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Introduction

» Genome editing can be achieved in vitro or in vivo by delivering the editing machinery in
Situ.

» Gene editing Is quite extraordinary technigue because of its capability to alter DNA by
utilizing engineered nucleases called as molecular scissors.

» Genome editing Is the process of precisely modifying the nucleotide sequence of the
genome.




Targeted DNA alterations begin from the generation of nuclease-induced double-stranded breaks

(DSBs), which leads to the stimulation of highly efficient recombination mechanisms of cellular
DNA.

(A) ZFNs

Nuclease-induced DNA DSBs:

1-Homology-directed repair (HDR)
2-Nonhomologous end-joining (NHEJ)
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Foundational to the field of gene editing was the discovery that targeted DNA double strand
breaks (DSBs) could be used to stimulate the endogenous cellular repair machinery.

Double-Strand Break

/ \ Donor DNA

Non-homologous end joining (NHEJ) Homology directed repair (HDR)

v W

Insertion/deletion mutations (indels) Precise alteration/correction

v ¥

Knock-out Knock-in




Gene Knockout Gene Deletion Gene Correction  Gene Insertion

Waswawmfﬁe DNA | Target gene

9 Targetedlocus ¢ Target gane - '
{ Taget \é}

.

| oe e s R o —

DNA mutation

Cut DNA

|

Deletion

— e )

\\/\Q [_iF}P_pairDNA
|
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CRISPR ( lustered egularly nterspaced hort alindromic epeats) were firstly identified in
the Escherichia coli genome in 1987 as an unusual sequence element consisting of a series of
29-nucleotide repeats separated by unique 32-nucleotide “spacer’ sequences.

Phase 1: Acquisition Recognition

Processing
Integration

cas genes CRISPR array

Phase 2:

'mmun'ty Transcription

RNA processing
Reinfection Translation




PFA™M

é"‘—;/ protospacer

viral DNA \ S palindromic repeat

tracrRNA Cas genes Leader l

l sequence

l pre-crRNA

tracrRNA

-I—II—I—I I

mature crRNA

Cas 9 protein

viral DNA

Cleavage




Class 1

(lass ?

eevi I ESRIEEE $ ( EEEEEEEEEE

cass or _|2pacers

cas3 casid casil coassf cash casb cosl casd casd
o e 5, n ™
clss 1 INNDEEEED ) p ) e
Large Small —4
subunit  subunit CRISPR
cas9 or caslsf orcasl 3 casl  casd casd
Class 2 ' . A ——
tracriEMNA Single effector protein
Adaptation Expression Interference Signal transduction/ancillary
I [ I
REepeat Spacer Pre-crBRMA Effector module (crENA Target cleavage cof Sensor Effector Ring Helper.
array  integration processing  and target binding) synthesis nuclease role
unknown
[ | o I S— [

et OO (D (D 80 () (D (D () ) - ) v |
ryem DN (D (D) D (e (D D (0550 (I oo D (N SR (o
rvoerv MO (G R ewe (@) () (%) (Es) 3

Tyeen 1N (D D) S6S (v (S ) =i

weev NN NSRRI )

11




| CKISPRf-Qan




1) Cas9 protein (RuvC and HNH)
<» CRISPR-Cas9 system :2) CRISPR RNA (crRNA)
3) Trans-activating crRNA (tracrRNA)
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Doudna, Charpentier and colaleagues showed through in vitro DNA cleavage
experiments that this system could be reduced to two components by fusion of the crRNA
and tracrRNA into a single guide RNA (gRNA).

crikRNA tracrRNA
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» CRISPR-Cas9 system bases on simple base pairing rules between a specific guide RNA

(gRNA) and the target genome site, offers simple yet effective methods of genome editing.
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1- CRISPR-Cas Bioinformatics IR NRE e f 2- CRISPR-Cas Experiments
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Obtaining the required gene sequence

National Library of Medicine ' Login:

National Center for Biotechnology Information

- v  HMMER | BLAST | Tools | Downloads | Help & Docs | Blog

Nucleotide

Advanced

Search for a gene ;
#4 EMBL-EBI  Services ~ Research  Training  Industty  Aboutus  Q EMBL-EBI Hinxion ~

ClustalW?2

Input form ‘ Web services ‘ Help & Documentation Bioinformatics Tools FAQ

Tools = Multiple Sequence Alignment = ClustalWW2

ClustalW2 is a general purpose DNA or protein multiple sequence alignment program for three or more sequences. For the alignment of two sequences please instead
Nucleot use our pairwi '

Submit to Please Note

LinkOut i E 5. This , ] ignm age. For protein alignments we recommend

E-Utilities ontact us via the feedback link above.
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gRNA Oligonucleotide Design

Submissions  Contact
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CRISPR-Cas9 guide RNA design checker

Assess on- and off-targeting potential of protospacer designs of your own or from publications before ardering guide RNAs (gRNAs, such as crRNA and sgRNA)
that are synthesized using our Alt-R gRNA modifications. For HDR experiment designs, please see the following HDR design tool.

Target In Using
Search for predesigned gRNA Design custom gRNA CRISPR-Cas? gRNA checker
e.g. EXT1 Homo sapiens (hg38/GRCh38 ~ CRISPR/Cas9
RefSeq/ENSEMBL/gene ID or genomic Add mew species. Change default PAM and g Species Homo sapiens ¥
coordinates
Input format FASTASequence v @
Paste Target  Options  Reset Options Paste/Typeinput  Upload file

Enter up to 99 FASTA Sequences.

Please enter sequences in standard FASTA formatting.

Find Target Sites!

This field is required.



. Primer Design

1-gRNA expressing plasmid
1- Confirmation of Positive Clones by colony PCR ( Plasmid backbone)

(0) Peil Nspl (4)

2-Cas9-expressing plasmid
(2015) Drdi L4440 (98..115

pBR3220ri-F Taqll (104)

BspQl - Earl - Sapl (117)
(1944) BssSal -
(1919) Beivl el (179)

BamHI (186) KasI (702)
/ Nhel (198) N"Isr:;!]pu-:
~ Bmtl (202)
(1817) PspFI A
vrll (209) 3
(1813) BseYl Spel (221)

PUTI (708)
(13,180) Pfol

(264) Spel

= Kan-R
Banl (307) =
EcoRI (330)
Xbal (336] (12,398) BgIIl
Sall (342)

(12,389) AhdI

AsiSI (1341)
EcoNI (1425)

(1708) AlwNI

PaeR7I - PspXI - Xhol (1737)
PENTR-R

Accl (343)

Hincll (344)

Pstl (352)

Hindlll (354)

Bglll (360)

I-Scel (378) (12,133) Saell

Aval - BsoBI - PaeR7! - PspXI - Xhol (384)

BmeT110 (385)

(11,914) BssSal

pTargetF

Swal (2639)

2117 bp

BIpI (2798)

Sphl (2379)
BStBI (3455)
pEcCas
14,589 bp
(10,803) SnaBl —
Bsgl (416) \
PshAl (480)
{10,217) Mscl
BsaHI (560)
Eael (593)

Btsal (623)
BstEll (666)
Bell* (704)

(1358) Mlul
(1329) Banll - Sacl
(1327) Eco53kI
(1318) BstXI

Pmil (4411}

araBAD D!D"‘olﬂ'
Bpml (758)
Msll (778)
(1263) BsaAl Btgl (799)
‘1230) Bss"" PVU' [887) (84s0) BaeGI - BmalS80T ..: Xbal (ec2%58)
(1157) Nael (so70) Sall /
(1155) NgoMIV (7976) SexAl * BssHII (6929)
(1138) Bgll BspQl - Sapl (7322)




. Primer Design

¢ PAM
2- Construction of HDR oligo fragment

crRNA

1) SplitcrRNA sequence donor template Insert
M) A

| 1
§ ++GEGEAGGACATCGATEICACCTCCARTCACNNNNNNNNNNNNT caaccacaaacccacgaggge*** 3
J L r
Homology arm Homology arm

T

3- Confirmation of the recombination

4- Confirmation of the Sequencing
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: gRNA oligo annealing

O Anneal two single-stranded DNA oligonucleotides to produce double-stranded DNA fragments.

2 3 4

Single Strand gRNA




. Transformation




. Confirmation of Positive Clones by colony PCR and Sequencing
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. Introducing cas9 plasmid into bacterial
cells through electroporation
Confirmation of Positive Clones by
colony PCR

Generation of bacteria carrying pCas9

3000 bp

2500 bp
2000 bp

1500 bp




. Induction with arabinose and Preparation of competent cell
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. Construction of HDR oligo fragment

overlap extension pcr

L



: Transfer of sgRNA plasmid and HDR fragment to Cas9 Competent Cells







: Screening of mutant strains by colony PCR
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: Analysis of modified bacterial genetic structures

nt182 nt203
TCATAAT TGGAGGCTTCGGHA#CT?GGTCHTCCGLGT ALAT
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Plasmid curing

(264) Spel KasI (702)
Narl (7o3)
| J/ _sfel (704)
__—PlTI (708)

_AsIS] (1341}

/  EcoNI (1426)

' IKEH-R (1679 .. 1698)

" PaeR7I - PspXI - Xhol (1737)
<= pENTR-R (1783 ..1782)
(lro Al -

(11,514) BssSal ____.Swal (2639)

- BlpI (z738)

——— Sphl (3379)
(11,133) Saell — —— BstBL (3458)
pEcCas
14,589 bp

(10,803) SnaBI —

QIes

(10,317) Msel —

T PmIL j4s11)

araBAD promoe

(4a0) BaeGI - Bmel5801

(so7o) Sall
(7976) SexAl *

/: ‘ ."-,‘ Xbal (s256)

BssHII (soz3)

(7467 .. 7486) pBAD Forward BspQI - Sapl (7322)

Rpl RESEARCH
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W TERNATIONAL
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q
Soluble in Water.

Store at RT

ranc ¥ Pesearch ang Further Manutactriog Ust 09
M Conte D, M. Prospect, L 60056 US4 ** 7

(0) Peil

(2015) Drdl
(1962 .. 1981) pBR3220ri-F

(1944) BssSal
(1919) BeiVl

(1817) PspFl
(1813) BseYl

(1708) AlwNI

pTargetF

2117 bp

(1358) Mlul

(1329) Banll - Sacl

(1327) Eco53kI
(1318) BstXI

(1263) BsaAl
(1230) BssHII

(1157) Nael
(1155) NgoMIV
(1138) Bgll

Nspl (4)
L4440

(98 .. 115)

Taqll (104)

BspQl - Earl - Sapl (117)

Ndel (179)
BamHI (186)
Nhel (198)

Bmtl (202)
Avrll (209)
Spel (221)

Banl (307)

EcoRI (330)

— Xbal (336)
Sall (342)
Accl (343)
Hincll (344)
Pstl (352)
Hindlll (354)
Bglil (360)
I-Scel (378)
Aval - BsoBI - PaeR7I - PspXI - Xhol (384)
BmeT110l (385)
Bsgl (416)

PshAl (480)

BsaHI (560)
Eael (593)
Btsal (623)

BStEIl (666)
Bell* (704)

Bpml (758)
Msll (778)
Btgl (799)

Pvul (887)
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. Replica plating
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. Induction with arabinose and Preparation of competent cell

. Screening of mutant strains by colony PCR

. Analysis of modified bacterial genetic structures



Western blot Cellular assays in vivo test




Conclusion and future perspectives

Through the implementation of the CRISPR Cas9 strategy, the modified bacteria can find
applications in various research contexts. This includes potential use as a live-attenuated
vaccine candidate, exploration of the impact of the target gene on bacterial pathogenicity,
assessment of the gene's influence on bacterial morphology, and more. This strategy opens
avenues for studying the functionality of the bacterium genes and even holds the potential
for the creation of novel industrial strains.
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