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Editace genomu

* VVSechny techniky pracuji na zakladé tvorby dvou-fetézcovych zlomu

« Tyto zlomy jsou nasledné opraveny nehomolognim parovanim koncu (NHEJ) nebo homologni
rekombinaci (HR)

 V ramci procesu muze dojit k zaClenéni nového genu nebo vneseni kratké inzerce/delece inaktivujich
dany gen

» Dvé zakladni metody pro tvorby dvou-fetézcovych zlomu:
- endonukleazy nebo restrikéni enzymy s dlouhou rozpoznavaci sekvenci (az 40 bp)
- pouziti CRISPR/Cas9 systému

« ZFNs (Zinc Finger Nucleases) — doména zinkového prstu rozpoznava sekvenci, DNA je stépena Fokl
restriktazou.

* TALE nukleazy (TALENS) — rozpoznavaci doména pochazi z TALE (Transcription Activator-Like
Effector) proteinu, DNA je Stépena Fokl restriktazou
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Editace genomu
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Zinc Finger Nucleases “i{

Zinc
Finger

DNA (b)

N terminus

o Helix

B-Plated
sheet

— ZFN je uméla endonukleaza, poprve uspésné pouzita pro editaci
genomu Vv roce 2003 helix

B-Plated sheet
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— Sklada se z navrzenych proteinu majicich DNA vazny motiv

zinkoveho prstu (ZFP) spojeného se Stépnou domenou
restrikCniho enzymu Fokil.
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— ZFN muze byt pfeprogramovana tak, aby Stépila noveé cile, a to

navrhem ZFPs s novou sekvenéni specifitou. ZFPs functional as a pair
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CRISPR/Cas9

— The Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR)

— Zaclenuje fragmenty cizi DNA (spacery)
do CRISPR kazety a poté jsou
zpracovany na gRNA

— Proteiny Cas zajistuji enzymaticky
mechanismus potrebny k ziskani novych

spaceru zameérenych na invazivni
elementy.

— Proteiny Cas (Cas9,Casl12, Casl3 a
Cas14) byly vyuzity k vyvoji novych
nastroju pro genomové inzenyrstvi.
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Klasifikace CRISPR/Cas9

— V soucCasné dobé je klasifikovano Sest typu CRISPR systému ve dvou tfidach
— Tfida 1 obsahuje velké multi-Cas komplexy, tfida 2 pouziva jednu DNA endonukleazu Cas9, 12 nebo 13

— V soucCasné dobé je nejpouzivanéjsSi Cas9 z bakterie Streptococcus pyogenes

Class Type Protein Target Spacer acquisition Name of CRISPR/Cas Pre-CRISPR process-  Self vs Effectors of CRISPR. Host organism
strategy system ing nonself-dis- system
crimination

Classl 1 Cas3 ssDNA Cas1/Cas2/ Casd Cas7. Cas5, Cas8, and Cas6 PAM Cas3, Cascade, and E. coli
Cas3 crRNA
11 Casl0  ssDNA Casl/Cas2 Cas7. Cas5, and Casl  Cas6 CRISPR repeat Cmr/Csm, crRNA. and S, epidermics
Cas10
v Csfl - NA Cas7. Cas3, and Csfl - - - -
Class2 11 Cas9@  dsDNA Casl/Cas2/ Casd Cas9 RMNase 111, and tracr- PAM Cas9, tractRNA, and S thermophi-
ENA crRNA lus and S.
PVOgenes
v Cpfl ssDINA and dsDNA  Cas1/Cas2/ Casd Casl2 Cpfl PAM Cpfl, crRNA and F. novicida
tracrRNA
V1 C2c2  ssRNA Casl/Cas2 Casl3 - - C2cl, and crRNA -

https://doi.org/10.1007/s12033-022-00567-0
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Mechanismus Cas9 proteinu

— Cas9 protein ma 6 domén (A) ' (B) W] _
. ) . , | RECII | B
— bez gRNA je protein neaktivni [HNH ) Ruve ) 3§ [REC" mmem guide RNA/
o _ _ o L. ) ( PAM interaction | [ HNH I Ruvc] % cc::r::Igex
— arginine-rich bridge helix iniciuje vlastni stépeni
PAM interaction |

target

— Po aktivaci Cas9 hleda PAM sekvenci (5"-NGG-3") specific tracrRNA

crRNA
sequence
— Cas9 stipe dsDNA 3 bp pred PAM pomoci HNH a
RuvC domén na zaklade komplemntarity 20-
nukleotidd na 5 konci gRNA s dsDNA

— Vyhodou je moznost vicenasobné editace a
jednoduchost navrhu

— Nevyhodou je vysoky off-target = nCas9 Sipajici pouze
jedno vlakno je casteCnym reSenim

BIun't'ends
https://doi.org/10.1007/s12033-022-00567-0
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echanismus C

Seed region (~10-12 nt) CFDRN-‘\ repeat
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: GUCC(;UU tracrRMA antirepeat
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as9 proteinu

sgRNA scaffold
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Target DNA
sgRNA
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non-PAM DNA

Cas9 in the apo state

Pretarget state ready for
(inactive)

target search

PAM recognition and
DNA sampling

Interrogation of flanking DNA
for potential complementarity

Al

PAM-distal ! PAM-proximal
mismatches (=4 bp) Stable R-loop formation mismatches abrogate
inactivate cleavage beyond seed DMA binding

Full complementarity and
HNH allosteric switch to ensure
concerted DNA cleavage

Directional unwinding and
R-loop expansion

Local DNA melting and
RNA strand invasion
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Mechanismus Cas12 proteinu

— vetsi pfesnost nez Cas9

/Cas12
CTA

TTN
TTTN ﬁm’vc

— dokaZe sam zpracovat crRNA — vyhoda pfi multi-

editaci R loop
formation
— Obsahuje RuvC a NUC (nuclease lobe) doménu, PAM 17 bp spacer

spacer ma 17 bp
— Stipe ssDNA i dsDNA

— Vuziva se v DETECTR systéemu pro identifikaci
patogenu

lnsss ”

— Diky dvouvlaknovym zlomUm je preferovana oprava ,
v v s 4 \v4 7 - v ' ‘..Q Sthky ends 1
HDR a ne NHEJ = snazsi provadeni inzerci S i Trer 3

— Malo efektivni u nedélicich se bunék
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Mechanismus Cas13 proteinu

singleRﬁfnded Cas13a rRNA
AMm i i irc ' : 22-28
_ Ca813 SyStem Je prOtI RNA Vlrum ° 3IlIIIIIIIIIIIITTISII:)IaItieI';IIlIII‘IIIIII
— Casl3a obsahuje crRNA, NUC a HEPN (nucleotide et \

. . 7 Ve 7 rotospacer
binding) doménu, cilova sekvence 22-28 nt, PFS za flanking site
cilovou sekvenci l

— 13b stipe jen sSRNA, je pfesnéjsi (PFS a PAM) ” .
v . . v’ , , Degraded RNA
— Kromé editace je pouzivany pro analyzu SNPs
— Vyuzivany v SHERLOCK systému A cestE g
5 30nt spacer
— Umoznuje specificky zasahnout pouze vybrané alelické . SLLLLLLLL
variant v ramci onemocneéni 2 NAN/NNA

Protospacer flanking site

— Vyhody oproti RNAI strateqii, stale vSak jisty OFF-target
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Protospacer flanking
site

L 4
Degraded RNA is depended on a
double side protospacer flanking site
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DETECTR/SHERLOCK

DETECTR technology SHERLOCK technology

® o ® ©

r'r f
W fluorescent 1 = fluorescent
J‘o reporter U}‘b reporter
N
targetDNA ——— = )
T N — target RNA
Cas12 Cas13

CRISPR array
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TALLENS

— Proteiny TALE byly poprvé popsany v roce 2009 a pochazeji z fytopatogennich bakterii rodu
Xanthomonas.

— TALE je zvlastni tfida proteinu, které mohou vazat DNA.

— Typickéa jednotka TALEN se sklada z centralni DNA vazebné domeény o 12-28 opakovanich, jaderného
lokalizaéniho signalu (NLS), domény pro aktivaci transkripce cilového genu a nukleadzy Fokl1.

— Interakéni oblast s DNA ma 33-35 aminokyselin s polymorfnimi 12 a 13 opakujicimi se variabilnimi
diresidiu (RVD).

— Kazda repetice se jedinecné vaze na jeden nukleotid v orientaci 5' az 3' na cilové DNA.
— Ctyfi nejéastgjsi RVD jsou NN, NG, HD a NI s pfednostni afinitou ke G/A, T, C, a A

— Pokud sefadime opakujici se RVD v ur€itém poradi, je mozné vytvofit TALENS s poZadovanou
sekvencni specifitou.
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TALLENS

Table 1 Comparison of TALEN and CRISPR/CasS-mediated genome editing

Feature TALEN CRISPR/Cas9
Recognition type DNA-Protein DNA-RNA
larget site length 30-36 bp 23 bp
Endonuclease Fokl Casy
Dimerization Required Mot required
Off-target Low High

Design and Assembly Labour intensive Easy

larget Range Unlimited Limited by PAM
Degenerate Recognition Yes Mo

Specificity High, few mismatches tolerated Moderate, comparatively more mismatches tolerated
DNA methylation sensitive Yes Mo
Mitochondrial Genome Engineering Easy Complicated
Precision of Genome Editing High Moderate

TALEN

— DNA Binding Domain — — Spacer (12-21bp) — F— DNA Binding Domain —{

Left TALE =~
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T T T T T T T T T T

https://www.youtube.com/watch?app=desktop&v=JArLDYvOQw4 (ZFNSs)

https://www.youtube.com/watch?v=YkVVkzA7QpA (TALLENS)
https://www.youtube.com/watch?v=MzMsgmeEOhI (CRISPR)
https://www.youtube.com/watch?v=2pp17E4E-O8 (CRISPR)
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https://www.youtube.com/watch?app=desktop&v=JArLDYv0Qw4
https://www.youtube.com/watch?v=MzMsgmeEOhI
https://www.youtube.com/watch?v=MzMsgmeEOhI
https://www.youtube.com/watch?v=2pp17E4E-O8
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