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The Discovery.....

JOURNAL OF BACTERIOLOGY, Dec. 1987, p. 5429-5433
0021-9193/87/125429-05%02.00/0
Copyright © 1987, American Society for Microbiology

Nucleotide Sequence of the iap Gene,
Phosphatase Isozyme Conversion if
Identification of the Gene

YOSHIZUMI ISHINO, HIDEO SHINAGAWA, KOZO MAKINO, MITSUKO AMEMURA, anxp ATSUO NAKATA®

Department of Experimental Chemotherapy, The Research Institute for Microbial Diseases, Osaka University, 3-1
Yamadaoka, Suita, Osaka 565, Japan

AATGGGAGGGAGTTCTACCCCAGAGCGCCGGGGAACTCCAAGTGATATCCATCATCGCATCCAGTGCGCC (1,451)
(1,452) |[CGGTTTATCCCCGCTGATGCGGGGAACACLAGCGTCAGGCGTGAAATCTCACCGTCGTTGC (1,512)
(1,513) |CGETTTATCCCTGCTGGCGCGGGGAACTOICGGTTCAGGCGTTGCAAACCTGGCTACCGGS (1,573)
(1,574) |CGGTTTATCCCCGCTAACGCGGGGAACTCLETAGTCCATCATTCCACCTATGTCTGAACTCC (1,634)
(1,635) |CGGTTTATCCCCGCTGGCGCGGGGAACTCE (1,664)

EORSEREAES Cccmamccacrchﬁcccccccucrc An unusual structure was found in the 3"-end flanking

region of iap (Fig. 5). Five highly homologous sequences of
29 nucleotides were arranged as direct repeats with 32
nucleotides as spacing. The first sequence was included in
the putative transcriptional termination site and had less
homology than the others. Well-conserved nucleotide
sequences containing a dyad symmetry, named REP se-
quences, have been found in E. coli and Salmonella typhi-
murium (28) and may act to stabilize mRNA (18). A dyad
symmetry with 14 nucleotide pairs was also found in the
middle of these sequences (underlining, Fig. 5), but no
homology was found between these sequences and the REP
sequence. So far, no sequence homologous to these has been
found elsewhere in procaryotes, and the biological signifi-
cance of these sequences is not known.
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Identification of genes that are associated with DNA
repeats in prokaryotes First published: March 2002

cas genes : B
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* Clustered Regularly Interspaced Short
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Science

Emmanuelle Charpentier &
Jennifer Doudna

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

Martin Jinek,2* Krzysztof Chylinski,s""* Ines Fonfara,? Michael Hauer,z'l'
Jennifer A. Doudna,’?°t Emmanuelle Charpentier’t



Biochemical studies of Cas 9 and CRISPR linked RNAs

protospacer 2 plasmid DNA

circular linearized

plasmid-sp2 + |+ |+ + + +| +

Cas9 + +
crRNA-sp2 —_ +
__tracrBNA

crRNA-sp1 0

— - ~ 6300 bp
<~ 4950 bp

<«—~ 1350 bp

Jinek et al. 2012, Science 337: 816-821




Biochemical studies of Cas 9 and CRISPR linked RNAs

Cas9 cuts 3’ upstream of protospacer adjacent motif

Yy Pam protospacer 2
non-complementary 5’ -TTATATGAACATAACTCAATTTGTAAAAAAGGETATTGEGGAATTCATTA-3 ’ Ytarget DNA

LTI W IIIIIIIIIIIIII!IIIIIII

:umplementary 3 =AATATACTTGTAT TGAGTTAARCATTTTTTCCOS WCCCCTT

5 ' —AUAACUCAAUUUGUAAAN A CTTTTAGACCUATEEUETTNNGE-- - * crRNA-sp2

AGCCACGGUGARRARGUUCAACUIATNGCCUGAUCGGAAUARRAALD CGAUACGACAARARCUTACCAAGG-5T

c L GAR

UoccuccuUruuun-3° tracFRNA

Jinek et al. 2012, Science 337: 816-821
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Biochemical studies of Cas 9 and CRISPR linked RNAs

Cas9 programmed by crRNA:tracrRNA duplex

crRNA and tracrRNA
||||||||||||||||||||u..---."""" I Can be me rged | nto
' 5.I.I|||||ﬂ-||'||||;ﬂ| one
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Jinek et al. 2012, Science 337: 816-821



Biochemical studies of Cas 9 and CRISPR linked RNAs

crRNA .- “A substantially truncated version of
the tracrRNA retaining nucleotides
tracrRNA : 23-48 of the native sequence was
capable of supporting robust dual-
RNA—guided Cas9-catalyzed DNA

Cleavage.”

chimera A
5+ ~ARAAAUUAGGUGCGCUUGGCEUUTTREREEHR ©

A
“[1111= 111

3’ _GCCUGAUCGCGAAUAAAAUU CGAU ﬁ“
GAA

Truncated tracrRNA

Jinek et al. 2012, Science 337: 816-821




In vitro test
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NV D > O chi i
QT RY Q%7 Q2" ,Q° chimeric
— F & & &S RN

pCEJ127 S " A < oot

11088 bp

GFP 6295...7269
target region 6439.. 8558

6373 Sall

Target region

GFP2
Sall GFP1 GFP3

A G T T A A GAA A T T AR T T A A T A AR T T A G T T T T AR A A GA L AG T A T T A T T A T A G T T e T A T T T T TGAATCEEAATTTAAATAAALGTGATGALCT -5

GFP4 GFP5

Jinek et al. 2012, Science 337: 816-821




Streptococcus pyogenes Cas9 (SpCas9) = 1368 amino

acid nuclease



Programmable DNA binding domains

A Meganuclease
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Feng Zhang

Broad Institute of
MIT and Harvard

Voytas and Gao, 2014, Plos




Are there other smaller orthologues of Cas9
present in nature?




Streptococcus pyogenes Cas9 (SpCas9) = 1368 amino
acid nuclease
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Ran et. al. 2015, Nature



All Cas9 works in vitro while only a few performs in vivo

Cas9: P. lava C. diph S. past N. cine S. aure C. lari S.pyog S. ther1

Staphylococcus aureus Cas9 (SaCas9) = 1053
amino acid nuclease

“
prokaryotic CRISPR system can be harnessed

into eukaryotic cells




Barrangou & Doudna

Nature
Biotechnology, 2015

Efficient CRISPR /Cas9-mediated
Targeted Mutagenesis in Populus in the
First Generation

Topics+

Rewriting Life
First Monkeys with Autism
Created in China

They spinin their cages and don't interact. The scientists who
created autistic monkeys say they'll now try to cure them.

by Antonio Regalado  January 25, 2016
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Off-targets!!
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Analysis of off-target effects of CRISPR/Cas-derived RNA-guided
endonucleases and nickases

Seung Woo Cho," Scjung Kim.! Yongsub Kim,! Jiyeon Kweon, Heon Seck Kim, Sangsu Bae, and Jin-
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Can CRISR-Cas9 be more specific?




Bernd Zetsche Feng Zhang



X Hypothesis: Cas9 needs
to stabilize denatured
DNA strands

Slaymaker et al. 2016, Science




The positive amino acid residues were replaced with neutral ones
Eg. Arg, Lys replaced with Ala

Slaymaker et al. 2016, Science



B VEGFA(1)
Bl Off-target 1 (OT1)
B Off-target 2 (OT2)

Slaymaker et al. 2016, Science



Do we have other alternatives to Cas9 ?!




Cell

Cpf1 Is a Single RNA-Guided Endonuclease of a
Class 2 CRISPR-Cas System

Graphical Abstract Authors

Bermnd Zetsche, Jonathan 5. Gootenberg,
Omar O. Abudayyeh, ..., Aviv Regev,
Eugene V. Koonin, Feng Zhang

5" T-rich Staggered
PAM —_— eut Correspondence

zhang@ broadinstitute.org

In Brief
Single . . .

CRISPR 3 Cpfl is a RNA-guided DNA nuclease that
guide ) provides immunity in bacteria and can be
RNA ' adapted for genome editing in

mammalian cells.

UG::crRNA CpiH Genome editing
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Highlights
¢ CRISPR-Cpfl iz aclass 2 CRISPR system

Cpf1 = a CRISPR-as=sociated two-component RNA-
programmable DNA nuclease

Targeted DMA is cleaved as a5-nt stagoered cut distal toa 57
T-rich PAM

I:;;E:pﬂ orthologs exhibit robust nuclease activity in human ZetSChe et al, 2015’ Ce”




GRIN2b:
Cang 20r1 trpet & PAM
2" TTTGGTGCTCAATGAAAGGAGATAACG 3
Cot® 20 tavget A PAN
D‘.A:m

Cas9 PAM ¢ : 3

CTCCTCAATGAAAGCACATAAGG _
(0T1) ATGCTAAATGAAAGAAGATAGGG
(0T72) GTGCTGAATGAAAGEAGCCTAAGG B

DAM AsCpl1

TTTGGTGCTCAATGAAAGGAGATAAGG (e

AV LoCpi
FTIGGTCLTCAATGARAGLALGA TAALG _

Yan et al. (unpublished)
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Zetsche et al., 2015, Cell



Discovery of New effectors

mOstly Mo heb

1S BONA Dets
DNSoe hevis

Shmakov*, Abudayyeh* et al, Molecular Cell 2015




Can CRISPR-Cas9 technology evade the stringent
and time consuming scrutiny of Bio-safety
regulation?!




nature International weekly journal of science

Home | MNews & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | For AL

Volume 532

Gene-edited CRISPR mushroom escapes US
regulation

A fungus engineered with the CRISPR-Cas? technique can be cultivated and sold without

further oversig

Emily Waltz

Edited polyphenol
oxidase (PPO) — an
enzyme that causes
browning to stop
browning




Penn State developer of gene-
edited mushroom wins 'Best of
What's New' award

The first CRISPR-Casy gene-edited
organism deemed to require no
regulatory review by USDA.

Yinong Yang




CRISPR-Cas9 for cotton genome editing
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Sci Rep. 2017 7- 44304 PMCID: PMCS347T08

Positive test results of

Targeted mutagenesis in cotton (Gossypium hirsutum L.) using the

CRISPR/Cas9 system CRISPR-Ca 59

Xiugui Chen, 2 Xuke Lu," Na Shu,? Shuai Wang, ' Junjuan Wang,! Delong Wang,? Lixue Guo,! and Wuwei Y21
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technology in Cotton

Plant Molecular Biology

July 2017, Volume 94, |ssue 4-5, pp 349-360

CRISPR/Casg-mediated targeted mutagenesis in upland
cotton (Gossypium hirsutum L.)
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argeted mutagenesis in Cotton CRISPR/Cas9 system
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Vang, JunZhang, LinSun, Yizan Ma, Jiao Xu, SijiaLiang, Jinwu Deng,
iafu Tan, Qinghua Zhang, Lili Tu, Henry Daniell, Shuangxia Jin

Chao Li,TL.rgayLr"-.-'er&Baolm’.gzl"a'.g - N, Hing ne. Lili Henry niell ngxia Jin &,

1long Zhang

Front Plant Sci. 2017; 8 1364.
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Genome Editing in Cotton with the CRISPR/Cas9 System
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