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Abstract

Bacteria have a defense mechanism to protect themselves from invading bacteriophage or plasmid.
The importance mechanism is the Clustered Regularly Interspaced Short Palindromic Repeats, and Cas
protein (CRISPR-Cas system), which working as specific immune system of bacterial cell. The mechanism
involved with the ability to incorporate bacteriophage or plasmid DNA into bacterial chromosome, which act
as a memory card of bacteria to recognize of previously invaded bacteriophage or plasmid. Therefore, when
the bacterial cell are invaded again by the previously known bacteriophage or plasmid that will activates the
CRISPR and Cas system to create a small interference RNA called “crRNA”. This crRNA are worked together
with Cas protein to destroy the bacteriophage and plasmid DNA. Nowadays, the knowledge of the fascinating
CRISPR-Cas system have applied to biomedical and biotechnology. For example, developing as a molecular
marker for epidemiological study of pathogenic bacteria, constructing the bacterial strains that resistant to

bacteriophage infection, and using as a tool for genome engineering in animal and plant.
Keywords : CRISPR, Cas gene, adaptive immune in Bacteria
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Ao = | = a v i a . = Ao o
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arfuayuiiteddne wasnanaiia Saanuvannmanefigenniufuenden uazdeivinagniudiuumniiddla
Sanuazlifideya (Mojica et al., 2005)

UANANL3I0II8 CRISPR LAY NM3ANHNADNNSINLIRAN U8 TR Bendn CRISPR-associated
(Cas) genes g/ln&riu CRISPR a0 Tnaazagjiinsaanliain CRISPR n19611 upstream £t Cas azA2UANNIS
a5naldsiuieandnldsiiuy Cas wusnuunideilidl CRISPR fiazlinunguaasiiu Cas iguriu sinlhiningdnans
duiirgudn CRISPR uazdiu Cas Tuenaasiftatios wazineudani (Ruud et al., 2002) A9BenszuLan
CRISPR-Cas system fiu Cas wuflatfaefuvanaaiin uazflufufiinlUlidwiuuianguaes CRISPR ag S
Cas ﬁuﬁf]‘ﬁ'muaumm%wmuhﬂumju helicase, nuclease uaz RNase uiftadasiunsindudauans
crRNA Tl lmane nsvinuntsfarinans DNA 1awna waznstiwanadiniennasiudinlilunanszidng short
palindromic direct repeat (Bolotin et al., 2005; Godde & Bickerton, 2006; Pougacha et al., 2012) ¥ana1n
TUsRu Cas LLﬁQﬁQWUTﬂ?ﬁuﬁﬂmjmuﬁﬂ {38n91 “Repeat-associated mysterious proteins” (RAMPS) Fesaily

TsAulungu Cas superfamily 1iurin dAmuantifidu RNA binding protein TAsea$19fiug1uzed RAMPs

'
o a o [

willeuiuldsfunduiy RNA a < 1 Tnaddaudanadinn N-terminal iiluaneTdssiuniuiuiulduiszwdneans

oL uay B Fanda “ferredoxin fold” RAMPs azfinanusaniullshiu Cas lunissansiany crRNA waziinlquiy
dluuneAe DNA 1138 RNA 289714 (Wang & Li, 2012)

flqufunuii Cas Yezann 45 9ila (Haft et al., 2005) fu Cas finultesluuupdiBafadu Cas 1
4 Cas 6 Tnaiwuanlu CRISPR 90 type aywusiu Cas 1 uaz 2 wane Tilsfiu Cas 1 luiaulasd nuclease e
Tnefiasitannlonausaslans (metal ion dependent) axnTniAg1e DNA Iuunanaz 1514 DNA aregd
1AEN9LlsTNN 80 AluA lugniziillsiu Cas 2 dudslinaumiiiedeuidn wriduilwgudnlsiin Cas 1
LAY Cas 2 8199 ZiRgad 09 uN126 A DNA LaZNA9TIN spacer 1n31ding CRISPR (Wiedenheft et al., 2009;
Karginov & Hannon, 2010) #145ulds#Aw Cas 4 Tunudnflueulas 5-3' exonucelase ANnHANATANEAY

o

815Ae Sulfolobus solfataricus WidnTLlsiu Cas 4 vl iron sulfur fiflAnsaanTAives 5-3' exonucelase &NNN5ARD
DNA #flugneiienly LL@zﬁﬂfhLﬂuiﬂiﬁuﬁ'ﬁummwLﬁm%mﬁunqﬁumiﬁugmam@mwﬁLLwa?ﬂL?-ﬁwuﬁﬂWf:J‘lu
\A® (Zhang et al., 2012) CRISPR-Cas system @1x13nuivaanlaiilu 3 type muguuuaesnisineu
IneuuAFaurazainataazny CRISPR lulasiulanlénanndn 1 type (Makarova et al., 2011; Wiedenheft
et al., 2012)

Type-l CRISPR-Cas system Lﬂmﬁmﬁwuiﬁumﬁqmluwmﬁfw ANHUZANATYTRY type-| ABAZWL
&1 Cas 3 LluBiunan (Makarova, Haft et al., 2011; Sinkunas et al., 2011; lvancic-Bace et al., 2013) nabnlu
nMaansans DNA dwanelag type-l duandallsiiu Cas nangaianiduiuLariauiwinwiungu

(multiple protein complex) Fenan CRISPR-associated complex for antiviral defense %38 “CASCADE”

' (2 '
k2 a

Inel CASCADE aztsznaufnalilsfiu Casée uaz Caséf lUsiu Cas 6 nutinfisaTudau Pre-CrRNA Nnansia
11970 CRISPR 19iTlu crRNA waz azsannguatiy crRNA 11 complex MinduaZlUufL DNA dhwmangses
yhavisenanadia taenszusunsiiaziiiusiiu Cas 3 Winsnsaunaalu CASCADE v TUlsitu Cas 3 fhulsiu
‘*7; Fd9% N-terminal domain tHuieu'lasl HD phosphohydrolase Lasians f1u C-terminal 1il 1 helicase
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(ATP-dependent helicase) #4v11tin#iLendne DNA @1eigeanainiu (Sinkunas et al.,, 2011) T1lshiu Cas 3

o o v . g o = a 1
az1in orRNA Tdgadluune (crRNA-guide) Miugnsiugnssnaeaniaze nanaln uazazuan DNA a1ef
pasvavizanatainaanaIniuielit crRNA anunsnduiudlmsngll neunazyinataaisiugnssuaesvng

o ~ 2 o
WIANANANALL (NN 2)

Pre-crRNA

A A AL

CASCADE

crRNA _g
‘Cas

BacteriophagelDNA

K ¥ R =

Bacteriophage DNA or RNA

PAM

Bacteriophage DNA

BaCtenophage DNA e thess Sertiwcrappreechia

N9 2 UILILNINN9IUA993T UL CRISPR-Cas type I-lIl

Type-Il CRISPR-Cas system WUty Cas 16 4 81 lAuA cas 9,cas 1, cas 2, WAy cas 4 W HERASIEIN
Cas 9 {luwen fu Cas 9 AauAunIsasellsily Cas 9 diiluianaaunnlug) uazil nuclease Taiuudnuay 2
TaLuw 2gn196i11 N-terminal LL@:ﬁu?Lfgmhnm\ﬂmm@ nalnnN1sM19114184 type-1l CRISPR viupingann type-|
AelaiT CASCADE naztaunnsfiifadusausinasiauniasin pre-crRNA (RNA processing) aul# crRNA waztinlal
FUru DNA dlvinasausian1siaringns DNA 2aawa Wunaunainmisineuzasilsiiu Cas 9 SeflnnuaniT
1w multifunctional protein (Bhaya et al., 2011; Makarova, Haft et al., 2011) (m‘wﬁl 2)

Type-lll CRISPR-Cas system wu'ldnnlunguaesanfiae uiiveanliiflu 2 subtype Aa type-llIA
way 1B (Hrle et al., 2013; Richter et al., 2013; Staals et al., 2013) Tu type-lll aznullsRu Cas 6 WAy Cas 10
Flundn arnnisdnenluide Pyrococcus furiosus W31 Cas 6 #Anu@n1ALily endoribonuclease f9azin
CrRNA 71 repeat sequence 11 LEd91289 crRNA 284 spacer fiazlildusuilvane uaz active site 184 Cas 6
FA1uwilauny tRNA splicing endonuclease Fanisinerudulifesfiannlaeauaaslanzuin (metal

independent) (Carte et al., 2008) 41u5ulilshu Cas 10 HAaNtRAR iU Cas 3 Aaddiulauuiiiu HD

nuclease A1A1A41 Cas 10 a1aazdumumlunissniianaasiugnasuiiinung (Richter et al., 2013) wanainil
e
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wudduunaees type-IlIA Laz 1B LANASATU NANAS type-IIIA CRISPR-Cas system wulwi@a P. furiosus
azduiudlunnauazinanaansiugnesaasn1aiiilu mRNA (Hale et al., 2009) Tuanued type-1lIB CRISPR-
Cas system Awului@a S. epidermidis Aufuil 1 nuBuaziIa a19WugNIsuALily DNA (Marraffini &

Sontheimer, 2008)

n1515z8nA CRISPR A115LNUARENNIATRINLIAIUANN

n13An CRISPR lutfaqiiliinnnuaulaly 3 Usziiundnae

1. nsiszgndldarunainuaeaes CRISPR aliluiAzasiadmiunisanuunananugaauuanEe

o o =2

AMMFUNNIANHINIAIUITUIATNEN HB9AINLTN0s CRISPR annsnaiamensialldgadgnls fnliuuaiis

D

MiuanaiufineiuaznanuanEuraes CRISPR Mndeani iuni1stszynsld CRISPR Tunisdauuniae

2

ﬂ@:ll Mycobacterium tuberculosis complex (MTBC) aanuallddsng i 8un M. tuberculosis, M. africanum,

M. bovis, wax M. canettii 1§ (Groenen et al., 1993: Kamerbeek et al., 1997)

\Te Yersinia pestis TaillunuanFanalsnguusy uazlauvainuansaesanawuinn daiu

Q
'

monomorphic species WAANAN1TANETD Y. pestis aAnfAaae197Lilu clinical isolate a1uaUsN B lfin1ann

LURINTNNTIZUNANLALAA W WuILTeRuan tEduil variation 289 CRISPR Gauanalitiudniaaiglu

v '
v KX A

monomorphic 8144zl ANNUAINNaItat luszAL intra-species AvuATH A mTlull i fiaziin CRISPR

TlsegnalfiduasesdiaiianisAn®an19A1uszUIAINYN (Pourcel et al., 2004) WANANUNILUAILTD

o

, - Aa Ao a . ] P
Salmonella enterica GuflunuafGanelsand 1Aty luszuunisRue MIsLaTnUUNIN Szt ABUE 194
lutszinalng @e S, enterica HAauuaINUAIeNgenn Deufidnazdnegludlsnfinaaiy Auiunisdnm
P a ~ P = v ca Y a o g = = o o o =
NfUsrLIaInenive inauisananugnuiaseiiluamenisszuinaeiiaondiAtyunn daquiunuisneeu
nsAnm lusngtsemaniinislid CRISPR iieauunanaiugaasda S. enterica InaifFeuiiiey CRISPR fu
serotype Waz multi-locus sequence typing Wudnliinaganmdaaniu uwanraulafe variation 189 spacer Wy
gnunsaenANLAnsANanfe gl fiaaaiuld (discriminated between subtypes within prevalent serovars)
M lfiuuatiiunasin CRISPR ludszgnalddmiunisAneimisszunsineniiaauazidanuiniu (Fabre et al.,

2012)

'
=2 I'La/d =2 a

2. n19ANHINANN1IN NS N s uRULeITeaLUAN Y TaldNN AN HUTUT AW wuART

a113011e1TUAU DNA anvnavisenaaiiaiiing CRISPR uazi@ief A3y spacers tuazaunsnilosiuauies

annsyngnaeanialuaissiali1s anudinlalunalnfanaiaiiaoudiAtyunn wesarnanunsoin ilssens s
= e Py & Ay oo A A Aa 3 . = o . .
ansa3ansiugaasdanzanvnaranataianiiluninetian virulence gene 198 antimicrobial resistance

2

a al

gene Winguuaie Gans@nunlude S. thermophilus laNgalliiiudni@a S. thermophilus ANNIDRNTUAI

i
aa

e9NaaNANHEuRa AN 1WA e (antibiotic resistance self-replicating plasmid) 1414 CRISPR 14
e ) Yo a o a a Y o au a4 oy A
waz\Tie S. thermophilus 131 spacer 1aananainaunsninaanataianagnialuiad i inliiaetiulinese
o N A a , a o v ' A o @n | A o
grfinugaanansall warlidnazldnaradanaudinldlud nanadimiufliaiunses wavivuaruouwly .
aa

thermophilus l#an (Garneau et al., 2010) wananiegalinisdnsluida S. pyogenes uuuafizefinalsald

waneuuy Auantiansnelsntuluediunislfifugunelsaguuss (virwlence gene) a1nwia Taavnaazaaaunsn
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DNA 2a9siviaaiinglaslulanaasuuniize a1nn1sAnanudn CRISPR d18130411ANN9UNINsteIniaing

v
o o 1 ' o

Trslulgresuuniiels uazlifdededuingulidn deyaludin spacer NHagatnaniniidaunnsinaiuaiaay

U

NendesiunisielsanuAnsneiuLeade S. pyogenes (Nozawa et al., 2011) A3nutdinlan1sv1euaes CRISPR
arusntinlddszandldluaugranunssy Tnantsdndenan e v g uAeN1sYNINI0INIA L HUN IS

Lactococcus lactis \{luuuanBenldlszlamilulugnainnssunisinuaifsan oy ungnannuaswuayBe

o a o K

{nazgninaefnanie T4y AaNaRaNIzLAUNNINAR ATWINAAAINNENNAUINANINUEY L. factis AiNUGD

o

nsinanefagvna 39N 9AUNY type-Iil CRISPR-Cas ailn ud@vaguunaalinaauuafizasingann waswudn

WANANAAINA1IAINITDAINIBAINULWITIY (horizontal transfer) lUE L. lactis luagaw 7| 16 Teazdaelifls

a

wuANBaANUAan1Nanefaanialunsruaunnmtnatwistd (Millen et al., 2012)

3. msAne e lfifluarasiiadviunisdidsfiunisdiudseiugnssuluseAuaTun (genome editing

or genome engineering) AN lanalnaaeszul CRISPR-Cas Tnaianizszuy CRISPR-Cas9 daaliinanen

a A

Aa T sz nldduiunisufilavise euulasiugnesntesdaiddavansaiin sonialdiduesesiiod iy

% 1

a3194ndMAaeInaIeiug (transgenic animal) el duluinadinFudnufusng ) ndann1sdrAyvesnis

¥

Uszgneldszun CRISPR-Cas9 Anlishu Cas9 eilnnianiimilly endonuclease a1u19n6in DNA uazinliifin

o

double strand break (DSB) IngiAnunilafllsfi Cas9 fim DNA HAMNAW1E (sequence specific) ﬁﬁu@ﬁj U

°© o a

aruilanalalndaes spacer MiufiuuuudvFuasna crRNA wazazluauiu DNA 289914 TeazinTisfiu Cas9

Winunuazfmninane DNA 229914 (317 2) Tneuannisivnndananzdansuionale mAwnuiiBine spacer neld

fsuionale lnfmiunilauiuisnaaesduidesnisfin ddufaeale e suiuuun uasAaasnsiai
RNA (381091 synthetic single guide RNA (sgRNA) &a1uiinfiitBauimilenuty orRNA Tdufugufidansy
ﬁfmm@%ﬁﬁﬂu@:mmﬁu uazazdninliillsiu Cas9 Winunduuazsin DNA TuiFnmdanainagnaanmig il
\im DSB 289418 DNA (Bassett & Liu, 2014) fl0fin DSB 31 wadasiinsruaunisiazdauusy DNA faladis

A1RAZLAARINNTLUAUNTT homologous recombination (HR) 158 nonhomologous end joining (NHEJ) n1514

IS4

3211 CRISPR-Cas9 azlfian Aaldnandu anisanivuaiisnsiazlinn DSB liatnaanmizuinndnnisdn

VI

1inliAn DsB nanisliasiafutesd Sedaalfineinliifannanaiufitenialdsuul asduin1Fetng
SnZaNTU (Sokolov et al., 2005; Dmitrieva et al., 2011) Fet 19N IAaesin lRANIINA B Ug luLNas
W (Drosophila) faannsaniilsfiu Cas9 LL@xW@’]@ﬁm‘ﬁlﬂ'}UQNﬂﬁizﬁ’N sgRNA famnzsiedi yellow ?ﬁqmuQM
N194379 melanin eLuLLN@\‘ml’dJIﬁQLﬁuffﬂL%ﬁ@iﬁﬁ@ﬁﬂ‘ﬂx‘iLLN@QM%‘?{@?Q:&LLL?::HZ blastoderm NANIANHINLINTELL
CRISPR-Cas9 71n#iifin DSB dnaliitinnisnansiifuestiuaginaialfiatnadmng (Gratz et al., 2013) uazeiadl
mi‘wm@mmiﬂmﬂﬁuﬁ:ﬁﬂ?mum@zﬁﬁL%’Luﬁmﬁlu | anuanaaiin Wy Uandinane (Zebra fish) Eaautas
(Caenorhabditis elegans) mmfﬂuﬁmﬁw (Auer et al., 2014 Friedland et al., 2013; Li et al., 2013) @ M5UERT

v v '

al v ° = =2 & a al al o o
WegnAfIuN 131897U019AN 1 Tuimas 18949 (Cynomolgus monkey) Tnein192m sgRNA NawzivEy

Ppar-y uaz Rag-1 waz@an mRNA NiAruAnnsaselilsfiu Cas9 inguiadiduilavesasiag uszay 1 @ad (on-

=

cell-stage embryo) T4WLI1 MRNA viagastiugannsaniliiiaseuy CRISPR-Cas9 duneluaguazdniinlfiia

(2
a o A

DSB lualunlumadsiageuaesdslfatnasamniy (Niu et al.,, 2014) uanannildelinimaassldszuy CRISPR-

Cas9 dmiunisufilaaauiainfaesdulu stem cell ian1s3nunlsananugnasy i Taa cystic fibrosis (CF)
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Taen1314 intestinal stem cell mmﬁ’gﬂfm‘ﬂm CF %x‘iaumurﬂmmm%%ﬁﬂﬁ‘au CF transmembrane conductance

regulator (CFTR) BiatnA wazldissuy CRISPR-Cas9 findnel DNA 1i3nresiiussnaialiiia DSB waslddun

v
=

UnsinaudinldludInenszuaunng homologous recombination A2eRan13inLdaNNsaw laBunaUnANAT
1u stem cell liat1allsz@ninin deluaruranisnisienaaviiludsnisluddusunisinunfiag stem cell

(Schwank et al., 2013)

Gt
4 o e

97UL CRISPR-Cas \flunalnszuuniAniuuuuniiaresuuaive anemuen1sinauzedssuuiafianaa

v v
' I~ o L 2

AUNI9919UB89 RNA interference (RNAI) Iwuliluaaddnfuasiaduge Avuiuasizandasyuy CRISPR-Cas

'
a o 13 o o

Bnuuuuilean prokaryotic silencing RNA (psiRNA) 1faqiiufisnanunisiqaiingadasiunisiisuaesssuy

A o o g o = Aa o &4 = o o
CRISPR-Cas '1/]Lﬂﬂ%“ﬂ’ﬂﬂﬂﬂﬂ@iﬂﬂ’]i‘ﬂ@ﬂ'}ﬁlqu'ﬂ@ﬂW‘H@\‘lLLUﬂWL‘J‘?;I PANNTU mmnummm’L@’Luﬂ@"Lnn’mm\‘immm

'
o o =

ay dy d’l <1 o ] 1 a a d’l ¥ = 1%
TTUUANANNURNINTU ’ﬂ’]“mZSL‘]J%LLH’J‘VI’W\?’&’]ﬂﬂgm@x“ﬁ%ﬂ@ﬁﬁﬂgﬁ’]ﬂ’]iLLWiﬂﬁ‘Z@’]ﬂ“ﬂ@\?LL‘LIﬂV]Lﬁ‘?;I AREN mwuamwim
=2 Aﬁl 1 1 o . a a & ¥ o ¥
LATANINNITANHITINLANTELL CRISPR-Cas ?N’]N’]iﬂﬂqﬂm’ﬂﬂiﬂﬂ\‘iL%@@LLU@WL?EL%@@@]ﬂ (daughter cell) 159194

(2

al 1 t:lsj o U = v a alal v liJ al o a al
Aunquilaruisnin WlszgndlilunisdnmfuszunainenaesuaiBeld Galueuianenaazinisinatiail
Tl iwenaunumaiini@s 19uN19%1 Pulse Field Gel Electrophoresis (PFGE) isiaqlfiazasiianilsnangals
wana NN lan e UN L LIUNNTN19ILA8992 1L CRISPR-Cas flaiilsslaaiiasinanindiuiuniguinlal

dszgnaldlunisdnwmiediaunisufilavediud ganiaiugnesn lussAualun daduauisanasinanseny

o 1 o a

apufinantimeineneanisiall adslsfinnesdauinaaiusyuy CRISPR-Cas €198

(impact) agNNNING

'
1 o o

o a ://vd a al dlo = a a o My =2 o Y o a Ny o
BEINNA @ﬂV]QEI\‘]ZNLLUV’W‘VIL?H‘V]@’]ﬂﬂa_,lﬂﬂﬂ@ﬁﬂ“ﬁum%ﬂﬁimi@ﬂﬂ’]?ﬁﬂﬁ’] uazdapesalfitindnandanslfdanfu

o

nuRasisie
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