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TAGGGATAACAGGGTAAT

ATCCCTATTGTCCCATTA

Meganucleases Zincfinger nucleases

TALE nucleases

RNA-guided endonucleases (Cas9, Cpf1)

protospacer(20 bp) PAM
agaccgt GTAGGGATAACAGGGTAATAtGGtccgtcg

tctggca CATCCCTATTGTCCCATTATaCCaggcagc

gRNA

Cas9

TCGAACAAGACCGTGTAgggataacagggta

FokI -C

FokIC-

N-

-N

left TALEN unit

right TALEN unit

ccctattgtcccat TAAGGCTCCAGTCGAAT

ACCGTGTAGGGAtaacag

FokI

FokI

left ZFN unit

right ZFN unit

N-

-NC-

-C

attgtc CCATTAAGGCTC

GUAGGGAUAACAGGGUAAUA

Zielsequenz-spezifische

DNA-Brüche

DNA-guided endonucleases

AGACCGTGTAGGGATAACAGGGTAATATGGTCCGTCG

TCTGGCACATCCCTATTGTCCCATTATACCAGGCAGC

gDNA

NgAgo

рΨt

?

GTAGGGATAACAGGGTAATATGGT

ZielgerichteteMutagenese
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RNA-vermittelte Cas-EndonukleaseΥ άDŜƴ-Schereέ

agaccgt GTAGGGATAACAGGGTAATANGGtccgtcg

tctggca CATCCCTATTGTCCCATTATNCCaggcagc

pflanzliche DNA

Zielsequenz der gRNA (20 bp) PAM

Cas9

guide RNA
GUAGGGAUAACAGGGUAAUA

Áentstammt einem bakteriellen Immunsystem
(ñCRISPR-Casò: clustered regularly interspaced short palindromic repeats ïCRISPR associated proteins)
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RNA-vermittelte Cas-EndonukleaseΥ άDŜƴ-Schereέ

Cas9

guide RNA
GUAGGGAUAACAGGGUAAUA

agaccgt GTAGGGATAACAGGGTAATANGGtccgtcg

tctggca CATCCCTATTGTCCCATTATNCCaggcagc

pflanzliche DNA

Zielsequenz der gRNA (20 bp) PAM

"

"
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GezielteMutagenese
Cas9

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

zumeist korrekt

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T - A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A - T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

manchmal fehlerhaft

DNA Reparatur

pflanzliches Genom

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T         C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A         G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

Zufällige Veränderung an vorgegebener Position in der DNA
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gRNA/Cas9

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

Reparatur

pflanzliches Zielgen

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T         C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A         G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C

A G C G G A C A G C A A T A C C G A A T G G A A G T G...

T C G C C T G T C G T T A T G G C T T A C C T T C A C...

Homologe Rekombination

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

Reparaturvorlage vom Schwesterchromatidoder homologen Chromosom

T T C A

A A G T

PräziseEditierung: Homologie
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...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

Reparatur

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G T T         C A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C A A         G T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C

A G C G G A C A G C A A T A C C G A A T G G A A G T G...

T C G C C T G T C G T T A T G G C T T A C C T T C A C...

homologe Rekombination

...C T T A C C T C A T C G C C A A G C T G G C A C C C T T G G A G A A G C G G A C A G C A A T A C C G A A T G G A A G T G...

...G A A T G G A G T A G C G G T T C G A C C G T G G G A A C C T C T T C G C C T G T C G T T A T G G C T T A C C T T C A C...

Reparaturvorlage mit Modifikation der Wahl

G A G A

C T C T

Vorgegebene Veränderung an vorgegebener Position

pflanzliches Zielgen

PräziseEditierung: Homologie



www.ipk-gatersleben.de#FuturePlants Leibniz Institute of Plant GeneticsandCropPlant Research (IPK)

PräziseEditierung: Base Editing

Base editing

ςnCas9: Nickase(nur eine funktionale Endonuklease-Domäne)

ςCDA: CytidinDeaminase (C ĔT)

ςADA: AdeninDeaminase (A ĔG)

nCas9

éGGCTCTTCGGCGCCGCTCCCGCCTCCCTATCCACCTCCTGCTGGTGGCCGTCACGTTACTGGCGGCCCTCGCCGCGCGATCCGGCGCCGé

éCCGAGAAGCCGCGGCGAGGGCGGAGGGATAGGTGGAGGACGACCACCGGCAGTGCAATGACCGCCGGGAGCGGCGCGCTAGGCCGCGGCé

gRNA

"CDA
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PräziseEditierung: Base Editing

éGGCTCTTCGGCGCCGCTCCCGCCTCCCTATCCACCTCCTGUTGGTGGUUGTCACGTTACTGGCGGCCCTCGCCGCGCGATCCGGCGCCGé

éCCGAGAAGCCGCGGCGAGGGCGGAGGGATAGGTGGAGGACGACCACCGGCAGTGCAA| TGACCGCCGGGAGCGGCGCGCTAGGCCGCGGCé

éGGCTCTTCGGCGCCGCTCCCGCCTCCCTATCCACCTCCTGTTGGTGGTTGTCACGTTACTGGCGGCCCTCGCCGCGCGATCCGGCGCCGé

éCCGAGAAGCCGCGGCGAGGGCGGAGGGATAGGTGGAGGACAACCACCAACAGTGCAATGACCGCCGGGAGCGGCGCGCTAGGCCGCGGCé

Einzelstrangbruch, 
Base Editing

miss-match repair(MMR)/ 
baseexcisionrepair(BER) + DNA 
replication

Single Nucleotide Polymorphisms(SNPs) an definierten Positionen

nCas9

éGGCTCTTCGGCGCCGCTCCCGCCTCCCTATCCACCTCCTGCTGGTGGCCGTCACGTTACTGGCGGCCCTCGCCGCGCGATCCGGCGCCGé

éCCGAGAAGCCGCGGCGAGGGCGGAGGGATAGGTGGAGGACGACCACCGGCAGTGCAATGACCGCCGGGAGCGGCGCGCTAGGCCGCGGCé

gRNA

"CDA
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Mutationen für die Resistenzzüchtung
BeispielVirusresistenz
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Bymovirenin Gerste

Barley Yellow Mosaic Virus (BaYMV1/2)
Barley Mild Mosaic Virus (BaMMV)

- ss(+)RNA-Virus
- Potyviridae, Bymovirus

- ÜbertragungdurchWurzelinfektion
mit VektorPolymyxagraminis

PolymyxagraminisalsVektor
von BaYMV/ BaMMVinfiziert
die Wurzeln

Virus verteilt sichin der 
Pflanze(Zell-zu-Zell, 
Langstreckentransport)

Symptome:
- GelbeMosaikeauf den 

Blättern

Später:
- ReduzierteWinterhärte
- Blattnekrosen
- Ertragsverlustbis zu50 %
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Bekannte Resistenzgene

Gene und QTLs:

rym1-18 (meistrezessiv, Virusstamm-spezifisch)

IdentifizierteGene:

rym1, rym11: 
PROTEIN DISULFIDE ISOMERASE-LIKE 5-1 (PDIL5-1)

rym4, 5, 6, 10: 
EUKARYOTIC TRANSLATION INITIATION FACTOR 4E

Reviewed in Jiang et al., 2020 Theoretical and Applied Genetics
rym4, 5: Stein et al., 2005 The Plant Journal
rym11: Yang et al., 2014 PNAS
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PDIL5-1 

target1:
рΨ ¦¢w

target2:
ATG

target3 + 4:
Exon 3

HvPDIL5-1sus

HvPDIL5-1res

Yang et al., 2014 (PNAS)

Hoffie et al., in revision

1356 bp Deletion

Pre-StopSNPs 
oder frameshifts

Non-synonymousSNP
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Workflow

Selectionof target motifs

ÅTarget/off-target selection:
CRISPR-P, WU-CRISPR, 
DESKGEN, CRISPOR

ÅTest of gRNA 2-D structure:
mfold, RNAfold

Vectorconstruction

pDNA

SpCas9
gRNA

RNP assembly

SpCas9

gRNA

Test of geneexpressionand
gRNA/Cas9 complexactivity

ÅIn vitro cleavageassay
ÅProtoplast transformationandAmplicon

sequencing
ÅBiolistictest of gRNAactivity in leaves

Transfer of
endonuclease

to embryogenic
pollen

ÅDNA transfer by 
Agrobacterium

ÅBallistictransfer
of DNA or RNPs 
on goldparticles

Callusand plant formation 

DNA isolation Amplification PCR/RE, T7E1 or PCR/RNP Sanger sequencing
Mutant detection

WT P1-3

Genotypicandphenotypicanalyses

Koeppel et al., 2019 International Journal of Molecular Sciences
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PDIL5-1 PrimärmutantenIgri

Hoffie et al., in revision
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PDIL5-1 PrimärmutantenGolden Promise

Hoffie et al., in revision
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PDIL5-1 M2 InDels

" 1 

TACATCATCGACCCACCCCGACTGGCGTATCCGC     Golden Promise
TACATCATC---------------------- CGC     GPTM1_P1_4
TACATCATCGACCCACCC- GACTGGCGTATCCGC     GPTM1_P16_12
TACATCATCGACCCACGCTAGTACTGCGCCGTATCCGC GPTM1_P16_20

4 

AGGACCTCGGAAAGGTCATCGAAGGTAC  Golden Promise
AGGACCTCGGAAAGGTC-- CGAAGGTAC  GPTM4_P14_14
AGGACCTCGGAAAGGTCATACGAAGGTAC GPTM4_P21_10

GTATCCGCCTTCTCCTCGTCTCCCCGTCTTCGCCGTGGCCGTCCTCCGTTCGAGCCATGGATCCGGCTCTTCGGCGCC Golden Promise   
GTATCCGCCTTCTCCTCGTCTCCCCGTCTTCGCCGTGGCCGTCCTCCGTTCG--------------------- GCGCC GPTM2_P22_4
GTATCCGCCTTCTCCCCGCCTCCCCGTCTTCGCCGTGGCCGTCCTCCGTTCGAGCCATGG- TCCGGCTCTTCGGCGCC GPTM2_P30_10 allele1
GT---------------------------------------------------------- ATCCGGCTCTTCGGCGCC GPTM2_P30_10 allele2

" 2 

"

Hoffie et al., in revision
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PDIL5-1_I79Y 4 

GCAGCAAGAGCCTAGGAACTCTTTGGGAGGACCTCGGAAAGGTCATCGAAGGTAC   Golden Promise
GCAGCAAGAGCCTAGGAACTCTTTGGGAGGACCTCGGAAAGGTCTACGAAGGTAC   GPTM4_P5_9
GCAGCAAGAGCCTAGGAACTCTTTGGGAGGACCTCGGAAAGGTCTACGAAGGTAC   GPTM4_P5_11
GCAGCAAGAGCCTAGGAACTCTTTGGGAGGACCTCGGAAAGGTCTACGAAGGTAC   GPTM4_P5_12
GCAGCAAGAGCCTAGGAACTCTTTGGGAGGACCTCGGAAAGGTCTACGAAGGTAC   GPTM4_P5_18
GCAGCAAGAGCCTAGGAACTCTTTGGGAGGACCTCGGAAAGGTCTACGAAGGTAC   GPTM4_P5_19  

HvPDIL5-1 wild-type HvPDIL5-1 I79Y

"

Hoffie et al., in revision


