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microdystrophin gene (2013)
NHEJ restoration of Plasmid  TALEN Ousterout et al.
reading frame (2013)
Patient Epidermolysis COL7A1 HDR using assODN Plasmid ~ TALEN Osborn et al. (2013)
fibroblasts bullosa
SiHa, C33-A, HPV E6, E7 NHEJmediated Plasmid CRISPR Zhen et al. (2014)
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Hu et al. (2014)
Yuet a. (2015)
Huh?7, HepG2, HBV Multiple NHEJmediated Plasmid CRISPR Lin et al. (2014)
HepAD38, disruption of multiple Seeger et al. (2014)
HepaRG genes Zhen et al. (2015)
Dong et al. (2015)
Liu et al. (2015)
Kennedy et al.
(2015)
Ramanan et al.
(2015)
CHMES5, HeLa HIV LTRU3 NHEJmediated Plasmid CRISPR Hu et a. (2014)
TZM-bl, Ul region disruption of viral genes

HDR, homology-directed repair; ZFN, zinc finger nuclease; hF9, human F9; AAV, adeno-associated virus, TALEN,
transcription activator-like effector nuclease; SCID, severe combined immunodeficiency; IDLV, integration-deficient lentiviral
vector; DMD, Duchenne muscular dystrophy; CRISPR, clustered regularly interspaced short palindromic repeats, NHEJ,
nonhomologous end joining; sSODN, single-stranded oligonucleotide; HPV, human papilloma virus, HBV, hepatitis B virus;

HIV, human immunodeficiency virus, LTR U3, long terminal repeat U3.
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PCSK9

Cardiovascular  Pcsk9
disease

Humanized  ZFN Li etal. (2011)

neonatal, adult Anguelaet al. (2013)
mice

Humanized Sharmacet al. (2015)
adult mice

Adult mouse CRISPR  Yinetal. (2014)

model

Zygote, mouse CRISPR ~ Wu et al. (2015)

SSC

Zygote CRISPR  Long et al. (2014)

Adult or CRISPR  Xuetal. (2016)

neonatal Nelson et al. (2016)
Tabebordbar et a. (2016)
Long et a. (2016)

Adult CRISPR  Xuetal. (2016)

Adult CRISPR Linetal. (2014)
Zhen et al. (2015)
Dong et al. (2015)
Liuetal. (2015)
Ramanan et a. (2015)

Adult CRISPR  Dingetal. (2014)

hF9, human F9; HDR, homology-directed repair; AAV, adeno-associated virus; ZFN, zinc finger nuclease; CRISPR, clustered
regularly interspaced short palindromic repeats;, SSC, spermatogonia stem cell; DMD, Duchenne muscular dystrophy; ssODN,
single-stranded oligonucleotide; Cas9, CRISPR associated protein 9; sgRNA, single guide RNA; NHEJ, nonhomologous end

joining; HBV, hepatitis B virus.

Sl a8 3 )13 oolaiul 0y50 4y, Sl sl Jolw jo
(YY)

>l sy 51— CRISPR-Cas9 i 5l ogdle 4y
L 4 S oo 09 e ooliinl 55 pgif 0atiSuS e
(SIRNA) a5, S5 clozal, RNA ;| ooliz_l
4 5 0gh oo Slml 0ig a8 s slo weS o) )0 b
BCLIIA (5 soasl38l 1o 60,5 LS sla JI o alisg
el Jlasl sloSe § CUL3 _ywsS's) POUSFI _yusSs)
(YY) wig <3l ESRL 5 P53 wiiler swssis,

o s S sl SURNA laailsuliS 51 Sy, 4351
Lo camad (o olyb gl Jolye bl alons >k
SBae G 4 olgtds gy Al laml ool S e
SORNA (¢, F B puilgd Lawss SIRNA ailulS ¢ ,.5
G S Bu diged (gl Wigd e (T dine 00l Ll

P95 00 JLsd = ) Sl ses slaals) e Cas9
laaslblis 3 CRISPR-Cas9 (GecKO) piusns b
S b 53,5 b o g gy alolid 51 SAM
BRAF 605 g b Jlo 25 1, Logidle llo s (sl J5ko
ds Ceaglin 0 (933 .a—wo — |8 Vemurafemib
sleolfuns CRISPR-Cas9 Lawg b, Memurafemib
s Lagls ay Lagys conslin JsSge al 8 (55, » sz
b Lo Jolse G 5 (S5t & Jobo Gols spgan
ol 00 0025 (flaviviruses) La yug g oo b Cogac
(el a23,8 IS5 0 Vitro Ll s o o ob )l iy a2 S
290 ladsl 33 (5 (g Laoe ;0 CESD s
29 2l slew B (s @ gl saslllae sl
Sl ol jo Lol Jolge sluliss glpmin vivo oo



Yyy /Ql)l&m 9 @,Jo SIP Lé)q.m

s QLAAM) o fc)l.mi; oYY 0399

e (59,50 ) Cews a0 g SaeS sleadlsl
Syt 69,90 )0 NHEJ SIS K8 (g5 5l 098 o0
5 el Jlab Jslo 552 e cstan 5 0l b el 1
S Sl ;53 (Lt )l S e 5 sl (28 e
G2 5S Uolpe 1o s HDR opsy wimess sliz! 5l 5
Od=h 3game dy Saably (pl g oo o (Jobe 452
Cenilon 5 00isd men 5L Jslos ;o HDR 3l oslil
5 Logsssss 9o jsimnlng slasho 5o o 5l oslar
S ddo ol el oads i o Cosgagso )5
@ ooy Slp 1 L i HDR (e 5 s 215
ol 03ls pliazs sg5 4y by ool il Liyl5sl Gas
(Y X))
sl b 88 s HDR LS ialsél sl ba Sl 51 S
055 ;30 Oyle 4 Conl Al 90 e D> ;0 NHED
Gl V3 ialsdl 4y NHED 0yl )b g slopon 3T 00,8
1535 LSl sl ool HDR s 5 s 8
sl sLa sk 5 HDR alie oSl 5,
Juail” Glsie b a8 a3l oo HDR (sasly 2 (sl e alasls
(Micro homology mediated end " 65 o) g 9,50 (slale!
Solaegng So sla Jlgi 3l ooliswl .aigds oo 0uels jOINING)
(Preciseintegration g ic g 5L Cas O++ Y0 Jsb 4
50,5 Jlsé e 4 into PITCH target chromosome)
as ogdhe dn 0gd ooz (385 Ly sla(Knock in)
51 s s CRISPRICES o yibye ¢y yislydl g
Sl ol 5o Blo slaltl sl an sdir slalel
(Y0) 3,5 oslial
L by sla SIS a8, il (sl oloss 5l e 3LAs g8
G5 Sl (6,518 S4 a5l owis b pladl laayl
Slagiez d9doe el ) Glalng 9 S (swdige
O Caw j3b glo (6 S Bun alewg 45 ool sl atwlgz>l
g e S de (5 GO 5IL g 2l ol 4
oy diblgE sl paiy 4o ead olal Ol i 45 L] 5]
Lol slag oS 8ae g5 el ln baptags 5l s led
d= Sl s o oKl 5l (Sl aid 8y ol
5o Cas9 LS gigusil Shs ou—idy oL )| (Bue ol 4
S $)95 Jols SPRNA (5:35 (>l cunl (5505 o
3l Sl g 9 olsS slasl YL oo b Slaal ]
Al =3 SYRNA 5 Cas9 Ly (55l Gl S50 (som
s (S 35 Ol ST plet L5 098 08
(V7)) cél cuws CRISPR/Cas9

05 00 Jud e Cuz 4 la 938 euds cblex & oo
slel gadasi cews ol g ooVl oyols 8 Baa U
b mgigy 0905 @95 Loy 50,5 JW sl (cm i,
g SRNA iz Blasl sded G 0 pb 3ls5 o
220

LgL.buw_e‘} N LIS CEodled QJJL.,;) J.el.»- 4 -\
lolid )3 plcs (S 5 Sl aile; 2SSl a-Y
VS E N PR IRYY

d—tled (5 yoslygon LS ely sl 5l iz (6550
AAAA | GGGG

GC e il JSlas ¥

w2 L Lo obb elosl i )0 (S 5 Comlus 4z 5
SgRNA 1 8Ll polie lawgs lgs o Lol cizwn glae
o5 4S Sglate sla SQRNA 5l solaiwl 5 asbuliS g0
Slo el S 1 gy cpl liee wies so 413 Baa |y LSS
Sae SQRNA o bl 5 958l a5 cudls azg5 Wb
Olame 4 3 005,85 Buw e slesal, GlRNA 00,5
LSGRNA -l &8lg o il axils jgas Ll Lo JuS
U1 Cige i g Slaie) o YS! LUl sl
SORNA 1,8 slal 1o cud § Cmod 4 0iwd (59,0
Sz el bl i j0 oS due oo iSTas L ole
J=aS byl U aislie j0 #5 pfeis Gals 5 iulsdl
e 3l S sl SIRNA S0 (g 5l az ST igd oo
YY) aiylo 95l g0 2y b

i (o= sl cd iy L b o slojee
CRISPR/Cas9

o=l (llows 5o CRISPR/Cas9 RU-SWOUWES [P 9% I I
23,5 aul g aseie b 65ld ul Ll Gliee 5 oo
L 095 ol sl Il ol (2L 9 (S oliee
LQQT JLO.JU‘ (50970 ) s NN g 63D s LgL(b)LﬁJSj.s
M W 5 ;LES)‘

T Olss oo 9 o)Ll 5 iy azlin (4590 o i
09 (et o oo 98 dawgd |y DNA &l s o o 2ol g
5 05 ool Gl HDR 6,87 bl adyg0 sl Jolw
98> a3y NHEJ | o5 I NHEJ 3| 5wl QT z,°



P95 oy 6y Jedge i jud 515

oMl S13T oLty S 3y pole alxo [YY'F

J.AI Wil mu:;j) u .'.‘ A\ :)lb Sg >9 RNA
g Seelizog o JLal (electroporation) i 540 425!
sbe MRNA 3 Loy Sdge ol aiiws 1o pg5o.)
Qﬁ)} ao ‘rue);ﬁ).d: Lgl_buwe) Ja_,.oy od—is ool Jl_ib.;‘
(FV) 098 0 (g9 29 JUST Slapinsn

Sl 15555 1 (g ke o Ul 5 CRISPR/Cas9 (s 4l 48
035 Sk sl )l Olse 4 T 5 Ol e aises sl
g plo) 3L g Solatnnn IS0 @ &5 s 5l (g leds
05l g (CF) SasS 59,8 wiilo 0iS o0 590
o=l 00l lrje 05 astine s pl b 0,5 colaiul
Lg RG] P ﬁ}l&a o)'j).ol ale.o uL:)L.uo O g u:‘ﬁ)
G982l Gl g cutal b alaly po Glizpe b )l
3 =SS adoz 5l ls 04 >g olai sy CRISPR/Cas9
o, 81 goolaiwl (g )5lid (pl b alaly o la SIS (0 2555
Slly yo Sl Gloplg,y ) (Sl sbml gl 9209w
g O, SO a5l Jdo e 4wl Ssse Slanl
u_i_i L.wy 0)g—=> u.;‘ L @L.w.:‘ 9 AJY}LM ‘é,éo J)»..;S
(FY) 098 0 obo! SlS ALl s ptne lojles

S &ox
5O (o=os] i ylae 4y CRISPR/Cas9 (g jqlis lics)
Sl la=san ol 5l eslil 5 Lagsgily pln o b xSk
OOl as pgis ,0 dtadan &l o sl bl jo el S
ol 0ads mie (ol sl S ieghy 5o sorlae
03 9,58 Sslatnns (o) 5o 65k3 (nl oanlid &j08
2 095 Sl glel gadllas (b slaoke 5
ol ol QU5 g las lory ol 5 Lol o 280 D
JB (g OB e (S5 Sl el o
Elalllas 45 el o 51 (Sl aly b, ol 45 el IS
a3l 08)f55 (5518 cnl (3l Al 555 221y 955 S a5 (S
095> 09 olonl (oo i (1o s )93l g Sl
w2z ge Ca LS gl jf Jol> 4t 90 St (o 50 Joko
Sy S 35S o (o095 Sredud Dl pdS (Shg IS
5 Cas9 iy g 9l 5 g ool JE S & oag (sloig,
Ol 3l el 5550502 Sl o 8L g bS5k 4 Losal) RNA

Lol 559590 Sl Gleys 5 50 (5)5k8

SORNA 55 ol ,en 4y a8 ,us5 Cas9 LS gsquil 5l oolaiwl
L) (g5, po dnsy S5 GBS Sy Al 0 aS ailSTa
Er- azy R GalS czge S oo sbml ee Wl
555 il 1 o938 50,5 oo o Joho €151 1 Lo (5 o5 e
of deaSo Bun Jlss 45 (glojlil 4 SIRNA JIgs 3,5
T3aa £y halS crge i 09d el Ve 5l SelisS
abwly 4 Gl Sangs K00 G 5l g8 o0 obitdl (15
Gl o b e SJBLS Ll 5l a5 Cas9 uigy pléol
elolis 4y ols fCas9 sl LSas s Fokl 5llssi &
9 ea e Samd VL s 255 L o JIgs
(TV) s el gloJskos (33,0

5o sl 43 pgi5 aoimd s sl Il w157 Jlal sl
o=l S s 2 Wl Caz 4 gy i gy 5 S
Sl sanand 3 sans SLaby) Elpl ool bt
in vivo galase 1o o Johw 4 Cas9 jllS gguil &l )| o Jlal
g JLail g9 (bl sl ad )3 13 Sbsl 0,90 in vitro g
5 Lol oS dan Jlasol 5o o lajlalS'ss ol s)lly e
QA el oy Sl mg) STy Sl

(Adeno- 501 Ly gaizme sl ug g aiile (s g ol
==y Lo g g - g @sSOCiated viruses: AAV)
Sl o )3 ooliiial Cugr 4 0jg ol g i JUE Sl
S 055 4 AAV g g et 518 0l 0590 55 (b
e 45 055 co Cgmme in VIVO Lyl i (gly cnlin 034
T g e s S )
Sglie glacdl 5,5 ban a5 oud aislis Sls o
oz sl a s |, Al 5 S i oty Jaiie
J30 g an Lo AAV Sl ookl 1o 5, Lo o il
s ol Sl GLash ¥IM) LT oy ol b
&= AAV Blas 386 g0 5l eolawl sams o o) Kiwgh
S5 By 45 i SYRNA 5 Cas9 ouisS oS g5 i
SLaoSsm 5l GlgSse ol Cudgaze (ol » ade Sz 4
posdle 3,8 oolisd oS Job |y ons >, Cas9 535
aaly o (cwg g (el onigd Joo (gaxkad sojluil JSiiue
15 oLl g e sl 4y ol8 a3l gl s ol
(Fe X)) ail e pss

angps Laghy) 5l (Solite glgl &5 Conl aSE Ll
5 eis oy JSi 4 CRISPRICESD (i JUil g

REFERENCES

1. Noori-Daloii MR, Ed. Medical molecular genetics in the third millennium. Tehran, Iran: Samer Publication; 2012.

[In Persian]



YYD 3,502 9 (2998 (5,95 Lo oo 45 ylwo) ® Foslods ® YV 0y90

2.Kleinstiver BP, Pattanayak V, Prew MS, Tsai SQ, Nguyen NT, Zheng Z, et a. High-fidelity CRISPR—Cas9
nucleases with no detectable genome-wide off-target effects. Nature 2016;529:490-5.

3.Noori-Daloii MR, Ed. Emery's elements of medical genetics. 8th ed. Tehran, Iran: Jame-e-negar and Salemi
Publication; 2017. [In Persian]

4.Krgjci L, Altmannova V, Spirek M, Zhao X. Homologous recombination and its regulation. Nucleic Acids Res
2012;40:5795-818.

5.Noori-Daoii MR, Alvandi E. Micro RNA: Small but full of mystery and use. Journal of Tehran University of
Medical Sciences 2006;64:5-18. [In Persian]

6.Jackson AL, Linsley PS. Recognizing and avoiding siRNA off-target effects for target identification and
therapeutic application. Nat Rev Drug Disco 2010;9:57-67.

7.Noori-Daloii MR, Vand Rajabpour F. Roles of miRNASs in gene expression regulation, apoptosis, diagnosis and
treatment of cancer. Medical Science Journal of I1slamic Azad Univesity-Tehran Medical Branch 2011;21:151-61. [In
Persian]

8.Noori-Daloii MR, Nejatizadeh A , Eds. MicroRNA in disease and health: Diagnostic and therapeutic potentials.
Gene Therapy Development and Future Perspectives. Rijeka, Croatia: InTech; 2011. P.93-120.

9.Noori-Daloii MR, Abdollahzadeh R, Asadollahi K. Targeted genome editing with engineered nucleases-A new
approach in gene therapy. Journal of Sabzevar University of Medical Sciences 2014; 21: 131-144. [In Persian]

10.Silva G, Poirot L, Galetto R, Smith J, Montoya G, Duchateau P, et al. Meganucleases and other tools for targeted
genome engineering: perspectives and challenges for gene therapy. Curr Gene Ther 2011;11:11-27.

11.Joung JK, Sander JD. TALENS: a widely applicable technology for targeted genome editing. Nat Rev Mol Cell
Biol 2013;14:49-55.

12.Urnov FD, Rebar EJ, Holmes MC, Zhang HS, Gregory PD. Genome editing with engineered zinc finger
nucleases. Nat Rev Genet 2010;11:636-46.

13.Hae CR, Zhao P, Olson S, Duff MO, Graveley BR, Wells L, et a. RNA-guided RNA cleavage by a CRISPR
RNA-Cas protein complex. Cell 2009;139:945-56.

14.Barrangou R, Fremaux C, Deveau H, Richards M, Boyaval P, Moineau S, et a. CRISPR provides acquired
resistance against viruses in prokaryotes. Science 2007;315:1709-12.

15.Guilinger JP, Thompson DB, Liu DR. Fusion of catalyticaly inactive Cas9 to Fokl nuclease improves the
specificity of genome modification. Nat Biotechnol 2014;32:577-82.

16.Zetsche B, Gootenberg JS, Abudayyeh OO, Slaymaker IM, Makarova KS, Essletzbichler P, et a. Cpflisasingle
RNA-guided endonuclease of aclass 2 CRISPR-Cas system. Cell 2015;163:759-71.

17.Piatek A, Ali Z, Baazim H, Li L, Abulfarg] A, Al-Shareef S, et a. RNA-guided transcriptional regulation in planta
via synthetic dCas9-based transcription factors. Plant Biotechnol J 2015;13:578-89.

18.Konermann S, Brigham MD, Trevino AE, Joung J, Abudayyeh OO, Barcena C, et a. Genome-scale
transcriptional activation by an engineered CRISPR-Cas9 complex. Nature 2015;517:583-8.

19.Shen JP, Zhao D, Sasik R, Luebeck J, Birmingham A, Bojorquez-Gomez A, et a. Combinatorial CRISPR-Cas9
screens for de novo mapping of genetic interactions. Nat Methods 2017;14:573-6.

20.Canver MC, Bauer DE, Dass A, Yien YY, Chung J, Masuda T, et al. Characterization of genomic deletion
efficiency mediated by clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 nuclease system in
mammalian cells. JBiol Chem 2017;292:2556.

21.Lareau C, Clement K, Hsu JY, Pattanayak V, Joung JK, Aryee MJ, et al. “Unexpected mutations after CRISPR-
Cas9 editing in viva” are most likely pre-existing sequence variants and not nuclease-induced mutations. bioRxiv
2017:159707.

22.Tsai SQ, Nguyen NT, Malagon-Lopez J, Topkar VV, Aryee MJ, Joung JK. CIRCLE-seq: a highly sensitive in
vitro screen for genome-wide CRISPR-Cas9 nuclease off-targets. Nat Methods 2017;14:607-14.

23.Noori-Daloii MR, Ebadi N. Pharmacogenomics and cancer stem cells. Medical Science Journal of Islamic Azad
Univesity-Tehran Medical Branch 2015;25:1-15. [In Persian]

24.Noori-Daloii MR, Eshaghkhani Y. IncRNAs: significance and function mechanisms. Medical Science Journal of
Islamic Azad Univesity-Tehran Medical Branch 2015;25:79-94. [In Persian]



o5 wlyg slyp ‘;91.‘9.0 ool jud )‘}f‘ soﬁu‘ al,T [YCHKY éw): pole alxo [YYF

25.Young RM, Phelan JD, Webster DE, Roulland S, Wright G, Huang D, et a. CRISPR-CAS9 genetic screens
uncover ab cell receptor-myd88 superpathway in diffuse large B cell lymphoma. Hematol Oncol 2017;35:S25.

26.Xue W, Chen S, Yin H, Tammela T, Papagiannakopoulos T, Joshi NS, et al. CRISPR-mediated direct mutation of
cancer genesin the mouse liver. Nature 2014;514:380-4.

27.Tu Z, Yang W, Yan S, Guo X, Li XJ. CRISPR/Cas9: a powerful genetic engineering tool for establishing large
animal models of neurodegenerative diseases. Mol Neurodegener 2015;10:35.

28.Chari R, Yeo NC, Chavez A, Church GM. sgRNA Scorer 2.0: A Species-Independent Model To Predict
CRISPR/Cas9 Activity. ACS Synth Biol 2017;6:902-4.

29.Jusiak B, Cleto S, Perez-Pifiera P, Lu TK. Engineering synthetic gene circuits in living cells with CRISPR
technology. Trends Biotechnol 2016;34:535-47.

30.Zhou Y, Zhu S, Cai C, Yuan P, Li C, Huang Y, et a. High-throughput screening of a CRISPR/Cas9 library for
functional genomicsin human cells. Nature 2014;509:487-91.

31.Konermann S, Brigham MD, Trevino AE, Joung J, Abudayyeh OO, Barcena C, et a. Genome-scae
transcriptional activation by an engineered CRISPR-Cas9 complex. Nature 2015;517:583-8.

32.Dia0 Y, Li B,Meng Z, Jung |, Lee AY, Dixon J, et a. A new class of temporarily phenotypic enhancers identified
by CRISPR/Cas9-mediated genetic screening. Genome Res 2016;26:397-405.

33.Joung J, Konermann S, Gootenberg JS, Abudayyeh OO, Platt RJ, Brigham MD, et a. Genome-scale CRISPR-
Cas9 Knockout and Transcriptional Activation Screening. Nat Protoc 2017;12:828-63.

34.Brinkman EK, Chen T, de Haas M, Holland HA, Akhtar W, van Steensel B. Quantitative analysis shows that
repair of Cas9-induced double-strand DNA breaks is slow and error-prone. bioRxiv. 2017:142802.

35.Sakuma T, Nakade S, Sakane Y, Suzuki Kl, Yamamoto T. MMEJassisted gene knock-in using TALENs and
CRISPR-Cas9 with the PITCh systems. Nat Protoc 2016;11:118-33.

36.Kleinstiver BP, Prew MS, Tsa SQ, Topkar VV, Nguyen NT,Zheng Z, et a. Engineered CRISPR-CAS9
Nucleases with Altered PAM Specificities. Nature 2015;523:481-5.

37.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. Nat Biotechnol 2014;32:569-76.

38.Mout R, Ray M, Lee YW, Scaletti F, Rotello VM. In Vivo Delivery of CRISPR/Cas9 for Therapeutic Gene
Editing: Progress and Challenges. Bioconjug Chem 2017;28:880-4.

39.Noori-Daloii MR, Tabarestani S. Molecular genetics, diagnosis and treatment of breast cancer. Journal of Sabzevar
University of Medical Sciences 2010;17:74-87.

40.Mout R, Ray M, Yesilbag Tonga G, Lee YW, Tay T, Sasaki K, et al. Direct Cytosolic Delivery of CRISPR/Cas9-
Ribonucleoprotein for Efficient Gene Editing. ACS Nano 2017;11:2452-8.

41.Moore R, Spinhirne A, Lai MJ, Preisser S, Li Y, Kang T, et a. CRISPR-based self-cleaving mechanism for
controllable gene delivery in human cells. Nucleic Acids Res 2014;43:1297-303.

42.Krishan K, Kanchan T, Singh B. Human genome editing and ethical considerations. Sci Eng Ethics 2016;22:597-
9.



