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PB1 Arabidopsis thaliana (Thale cress) Puchta (2002); Antunes et al. (2012)
I-Scel Hordeum vulgare (Barley) Watanabe et al. (2015)

Nicotiana benthamiana (Tobacco)

Zea mays (Maize)

Puchta, Dujon, and Hohn (1993); Puchta,
Dujon, and Hohn (1996); Puchta (1999b);
Siebert and Puchta (2002)

Yang et al. (2009); Gao et al. (2010)
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Arabidopsis thaliana (Thale cress)

Glycine max (Soybean)
Nicotiana sp. (Tobacco)

Petunia disambiguation (Petunia)
Zea mays (Maize)
Other plants
Plant cells

Lloyd et al. (2005); Wright et al. (2005); De Pater et al. (2009); Osakabe,
Osakabe, and Toki (2010); Zhang et al. (2010)
Curtin et al. (2011); Sander et al. (2011)
Wright et al. (2005); Townsend et al. (2009); Cai et al. (2009); Petolino et al.

(2010); Schneider et al. (2016)
Marton et al. (2010)

Ainley et al. (2013); Kumar et al. (2015)
De Pater et al. (2009); Marton et al. (2010); Peer et al. (2015)

Cai et al. (2009)
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Arabidopsis thaliana (Thale cress)
Glycine max (Soybean)
Nicotiana tabacum (Tobacco)
Oryza sativa (Rice)
Solanum tuberosum (Potato)
Zea mays (Maize)
Hordeum vulgare (Barley) leaf cells
Nicotiana tabacum (Tobacco) protoplast-derived calli

Morbitzer et al. (2010)
Haun et al. (2014)

Zhang et al. (2013); Li et al. (2016)
Nishizawa-Yokoi et al. (2015); Shan et al. (2015)
Sawai et al. (2014); Clasen et al. (2016)
Liang et al. (2014)
Budhagatapalli et al. (2015)

Zhang et al. (2013)
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(Addgene 2016) LS s S 5 i zlo 5S. pyogenes s slae s 53 PAM (sl JIs5 ¢15i1 -0 s

Cas9 Lussn 151/ 2l Sk S

PAM _olatl Jigs

Streptococcus pyogenes (SP); SpCas9
SpCas9 D1135E variant
SpCas9 VRER variant
SpCas9 EQR variant

SpCas9 VQR variant

Staphylococcus aureus (SA); SaCas9
Neisseria meningitidis (NM)
Streptococcus themophilus (ST)
Treponema denticola (TD)

(ge sl S 5D Cpfl
il sbag S 5l an S, CasOs slass s e

NGG

NAG

NGCG

NGAG
NGNG . NGAN

NNGRR(N) . NNGRRT

NNNNGATT
NNAGAAW
NAAAAC

TTN
Gl odis bz PAM s

S b o) il 5585 s Of leailess 5 GRNA
ULy b (Sses,) iy o (Golden gate
Colg 53 s osd e Joe Sle H5Ss 00 ple ankd (5l )
syh o lal Sl 5S4 ubl s i (g Casd s
sl r 5 eds Jaze Agrobacterium tumefacience 4 lg J5U
38 on ol 3 eslial 3,50 (S

oS S

CRISPR/Cas (s S WTALEN (LZFN LS 5K
sul Uy oSt dhee 5 LS Gaoa byl
Sy 55 s Shosy 52 e el Sl
S St b 5 peh J 55 Glagsuslod crl Lol 1y 533
wsls oS 1 S s il gallas 5 (6510ms SUls
ol bodlds (S slaslen Oy Sudl s

Odewy Sl e Sla Al 5 ey Ol o, 5bd

CRISPR/Cas o D25 (6l S5 sl el
I, el U1 & @RNA) Lasl, RNA iy lazl s
Soleos ot oSl Sl eslinad bl e (S
(http://chopchop.cbu.uib.no)  Harvard  CHOP-CHOP
ax 5 L gRNA b=l (Labun et al. 2016) >335 .« ~1,b
0 Sl sy Sn b =) 535 planil 5 3515
LoosSal =Y aas iy | CSFAEL T e o —Y il
s (Off target) Cua o ~1g -8 aal adlb YU L1
GC e -1 ail oS 535 >l Jlas -0 ail ailns
Wang et al. 2014; Tsai et ) (/V+ b &+ o b 5) 230 YL
wile e slajlsle 5 5l eslinal L GRNA (s gy (al. 2015
Cas-Of-Finder Ny o Slsle
Off 545 Lk I (http://www.rgenome.net/cas-offinder)

5o 3l e (Baeetal 2014) 555 U550 Il slatarget

IYAQ Lol /Y o ylols [ o200 35k 0590 [ (1 98 S -



http://chopchop.cbu.uib.no/
http://www.rgenome.net/cas-offinder
https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html

[ Downloaded from mg.genetics.ir on 2025-08-01 ]

[ DOR: 20.1001.1.20084439.1399.15.2.6.9 ]

SIS g3 gl (5 5 o b poil ladun vl

0L, 5 552 45 JUils

Ol Ol 5 olew LB e R e
Sl r 55 s ol S e S et LSl sl
S o 5 s feily S slagtonw b aylie )3 &S
3 oS 3lS & Olse bals ) galer 1ol
Ol o o calime S ol 5 (S8) sl ol
G550 35 4 e S pReee Lo O ey S o)L
G0 038 sy s ol il 035 el Jels
G832 bl @ 5 L e 38 e el e 8 il
23 333 St obml S s 0l B 018 o e S
gome SO iledde ke Joho Ciloia glaes,
5ol e lebs 4 bigsledite €550 5500 ealina
Noori-Daloii et al. ) tbxil o S50 lagyls s LUl
Sl gold wdige LS SLl Ll o alie (2014

el odd S350 Jgdr 53 e ol

Joo 03 Goleag sl is, 20l s O Slhal 4 LS
A 3 S Bl 5 d sk 0555 4 L3S S
Slacpss s oS WTALEN 3550 55 o5sa Col i il ol
B ey IS5 gl s bl s en (Son ks
S s sl [ o 0T W) g il
3 bsrs 3l e Gl Gaes 3 SIS
DNA iludslen b s 8 U as S Loy S,
Ul o5 B s sl (s BU gz s ol b5l
Ll 1y Sl gladsle o Lol Lss 5 055 Je
45 CRISPR/Cas i A, .(Holkers et al. 2013)
by O el o351 Olio,l 4y K55 okige 1 S
03,8 Ssdomn |y s l $13 05 1 (s PAM. 155 o
5 S s olBl sl g i Sllls (Gaj et al. 2013) ol
sl ol ol p3Y CRISPRICES wies Cpo jialS

oy aly i) aaS daas 1y SUlS Ql_}f..i..m)}i«f

.(Noori-Daloii et al. 2014) Ciis olams! ol e (ol wdige SIS 55l Jlgar o auslin =1 st

Cas9 TALEN ZFN Meganucleases Sy
(Y —0) PAM + LY BINUIPVWIERPI PGS N S akols 5 5heis YA =YA S V8 —fe MK Jb
S Ve T Sbesro -y bl
FIRE sLs Lo e oS Modularity
Blod 10T el Oy jlm =) @y She 2 2k Y gl Shs o2 ok ) S DNA s 2 g8 4 G pas ) Ll
£5m 5 0l Gt Ol | o Gt Ol T |2 o Fok1
- _ DNA ) W 1l -Y
oSS e oals 3 Gda LUls Y 4 ekl WKl Jsb oY s Jlal bl (S oY
Ol s 5 sboas 3y i ol 5l Lyl ol 4l Coenn
e b sla SN -
B T S B e T L P e R e e T Gt St | s S (S5 03 B ) e

il

3 1S
sy S s (Shy Y
OSas Gelign S o3l Y
Jg‘:“ Loy ()I Ji)’ﬁ S

LS 5w,

Ny
3o iy skl Y
S e 5 Gs K

ol

0l pentd Slatuns sbas Caans 5 S5 -

Sl

- 1VAQ Lewol 1Y o )lods [ @m0 35l 0590 [ o9 98 S


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html

[ Downloaded from mg.genetics.ir on 2025-08-01 ]

[ DOR: 20.1001.1.20084439.1399.15.2.6.9 ]

OLer 5 552 45 JUils

S g9l (6 5 il b peif sloBun Julgg

&Ll

Addgene (2016) CRISPR 101: A desktop resource, 1st
edition, Chapter 2: what is CRISPR? p. 19. New York,
USA.

Ainley W M, Sastry-Dent L, Welter M E, Murray M G,
Zeitler B, Amora R, & Simpson M A (2013) Trait stacking
via targeted genome editing. Plant Biotechnology Journal
11: 1126-1134.

Ali Z, Abulfaraj A, Idris A, Ali S, Tashkandi M, &
Mahfouz M M (2015) CRISPR/Cas9-mediated viral
interference in plants. Genome biology 16: 238.

Anders C, Niewoehner O, Duerst A, Jinek M (2014)
Structural basis of PAM-dependent target DNA
recognition by the Cas9 endonuclease. Nature 513: 569-
573.

Antunes M S, Smith J J, Jentz D and Medford J | (2012)
Targeted DNA excision in Arabidopsis by a re-engineered
homing endonuclease. BMC Biotechnology 12:86-98.
Arnould S, Chames P, Perez C, Lacroix E, Duclert A,
Epinat JC, Stricher F, Petit AS, Patin A, Guillier S, et al
(2006) Engineering of large numbers of highly specific
homing endonucleases that induce recombination on novel
DNA targets. Journal of Molecular Biology 355: 443-458.
Asadollahi K, Abdollahzadeh R, Nouri Delavi M (2014)
Targeted editing of genomes mediated by engineered
nucleases; a new approach to gene therapy. Journal of
Sabzevar University of Medical Sciences 21: 131-144. (In
Farsi).

Bibikova M, GolicM, Golic KG, Carroll D (2002)
Targeted chromosomal cleavage and mutagenesis in
Drosophila using zinc-finger nucleases. Genetics 161:
1169-1175.

Bitinaite J, Wah DA, Aggarwal AK, Schildkraut 1 (1998)
Fokl dimerization is required for DNA cleavage. Proc Natl
Acad Sci USA 95: 10570-5.

Boch J, Scholze H, Schornack S, Landgraf A, Hahn S, Kay
S, Lahaye T, Nickstadt A, Bonas U (2009) Breaking the
code of DNA binding specificity of TAL-type 11 effectors.
Science 326: 1509-1512.

Brouns SJ, Jore MM, Lundgren M, Westra ER, Slijkhuis
RJ, et al (2008) Small CRISPR RNAs guideantiviral
defense in prokaryotes. Science 321: 960-964.
Budhagatapalli N, Rutten T, Gurushidze M, Kumlehn J, &
Hensel G (2015) Targeted modification of gene function
exploiting homology-directed repair of TALEN-mediated
double-strand breaks in barley. G3: Genes, Genomes,
Genetics 5: 1857-1863.

Cai C Q, Doyon Y, Ainley W M, Miller J C, DeKelver R
C, Moehle E A, Blue R (2009) Targeted transgene
integration in plant cells using designed zinc finger
nucleases. Plant molecular biology 69: 699-709.

Carbery 1D, JiD, Harrington A, Brown V, Weinstein EJ,
Lia (2010) Targeted genome modification in mice using
zinc-finger nucleases. Genetics 186: 451-459.
Chandrasekaran J, Brumin M, Wolf D, Leibman D, Klap
C, Pearlsman M, Gal-On A (2016) Development of broad
virus resistance in non-transgenic cucumber using
CRISPR/Cas9 technology. Molecular plant pathology 17:
1140-1153.

Chen K, Gao C (2014) Targeted genome modification
technologies and their applications in crop improvements.
Plant Cell Reports 33: 575-83.

Clasen B M, Stoddard T J, Luo S, Demorest Z L, Li J,
Cedrone F, Coffman A (2016) Improving cold storage and
processing traits in potato through targeted gene knockout.
Plant biotechnology journal 14: 169-176.

Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, et al
(2013) Multiplex genome engineering using CRISPR/Cas
systems. Science 339: 819-823.

Cong L, Ran FA, Cox D, Lin S, Barretto R, Habib N, Wu
X, Jiang W, Marraffini LA, Zhang F (2013) Multiplex
genome engineering using CRISPR/Cas systems. Science
339: 819-823.

Cui X, JiD, Fisher DA, Wu Y, Briner DM, Weinstein EJ
(2011) Targeted integration in ratand mouse embryos with
zinc-finger nucleases. Nature Biotechnology 29: 64-67.
Curtin S J, Zhang F, Sander J D, Haun W J, Starker C,
Baltes N J, & Dobbs D (2011) Targeted mutagenesis of
duplicated genes in soybean with zinc-finger nucleases.
Plant Physiology 156: 466-473.

De Pater S, Neuteboom L W, Pinas J E, Hooykaas P J, &
Van Der Zaal B J (2009) ZFN-induced mutagenesis and
gene-targeting in Arabidopsis through
Agrobacterium-mediated floral dip transformation. Plant
biotechnology journal 7: 821-835.

Deng D, Yan C, Pan X, Mahfouz M, Wang J, Zhu JK, Shi
Y, Yan N (2012) Structural basis for sequence-specific
recognition of DNA by TAL effectors. Science 335: 720-
723.

Deveau H, BarrangouR, Garneau JE, Labonte J, Fremaux
C, et al (2008) Phage response to CRISPRencoded
resistance in Streptococcus thermophilus. Journal of
Bacteriology 190: 1390-400.

Ding Q, Lee YK, Schaefer EA, Peters DT, Veres A, Kim
K, Kuperwasser N, Motola DL, Meissner TB, Hendriks
WT, et al (2013) A TALEN genome-editing system for
generating human stem cell-based disease models. Cell
Stem Cell 12: 238-251.

Doudna JA, Charpentier E (2014) The new frontier of
genome engineering with CRISPR-Cas9. Science 346:
1258096.

Doyon Y, Vo TD, Mendel MC, Greenberg SG, Wang J,
Xia DF, Miller JC, Urnov FD, Gregory PD, Holmes MC
(2011) Enhancing zinc-finger-nuclease activity with
improved obligate heterodimeric architectures. Nature
Methods 8: 74-79.

Duan X, Gimble FS, Quiocho FA (1997) Crystal structure
of PI-Scel, a homing endonuclease with protein splicing
activity. Cell 89: 555-564.

Dumbliauskas E, Lechner E, Jaciubek M, Berr A,
Pazhouhandeh M, Alioua M, ... Molinier J (2011) The
Arabidopsis CUL4-DDB1 complex interacts with MSI1
and is required to maintain MEDEA parental imprinting.
The European Molecular Biology Organization journal 30:
731-743.

Eid A, Ali Z, Mahfouz M M (2016) High efficiency of
targeted mutagenesis in Arabidopsis via meiotic promoter-

IYAQ Lol /Y o ylols [ o200 35k 0590 [ (1 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html

[ Downloaded from mg.genetics.ir on 2025-08-01 ]

[ DOR: 20.1001.1.20084439.1399.15.2.6.9 ]

e S g3 gl (6 57 il b pgiS sloBun Julgg

0L, 5 552 45 JUils

driven expression of Cas9 endonuclease. Plant cell reports
35: 1555-1558.

Fauser F, Schiml S, Puchta H (2014) Both
CRISPR/Cas-based nucleases and nickases can be used
efficiently for genome engineering in Arabidopsis
thaliana. The Plant Journal 79: 348-359.

Gaj T, Gersbach CA, Barbas CF 3rd (2013) ZFN, TALEN,
and CRISPR/Cas-based methods for genome engineering.
Trends in Biotechnology 31: 397-405.

Gao H, Smith J, Yang M, Jones S, Djukanovic V,
Nicholson M G, & Lyznik L A (2010) Heritable targeted
mutagenesis in maize using a designed endonuclease. The
Plant Journal 61: 176-187.

Gasiunas G, BarrangouR, Horvath P, Siksnys V (2012)
Cas9-crRNA ribonucleoprotein complexmediates specific
DNA cleavage for adaptive immunity in bacteria.
Proceedings of the National Academy of Sciences of the
United States of the America 109: 2579-2586.

Geurts AM, Moreno C (2010) Zinc-finger nucleases: new
strategies to target the rat genome. Clinical Science 119:
303-311.

Gogarten JP, Hilario E (2006) Inteins, introns, and homing
endonucleases: recent revelations about the life cycle of
parasitic genetic elements. BMC Evolutionary Biology 6:
94.

Grissa I, Vergnaud G, Pourcel C (2007) CRISPRFinder: a
web tool to identify clustered regularly interspaced short
palindromic repeats. Nucleic Acids Research 35(suppl 2):
W52-W57.

Guo J, Gaj T, Barbas CF 111 (2010) Directed evolution of
an enhanced and highly efficient Fokl cleavage domain for
zinc finger nucleases. Journal of Molecular Biology 400:
96-107.

Héndel EM, Alwin S, Cathomen T (2009) Expanding or
restricting the target site repertoire of zinc-finger
nucleases: the inter-domain linker as a major determinant
of target site selectivity. Molecular Therapy 17: 104-111.
Haun W, Coffman A, Clasen B M, Demorest Z L, Lowy
A, Ray E, & Mathis L (2014) Improved soybean oil
quality by targeted mutagenesis of the fatty acid desaturase
2 gene family. Plant biotechnology journal 12: 934-940.
Heath PJ, Stephens KM, Monnat RJ Jr, Stoddard BL
(1997) The structure of 1-Crel, a group | intron-encoded
homing endonuclease. Nature Structural and Molecular
Biology 4: 468-476.

Holkers M, Maggio I, Liu J, Janssen JM, Miselli F,
Mussolino C, Recchia A, Cathomen T, Goncalves MA
(2013) Differential integrity of TALE nuclease genes
following adenoviral and lentiviral vector gene transfer
into human cells. Nucleic Acids Research 41: e63.

Holt N, WangJ, Kim K, Friedman G, Wang X, Taupin V
et al (2010) Human hematopoietic stem/ progenitor cells
modified by zinc- finger nucleases targeted to CCR5
control HIV-1 in vivo. Nature Biotechnology 28: 839-847.
Hsu PD, Lander ES, Zhang F (2014) Development and
applications of CRISPR-Cas9 for genome engineering.
Cell 157: 1262-1278.

Huo Y, Nam KH, Ding F, Lee H, Wu L, Xiao Y,
Farchione MD Jr, Zhou S, Rajashankar K, Kurinov I,
Zhang R, Ke A (2014) Structures of CRISPR Cas3 offer

- 1VAQ Lewol 1Y o )lods [ @m0 35l 0590 [ o9 98 S

mechanistic  insights into Cascade-activated DNA
unwinding and degradation. Nature Structural and
Molecular Biology 21: 771-777.

Ishino Y, Shinagawa H, Makino K, Amemura M, Nakata
A (1987) Nucleotide sequence of the iap gene, responsible
for alkaline phosphatase isozyme conversion in
Escherichia coli, and identification of the gene product.
Journal of Bacteriology 169: 5429-5433.

Jacobs T B, LaFayette P R, Schmitz R J, & Parrott W A
(2015) Targeted genome modifications in soybean with
CRISPR/Cas9. BMC biotechnology 15: 16.

Jensen NM., Dalsgaard T, Jakobsen M, Nielsen RR,
Sorensen CB, Bolund L, Jensen TG (2011) An update on
targeted gene repair in mammalian cells: methods and
mechanisms. Journal of Biomedical Science 18: 10.

Jiang L, Qian D, Zheng H, Meng L Y, Chen J, Le W J, and
Li Y (2012) RNA-dependent RNA polymerase 6 of rice
(Oryza sativa) plays role in host defense against negative-
strand RNA virus, Rice stripe virus. Virus research 163:
512-519.

Jiang W H, Zhou H Bi, M Fromm B Yang and D P Weeks
(2013) Demonstration of CRISPR/Cas9/sgRNA-mediated
targeted gene modification in Arabidopsis, tobacco,
sorghum and rice. Nucleic Acids Research 41: e188.

Jiang W, BicardD, Cox D, Zhang F, Marraffini LA (20130
RNA-guided editing of bacterial genomes using CRISPR-
Cas systems. Nature Biotechnology 31: 233-239.

Jiang W, Bikard D, Cox D, Zhang F, Marraffini LA (2013)
RNA-guided editing of bacterial genomes using CRISPR-
Cas systems. Nature Biotechnology 31: 233-239.

Jiang W, Marraffini LA (2015) CRISPR-Cas: New Tools
for Genetic Manipulations from Bacterial Immunity
Systems. The Annual Review of Microbiology 69: 209-
228.

Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA,
Charpentier E (2012) A programmable dual-RNA-guided
DNA endonuclease in adaptive bacterial immunity.
Science 337: 816-821.

Jinek M, ChylinskiK, Fonfara I, Hauer M, Doudna JA,
Charpentier E (2012) A programmable dual-RNA-guided
DNA endonuclease in adaptive bacterial immunity.
Science 337: 816-821.

Joung JK, Sander JD (2013) TALENS: a widely applicable
technology for targeted genome editing. Nature Reviews
Molecular Cell Biology 14: 49-55.

Jouzani SG, Tohidfar M (2013) Plant Molecular Farming:
Future Prospects and Biosafety Challenges. Biosafety 2: 2.
Jouzani SG, Tohidfar M, Sadeghi A (2010) Biosafety
aspects of genetically modified plants. Agricultural
Biotechnology Research Institute of Iran, Tehran, Iran (In
Farsi).

Khatodia S, Bhatotia K, Passricha N, Khurana SM, Tuteja
N (2016) The CRISPR/Cas genome-editing tool:
application in improvement of crops. Frontiers in Plant
Science 7: 506.

Kim H, Kim JS (2014) A guide to genome engineering
with programmable nucleases. Nature Reviews Genetics
15: 321-334.

Kumar P, and D R Jain (2015) Cy-Aminopropylene
peptide nucleic acid (amp-PNA): Chiral cationic PNAs


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html

[ Downloaded from mg.genetics.ir on 2025-08-01 ]

[ DOR: 20.1001.1.20084439.1399.15.2.6.9 ]

OLer 5 552 45 JUils

S g9l (6 5 il b peif sloBun Julgg

with superior PNA: DNA/RNA duplex stability and
cellular uptake. Tetrahedron 71:3378-84.

Kumar V, Jain M (2014) The CRISPR-Cas system for
plant genome editing: advances and opportunities. Journal
of Experimental Botany 66: 47-57.

Li Z, Liu Z B, Xing A, Moon B P, Koellhoffer J P, Huang
L, Cigan A M (2015) Cas9-guide RNA directed genome
editing in soybean. Plant physiology 169(2): 960-970.

Li, J, Stoddard, T J, Demorest, Z L, Lavoie, P O, Luo, S,
Clasen, B M, and Yabandith, A (2016) Multiplexed,
targeted gene editing in Nicotiana benthamiana for
glyco-engineering and monoclonal antibody production
Plant biotechnology journal 14: 533-542

Li, J-F, B Zhang, and W Ding (2013) Efficient genome
editing in plants using a CRISPR/ Cas system Cell
Research 23:1229-32

Liang Z, Zhang K, Chen K, & Gao C (2014) Targeted
mutagenesis in Zea mays using TALENs and the
CRISPR/Cas system. Journal of Genetics and Genomics
41: 63-68.

Liu W, Yuan JS, Stewart CN Jr (2013) Advanced genetic
tools for plant biotechnology. Nature Reviews Genetics
14: 781-93.

Lloyd A, Plaisier C L, Carroll D, & Drews G N (2005)
Targeted mutagenesis using zinc-finger nucleases in
Arabidopsis. Proceedings of the National Academy of
Sciences 102: 2232-2237.

Mak ANS, Bradley P, Cernadas RA, Bogdanove AJ,
Stoddard BL (2012) The crystal structure of TAL effector
PthXo1 bound to its DNA target. Science 335: 716-719.
Mali P, Aach J, Stranges PB, Esvelt KM, Moosburner M,
Kosuri S, et al (2013) CAS9 transcriptional activators for
target specificity screening and paired nickases for
cooperative genome engineering. Nature Biotechnology
31: 833-838.

Mali P, Aach J, Stranges PB, Esvelt KM, Moosburner M,
Kosuri S, Yang L. Church GM (2013) CAS9
transcriptional activators for target specificity screening
and paired nickases for cooperative genome engineering.
Nature Biotechnology 31: 833-838.

Manica A, Zebec Z, Steinkellner J, Schleper C (2013)
Unexpectedly broad target recognition of the CRISPR-
mediated virus defence system in the archaeon Sulfolobus
solfataricus. Nucleic Acids Research 41: 10509-10517.
Mao Y, Zhang Z, Feng Z, Wei P, Zhang H, BotellaJ R, &
Zhu J K (2016) Development of germ-line-specific
CRISPR-Cas9 systems to improve the production of
heritable gene modifications in Arabidopsis. Plant
biotechnology journal 14: 519-532.

Marcaida MJ, Mufioz IG, Blanco FJ, Prieto J, Montoya G
(2010) Homing endonucleases: from basics to therapeutic
applications. Cellular and Molecular Life Sciences 67:
727-748.

Marraffini LA, Jiang W (2015) CRISPR-Cas: New Tools
for Genetic Manipulations from Bacterial Immunity
Systems. Annual Review of Microbiology 69: 209-228.
Marraffini LA, Jiang W (2015) CRISPR-Cas: New Tools
for Genetic Manipulations from Bacterial Immunity
Systems. Annual Review Microbiology 69: 209-228.

Marton 1, Zuker A, Shklarman E, Zeevi V, Tovkach A,
Roffe S, Vainstein A (2010) Nontransgenic genome
modification in plant cells. Plant physiology 154: 1079-
1087.

Maruyama T, Dougan SK, Truttmann MC, Bilate AM,
Ingram JR, Ploegh HL (2015) Increasing the efficiency of
precise genome editing with CRISPR-Cas9 by inhibition
of nonhomologous end joining. Nature Biotechnology 33:
538-542

Meng X, Noyes MB, Zhu LJ, Lawson ND, Wolfe SA
(2008) Targeted gene inactivation in zebrafish using
engineered zinc-finger nucleases. Nature Biotechnology
26: 695-701.

Meyer M, Angelis MD, Wurst W, Kuhn R, Miller JC, Tan
S, Qiao (2010) Genetargeting by homologous
recombination in mouse zygotes mediated by zinc-finger
nucleases. Proceedings of the National Academy of
Sciences 107: 15022-6.

Miglani GS (2017) Genome editing in crop improvement:
Present scenario and future prospects. Journal of Crop
Improvement 31: 453-559.

Miller J, McLachlan AD, Klug A (1985) Repetitive zinc-
binding domains in the protein transcription factor 1A
from Xenopus oocytes. The EMBO Journal 4: 1609-1614.
Miller JC, Holmes MC, Wang J, Guschin DY, Lee YL,
Rupniewski I, Beausejour CM, Waite AJ, Wang NS, Kim
KA, et al (2007) An improved zinc-finger nuclease
architecture for highly specific genome editing. Nature
Biotechnology 25: 778-785.

Mojica FJ, DiezVillasefior C, Soria E, Juez G (2000)
Biological significance of a family of regularly spaced
repeats in the genomes of Archaea, Bacteria and
mitochondria. Molecular Microbiology 36: 244-246.
Morbitzer R, Rémer P, Boch J, and Lahaye T (2010)
Regulation of selected genome loci using de novo-
engineered transcription activator-like effector (TALE)-
type transcription factors. Proceedings of the National
Academy of Sciences 107: 21617-21622.

Moscou MJ, Bogdanove AJ (2009) A simple cipher
governs DNA recognition by TAL effectors. Science 326:
1501.

Mufioz IG, Prieto J, Subramanian S, Coloma J, Redondo
P, Villate M, Merino N, Mrenchino M, D’Abramo M,
Gervasio S, et al (2011) Molecular basis of engineered
meganuclease targeting of the endogenous human RAG1
locus. Nucleic Acids Research 39: 729-743

Nishimasu H, Ran FA, Hsu PD, Konermann S, Shehata Sl,
Dohmae N, Ishitani R, Zhang F, Nureki O (2014) Crystal
structure of Cas9 in complex with guide RNA and target
DNA. Cell 156: 935-949.

Nishizawa-Yokoi A, Cermak T, Hoshino T, Sugimoto K,
Saika H, Mori A, & Voytas D F (2016) A defect in DNA
Ligase4 enhances the frequency of TALEN-mediated
targeted mutagenesis in rice. Plant physiology 170: 653-
666.

Noori- Daloii MR (2010) Medical Molecular Genetics in
the third millennium. Tehran: Samer; Nashre Akhar.
Noori-Daloii M, Abdollahzadeh R, Asadollahi K (2014)
Targeted genome editing with engineered nucleases- A

IYAQ Lol /Y o ylols [ o200 35k 0590 [ (1 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html

[ Downloaded from mg.genetics.ir on 2025-08-01 ]

[ DOR: 20.1001.1.20084439.1399.15.2.6.9 ]

e S g3 gl (6 57 il b pgiS sloBun Julgg

0L, 5 552 45 JUils

new approach in gene therapy. Quarterly Journal of
Sabzevar University of Medical Sciences 21: 131-144.
Osakabe K, Osakabe Y, & Toki S (2010) Site-directed
mutagenesis in Arabidopsis using custom-designed zinc
finger nucleases. Proceedings of the National Academy of
Sciences 107: 12034-12039.

Pakbaz S, Pazhouhandeh M, & Eini Gandomani, O (2015)
A method for Evaluation of RNA Silencing Suppression
Activity in Plants Using Two Proteins of Grapevine
Fanleaf Virus (GFLV). Genetic Engineering and Biosafety
Journal 4: 135-144,

Pattanayak V, Ramirez CL, Joung JK, Liu DR (2011)
Revealing off-target cleavage specificities of zinc-finger
nucleases by in vitro selection. Nature Methods 8: 765-70.
Pauwels K, Podevin N, Breyer D, Carroll D, Herman P
(2014) Engineering nucleases for gene targeting: safety
and regulatory considerations. New Biotechnology 31: 18-
217.

Pazhouhandeh M, Dieterle M, Marrocco K, Lechner E,
Berry B, Brault V, ... & Ziegler-Graff VV (2006) F-box-like
domain in the polerovirus protein PO is required for
silencing suppressor function. Proceedings of the National
Academy of Sciences 103:; 1994-1999.

Peer R, Rivlin G, Golobovitch S, Lapidot M, Gal-On A,
Vainstein A, & Flaishman M A (2015) Targeted
mutagenesis using zinc-finger nucleases in perennial fruit
trees. Planta 241: 941-951.

Perez-Pinera P, Ousterout DG, Gershach CA (2012)
Advances in targeted genome editing. Current Opinion in
Chemical Biology 16: 268-277.

Petolino J F, Worden A, Curlee K, Connell J, Moynahan T
L S, Larsen C, & Russell, S (2010) Zinc finger nuclease-
mediated transgene deletion. Plant molecular biology 73:
617-628.

Popplewell L, Koo T, Leclerc X, Mamchaoui K, Gouble
A, Mouly V, Voit T, Pagues F, Cedrone F, et al (2013)
Gene correction of a Duchenne muscular dystrophy
mutation by meganuclease-enhanced exon knock-in.
Human Gene Therapy 24: 692-701.

Puchta H (1999) Use of 1-Sce | to induce DNA double-
strand breaks in Nicotiana in DNA Repair Protocols.
Humana Press (pp 447-451).

Puchta H (2002) Gene replacement by homologous
recombination in plants. Plant Molecular Biology 48:173-
82.

Puchta H, Dujon B, & Hohn B (1993) Homologous
recombination in plant cells is enhanced by in vivo
induction of double strand breaks into DNA by a site-
specific endonuclease. Nucleic acids research 21: 5034-
5040.

Puchta H, Dujon B, & Hohn B (1996) Two different but
related mechanisms are used in plants for the repair of
genomic  double-strand  breaks by  homologous
recombination. Proceedings of the National Academy of
Sciences 93: 5055-5060.

Ramirez CL, Foley JE, Wright DA, Miuller-Lerch F,
Rahman SH, Cornu TI, Winfrey RJ, Sander JD, Fu F,
Townsend JA, et al (2008) Unexpected failure rates for
modular assembly of engineered zinc fingers. Nature
Methods 5: 374-5.

- 1VAQ Lewol 1Y o )lods [ @m0 35l 0590 [ o9 98 S

Ran FA, Hsu PD, Lin CY, Gootenberg JS, Konermann S,
Trevino AE, et al (2013) Double nicking by RNA-guided
CRISPR Cas9 for enhanced genome editing specificity.
Cell 154: 1380-1389.

Redondo P, Prieto J, Mufioz IG, Alibés A, Stricher F,
Serrano L, Cabaniols JP, Daboussi F, Arnould S, Perez C,
et al (2008) Molecular basis of xeroderma pigmentosum
group C DNA recognition by engineered meganucleases.
Nature 456: 107-111.

Rollie C, Schneider S, Brinkmann AS, Bolt EL, White MF
(2015) Intrinsic sequence specificity of the Casl integrase
directs new spacer acquisition. Elife 4: e08716.

Rosen LE, Morrison HA, Masri S, Brown MJ,
Springstubb, Sussman D, Stoddard BL, Seligman LM
(2006) Homing endonuclease I-Crel derivatives with novel
DNA target specificities. Nucleic Acids Research 34:
4791-4800.

Samanta M, Dey A, Gayen S (2016) CRISPR/Cas9: an
advanced tool for editing plant genomes. Transgenic
Research. 25: 561-573

Sander J D, Dahlborg E J, Goodwin M J, Cade L, Zhang F,
Cifuentes D, & Pierick C J (2011) Selection-free zinc-
finger-nuclease  engineering by  context-dependent
assembly (CoDA). Nature methods 8: 67-69.

Sawai S, Ohyama K, Yasumoto S, Seki H, Sakuma T,
Yamamoto T, Muranaka T (2014) Sterol side chain
reductase 2 is a key enzyme in the biosynthesis of
cholesterol, the common precursor of toxic steroidal
glycoalkaloids in potato. The Plant Cell 26: 3763-3774.
Schneider K, Schiermeyer A, Dolls A, Koch N, Herwartz
D, Kirchhoff J, Sastry-Dent L (2016) Targeted gene
exchange in plant cells mediated by a zinc finger nuclease
double cut. Plant biotechnology journal 14: 1151-1160.
Seligman LM, Chisholm KM, Chevalier BS, Chadsey MS,
Edwards ST, Savage JH, Veillet AL (2002) Mutations
altering the cleavage specificity of a homing endonuclease.
Nucleic Acids Research 30: 3870-3879.

Shan Q, Wang Y, Chen K, Liang Z, Li J, Zhang Y, &
Zhang Y (2013) Rapid and efficient gene modification in
rice and Brachypodium using TALENS. Molecular plant 6:
1365-1368.

Shan Q, Wang Y, Li J, Zhang Y, Chen K, Liang Z, & Gao
C (2013) Targeted genome maodification of crop plants
using a CRISPR-Cas system. Nature biotechnology 31:
686-688.

Shan Q, Zhang Y, Chen K, Zhang K, Gao C (2015)
Creation of fragrant rice by targeted knockout of the Os
BADH 2 gene wusing TALEN technology. Plant
biotechnology journal 13: 791-800.

Shimizu Y, Bhakta MS, Segal DJ (2009) Restricted spacer
tolerance of a zinc finger nuclease with a six amino acid
linker. Bioorg Med Chem Lett 19: 3970-3972.

Smith HQ and Nathans D (1973) A suggested
nomenclature for bacterial host modification and
restriction systems and their enzymes. Journal of
Molecular Biology 81: 419-423.

Smith J, Grizot S, Arnould S, Duclert A, Epinat JC,
Chames P, Prieto J, Redondo P, Blanco FJ, Bravo J, et al
(2006) A combinatorial approach to create artificial


https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html

[ Downloaded from mg.genetics.ir on 2025-08-01 ]

[ DOR: 20.1001.1.20084439.1399.15.2.6.9 ]

OLer 5 552 45 JUils

S g9l (6 5 il b peif sloBun Julgg

homing endonucleases cleaving chosen sequences. Nucleic
Acids Research 34: e149.

Staals RH, Agari Y, Maki-Yonekura S, Zhu Y, Taylor
DW, van Duijn E, Barendregt A, Vlot M, Koehorst JJ,
Sakamoto K, Masuda A, et al (2013) Structure and activity
of the RNA-targeting Type 111-B CRISPR-Cas complex of
Thermus thermophillus. Molecuar Cell 52: 135-145.
Sternberg SH, Reddings, Jinek M, Greene EC, Doudna JA
(2014) DNA interrogation by theCRISPR RNA-guided
endonuclease Cas9. Nature 507: 62-67.

Sun N, Zhao H. 2013. Transcription activator-like effector
nucleases (TALENS): A highly efficient and versatile tool
for genome editing. Biotechnology Bioengineering. 110:
1811-1821.

Szczelkun MD, TikhomirovaM, Sinkunas T, Gasiunas G,
Karvelis T, et al. 2014. Direct observation of R-loop
formation by single RNA-guided Cas9 and Cascade
effector complexes. Proceedings of the National Academy
of Sciences of the United States of the America. 111:
9798-9803.

Tohidfar M, Maleki N, Abedini R (2009) Environmental
risks of GM plants and the resistance management.
Biosafety Journal 2: 24-36. (In Farsi).

Townsend J A, Wright D A, Winfrey R J, Fu F, Maeder M
L, Joung J K, & Voytas D F (2009) High-frequency
modification of plant genes using engineered zinc-finger
nucleases. Nature 459: 442-445,

Tsai SQ, Wyvekens N, Khayter C, Foden JA, Thapar V,
Reyon D, et al (2014) Dimeric CRISPR RNA-guided FoklI
nucleases for highly specific genome editing. Nature
Biotechnology 32: 569-576.

Urnov, FD, Rebar EJ, Holmes MC, Zhang HS, Gregory
PD (2010) Genome editing with engineered zinc finger
nucleases. Nature Reviews Genetics 11: 636-646.

Valton J, Daboussi F, Leduc S, Molina R, Redondo P,
Macmaster R, Montoya G, Duchateau P (2012) 5'-
Cytosine-phosphoguanine (CpG) methylation impacts the
activity of natural and engineered meganucleases. The
Journal of Biological Chemistry 287: 30139-30150.
Vanamee ES, Santagata S, Aggarwal AK (2001) Fokl
requires two specific DNA sites for cleavage. Journal of
Molecular Biology 309: 69-78.

Watanabe K, Breier U, Hensel G, Kumlehn J, Schubert I,
and Reiss B (2016) Stable gene replacement in barley by
targeted double-strand break induction. Journal of
experimental botany 67: 1433-1445.

Wiedenheft B, Sternberg SH, Doudna JA (2012) RNA-
guided genetic silencing systems in bacteria and archaea.
Nature 482: 331-338.

Wolfe SA, Nekludova L, Pabo CO (2000) DNA
recognition by Cys2His2 zinc finger proteins. Annual
Review Biophysics 3: 183-212.

Wright D A, Townsend J A, Winfrey Jr R J, Irwin P A,
Rajagopal J, Lonosky P M, Voytas D F (2005)
High-frequency homologous recombination in plants
mediated by zinc-finger nucleases. The Plant Journal 44:
693-705.

Xu RF, Li H, Qin RY, Li J, Qiu CH, Yang YC, Ma H, Li
L, Wei PC, Yang JB (2015) Generation of inheritable and
“transgene clean” targeted genome-modified rice in later
generations using the CRISPR/Cas9 system. Scientific
Reports 5: 11491.

Yang M, Djukanovic V, Stagg J, Lenderts B, Bidney D,
Falco S C, Lyznik L A (2009) Targeted mutagenesis in the
progeny of maize transgenic plants. Plant molecular
biology 70: 669-679.

Zhang F, Maeder M L, Unger-Wallace E, Hoshaw J P,
Reyon D, Christian M, Joung JK (2010) High frequency
targeted mutagenesis in Arabidopsis thaliana using zinc
finger nucleases. Proceedings of the National Academy of
Sciences 107: 12028-12033.

Zhang J, Kasciukovic T, White MF (2012) The CRISPR
associated protein Cas4 Is a 5’ to 3’ DNA exonuclease with
an iron-sulfur cluster. PLoS One 7: e47232.

Zhang L, Zhou Q (2014) CRISPR/Cas technology: a
revolutionary approach for genome engineering. Science
China Life Sciences 57: 639-640.

Zhang Y, Zhang F, Li X, Baller J A, Qi Y, Starker C G, &
Voytas D F (2013) Transcription activator-like effector
nucleases enable efficient plant genome engineering. Plant
physiology 161: 20-27.

Zhao L, Bonocora RP, Shub DA, Stoddard BL (2007) The
restriction fold turns to the dark side: a bacterial homing
endonuclease with a PD-(D/E) -XK motif. The European
Molecular Biology Organization Journal 26: 2432-2442.

IYAQ Lol /Y o ylols [ o200 35k 0590 [ (1 98 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1399.15.2.6.9
https://mg.genetics.ir/article-1-1596-fa.html
http://www.tcpdf.org

