[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

S e Sy pols olRLIS dlxe

SS90 Vo

YY-YA amip VY47 515 = (V)Y JL

CEO 18 w1 (S CS in 9 CRISPR-CaS bt

Ol & Ko

* e plael & Obaeste duel (500 bl ! Dby Sola

O 015 ¢ i e (S5 psbe o8Ciils ¢ STy 5 (slacs 558 0aSCiil ¢ st Ll b 5 8L piige 03,5 el i)

Ol 01 ¢ (S 3y 015 ol o goDal 55T o515 ¢ 35 pshe oLl (285 05,8 k)| (ol IS (6 gl

O €015 ¢ i e (S5 psbe o8ty ¢ STy 08Ty ¢l gt 03,8 ¢l (omb g el (i )17 (g il
0121 €015 ¢ R e (K55 psbe o8Cils ¢ Sy o 5 (slas 55l Sl ¢ Ll b 5 3l ptiga 05,8 sl

Jlas SledMb)

Y40/ 4/YA &bl 9

AR CARVAL SRR~ Y

Jghun A gos
Inm>s pbel
e oMKl WL Ol
Sl ity A S
235 ¢ Sy s slsosls

il Cb g i i

PYAYYFYRARY 1oals

19 I Sy

o>

R4

ST 5 S ST s S fl @i &K Ol 5o 4 CRISPR-CaSs (i idoio
Bl p i) mobige S350 6 Ol o il o Sladls (b3l 0 s as ST
Wl ok b me 590l s lad gl el > AT e Lol 5 53 WU sl et
g;k,ats.gs‘;,&sﬁ(.;m,w ool G ls iy 5ol W b b (659 e andllas 1T 95
6o o3ls Ll ol 53 md S5 ey 3,50 1y b g Sl slas )8 55 0T Ll,8 Jhl 3l
VY 5455 )15 cwyp 5550 PUDMeEd oL 53 w5 5 5 2 55 CRISPR-Cas s ls”
b S 13 eslizul 3550 e 2,50 55 5 bl Ol e

ol ok o go p 55 Cliin (slaolSlr (51,2 CRISPR-CAS gt 1 b 03 51 OLT 148l
Sl Sl sl (280 535 ke laollor > Shoe aalllan 515103 7S 5 bt sl
T 53 (K55 Sl glen (b Slidos iman 5 Slp e Ol Cond ol wdigs
plrsl (612 s 2 255 53 Shas 3y iy pl 53 0,8 o 513 ealizel 3 50 (g5 slad sl
Sl Sy 08 F30 5 il (255 SS9

CRISPR-Cas e 5 e 350 6l o520 Sl sl gladle b s (S S A
ol ol i 5 JLail eCodn g Lalis ¢ ol b 3 g 4 Ol oo dhor OT 31457 il o 1,

-3 gas

DNA sl 55 & 2 ONA (e 5 CRISPR-Cas : o319 als”


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

Vol. 3, No. 1, June 2017, P.23-38

The CRISPR-Cas system and Recent Advancesin Its

Precision Performance

Hadi Bayat?!, Fatemeh Naderi?, Omid Mohammadian®, Azam Rahimpour**

1 M.sc, Department of Tissue Engineering and Regenerative Medicine, School of Advanced Technologies in Medicine, Shahid

Beheshti University of Medical Sciences, Tehran, Iran

2M.sc Student, Department of Genetics, School of Advanced Sciences, Islamic Azad University, Tehran Medical Branch, Tehran,

Iran

3 M.sc Student, Clinical Biochemistry, Departments of Clinical Biochemistry, School of Medicine, Shahid Beheshti University of

Medical Sciences, Tehran, Iran

4 Assistant Professor, Department of Tissue Engineering and Regenerative Medicine, School of Advanced Technologies in

Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Journal of Jiroft University

of Medical Sciences

Review Article

Abstract

Introduction: Clustered Regularly Interspaced Short Palindromic Repeats-CRISPR
associated (CRISPR-Cas) system is an adaptive immune system present in the most
of bacteria and archaea. During the recent years, CRISPR-Cas has been introduced
as a genome editing technology with high compatibility to different laboratory
conditions in eukaryotic cell.

Methods: In the present review study, recent advances of this system and key points
with regard to improving its efficiency in research and clinical application will be
covered. In this regard, keywords including CRISPR-Cas, efficiency improvement,
and off target have been analyzed in PubMed and 72 titles were selected and used in
this paper.

Results: CRISPR-Cas system is widely used for studying the function of genomic
loci, development of engineered organisms as animal models and also clinical
research of genetic diseases in stem cells due to the simplicity of its design. In this
regard, improving the performance and precision of this system is necessary for the
accomplishment of the efficient and safe genetic manipulation.

Conclusion: Different approaches have been used for improving the function of
CRISPR-Cas system including optimization of the design, target recognition, binding
and cutting of the target sites.
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2. Homology directed repair
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1. Zebrafish

™

e ) S ol sl o S a5l eslizal ulul
Ly el O sla i s WLl L Gl ol Ges
P55 05 odd 4l e &K @ (5 05 G52 05573,15

(8) 355 0 oslizal

Qll

S 5 iy Sy ot Laaly RNA sl ) K5
Codn by 4 555 oS ol Go b 51 CRNA i 1l s (L)
o Joaza CFRNA 5 55 JoSee 4 55 trACTRNA 155 s 5555 0 Joe
() 35 Coutn oSSl 4 CaSY (55, Sl b Eol oldd il oyl o7
Sl Sl ol 1 btracrRNA 5 crRNA ool 5l « L, RNA .8 ¢4
A 85 ol 53 &S ol 5 ae Liliee (+48, +54, +67, +85) i,
Coda azdy 4y okipd Juame JI5 NX20 (VY) ol osls 0L 5 55 511, e

1y oy Calibes Lol & Il (gl OAs ol b Sl S

@l p ey 515 S O o4 CRISPR-Cas oz

Ol 53 VU sl Jouily 5l p 535 Leadila (6555 Cows
Glaaie] o jege dhex Sl el Sy AL 5wl
4 Olg o Lgd Lo Hlpl pl Sl L5 "y o s
s Gy b s slwl (F) Jshe s lag )l g 5lwdie
SOVND) S 55 slois S W5 sl edd 505

Sl (S5 sl Gl Shys s, Kal, b

3. off target
4. In vitro


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OT 5 Shes &8s 43 ol slacs i, s CRISPR-Cas (s

Sy (S pshe ol Al

Coda DNA sy LORNA s o Jols (lazi y aw bl
Wﬁ}g‘.\;\aujpﬁ;\DNA wiy g3 aS Sbj s
55T (6,5 )15 Cwlods )18 immen (YY) US| 2!
Aas oo Al s 5300 35de By i 0l5e ol s
o S8 b 3 s se S S 5 K D) s
sl 5 (YY) LS o |l Calie 5 e THS 55 age
33 GlokiS pens 2E NON-SEEA I 55 oS 55 opl 5 ) 5u
odalive ol Siladlas 55 Ll il o 1ls omlie 3 slow!
2 GBS 5 ke SIS 5 (6,815 Sl o
iy dal g elie sl e SEY Y oKl
2 8 ol 53 T (6,815 ol ok ot Cpiomen
(IS Dsea by b i esil s page i JIs
4 gRNA Jlasl )5 sege S8 7-F 5Y 4l glads slS 5
OS50 e S e e 53 5 il Os oISl
33 eomen dish o RNAIDNA [SLyss a4 Cas9
sdalive s o,L31 OT & 5533 & GRNA YA (o,LT anlllas
(st 1 s 5 818 o3 03 WL L 035 5L
¥ s GC (cbaus 2S5 Ol e 5 axdls Comlin 55 )3
YF) Sl S 3550 ol 32 61 Aoy P

st o5 55 DNA 4 gRNA Jlasl a5 oKl
gRNA ULl 6" Col 0k otalice 5 LS o slowsl 5y )3
N FTI Sl (555 §3,5 5 Fsmsp $N35 4l
2 oSls S Gble ol 5 Sl Sl S5 e 1S
ORNA Loy o5l Hbsle LS5 .(Y0) Sl 5w 2ws
Je 4 Cas9 it s Seed JIg amb s Lo suaies
& (.J_J';T o) GOUS gl Jlee Sl Wl 55 5 Coda
(kY JS8) (Y9) ol

bl i el gl odd (B yme sl S5 51 (S
—VV 354> 4 trU-gRNA L o5 o6 ;S GRNA 1 o5l
Jsena QRNA L s i Hs trU-gRNA sl o 03,515 5L A

vy

Wl & 51 5-NGG JI5 LPAM s 457 sl fous
PAM 4 56 JI5 Jols gla Joun 53 ol 3 sl | O
e (W) Gl o sdalie SPCasY (¢l 55 «NAG
S 55 AT oL b (6l sl Slalas ol
b I Sl ool o 05l slaellor gLl
CrRNA Jb 55 okt e oSl cioman 5 O oSl
e JRNA =1L (Y 5V —Jsd) (OA) Sl o el
3 s o iS5l S CRISPR-Cas oSG ol
Opper Jalse il bub B 5 5 (65 e S
Joer 1L 5 GRNA Il 53 s IS 5 ol oSl
PoFen 3 S LAy o)y GRNA s
GRNA (¢l lie & 5 ksl s GRNA U4k ,5(GC)
ol Jous 53 2 b 08 15 e b s Sl
VAFY cain o 53 0k plowil andllan S5 53.(04) 355 Jool
b Bda Sl o sla S5l oS (6,8 U GRNA
Sl Gl 123 8 15 eslizal 3 4 b STl cpl (s ludla
wllae oyl 53 dd gy p FACS &SSG L Jobo plam
oS U 1 ;3 ORNA JIg il Hl 3 wd jesin
e Cﬂ sy ol by o e mb
2 ORNA s - 0545 0 )Ll andllae pl Sy s sdome
Je 1L 015 (03 ) L5200 o 40 ) OBl g5 sl S
P Sl 0> ol i 1Y S sy
23U FACS 5 oslizul 5 g0 63b 5T Loy olulid 5 50
Al sy ST ol S eslizal L 0T plebks O
55 Calises GRNA YA ) b (6,05 andllan 55 .2ils
Ao aseia 0T Sl gy 5 p 5 e (Sl
Kl men 51 ol GRNA L5 1S 5 Y0 Ole 3 48
G b ST (alen PAM K lr  gloms 15505 ) Y
Golsle Sllae 3 ol 5 ogdhe (Y1-V) Wyls e
RO adsl LS5 o ¥ w5 lS 5 a8 Sl ol otalins

1. truncated gRNA


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

O, 5 Sl gsla

Journal of Jiroft University of Medical Sciences

(e «eSpCas9 1.1) non-target aws; soles| o
—olast o oSl 53 i sl LCRISPR s
DNA laas,y i, Joe: (SpCas9-HF1) target aw ,
laas,; 4 Cas9 Jluasl —wloastl b oKl 53 i

gRNA ,DNA

CRISPR i § 388 § jouT 5™ £l
PSS ST a4 BT Closls Ol | Slalllas
Sur 4 Jasl 5 ozl s Shes o, GQRNA Jis
&Gu_waljsdrwquéafju\méﬂﬁé
05503 el sl o g 35 (ST Sl o
Sl 33 b p sl 5168 sl (51 (M) 1) 54 e
0 (CasOh) 55 Cas ¢ 4 ¢ ol i ol s
o3 35CASY 5y s i o lil &S sboles Lol sl
sl DNA claazs ) 51 S 55 &K a0 48 5505 0dins i 5
b cpes5 ol 51 ESS a0 gas Jlad b b ol ol €S o 5
@;‘Adtm)&-Q;ﬁ;\?u»mﬁ,pupﬁ;ug@g\,:@
ol 03 el odd odal SIS CASY 1 0L 5e g 55 o 2L
S asb 2 ORNA 55 4 5L glacsy 9 o Wl -
O 4l & ope 4355 s ate boazd; 5| (S 4 6
O 53 ol o ol 5035 o8 Caw & b GRNA
Il opl y3 sl 5L S =Y o L1 5 e (Offset)
JS8) 555 e slowl Gaa DNA J50" 6l clgsl b 5 5
o i double nicking ol e o gt ol (=Y
Lgb\.s)'lg:?ﬁjTJ\JMQ)HQW@lJA.CM‘
Coodl (¥Y) 555 0 03l IRUVC s> ;5 D10A i

N 2 S Gy 5348 Tl OT S5 3 Sl osli

YA

S o 3lrl (ol 00 T gum) (65208 sl S22 5L Y L
355 3bul GRNAD slesl )5 b 0ds 5ol S ol (YY)
N s 5 OAd faS o eV (sleml )2 Ol 5ol ST S | 1
O3ls L2alS men (00) 553 0 QRNA ol o5, o
gRNA ke Cod b il 2alS” w5 glS" 5 V=Y 51 i
Yo U Jsene ORNA ) o b a . cils dal s JUs 4
LS oo 2| €S (sl 1) 6551 51 6 e Oljen A5 2S5
Sl @5 Ol J3la= trU-gRNA 5,56 55 57 Jl> 55
Spber 6 S g bl p 3l 4 )3 5 okd sl Cas9
(oY JSK2)

5-) 0" sl s Blol o6l S zals L gRNA
LS Jes s L5 e (57-GGX20 L GGGX19
el Sl 025 1 s ol 512 (B3 eSS 0 - S
L5 0 0T & g6 bl b 5 0l Ol GRNA (g HluL Lo
(=Y JS8) (YA) 5,8 51 5 4 55 55

Jlazl a3l 53 15 0 &5 (5 503 Jol o o |
5L i Os Lol 4 Olg e diBl S se olams| Sl
s & (tracrRNA Ji5) gRNA cyls 4 A-U
40k S OAS BLAl 55 5 s ph e Seayls OAS DL
Cage S Sl glad bl js wdleis Sl
olg s 5 s oKl 4 GRNA Jlasl o il )
() 5 S o)lil e sh o polaitl 5y il 53l
ez 25 2= CRISPR s iy 0 3 -l
CRISPR e 25 p 5~ dTU-GRNA L, CRISPR
e 93 4545 CaSIN 02w -5 cadly 2131 GRNAL
50Cas9 plesl 51 4 RFN (i =5 03,05 =Ll GRNA
ot 53 4 5L CASIN (2 e 5 0l sl Fokl
slowsl b FOKI Ous asls &y 50 53 5 5,15 gRNA

a@bjbﬂ.?m LCRISPR 6&>) v:w:.‘-ﬁl —Jcb‘}fn@

1. nick


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OT 5 Shes &8s 43 ol slacs i, s CRISPR-Cas (s

Sy (S pshe ol Al

(FF) L o 5L Cim W-IF s QRNA D - T8

(Y S8

s &G IRFN i an o (g5l g 5 slitons o5
el ol o3l JRNA - U g Oleje Ol s o
o ot 4y 55 CYS-4 SIS 550 5 5t 0 5T ot 0 5o
s Cpimman 355 o0 Ol J s 55 ACASO-FOKI a5 sas
3,52 GRNA olS™uS™ g csVU 53 5T a5y
¢S i b ORNA Cs 5 cpl a om0l 15 L
23T e 508 Ol iy 65 D) ot Sl 052
S 1y LOT 55 molaazsl Jous 53 5 sl L Cys-4

S e e
4 b el Y GRNA 0Ly Jgene slapi
5,8 515 ol S GRNA D glanl 53 &8 555 plosil (e
F33n NRNA 5 0Ly g (b oo ) & 12
Cys-4 al , Sl due 13 STl .ol (555, UB
wib o Cys-4 slulis Sy sl Jols Ctigig, 0 Coand
GRNA &' ol L 55 olS s 4w ol ol pls
S8 5G oo St ORNA o1 b s alis ol bl o
Ly 55550 Coda (gl mulio sla GRNA aals |, 5 ol
STU-GRNA Glojon oslin |05 ¥0) a0 YN
oy sbdbe 5 Sl sk glaes; 13 RFN aes
IS V) Cl 038 a3 1 VL Ol b i
Sl OT 8 55 050 A NG RPN 1e2
Sy 923 SRS 5 3l eslial b OT Jisl 1 Sl

YA)

1. RNA-guided Fokl Nuclease

ra

23 5edkd feate Jows 4 olestl o Osea W GRNA
ot i 03 bl (gl 5y ST Joes OT
ol ;L?%\L;\m,pu:ﬁg;:,.\iu@C;,UaTBER“‘
dwqﬁa‘.Mev@;wu,;gRNApJLdlog,;
Sl S5 a05¥ 553 o HDR & s NHEJ (sla s 05
ST g DI Gy g Sl S S Sy 058U
Sl ar s JB Ol o ) Sl ol (3,00 Gl
55CasIn LS 4 Flss i o lbul o, JialS Co s
RS (oS Oln a5 GBSO 55 (hm s p L amlis

(=Y Jg.t) (*v) .\..L»@

Cas9 I 3G ¢ 5 e S8 (e 3 o Sl 53
Jled o odins iy aes 93 8 0T ;345 a8 byaely
aalsl 53 ol 0 o ali ACASI™ Sl ¢ i ol i
SomeT lgsl w FOKL olamsl b okins 5 5 mes Jlas]
e o2l 53235 3l HRFN™ & 5 5o oz dCas9
Sy ol 4 FOKL oS’ culun 5 ol 0l o4 dCas9
<.l double nicking alis e oyl olal A4S 0 s
Ol ol ol FOKL (65U 5 b 487 o sli5 ol L
O s ol b el o fola a iy 55 55 glan L OT
4 e 2165 4 ORNA oS, Jla st RFN 3 515 s
Wled 35 @i ol S Al (sl S5 sl
4 ¢S a4 gRNA 55 ~1 b 4 5L double nicking
350 ol 03 3,05 (Lisd o Jeaze DNA glaais 51 S

Aol yosgy K Couw e 1L s GRNA 107 55

2. Base excision repair
3. Dead Cas9


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

O, 5 Sl gsla

Journal of Jiroft University of Medical Sciences

SR bl 5 sl OGN dlis oyl &S Sl

'M'Dd“

Oy ps3 23 bl oy sleml 3 e 5050 51 (S
sk 53CaS9 1o 5uaies CRISPR (i o) ke SV b

ORNA ~1 b clelL Y J9oe

*#Y)

*#Y)

%Y)

(#f)

o S9N

03,5 e
ST, 5wl i

sebasl

4:]\:-.&.:_- >l o

.U\j@ SERY
Mbau\.scf

03 g aeien
(Gt pe oK
A3 G puts oldas

REPR

A e

@R s

SleMbl 555 ¢ i

e

Al o
ells sl
ol Hl b
53158
LG sgRNA
ES)

O ey
i slaey S
Nl (Ol 5
1 Calites
Ll oo &S
AL s g
O ey
ok T
o SgRNA
A
Gk ps
3855058
sl s>

S50 S

S5 ¢S dlaw

Sl
gRNA

PR
ol
C_,.M..f)\é [TECRTY
o sais RNA
6‘}1 oS eslizul

Sl o

GG LG
S’ sl s

o saie PAM
oS o5zl

ca> SgRNA
< PAM

oo Calides
Gekth pole

5,

http://cas9.cbi.pku.edu.cn

mbess
Y
) http://www.multicrispr.net/

m=ess

L
) http://www.rgenome.net/casoffinder/

m=hessY
N/A https://code.google.com/p/ssfinder/

SPle s

Cas9
Design

CRISPR
MultiTargeter

Cas
OFFinder

SSFinder

ain xSV b s s 1 ORNA 5 ae j5 0 8

SESLTU-gRNA e b 5T 5 ol labd ol 0

e e (Sals 5 5 she anlsl 53 ()

&S o 0k b jauls (la e g3 51 GRNA & 10 Cas9

L A&l 55 ol Sl S 5kl 1 b e
P N Sl e a3 4 s e S
Cas9 5 wus o opl Liles ST e iST b sla pe s

J‘}}‘mb-&ud)ur&ﬂ&t@ua@u"\ﬁ

2. Split Cas9


http://cas9.cbi.pku.edu.cn/
http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OT 5 Shes &8s 43 ol slacs i, s CRISPR-Cas (s

Sy (S pshe ol Al

N497A, ) gRNA L Csus DNA &, ol sl &
s & 1y dhasl 65,51 Lol 531 (REBLA, Q695A,Q9I26A
5503 bl A 5o éffp—w- SRl w55 5 Sl
ol S84 .Gy JSK) (Y S (FF) Wi oalis
2 0L Jobwon; 53 5 OLWSS ORNAL 0 5T ¢ 55 53
ol Bre 3 al a5 BBl LOT 5 Shas dslis
T 6l 5583 ) (bige plnil 6l Lk 5 50
Sl oS eSS Hhw (S35 sl olen Ob s

(F-Jgds)

CIl Gyl la g S gl boan 5 aiS
Ll g5 oo Lyls >ﬁ,\§}gr};jww‘5\ﬁ4§@m§”,\;l
A3 IRl ol 31 e eslinal (12 1) (65 el slool8 s
S 5505 0Ll CPFL 55 5 4 015 oo dhazm ol 518
S e Gl G d g p 55 atige 53 0T 5 Shae
31,505 g me il CPFL L(F0) ol ot s )y
Type V sl 45" <l CRISPR (oo o 11 3
5ol lw a1 IS 5kl l Wl ol L;)\.'@u
o s oT Sl ) 0,5 CasI b ol oslis o Shes
tracrRNA 4 (g5l 5 Sl il s CFRNA ¢ 5 0>
55 opl a8 WS e Lol glenl b 5 sl Y 0oyl
055 % 55 CmlS 6 05 S35l o b Sl s
S 550" -TTTN-Y o 3 LPAM oKl =¥ 355 oo
G o> 65 sl s CpFL-F il s 51 22
2l 4 el odaliie || (FF) Cl RUVC aliis sukins
wlsr.aRNase Cuo = DNase Coo - o de 9

2. 4- hydroxytamoxifen

™

o) O pass el sl S S Slad s se b )5 Lo
5 s ol el aalllas > A eslin Cas9 &
S8 esliiwl 3558 awslob |y 0t Sauls mes (O, Kan
s 531, CaS9 tson o Ol (eps pl o2 S
5o Sus adlas ;5. (Fr) 355 o o ge il
P LAHTT S 5L et o5 BT oS5 0l
33 ml opl i sed 3,15 CaSI Llitle 53 Conlis fous
Cas9 o 5T amis )3 35 or ol 3T 514-HT 5o
J&éﬁbOTJ}_@}(&)J}Jw&w‘%ﬁ;;Jw}J
sl 53 o y3 YO b 1) colaml gyl
5 S sl osdlay (FY) doas e 5151 5Ll
285 ol el 0ds 318 5555 L e s Jlas CasO
@, b ok ph WIediS jauls e gn S5 Jlasl bl
250k (S s el 0l slowl |52 CaSI (gladsls 5
G (slaptan 55 o8l OT 03 C8 BB ot
V-2 YR P M- L PN WL PR PSR cP.

(FY)
Sy Ll g o i3 CASY S s anaT Al o Kl
P e i 53 g edgel it |y 05 n ol Jlad]
eSpCas9 .5, gRNA Jis ;s Gl pe 6y Jass
VT &l de law OT j5 48 < 1SpCas9 i s 5 1.1
o) (A/TK1003A/R1060AAFAK) ol ous o Sl
SN ) e e Sl b 4 L
P ORIP S s e s s b G A ) o Ol e e
andllas 3 (FF) s im0 b 4 ol oo Lozl Joue s

Izl ol s el el Jlgr o Koo

1. intein


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

O, 5 Sl gsla

Journal of Jiroft University of Medical Sciences

Lo &1l 1 0T 5 Shee K85 51 omslr o8 s L1y

(FA F0)

Olejpn b o el s 2 s RNA (o1 b claolSly ¥ Jur

Sl (FV) S 5l sty 8 o Ooa ol 0 55

59 ol S Skl iomen 5 g 5 o0l (Sl S

JQ‘GMMLE.&JJ}-QVAJMDQB-MJLRJ‘JJ

#0)

(5%)

%

#V)
¥N)

#9)

v+)

vY)

< 29

2 el Sl b s LIS b 5 sl A 5 (6l canlie
ol 5 polas oKl s 50
oMl oS (51 GRNA L sles 1 b 51 sl
2 el Sl b s LIS b 5 sl A 5 (6l cnlie
ol s polas ol 550
H5 S s ol Sl 5 o ool 035 1y
5 S sl b a5 e ol 03571y
5 Gritn 3 A5 Gl s oKl 0351y
b sl (p2)lel
It Gl bl s e Jg 03 STy
REN 5 55 s 5 Ol
S5 sl 2p 5 Oda JIg 055 1y
ORNA =is” s REN 55855 ) Ol

w;éT

/http://crispr.cos.uni-heidelberg.de

https://chopchop.rc.fas.harvard.edu

/http://crispr.mit.edu

/http://zifit.partners.org/ZiFiT

/http://gt-scan.braembl.org.au/gt-scan

http://cas9.wicp.net

http://www.bioconductor.org/packages/
release/bioc/html/CRISPRseek.htm

/http://www.e-crisp.org/E-CRISP

SBley
CCTop
CHPCHOP
Crispr.mit

ZiFiT
GT-Scan

COoD

CRISPRseek

E-CRISP

:‘

N
_é —
)

Cas9 O3 s Lkl Calises ¢l 5 NS

Y



http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OT 5 Shes &8s 43 ol slacs i, s CRISPR-Cas (s

Sy (S pshe ol Al

lub o S5l slas sl mal oot g2 iV S0

SO e (9
pe oS LY bl sla i iy cadl el bl
Lyl sl
GM)J}e-LZaMLAAL&gRNAJ‘@ML‘;uLJ,»
a:;‘.xﬁﬂlfrkd\.\a;é|jx>)ly
ool pagige a5 ga Jsedd oS bl g sl
Sl Lol im 53 47 s s NicK slow
o313 QLS YL 15 ke
o gy 5 g Lol 03 ST Iy 2l Hls bl 2

awybw)j@jjabﬁwfsh&}))

s 53 35 ey ol bk oS Sl bl

ol S 25 S50 olat | b oKl

Jos sl
RNA- Jlait (6551 SalS om0 ol (S
5,4 DNA
_.Jgu,\,.wlguyws\u:g_nptw&
SIS e s o A5 S ol
NEIESN

S JoS bty 53 15200 GRNA G 55 55
LS DSB b )l 515 o0 51 oS ko b

rEs 28 Dl 1L CASIN (s i
A5l ety b Tam 5 das 05 i e %
Coda iy LCASY olasl )b Ly ialS
eSpCas9 ) Csua & aza, L (SpCas9-HF1)
11

< 9
0 sl s a5 £S5 Y-
oli ol
gRNA & lgsl & il S
sldaslsl
sla s 3l é S Cas9 s
Mﬁha&d&éﬁbemgh}ﬁ
LS
els Al s @ dCas9 (Lb:l
Fokl L,

el £ s VT 4 K

spCas9 =5

S 51 !

Tru-gRNA

gRNA
sl 5l

Cas9n

RFN

Cas9
ol e

Sk J Bl 655 56 phe S B 808 5
LS (o Sl e 0l D351 8 m0 53 Dle3 Dk e 5
ok 5 55 28 55 03 oS s lgr sl L Lol
Wl 03 03 3 gukomn Uy gl Ui 31 sl JaI RNA
ol a0 bS5 sl 0 RNA v b= ) posdle
whod Glag sl mwl bewly ol js . Cbls dal g JLs 4
(DY) dlodd b me by gt 5l ki (1 giline
(ASEAS 5 b Sl gl 5 (S5 sy ke 055U
Sty Sl osliiul 3 5 OF) (iS5 sl e 29 S
Seslw JEsl gl OF)(CPP)YS Jslw 4 oiiS3 44
sl 03 454 odd a3ls CiS ol sl 03,3  CRISPR

5 S T o33l b 5l o sadu o S5 .(0F) Cu |

A

4 CRISPR i J51 (81 p Caliseo (S i o
Joke 098

3 Lo a5 (akign (b 53 ol e 51 S
o,,;@,‘.;_m__,»@t,uT)thu;;u@u);émﬁ,\fgm
i g5 Loy il ST i€ i AL e Oots sl
095 4 sl 5 Jsl (sl i yls 3o Sleya s i
323 5E 3 s ns 05 I Gpi (F4) J 4l
5 9 Cas9 aA&ff&thJ&:&\éUo:fﬂfQ)Hq
OSG pwimar sl 0l o3linwl J sl 0555 4 QRNA
2133 5 d e 4 sl ol S5 1 b St s I
(i 0SS 05 U (Slay s gl d;wﬂg{v_
35 OV gaames ol sl lae Ol ST ol OT CRISPR

JUast az S1.000) 355 0 bl 5y O b 2 by o go

1. Cell penetrating peptide


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

O, 5 Sl gsla

Journal of Jiroft University of Medical Sciences

olps Foe Sy a b e S SO sl )
ol dSses Sl Jsl 5o Lilg o 56 bs b o I
015 o S opl S S 5o alar 51480 350 Jsb 0550
3 gad o Lal ad sl 51 aw g Cads (gl eslinnl LB 4
sl U oS oins i (sl sy o slalid 5l asliz |1 !
(B 50 Dl i sl 4 e g )3 (SO e Sl
WJL&S\):WM&\)K“U}_L&JP;WJ>
Lgl.nj}w Sl o3l Olas Calides slad sl 4 CRISPR
Ol 53 Srale3T Jaul s s J 28 Ol (i pl s
i U 11 5 sy ) 3 elizal Al on Sl

N s (555 Sy |y g sl i CRISPR

(&) Sl asls

S 5 domas

CRISPR s diile it (558555 2 05530555 45
Olades ol Jlw 95 (b )s.Cal 5585 Dl 5 AL
o s JolSS 55 soge le"(’lf CRISPR (v 555 2
i ke ) 0557 gy il 03 5 syl 0 535
33 i 3wl 0o bl sla 5, 2alS 0Kl (CRISPR
oMy .l 03 505 el 1) (olanl o lah
bl b Oy BBl s sl 350 sl by 6,5 5
2 S 25 (Cas9 wsl o 1l eslazul L5 5D
531y 0T 5l eslawl g Lla_2ls i 2| 5 B
S iy S S 4 Liles goi 5 o Il (slas )8
Lowgohy osban Lnl Gla e o ii
Slelp Ll gl by ese 25 0K Digenome-seq

Alein @l B Sleys d w5 Sleya0] el 5l JS 1, oS

2. Polyethylenimine

A3

Gl bl LB (gls ol 1y s gy cpl 0 Ol il )
el 03,8 Jouks BT (sla g

@ ol 03 Jl 1) GV oL s s sl S
NS Hlez (00) Wlesls DLt bd b 51 mws s
5938 329355 6 ns ) s 055 s
Ol gy 03 28 bty (s 29530 oS’ (plpom Glo s 5 5
w35 )3 eslizul 5,50 CRISPR (s JUisl (g1 30
U1y g9 S hudins CASO &5, 5 651l a5 S1.(0Y) !
Loosdn s o 2alS 15 0T 25 5058 arlse JSK_iia
K035 0 sl 635 L 555 JIg a3
b5 g5 S ol ) shien Gl ad (b ol s
50 S S Al ST I SL kST b L Cas9
S, sS gl eslawl 35 ol L.(OF) Cul ol 3 20
S 25 (230 e Omen (2T doua b (g g
(OF) Csl o jap bl gla S i yly 5 e -
90 e 05 JAsl i gl g g S S
b b el cbinly pl 3 ki b o uoTrsE,M; ST,
Wil 5 4 e Dl 5 a5 S0 S5
OV) S Jize et b a4 | S ST sl d 5S4
5> ONANC)” DNA (5 & 5t ol 5t 3 &S 1|
ag o ls Lo DNA o 51 S slazs 3 S &l
Lkab s ORNA & Jlasl alis &S$ ghyls o8 ol o
0,350 opl sy » CasO-SGRNA SIS ¢ 15,1
b orimad o ol 3 gl 4 48 game ) 5 30 Jist OB
213 OGH(PED™Y st At s ey Loyd pl O b g

(B8 0A) di slemsl Sk & 3558 51 ey 23552051 ) o

1. DNA nano clew


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OT 5 Shes &8s 43 ol slacs i, s CRISPR-Cas (s

Sy (S pshe ol Al

53 0t sl (Sl iy a5 il s ol
Sy o Shes o 5 S (w5 s b 3 308 H6 (b
Ll 1y sl 5 Sls sl Jue 55 CRISPR Jlasil
e S el o ge 03 Syl plnil 4 1) b il 5 o0

S gl

S g pE

Bl b Jg i Glapi s gl 5 0551 s
spd g deryn ) Gl S bl bl gy slalis
28 L g i Saptane G5l a2l (YA)
3 Gl ol s s Sy ol 53 i ol Sl
Sa slaellr 55 05 0l T 5 O5les S DY, 5

J)}Av.:.m:.w w‘)‘%ébh}m‘é‘jﬂchISPR V.:.m.:.w

_ 4 (6ol slaesls ae gama e SV s y3 L Sb . LS
oty g slasy ks ouSCails Culas b s o - g st s

. . . 0o ) . 50T gbwb gla RNA i slaw Low g
ASA>|Q.@.>;}.W|°.L& (:L>u‘ ,_.“““.é_f.,\:s" §“.}'3:(’9° . st ¢ u‘f.ﬁg T B

.. Z of e 5 .
S o (S pshe oils O ST s dlie ol G &l (Sl il glan 5 S sl GUl5 b dal

N S & bl 1y ol 3, oSl Bl L ORNA 5585 o1 b
ol oy o 4 IRIMU.REC.1396.13 ol 51330 (518 g 4 alin open S
Blo oW

bo LSS (Joho Lo 53 5 LSS GRNA L 55 oo lige

83 Ol O L Bl 5 6 s e oo s g blas b Sl dalgs 106 1,
Ll Ll 8 551y 0S5 o e sl O 5 63 50 Ll

References

1. Xu H, Liu B, Pardinas J. Biological and Technological Implications of Meganucleases. Gene and Gene Editing.
2015; 1(1): 41-6.

2.Jo YI, Kim H, Ramakrishna S. Recent developments and clinical studies utilizing engineered zinc finger nuclease
technology .Cellular and Molecular Life Sciences. 2015; 72(20): 3819-30.

3. Scharenberg AM, Duchateau P, Smith J. Genome engineering with TAL-effector nucleases and alternative modular
nuclease technologies. Current Gene Therapy. 2013; 13(4): 291-303.

4. Go DE, Stottmann RW. The Impact of CRISPR/Cas9-Based Genomic Engineering on Biomedical Research and
Medicine. Current Molecular Medicine. 2016; 16(4): 343-52.
5. Lander ES. The Heroes of CRISPR. Cell. 2016; 164(1-2): 18-28.

6. Makarova KS, Koonin EV. Annotation and Classification of CRISPR-Cas Systems. Methods in Molecular
Biology. 2015; 1311: 47-75.

7. Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier E. A programmable dual-RNA-guided DNA
endonuclease in adaptive bacterial immunity. Science. 2012; 337(6096): 816-21.

8. Jiang F, Taylor DW, Chen JS, Kornfeld JE, Zhou K, Thompson AJ, et al. Structures of a CRISPR-Cas9 R-loop
complex primed for DNA cleavage. Science. 2016; 351(6275): 867-71.

9. Maruyama T, Dougan SK, Truttmann MC, Bilate AM, Ingram JR, Ploegh HL. Increasing the efficiency of precise
genome editing with CRISPR-Cas9 by inhibition of nonhomologous end joining. Nature Biotechnology. 2015;
33(5): 538-42.

10. Rahimpour A, Ahani R, Najaei A, Adeli A, Barkhordari F, Mahboudi F. Development of Genetically Modified
Chinese Hamster Ovary Host Cells for the Enhancement of Recombinant Tissue Plasminogen Activator
Expression. The Malaysian Journal of Medical Sciences. 2016; 23(2): 6-13.

Yo


http://link.springer.com/bookseries/7651
http://link.springer.com/bookseries/7651
http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OLSas 5 Sl ol Journal of Jiroft University of Medical Sciences

11. Rahimpour A, Vaziri B, Moazzami R, Nematollahi L, Barkhordari F, Kokabee L, et al. Engineering the cellular
protein secretory pathway for enhancement of recombinant tissue plasminogen activator expression in Chinese
hamster ovary cells: effects of CERT and XBP1s genes. Journal of Microbiology and Biotechnology. 2013; 23(8):
1116-22.

12. Banan M, Bayat H, Namdar-Aligoodarzi P, Azarkeivan A, Kamali K, Daneshmand P, et al. Utility of the
multivariate approach in predicting beta-thalassemia intermedia or beta-thalassemia major types In Iranian patients.
Hemoglobin. 2013; 37(5): 413-22.

13. Banan M, Bayat H, Azarkeivan A, Mohammadparast S, Kamali K, Farashi S ,et al. The Xmnl and BCL11A single

nucleotide polymorphisms may help predict hydroxyurea response in Iranian beta-thalassemia patients.
Hemoglobin. 2012; 36(4): 371-80.

14. Zhang XH, Tee LY, Wang XG, Huang QS, Yang SH. Off-target Effects in CRISPR/Cas9-mediated Genome
Engineering. Molecular Therapy-Nucleic Acids. 2015; 4: e264.

15.Fu 'Y, Foden JA, Khayter C, Maeder ML, Reyon D, Joung JK, et al. High-frequency off-target mutagenesis induced
by CRISPR-Cas nucleases in human cells. Nature Biotechnology. 2013; 31(9): 822-6.

16. Jiang F, Zhou K, Ma L, Gressel S, Doudna JA. A Cas9-guide RNA complex preorganized for target DNA
recognition. Science. 2015; 348(6242): 1477-81.

17. Hsu PD, Scott DA, Weinstein JA, Ran FA, Konermann S, Agarwala V, et al. DNA targeting specificity of RNA-
guided Cas9 nucleases. Nature Biotechnology. 2013; 31(9): 827-32.

18. Graham DB, Root DE. Resources for the design of CRISPR gene editing experiments. Genome Biology. 2015; 16:
260.

19. Doench JG, Fusi N, Sullender M, Hegde M, Vaimberg EW, Donovan KF, et al. Optimized sgRNA design to
maximize activity and minimize off-target effects of CRISPR-Cas9. Nature Biotechnology. 2016; 34: 184-91.

20. Wang T, Wei JJ, Sabatini DM, Lander ES. Genetic Screens in Human Cells Using the CRISPR-Cas9 System.
Science. 2014; 343(6166):80-4.

21. Doench JG, Hartenian E, Graham DB, Tothova Z, Hegde M, Smith I, et al. Rational design of highly active SgRNAs
for CRISPR-Cas9-mediated gene inactivation. Nature Biotechnology. 2014; 32(12): 1262-7.

22. Anders C, Niewoehner O, Duerst A, Jinek M. Structural basis of PAM-dependent target DNA recognition by the
Cas9 endonuclease. Nature. 2014; 513(7519): 569-73.

23. Gagnon JA, Valen E, Thyme SB, Huang P, Akhmetova L, Pauli A, et al. Efficient mutagenesis by Cas9 protein-
mediated oligonucleotide insertion and large-scale assessment of single-guide RNAs. PLoS One. 2014; 9(5):
€98186.

24. Liu X, Homma A, Sayadi J, Yang S, Ohashi J, Takumi T. Sequence features associated with the cleavage efficiency
of CRISPR/Cas9 system. Scientific Reports. 2016; 6(19675): 19675.

25. Singh R, Kuscu C, Quinlan A, Qi Y, Adli M. Cas9-chromatin binding information enables more accurate CRISPR
off-target prediction. Nucleic Acids Research 2015; 43(18): e118.

26. Jinek M, Jiang F, Taylor DW, Sternberg SH, Kaya E, Ma E, et al. Structures of Cas9 endonucleases reveal RNA-
mediated conformational activation. Science. 2014; 343(6176): 1247997.

27. Fu Y, Sander JD, Reyon D, Cascio VM, Joung JK. Improving CRISPR-Cas nuclease specificity using truncated
guide RNAs. Nature Biotechnology. 2014; 32(3): 279-84.

28. Kim D, Bae S, Park J, Kim E, Kim S, Yu HR, et al. Digenome-seq: genome-wide profiling of CRISPR-Cas9 off-
target effects in human cells. Nature Methods. 2015; 12(3): 237-43.

29. Chen B, Gilbert LA, Cimini BA, Schnitzbauer J, Zhang W, Li GW, et al. Dynamic imaging of genomic loci in
living human cells by an optimized CRISPR/Cas system. Cell. 2013; 155(7): 1479-91.

30. Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, et al. Multiplex genome engineering using CRISPR/Cas
systems. Science. 2013; 339(6121):819-23.

31.Jiang W, Bikard D, Cox D, Zhang F, Marraffini LA. RNA-guided editing of bacterial genomes using CRISPR-Cas
systems. Nature Biotechnology. 2013; 31(3): 233-9.

"


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

0T 5 Shee &85 5 st glacs 2y s CRISPR-CaS (o e (S e o515 aloea

32. Ran FA, Hsu PD, Lin CY, Gootenberg JS, Konermann S, Trevino AE, et al. Double nicking by RNA-guided
CRISPR Cas9 for enhanced genome editing specificity. Cell. 2013; 154(6): 1380-9.

33. Mali P, Aach J, Stranges PB, Esvelt KM, Moosburner M, Kosuri S, et al. CAS9 transcriptional activators for target
specificity screening and paired nickases for cooperative genome engineering. Nature Biotechnology. 2013; 31(9):
833-8.

34. Tsai SQ, Wyvekens N, Khayter C, Foden JA, Thapar V, Reyon D, et al. Dimeric CRISPR RNA-guided Fokl
nucleases for highly specific genome editing. Nature Biotechnology. 2014; 32(6):569-76.

35. Guilinger JP, Thompson DB, Liu DR. Fusion of catalytically inactive Cas9 to Fokl nuclease improves the
specificity of genome modification. Nature Biotechnology. 2014; 32(6): 577-82.

36. Cheng AW, Wang H, Yang H, Shi L, Katz Y, Theunissen TW, et al. Multiplexed activation of endogenous genes
by CRISPR-on, an RNA-guided transcriptional activator system. Cell Research. 2013; 23(10): 1163-71.

37. Wyvekens N, Topkar VV, Khayter C, Joung JK, Tsai SQ. Dimeric CRISPR RNA-Guided Fokl-dCas9 Nucleases
Directed by Truncated gRNAs for Highly Specific Genome Editing. Human Gene Therapy. 2015; 26(7): 425-31.

38. Tsai SQ, Joung JK. Defining and improving the genome-wide specificities of CRISPR-Cas9 nucleases. Nature
Reviews Genetics. 2016; 17(5): 300-12.

39. Wright AV, Sternberg SH, Taylor DW, Staahl BT, Bardales JA, Kornfeld JE, et al. Rational design of a split-Cas9
enzyme complex. Proceedings of the National Academy of Sciences of the United States of America. 2015;
112(10): 2984-9.

40. Zetsche B, Volz SE, Zhang F. A split-Cas9 architecture for inducible genome editing and transcription modulation.
Nature Biotechnology. 2015; 33(2): 139-42.

41. Davis KM, Pattanayak V, Thompson DB, Zuris JA, Liu DR. Small molecule-triggered Cas9 protein with improved
genome-editing specificity. Nature Chemical Biology. 2015; 11(5): 316-8.

42. Nihongaki Y, Kawano F, Nakajima T ,Sato M. Photoactivatable CRISPR-Cas9 for optogenetic genome editing.
Nature Biotechnology. 2015; 33(7): 755-60.

43. Slaymaker IM, Gao L, Zetsche B, Scott DA, Yan WX, Zhang F. Rationally engineered Cas9 nucleases with
improved specificity. Science. 2016; 351(6268): 84-8.

44, Kleinstiver BP, Prew MS, Tsai SQ, Topkar VV, Nguyen NT, Zheng Z, et al. Engineered CRISPR-Cas9 nucleases
with altered PAM specificities. Nature. 2015; 523(7561): 481-5.

45, Kim D, Kim J, Hur JK, Been KW, Yoon SH, Kim JS. Genome-wide analysis reveals specificities of Cpfl
endonucleases in human cells. Nature Biotechnology. 2016: 34: 863-8.

46. Zetsche B, Gootenberg JS, Abudayyeh OO, Slaymaker IM, Makarova KS, Essletzbichler P, et al. Cpfl Is a Single
RNA-Guided Endonuclease of a Class 2 CRISPR-Cas System. Cell. 2015; 163(3): 759-71.

47. Fonfara I, Richter H, Bratovic M, Le Rhun A, Charpentier E. The CRISPR-associated DNA-cleaving enzyme Cpfl
also processes precursor CRISPR RNA. Nature. 2016; 532(7600): 517-21.

48. Yamano T, Nishimasu H, Zetsche B, Hirano H, Slaymaker IM, Li Y, et al. Crystal Structure of Cpfl in Complex
with Guide RNA and Target DNA. Cell. 2016; 165(4): 949-62.

49. Choi KY, Silvestre OF, Huang X, Hida N, Liu G, Ho DN, et al. A nanoparticle formula for delivering siRNA or
miRNAs to tumor cells in cell culture and in vivo. Nature protocols. 2014; 9(8): 1900-15.

50. Pattanayak V, Lin S, Guilinger JP, Ma E, Doudna JA, Liu DR. High-throughput profiling of off-target DNA
cleavage reveals RNA-programmed Cas9 nuclease specificity. Nature Biotechnology. 2013; 31(9):839-43.

51.Yin H, Kanasty RL, Eltoukhy AA, Vegas AJ, Dorkin JR, Anderson DG. Non-viral vectors for gene-based therapy.
Nature Reviews Genetics. 2014; 15(8): 541-55.

52. Sheridan C. Gene therapy finds its niche. Nature Biotechnology. 2011; 29(2): 121-8.
53. Ramakrishna S, Dad A-BK, Beloor J, Gopalappa R, Lee S-K, Kim H. Gene disruption by cell-penetrating peptide-
mediated delivery of Cas9 protein and guide RNA. Genome Research. 2014; 24: 1020-7.

54. Kotterman MA, Schaffer DV. Engineering adeno-associated viruses for clinical gene therapy. Nature Reviews
Genetics. 2014; 15(7): 445-51.

A4


http://journal.jmu.ac.ir/article-1-122-fa.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-15 ]

OLSas 5 Sl ol Journal of Jiroft University of Medical Sciences

55. Rajabibazl M, Rasaee MJ, Forouzandeh M, Rahimpour A. Retroviral transduction of fluonanobody and the variable
domain of camelid heavy-chain antibodies to chicken embryonic cells. Iranian Journal of Immunology. 2013;
10(4): 247-58.

56. Ran FA, Cong L, Yan WX, Scott DA, Gootenberg JS, Kriz AJ, et al. In vivo genome editing using Staphylococcus
aureus Cas9. Nature. 2015; 520(7546): 186-91.

57. Li L, He ZY, Wei XW, Gao GP, Wei YQ. Challenges in CRISPR/CAS9 Delivery: Potential Roles of Nonviral
Vectors. Human Gene Therapy. 2015; 26(7): 452-62.

58. Gasiunas G, Barrangou R, Horvath P, Siksnys V. Cas9-crRNA ribonucleoprotein complex mediates specific DNA
cleavage for adaptive immunity in bacteria. Proceedings of the National Academy of Sciences of the United States
of America. 2012; 109(39): E2579-86.

59. Sun W, Ji W, Hall IM, Hu Q, Wang C, Beisel CL, et al. Self-assembled DNA nanoclews for the efficient delivery
of CRISPR-Cas9 for genome editing. Angewandte Chemie International Edition. 2015; 54(41): 12029-33.

60. Han X, Liu Z, Jo MC, Zhang K, Li Y, Zeng Z et al. CRISPR-Cas9 delivery to hard-to-transfect cells via membrane
deformation. Science Advances. 2015; 1(7): €1500454.

61. Ma M, Ye AY, Zheng W, Kong L. A guide RNA sequence design platform for the CRISPR/Cas9 system for model
organism genomes. BioMed Research International. 2015; 31(7): 1120-1123.

62. Prykhozhij SV, Rajan V, Gaston D, Berman JN. CRISPR multitargeter: a web tool to find common and unique
CRISPR single guide RNA targets in a set of similar sequences. PLoS One. 2015; 10(3): e0119372.

63. Bae S, Park J, Kim JS. Cas-OFFinder: a fast and versatile algorithm that searches for potential off-target sites of
Cas9 RNA-guided endonucleases. Bioinformatics. 2014; 30(10): 1473-5.

64. Upadhyay SK, Sharma S. SSFinder: high throughput CRISPR-Cas target sites prediction tool. BioMed Research
International. 2014; 2014: 1-4.

65. Stemmer M, Thumberger T, Del Sol Keyer M, Wittbrodt J, Mateo JL. CCTop: An Intuitive, Flexible and Reliable
CRISPR/Cas9 Target Prediction Tool. PL0oS One. 2015; 10(4): e0124633.

66. Montague TG, Cruz JM, Gagnon JA, Church GM ,Valen E. CHOPCHOP: a CRISPR/Cas9 and TALEN web tool
for genome editing. Nucleic Acids Research. 2014; 42: W401-7.

67. Sander JD, Maeder ML, Reyon D, Voytas DF, Joung JK, Dobbs D. ZiFiT (Zinc Finger Targeter): an updated zinc
finger engineering tool. Nucleic Acids Research. 2010; 38: W462-8.

68. O'Brien A, Bailey TL. GT-Scan: identifying unique genomic targets. Bioinformatics. 2014; 30(18): 2673-5.

69. Guo D, Li X, Zhu P, Feng Y, Yang J, Zheng Z, et al. Online High-throughput Mutagenesis Designer Using Scoring
Matrix of Sequence-specific Endonucleases. Journal of Integrative Bioinformatics. 2015; 12(1):35-48.

70. Zhu LJ, Holmes BR, Aronin N, Brodsky MH. CRISPRseek: a bioconductor package to identify target-specific
guide RNAs for CRISPR-Cas9 genome-editing systems. PL0oS One. 2014; 9(9): e108424.

71. Heigwer F, Kerr G, Boutros M. E-CRISP: fast CRISPR target site identification. Nature methods. 2014; 11(2):
122-3.

72. Mekler V, Minakhin L, Semenova E, Kuznedelov K, Severinov K. Kinetics of the CRISPR-Cas9 effector complex
assembly and the role of 3'-terminal segment of guide RNA. Nucleic Acids Research. 2016; 44(6): 2837-45.

YA


http://journal.jmu.ac.ir/article-1-122-fa.html
http://www.tcpdf.org

