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Organic farming is based on the concept of working
‘with nature’ instead of against it; however, compared
with conventional farming, organic farming reportedly
has lower productivity. Ideally, the goal should be to
narrow this yield gap. In this review, we specifically
discuss the feasibility of new breeding techniques
(NBTs) for rewilding, a process involving the reintroduc-
tion of properties from the wild relatives of crops, as a
method to close the productivity gap. The most efficient

prohibited in organic production. As a consequence, pro-
ductivity is often lower in organic than in conventional
agriculture [1-4], and several strategies have been sug-
gested to close this yield gap between high- and low-
performing conventional systems [5-7]. A plea for merging
organic agriculture and genetic engineering approaches
has previously been published [8]. Here, we discuss the
feasibility, in a broad sense, of introducing new methods of
plant biotechnology to enable the sustainable intensifica-



Bioteknologi og planter

Hele vores jordbrug og ernaering
baserer sig pa mutanter




Traditionel foraedling er et
meget staerkt vaerktgj

Det baserer sig pa at skabe

genetisk variation (mutanter)
og derefter veelge blandt
afkommet




| traditional foraedling opstar
variationen ved tilfaeldigheder.

CRISPR er et vaerktgj, der praecist og
malrettet skaber den variation, som
foraedleren gnsker




Nogle eksempler pa

’traditionelle’ mutanter




Brassica oleracea Brassica oleracea
(kal var. vild kal) (kal var. blomkal)

En mutant, som har sveert ved at blomstre



Et gen kaldet CAL sgrger for at danne blomster i
vild kal, men det er gaet i stykker halvvejs i
blomkal. Det gor den store forskel.
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Mutation: E151—>STOP

| blomkal er CAL genet muteret: Som et resultat mangler CAL proteinet de sidste 151 aminosyrer

Kempin et al. (1995) Science 267:522-5
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Adelaegges det tilsvarende CAL gen i en beslegtet
plante, udvikler den en blomkélslignende struktur

Bowman et al. (1993) Development 119:721-743



Spontane mutationer i to gener fgrte til den tomat vi kender i dag

~500 g
< iw

Domestication

fas (SICLV3)

Ic (SIWUS) _
A
Wild ancestor Cultivated tomato
S. pimpinellifolium S. lycopersicum

SIWUS

(Solyc029083950) 2 5kb 4.5kb

H-1+ l [

/ Solyc02g083940

WT AGATTTGGCATGATGTTTACTAATTGGAC!
Ic AGATTTGGCATGATGCTTACTGATTGGAC!

Rodriguez-Leal et al. |
(2017) Cell 171: 470-480. CArG motif




floral organ number

SICLV3 expression fruit size

Meget SICLV3 protein: Mangel pa SICLV3 protein:

Sma frugter Store frugter

Fé rum Mange rum Rodriguez-Leal et al.

(2017) Cell 171: 470-480.

 Mange egenskaber, som var afggrende for vores afgrgders

kultivering, skyldes tilfeeldige mutationer, der har givet tab af
funktion

e Tab af funktion skyldes at et gen er blevet helt eller delvist
gdelagt



CRISPR er et vaerktgj, der meget praecist
skaber den variation, som foraedleren gnsker

CRISPR finder vej
Cas9 er saksen

CRISPR kan ga direkte ind og klippe et gen over,
og dermed kopiere en mutation, der giver tab af funktion



To forskellige mutanter af den vilde tomat lavet med CRISPR

CRISPR klipning kan
efterligne de mutationer Rodriguez-Leal et al. (2017) Engineering
guantitative trait variation for crop

der fgrte til kultivering af improvement by genome editing.
tomat Cell 171: 470-480.



Et eksempel pa, hvordan tab af

funktion ved hjaelp af nye
foraedlingsteknikker har gjort en
afgrede mindre afhaengig af
bekaempelsesmidler




Gasemad angrebet af svampen meldug (efter 10 dage)



Gasemad angrebet af svampen meldug (efter 30 dage)



Meldug pa hvede



Blumeria graminis



Meldugsvampen smager sig frem efter
MLO proteiner pa plantecellens overflade

Cellens ydre

MLO protein Cellens indre

Hvede har tre MLO gener, der hver koder for et MLO
protein, som svampen kan genkende



| konventionelt jordbrug bekaeempes angreb af meldug med sprgjtemidler
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2014: Hvede fik klippet alle sine
MLO gener i stykker

Simultaneous editing of three homoeoalleles in
hexaploid bread wheat confers heritable resistance

to powdery mildew

Yanpeng Wang!3, Xi Cheng?3, Qiwei Shan!, Yi Zhang!, Jinxing Liu!, Caixia Gao! & Jin-Long Qiu?

Sequence-specific nucleases have been applied to

engineer targeted modifications in polyploid genomes?, but
simultaneous modification of multiple homoeoalleles has not
been reported. Here we use transcription activator-like effector
nuclease (TALEN)2:3 and clustered, regularly interspaced,
short palindromic repeats (CRISPR)-Cas9 (refs. 4,5)
technologies in hexaploid bread wheat to introduce targeted
mutations in the three homoeoalleles that encode MILDEW-
RESISTANCE LOCUS (MLO) proteins®. Genetic redundancy
has prevented evaluation of whether mutation of all three MLO
alleles in bread wheat might confer resistance to powdery
mildew, a trait not found in natural populations?. We show that
TALEN-induced mutation of all three TaMLO homoeologs in
the same plant confers heritable broad-spectrum resistance

to powdery mildew. We further use CRISPR-Cas9 technology
to generate transgenic wheat plants that carry mutations in

the TaMLO-A1 allele. We also demonstrate the feasibility of
engineering targeted DNA insertion in bread wheat through
nonhomologous end joining of the double-strand breaks
caused by TALENSs. Our findings provide a methodological
framework to improve polyploid crops.

breaks, which are then repaired mainly by either error-prone non-
homologous end joining (NHE]) or high-fidelity homologous recom-
bination!l. All three types of SSN have been used to create targeted
gene knockouts in various plant species!2. Although heritable gene
modification has been demonstrated in Arabidopsis'®-1 and rice!®
using the SSNs, germline transmission of a mutation created by such
genome editing strategies has not yet been achieved in hexaploid
bread wheat. We have previously demonstrated genome editing in
bread wheat using a transient protoplast expression system!”. Here
we report the use of TALENs and the CRISPR-Cas9 system to modify
an endogenous wheat gene and produce newly introduced, stably
transmitted genetic traits. Our findings underscore the potential of
SSNis as efficient tools for wheat research and breeding.

We chose to target three MLO loci, which encode proteins that were
shown to repress defenses against powdery mildew diseases in other
plants!8. Loss-of-function mlo alleles in barley!®, Arabidopsis?0 and
tomato?! lead to broad-spectrum and durable resistance to the fungal
pathogens that cause powdery mildew in these species. In wheat, pow-
dery mildew is caused by Blumeria graminis f. sp. tritici (Bgt), which is
one of the most destructive plant pathogens worldwide. Modification
of MLO genes in wheat may provide the opportunity to breed varieties

NATURE BIOTECHNOLOGY VOLUME 32 NUMBER9 SEPTEMBER 2014
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Mutationer i et af MLO generne fra hvede
udfgrt ved hjeelp af CRISPR/Cas9

MLO-A1: TCGCTGCTGCTCGCCGTCACGCAGGACCCAATCTCCGGATATGCATCTCCCA
M3: TCGCTGCTGCTCGCCGTCA. ..AGGACCCAATCTCCGGATATGCATCTCCCA =3
M6: TCGCTGCTGCTCGCCGTCA.GCAGGACCCAATCTCCGGATATGCATCTCCCA -1
M11: TCGCTGCTGCTCGCCGTCA. ...GGACCCAATCTCCGGATATGCATCTCCCA 4
M13: TCGCTGCTGCTCGCCGTCATCGCAGGACCCAATCTCCGGATATGCATCTCCCA +1

NATURE BIOTECHNOLOGY VOLUME 32 NUMBER9 SEPTEMBER 2014 947



Hvede med 3 klippede MLO gener—A, Bog D - er
resistent overfor meldug og behgver ikke sprgjtes

kunA kunB kunD AogB AogD alletre
WT klippet klippet klippet klippet klippet klippet

L

Wang et al. (2014) Nat Biotechnol. 32:947-51



En historie om
roser

Hvordan kan
fremtidig
kultivering af roser
gpres baeredygtig?




Vild rose (Rosa hybrida) Mutant rose (Rosa hybrida)

Fem kronblade; Mange kronblade;
mange stgvblade fa eller ingen stgvblade
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Tinkering with the C-Function: A Molecular Frame for the
Selection of Double Flowers in Cultivated Roses

Annick Dubois’, Olivier Raymond’', Marion Maene', Sylvie Baudino?, Nicolas B. Langlade®, Véronique
Boltz', Philippe Vergne', Mohammed Bendahmane'*

1 Rep Btiques et

“*1Den kultiverede rose baerer pa en
defekt i genet AGAMOUS, og som et "
qresultat bliver stpvblade til kronblade =

C

Methodology/Principal Findings: We have analyzed the expression of several candidate genes known to be involved in
floral organ identity determination in roses from similar genetic backgrounds but exhibiting contrasting petal numbers per
flower. We show that the rose ortholog ofAGAMOUS [RhAG) is differentially expressed in double flowers as compared to
simple flowers. In situ hybridization experiments confirm the differential expression of RhAG and demonstrate that in the
double-flower roses, the expression domain of RhAG is restricted toward the center of the flower. Conversely, in simple-
flower roses, RhAG expression domain is wider. We further show that the border of RhAG expression domain is labile, which
allows the selection of rose flowers with increased petal number. Double-flower roses were selected independently in the
two major regions for domestication, China and the peri-Mediterranean areas. Comparison of RhAG expression in the wild-
type ancestors of cultivated roses and their descendants both in the European and Chinese lineages corroborates the
correlation between the degree of restriction of RhAG expression domain and the number of petals. Our data suggests that
a restriction of RhAG expression domain is the basis for selection of double flowers in both the Chinese and peri-
Mediterranean centers of domestication.

Conclusions/Significance: We demonstrate that a shift in RhAG expression domain boundary occurred in rose hybrids,
causing double-flower phenotype. This molecular event was selected independently during rose domestication in Europe/
Middle East and in China.

Citation: Dubois A, Raymond O, Maene M, Baudino S, Langlade NB, et al. (2010) Tinkering with the C-Function: A Molecular Frame for the Selection of Double
Flowers in Cultivated Roses. PLoS ONE 5(2): e9288. doi:10.1371/journal pone. 0009288

Editor: Dorian Q. Fuller, University College London, United Kingdom




Hvis det tilsvarende gen gdelaegges i modelplanten
gasemad, bliver blomsterne ogsa fyldte

Vildtype agamous

Agamos (pa graesk): ugift
Weigel D (1997) Curr Biol. 7:R373-5




Diplocarpon rosae er en svamp der forarsager

rosensygdommen straleplet
' D | 5




- Straleplet angriber kun den kultiverede rose — ikke den vilde
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8. Table 2. List of active substances identified in Sweden to meet the “cut-off”
criteria in Annex II 3.6-3.7 adopted by the Council and may therefore not be
approved

Active substance | Status Stage “cut-off criteria”
Annex I CMR/ED/PBT/vPvB
91/414/ without a “negligible
exposure”

Herbicides
Amitrol Annex I ED
Ioxynil Annex I ED
Glufosinate Annex I
Linuron Annex I
Molinate Annex I
Pendimethalin Annex I
Tepraloxydim Annex I
Tralkoxydim Annex I

Fungicides
Carbendazim Annex I
Dinocap Annex I
Epoxiconazole Annex I
Flumioxazin Annex I
Flusilazole Annex I
Iprodion Annex I ED
Mancozeb Annex I ED
Maneb Annex I ED
Metconazole Annex I ED
Quinoxvfen Annex I / vPvB/POP?

Pending ED

VAN || W

The EU Commission has defined endocrine disruptors ED as: “Endocrine
disrupters are exogenous substances that alter function(s) of the endocrine
system and consequently cause adverse health effects in an intact organism,
or its progeny, or (sub)populations.”




Hvorfor er den kultiverede rose sa
modtagelig for straleplet?

Hvorfor er den vilde rose sa
modstandsdygtig?

Naturen giver forklaringen
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The TNL gene Rdr1 confers broad-spectrum resistance
to Diplocarpon rosae

Ina Menz, Jannis Straube, Marcus Linde, Thomas Debener ]
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Summary

Black spot disease, which is caused by the ascomycete Diplocarpon rosae, is the
most severe disease in field-grown roses in temperate regions and has been
distributed worldwide, likely along with commercial cultivars. Here, we present
data supporting that muRdr1A is the active Rdr1 gene, a single-dominant TIR-
NBS-LRR (TNL) type resistance gene against black spot disease that acts against

: H
Den vilde rose har et gen, der beskytter den mod
straleplet. Vi formoder at det er gdelagt i den kultiverede ry
rose.

progeny and do not Show any sign of overexpression. RAri provides resistance
to 13 different single-spore isolates belonging to six different races and broad
field mixtures of conidia; thus far, Rdr1 is only overcome by two races. The




* Fremtidsperspektivet er at den vilde
modstandsdygtige rose kan kultiveres forfra
ved hjaelp af praecisionsmutationer i
AGAMOUS (og sikkert ogsa andre gener, der
bestemmer form og farve)

e Et andet perspektiv er at det bliver muligt at
reparere resistensgenet rdrl i den kultiverede

rose

* | begge tilfeelde mindskes behovet for
spregjtemidler




Kernza

(flerarig)
(en baeredygtig
kornsort som
endnu ikke er
foraedlet)

Flerarige
graesser skal ikke
sas hvert ar, og
tager neering og
vand mere
effektivt til sig




Snart vil vi kunne foraedle flerarige kornsorter.
Vores nuvaerende enarige kornsorter udviklede sig fra vilde planter
som resultat af mutationer, der giver tab af funktion, og kan

Crop

Barley (Hordeum
vulgare)

Maize (Zea mays)

Rice (Oryza sativa)

(Osterberg et al.
(2017) Trends
Plant Sci.
22:373-384.

Gene
Bitr1/2
Vrs1

Tgai

ZmSh1-1/1-5

LABAT

RAE2

shi

sh4

qSH1

PROG1

Function
Unknown

Transcription factor,
HD-ZIP

Transcription factor,
SBP

Transcription factor,
YABBY-like
Cytokinin-activating
enzyme secreted
peptide

EPF/EPFL family

Transcription factor,
YABBY-like

Transcription factor,
Myb3

Transcription factor,
BEL1-type

Transcription factor,
C2H2-type

Trait
Brittle rachis

Inflorescence
structure

Inflorescence
structure

Seed
shattering

Inflorescence
structure

Inflorescence
structure

Seed
shattering

Seed
shattering

Seed
shattering

Plant
structure

efterlignes i flerarige med CRISPR

Mutation
Shortened transcript®

Shortened transcript
Amino acid change®
Structural change/

regulatory change®®
Shortened transcript
Shortened transcript
Regulatory change®
Amino acid change
Regulatory change

Amino acid change
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