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+SEEE—SI/Ten years to sharpen: ZFNs

PEEZESE8: Zinc-Finger Nucleases (ZFNs)

ZFNs < Cleavage site
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ZFNs

= WIKIPEDIA ‘ - ‘ I
= The Free Encyclopedia Q_ search Wikipedia Search
Zinc-finger nuclease ¥A 12languages v
Contents  hide Article Talk Read Edit View history Tools v
(Top) From Wikipedia, the free encyclopedia
V¥ Domains " = s . )
Zinc-finger nucleases (ZFNs) are artificial restriction enzymes generated by fusing a zinc = T
DNA-binding domain finger DNA-binding domain to a DNA-cleavage domain. Zinc finger domains can be mumes A
: R : : ¢ e 7 GODOADBAGAGDAOBOA AGOGEDA
DNA-cleavage domain engineered to target specific desired DNA sequences and this enables zinc-finger " OOAGD » @
~ Applications nucleases to target unique sequences within complex genomes. By taking advantage of . ,..-
&

Disabling an allele
Allele editing
Gene therapy
Vv Potential problems

Off-target cleavage
Immunogenicity

Prospects

Zinc-finger nickases

Seealso

References

Further reading

External links

endogenous DNA repair machinery, these reagents can be used to precisely alter the The schematic diagram of ZFNs

genomes of higher organisms. Alongside CRISPR/Cas9 and TALEN, ZFN is a prominent tool
in the field of genome editing.

It was initially created by researcher Srinivasan Chandrasegaran.

Domains |edit)

DNA-binding domain |[edit]

The DNA-binding domains of individual ZFNs typically contain between three and six individual zinc finger repeats and can each
recognize between 9 and 18 basepairs. If the zinc finger domains perfectly recognize a 3 basepair DNA sequence, they can
generate a 3-finger array that can recognize a 9 basepair target site. Other procedures can utilize either 1-finger or 2-finger
modules to generate zinc-finger arrays with six or more individual zinc fingers. The main drawback with this procedure is the
specificities of individual zinc fingers can overlap and can depend on the context of the surrounding zinc fingers and DNA.
Without methods to account for this "context dependence", the standard modular assembly procedure often fails.[!!

Numerous selection methods have been used to generate zinc-finger arrays capable of targeting desired sequences. Initial
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SR —I/Sudden bloom: TALENSs

Transcription Activator-Like Effector Nucleases (TALEN)
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| Q_ Search Wikipedia ‘ Search l

Transcription activator-like effector nuclease

Donate Create account Logi

¥ 7languages v

Article Talk

Read Edit Viewhistory Tools v

Appearance hide

(Top) From Wikipedia, the free encyclopedia Text
Zgl;:a?:A_bmd'ng Transcription activator-like effector nucleases (TALEN) are restriction enzymes () small
) that can be engineered to cut specific sequences of DNA. They are made by fusing a O stendard
DhAcleavagedomairy TAL effector DNA-binding domain to a DNA cleavage domain (a nuclease which cuts
Engineering TALEN DNA strands). Transcription activator-like effectors (TALES) can be engineered to O Large
CanStuCES bind to practically any desired DNA sequence, so when combined with a nuclease, _—
Transfection DNA can be cut at specific locations.[!] The restriction enzymes can be introduced : - — o
X K . T . Spacefill drawing of dimeric TALE-Fokl o Standard
v Genome editing into cells, for use in gene editing or for genome editing /n situ, a technique known fusion (blue: TALE; green: Fokl) bound to
e as genome editing Wl.th engmeAered nucle-ases. Alongs.lde zinc fmggr nucleases and DNA (PDB: 1FOK, 3UGM), by David Goodsell () wide
CRISPR/Cas9, TALEN is a prominent tool in the field of genome editing.
Applications . Color (beta)
Part of a series on
TAL effector nuclease p . : : . o o .
precision TALE DNA-binding domain (e Genetic engineering () Automatic
See also TAL effectors are proteins that are secreted by Xanthomonas bacteria via their type O vight
Refaraiices 1l secretion system when they infect plants./?) The DNA binding domain contains a O park
i repeated highly conserved 33-34 amino acid sequence with divergent 12th and 13th
Ext i Z : 2y F i i
AEMEIS amino acids. These two positions, referred to as the Repeat Variable Diresidue X 1
(RVD), are highly variable and show a strong correlation with specific nucleotide \
recognition.3I! This straightforward relationship between amino acid sequence
and DNA recognition has allowed for the engineering of specific DNA-binding Genetically modified organisms
domains by selecting a combination of repeat segments containing the appropriate . Bocierap i ses
1 s _ : " Animals (Mammals * Fish ¢ Insects)
RVDs.!*! Notably, slight changes in the RVD and the incorporation of - Plants (Maize/corn = Rice » Soybean
- PP : : s o s 16 !
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CRISPR/Cas9—

BRI AR/Technologies that changing the world
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October 9, 2014

S THEINTERNATIONAL WEEKLY 401

”

SEEK AND DESTROY

PAM sequences recgnit and activa 59 endonuclease
in CRISPR/Ca59 genome-editing tool et

-

CHEMISTRY. , cosuOLDSY. DEVICEPHYSICS

TAKING STILLIN SEE RADIOIN
GHARGE _ THEDARK NEWLIGH?

Challenges in
Microbiome Research

) &k RARHAF




S NEerRMI STHFEL

3
§=
E.
é“‘
=l
b
&
3
e
o
S
9
<J
<
%

CRISPR:
Clustered Regularly Interspaced

Short Palindromic Repeats
M ERAERERIN ES 75
[EJBRFF%! (Spacer)
BEE/F5 (Repeat)

Cas:
CRISPREEAEE (CRISPR

associated)

t%EEMAItES(eg. Cas9)
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CRISPR/Cas9fiAR
1. Cas9&EH:
BRI,
SpCas9/SaCas9/StCas9,,,

2. gRNA:
sgRNA=crRNA +tracrRNA

3. BT PAM:
NGG—NGN. NRN (G/A)
4. gRNA/Cas9
RGNs: RNA Guided Nucleases

Fremd-DNA

tracrBNA
Magigen
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K1 Zifi+: CRISPR/Cas9

WIKIPEDIA

The Free Encyclopedia

‘ Q_ search wikipedia | Search | Donate Create account Login

XA 20 languages v

Casg

Contents  hide Article  Talk Read Edit View history Tools v Appearance  hide
(Top) From Wikipedia, the free encyclopedia Text
Vv CRISPR-mediated KD small
immunity This article is missing information about homologs including other Cas9s, other Class 2
CRISPR-Cas defense Typ(% 1l CRISPR.Systems, Please expand the article to include this information. Further © standard
stages details may exist on the talk page. (September 2021) (D
Adaptation Cas9 (CRISPR associated protein 9, formerly called Cas5, Csn1, or Csx12) is a 160 CRISPR-associated endonuclease Wi
CRISPR kilodalton protein which plays a vital role in the immunological defense of certain Cas9
processing/biogen bacteria against DNA viruses and plasmids, and is heavily utilized in genetic © standard

esis

Interference/immu
nity

Transcription

engineering applications. Its main function is to cut DNA and thereby alter a cell's
genome. The CRISPR-Cas9 genome editing technique was a significant contributor
to the Nobel Prize in Chemistry in 2020 being awarded to Emmanuelle Charpentier
and Jennifer Doudna. (!

() wide

Color (beta)

deactivation using O Automatic
dcas9 More technically, Cas9 is a RNA-guided DNA endonuclease enzyme associated with O Light
v Structural and the Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) adaptive .
biochemical studies immune system in Streptococcus pyogenes.BI4I5] S pyogenes utilizes CRISPR to () Dark

Crystal structure

Interactions with
sgRNA

DNA cleavage

DNA cleavage
patterns

memorize and Cas9 to later interrogate and cleave foreign DNA, such as invading
bacteriophage DNA or plasmid DNA.IEITIE] cas9 performs this interrogation by
unwinding foreign DNA and checking for sites complementary to the 20 nucleotide
spacer region of the guide RNA (gRNA). If the DNA substrate is complementary to
the guide RNA, Cas9 cleaves the invading DNA. In this sense, the CRISPR-Cas9
mechanism has a number of parallels with the RNA interference (RNAi) mechanism

A L. i EELE

S. pyogenes Cas9 in complex with sgRNA and
its target DNA. PDB: 4008 [1]

Identifiers

Organism Streptococcus pyogenes

M1ie2

Svmbol cas9
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nature > nature biotechnology > articles > article

Article | Published: 02 May 2016
DNA-guided genome editing using the
Natronobacteriumgregoryi Argonaute

Feng_Gao, Xiao Z Shen, Feng_Jiang, Yonggiang Wu & Chunyu Han &

Nature Biotechnology 34, 768-773 (2016) ‘ Cite this article

164k Accesses | 113 Citations ‘ 464 Altmetric ‘ Metrics

O A Retraction to this article was published on 01 August 2017

© A Retraction to this article was published on 01 August 2017

©  An Addendum to this article was published on 28 November 2016

O This article has been updated

B Access through your institution

Buy or subscribe ‘

Associated content

Failure to detect DNA-guided genome
editing using Natronobacterium gregoryi
Argonaute

Seung Hwan Lee, Giandomenico Turchiano ... Jin-Soo Kim

Nature Bi hnology Correspond 28 Nov 2016
Sections Figures References
Abstract

Accession codes

Change history
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When the east is dark, the west is still bright; when it's dark in the south but bright in the north

AGOi & AGOa AGO Detection
Transcription Manipulation using NgAgo MULAN (Multiplex Argonaute-based Nucleic Acid Detection)
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Argonaute for

DNA((transcription) and RNA (translation) interferences

= ‘j{w ng%npcﬁgié ‘ Q_ search Wikipedia ‘ Search ‘ Donate Create account Login
Al'gonaute A 9languages v
Contents  hide Article Talk Read Edit View history Tools v Appearance  hide E .
— ukaryotic Argonaute:
(Top) From Wikipedia, the free encyclopedia Text RNAi
RNAInterference For the French ships, see French ship Argonaute. () small
Functional domains and Not to be confused with Argonaut (disambiguation). . .
el dian Osandd  Prokaryotic Argonaute:

The Argonaute protein family, first discovered for its evolutionarily conserved stem cell function, ™! plays a central role in RNA £ L AG Ol

i e silencing processes as essential components of the RNA-induced silencing complex (RISC). RISC is responsible for the gene

Disease and therapeutic silencing phenomenon known as RNA interference (RNAi).2) Argonaute proteins bind different classes of small non-coding Width AG Oa
bl RNAs, including microRNAs (miRNAs), small interfering RNAs (siRNAs) and Piwi-interacting RNAs (piRNAs). Small RNAs guide .
Biotechnological Argonaute proteins to their specific targets through sequence complementarity (base pairing), which then leads to mRNA € Hartard AG O Dete ction
applicaﬁo_ns of cleavage, translation inhibition, and/or the initiation of mRNA decay.m C\ Wide
prokaryotic Argonaute
in The name of this protein family is derived from a mutant phenotype resulting from mutation of AGO1 in Arabidopsis thaliana, Color (beta) B ut Sti I I n Ot ene
References which was likened by Bohmert et al. to the appearance of the pelagic octopus Argonauta argo.*! % Hahamelic . g
External links edtlng

RNA interference [edi) Argonaute Piwi domain O vight

O Dark

RNA interference (RNAI) is a biological process in which RNA molecules inhibit gene
expression, via either destruction of specific mRNA molecules or suppressing
translation.>) RNAi has a significant role in defending cells against parasitic
nucleotide sequences [citation needed] n eykaryotes, including animals, RNAI is
initiated by the enzyme Dicer. Dicer cleaves long double-stranded RNA (dsRNA,
often found in viruses and small interfering RNA) molecules into short double
stranded fragments of around 20 nucleotide siRNAs. The dsRNA is then separated
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HEB57]3F /Gene Scissors—

ATISSHZEsEsR A /Programmable specific endonuclease technology

EHSEHFAR/Protein guided technology _
-4:

Meganucleases Zinc finger nucleases TALEN CRISPR/Cas9

RNA&E[E#R/RNA guided:
CRISPR/Cas9 Series
CRISPR/Cas12 Series
OMEGA/IscB Series
OMEGA/TnpB Series

T ) " OMEGA/Fanzor Series
L p TIGA/Tas Series
NNNN.NN NNN NNN NNNNNNNNNNN /

Guided and Cut by a single RNA
HYER: Hydrolytic

D endonucleolytic ribozyme
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=2 HRICRISPREEEEJIF/Variety of CRISPR gene scissors
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Remains to be investigated
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=L STEBICRISPR/Cas9% 4t / Diverse CRISPR/Cas9 systems

#1. cas9 L1
H2. AW IR Casd L AR

B Type II-A wr Twe Sk PAM W R W 4y Typel Kb PAM WP R R M
u ;ﬂ“e :"E " | SpCas9 A 1368 NGG i i LI 20132
- SauriCas9 A 1061 NNGG i i 20203 X
" L SlugCas9 A 1054 NNGG i fit 2021.4 St1Cas9 A uzn NNAGAAW fic i 2013.2
SlugCaso-HF A 1054 NNGG i P 20214 NmCas9 C 1082 NNNNGATT i A *:H 2013.8
ShaCasd A 1055 NNGGY i Eil 20214 St3Cas9 A 1409 NGGNG i I ifE 20151
SlutrCas9 A 1054 NNGRR Ll i 2021.4 s R ae
SehCas0 A 1054 NNGR 0 o 2022.2 SaCas9 A 1053 NNGRRT ) it 1M 2015.4
sha3Cas9 A 1055 NNGRC W i 2022.2 FnCas9 B 1629 NGG i h JEI| 2016.2
Nsp2Cas9 c 1067 NNNNCC LE i 2022.8 Cjcaso c 984 NNNNRYAC e & S 2017.2
NarCas9 = 1070 NNNNC fic - 2022.8 s
e W dos it i i bt GeoCas9 c 1087  NNNNCRAA € fic %W 201711
sha2Casg-HF A 1058 NNGG i 2022.11 ScCas9 A 1380 NNG ik fic ¥ g.‘g,o
SpeCas9 A 1058 NNGG o 2022.11 Nme2Cas9 c 1082 NNNNCC ih o s 1]~ b
SpeCas9-HF A 1058 NNGG i 2022.11
SmiCas9 A 1063 NNGG i 2022.11
Hsp1Cas9 c 1057 NNNNRAA i 2023.4
Hsp2Cas9 e 1067 NNNNCC i
CcuCas9 c 1032 NNNNCNA i ic

A7 CasO IS HIPAM (R EPEAS i K5 IR 50 PAM i) 45 1 R 5 30 300 35 A /b 55 R 1)
[ R, R G R CasotkfE AT (K3)

3. Cas9lfk 5 Pk T LA

ey Type Il NN PAM WPE REstE W)

Sa-SlugCas9 A 1055 NNGG i i 20214

1 Sa-SchCas9 A 1055 NNGR h i 2022.2
Nsp2-SmuCas9 c 1072 NNNNC t [ 2022.8

Hsp1-Hsp2Cas9 c 1048 NNNNCY il 2023.4

.." I Hsp1-Hsp2Cas9-Y c 1048 NNNNCY h 20234

1 O C USte rS Hsp1-Hsp2Caso-KY c 1048 NNNNCY i 20234

https://pubmed.ncbi.nlm.nih.gov/33139742/ SEBXZFF kAR
T Wang Yongming from Fudan University, China
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https://pubmed.ncbi.nlm.nih.gov/33139742/
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4. Cas12 . FL ¥ & )\-»_ . *
e K PAM ik HE )f'VIz 1 fii] I:F :&* *ﬁ%% g o ~

il
AsCas12a 1307 TTTV i 1 2015.9
LbCas12a 1228 TV it i 2015.9
FnCas12a 1300 TIN fic i 2015.9 B
Mb3Cas12a 1261 TTN th - 2020.9 1. Cas nucleases with low efficiency | 2. Robustly enhanced editing activity a. High efficiency -
TsCas12a 1298 TIN L - 2020.9 |
Mb2Cas12a 1251 TIN ot - 2020.9 Ze Eu
BsCasl2a 1206 TIN i - 20209 N —
Picasi2a 1323 KKYV fi& - 20206 g o > E'" IIII I:FI ﬂ:‘sl- K%}Hﬂ éé ﬁﬁ *ﬁ ﬁi
HkCas12a 1310 Yvw [ - 20206 P Se TT?! CA rpryrser
CeCas12a 1287 TV Gi [ 20203 4 =
BfCas12a 1231 TV i - 20203 - j
Cas12a-M29-1 1280 YYN i % 2020.12 Casi2i b. Broad targeting range
Lb2Cas12a 1206 TIN i - 2021.12
PrCasi2a 1213 TV i @ 2021.12
PxCas12a 1215 TIN oL - 2021.12
PdCasi2a 1323 TTTV e - 2021.12 , T —
MbCas12a 1373 v it - 2021.12 2 MIDAS o 4 —_——
EeCasi2a 1282 TTTN it . 2021.12 ; -~ ¥
ArCas12a 1266 TIN 1ig - 2021.12 Cas1Zb -
ErCasi2a 1263 YTTN it . 2021.12
AaCas12b 1129 TN G Wi 2018.11 a { P :
BhCas12bva 1108 RTTN =1 e 2019.1 ey e —— “h-l:*‘l,l-‘ &
BvCas12b 1112 ATTN fiL - 2019.1 zéﬂ\_ﬁﬂé/ ==
DpbCasi2e 986 TTCN s . 2019.2 .l B Mpsrensed serifiny l:I:l %ﬁl— ["i-' —j]%ﬁﬁ $1EF‘
PImCas12e 978 TTCN ih s 2022.2 T L,
Cas12iMa 1054 HHN 4 1% 2022.5 cas¥ (Cas12e) Casl12i = Cas12i™

Cas12j-8 718 TIN = Wt 20230
AsCas12f1 422 TIR it i 2021
UnlCas12fl 529 TTTN ep e 202
enOsCasi2ft 433 ™H i fi 202 From different

enRhCasl2fl 415 ccp i [ ~ 302

affiliations in China
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BZA) “B7JFE" /What's more

virginijus siksnys

CRISPR:

Clustered Regularly
Interspaced Short
Palindromic Repeats

AAREPRAERERINEEFS

OMEGA : el

Protein
Obligate Mobile Element  cuide rua
Guided Activity gRNA region

deDMA target

BESREMRIEERITT

PAmM

ZHANG Feng
(5K %)

1520015805 and 15607 CRISPR-Cas
400-700 aa
~400 aa (monomer) (Hkely mcnomer)
wiRMNA crRNA and tracrRNA

Located in protein ORF Located in protein ORF

5'TAM and target 5'PAM and target

S-TTGAT f 5'-TCAMN S-NAAN

D) &3 FHHEAF

Cas12f Cas12a
I'Hpﬂ‘ﬂ ﬂ:l\llﬂ\ﬂ'

CRISPR-Cas

CRISPR-Cas

400-700 aa (dimer) 1000-1500 aa {monomer}

crRNA and tracrRNA criRMA
Exist alone Exist alone
5'PAM and target 5PAM and target

§' T-rich PAM 5" T-rich PAM



“BIT]IE" BiHt/The evolution of Scissors

Q (OMEGA)

TnpB—Cas12, Fanzor
guide 15

\ -
P_E_ sl Cas12 (CRISPR-Cas TnpB (OMEGA Fanzor (OMEGA
DNA endonuclease ( )<;: PB ( ) @ ( )

X

l wRNA RNP 1000-1500 aa 400-500 aa 400-700 aa
.ﬂ_j?’ ___’? repeal spacer quide

— proonssig T castz_i¥imo
TE crRNA

2. / RNA ) ' g r' ﬂjﬁ : M u 1.: b

processing
o o

CRISPR

spacer  repeat origin Prokaryotes Prokaryotes Eukaryotes

5 i r (71} L I‘-,_ .t
biological role adaptive immunity transposition Al Ur;‘hmﬁﬁ vt

RNP / ——___l__ crRNA

processing
‘_‘? (RMaselll, self processing...) ZHANG Feng
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maBIEEEI7JF/The Latest PAMless Scissors

Tandem Interspaced Guide RNA (TIGR) array and a TIGR-associated (Tas),
Similar but different with CRISPR/Cas and OMEGA systems

spacer
21
o s o el — —

\ UCCAAGCCC‘ 5 A

9,653 10,529 11,422

TasA (Flavonifractor plautii JAQLWX010000047) o TaTasR TGCAAGCCCCTAAGGCAA
08 fapeat tigRNA .
;: loop repeat 5 (»;Légéefr(BJ " 5

> PAMless

e
s ACGTTCGGGGATTCCGTT ;
SpCas9 - NNNNNNNNKNNNNNNKINN > Ta rgetlng bOth sense
TasH (Salicola phage CGphi29 NC_020844) J \ o, a nd a ntise n Se St ra n d s
\ e
5 —Mﬁﬂ—ﬂﬂﬁ— \NNNNNNNNNNNNNNNNNNNN/

15352 15,352 15,748

<& gRNA 5'-NNNN
3',5

TasR (Thermoproteota archaeon isolate LB_CRA_1 QQVH01000006)

331aa u
:I ii i 111 166 298 / it
3 ; &i 356,085 356,258 357,237 367.525 ZHANG Feng
o | GKig)

Cas9, Cas12, Cas13
IscB, TnpB. Fanzor,
Tas. CRISPR screening.
CRISPR detection,,,,,

https://pubmed.ncbi.nlm.nih.gov/40014690/
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“RNA-World”

1. Background RNA-Protein co-evolution starting from the RNA

world How is RNA gradually replaced by protein?

Gradually increased size for protein

Cas9 Ancestor
IscB 496 aa

Casm DpbCasX Casi12c2
869 aa 986 aa 1218 aa B 368 aa

RNA-world «--

RNA molecule
for DNA editing?

BEXEX B
LIU Junjie from
73nt Tsinghua University

173 nl 122 mt 110 nt a0 nt .
China

Gradually decreased size for RNA

Sun A. et. al., Cell Res, 2023
Connor T.4. et al., Mel, Cell, 2022
Lin J.J etal., Natwre, 2019



Scissors by only RNA: Hydrolytic endonucleolytic ribozyme (HYER)

Structure of HYER1 HYER1 -
. TS| 3 J/é
Lot Anchor-back {24\
3 (TS _ ~ - },{/Q@ P//S
) 3 L _5 A-stacking ,7;%
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Assignments and Discussions:

1. BE+5IR, WHLSEAN EARELTIF; Draw
diagrams and make tables, to compare and
summarize the above-mentioned gene scissors

2. BEW@EFIALATBSEMERESRIE? Think about
how to utilize the above-mentioned tools to
achieve gene editing?

https://www.bilibili.com/video/BV15x411Z7kf?spm
id from=333.788.videopod.episodes&vd source=d
ac2ecab51ed36d05d1ed333d1c7177d
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