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Why CRISPR?

/Easy

AJnlimited Targets
/Cheap

/NonTransgenic




CRISRRa®Bacterial System

/CRISPR

AClustered Regularly Interspaced Short Palindrom
Repeats

ABacterial adaptive immunity system
’&:as Zinc Finger

ACRISPR Associated L:’.?».;?ﬁ;‘.f-‘l"'“» —
/3 distinct systems: Types |, I, and III

ACas9 is Type Il
/First eukaryotic use in 2013

APreviously TALENSs and Zinc Fingers for specific v[slclclalr[n]e]s
targeting W
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https://www.addgene.org/genomeengineering/




Clustered Regularly Interspersed Short Palindromic Repeats Array:

CRISPR
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https://www.addgene.org/crispr/reference/history/
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How It Works

/2 Components ¢
ACas9 endonuclease & GuiB&A
tracrRNA

(GRNA
Target-specific crRN o = u..:
/Can target anywhere that meets 2 mgvtvpnﬁme:nmm“’.m i

conditions: ﬂ
ASequence is unique in the genome} N o |

Target genomic loci PAM
ATarget is 3nt away from Rrotospace =
Adjacent Motif (PAM)
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https://www.thermofisher.com/us/en/home/technicatesources/technicateferencelibrary/genomeediting-supportcenter/crisprbased-
genomeediting-support/crisprbasedgenomeediting-supportgetting-started.html




How It Works

/RibonucleoproteifRNPXomplex forms & wou g
and activates Cas9 : ;
ASuccessful DNA binding activates i3 "
RuvCand HNH endonuclease Targetspecic crANA U..-.....U..U..‘fﬁ’u.u..g
. 900UV U0POLPUG0PLBUOPS
domains
ADNAstrandsthen cut Mﬂ 19 @

Target genomlc loci PAM

/DSB repaired in one of two ways
AHDRC HomOIOgy DireCted Repair https: //Wwwthermoﬂsher com/uslen/home/technlcaresources/techn|cateferencel|brary/genomeediting—support—center/crisprased-
ANHEZE Non-Homologous End Joining




Type of edit:
Alndel
ANHEX most common & most error
prone

gRNA scaffold
+
o “spacer” ¥
l Complex-formation

LY ¥

Cas9:gRNA complex

l Target Binding

3
Gene of interest

Target + PAM

l Target Cleavage (DSB)

wr
Insertion
Deletion
Frameshift

http://blog.addgene.org/howto-desigryour-grnafor-crisprgenomeediting




+ I
Repair Template with
Homology arms and
base change

/ LI s ffold
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Type of edit: _?
ASpecific change

Cas9:gRNA complex

AHDRC less common & more precise 1 arget sinaing
ALow efficiency

ARequires single cell cloning and - T
. Target + PAM
screening i

l Target Cleavage (DSB)
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http://blog.addgene.org/howto-designryour-grna-for-crisprgenomeediting




126 LGOQ& ! &
AActivationRepression

AHas ability to bind target DNA independent of
cleavage

AEndonucleasdomains inactivatedy ¢ RS | R

ATarget dCas9 to transcription stasites or
promoter regions

AAdd transcription repressors activators
AReversible

AMultiplex Genome Editing
ASeverabRNAsit once

http://blog.addgene.org/howto-designryour-grnafor-crisprgenomeediting
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/Plasmid Expression vector e
ATransient or stable, high efficiency =

|
8.0 kb
% 0

http://www.origene.com/CRISRRAS9/GE100001.aspx
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APlasmid Expression vector
A Transient or stable, high efficiency

Antegrating virus; eg. lentivirus ﬁf«g:’&”&mw
A Stable expression, good for recalcitrant & % 0%
lines,in vivg genomewide screening ; e
=g f?;

/Transient viral expressianeg Adenovirus
Aless offtarget effects

pRS8G16-UB-sg-UbiC-TagRFP-2A-Puro pR-CMV-Cas9-2A-Hygro
8.0 kb 11.6 kb
https://www.biocat.com/genomics/genomengineering/crispicas9lentiviralguide-rna-cloningvectorsand-control
constructs
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APlasmid Expression vector
A Transient or stable, high efficiency

Alntegrating virus; eg. lentivirus

A Stable expression, good for recalcitrant linesyiva S
genomewide screening -

ATransient viral expressioneg. Adenovirus e RNA  Sall L Xhel

A stable celllines -‘P—LM-P-l

A less offtarget effects 5L L1 SR Y B Hpbi
/Cas9 mMRNAGRNA LOUVCon P

A In vitrotranscription of plasmids

A Transient (RNA degraded in cell) o <= ---’

puUC onl Kan'

https://pluripotentstemcell.wordpress.com/crisprore-sigmapsccore/plasmidbasedcrisprmescscelklines/
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APlasmid Expression vector
A Transient or stable, high efficiency

Alntegrating virus; eg. lentivirus

A Stable expression, good for recalcitrant liniesyiva PE:;Bm I:as:c:’lapﬂlll
genomewide screening '

ATransient viral expressiapneg Adenovirus + mwm"‘} — 3
A stable cell lines ( b

A less offtarget effects

ACas9 mRNAgRNA
A I n Vi tro tran sc ri pt | on Of p | asm | d S https://www.mirusbio.com/applications/genomediting-usingcrisprcas/rnp-delivery

A Transient (RNA degraded in gell

/RibonucleoproteirComplexes (RNP)
A Cas9 protein n vitrotranscribedgRNAorm CasQgRNA complex
A Transient
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APlasmid Expression vector
A Transient or stable, high efficiency
Alntegrating virus; eg lentivirus
A Stable expression, good for recalcitrant linesyivag genome
wide screening
ATransient viral expressianeg Adenovirus
A stable cell lines
A less offtarget effects
ACas9 mRNAgRNA
A In vitrotranscription of plasmids
A Transient (RNA degraded in cell)
ARibonucleoproteirComplexes

A Cas9 protein +# vitrotranscribedgRNAform Cas9QgRNA hitp:/foncosec.com/tag/electroporation/
complex

A Transient

/Electroporationof plasmid DNA, mRNA, Cas®tein + gRNA or non
integrating viruses

Tissue
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APlasmid Expression vector
A Transient or stable, high efficiency
Alntegrating virug, eg lentivirus

A Stable expression, good for recalcitrant lin@syivg genomewide scree te Loaded c°?pm°°’::: m
ATransient viral expressianeg Adenovirus o™ gesicles %n?u&w’ =
A stable cell lines f:::;?::"ﬁ,, ¥ L, . ? "
A less offtarget effects @ » q
ACas9 MRNAGRNA i Ly @e > 8 s
A In vitrotranscription of plasmids ' A ' N o~ g ¥ 7
A Transient (RNA degraded in cell) {
ARibonucleoproteirComplexes \\, "é !
A Cas9 protein in vitrotranscribedgRNAorm Cas@gRNA complex Gesicles

merge

https://www.westburg.eu/blog/crisprcas@enomeediting-take-it-up-a-notch

A Transient
AElectroporation of plasmid DNA, mRNA, Cas9 protgiRNA or nonintegrating
viruses

/Gesiclegnanovesiclep
A Cas9sgRNA RNP complex from producer cell line ingidécles

A Gesicleiave binding and fusion proteins on surface




Our CRISPBas9 Project




Step 1: Choose Target Gene

/PinB Chromosome 5

AOnly on D genome A B

AWt gives soft seeds, knockout gives hard seeds

AVery specific (as far as wheat genes go)

AWe already have a KASP SNP marker
A So we targeted same base with Cas9

PinB Targeting Sequence PAM

TGGCCCACAAAAT(LGTGGAAGAGCGGCTG GAGCATGAGGTTCGGGAGAAGTGCTGCA

X




Step 1: Choose Target Gene

AN arietyBobwhite
AWt PinBgene

A Spring type
A Goes through tissue cultuneell

PinB Targeting Sequence PAM

TGGCCCACAAAAT(LGTGGAAGAGCGGCTG GAGCATGAGGTTCGGGAGAAG

}L




Step 2: Choose Delivery Method

A

via RNP via Plasmid

3 6 12 24 48 72 - (1] 1 3 6 12 24 48 72 Tme(h)

/RibonucleoproteirComplex (RNPS) U o o
Asimplest form Of delivery 16 78 24 46 64 62 64 12 57 27 60 66  Indel (%)

0 1 3 6 12 24 48 72 - 0 1 3 6 12 24 48 72 Time(h)

A Short lifespan in cells
A Plasmids express for several days P —
AaXO2yiAydz2dza SELNM | 2

the accumulation of offarget y P

Ydzi | GA2Yy & d¢ 3100 a
g ooegy
2 o6
2 o4
Casd Casd/gRNA : : LR A
Protein .~ RNP § C b e
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+ gRNA '!!'!"l', — Time (h) Time (h)
y Kim et al., 2014

https://www.mirusbio.com/applications/genomediting-usingcrisprcas/rnp-delivery




Step 3: Choose Transformation Technique

Embryo Culture

AWheat head cleaned iBtOHA 5% Bleach, rinsed in
diH,0

ASeed removed from primary and secondary florets

ASeed coat cut and peeled back

AEmbryo removed and placestutellumside up on callu:
induction medium




Step 3: Choose Transformation Technique

Embryo Culture

AWheat head cleaned iBtOHA 5% Bleacl
rinsed in diBO

/Seed removed from primary and secondary flore_,‘:

ASeed coat cut and peeled back ﬁ
AEmbryo removed and placestutellumside up on \

callus induction medium




Step 3: Choose Transformation Technique

Embryo Culture

AWheat head cleaned iBtOHA 5% Bleacl
rinsed in diBO

ASeed removed from primary and secondary
florets

/Seed coat cut and peeled back

AEmbryo removed and placestutellumside up
on callus induction medium




Step 3: Choose Transformation Technique

Embryo Culture

ANheat head cleaned iBtOHA 5% Bleach
rinsed in diBO

ASeed removed from primary and secondary (i
florets

ASeed coat cut and peeled back

/Embryo removed and placestutellumside up
on callus inductiomedium

A2 weeks latex




Step 3: Choose Transformation Technique

BiolisticsGene Gun
A Noagrobacteriumrequired¢ no transgenics

A Have a protocol in place and all equipment
A Shown to work with RNPs in Wheat

A Liang et al, 2017, Nature Communications

g — disc stopped by sceen
Ry

AL
DMA-peoated + 5
gold particles + * o

A

http:// nepadabne.netbiotechnology/procesf-developinggenetically
modified-gm-crops/planttransformationusingparticle-bombardment/




Step 3: Choose Transformation Technique

Tissue Culture/Plantlet Regeneration

/Transform callus

A Leave orCalludnductionMediumfor 2-3
days

/Transfer to Shoot Induction Medium
A 2-4 weeks




