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< What is CRISPR?
< Applications of CRISPR gene editing
< CRISPR and conservation biology
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Genetic improvement of plants

Conventional breeding Genetic modification

< Hybridization
< Introgression

< Mutagenesis

< Transgenics

Gene editing — the ultimate in precision is to

replace one of a few letters in the genome



Reverse genetics in plants circa ~2012

< Genome sequencing of mutagenized plants
< TILLING — targeted sequencing of mutant plants
< T-DNA or transposon mutagenesis

< Gene knock-down using BNAI (VIGS, artificial miRNA,
hairpin constructs)

< Site-specific nucleases (e.g. ZFNs and TALENS) for
gene editing



Sequence-specific nucleases (SSNS)

* Zinc-Finger Nucleases

 TAL-Effector Nucleases

Langner et al. 2018



Sequence-specific nucleases (SSNS)

* Zinc-Finger Nucleases

b TALEN

* TAL-Effector Nucleases |lﬂ\wl

Left TALE

e CRISPR/Cas9

Langner et al. 2018



The CRISPR Craze

A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Inmunity

Martin Jinek,™?* Krzysztof Chylinski,>** Ines Fonfara,” Michael Hauer,’t

Jennifer A. Doudna,

1,2,5,6

t Emmanuelle Charpentier’t

Cas9 and sgRNA are the two

components of the CRISPR system
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Ehe New Pork Times

This Year's Nobel Prize in Chemistry
Honors a Revolution

With Cirispr, two scientists turned a curiosity of nature into an
invention that will transform the human race.




Sciencea

03 January 2013

RNA-Guided Human Genome
Engineering via Cas9

Prashant Mali,"® Luhan Yang,"®° Kevin M. Esvelt,? John Aach,’ Marc Guell,’
James E. DiCarlo,* Julie E. Norville,' George M. Church"**

Multiplex Genome Engineering Using
CRISPR/Cas Systems

Le Cong,"?* F. Ann Ran,"** David Cox,' Shuailiang Lin,"® Robert Barretto,®
Naomi Habib," Patrick D. Hsu,'* Xuebing Wu,” Wenyan Jiang,® Luciano
Marraffini,® Feng Zhang't
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VOLUME 31 NUMBER 8 AUGUST 2013 NATURE BIOTECHNOLOGY

Multiplex and homologous Targeted genome modification of
recombination-mediated genome crop plants using a CRISPR-Cas
editing in Arabidopsis and t

Nicotiana benthamiana using system

guide RNA and Cas9 Qiwei Shan®, Yanpeng Wang"%, Jun Li%*,

Yi Zhang!, Kunling Chen', Zhen Liang!,
can- iL.2 Tuli lorville23 2.3 . . 1 1 S
Jian fe"g Li"?, Julie flf;‘”'” Id » ]‘;h" AI“Z‘” ) Kang Zhang!, Jinxing Liu!, Jianzhong Jeff Xi?,
Matthew McCormack™*, Dandan Zhang" <, Jin-Long Qiu? & Caixia Gao!
Jenifer Bush?®2, George M Church?®3 ¢ g
Jen Sheen’?

Targeted mutagenesis in the model
Open SO oy @ plant Nicotiana benthamiana using
Cas9 RNA-guided endonuclease

LETTER TO THE EDITOR www.nature.com/cr

Efficient genome editing in plants using a CRISPR/Cas

system Vladimir Nekrasov', Brian Staskawic2?,
Cell Research advance online publication 20 August 2013: doi:10.1038/cr.2013.114 Dethf “/eigel.;, Io'!‘zt’1‘1’1 D G ]0’1631,4 é
Zhengyan Feng"**", Botao Zhang" . Wona Ding". Sophien Kamoun™*
Xiaod SCIENCE VOL 341 23 AUGUST 2013
Fengq
Yanfei X
Open
LETTER TO
Target:
Cell Research
Jin Mi ® ® ®
Qingp Intects plant scientists 's System
Jianm 013
e Kabin Xie and Ymong Yang"
Demonstration of CRISPR/Cas9/sgRNA-mediated G3: GeneslGenomeslGenetics Early Online, published on October 11, 2013

targeted gene modification in Arabidopsis,
tobacco, sorghum and rice

Wenzhi Jiang', Huanbin Zhou?, Honghao Bi?%, Michael Fromm?, Bing Yang? and

Donald P. Weeks'* Santosh Kumar Upadhyay, Jitesh Kumar, Anshu Alok, RakeshTuli

RNA guided genome editing for target gene mutations in wheat



Annual Review of Plant Biology

CRISPR/Cas Genome Editing  VWhat can be done with CRISPR?

and Precision Plant Breeding
in Agriculture

a Gene knockout

Kunling Chen,'* Yanpeng Wang,'* Rui Zhang,' .
Huawei Zhang,! and Caixia Gao'*? a § @
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CRISPR/Cas9 enables making small deletions...

1 2 3 4 5 6
sgRNA_PDS1 + +
sgRNA PDS2 + . . -
sgRNA_PDS3 - - - +
sgRNA.GFP - + - - + -
+

70 bp 400 bp Cas9 + + +

Ta rget: Primer F

L B GCAA ACTA TTAC

ngNAZL Cas9 lngNA1

Genomic DNA: Sacl

Target 1 PAM Target 2 PAM

PDS TTCTGCCGTTAATTTGAGAGT-CCAAGGTAATTCAGCTTATCTTTGGAGCTCGAGGTCTTCGTTGGGAACTGAAAGTCAAGATGTTTGCTTGCAAAGGAATT
Ml RO TG OO T T AR T T T == = e e e e e e e e e e CAAAGGAATT -76

m2 P C T G CCG T TARAT TTGAGAGT = = = = = e o e o o e e e o e o e o e o o e o o o S e e o o o B e o o e CAAAGGAATT -70
m3 TTCTGCCGTTAATTTGAGAGTIT CAAAGGAATT -70 +1 T

Belhaj et al. Plant Methods 2013, 9:39



.and BIG deletions
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Annual Review of Plant Biology
CRISPR/Cas Genome Editing

and Precision Plant Breeding
in Agriculture

Kunling Chen,"* Yanpeng Wang,'* Rui Zhang,!
Huawei Zhang,' and Caixia Gao'*?
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g
Crop plants with DNA deletions are not GMOs 16

MAY 2012
by Sophien Kamoun and Eric Ward
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Crop plants with DNA deletions are not GMOs 16
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by Sophien Kamoun and Eric Ward

< A regulatory not scientific question

< Two main regulatory frameworks for new crop
varieties:

& process-based

< product-based



Frank Hochholdinger
@HochholdingerF
The list of countries, which do not regulate

targeted mutagenesis by genome editing
under GMO legislation grows:

Japan @
USA E
Canada I+}
Argentina «*
Brazil

Chile b
Israel ==

Australia &8 is likely next.

Only the EUB ignores scientific consensus.
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Genome-wide Targeted Mutagenesis in Rice
Using the CRISPR/Cas9 System

<€
bl°° Ie Yuming Lu’-3, Xiao Ye’, Renming Guo’,
- il ———— Jing Huang', Wei Wang?, Jiuyou Tang?,

i “ Longtao Tan?, Jian-kang Zhu?, Chengcai Chu?
and Yangwen Qian’*

'Biogle Genome Editing Center, Changzhou, Jiangsu Province 213125, China
“State Key Laboratory of Plant Genomics, National Center for Plant Gene
Research (Beijing), Institute of Genetics and Developmental Biology, Chinese
Academy of Sciences, Beijing 100101, China

3Shanghai Center for Plant Stress Biology and Center for Excellence in

Molecular Plant Sciences, Chinese Academy of Sciences,
Shanghai 201602, China

“Key Laboratory of Agro-ecological Processes in Subtropical Region, Institute
of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha 410125, China

*Correspondence: Yangwen Qian (qyw@biogle.cn)
http://dx.doi.org/10.1016/].molp.2017.06.007
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Annual Review of Plant Biology
CRISPR/Cas Genome Editing

and Precision Plant Breeding
in Agriculture

Kunling Chen,"* Yanpeng Wang,'* Rui Zhang,!
Huawei Zhang,' and Caixia Gao'*?

@‘,
(),
b \{@9 32‘& Chemicals/

Ny \ radiation
X ./
\‘" y AN
_ . _ Mutants i
_ Elite variety Donorvariety 5.7 cycles of backcross Selection and backcross _ Elite variety
(disease susceptible) (disease resistant) > < (disease susceptible)

Cross breeding (8-10 years) Mutation breeding (8-10 years)

Plasmid . .
Elite variety
OO with disease resistance
7N
N
Genome Calli \ | / Calli CRISPR
Elite variety ; : ; E é é; ; : Elite variety
(disease susceptible) Foreign gene integration . « Endogenous gene modification (disease susceptible)

Transgene breeding (8-12 years) Regenerated plants Genome editing (4-6 years)



Plant Biotechnology

Society for

Journal e (VEEE

Plant Biotechnology Journal (2019) 17, pp. 132-140 doi: 10.1111/pbi. 12952

Using CRISPR/Cas9 genome editing in tomato to create a
gibberellin-responsive dominant dwarf DELLA allele

Laurence Tomlinson' (®, Ying Yang', Ryan Emenecker?, Matthew Smoker', Jodie Taylor!, Sara Perkins’,
Justine Smith!, Dan MacLean', Neil E. Olszewski? and Jonathan D. G. Jones' *

"The Sainsbury Laboratory, Norwich Research Park, Norwich, UK
2Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN, USA

WT MM TGGAATGGATGAGCTTTTAGCTGTTTTGGGTTATAAAGTGAAGTCGTCT
T-insertion TGGAATGGATGCcGCTTTTAGCTGTTTTTGGGTTATAAAGTGAAGTCGTCT
5nt deletion TGGAATGGATGcGCTTTT———--— TTTTGGGTTATAAAGTGAAGTCGTCT

ol oot A Aoty Aot

3nt deletion TGGAATGGATGCGCTTTTAG---TTTTGGGTTATAAAGTGAAGTCGTCT

Allelic series!
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Using CRISPR/Cas9 genome editing in tomato to create a
gibberellin-responsive dominant dwarf DELLA allele

Laurence Tomlinson' (®, Ying Yang', Ryan Emenecker?, Matthew Smoker', Jodie Taylor!, Sara Perkins’,
Justine Smith!, Dan MacLean', Neil E. Olszewski? and Jonathan D. G. Jones' *

"The Sainsbury Laboratory, Norwich Research Park, Norwich, UK
2Departmem‘ of Plant and Microbial Biology, University of Minnesota, St. Paul, MN, USA

WT MM TGGAATGGATGAGCTTTTAGCTGTTTTGGGTTATAAAGTGAAGTCGTCT

T-insertion TGGAATGGATGCcGCTTTTAGCTGTTTTTGGGTTATAAAGTGAAGTCGTCT

5nt deletion TGGAATGGATGcGCTTTT———--— TTTTGGGTTATAAAGTGAAGTCGTCT Li 40
Ine

M [\AMAM M AM_LM A_AM Wild type Heterozygous Homozygous

3nt deletion TGGAATGGATGCGCTTTTAG---TTTTGGGTTATAAAGTGAAGTCGTCT

MM%AMNAA Moy WA Mg /\J\Jﬂd\ﬂm

Allelic series!




The plant targets of pathogens facilitate infection

Susceptibility S genes!

targets

O O ' Alter plant cell

Cytoplasmic processes
effectors l

Help microbe
colonize plant

plant cell



CRISPR crops—removing genes for fungal resistance

Target 1 PAM PAM Target 2
ACATAGTAAAAGGTGTACCTGTGGTGGAGACTGGTGACCATCTTTTCTGGTTTAATCGCCCTGCCCTTGTCCTATTCTTGATTAACTTTGTACTCTTTCAGG
Plant1 ACATAGTAAAAGGTGTACCTGTGGTGGAGACTGGTGACCATCTTTTCTGGTTTAATCGCCCTGCCCTTGTCCTATTCTTGATTAACTTTGTACTCTTTCAGG

Plant2 ACATAGTAAAAGGTGTACCTGTGGTGGA = m——mmmm oo e e CTTGATTAACTTTGTACTCTTTCAGG -48
Plant8 ACATAGTAAAAGGTGTACCTGTGGTGGA === mmmmmm o e o e e CTTGATTAACTTTGTACTCTTTCAGG -48

ACATAGTAAAAGGTGTACCTGTGGTGGA = — = mm = m e e e e e e e CTTGATTAACTTTGTACTCTTTCAGG -48
Plant 10 |ACA'1‘AGTAAAAGGTGTACCTGTGGTGGA ------------------------------------------------- TTGATTAACTTTGTACTCTTTCAGG -49

susceptible plant resistant plant




New Tomato Ideal for Urban Gardens and Even Quter
Space Created Through Genetic Editing

By COLD SPRING HARBOR LABORATORY DECEMBER 31, 2019




De novo domestication of wild tomato using
genome editing

Agustin Zs6gon'7®, Tomas Cermak?%7, Emmanuel Rezende Naves!, Marcela Morato Notini?, Kai H Edel?,
Stefan Weinl4, Luciano Freschi®, Daniel F Voytas?, Jorg Kudla*® & Lazaro Eustaquio Pereira Peres?

Trait introduction

" Compact plant architecture
Synchronized fruit ripening
SP
Day-length insensitivity
SP5G
Enlarged fruit size
SICLV3 and SIWUS

Increased vitamin C level
SIGGP1 i)

v

De novo domestication
by CRISPR-Cas9

"s

oL

1L

1L

VVYYVYY
y,

7-12L

Coding sequences

Cis-regulatory regions

uORFs

De novo-
domesticated tomato

Wild tomato Trait retention g{
Biotic/abiotic tolerance

PLANT SCIENCES - 05 FEBRUARY 2021

Insta-crop: CRISPR enables high-speed plant
domestication

A lanky species of wild rice turns compact and docile in a jiffy.



CRISPR and conservation biology

< Crop conservation biology needs a bigger toolbox
to meet unprecedented challenges

< climate change
< habitat loss
< Invasive pathogens and pests

< etlc.

Adapted from RT Corlett Trends in Biotech 2017



CRISPR and conservation biology

< Conservation genomics—before we conserve, we

need to know what’s out there

< Facilitated adaptation—introduce adaptive traits for

conservation of endangered crops

< Crop de-extinction? —CRISPR can deliver it



Crop genomics—just getting started! 2018
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Article

Multiple wheat genomesreveal global

variationinmodernbreeding
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REVIVE & RESTORE IS BRINGING BIOTECHNOLOGIES TO CONSERVATION

GENOMIC SYNTHETIC RESTORING FACILITATED CONTROLLING DE-EXTINCTION
INSIGHT  ALTERNATIVES DIVERSITY ADAPTATION INVASIVES

h_. GENETIC ENGINEERING
& GENE EDITING TOOLS

ADVANCED REPRODUCTIVE TECHNOLOGIES

TOOLKIT COMPLEXITY

MOLECULAR & CELLULAR TOOLS

SEQUENCING & BIOBANKING TOOLS

TIMELINE FOR APPLICATION



reVlve&restore WHATWEDO PROJECTS FUNDING OPPORTUNITIES EVENTS BLOG ABOUTUS DONATE




Plant genome editing is In its infancy...

Sophien Kamoun
e >r

KamounlLab

"I didn't come here to tell you how this is
going to end. | came here to tell you how it's
going to begin." Neo 'The Matrix'
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Great Resource: Plant Genome
Editing Database /via Greg Martin
@BTIscience @NSF

Home

Resource: Plant Genome Editing
Database (2018) | Plants and Microbes

scoop.it

29/10/2018, 19:13
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USSR oRNA exon
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MutationRev 1
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TTGAGGTTCCCATTCTCCATGTAGTCATAAATTAGAATCATCTCATTTCT

FULECCEREEEEEEREEE R PRt e
TTGAGGTTCCCATTCTCCATGTAGTCATAAATTAGAATCATCTCATTTCT

TTCATCACAGAATCCTATCAATGAAACCAGATGCGGATGGCTGCAAAATG

LLEEEEEEEEEEERE TR e e e e
TTCATCACAGAATCCTATCAATGAAACCAGATGCGGATGGCTGCAAAATG

AGAGAATCTCAATTTCTGTTTCGAACTCTTCAATACCTTGTGAGGACTCA

FLELECEREEEEEERE LR PR e e e
AGAGAATCTCAATTTCTGTTTCGAACTCTTCAATACCTTGTGAGGACTCA

CGTTTATGCTTTTTCAGGGCGACCTTTGTTCCATCACGCAAAACACCCCT

SHEEEEEEEEE TR e e e
GGTTTATGCTTTTTCAGGGCGACCTTTGTTCCATCACGCAAAACACCCCT

GTAAACCTTCCCAAATCCACCCTCTCCAATGAAAAACTTGTCATCAAAGT

FULLECEREEEEEERE R R R L e
GTAAACCTTCCCAAATCCACCCTCTCCAATGAAAAAATTGTCATCAAAGT

TGTTAGTTGCTTCCTCCAAATCTACAAAAGGAACTCGATAATTTTCAAAA

FLCLELEREEEEEEREEE e e e
TGTTAGTTGCTTCCTCCAAATCTACAAAAGGAACTCGATAATTTTCAAAA

GGAATGCCATAABTCAAGTTAGAAGCATCATTTATGGAATTTGTTGCCTT

FEUE CLLELTIRECEECEE R EEEEE L P

GGAACGCCATAARTCAAGTTAGAAGCATCATTTATCGAATTTGTTGCCTT
TAACTCAAGTTAGAAGCATC

GGAATACTTGCTTCCCAT 963

LLELLEEEETEEErrT
GGAATACTTGCTTCCCAT 367

CTGTGAGTTTTCGATTTTGCTGTAGAAGTTTGCCCTGTCAAATACTAGTAGATTCCATTATCTATTAATGGGAAGCAAGT
ATTCCAAGGCAACAAATTCGATAAATGATGCTTCTAACTTGATTATGGCGTTCCTTTTGAAAATTATCGAGTTCCTTTTG
TAGATTTGGAGGAAGCAACTAACAACTTTGATGACAATTTTTTCATTGGAGAGGGTGGATTTGGGAAGGTTTACAGGGGT
GTTTTGCGTGATGGAACAAAGGTCGCCCTGAAAAAGCATAAACCTGAGT CCTCACAAGGTATTGAAGAGTTCGAAACAGA
AATTGAGATTCTCTCATTTTGCAGCCATCCGCATCTGGTTTCATTGATAGGAT TCTGTGATGAAAGAAATGAGATGATTC
TAATTTATGACTACATGGAGAATGGGAACCTCAA







