, and the fact that potatoes
keep on producing a magnitude of small tubers which are
not picked up by commercial harvesters or are lost in the
process of loading and transport of the harvest. The number
of potato tubers left on top of the soil or up to 20 cm under-
ground following harvest varies greatly and ranges approx-
imately between 20,000 and 460,000 tubers/ha (Lutman,
1977; Kempen et al, 2005, Pérombelon, 1975; Steiner et
al,, 2005), with most of these tubers being small in size. Due
to this great variability, the exact effect of this phenomenon
on different following crops is unpredictable. Moreover, the
small size of some of the viable tubers results in an under-
estimation of tuber volunteers as they may not have been
identified (Askew and Struik, 2007). Rahman (1980) report-
ed 367,000 tubers per hectare; this corresponds to 10% of
the potential yield or 1 - 4 t/ha and represents a total po-
tential population of 2 to 30 volunteer potato plants per m?
(20,000 to 300,000 plants per ha). Phelan et al. (2015) re-
ported an average post-harvest tuber loss of 141,758+911
tubers per ha, with a maximum of 210,513+973 and a min-
imum of 39,082+669. As a consequence, volunteer estab-
lishment in the following crop ranged from 400+59 plants
per ha to 55,698+47 plants per ha. These data correlate
quite well with previously reported values by Andersson and
de Vicente (2010) of up to 20% of tubers left in the soil be-
ing able to sprout in the next season. The persistence of via-
ble daughter tubers as small as one centimetre in diameter
is an exacerbating factor in volunteer management.

In areas with mild winters, it is estimated that it may take up
to 4 - 5 years to get rid of S. tuberosum volunteers grown
from daughter tubers in most arable crops (Makepeace and
Holroyd, 1978).

Tubers on top of the soil and up to 10 cm below the surface
are often exposed to low temperatures during winter and

are killed by temperatures below -2°C, but the deeper tubers
may be insulated from the cold by the soil. These findings
are further influenced by snowfall, stubble and soil cover
crops which all serve as insulation. Under Finnish conditions
all potato tubers planted at soil depths of 10 and 20 cm
were killed by frost during two out of three winters. Howev-
er, in one winter when the field was covered with 30-40 cm
of snow and the soil temperature ranged between -0.4 and
-0.9°C up to 3.5% of tubers survived (Mustonen et al., 2009).

Under Canadian conditions potato plants will not proliferate
and become established as weeds; volunteers were detected
just periodically near animal feed lots, waste disposal sites
or in the vicinity of production sites (Anonymous, 1996). The
restriction to such habitats in Europe would seem consis-
tent with the findings of Evenhuis and Zadoks (1991), who
assert that this is caused by the limited competitiveness of
S. tuberosum. S. tuberosum is not a primary coloniser in un-
managed ecosystems, and seedlings do not tend to compete
successfully with plants of a similar type for space (Anony-
mous, 1996). However, research on the subject should con-
tinue to ensure new varieties do not lead to an increase in
feralisation (Treu and Emberlin, 2000). Therefore, although
S. tuberosum can be cultivated throughout Europe, it is un-
likely to grow outside of cultivation areas (Holm et al, 1979;
Muenscher, 1980; Love, 1994; OECD, 1997). Potatoes are
not known to escape from fields (become feral) or show
weedy potential.

4.2.5. Volunteer management

Volunteer potatoes affect crop production in four ways (Petti
et al, 2007; Kim et al.,, 2010):

B competition with the following crop;
B transmission of pests and diseases to the next crop;

B the contamination of the succeeding crop during crop ro-
tation; and

B possible spread of transgenic material to other potato
plants through pollen or seed.

The potato tuber is a living organism and can thus protect
spores or eggs of pathogens and their vectors until the next
season. Even if disease is not a problem for the follow-on
crop, the persistence with which volunteer potato tubers can
reproduce year after year in the soil can lead to the next
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potato crop and in some cases also neighbouring potato crops
to be seriously infected with a pest or disease (e.g. Phytoph-
tora). These pests and diseases can not only have a direct ef-
fect on yield, but cause problems during storage after harvest
as well. Like volunteer potato tubers, volunteer potato plants
can also act as hosts for insect vectors, especially aphids that
commonly carry plant pathogenic viruses (Thomas and Smith,
1983). For these reasons, farmers usually grow potatoes only
every third or fourth year within a crop rotation.

Although this practice may prevent the carryover of potato
diseases to healthy plants in the following season, there is
still the competition of volunteer potatoes with the following
crop for water, nutrients and light leading to lower vyields.
The more volunteers appear, the larger is the effect on the
yield of the successive crop. Therefore, it is imperative that
volunteers are controlled as quickly as possible within a crop
rotation. Additionally, if volunteer potato plants are not con-
trolled, they can regenerate within the rotation crops so that
they ultimately carry over to contaminate the following po-
tato crop. Therefore, controlling these plants is very impor-
tant, but also difficult, and can only be achieved successfully
using integrated management methods.

Potato tubers have a fairly low frost tolerance; shallow tubers
and those exposed to the surface are often destroyed by frost.
In regions with subzero temperatures during winter, delayed
or no ploughing during the preparation for the next crop con-
tributes to volunteer reduction. By ploughing deeper, buried
tubers can be lifted up and be exposed to lethal frost temper-
atures (Thomas and Smith, 1983). Soil cultivation like plough-
ing can also transfer tubers deeper into the soil, and thereby
protecting them against freezing (Boydston et al, 2006). In
temperate climates up to 20% of tubers left in the soil show
no dormancy and will sprout in the next season (Andersson
and de Vicente, 2010). Soil temperatures below -2.8°C have
been shown to result in significant tuber mortality (Boydston
et al, 2006). Thus, in areas where S. tuberosum is grown com-
mercially, the measures required to control S. tuberosum vol-
unteers do not differ from the cultural and pest management
practices that are usually applied in a crop rotation.

However, several methods of volunteer management have
been developed and it has to be decided on a regional scale
which ones are most appropriate. In general, it is better to
follow a holistic, multi-pronged, management approach to
face this problem.

There are basically five approaches that can be used to man-
age volunteer potato plants: preventative, cultural, mechan-
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ical, biological, and chemical. Preventative management is
used to avoid the introduction of volunteer tubers to a field,
so focussing on the cause of the problem. Cultural manage-
ment relies on the use of cropping practices to either reduce
the occurrence of the problem, or to create an environment
that is less suitable for the survival of the volunteer potato
plants. For example, plants that are very competitive with
potatoes can be used in the rotation system, planning the
rotation system in such a way that suitable herbicides can
be applied without damage to subsequent crops. Mechanical
management relies on the use of farming equipment to ei-
ther remove or destroy the tubers or volunteer potato plants
mechanically before they can create a major problem. An
example of such a mechanical management is shallow till-
age following harvest. Biological management relies on liv-
ing organisms, such as natural enemies in order to suppress
volunteer potato plants. Most commonly, chemical manage-
ment methods are used to control weeds of any type. In or-
der to control volunteer potatoes, this might include the use
of suitable herbicides and soil fumigants within the rotation
crops to kill the potato plants, as well as sprout inhibitors to
prevent tubers from sprouting.

All of these methods should be considered in a collabora-
tive approach in order to be able to successfully address
the problem of managing volunteer potatoes (Steiner et al,,
2005). It should be kept in mind that agronomic practic-
es and pest control measures have to be site specific and
adapted to potato cultivation and crop rotation.

Some varieties of potato are capable of producing large
numbers of true seed as well as tubers if not controlled, and
although the main volunteer problems are caused by the
tubers, germinating seeds can also cause problems if plants
are allowed to form seed. Since no single method is fully ef-
fective for controlling S. tuberosum volunteers, an integrated
weed management approach is recommended.

4.2.5.1. Preventative management

Preventative management is one of the most cost effective
measures for controlling volunteer potatoes. These strate-
gies consist of any measure that reduces the number of
tubers that remain behind in the field following harvest, and
can easily be incorporated into a holistic approach to volun-
teer potato management. According to Steiner et al. (2005)
the management procedures that are applicable to prevent
volunteer potato plants emergence are harvester manage-
ment, proper harvest time (e.g. plants have to be completely
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dead rather than still green), and the use of a sprout inhibi-
tor. In some cases these procedures need to be coupled with
the agronomic management of the crop.

During mechanical harvest smaller tubers stay in the soil or
on the surface, medium tubers are mainly lost during the
harvesting process and even large tubers can fall from the
harvester and transport vehicles. Hand weeding during or
after harvesting is an effective, although time-consuming,
method for controlling S. tuberosum volunteers, and grazing
has also been applied in some countries (Rahman, 1980;
Steiner et al., 2005).

Phelan et al. (2015) pointed out that reducing tuber loss
at harvest plays a central role for the reduction of volun-
teer quantity. They further stipulated that reducing the level
of harvest loss would require either a re-engineering of the
harvester to include an additional mechanism to collect tu-
ber pieces/unsalable tubers or a reversal of current practis-
es towards the removal of all harvested material from the
field for processing and grading. As both options have cost
implications for the grower, any motivation to pursue either
option will only occur in the presence of a financial benefit
and/or due to a regulatory decree.

4.2.5.2. Mechanical control

During soil preparation for the succeeding crop the soil is
disturbed and tubers and tuber pieces will start to germi-
nate and be well established by the time the following crop
is planted. Favourable weather conditions in terms of rain
and temperature will enhance potato growth (Steiner et al.,
2005).

Improving the efficiency of the harvesters at separating tu-
bers from soil would reduce the number of tubers left behind
as potential volunteers. Some harvesters have been devel-
oped for S. tuberosum that retain or crush tubers that would
normally be lost during harvest (Rahman, 1980; Steiner et
al,, 2005). Crushers can be used to destroy tubers, although
their efficiency varies with soil type and environmental con-
ditions, and they are not effective for small tubers with a
size of 1 cm or less (Rahman, 1980).

Ploughing tends to bury tubers deeper, which will protect
them from frost, allowing them to survive longer in times
with unfavourable conditions (Lumkes and Beukema, 1973;
Rahman, 1980). Tubers at the surface may also be more
prone to rotting and their earlier germination allows them to

be controlled with pre-planting herbicides. Non-turning soil
cultivation or shallow harrowing is therefore recommended
(Lumkes and Beukema, 1973; Phelan et al., 2015).

Proper management of the harvesting process reduces the
number of lost tubers, which not only results in a reduction
of volunteer potatoes in the following season, but also in-
creases yields. According to Steiner et al. (2005) the follow-
ing steps help to minimise the number of tubers that are lost
during harvest:

B The blade depth should be managed in a way to ensure
that all tubers are removed from the soil. If the blade is
too shallow not all the tubers will be lifted and some will
be sliced, so leaving a portion of these tubers behind in
the soil. This should be coupled with the agronomic prac-
tices to ensure that the earthing up is sufficiently high so
that all tubers will develop within the ridge;

B Tubers should be removed from the haulms by the har-
vester so that they are not carried off of the harvester;

B The trucks that receive the tubers from the harvester
should be positioned in a way to prevent spillage;

B Harvesters should be operated in a way to avoid pushing
tubers out around the throat of the harvester;

B Soil separation and tuber transport should be maximised
by using the optimal ratio of forward speed to chain speed;

B The gaps between the links in the primary chain should
be set in a way to reduce the number of tubers that fall
through the chain, but this must be compatible with the
intended market.

The condition of the potato vines at harvest has been found
to play an important role as both premature senescence
of vines and green versus dead plants affect the number
of tubers that are left in the soil after harvest as well as
the depth at which tubers are formed in the soil (Steiner et
al., 2005). Agronomic factors such as soil fertility and soil
moisture management as well as pest and disease control
can contribute to premature vine senescence. Plants that
senesce early produce a greater percentage of small tubers
than those plants that mature later, and therefore more tu-
bers will remain behind on the field at harvest. Additionally,
plants that are still green at harvest and must be defoliated
prior to harvest, produce more large tubers than dead plants
at harvest. Steiner et al. (2005) state that in the Washington
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state area of the USA the numbers and sizes of tubers from
green plants are double that harvested from dead plants.

In a study carried out in Washington it was found that 75%
of the tubers were within 10 cm of the soil surface if plants
were still green at harvest in contrast to only 34.2% if plants
were already dead (Steiner et al., 2005).

As sprouts from tubers buried as deeply as 20 cm below the
soil surface still can emerge, it is crucial that the harvester is
able to reach this depth to catch all those tubers. This should
be combined with ridge planting.

In the northern climatic conditions mid-winter and early
spring ploughing can bring buried tubers to the surface and
expose them to low temperatures. This may be combined with
fumigation and sprout inhibiting hormone treatment. In some
cases animals were released into the fields to graze, but this
has to be handled with care (Thomas and Smith, 1983).

Mechanical control has proven to be far more effective when
it followed the application of herbicides (Allemann and Al-
lemann, 2013). The efficiency of all herbicide treatments
can be improved by combining them with a tillage operation
(Boydston and Seymore, 2002).

4.2.5.3. Chemical control

A seed potato usually provides enough nutrients for 30 days
of growth. The smaller the tuber and the deeper it is buried
in the soil, the smaller the chance that the stem will emerge.
It normally takes between 10 and 20 days for the above-
ground parts to produce enough photosynthates to become
independent of the tuber. At this stage the plant is most
sensitive to herbicides as few if any daughter tubers will
have already been formed (Colquhoun, 2006).

Volunteer potato plants are very difficult to eradicate using
herbicides, with most products tested proving to be either
ineffective or only partially effective at best (Rahman,
1980). The greatest problem is caused by the biology of
the potato tuber, as large food reserves available in the
parent tuber, coupled with a number of adventitious buds
that can sprout after the death of the apical sprout, enable
recovery from damage that would be lethal to most other
plants. The problem is further compounded by the variation
in the time of emergence of volunteer potato plants. Potato
volunteer emergence usually takes place long after many
crops have been planted, which makes application of many
post-emergence (foliage-applied or contact) products very
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difficult to time correctly to obtain good control (Lutman,
1977). As contact herbicides will only affect the plant parts
they come into contact with, the parent and/or daughter
tuber is able to produce new sprouts which then emerge long
after the primary plants have been killed (Rahman, 1980).

The only way to prevent tuber production is through com-
plete shoot removal prior to the shoots initiating tubers.

Use of single conventional herbicides has proven to be un-
successful in the control of volunteer potatoes. Due to the
devastating effect these plants have on succeeding crops
such as carrots and onions as well as grains such as maize,
various regimes of herbicide combinations have been inves-
tigated and limited and varied success has been achieved
(Koepke-Hill et al., 2010).

Soil application of herbicide treatment allows tubers to be
exposed to the herbicide for a longer period of time, and
soil-applied herbicides are readily available for absorption
by the roots of developing potato sprouts, so making this an
attractive option for control of volunteer potatoes.

One of the biggest advantages of foliage herbicide
application (post-emergence) is that the extent of the
weed problem is already evident, and spot treatments
can be used rather than applying herbicide over the entire
field. Generally, post-emergence applications should be
considered when the potato plants are starting to initiate
tubers on the stolons.

Volunteer potato control of between 80 and 90% was
demonstrated in research trials conducted at Michigan State
University using 92 g/ha tembotrione or 5 g/ha topramezone
(Everman et al, 2010). Tembotrione belongs to the same
family as mesotrione but is not persistent in the environ-
ment except when present in loamy sands. It has a high mo-
bility in the soil and the potential to leach into ground water,
but the relatively rapid rate of biodegradation may alleviate
this process (EPA, 2007).

Since 1974, evidence about the efficacy of glyphosate as
a post-emergence herbicide on potato has been amassed
(Rahman, 1980). This product can be applied prior to plant-
ing or after harvest (Steiner et al, 2005). The greatest ad-
vantage of this herbicide is that it does not only kill the
aerial parts of the plant, but is also translocated to the
underground parts, including the early-formed tubers. Field
trials demonstrated excellent control of potatoes with appli-
cation rates in excess of 1 kg/ha, if applied sprouts had fully
emerged at the time of treatment.
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Boydston (2001) reported that applications of 2, 4-dichlo-
rophenoxyacetic acid (2, 4-D or fluroxypr) can significantly
reduce volunteer numbers in follow-on maize crops. Howev-
er, the study of Phelan et al. (2015) revealed that multiple
factors (e.g. machinery performance, timing of application
relative to volunteer growth stage, appropriate chemical mix
preparation, environmental conditions at time of applica-
tion) influence herbicide efficacy. In one of their field surveys,
fluroxypr applications were found to significantly reduce the
number of volunteers in follow-on crops by up to 96%. In
another survey the observed reduction of more than 65% in
tuber weight in the second year was not found to be related
to herbicide usage across the fields.

Considering the information provided on single herbicide ap-
plications in conjunction with the biology of volunteer potato
plants, it is not surprising that a great deal of research has
been conducted on the use of more than one herbicide to
control these plants.

Sprout inhibitors are applied mainly to prevent sprouting of
tubers during storage of harvested potatoes, but can also
be applied to plants at the end of the growing season. This
prevents the formation of small unusable tubers, which are
often the source of volunteer potato plants. These chemi-
cals inhibit cell division, and should therefore not be applied
to seed potato fields or where spray drift can contaminate
seed potato fields (Anonymous, 2011). According to Rahman
(1980), three chemicals are available that effectively inhib-
it sprouting in potato tubers: maleic hydrazide (MH), chlor-
propham (CIPC [isopropyl N-(3-chlorophenyl) carbamatel])
and TCNB (tetrachloro-nitrobenzene). Newberry & Thornton
(2007) studied the suppression of volunteer potato emer-
gence with MH and concluded that success is cultivar and
tuber-size dependent. Suppression was least in the small-
est tuber category. MH treatment reduced emergence of
treated tubers in all size categories and all cultivars tested
and should be considered for use in integrated weed man-
agement plans Phelan et al. (2015) also reported that the
application of a sprout suppressant prior to harvesting of
potato crops proved a very effective method of volunteer
control, with the suppressant eliminating volunteer emer-
gence through two succeeding rotational crops.

Soil fumigation consists of the introduction of a volatile
compound into the soil, primarily to suppress nematodes
and other soil pathogens in crop rotations (Thomas and
Smith, 1983; Boydston and Williams, 2003). A number of
products have been tested in potato producing countries for
their efficacy against volunteer potatoes, with varying de-
grees of success. One of the biggest problems is finding a

suitable product that fits into the rotation programme used
by producers, as many products are capable of controlling
volunteer potato plants, but can be phytotoxic to other
plants in the rotation system.

It is very important to bear the next crop in the rotation
system in mind when choosing a chemical for the control of
volunteer potatoes. The reason is that certain products that
control volunteer potatoes can have fairly long periods of
residual activity in the soil, and have a negative impact on
sensitive crops if these are planted while the residual activ-
ity of the herbicide is still sufficiently high to cause damage.

4.2.5.4. Crop rotation

Crop rotation is mainly used to reduce the pest load from
diseases, nematodes and insects (Wright and Bishop, 1981;
Thomas, 1983; Steiner et al, 2005) by planting crops not
susceptible to those affecting the previous crop. Crop rota-
tion has to be implemented together with cultivation and an
integrated weed control programme (Rahman, 1980).

S. tuberosum volunteers do not compete well in cereals and
perennial ryegrass, but are a greater problem in vegeta-
ble crops, silage maize, sugar beet and subsequent potato
crops (Lumkes and Beukema, 1973). A proper rotation can
therefore also contribute to minimizing the number of S. tu-
berosum volunteers in subsequent crops. Frequent rotation
of other crops with potatoes is recommended in order to
increase potato yield and reduce insect and disease pres-
sure, as well as to reduce the population density of weeds
(Hopkins, 2010; Seaman, 2013). Farmers are also advised
to avoid planting potatoes near fields where potatoes were
planted the previous year.

4.3. Extent of mechanical
admixture during planting,
harvesting, transportation

and storage

Management and phytosanitary practices must be in place
to minimise the spread of diseases by contact with machin-
ery, tools or with surfaces encountered during planting, har-
vesting, transport and storage. In addition to the problem
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of volunteer plants, the risk of accidental admixture exists,
which is mainly related to the cleanliness of equipment
(counter-rotating planter, calibrator, lorries, etc.) and may be
cumulative across production steps.

4.3.1. Planting

Given the size of potatoes, the risk of significant numbers of
potatoes remaining in the planter or passing out unnoticed,
is very low. Usually, farmers empty planters, leaving the last
rows more or less bare. Manual cleaning of the planter can
remove the tubers that have been stuck in the machine; this
can be done simply and quickly, the planters are relatively
small and all parts are accessible.

4.3.2. Harvesting

The risk of admixture during harvesting is higher than at
planting due to immediate and delayed consequences. First,
the tubers from the previous plot can stay in the harvester;
therefore it is necessary to always ensure the cleanliness of
the harvester at the end of harvesting a field. The circuit is
generally visible and somewhat streamlined, allowing the
control and maintenance of the chain. Second, the harvester
is equipped with a main grid with mesh sizes of 30-32 mm
for potato crops and optionally with grids with a variable
mesh dimension according to the particular production re-
quirements (but typically greater). Therefore, tubers with a
diameter less than 30 mm are not collected and thus remain
in the field. These small tubers and those left in the soil by
the harvester are the main source of regrowth. The choice of
a suitable calibre mesh can limit these losses.

The collecting, cleaning and initial sorting of the harvested
potato is done either simultaneously on the plot or cleaning
and/or sorting is carried out on the farm. The chosen prac-
tice has different consequences on the risks of admixtures
and volunteer appearance.

With a combined harvester (equipped with a hopper), the
potato crop is collected, cleaned and sorted simultaneously.
Debris and defective tubers in this case are immediately re-
turned to the field.

With a simplified harvester, the collected potatoes are
directly discharged into the trailer and sorting takes place
on the farm. This second scenario is the one encountered
in seed potato production because it minimises health
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risks and varietal contamination. The total waste (non-
marketable tare; composed of earth, stones, vines, stem
scraps, defective or damaged tubers and foreign varieties of
tubers) is mixed and usually stored as a heap on the edge of
land. To promote the destruction of the included tubers, the
piles are covered with a tarpaulin, preventing the sprouting
of potatoes in the spring. Piles usually end up being spread
on land.

Harvested potatoes are continuously sorted at farm,
warehouse and processors. The harvesters are commonly
equipped with a receiving hopper in which a moving carpet
backs up the tubers for the subsequent unearthing and sort-
ing. The sorted tubers are then calibrated by a large table
equipped with a series of square mesh grids decreasing in
diameter. At each gate, tubers with a diameter greater than
the mesh are retained and crated or packed in bins.

4.3.3. Storage, packaging and transportation

Harvested potatoes are first dried for about 15 days. After
this intermediate stage, the dried tubers are packaged in
bags or boxes and then stored in two different ways:

B The storage can take place in a fridge. After verifying
that the lot has not changed and has not degraded dur-
ing the conservation, tubers are packaged for delivery to
the final consumer.

B The storage for shorter time takes place in ventilated
stores before bagging, certification and distribution.

The type of packaging depends on the considered market:
Jute bag 25 or 50 kg; big bag sealed (from 500 to 1,200
kg) or crate (wooden bins) when the goods are sold from
one producer to another. In all cases, the packaging carries
a certificate, required for the declaration of goods to control.

Up to 85% of potato crop storage is on farm. Afterwards,
storage is undertaken by the industrial site processor, whole-

saler or, rarely, by a cooperative.

Required storage conditions depend on the market desig-
nation:

B For the fresh market potatoes are put in refrigerated pal-
let boxes of one to two t.

B For processing and starch production potatoes are stored
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in bulk in ventilated stores equipped with partition walls
for managing multiple lots.

A final sorting is done before stocking and transport to the
place of use (processing, packaging). During storage, which
can last up to 6-8 months, the tubers are regularly visited
and eventually sorted to remove tubers that have turned
green or are rotting. Defective tubers are placed on the
waste pile already established at harvest.

In processing plants, waste is mainly controlled after the
initial preparation stage, for example sorting is done after
washing or peeling. Co-products and waste are especially
valued in animal feed and bio-energy production. Preser-
vation comprises a drying or cooling phase and usually is
combined with application of a sprout inhibitor (maleic hy-
drazide); such treatment can be avoided by maintaining a
sufficiently low temperature.

Calibration of potatoes can be done at different stages. For
the fresh market, a pre-calibration is conducted on the farm.
For processing, calibration is less common due to the use of
specific varieties for a particular purpose and the associated
difficulty to change the intended use.

Unlike storage and bulk transport, the use of boxes (bins),
which are small packaging units, can effectively ensure the
traceability of production identification with variety-by-va-

riety, plot-by-plot and even intra-plot segmentation. This
facilitates maintenance of the local storage and transport
trailers and avoids admixture between batches. In some pro-
duction plants and consumer production manifolds (conser-
vation treated batches), labelling of boxes includes a con-
spicuous colour code to minimise orientation errors in the
handling steps.

Transportation of potatoes encompasses risks of admix-
tures between products from different fields or different
farms, unless the cleanliness of the trailers is ensured. Pre-
caution should be taken by the farmer for transportation
from the field to the farm and by the wholesaler for trans-
port outside the farm. The management of potato trans-
portation to the place of use/processing is 95% provided
by the wholesaler.

Finally, potato producers are diversifying their markets and
therefore the number of varieties simultaneously grown
on the farm. However, the tuber size (compared to that
of most seeds) and the fact that farmers have their own
equipment are likely to facilitate the cleaning of equipment
and premises.

In general, it can be concluded that the potato chain is well
organised in order to ensure qualitative and pure end-prod-
ucts and also to ensure traceability in case of food safety
problems.
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5. Existing systems for segregation
and identity preservation in
potato production in selected EU

Member States

The following information was provided by the represent-
atives of the EU Member States in the Technical Working
Group (TWG) on potato, and is presented in alphabetical
order.

Belgium adopted legislation on co-existence of genetical-
ly modified crops with conventional and organic farming in
2009. In Belgium, the competence lies at the regional lev-
el. The Flemish government issued a general coexistence
decree, next to crop-specific regulations for maize (2010),
potato (2011) and sugar beet (2011). Besides some admin-
istrative regulations, the following crop-specific technical
regulations were defined:

B 5 m minimum isolation distance from the border of the
GM plot

B A mandatory volunteer control in the three years follow-
ing the GM potato crop. No tilling allowed for the instal-
lation of a crop the same year or the year after

B Separate storage of GM seed potatoes. Unused GM
seed potatoes can only be sold or given to registered

professional growers. Leftovers of GM seed potatoes
that will not be used have to be destroyed, avoiding
germination of the seed potatoes

B Traders of GM seed potatoes have to make a register
containing data about buyer, amount and selling date of
GM seed potatoes

B Mandatory cleaning of machinery after GM potato sow-
ing and harvesting on the plot where GM potatoes were
planted and harvested

B Transport and storage of GM potatoes physically sepa-
rated from non-GM potatoes, with a clear labelling of the
GM variety at any time

B Specific requlations for the production of GM seed pota-
toes can be put in place

B Material derived during cleaning of harvested GM pota-
toes can only be brought back to a field where during the
same production season GM potatoes were grown

In Belgium, no commercial GM potato cultivation took place.

In 2011-2012 a single field trial with GM potatoes was
carried out to evaluate the resistance of the susceptible
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potato variety Désirée transformed with single or multiple
late blight (R) resistance genes (Rpi-stol, Rpi-vntl.1 and a
stack of Rpi-stol:Rpi-vntl.1:Rpi-blb3).

Czech Republic

Based on extensive research and field trials with various GM
potato cultivars, coexistence rules were established before
GM potato cultivation in the Czech Republic was launched.
The Czech Republic coexistence rules are defined by Act on
Agriculture no. 252/1997 amended by Act no. 441/2005
and Act 291/20089. Specific rules for the coexistence of GM
crops are regulated by Decree no. 89/2006 Coll. on detailed
conditions for the cultivation of genetically modified crops
amended by Decree no. 58/2010 Coll. An amendment is
foreseen to come into force in 2017. All farmers cultivating
GM potatoes have to take measures against the mixing
of potato tubers. The isolation distance between GM and
conventional potatoes is 3 m and 10 m between and along
the rows, respectively, considering the width of the planting
machine. A minimum of 20 m isolation distance is necessary
in case of organic potato production. The Decree imposes an
obligation to notify the owner of a neighbouring field if the
GM potato field is located at a distance of less than 20 m
(conventional potato production) and 40 m (organic potato
production).

Denmark
No GM seed potatoes are grown in Denmark. In the Danish
regulation “Bekendtgerelse 1559 of 11/12/2015 the follow-

ing measures are included for potatoes:

B isolation distance of 20 m to seed potato (15 m if not
flowering or male sterile)

B isolation distance of 10 m to commercial potato produc-
tion (2 m if not flowering or male sterile)

B a minimum of 4 years without potato production after
GM potato production (seed potatoes)

B a minimum of 3 years without potato production after
GM potato production (commercial potatoes)

B requirements for control of volunteers and cleaning of
machinery
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Additionally, general requirements include:

B a special GM course/education and a license/approval
(includes also contractors working on the field and in
transport until 1. stage)

W distance to non GM field can be reduced/neglected in
agreement with the non-GM neighbour

B information of neighbours about GM cultivation

B information in case of sale or rent of an area where GM
crops have been grown

B new owner or leaseholder of an area where GM crops
have been grown takes the responsibilities for volunteer
control and crop rotation regulations

B cultivation of GM must be reported and a fee (100 kr/ha)
has to be paid

Estonia

In Estonia, no GM potatoes are grown or have been grown.
However, a coexistence provision is available (legislation,
scientific reports etc; https://www.riigiteataja.ee/en/eli/ee/
POM/reg/522122014013/consolide).

Germany

In Germany, 72 field trials with transgenic potatoes were
carried out in the period 1992 - 2008. In 2010 and 2011,
the GM potato variety Amflora was commercially cultivated
for seed potato production on an area of 15 and 2 ha, re-
spectively.

Until now, only general coexistence regulations and crop-spe-
cific requlations for maize have been adopted but no special
coexistence regulations for potato. However, in 2007 an ex-
pert hearing was held at the Federal Ministry of Food and
Agriculture and recommendations for good farming practice
of GM potato cultivation were given based on the available
literature and the knowledge about potato biology. These
recommendations included:

B an isolation distance of 2 m,
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B a reasonable crop rotation for optimal volunteer control
(e.g. tillage, herbicide application, but no recommenda-
tion for a single specific measure) with at least 2 years
potato cultivation break after GM potato production,

B the thorough cleaning of all machines, storage places,
and containers and

B the obligation to inform neighbours (not a scientific but a
political decision).

Lithuania

In Lithuania, no field trials or commercial cultivation of GM
potatoes have been carried out. According to the Order of
Minister for Agriculture of the Republic of Lithuania and Min-
ister for the Environment of the Republic of Lithuania of 16
November 2007 (No. 3D-504/D1-608 concerning the Ap-
proval of the Rules on Co-existence of Genetically Modified
Crops with Conventional and Organic Crops), key elements
for potatoes coexistence are:

B 50 m minimum isolation distance between GM potatoes
and other Solanaceae family crops

B a 2 years minimum period for conventional or organic
potato in crop rotation after GM potatoes

B a mandatory 3 m wide buffer zone around GM potato
crops

B a mandatory 2 years volunteer control in crop rotation
B the use of separate machinery or a mandatory clean-
ing of machinery after GM potato sowing, harvesting and

transportation

B the storage of the harvest of GM potatoes separately
from conventional and organic potatoes

B a minimum distance of 5 km from GM plants to apiaries

The Netherlands

In the Netherlands, no commercial GM potato production
took place and no data review on field trials with relevance
to coexistence is available. A cultivation regulation
(WJZ/14148909) exists and includes (1) the announcement
of plans for GM cultivation by the GM grower to neighbours
before February 1%, (2) a minimum isolation distance of 3
m from conventional and 10 m from GM-free potato fields,
and (3) all growers to take measures for separating GM
at all stages of cultivation, in particular including control
of volunteers. These measures are based on the proposal
of the Dutch Coexistence Committee in 2004, based on a
literature review and summarised in Van de Wiel and Lotz
(2006). Recently a proposal for monitoring coexistence in
GM potato cultivation was published (Van de Wiel et al,
2015, in Dutch).

Sweden

The production of seed potatoes is regulated according to
the EU regulation. Coexistence measures for potato are reg-
ulated in the Swedish ordinance 2007:273 and requlation
2008:34. There are several general rules applicable for all
GM crops including administrative measures, care during
transport and cleaning of equipment. Specific measures for
cultivation of GM potato are:

B isolation distance of 3 m to non-GMO potato
B a grower who has cultivated a GM potato variety in a
field has, during the two following growing seasons, to

inform another grower of the same field about the GM
cultivation in the field.
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in honey

van Droogenbroeck et al. (2013) carried out a two-year
field trial with late blight-resistant GM potatoes and con-
ducted PCR analysis of honey samples produced within a
distance of 5 km from these experimental fields. In all four
of the samples no potato pollen was detected. After this
initial finding, an additional experiment was set up with
five beehives which were placed in different locations of a
conventional potato field (in the middle of the field, at the
border and at different distances from the potato field),
forcing honeybees to overfly the potatoes. The experi-
ment was carried out when the potato variety was in full
bloom. As part of the experimental design, visual checks
on honeybee visits to potato flowers were carried out as
well as mellissopalynological observation by microscopy
and PCR analysis of pollen collected by honeybees. Hon-
eybees were not observed on potato flowers at any of the
observational inspections. The observed insects on potato
flowers were mainly hoverflies and to a lesser extent but-
terflies, beetles, bugs and bumblebees. The mellissopal-
ynological analysis of the pollen collected by honeybees
placed inside potato fields revealed that it was from the
families Asteraceae, Fabaceae, Castaneae, Geranicaceae,
Malvaceae, Brassicaceae, Poaceae and a limited number
of other plant families, but not from potatoes. The po-
tato-specific DNA analysis led to the same conclusion as
the visual observations and microscopic pollen analysis.
No evidence could be found that honeybees visit potato
flowers and collect the pollen.

Jergensen et al. (2012) studied the pollen availability for
honeybees in an agricultural landscape. Denmark has the
world’s most intensive agricultural landscape. More than
60% of Denmark is arable land of which 92% is under crop
rotation. This agricultural landscape, for some periods of the
season, provides an abundant nectar and pollen source, but
at other periods the landscape is a virtual desert for honey-
bees and other beneficial insects. The nectar flow stops nor-
mally mid-July as the main crops are winter wheat, maize,
sugar beets and potatoes. In these conditions it has been
shown that potatoes are an important pollen source in some
areas with intensive production of potatoes for industry, and
that potato pollen could comprise up to 29% of the pollen
collected by honey bees.

The differences in findings of these two studies (Van Droo-
genbroeck et al,, 2013, Jgrgensen et al,, 2012) are in fact
in line with pre-existing knowledge about the interaction
between honeybees and potatoes. Under natural conditions
with different pollen sources available, honeybees are not
interested in collecting potato pollen (Van Droogenbroeck et
al., 2013). However, as a starvation response, in conditions
lacking a pollen supply, honeybees can collect potato pol-
len as a source for colony survival (Jargensen et al,, 2012).
Logically, this stimulus is very powerful and has long-lasting
effects (Sanford and Hanneman, 1981). However, in such ex-
treme conditions it is likely that honeybee colonies produce
honey that contains potato pollen.

45






7. Detection

of GM

events in potato harvest and honey

7. Detection of GM events
in potato harvest and honey

The European Union Reference Laboratory for GM food and
feed (EU-RL GMFF) validated a quantitative PCR method for
the detection of potato event EH92-527-1 (starch potato
Amflora). For potato event AM04-1020 (starch potato Ama-
dea) a method was validated but not published due to with-
drawal of application, and for the potato events PH048 and
AV 43-6-G7 the validation was ongoing but not completed
due to the withdrawal of the applications.

More PCR methods for identification and quantification of
several other GM potato events can be found in the EU Da-
tabase of Reference Methods!® maintained by the Joint Re-
search Centre in collaboration with the European Network of
GMO Laboratories (ENGL).

When the results are primarily expressed as GM-DNA copy
numbers, in most cases they need to be converted into mass
fraction or vice versa. This ratio may depend on the num-
ber of copies of the transgene that were inserted in the GM
crop’s genome during transformation, and on the relative
amounts of embryo, endosperm and maternal tissue in the
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case of true seeds (Holst-Jensen et al., 2003; Miraglia et al,
2004; Van De Wiel and Lotz, 2006 and Le Ny et al, 2011).
The endosperm in most cases is derived from a fusion of
two maternal nuclei and one sperm nucleus, and therefore
contains two maternal genomes for each paternal genome.
Using the real-time PCR method with the tetraploid potato,
outcrossing results will be multiplied by a conversion factor
of 0.25 from a number of tubers or plants with a quantity of
DNA, since a single chromosome of quadruplet chromosome
counterparts will cause the sequence established in the case
of a simple transformation event. This factor needs to be
adapted on a case-by-case basis, depending on the number
of copies or the number of the transgenes inserted in the
case of transgenes of stacked genes (Le Ny et al., 2011).

At the current state of the art of the technology, a practical
and robust PCR protocol able to quantify GM pollen relative
to total pollen in honey is not available. The reason is that in
all honeys, even if classified as unifloral, the pollen fraction
consists of pollen from several species (for details please
refer to Rizov and Rodriguez-Cerezo, 2013).
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8. Best practices for coexistence
in potato crop production

8.1. Scientific background

The adventitious admixture of GM potato in non-GM har-
vests can only be efficiently managed if the whole production
chain is covered. Also, because in some EU Member States
fields are often rented by different farmers, the practice of
‘coexistence within a given field’ (meaning the cultivation of
non-GM potatoes after growing GM potatoes in a given field)
must be taken into account. Summarizing the aforemen-
tioned information in the preceding chapters, the following
aspects are most important for coexistence considerations
and the proposal of coexistence regulations.

(1) The use of good quality seed potatoes is important to
successfully grow potatoes. Therefore the presence of
GM seed potatoes in conventional seed potato lots is a
critical factor and must be appropriately managed to
achieve coexistence. The best approach to manage this
is the use of certified seed potatoes that comply with EU
regulations. Seed production, whilst being a very impor-
tant factor, is not included in this work as it is already
covered by EU requirements to ensure varietal purity.

(2) Due to the clonal propagation and low pollen transmis-
sion distances in potato, the potential for pollen-medi-
ated gene flow from potato production systems to chal-

lenge the coexistence threshold in adjacent potato fields
is regarded as negligible (Petti et al., 2007).

Isolation distances (buffer zones) are not only required to
limit cross-pollination, but also to avoid the spread of po-
tato volunteers caused by field work, machinery utilization,
and probably animal and bird activities. The efficiency of the
isolation distances (buffer zones) in potatoes is mainly de-
termined by existing agricultural practices and differences in
flower abundance among the cultivars. The available infor-
mation from literature and current practices (e.g. in potato
breeding) shows that, in order to limit adventitious GM pres-
ence caused by spatial dispersal of GM reproductive materi-
al (including pollen, tubers, and true potato seed) to 0.9%, 5
m between the fields is enough; in order to limit adventitious
GM presence to 0.19%, 10 m isolation is sufficient.

(3) The rare occurrence of feral potatoes in the EU, the infre-
quency of potato seed production and high percentage
of self-pollination probably mean that feral plants pres-
ent little or no risk of acting either as a GM pollen source
or as recipient.

(4) The field-to-field coexistence, where GM and non-GM
potatoes are grown in adjacent fields at the same time
has, no direct impact on the harvested crop during one
cultivation cycle, since cross- pollination does not affect
the harvested parts (tubers) of the potato plant. How-
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ever, where the consecutive cultivation of GM and non-
GM potatoes is carried out in the same field, an effective
volunteer control strategy is important for coexistence
(Phelan et al,, 2015; Turley, 2001). For quantification of
this recommendation, the authors used the Irish potato
production figures from 2007 to 2010, which indicated
a mean number of 339,533 (+30,721) tubers harvested
per hectare. Imposing the labelling coexistence threshold
of 0.9% would imply that the number of volunteer-de-
rived tubers should not exceed 3,058 per hectare. While
the study of Phelan et al. (2015) did not go beyond
examining the fecundity of second generation volun-
teer-derived tubers, they refer to a previous report of
McGill et al. (2005) recommending a minimum of three
different crops in rotation before a conventional pota-
to cultivar could be sown on a field that was previously
used for GM potato cultivation. Due to short growing sea-
sons and hard winters, the number of required rotations
might be lower in northernmost EU Member States.

(5) The replacement of isolation distances by temporal iso-
lation, meaning planting GM and non-GM potato varie-
ties of different maturity classes, may be an effective
measure in the case of appropriate climatic conditions;
although scientific data proving this assumption could
not be found. However, farmers in some Member States,
as well as certain regions within a given Member State,
are often specialised in cultivation of early or late pota-
toes, hence this within-year type of temporal isolation
may not always be feasible.

(6) Since seed potatoes are bigger than seeds of other
crops, cleaning of machines and transport bins as well as
storage places is usually easier. Harvesting is the most
critical step in potato cultivation, since harvesters are in
general a primary source of on-farm comingling. Addi-
tionally, lost tubers and tuber pieces may act as volun-
teers in following years mainly within a given field.

(7) The current practices in honey production and market-
ing in Europe are sufficient to ensure that adventitious
presence of GM potato pollen in honey is far below
the legal labelling thresholds and even below 0.1%, as
was concluded in the Best Practice Document for coex-
istence of GM maize and honey production (Rizov and
Rodriguez-Cerezo, 2013). Therefore, there is no need for
additional spatial segregation between GM potato fields
and beehives.

Based on this scientific information, the TWG on potato an-
alysed the possible sources for potential GM admixture in
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potato crop production and agreed on the following best
practices for the coexistence of GM and non-GM potato
cultivation as well as honey production. The thresholds for
coexistence which were considered are the legal labelling
threshold (of 0.9%) and the limit of quantification (gener-
ally accepted to be about 0.1% for routine analysis using
PCR-based testing), which is required by operators in some
markets. These two different coexistence thresholds are in
line with the Commission Recommendation of 13 July 2010
on guidelines for the development of national coexistence
measures.

It is suggested that the current practice of potato production
allows respecting the 0.9% labelling threshold for adven-
titious GM admixture (Le Ny et al, 2011). Conversely, it is
suggested that maintenance of an adventitious presence
of GM below 0.1% instead requires the implementation of
specific coexistence measures for potato production and dis-
tribution, even if low varietal purity thresholds are obeyed.

8.2. Best practices for ensuring

seed potato purity

The use of certified seed potatoes that comply with EU legis-
lation is considered best practice since according to EU leg-
islation any seed lot containing traces of GM material needs
to be labelled and therefore can be easily identified.

In the case of cultivation of both GM and non-GM varieties
on the same farm, the seed potatoes of GM varieties should
be transported to the farm and stored upon arrival in their
original packaging, and separately from non-GM varieties.
Label information should be retained with the seed potatoes.

8.3. Best practices for

coexistence

8.3.1. Isolation distances

Isolation distances are feasible and effective coexistence
measures to reduce adventitious presence of GM potato in
conventionally and organically produced potato even if they
are the only measure applied. All available information from
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the literature and pre-existing segregation systems shows
that to limit adventitious GM presence caused by cross-pol-
lination to 0.99%, a 5 m isolation distance is required. To
achieve a threshold of 0.1%, a 10 m isolation distance is
sufficient.

8.3.2. Sowing, harvesting, drying and storage
on farm

To achieve the 0.9% GM threshold, separate treatment and
storage of GM potatoes (including seed potatoes) are re-
quired; planting and harvesting machines should be properly
cleaned before and after use, preferably on the plot where
GM potatoes are handled. The storage space must be thor-
oughly cleaned and inspected after emptying of GM tubers
and prior to storing of non-GM tubers. Ancillary plant ma-
terial collected during cleaning of harvested GM potatoes
should be properly destroyed. For achieving a GM threshold
of 0.1%, in addition to the requirements for 0.9%, machinery
should be dedicated to planting and harvesting either GM or
non-GM potatoes.

The definition of specific recommendations for cleanout de-
pends on type of the equipment and its construction. Addi-
tionally, choosing the appropriate technique for equipment
cleaning should be based on the desired level of purity. In
general, the use of dedicated equipment for different pro-
duction systems (GM or non-GM) or its use for non-GM crops
prior to GM crops is recommended.

8.3.3. Volunteer control

For a GM threshold of 0.9%, a cultivation break of three
years in rotation is recommended, followed by monitoring
of GM potato presence during the third year. If the amount
of volunteers does not fall below the expected threshold,
this period should be prolonged by another year of culti-
vation break followed by a further inspection of GM potato
presence. This step may be substituted or complemented by

for
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a sprout inhibitor application followed by monitoring of its
efficacy. This field inspection should be repeated until the
required volunteer level is achieved to meet the threshold
of 0.9%.

For a threshold of 0.1%, a cultivation break of four years
in rotation is recommended, followed by a control check of
GM potato presence during the fourth year. The optimization
of the crop rotation shall follow the same systematics as
for achieving a threshold of 0.9%, again with the option of
the complementary use of a sprout inhibitor. This approach
for crop rotation optimization has been chosen since the re-
quired cultivation break between GM and non-GM potato is
highly dependent on the climatic conditions, and which can
vary significantly between Member States.

8.3.4. Coexistence with honey production

There is no available empirical data to establish a statisti-
cal relationship between potato pollen content in honey and
distance of beehives to potato crops. Potato pollen is not a
major fraction of total pollen in polyfloral honey. In any case,
considering the maximum pollen content (number of grains)
in commercial honey and the average weight of potato pol-
len grains, the weight fraction of potato pollen in honey will
definitely be below 0.1%.

In conclusion, the current practices in honey production and
marketing in Europe in line with quality legislation are suffi-
cient to ensure that the adventitious presence of GM potato
pollen in honey is far below the legal labelling threshold and
even below 0.1%.

8.3.5. GM detection and quantification

For detection and quantification of GM potato presence in-
cluding GM potato pollen in honey, only quantitative PCR-
based approaches such as EU-RL GMFF validated methods
should be used.
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management practices

In contrast to the crop species covered in the preceding Best
Practice Documents of genetically modified maize, soybean,
and cotton with conventional and organic farming (Czarnak-
Ktos and Rodriguez-Cerezo, 2010; Rizov and Rodriguez-Cere-
zo, 2015), GM potato has not been grown commercially
worldwide since 2001. Until that time, Monsanto sold insect
resistant GM potato varieties, but consumer rejection has
kept GM potatoes off the global market since then. Nowa-
days, the focus lies on late blight resistance, resistance to
bruising and reduction of asparagine, an amino acid in pota-
to that reacts with some sugars to oxidise into acrylamide,
a possible carcinogen, especially during high-temperature
frying (CBAN, 2016). However, with the exception of 160 ha
in the US in 2015 these new GM potatoes called the “In-
nate” potato from the company Simplot were not planted
anywhere in the world (ISAAA, 2016). For this reason, in-
formation about economic consequences of coexistence in
potatoes along the whole value chain is extremely scarce.

Additional costs may result from minimizing unintended
mixing during planting, harvest, on-farm storage, trans-
portation, storage, processing and other activities beyond
the farm gate such as shipment testing and labelling costs
(Greene et al, 2016). However, USDA has not collected
data on the cost of separation practices, but the environ-
mental non-profit and organic grain cooperative Food and
Water Watch estimated these costs by a survey of 1,500
U.S. organic grain producers representing about 19% of the
farmers mainly from the Midwest (Food & Water Watch and
OFARM, 2014). For grain production, the total median an-
nual cost of practices to avoid GM material in their crops

was $6,532 to $8,500 per farm, including the cost of buffer
strips ($2,500), delayed planting ($3,312 to $5,280), test-
ing ($200), and other measures ($520). However, only ad-
ditional costs per farm are indicated and not the costs for a
special field, field size or crop species. Since GM potatoes are
only recently being grown commercially in the US on a small
scale, the transferability to potato is not given. Tolstrup et al.
(2003) evaluated the extra costs of complying with a given
threshold value for adventitious presence of GM material
in conventional or organic potatoes under Danish produc-
tion conditions. Calculated extra costs amounted to 1-2%
of average growing costs per ha for both conventional and
organic production and arose from volunteer control as well
as cleaning of soil treatment, sowing and harvest machinery
and cleaning of storage facilities.

No empirical data is available to estimate the costs of imple-
menting the above-mentioned best practices for coexistence
by EU farmers intending to grow GM potatoes. However, the
necessary isolation distances between GM and non-GM fields
to limit outcrossing to GM contents below the regulated la-
belling threshold are small due to the low cross-pollination
potential of potatoes in combination with the fact that pota-
toes are planted and harvested as tubers. Therefore, result-
ing additional costs for implementing distances should also
be low. This is supported by the suggestions of Schenkelaars
and Wesseler (2016) mentioning that the minimum distance
requirements are lower for potatoes, followed by sugar beet,
maize and oilseed rape. In general, isolation distance cost
can be defined as the lost profit on the area bordering a crop
plot on which farmers are not able to raise a crop (Gustafson,
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2002). The total value of the lost area can be divided by the
amount of crop yield sold to determine the value on a per unit
basis. At a regional level, depending on the position of the
farm and whether the potato variety grown by neighbours is
GM or non-GM, the economic effect will depend on the phys-
ical landscape of the affected area (Messean, 2006). Moreo-
ver, increasing the cultivation of different crops than potato in
crop rotation forces the farmers to cultivate potatoes in fields
further away from farmhouses, which increases transporta-
tion costs. Potato production is characterised by the transpor-
tation of more bulky harvests than the cultivation of other
crops, and by several pesticide sprayings during the growth
season. This is one of the reasons contributing to the concen-
tration of potato cultivation in the proximity of farmhouses
(Tuomisto and Huiti, 2006).

Bullock and Desquilbet (2002) estimated the on-farm costs
for non-GM soybean segregation and Identity Preservation
to be 1 and 0.5 working hours per t, respectively. In
contrast to soybean (and maize) seed, potato tubers are
considerably bigger and therefore cleaning of machines
for planting and harvesting (physical removal of soil,
remaining seed potatoes and debris) should be easier to
manage. Consequently, additional costs for cleaning potato
equipment should be lower than the costs for cleaning of
planters and combines in soybean. Furthermore, to minimise
spread or recurrence of a pest, a good sanitation programme
for equipment and storage facilities is necessary anyway for
potatoes (Olsen and Nolte, 2011). Therefore, any additional
costs for thorough cleaning of agricultural machines for GM
segregation purposes should be low.
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A thorough cleaning is also always important for potato
storage facilities on-farm and transportation containers
from the field to farm and from farm to processing, again
from a phytosanitary point of view. As even small infected
tuber pieces left behind can transfer diseases effectively to
the next storage bulk, a further effort in cleaning for coexist-
ence reasons is not considered necessary, even for comply-
ing with a threshold of 0.1%.

A cost calculation must also take the GM trait into account.
As far as for example insect tolerance or late-blight resist-
ance reduce costs for pesticides and, therefore, stabilise
yields, costs for coexistence measures may thus be com-
pensated or even overcompensated. In case of reduced as-
paragine or resistance to bruising, a price premium might
be necessary. However, due to the absence of GM potato
cultivation, a precise calculation is not possible.

With regard to within-field coexistence, there may be
additional costs associated with the regulation of crop
rotation where the land is rented to different growers on a
yearly basis.

Additionally, the GM testing of a given potato harvest lot
needs a considerable amount of tubers, and therefore of
weight, to accurately estimate the GM content.

In conclusion, more research is needed to examine the
cost and effectiveness of various coexistence strategies in
potatoes.
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