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Nucleotide Sequence of the iap Gene, Responsible for Alkaline
Phosphatase Isozyme Conversion in Escherichia coli, and
Identification of the Gene Product
YOSHIZUMI ISHING, HIDEOQ SHINAGAWA, KOZO MAKING, MITSUKO AMEMURA, avp ATSUD NAKATA*

(1987) Repeticiones regularmente espaciadas
y palindromicas
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TERARATOOGAGGGRAGTTC TACCGC AGAGGC GLGGGAACTOCARGTG AT ATCC ATCATCGCATCCAGTGOGET

(L, 452)
(1,513)
(1,574}
(l,635)

COnEensus =

CEGTTTATCCCOGCTGAT GOGGGGAAC ACCAGT GTCAGGCGTGAAMTC TCACCGTC GT TG
COGTTTATCCCT GO TRRC GURGGGARC TC TC GETTC AGGCGTTGC AAACCTEGC TACCGGSE
CEGTTTATCCCCGC TAACGOGGGGAACTCGTAGTCCATCATTCCALCTATOTCTGARCTCC
CEGTTTATCOCOCGUTGECGOGGGGARCTCG (1,664 )
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Unusual nucleotide arrangement with repeated sequences in the
Escherichia coli K-12 chromosome.

A Nakata, M Amemura, and K Makino

CGGTTTATCC
CGETTTATCC

ATCC
CGGTTTATCC
CGGTTTATLE

CGCAGAGGCG
CCGLCTGATGE

CCGCTGGCGE
CCGLTGGC GG

COGCTERCRC

TTTTCCCATA
CTAATTCTTT
GGGGTACGCC
CATGCCATCA
CGAATTTTTG
GCTAATCTGC
TCAGCTACTC
TGCATCTTCA
CGEAATCART
TTCCCGGTCC

(B}

TATTCTAAARG
TTCTTAACGA
ATAATTGTGA
GTTGCTTATT
TGETTTATCC
CGGTITATCC

CGGTTTATCC
CGGTTTATCC
CGOTTTATCC
AGGTTTATCC
CGGTTTATCC

TITTAAGLCA
TTAANGAGCA
TAARATCTAC
ATTTGTAGAG
GACAARCAAT
ATGTTTAATC
GCAATGCAGG
GCAATGACTC
TCGCGTACGC
ACTTCATAGT
CAGCGTACCT
MGATCAGTCA
CGCGCGGTGT
CACTTATCAC
AGCTT

AMARCRARACCC
GTTTTCAMNT
TGTTTAACCC
CTACATTGCC
CGGATACATC
CTCGTAAGCG
CGATGGCCTG
GETCGECCCG
TTGECTAATG
GGCTCACCAG

AMARARTTARA
TTTAAGAATC

GGEGARCTCC
GOGGARC MCC

ACCAACCTTA
AGGTAAADMR
AAATGTCTGE
TTCTTCOGCC
ACCTACATAT
CLGGAGGTACA
CATCTCCCAG
GCGETTGTAT
TTTTACTACT
GGTTACGACG

CAGGCATTAA
ATACARATAR
CATGGAGRAT
CTAMRTATAAR
GGLGEAACTCS
GGGGARMCRCC

CTTAATCCAT
CAAACTTTAC
AATGCTANTG
ATAAATGAGT
AGGCAATATT
TTTCAATGCA
GCGGTTTATC
GCOCCAC TGS
CGCCGCGCAT
CATGAGTACC
GTGGCAGCAR
ATCCCTGGCG
TCTCTTTGET

GOGGAM: AL
GOGGARCALT
GGGGARCALG
GGGGAMCACH
GGGGAACACT

CGCAATAATT
ATTAGCCCTG
AGAAGTCTTT
TAGATATTTA
CAAACGTGTG
ATCGGTCAGC
ATGCTTGATT
GTTCAGCTTT
ACTGGTTTCG
ATCATGAATG
ACCAATGACA
CTTCGCCAGR

-iap-TGAT
AAGTGATATC
AGCGTC BGGL
CGGTTCAGGE
TAGTCCATCA
CGGGGGATAA
GEGCGECTTG
AGCTGGOTGE
AGTTTCCGTA
CAGGCGEGCGA
CGACCGCTCA
CAACATTATC
GCGTGTTOGE
GCGTGAGCGT
CTARARGTAT
ATGTAACATT
GACRCCARCC
ARCTCAARATC
AGTCCAGCTA

CGCTATCTCA

TTCAATATTA
CACTTTGATT
TATTTTGAMT
AM TTGAGAA
ACAGARCGGT
TGTTTTCGCA
GGCGCACGGA
GGCTCTGCAAR
APMATGCTGGT
TTACGCCTTT
CTARACATAM
TAGTATCACH
GGTARARTATT
TTCRACTCCAG
GATGGGTAMR
ACAGGTTCCA
TGTGETTTGCA
GCATCATCCT
GTTGCCAGTA
TCGTTGGCTC
GGCGATACGG
ATCTGGCAGT
CARGGCTCAC
GCCAGCARAT
ATGCTGAAAR

GGGETTTGARR
CATCATCGCA
GTGAAATCTC
GTTGCARNCC
TTCCACCTAT
TGTTTACGGT
CCTTGCAGDC
CAATCTCTTT
TCTCCGGATT
CCGGCAGGET
GARATTCCAG
ARATTAC ARCC
CATCACCTTT
ATCGCCGOGE
ACATTTGTTC
TCCTTATTAT
TTAANCCATC
CCGTTTCCGT
TTTGTTCCCA
GTACCTCCAA
CCACGARCCAA
AGCGGAATGE
GCARGCRACGET
TCOCTGCACG
ARAGCTT

AAGC TTAAMA
ARARAATAAT
AAATTTAATT
ATGAGGTGTT
AGAGATRACG
CTCAGTAGTC
AATCTATGGA
ATACARAGCC
CAGCAGCACC
GAGCGTTAAT
TTGCGATTGC
CCTATTATTA
CRARCANCAC
TAARATAACT
CGARARATTA
ATGGAGGAGT
CCCATTTATA

TAARACCGTT
CACCCGTAAT
CTTCACTGCT
GGEGAGARCTTC

ATGEGAGCTG
TCCAGTGCOGT
ACCGTCGTTG
TGGCTACCGE
GTCTGAACTC
CATGCGCOCC
AGCTCC AGT A
COCCETGAGT
TATAARAGCTG
ATGCGCGATT
ACCCGATCCA
GACAGGGAGC
GGCTTCGGECT
GTCTECGARA
TTARAGCATT
TAARAGATC AG
CARATCTACT
ATTCGTTGCC
GATCATTTCA
CARCCAGATG
CATARCTCATT
CARCAGGCTG
CCTCTATAAG
CCRAACGGAC

AATATARCTGT
AGATTAAAAT
TTTTGTATCG
MCGTGGATAT
GGTTATATGG
TCGTCAGGCT
CTATTGCTAT
GTGTATCTGC
CATGACCACG

CCGATCCTCA
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Insertion Element 1S987 from Mycobacterium bovis BCG Is Located
in a Hot-Spot Integration Region for Insertion Elements in

Mpycobacterium tuberculosis Complex Strains

PETER W. M. HERMANS,'* DICK van SOOLINGEN,! ELISABETH M. BIK.! PETRA E. W. b HAAS,!

JEREMY W. DALE,? anND JAN D. A. van EMBDEN!

National Institute of Public Health and Environmental Protection, P.O. Box 1, 3720 BA Bilthoven, The Netherlands,
and Department of Microbiology, University of Surrey, Guildford, Surrey GU2 5XH, United Kingdom®

Received 18 February 1991/Accepted 20 May 1991

Vol. 59, No. 8

Mol Microbiol. 1983 Dec:10(3):1057-65.

Nature of DNA polymorphism in the direct repeat cluster of Mycobacterium tuberculosis;
application for strain differentiation by a novel typing method.

Groenen PM', Bunscholen AE, van Soolingen D, van Embden JD.

= Author information

1 Linit of Malecular Microbiolooy National Institite of Public Health and Fnvironmental Protection Bilthoven The Natherland.
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CTGCAGATGGTCCGGGAGGTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAACTGGATT
COCOTAACTGGCTTGGCGCTCATCCTCGTGOTCOTCAGACCCAAMACCCOGAGAGGOGAC
GGAAACTCCACATCGATTTCCTTGACCTCGCCAGGAGAGAAGATCACGTCGTCAGACCCA
AAACCCCGAGAGAGGACGGAAACTCGTCGACGATCGCGTCGATGTCGATGTCCCAATCGT
CGAGTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAACTTGGAGCGTGTCACCGCAGAC
GGCACGATTGAGACAAGTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAACCCTCAGCT
CAGCATCGCTGATGCGGTCCAGCTCGTCCGTGTCETCAGACCCAAAACCCOGAGAGGGGA
CGGAAACCCAACCTCACCGCCTGCTGGGTGAGACGTGCTCGCCGCGAGTCGTCAGACCCA
mgc&emcmccccég;%swcmm&smuwcpcgﬂmamrmm
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Spacer Oligonucleotide Typing of Mycobacterium bovis Strains
from Cattle and Other Animals: a Tool for Studying
Epidemiology of Tuberculosis

ALICIA ARANAZ' ERNESTO LIEBANA" ANA MATEOS,! LUCAS DOMINGUEZ,! DOLORES VIDAL?
MARIANO DOMINGO,? OSCAR GONZOLEZ,? ELIAS F. RODRIGUEZ-FERRI?
ANNELIES E. BUNSCHOTEN,* JAN D. A, VAN EMBDEN_* axp DEBBY COUSINS™*

Departamento de Patologia Animal I (Sanidad Animal), Faculiad de Veterinaria, Universidad Complutense de
Madrid, 28100 Madrid," Departamento de Anatomia Patoldgica, Facultad de Vererinaria, Universidad
Auténoma de Bellaterra, 08193 Bellaterra, Barcelona,® and Patologla Animal (Sanidad Animal), Facultad de
Veterinaria, Campus de Vegazana, 24071 Ledn,* Spain; Department of Bacteriology, Research Laboratory for
Infectious Diseases, National Institute of Public Health and Environmental Protection, 37204, Bilthoven,
The Netherlands®: and Australian Rl‘ﬁ'h'ﬂrc'n' Lr!ﬁum?mj' ﬁ}r Bovine Tubercuilosis, Agrﬁ-ukum Western
Australia, South Perth, Western Australia, 6151 Australia®

Receved 15 May 1996/Returned for modification 18 June 1996/ Accepted 8 Augost 1996

The spacer oligonucleotide typing (spoligotyping) method was evaluated for its ability to differentiate
Mycobacterium bovis strains. This method detects the presence or absence of spacers of the direct repeat locus
of the M. bovis genome. The spacers in the direct repeat locus are amplified by PCR and are detected by
hybridization of the biotin-labelled PCR product with a membrane containing oligonucleotides derived from
spacer sequences that have previously been bound to a membrane. One hundred eighty-two M. bovis isolates
from domestic animals (cattle, goat, sheep, and cats) and wild animals (deer and wild boar) were spoligotyped,
and the results were compared with those obtained by 156110 restriction fragment length polymorphism
analysis. Two rather homogeneous clusters of isolates containing 20 and 4 types, respectively, were identified
by spoligotyping. The first cluster included isolates from catile, cats, and feral animals. By spoligotyping,
isolates from the Spanish wild boar and deer had the same pattern as some bovine isolates, suggesting
transmission between these animals and cattle and highlighting the importance of the study of these reservoirs.
The second cluster included all the caprine and ovine isolates. Within each cluster, the patterns of the different
strains differed only slightly, suggesting that the spoligotypes may be characteristic of strains from particular
animal species. Spoligotyping proved to be useful for studyving the epidemiology of bovine M. bovis isolates,
especially of those isolates containing only a single copy of IS6110. In view of our results, we suggest
fingerprinting all M. bovis strains by the spoligotyping method initially and then by 156110 restriction fragment
length polymerphism typing of the strains belonging to the most common spoligotypes.




Transcription at different salinities of Haloferax

mediterranei sequences adjacent to partially modified
Pstl sites

F.J. M. Mojica, G. Juez and F. Rodriguez-Valera*

Mol Microbiol. 1993 Aug;9(3):613-21.

(1993) Repeticiones semejantes
descritas en otras bacterias y
arqueas.


https://www.ncbi.nlm.nih.gov/pubmed/8412707
https://www.ncbi.nlm.nih.gov/pubmed/8412707

"Encontré unas secuencias repetidas en su genoma. Tenian
que ser importantes para las células, porque muchas se
morian cuando las manipulabamos [...] comprendi que
debian cumplir una funcion importante para la célula"
(Mojica)

Posteriormente encontradas Mycobacterium
tuberculosis

Arquea Haloferax mediterranei



(1995) TREPs (Repeticiones en Tandem) gue se
transcriben.

(2000) Nueva familia de ADN repetido a partir
del analisis de 20 especies distintas de
bacterias.

SRSR, “Short Regularly Spaced Repeats”.



Molecular Microbiology (1995) 17(1), 85-93

Long stretches of short tandem repeats are present in
the largest replicons of the Archaea Haloferax
mediterranei and Haloferax volcanii and could be
involved in replicon partitioning

F. J. M. Mojica, C. Ferrer, G. Juez and
F. Rodriguez-Valera*

CTGCAGTCTG CTCTCCATCC TACAGTTCTT
GGCTGCGAGT ATTCCGAGCA ACTAACTCAA
TATAGTAGCG TTTGCAAGTC ATTGCACACT
TCACCAGTTG CAAACGCTAC TATAGACAGT
TCTGAAAAAC TGAAGAATAA TCACAGACCA
AATAATTCGA GTACTGTCCG TTCCAGATGT
TCTGCCAATG GCTTCTTTTT CCTGGACGCC
ACCACCACCG AGAGCTACCA ACACGACCCC
CAGAGTGTGT CGTTAGATAG ATAGCACCGA
TGAGGACTGT TACTGCGACT ACTCGCTTGT
AATTTTTATC ATTTTGAGGA ATTGGTGTAT
ACGTGGGTCT TGACCTGAAT TTCCGTCGAC
GTTACAGACG AACCCTAGTT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGE
GTTACAGACG AACCCTAGTT GGGTTGAAGE

GITACAGACG AACCCTAGTT GGGTTGAAGC
GTTACAGACE AACCCTAGTT GGGTTGAAGEC

GITACAGACG AACCCTAGTT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGC

GTTACAGACG AATCCCTAGTTGGGTTGAAGE
GTTACAGACG AACCCTAGTT GGGTTGAAGE
GITACAGACG AACCCTAGTT GGGTTGAAGEC
GTTACAGACG AACCCTAGTT GGGTTGAAGE
GITACAGACG AACCCTAGTT GEGGTTGAAGC
GITACAGACG AACCCTAGIT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGE
GTTACAGTCG AACCCTAGTT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGE
GTTACAGACG AACCCTAGTT GGGTTGAAGC
GTTACAGACG AACCCTAGTT GGGTTGAAGC

GTTACAGACG AACCCTAGTT GGGVTGAAGC
GTTACARACG AATETTTTCT CGTGAGGACT

CATATCCGCC GCAAAGCACT CGATGTGCAG
CGACCTACTC GCTTCTCAAA CTGGGTTACC
CGATCGACCG CTATCGTGCG ATTGGCTGTG
GCCAGTCTAA GAGTGTCATT GGAGCCCAGA
AAGAMACAGA CCCAAGCCAT AGCAGATTAA
TGATGGTAAG TGAATATTCC CAACCACTCC
TTCACTAGTC ACATTCGTCC TTCCTGCTTG
GATAATTGCG GTCAGGACGA GAATATAACC
CAGTAATGAT TCCCGCGAGA ATCGTATAGA
CCATGTCATA AGTAGAACGA CAGTTAGTTT
CGCGCGTCCC GGTGTTCTCG GAAGTCCGTT
CCCCCGGGGG GTTGGGGGGT ATTG

AGTGTGTAGG AGGCTGTATA CCCTCGAATC
GC GAACAGGATG GCGAACCGGT GTCTGCACCA
CACGACAATC AAGTCTGGTT GCATGGCGAC
CTGTGCCTCC AGCGGCCGTC AGACAGTCGC
AAGAAGCCGC TCGCOGTCCT CGATGACGGG
GACAAGACTC GCGACGAAGC CGAGTCGAAA
CTCTTTATCC CTCCTGCCCG AATGTCTACG
GC GAACCCACTG GTGAAGAAAM AGTTGTAGAG
ACGACAATCA AGTCTGGTTA CATGGCGACA
TTCCACAACG TCGGGGAGGG CGAAATTAGC
TCCCGCTGGG GATGTCGGGA GTGCCGGGCG
CCCGGCCCGT TGCCCCCCAC GGCAATCGTC
CGTCTGTGTT ATTCTGTGCG TCTGCCGCGA
ATTGCCTGTA CCCGTCGTGT AATCAACTCS
GAGATGTGCG ACCGCGGCGA AATGAGCAGT
GCGACATGGG GACCGTCGAG AACGCGCTCT
CGAGGGTCCC GGTGTCGAGA GGACCGGGAC
TCGGTAATCT GGGAAGGCGT CAGTCTCGGC
CTCGCCATCG CCGCGAACTC GGTCCTCCTC
AAGCCTTGAG AGTGTCTGTT GGTATGATGA
AAGTAGACCG CGCTCAGTTA CGACAGCTGC
ACGATGATCT CGCCAGTCTG CAGCGTTACA
TCCGAAACTA ACCTCTTCCC GGAACTAGTC

GGGCATG
GTT
ACGGA
ATCCGA
CGGGLE
CGCCGC
AATATC
ACCCTA
GGATGG
CAAGCA
AGCCA
TGCT
CAAC
GAATC
TCGTG
ATGGGGA
GGACGGA
CGAGTAATC
GGGGTG
ATGTT
TCGA
TTGE

Fig. 1. Nucleotide sequence showing the
extension of the tandem repeats (underlined).
Sequence identities to the consensus
repeated sequence are underlined. Hindlll
and Pst| sites are in bold type. These
sequence data appear in the EMBL/GenBank/
DDBJ Nuclectide Sequence Data Libraries
under the Accession Number X73453.

€1 1995 Blackwell Science Lid, Molecuiar Microbiology, 17, 85-83




OMICS A Journal of Integrative Biology
Volume 6, Number 1, 2002
Mary Ann Liebert, Inc.

Identification of a Novel Family of Sequence Repeats
among Prokaryotes

RUND JANSEN,! JAM D.A. VAN EMBDEN,> WIM GAASTRA,!
and LEO M. SCHOULS?

ABSTRACT

“A distinct class of interspersed SSRs was recognized in 1987 in E. coli K12 (Ishino et
al., 1987; Nakata et al., 1989). Since then, similar interspersed SSRs were identified in
Haloferax mediterranei, Streptococ- cus pyogenes, Anabaena, and Mycobacterium
tuberculosis (Groenen et al., 1993; Hoe et al., 1999; Masepohl et al., 1996; Mojica et
al., 1995). Loci containing this class of repeats will be designated as SPacer
Interspersed Direct Repeat (SPIDR) loci. The structural relationship for some of the
SPIDR loci was recognized by Mojica et al. (2000) and is designated Short Regularly
Spacer Repeats (SRSRs). The SPIDR loci differs from other SSRs in their regular
structure. The repeat sequences have the same orientation, and each repeat is
separated from its neighbor by a spacer sequence that has a size similar to the repeat.
In contrast to the repeats, no mutual sequence similarity exists between the spacer
sequences.”




Molecular Micrabiology {2002) 4346), 1565-1575

Identification of genes that are associated with DNA
repeats in prokaryotes

Ruud, Jansen.'™ Jan. D. A. van Embden,?
Wim, Gaastra' and Leo, M. Schouls®

Genes cas
(CRISPR associated )

e B =
NARVIRVIRY

ReRe

Proteinas Cas

Sistemas CRISPR

Descubrimiento de genes Cas
(Asociados a CRISPR)



Molecular Microbiclogy (2002) 43(6). 15651575

Identification of genes that are associated with DNA

repeats in prokaryotes

Only recently, this class of repeats was recognized as
one family with members in many prokaryotic species
(Mojica et al, 2000). Each member of this family of
repeats was designated differently by the original authors,
leading to a confusing nomenclature. To acknowledge the
joining of this class of repeats as one family and to avoid
confusing nomenclature, Mojica ef al and our research
group have agreed to use in this report and future publi-
cation the acronym CRISPR, which reflects the char-
acteristic features of this family of clustered ragularly
interspaced short palindromic repeats.

Ruud. Jansen,'™ Jan. D. A. van Embden,?
Wim. Gaastra' and Leo. M. Schouls®
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(2002) Se acuna el término

CRISPR



Asunto: Re: Acronym
Fecha: Wed, 21 Nov 2001 16:39:06 +0100
De: "Ruud Jansen" <R.Jansen(@vet.uu.nl>
Empresa: Diergeneeskunde
A: "Francisco J. Martinez Mojica" <fmojical@ua.es>

Dear Francis

What a great acronym is CRISPR.
I feel that every letter that was removed in the alternatives made it
less crispy so I prefer the snappy CRISPR over SRSR and SPIDR.
Also not unimportant is the fact that in MedLine CRISPR is a
unique entry, which is not true for socme of the other shorter

acronyms.



David Bikard

@dbikard

My PhD student Antoine Vigouroux just made
this. Thought it was too funny not to share :-)
How do you write #CRISPR ?

(*Clustered Regularly Interspaced Short Palindromic Repeats)
Deletion InDel Insertion

crispr itl I
10000 — You made it! Congrats!

B |7crisp_r5 _
Talking about a whole bunch of them | €risp,

1000 —

Litteraly scientific research about crisps

crisps crispi crispa

crispo

= crispr_ir‘
Real thing, probably not a typo

100 — Some people do entire PhDs on crispy stuff
- crispy
= _ crispra'_|

el Also a real thing

crisper

-
o

Latin alphabet is not my native alphabet
| crisrp' crsipr' ' crispp'

Number of occurences on MedLine

crisr

crspr -
crispor cripr | rispr

Exhausted postdocs writing late in the night
- \cispr | cirspr | crisprm | crisprn | crisprz  crispro | crispu

Just go to sleep already
cripspr crisrpr crisprd | crispre  crispv  crirpr crespr


https://twitter.com/dbikard
https://twitter.com/dbikard
https://twitter.com/hashtag/CRISPR?src=hashtag_click

J Mol Evol (2005) &0:174-182
DO 1O 00T SO0 300004 65-3

wournar of NIOLECULAR

B Springer Scicnds £Business Media, Do, 2(HES

Intervening Sequences of Regularly Spaced Prokarvotic Repeats Derive from

Foreign Genetic Elements

Francisco J. M. Maojica. César Diez-Villasenor, Jesis Garcia-Martinez, Elena Soria

Division de Microbiologia, Departamento de Fisiologia, Genética v Microbiologia, Universidad de Alicante, Campus de San Vicente,

E-03080, Spain

Received: & February 2004 / Accepted: 1 October 2004 [Review ing Editorr Dr. John Huelsenbeck]

Abstract. Prokaryotes contain short DNA repeats
known as CRISPR, recognizable by the regular
spacing existing between the recumring units. They
represent the most widely distributed fanuly of
repeats among prokarvotic genomes, suggesting a
biological function. The origin of the intervening se-
quences, at present unknown, could provide clues

Introdoction

Prokaryotic genomes contain a peculiar family of
repeated DMNA sequences. They consist of 24- to 40-
nucleotide (nt) recurrent motifs regularly spaced by
intervening sequences of sizes similar to that of the
repeated unit. These repetitive elements were defined



Clustered regularly interspaced short palindrome

repeats (CRISPRs) have spacers of
extrachromosomal origin

Alexander Bolotin, Benoit Quinquis, Alexei Sorokin and S. Dusko Ehrlich

Génétique Microbienne, Institut Mational de la Recherche Agronomique, Domaine de Vilvert,

78352 Jouy en Josas CEDEX, France

ACGETGGTC & TTGGCAATGCAAACAA CCTTTATGAA CCR
CCATC AR CARGG A CATAT CATCTACGTGTCAATACATATCACARAE CRECE
TOGTTTAAAARL TACTTTTEAACA TTTAGCEAL TEAAA TTCA TAAGA CTEAR

ATAGCTTATECOCACACTG Y TTCTRGTAGTCRATTTAG TCAAR CAGA TGIF CAKR

TTOGTAAGTALCTTGAATG JTTTCTTTAGGAATACCAGGGAG TICAGCTIC
TOTAACTTCTTA TCCCT T Yo TTCACC TCARA TCTTAGAGC TUGACTAARG
GETTACAAATGCCOTACATIAACTA CCAAG CAM TCAGCARTCAA TAAGTT
CATCATGGCATATATGAAMITCTCTATCACGCTTCCTAAG TG CATRAAMR TO
AGCACTACTCGA TTACAGA TA TGAGAGARCACAGTATAGACCCTGATACRAT

ACCTCCTTAATATATAAACETCACTAGTCACTTAGTGOGGTTAGGGAAAS CAL

TATTAAGTITAGTCCCAGGTTTCTTATCG I CA
CAAMCGTTAGCCCAGGAMAGCATCATGARN
CAGCRACATACACGTAGTIGATGRAATTECC
TAAGAAR TCAACGCAGATTTTTAGCCAACACTI
TATETTTCCCCACTTTETCEARE TR
TCTTG O TATTAGTTCCCCATTTTOCTCATCTTTCTCOGCTTTIGCTAGET
GAATTGATAM CCTARATCITATCTCTATTTCAGE TG T TTARAA CA TTIDGE
AGATATAGCCGATTTTAAMAIG TTACCACGCGCCCTACTG TATTAG TERGALAG
TAATTOGTTCATGTATTATICTTTCTAAGTTGAATTARA TTCAAGTT T
GAGGAGTGTATTTAAGTGC I AGCAACTTTARAA CTARAAGAGCTACT TRACE
TOGA ARG TT I CCCC T TTTTTTARAATCOGTCATGCTATACTATATATI
AGARAACCCTGCTTART TEGAAGCEETETCTAG TCAAGRARRTTE TR
TACTATATATCTACGATACT TATATTAA TCGAMA TTTCATTCARACGCAGETCA
AACARATATCATCACT TG TCCTTTAATTCTTAA TG TCAARCCAR
ATCAACAGACGRCOTAATOGCAA TTGA TTCTAAMA TGCTTRA TACA O TACA
GTTATCTOCAACCTTTTCAAAATG TACCGRAATAGOST TACA TTGCA CANCT,
GTTCAAGCAATTCACTCTCATTCATAAATTCTCACTTTTCCTTGCTA TTEA
CGATACGACARACCACGCTCCAACCATACCTCTAATCTTCTTTG TOACTG
GCTATTTTTAAACATAGTCOOGTTATCAGTTGAAAG TTTCAACTCG B
TECTTCTTGATTGTCTTAAA TAGACCACCATAGCOGAGTTGTCTITIT ﬁ
ATTARGAGATACGCTARRA FAGCACCTCTRAAGOG TTAA TG TAT TCAGA AR
AMGTACOGAAGTAT TATCTACAGETCACTACARAGCTACCO AL
TGCTACGCTACGTT TGCTGAACGTATCTGTCCACTG IGTGE
CCAAGAGTTAAGAGCAGCAQA TCCTAL CTGCTT TG CTAA CTACATCA TGEAM
T.LETTMAMCHIMIQTCHHMGC&GTTT&T&MHM
COGGTTCACCAACGGTTECTTTTGAATTTAACAACCTTGATTTTGATA .
TCTACTTTGATTAGCT TGAAA TAGTTTGT TAAG TCATACCCA TTAAML T T
GAGACGGTCAATGARATATTCTTATCARACATCARGGA TTG TAGA TGM h
TTATCTGATITTCCAATCAAGTAA TCAAGCETATATAAG TCAGGACTA ¥
GETGTTGCTITTCCACAAAA CGTCAAGCTGACAGACCT TGACAACARR A
TGTTGTTMI‘GCETLE&CIH%TCTAAITL‘D}TE&CE&EE&CT&ETEG TO

| Spacer matching sequence i

CTGCCTTEGCCC
ATCIGTITREGAR
CATCACGGCTA

A CCATACATORGAA

TATTCATTATCA
BCALACCTTACGTT
TATGATTGCTAAA
CGGATARMAAAATT
TTACAGCGGTCTT

TETTGCTECTTCA
CTGCAATAATACC
TCCETTCAATARGT
TTGCTCAGCCAAT
COGTTATATAGET
ATGARARCTTACTT
TTTGETACAGCTS
CAGCCTACAARAG
CTCTTCARAT
GAARTTGCAT
TCCTTGGATT
CCATTAATTGAG
CARAGCCCTAAA
TCTAAALTTCTTTT
TATTTTATAGAAR
TATAATCCAACAT
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CRISPR Provides Acquired Resistance
Against Viruses in Prokaryotes
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Science 23 Mar 2007
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(2007) Se demuestra el papel en el sistema
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Small CRISPR RNAs Guide
Antiviral Defense in Prokaryotes

Stan ]. ]. Brouns,™ Matthijs M. Jore,'* Magnus Lundgren," Edze R. Westra,
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Ademas, se demuestra que el target es el
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A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Immunity
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genomas (el llamado “corta y pega genético”). Cortan y
sustituyen ADN de una bacteria por primera vez.



Proc Natl Acad Sci U S A. 2012 Sep 25;109(39):E2579-86.

Cas9—crRNA ribonucleoprotein complex mediates
specific DNA cleavage for adaptive immunity
in bacteria
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(2012) Reconstruccion del funcionamiento
de CRISPR-Cas y propuesta de su uso en
ingenieria genética
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Francis Mojica se queda sin el Nobel: Emmanuelle
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Inserciones/deleciones (Knock outs) Cambios precisos en el ADN

NHEJ: (Non-homologous end joining) HDR: (Homology Directed Repair) o
Recombinacion No Homdloga. Los Recombinacion Homdloga. Las
extremos de las dobles roturas se ligan dobles roturas se reparan utilizando
sin la intervencion de un ADN molde. un ADN homadlogo como molde.
NHEJ repair HDR repair
Caﬁ.ﬂir‘ldluced DEB Left homology iﬁ:ﬁg: Right hemology
— HDR repair arm amm
_—a’i v i template ——— i ———
ol InDel frameshift — LS .
NHEJ g T Casg-induced DSB
= stopcodon REE?:EW
— s . mRNA
_—4 L\ | —
NHEJ inducedinDel Li : .

TheOpen Reading Frame of the genc is disrupted Specific change introduced to the genomic DNA



Exon Intron Exon Intron Exon Intron Exon Intron

R T

ARN mensajero

Fuente: https://genotipia.com/
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Multiplex Genome Engineering
Using CRISPR/Cas Systems

Le Cong,™** F. Ann Ran,™** David Cox,"* Shuailiang Lin,** Robert Barretto,® Naomi Habib,*
Patrick D. Hsu,* Xuebing Wu,” Wenyan Jiang,® Luciano A. Marraffini,* Feng Zhang't

Science 15 Feb 2013:
Vol. 339, Issue 6121, pp. 819-823
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(2013) Primera vez que se usa CRISPR
para cortar ADN en células animales in
vitro (raton y humanos).



RNA-Guided Human Genome
Engineering via Cas9

Prashant Mali,”* Luhan Yang,"*° Kevin M. Esvelt,? John Aach,” Marc Guell,’
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Science 15 Feb 2013:
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(2013) Puesta a punto de protocolos
CRISPR/Cas para la modificacidon de distintos
genomas (incluidos el humano y el de
mamut).



	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34
	Número de diapositiva 35

