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Members of the same group, 1988/1989. Found 21 repeats,
split in two clusters.
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Unusual Nucleotide Arrasgenient with Repeated Sequences in the
Escherichio coli K-12 Chromosome
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Phosphatase Isozyme Conversion in Escherichia coli, and
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What does CRISPR mean?

Clustered Regularly Interspaced Short
Palindromic Repeats (name selected in 2002)

Previously called:
« DVR (direct variable repeats)
« TREP {tandem repeats)

« LTRR {long tandemly repeated repetitive
sequences

* SRSR (shert regutarly spaced repeais)
» LCTR (large clusters of tandem repeats)
+ SPIDR (spacer interspersed direct repeats)

Barangoy, R, and Hoevath P MalL Aicraol 2, v7092 (2017)
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» Unknown, unusual
structure found
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32 apparently random
nucleotides
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« Significance unknown
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20 of the 21 repeats difier fram this sequence by only
fwo bases or [ess. (The first repeat being less hemologous)

5' CGGTTTATCCCCGCTGGCGUGEGGGAACWE 3’
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5' CGGTTTATLCCCGCTGGCECGGGERAACWC 37
3' GCCAAATAGGGGCGACCGCGCCCCTTGSG 57

A palindrome has no intervening nucieolides, bist an Inveried repeat
can be called “partially palindromic.”

5" TTATCCCGEGGGAAC 37
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Start of the Story

+ 1987 arrays of DNA repeats observed in E. colf flater ather
bacleria and archaca as well)

+ 2002: CRISPR sequences used to compare different
strains of S. thermophilus in the food industry

- 2002: some {proto)spacers ave conserved acress straing;
these strains shared phage resistance phenotypes!

« 2008: the spacers maich DNA sequences from invasive
viruses and plasmids!
CRISPR dlomanty 0 Yiorsia pests olpits fdw
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What is its function”?

Whal arg these spacers? « CRISPR arrays stores pieces of foreign DNA.
Pleces of DNA fram phages andt
plasmids that tried fo invade the
| organism previously!

- Gienes near the array express proleins =
CRISPR associated proteins (Cas proteins)

« These Cas proteins variously:
1. acquire pieces of invader DNA
2. incorporate new pieces as spacers in the CRISPR
array, separated by repeats
3. are guided to invading DNA, using the expressed
spacer RNA as guides
4. cleave invading DNA, protecting the organism
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+ In Type IF systems, a transaclivaling crANA (tracrRNA) is also
expressed
. r . . Tha tracrRNA
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« Of all the CRISPR-Cas systems, Type Il is generating the
most interest.
+ The effector nuclease is the single Cas9 protein

» Cas9 is an endonuclease that creates blunt DNA double-
stranded break (DSB)

« It uses an BuvC and an HNH motif to cut the target DNA

« Cleavage (3 nt upstream} only happens if the target site is
immediately 5’ to a protospacer adjacent motif (PAM)
{5'NGG 3’
in Casg) a Garration
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The Breakthrough(s)

= CRISPR-Cas systems are guided by
short pieces of RNA fo specific .
locations to make cuts. o

+ Can use a fusion {chimera} of crRNA
and tracrRNA to make a “guide RNA”

{gRNA} of our choice = programmable =~
Jinek, M. ef &, Science 17 Aug 2032 : 816-821
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What does CRISPR refer to?

= Sirictly speaking, CRISPR refers to the repeats

u vi
» However, the spacers between the repeats are taken from
invasive DNA sequences, and are of greater interest.

+ A CRISPA array refers to the repeats and spacers
together.

« In popular science, CRISPR has come to reier to the
entire CRISPR-Cas system, or even only to the Cas
proteins and their editing alone.

Bartangou, AL and Harvath P. Naf, 46crotst 2, 1082037y

Double-stranded break repair

+ Cells can repair DSBs using endogenous systems for:
» Nonhomolegous end-joining {(NHEJ)
+ Easily intreduces insert/deletion mutations of variable fengih
= Can disrupt reading {frames or binding siles
+ Homelegy-directed repair (HDR)
+ Recombines wilh a donor template to corraclly repair break
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Techniques (Nickases)

« Using multiple gRNAs allows farge delstions and inversions
hetween DSBs ._—____—w T —

» Nickases can be crea!ed by mutalions in
the cleavage domains of the nucleases.
{O7T0A in Ruvl and H340A in HNHj

+ Using two nickases w/ diflerent gRNAS
allows even greater specifisily.

= Hulalions in both domains gives “dead”
Cas9 (dCas9), that binds wiout cleaving.
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» Can use a fusion (chimera} of crRNA
and tracrANA 10 make a “guide RNA”

{QRNA) of our choice = programmable =~
Jinak, M. ef o, Scigncs 17 Aug 2012 1B16-821

The Breakthrough(s)

« By supplying a DNA donor tempiate,
can use homology-directed repair io
insert DNA of our choice

+ In 2013, it was shown that CRISPR-
Cas9 can be used in human and mouse  soo———0c,
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+ In the 4 years since, many GRISPR T
technologies have been developed for %
more precise genome editing,
transcription controi, epigenetic
alterations, etc.

JO Sander and JK Joung. Nal Bictechngl, 32, JAT-355 {2014) 24

Technigues (dCas9)

+ Mufations in both domains gives “dead” Cas9 (dCas9), Ihal binds wiout
cleaving. Fusion Lo haterologous effector domains possible.

CRISPR acthation (CRISPRa) .,
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Techniques (Modifying Resistance)

« Valuable sirains of bacteria can be given artificial CRISPR arrays
providing resislance to bacteriophages, tzanspasons, or dilferenl
plasmids. Gonaas § & ersr Hatue 653, 67-73 (04 Koverber 2010)

+ May allow us to prevent uplake of antibiotic resistance or toxin-
ancuding genes mw[%:

T,

= Used 1o resist viruses in
euxaryotic cells (HIV

infections, etc}
Kl ' 0t bk Proc, Nsp ASE S UG
111, 1546111463 015}
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Techniques (Antimicrobials)

.

Introducing self-largeting CRISFA arrays into bacleria can utilize

endogenous CRISPR systerns to resull in cell death.
Yarece, LB et af Fual Grool, 9 e 105R5T (2043,
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Type | systems {e.q.
Cas3) are pariicularly
effective, due to the
desiryctiveness of

exonucleases.
Bomng, AA, of ol X8
5{$):000928-12.

Many pathogens nalively
encade Type | systems.

JD. Sander and LK Jeung, Nt Bospchnod, 22 341255 (2014)

PAM Limitations

* One limitation of ihe CRISPR-Cas9 system is the need for
PAM sequences near editing sites.

» Other CRISPR types have different PAM sequences, but are
not as adapiable and efficient as Type [i systems, like Cas9

+ Luckily, new CRISPR-Cas systems stilf being discovered:
» First Cas® from archaea {unknown subtype)
= CRISPRA-CasX and ~CasY {rom haclgria in groundwiater {compact systems)
-+ New PAMs pstream of prolesgreer 45" TCON 3' o CasX and 5' TA3'ia CaaY)
Bursteir, D., ef al, Nature 542, 237-241 (09 February 2077}





