[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

) ] s
\Y"\‘\ JLGJ' g\ BJL%:' ‘\Y' 092
b= ISSN 2717-0632 (55 2SIV ISSN 2716-9804

&2 52 CRISPR/Cas9 (5,5l b 055 Sl py lacadd s

Q\J.“.‘ 4&;.«;) c&}’\.«w‘ J‘)T ol.<i.'z\.> “Lwi) J.?-‘j ¢QLLu CW\ E) &L&b) e_gjf UL:.:J‘J
peyman.sharifi@gmail.com
A‘Q/'O/\f u’:’j‘i"b @)U cqa\/' \/\‘f CA—SL.J“)J @)U

V=YY amis

el laaas jy el Ol £3 Shssly s glie Lol o (Oryza sativa L) ol
(o 3P Sl gy Sl ealiial b gl s laan jls ann 5 0 lealdiG b slacd iy
Jaan e ams o i dils 5 Shas 55 Sl o S e JsSse 5 ol e
odd 1S e s Bl ple 5 2l 5 O S (LS SISl 5 ST ek
035 w5 IS S O gmmes 55 el s Sl Ul aes 5| CRISPR/CASY e o
Sl odsiSd 1S gl Sl s b OS5 5,8 oo g OS5 Oly 3ledled 5 035 1o
P U'ji.:nT Sgen S ds @)U ls O3 cad 920 55 aild sldad (a5 g0 3 4l o2 3ldad O s
SLR0S 5 (P 5 s Bl S ao Caglie (poman 5 b (5 0 5 J b OdSaY)
35 ML s 5 (93l 53 (6 Sadar Gaiadse 4 LS (bl ge s pp oS s
S Bl g e diaddas 15 Sgr sl CRISPR/Cas9 slaptocs S SrSe g Sy o b lays
S5 e (pl 53 L g ol Wlse 5 acussdos e (gl oS lsdal
S USSP I 1P SR I GO T o s CRISPR/Cas9 /il ,— 5 s
Sl oS S Sy o s3l5a 53 DUBHOT Lol e o35 2l s slaslpl 5 CRISPR/Cas9
Al e sl odial Gla fod 6l o 5L el 5 ol 035 63551

g a2 4 Sl sl CodS (Al LAk sl 5 (gl a ST slaell
QTL S


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

PSS () 3550 455 0 S
51— (CRISPR-Cas9) ,— . s
0l 1S s S el S glolss
5 ol sl e g oS slacsls
©) cslas L 5 sl g (o 5
Glolgs au s 5 glubs w1 Lol «
So Olgsan) sy &b 5l Ay
e (B) sslu e Ul (0 lol g
Cas9 <=U4_{ =55 e S e Bl
303 f i US4 o

b orons sholss Oailen Sl plil oo

Ol lils (ot ol a8 L 5500
05,5 Pl am pols &8s ) 4bas
(Knock-in) ¢s,Ss,l3 Lo (Knock-out)
Ols g p 35 5 slaals pa ys S5 e
i O Ol g5l ol (V) s
sloalegtl oslass Jasl 5 sl.0lss S
Ol a4 43 aS JJJTL;A V_A‘J_é Iy eddoly
G ool i sl S e, O
Ol 635 2 Sond Slbos G L 50 s
05 4= s Cme 05 5 250 00 1]
St pl slacg e 51LA) 5 5d e Lo
o s L el S A S e S

doie
s sl Odw ¢l
b 3 S Sl (LS sl
3 Ol e (F L
s 5 b Sl S !

S a:)\.l_ff»(,ﬂi_;b <\)L.§4.:>UJ‘JJ
23 KBS pwdige o3l p Sl 4 U
b s o g Rl G B sae

sl—a Sy sl d—wdis ¢ “fofé_f Y)

OLlS Slivo 25 o (KBS widige
o el oS Sl ol js el
ol 2l (7)o d e Aol Wy,
3P S (S S5 gLl
Sl s aaias Pl G b 1
Ol ed )i sl s e e
ol sla,sld Slesladd b 6}
Genome editing technologies ) o5
e, 8B5S slasls asle (GETs)
Clustered ) gla_s o> V.la._ﬁ Sl
Regularly Interspaced Short
/ (Palindromic Repeats (CRISPR)
CRISPR L Lo, 94 5y,
4 (CRISPR-associated protein 9)

&_.:J.’j LS\J_J (CRISPR-Cas9 c‘)l_.«.,a:.?”


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"éﬁ BL CRISPR/Cas9 L;thz.é L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;:.35‘,—0 L";éifﬂ

sla JIs 5 (Repeat sequence) s, 55
Laol oo (Spacer sequence) otasalsls
PR P IS JERU AN
Y¥A 51 e sldies 4 5 5L Cds 00T
sla JIs5 (g sie skasadlols a>l 5 5ue
St VY=YP 550> 0 (o)) S5 8
A dsb s I8 rees Ll
b= sla s 51 5L cr Yoo
So Olpean 45 (Eoul sdd LS5 AT
sl ol pasd sl iy JIs
o5 .ol 5,5, CRISPR 55 0l
Cas 1-) sue ¥ slawd 4 e S 4 sl
CRISPR slaa )l ool Ssy 55 (4
Sl e 5 0 diS oy 48 Alad S 5138
by el ol W S o5 2
(V) Lzen s s e 2l o5 g SL
Lo psd Gl Jl ) g5 s
33 Ol sl osls OLES CRISPR/Cas9
s o L 2ol glolss e o
( ol K 5 RNA 4 Cas9

o= (Single guide RNA (sgRNA))
$lolgs S Cas9 sy i o o3ls
g SL 3 Ll e aS sl LIS 55 50T

Brevibacillus O gomad PICEIN

21

S350 025 LS Ul ediy o g
kg Oman) 05 b &;5 Oliws
St el (o S 53 S5 a3
S35 I3 055 a5 A aeS s
25 (F) el s 5 2l J RS ax s
SO cllie ol gla ise aslsl
5 CRISPR/Cas9 il ,—— 5 o= .

caj_, BL QT )\ GJ_AT S LSLACA_‘BJ.«L.:.;

o) oS Q,ou

§ CRISPR/Cas9 i 31793l 33 (539 o
ol b peil (falng (b9
s e ¢l 2 CRISPR/Cas s
S e 55 s VAVA JL
(e S Ol gs a4 Escherichia coli
LSl U poma 2l 55 bS]
LoDl dle ol sl0hs3 55,5
5 s U sl 0508 o
S Tors Il s o Jlise
el ;> CRISPR 5 sl seslsil>
ol () s Sl Lac s ls,
SL205 ae=U 53 0d 5,8 205 (i
OLSa 5 Cas 3LS 3 (glo 5T 008 50

sla Jls sl CRISPR slawl)l 53


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

HDR (Homology-directed L (NHEJ))
03 L5 e x|l ol repair (HDR))
NHEJ L DSB S Y goms cablse iy
J\_'>uk\ LS‘)—’ ol Qﬁ.\ij) E) )j.&u.c V.:AJJ
S HDR 8550 53 a5 el Jb
Pl e S sen S 55 s
e R Uy R P.C T
HDR (3L 55 > 5 (Oligo-template)
05,5 3,05 L ol 05 L sSlr ey

(¥) 558 0o o= lOL s

TR 2% et 5 b 355 51 (o Lo
=) Sl T 329 T8 9 4ild & hos dgug
&2

i e e sl b s Shas
53 A0S 3l (& 53 ke sl Lol
VYD) s mpens als O3y 5 A
GS3 O ymman Hlad os, S Oyl
9 Gnla GW2 GS5 DEP1 JPAl
e e S s S (\YATOY) TGW6

(Lo asls O35 5 sldas casls o3l

Staphylococcus aureus Jdaterosporus
Streptococcus pyogenes
s Streptococcus thermophilus
> s skl Streptococcus pyogenes
CRISPR RNA oS axiy, HNH e 55
aS > s as o 515 (crRNA)
slols slawe andy RucV as e gs
Lol &G sgRNA L6 o 1) and, 5o
Sl el 15 5V e s b L
Sl 5SS Y I ghls o1 0
Sl gl Gl Lealy JIs Ol pea
sl i JIps Lol as s
4S =S s Jes protospacer (PAM)
G s s s N)NGG Ll
¥l 5 il Slsle ol (0158
Loyl Bas Jiys 1ls 0 sgRNA
S g 3, LS V_§>m Ll aJlos
S e S5 Casd b WSS
gy e Aoy a9 sloles
Double-strand break) glacs, 55 GIs
Aas e WSS 06 el s 1, ((DSB)
> y—d 3L, DSB 4_<L5Al_<;.a
NHEJ  JoLs 5101 (g3 joans L;Lavmgl_(ﬂ

(Honhomologous end-joining


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"@'ﬁ BL CRISPR/Cas9 ‘5J‘9L25 L3 wjj u:"'.’-‘ﬁ" ‘5‘.&;;.:25}0 c&fw

45 (CRISPR/Cas9 alawls4 (Multiplex)

S 0 5 S ol 05w
555 554 i (HAS 5 Hd4 (Hd2)

o sl s (S w0l 5 el
(V) cenl s JJanS wbﬁ

crRNA tracrRNA
20bp 80bp

Promoter Codon-optimized Cas9
1
=
o
=1
7
o
T =3 =
Binding Site g TATA IS Cas9
Sigma Factor %
RNA Polymerase (:,:
2
Promoter sgRNA
S

S
6
v z iz
Z S
z A&
z2 @
NNNNNNNNNNNNNNNGT

21

35 Sl i gy S Do
auwﬁjggéﬁd:;)ﬁwb}u
bl b glacgsd 4 e 5 ol
Sl g aml a5l Gls e 05
ol S 55 adls o310l (oS xe axil

@ GENE

GENOMIC TARGET

INNNNNNNNNNNNNNNNNNNNGG

e

TARGET SITE PAM
© sy
Z,

Sy

SgRNA R ectors of
A % { NO or
N-‘iN*w'\”\'.".'.'\JN-"-"\"\"‘J? ] Low Activity

Agrobacterium
rhizogenes

XYZ Vector _ ‘
Transformation

Protoplast
‘ transformation '

Vector * Agrobacterium
' tur iens

Transformation Jransiormation

—> ‘Partic\e Bombardment.

Future Analysis
Selection of T-DNA free
rice plants with excellent
grain quality attributes

°J

v

CRISPR/CASY ¢ 535 il i S5l 53 =1 IS


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

Lal, SO G (1b) «Cas9 sls iyl (1a) sewl sad |25 <52 53 51 CRISPR/Cas9 pa
Ko sl Al 5 VA O s s edasalol JIs K eks S 050 SERNA & 5> RNA (sgRNA)
ssba 5o, dsb usalS 8 Ve edasaddol JI (V) cosl cRNA - 5 tractRNA - o s JI
g e Jeaze Yo slgml 55 S'-NGG-3' PAM Cisse S ols G glolgs Mg o olas]
Sle—dil> glol,l jk=le G erRNA - Ji5 5 tractRNA (F) conl o5y Sl Gda 05 ¢l 0 &S
SGRNA (¥) 305 o« Cas9 « tractRNA 55 o Jaze Cas9 o5l 4 & das o S35 1
Er e 058 s slEle JUDl (0) 1 pd e Joate paay Cas9 ;55 jbtle 5 Gua JIs L edi3ls 5
Slms wlal i il e OLLS obanl 5 ¢ 8dLE (5a) Jlxl il sbs s, L
M caals ©) anl ier oS p¥ K A5 ediS s sdos rw'j ol Osls s SISD) ¢ 5 48
T7 5 CELI1) Surveyor Assay s (5C) ((eduSssdms rijj RE  canl igx
() (2L S5 st s (Od) (s o eslinul 2l Jioww 534S dzes L0k gs lasLlS 5500
Sleas U Gl i o bl 5 T-DNAGH oo 0balS os,50 casas ¢l Gday 40
5ol dm S Jltle ad ol calises G SST L w3550 05 B 51 LSU S sd

ABA (regulatory o0 .8 ol

components of the ABA receptor
s s 0T sla, ) (RCAR))
3 ok Lo ,S ol S
o 4S5 sl Sl S sl
Al o 0L S L bl Ddsate
SlaS 5l s St ool SO Sl
i ST Ol g any 48 Cmil dbl
Jlail L Je O s a5 olacd ole)
5 el sl ol OF slreds 18 oy
me ABA Gy e o 0T 51,
ey L ABA i Sy e 4 Sl 0l

Jjbu L.ﬁ'::jﬁ: u&}.:cuo.l.:xju.i\bfvx

Osoo55d ki s 53 5ed 5 LS

Ll 0l poor KL laasls
S (ABA) Gl sl 553 o J 1S
S5k s 48 Cnl g Dge ) 40 g
Al 3l 5 el 3 0LalS 1
5wl 5653 OLLS b slaskslsst
s badle byl 58, Wb plaasl B
osba s S e IS elll gy
) St o Cwslie 5 ol ol e
Slr s IS e ks oLS s
VS e el el s
4% «(pyrabactin resistance 1 (PYR1))

&l ! 5 PYRI(PYRI-like (PYL)) -


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"

o2l s ey gluds CdS Ll g el
Shasls s Shas ol opas (ol =
mm OS5 Gl gAlS glacius
ssban &S Area i Slis oS ol
5 ol Jslse U o Ol san
5 obShaas s5,1 sl ol . asls
s 03 (B Ols 4 Lo o
SalS Lol el 63,8 S YL 5 Shae o
3 s ol 4TS g 5 50 1 &l CoiS
Gk 3l sl S gl S
3y S e ddda
Sosba sl ol 5 L okl
S35 e Cs o (sSee (S55 glasl
il Bl e debdas ol 3 b Sl
e3lial Jol w8 () (Y JSL2) ool o3l
L <lso5 cais (CRISPR/Cas9
s sy Sd b S ol Sl
lobd Gl Al 5 e S 55
a5 S O w4 g i s b5
3 (GT) v aesV) gles .OA) L5 3
el ol QTL G b S skl Sl L
335055 S50 R &S 355 J xS SSlla

ﬁ'b@)ﬁd@\o%ﬁ,&p&i

éﬁ BL CRISPR/Cas9 L;ML:.% L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;.:25}0 Ldéifﬂ

21

Lzeon odidabloes START psss S L
s 3 00 Joaze ABA 4 A5l 55 e S
3 e Ol S (31Tl |y s
Os—zmea Lol S ol Sl o
Cie oo las L PPYRLS | PLPYRLI
b3 sme 5 sba olS 55 ABA SIS
5 Syl (Sis la i 4 S slis
sl 51O was e il 1y Lo
1o5,5 05 Lislns &l CRISPR/Cas9
Mes,— S, (PYLI2 ; PYLI-PYL6)
PYL <laoj (PYLI3 , PYL7-PYLI1)
Sl 8 cl et eslinal g
S V) el odaloil i 53 A
(PYL12 5 PYLI-PYL6) I o35 slao}
uai&ﬁﬁjm@'ﬁ Liy ol 5l el
Seg 9 S9—d Ady o i pyl1/4/6
Sl S = s el ol 1) Ll 550k
Ll Jl g Lo, el liw sl 5 54
s (S5 g5l s nl .(O0V)

a3 e b s SO0k e S

PP gL 418 Culs” Sge
L}'.’.ug}j)“'.’.j cJ\_;JSJ.f_)J 45 ‘U‘J CA-:A:S


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"\‘ﬂﬁﬁ JLC'l A BJLQ-:' AY [PEL) ‘d:mg.} u"‘"‘l‘ 41?5.6"

J)_l.:.aT S WX OF a5 Col sl o3l
s ALK/SSIIa a5 5 (AC) a—ls

J,=5 1, (GT) o V5 sl RSRI

s aly slads i (YY) asS
AGPlar BE3 SBEI a_.lis o u g0
9 SSIII-2 (SSIla SSI JISA (PUL «
= Shyss 5 5 e S s SSIV-2

KQADRCWBR AN FLat

Biotic stresses tolerant

S A e e 5 05 (b
OF ol b ozt (WX) ST, 05 Ll
Granule Bound VJJJT 05 cnl 3,108
S (LS o (5,18 50, |, Starch Synthase
S slads ol skl jma iyt
«OSEBP-89 (OsBP-5 asrl o4 >an
05 0le » 55 OSMADS7 3 OsbZIP58

OLES cpmen (T) X,108 o 50 W

\

Intact Q genes

Abiotic stresses tol
High vielding --—
Quality associated (Q)
Good/High quality grain «=--------

><&<K‘&

=
]
2
=
3
o
=
&
s
£
E
o
o
-
°
o
©
o

.., Mutation with CRISPR/Cas9

B CRISPR/cas9

Transcriptional
Regulation
CRISPRi
Activation/Repression
Epigenomic Modulation

Forward Genetic
Screens
Mutant Collection
(loss of function,
Knock down or
activation mutants)

Editing
Point Mutation
Insertion/Deletions
{(genes or
genomic fragments)

Functional Genomics of Rice Grain Quality

TEmcienEy I Precisionf

Transcriptomics  [Proteomics [Metabolomics Phenomics
Gene expression Protein expression  [LC-MS, mQTL Morphological,
Alternative splicing  |Post-translation Metabolite identification/ Physiological,
mMIRNA, siRNA modification analysis Biochemical
Long-noncoding RNAIMAC/ITRAQ-labeling [Isotop labeled traces analysis|Characterization

.

3
=
°
7 E
Q Genes Q Genes 2
¥ 3 ’/ / a
I s (R Iy Ao iyl
X Gene Z Gene X6 ol ¢
Dl MU
/
Y Gene Y Gene U
7/ \
£
: « | &
Biotic stresses tolerant --— & & %
\’{pf Abiotic stresses tolerant -- (\.*Q@Q ©
4 (@% High yielding - /" Bc‘\\“e’@" g
A High quality grain -—---—-- NN >
%, % / § & ]
e, B P 5
% j ¢ >
Mutated Q Genes p—

Quality Assessment ¥
1- Grain appearance--- v
2- Cooking & eating--- v
3- Nutritional v

VDD

" sodmox

Old Techniques
e.g., Mutation with EMS or X-Rays

‘Eﬁiciency I Precision¢

Engineered Cas9

New Techniques

i

Variety with high quality grain is ready for commercialization

CRISPR/CASY iups 32 ,b 51 o0 15 ClS 5 5ge =¥ S

LE SV LS‘_;‘. QUL.J C)k..a‘ p<¢-:)/\5 Lg\.au,i:}) » CRISPR A..E..wbn\.;. Q) gf"i‘ﬁﬁ Cog o (A)

6\.;&0).:..@13}3 LS'QJM L;) rj.:)" u‘.‘."i\ﬁﬁ 6‘)" J..':\)J‘-SA CRISPR/CaS9 V.I.Mw C:J.: Sl gL.:.A:S S 4l


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

21

"éﬁ BL CRISPR/Cas9 6)}‘.15 L} ‘-;0‘333 J”.’-‘J‘l" ‘5‘.&;‘;.:25}0 L"éifﬂ

Leibse 055 Jlb b pirle Cglae L) sl a5, (Sl gl e L (S5l Gl b (oS
S sghoan S S 4 T sl edS S5 b Sy gl SERNA el 51 eslazal U

() el VU s S L SalS syl 4 Ll 55 e
ISA Wx TGW GS GW o4 o ol <=L>.a\ S fass 5l S ) dede 5o
Sla Sy 5 ot S35 2 ol -

CRISPR/Cas9 (555125 Ly o 5 (5,50

Laol Jds 506 s NAS PHO1 FLO2

L g 4l 5 Sas 5 ag cslie sal) @

(F) ol aals 5 )s el20) Sl ol el el O

(\‘) CRISPR-Cas9 ('_:am-:-ﬂ L c:‘).: BE °"\"‘j’gjj"i\j.’.J 6LAQ5 )l L5.>-J_: -\ dJJ}:

Sl e sgRNA ... Cas9 .., Cas9 s G, s O S
OsU6 35S N/A Waxy
0sU3 ZmUbi  Cas9 ens wg 0508 SBEI, SBEIIb
0sU6 35S T ks A 0595 ISAL
OsPDS, OsBADH2,
aslyay S5l s OsU3 2 x 358 T ebd a0 0502223823, o
P OsMPK2 TS 2t
fr=% OsCYP97A4,
L OsDSM2, OsCCD4a
N - . v\s b &
OsU3 358 T o e OsCCDA4b, and
0sCCD7
CaMV35S T ot gy 058 OsNramp5
OsU6a OsUbi  Cas9 sz g 005 NI DEPL GS3,
IPAI
. 0sU6 2 x 35S AL s g 008 GLW2
ALM\)A.I LI:'J.:’-)‘J: . S
e 0sU3 CaMV 35S g5 o 4 0595 GS9
eSS 0sU3, OsUbi  Cas9 et ey o5 GW2,GWSand S
0sU6,TaU3 g TGW6
OsU3/U6  OsU3/U6  Cas9 ens g 0558 TMS5
0sU6 CaMV 35S Cas9 os aug 0505 OsERF922
daulyay il 5 OsU6 35S T ol gy 058 Bsrkl 4 eeplie
032555 ST 0sU6 2 xP358 For oAb aug 055 ALS [ENES|ov
0sU6 CaMV35S  Cas9 eis wg 0558 OsAnn3

(YF) 55 L (YY) can a0 S Gl

DL, ‘J (APY) L,":jjj_ﬁ_\_g}?;_w‘_\a c]a_.u

Cwmﬁjj.i BE) sl 031 LJ’:".’.‘IQ‘ J.Ja_’u C’f PGS (aj_})_,aj; BE C;U BADH?2 ‘_)_3


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

Sy Sl olpa e 5o LS SIS

LS5 glamdss cuas b S
Lol il s gosld b b
el sl i oS 35,81 ol KK
Sl s A5 Kl e g 53 el A
05 33 e L (M i sy
phytoene s Phytoene synthase (psy)
Narcissus ) .5, |5 ;I desaturase
AL o5yl Ly e (pseudonarcissus
s s L 03 JUsl ol Lol (YA)
SlLOLgs s s 059 0l O gomen
NN (T e WA IV
«(Off-target genome modifications)
Sl S boslhs Cio sy axals
Slr i omle 2l 5 cslleels
Llodod S 01Kk s 5y 250 ol jan a1 5
=) — CRISPR/Cas9 s, Ly a5
SU Sl a2l g o s S
A58 edalS s 5 05 iy 05,5 ol
OsCYP97A4) (Carotenoid catabolic)
s OsCCD4b OsCCD4a OsDSM2
53 Sy e Lilsl 5 (0sCCD7

CRISPR/Cas9 ¢ s6 L Wx O <ol
Huaidao 5 (o435 = o= 55
Cs4s L Suken 118 (SK118) ; (HD5)
sk g od S 5 slaan sl e
T ols 95 b Ly sl el
Ao o3l a7 (555 ol U ok
(YO)

kel mmn b Gl 5 slady s
Sis sy K 3 5 dites S YL
Ole fals sl plo frsy Ll
5 o5 Ol sl L sils kel
il 4SS sban .l sl Ll
CRISPR/Cas9 L Badh2 , Wx laos
(T9) dalodl 55l (5 2aLS
oSG Olsean (ISAT) Y 33l 5!
5% o4 - (Debranching) - SCoasls
e cSlandllan 53 3l S gkl s
ISA1 05 =5 !, CCRISPR/Cas9
oSl ST daclsa nuls Gk Sl
Sl 45 315 0L gl 5 A3 e S
g awlis Sy, L ISAT O
SlosBl sladaly 5 ax2liS 36 o s
IO RURINFESNUN S W


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"éﬁ BL CRISPR/Cas9 L;ML:.% L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;.:25}0 Ldéifﬂ

e slags s fals sl (YY) Bsrk-1
a2 S JSay gy oS Sl bl s
9 oS sdiS e, 05 .ol ol
Shesliss 55 —age @ 4 S) NAC
A S S sl gl s
ook Salr 2 OSNACO4TLL L (o)l
AU Goss a Jemd 5 sopd SRS o
&l — CRISPR/Cas9 s, 5l 5,148
CL&J)\ L osnac041 iU e 03581 Cwsas
ol 5 s g 5l VL LS
L) s eslial 5553 & conlem
«CRISPR/Cas9 ala_ly Lo 5 g
ool g gbdls W8 sl plasil s
STl sl s olusl G e gl
3 e (YY) sl o A 55 0 5elS
4 OsNramp5 elaasJlic! 0 il L8
ol KB L L s Gl Y ey
s baadly 5 beale daady ) 5o o pedlS
Ui ool sl 5T 51 50 .07D)
5ol ALST La_iScile 4y caslia

et S S S s Dt gl

,> Homology-Directed Repair (HDR)
F0) 55 sl 3850 05 ol il s

S TIFY1b (o)ls pase i 55505 foiman

"

21

2 L g5 29 S39eaT Sl ookt
(S § () GBS 4 Cwglio 5o
S S g 53 OS8N3 03 i
= adsl Jle 5o LBl JWE) 5 cege
Sla s mlw Lojls o alls 0
Og2man) e S (S55L3 > 4 3l 50
(05 iy 03 Ol 5 05,5 sl
Sol =l oo slin il 8l e
3 —3b BB) b st Sy o
Xanthomonas oryzae pv. oryzae
sdalowds OLS Ll o555 sdsll (X00)
KB 551 05 E s ek s
CRISPR/CSY twpes ¢35 05) 51 070)
Sl OS8N3 03 oymtlasl HLS 51 sl
X00 ol 553 i Ceaslie 05,51 Cons e
05 S sls 0lii mls 5 dd e B4
L CR8PR/Cas9 L Os8N3 il jul
o Caslie Jilpl gl Wl e S e
S m o 2lest S (55l
A sla S aSal b sl an S
w35 als b b el O gmees O
Sla Sy Ko 5 il e O
s 38 )13 3G o oS el
05 5 (FV) OSERF922 3 05 S &yl SU


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

TGMS el g 5 L W TMSS o3
(T-DNA) JLasl glolgs —a 13U
5 sbes 5o as Las d 8 euilesl
i3S Ay (1S (Bl a3 YY) sl
G b 5l cmibsa L s A5 a5 5038
labes 53 Ll (s S a5 &ls > Lis 5
ie Lol o3 S sl S Sl a3 YF 5 VF
Gl o 2355 IS glails s 535
o=l o gl W 3l el s F
Gl odils S50 slapN 5 LanY
s i Ml Y e e s
e L s 2 3 (YY)
TGMS ., N 11 CRISPR/Cas9
Ol s el las )8 b a5

YY) s sl g s

Olals so [Khlpg o jls cps1usl I 51
o gl 99
Sl a s Ll a5 5l S
o3\ Sl 8o a5 Ol Ky
ool 03 p o 3l Liles S ST o S
C—wl CRISPR/Cas9 O smean Siul g
3 s ol ool sl e 4 S

Sl °J‘—":u:"'.’~‘ﬂj Qukﬁg LS)L""LS)L”J

'Y

CRISPR/Cas9 L =i, ;2 OsAnn3 O
o Ceslie Dy o &S AL Ll s

Sl pY Al 10 g 5 (S90S 51 olaw!
Ny S 59 drwgd ST e §
s S el s sosks sl
cloo¥ s s e 5l e
oy 93 gla —i
od—2 (Dual-purpose nuclear-sterile)
L M s odlal gl as
(5 03 el Sl Sl 0¥
pC1300-2x35S :: Cas9- oL ;555
= 05 o=l es ¢l 2 sgRNAPTGMS2-1
L = <55 52 s PTGMS2-1 (55504
5> 5 b« CRISPR/Cas9 s
b e G5 pde Sl Y (Tl s
P/TGMS L 31 gole 54 0 58/ Les
(Marker-free  photoperiod-/thermo-
male-sterile

sensitive genic

35 (F8) a_l & .>4 (P/TGMS))

e ol g;icﬁjv-:}&)cﬁ: gLy
Sosls .S, 5 L (TGMS) &)l ~

£Isl 1~ CRISPR/Cas9 05 2yl


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"

S9L=8 5o K0 syl g 5w 3 ealauiw!
o S

slas G5, (CRISPR/Cas9 o sMe

31 CRISPR/Cpfl s o= 31 Lu

Olgea Francisella 1 ; Prevotella

S8 5 S0 el sl s slasln
oL:f C}L,a\ Cs| ugma S Xlol :L@_n.&.:_l
SASL 5 Casd Sl s gesle 5 5SS

WW\L—)F”.{‘J&} o »‘Lx.Q

ol Cas9 4 s (¢ SYL (3L 45 5]
03 e3sam O B Sl z L ol 5
el S et B 0Ll glad sha
oy ol JUsl s 5 ol esll S 8
Gl 63,5 Solul lacsl s Ll 00
PAM « 45 CRISPR/Cas9 <M= s
4" sLgsl 53 (5'-NGG-3") sl 5l o8
PAM < « CRISPR/Cpfl «s,ls 3L
(5'-TTN-3'L 5'-TTTN-3") e 3 o8
S o33k 0T L aS 5505 5L 5! slenl s
95 dw3ls Cas9 iy, S e iy
Cpfl 5 (tracrRNA  crRNA) J, < gs

éﬁ BL CRISPR/Cas9 L;ML:.% L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;.:25}0 Ldéifﬂ

'Y

21

L CRISPR/Cas9 sl_a0jl 5 G~
Os—zan ol 5an S la S,
G iS5 Wy Sy S
BER PSR PRGSO ST PRI
O ekt (g osld (B me 4 ol
TKC (Transgene killer el & CRISPR
5101 43 45 Uwlssl CRISPR (TKC))

Lw: l_’ r;<'>)’.' d) “"«_"“ = -

S

o= Ol el &Sl eslana] CaMV35S
shoml s LOSIS @5 4 555 )
A e S 05 Gl 2D ks

(YA)
Ol—alS 3—ular TKC g 53
$Ladjl5 45 |, CRISPR L el il s
a1 Rt slaes) S
s AS e p O s SO s il
LS oslidy ae oo sl iy
s e olid ool e Bl el Aol s
s CaMV35S i, S B )3
L ol g p iy 53 LTKC i85
5SS e ) S sl U
S TRC 5585 a0 oo 0Ll 5s
(v J.i.») caly i g ol s

(Y4)


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journalofbiosafety.ir on 2025-08-04 ]

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"\qu JL& A BJM AY [PEL) GMJ d.”"l‘ 41.?.56"

(V) (F ) el Lolgs 5 0 &l (erRNA) Lol,T IS0 50 S sl

% %
TG4 TKEG1 2
TKC
constructs
& /
B 1) Agrobactenium
transformation

2) Regeneration
[

Calli T, plants Transgene free seeds

L;. ev\..:lu:...{‘ﬁj Qj\j; QJJ.; c:f QLQLS ‘_S)L.vd‘v‘.?‘ (TKC) QJ\JJ o.,\.'\..:s 6‘.,&)}25} —“ JS.:I

(¥) 53l o L0 s K s 1, CRISPR/Cas9

Trich PAM

\ % Grich PAM
TITN t ¥ 5 s Na( 3

3 AMN(\ 5 3 v NCC 5
udenn | GNA - >
tracrRNA
|
Staggered cuts l Blunt cuts
[T~ T T T
CRISPR-Cpfl CRISPR-Cas9

.(f\) CRISPR/Cas9 ; Francisella 1(Cpfl) 5 Prevotella ;l CRISPR . awylis =¥ |

Blad s s s tractRNA 4 5L 05

LSS s Yo Lo fr 3l ecrRNA S

Cpfl-crRNA .S e UBE

Iy, Gda lolgs gLl sba Ll o0


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"éﬁ BL CRISPR/Cas9 ,_;Jju L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;.:25}0 L"éifﬂ

adols s Cpfl s Ll g SGs 5 Cas9
Sl S LFY) W51 15 e 51,50
Lo 3lwag ooinl by Sl
sl 50 ABE-nCas9 fu L @'ﬁ—Q)JS
|, GC o AT Glahais igr o5 Conl ol
Sl S 5 ST ed e O o
o S osban IS e 5 LS e sl
LS LS e300 sl al SRl

(YY)
Sl slao sl s Y ds o
5 ils sLasipl b oeds il
0315 OLES o5 53 S alar 1 ko

Ces| oS

21

Glr ool 5 oS5 g eti S s
Jlas b oaolis 53 05 il s 03 S0l
Vs—av,w):ngNA LSS s e
(s 3 .l LS CRISPR/Cas9
iS5 sla sy (CRISPR-Cas9
Iy slolgs ey 35 ,» HNH 3 RuvC
e 45 A o G Sl Sl s
S I s 58 e Blo slgnl sl 4
e3> S— s RuvC 153 S Cpfl
Iy glOlss ady 33 aS 55l 5LS o
Dol e WYY s S S
sl S 5 L e PAM JI 55 sy b
(FY) a5l e ol 3 BPO 53 sl

03 el ol 5 5 ol imas

(fY) GJJ BE) 6.4_};) Ji‘:‘.\ﬂ.} 6\.&)‘};.‘ \.:. aiﬁidii‘ﬂ} [NV 6\.&‘)5 )‘ gii"'“:j -Y d‘g.’.}.

Jﬂy ‘5\#:)5)\5 r‘,.;j ui‘-l‘:!} ‘5}7‘};}.«‘ e.\.&‘_;)ufd-’ub bj ;}1}
Solwe sl TALENs LOX3
<l 055 2 s CRISPR/Cas 9 GW2, GW5, TGW6
S e s333 CRISPR/Cas 9 Hd2, Hd4, Hd5
3558 L edad 28 ke S gl CRISPR/Cas 9 CSA
9 4l o3Il cad g (6 leme calls Blad 5
_ CRISPR/Cas 9 Gnla, DEP1, GS3, IPAI S 55 Ses 35
aL:S ngl.w
Ay Sl ol 58 CRISPR/Cas 9 CCD7
Sl 5 Al s CRISPR/Cas 9 PYLs
b s ke Sl TALENs OsBADH2
by ke ) CRISPR/Cas 9 BADH2
ol paslS Sy CRISPR/Cas 9 OsNRAMPS )
_ Slauds SudS s
Y skl 0 A5 CRISPR/Cas 9 SBEIIb and SBEI
Vo


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

Sl dss 5y S s OsPDS, OsSBEIIb
b SL Kot g Cslie i TALENs OsSWEETI13
b SL Kot g Cnglie 58S TALENSs OsSWEET13 i
_ sl A5 4 cwslie
b SL (Kot g Canslis ol TALENs OsSWEET13 .
S 5 2SS Glasls 4 Caslie oy 4 TALENSs 050929100 T
Sl e slie o i CRISPR/Cas 9 OsERF922
S dile 4 e las CRISPR/Cas 9 BEL
S5 528 4y e glie CRISPR/Cas 9 OsEPSPS
SScile 4 sl TALENs OsALS e
AScile & sl CRISPR/Cas 9 ALS SRS
S ile 4 a5l S s C287
i 4y Caglis CRISPR/Cas 9 Os SAPK2
S 0355 1S\ ki ’g&g&ggfﬁ OSEPFL9 Sl oS1
05958 S e 2B Lol Sb ol NRTI.1B O3a b e 21
S o s G e 5 Sl 0sCDC48 S
el sl O Ssl54 Gl p s dis oS K S S Ao

e—3 03—t L2 05 SissT—ws
Sl ol ol e OV e
slag sl mal G ,b 5105 ki 05l )3
e Gla R Ll e p 85 el s
o Sas Oyamen ik odiomy Slio
sash oS i o, S gl >
S 5 s S a4 Sl
it e S A8 Ol | g
S s Sl el ] (g g o ba a3,
Lwsds 15 e (sl CRISPR/Cas9
Sl el Sl f, S Ul

CeiS Lo i Bl S

\R4

31 CRISPR/Cas9 g o> Jl> o

S Osamen o555 Rl s glaalls aen
3 03,5 o (05,5 e 5 ol S
S— $l— Lo O il dld
ol Sl o Shae (oS LgL.au_f}u
rmen 5 e mla 51 S e Al
) e 5 s S S L psbs)
Sl slols s g S e eslandl
A S aS ol lodis (515 e g
Sl= 1 S s s S5 51
—op Sl ALS sl biea

5 Sl ols |5 (63 SHLS WSa s


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"éﬁ BL CRISPR/Cas9 L;ML:.% L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;.:25}0 Ldéifﬂ

C)l_..?l L@_J cr)_:j U':'T’-‘J_’) S U‘;J‘Jf
A A sl 3 gdoe glalas s o e
SIS Ll e 55 SRl s o5k I
slewl OlalS L Ssls ASJ;SC)M\ B
LY LS"‘}"‘U L;X}w 6[.‘5&)) b ol
s CRISPR/Cas9 s - ,Liay il
OB OT L ol om0 85 (2l s slasl !
oJ)_jIj_g LS‘J_»AS.,\.MSJLDH‘ GJJ S e 2
Sl @ 3 el 5 el 035

AL e o kT sla

Vv

21

05 Sl slag,sbd il alos s
JJ> « (CRISPR/Cas9 (e 052 942
s, e Glal 55 e bl s Uiy
Gt Sl s gLl a3 SIS
53 OLalS sla fass s ol Coenl
s ol b Lles S e ol sladla
S il s en e e b 5505
55 oilrs bl il e LEls ol Sl
> e S ol il o Al o
Sy OV g ple g0l el =0

LSL_A‘)SJI_A;.:.:‘) C,._.w| )L_s 6‘&.}‘ B


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

References &bo Cw 58

1. Wang B., Zhong Z., Zhang H., Wang X., Liu B., Yang L., Han X., Yu D., Zheng X.,
Wang C., Song W., Chen C. and Zhang Y. (2019). Targeted mutagenesis of NAC
transcription factor gene, OsNACO041, leading to salt. Rice Science. 26(2) , 98-108.

2.James C. (2010). Global status of commercialized biotech/GM crops: ISAAA Brief
No.42. ISAAA: Ithaca, NY.

3.Ren J., Hu X., Wang K. and Wang C. (2019). Development and application of
CRISPR/Cas system in rice. Rice Science. 26(2), 69-76.

4.Fiaz S., Ahmad S.,. Noor M.A., Wang X.., Younas A., Riaz A., Riaz A. and Ali F.
(2019). Applications of the CRISPR/Cas9 system for rice grain quality improvement:
perspectives and opportunities. International Journal of Molecular Sciences. 20, 1-18.

5.Xie K., Minkenberg B. and Yang Y. (2015). Boosting CRISPR/Cas9 multiplex
editing capability with the endogenous tRNA-processing system. Proceedings of the
National Academy of Sciences USA. 112, 3570-3575.

6. Kwon C.T., Heo J., Lemmon Z.H., Capua Y., Hutton S.F., Eck J.V., Park S.J. and
Lippman Z.B. (2019). Rapid customization of Solanaceae fruit crops for urban
agriculture. Nature Biotechnology. https://doi.org/10.1038/s41587-019-0361-2.

7. Johnson A.A., Kyriacou B., Callahan D.L., Carruthers L., Stangoulis J., Lombi E. and
Tester M. (2011). Constitutive overexpression of the OsNAS gene family reveals
single-gene strategies for effective iron-and zinc-biofortification of rice endosperm.
PLoS ONE. 6, €24476.

8. Rollie C., Schneider S., Brinkmann A.S., Bolt E.L. and White M.F. (2015). Intrinsic
sequence specificity of the Casl integrase directs new spacer acquisition. E life. 4:
e08716.

9. Mojica F.J., Diez-Villasefior C., Soria E. and Juez G. (2000). Biological significance
of a family of regularly spaced repeats in the genomes of Archaea, Bacteria and
mitochondria. Molecular Microbiology. 36(1), 244-246.

10. Kim H. and Kim J.S. (2014). A guide to genome engineering with programmable
nucleases. Nature Reviews Genetics. 15(5), 321- 334.

11. Xing Y. and Zhang Q. (2010). Genetic and molecular bases of rice yield. Annual
Review of Plant Biology. 61, 421-442. doi: 10.1146/annurev-arplant-042809-112209.

12. Li M., Li X., Zhou Z., Wu P., Fang M., Pan X., Lin Q., Luo W., Wu G. and Li H.
(2016). Reassessment of the four yield-related genes Gnla, DEP1, GS3, and IPAI in
rice using a CRISPR/Cas9 system. Frontiers in Plant Science. 7,377. doi:
10.3389/1pls.2016.00377.

YA


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

" A

éﬁ BL CRISPR/Cas9 L;thz.é L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;:.35‘,—0 L";éifﬂ

13. Shen L., Li J., Fu Y., Wang J., Hua Y., Jiao X., Yan C. and Wang K. (2017).
Orientation improvement of grain length and grain number in rice by using
CRISPR/Cas9 system. Chinese Journl of Rice Science. 31, 223-231.

14. Shen L., Wang C., Fu Y., Wang J., Liu Q., Zhang X., Yan C., Qian Q. and Wang
K. (2018). QTL editing confers opposing yield performance in different rice varieties.
Journal of Integrative Plant Biology. 60, 89-93.

15. Li X., Zhou W., Ren Y., Tian X., Lv T. and Wang Z. (2017). High-efficiency
breeding of early-maturing rice cultivars via CRISPR/Cas9-mediated genome editing.
Journal of Genetics and Genomics. 44, 175-178. doi: 10.1016/;.jgg.2017.02.001.

16. YulJ.,, Ge H., Wang X., Tang R., Wang Y., Zhao F., Lan W., Luan S. and Yang L.
(2017). Overexpression of pyrabactin resistance-like abscisic acid receptors enhances
drought, osmotic, and cold tolerance in transgenic poplars. Frontiers in Plant Science.
8:1752. doi: 10.3389/fpls.2017.01752.

17. Miao C., Xiao L., Hua K., Zoua C., Zhao Y. and Bressanb R.A. (2018). Mutations
in a subfamily of abscisic acid receptor genes promote rice growth and productivity.
Proc. Natl. Acad. Sci. U.S.A. 115, 6058—6063. doi: 10.1073/ pnas.1804774115.

18. Lau W.C., Rafii M.Y., Ismail M.R., Puteh A., Latif M.A. and Ramli A. (2015).
Review of functional markers for improving cooking, eating, and the nutritional
qualities of rice. Frontiers in Plant Science. 6, 832. 23.

19. Lapitan V.C., Redofia E.D., Abe T. and Brar D.S. (2009). Mapping of quantitative
trait loci using a doubled-haploid population from the cross of Indica and Japonica
cultivars of rice. Crop Science. 49, 1620—-1628.

20. Wambugu P., Ndjiondjop M.N., Furtado A. and Henry R. (2018). Sequencing of
bulks of segregants allows dissection of genetic control of amylose content in rice. Plant
Biotechnology Journal. 16, 100—110.

21. Ma X., Zhang Q., Zhu Q., Liu W., Chen Y., Qiu R., Wang B., Yang Z., Li H. and
Lin Y. (2015). A robust CRISPR/Cas9 system for convenient, high-efficiency multiplex
genome editing in monocot and dicot plants. Molecular Plant. 8, 1274-1284.

22. Tian Z., Qian Q., Liu Q., Yan M., Liu X., Yan C., Liu G., Gao Z., Tang S. and
Zeng D. (2009). Allelic diversities in rice starch biosynthesis lead to a diverse array of

rice eating and cooking qualities. Proceedings of the National Academy of Sciences
USA. 106, 21760-21765 .

23. Bradbury L.M., Fitzgerald T.L., Henry R.J. and Jin Q. (2005). Waters, D.L. The
gene for fragrance in rice. Plant Biotechnology Journal 3, 363-370.

24. Shi W., Yang Y., Chen S. and Xu M. (2008). Discovery of a new fragrance allele
and the development of functional markers for the breeding of fragrant rice varieties.
Mollecular Breeding. 22, 185-192.

14


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

25. Fei Y., Yang J., Wang F., Fan F., Li W., Wang J., Xu Y., Zhu J. and Zhong W.
(2019). Production of two elite glutinous rice varieties by editing WxGene. Rice
Science. 26(2), 118-124. 9.

26. Shao G., Xie L., Jiao G., Wei X., Sheng Z., Tang S. and Hu P. (2017).
CRISPR/CAS9-mediated editing of the fragrant gene Badh2 in rice. Chinese. Journl of
Rice Science. 31, 216-222. doi: 10.16819/j.1001-7216.2017.6098.

27. Chao S., Cai Y., Feng B., Jiao G., Sheng Z., Luo J., Tang S., Wang J., Hu P. and
Wei X. (2019). Editing of rice isoamylase gene ISA1 provides insights into its function
in starch formation. Rice Science. 26(2), 77-87.

28. Paine J.A., Shipton C.A., Chaggar S., Howells R.M., Kennedy M.J., Vernon G.,
Wright S.Y., Hinchliffe E., Adams J.L. and Silverstone A.L. (2005). Improving the
nutritional value of Golden Rice through increased pro-vitamin A content. Nat.
Biotechnol. 23, 482.

29. Yang X., Chen L. and Yu W. (2017). Knocking out of carotenoid catabolic genes
in rice fails to boost carotenoid accumulation, but reveals a mutation in strigolactone
biosynthesis. Plant Cell Reports. 36, 1533—1545.

30. Yang B., Sugio A. and White F.F. (2006). Os8N3 is a host disease-susceptibility
gene for bacterial blight of rice. Proceedings of the National Academy of Sciences
USA. 103(27):10503—-10508. https://doi.org/10.1073/pnas.0604088103.

31. Wang F., Wang C., Liu P., Lei C., Hao W., Gao Y., Liu Y.G. and Zhao K. (2016).
Enhanced rice blast resistance by CRISPR/Cas9-targeted mutagenesis of the ERF
transcription  factor gene OsERF922. PLoS ONE. 11, e0154027. doi:
10.1371/journal.pone.0154027.

32. Zhou X., Liao H., Chern M., Yin J., Chen Y., Wang J., Zhu X., Chen Z., Yuan C.
and Zhao W. (2018). Loss of function of a rice TPR-domain RNA-binding protein

confers broad-spectrum disease resistance. National Academy of Sciences USA. 115,
3174-3179.

33. Liu S, JiangJ., Liu Y., Meng J., Xu S., Tan Y., Li Y., Shu Q. and Huang J. (2019).
Characterization and evaluation of OsLCT1 and OsNramp5 mutants generated through
CRISPR/Cas9-mediated mutagenesis for breeding low Cd rice. Rice Science. 26(2), 88-
97. 33.

34, Tang L., Mao B., Li Y., Lv Q., Zhang L., Chen C., He H., Wang W., Zeng X. and
Shao Y. (2017). Knockout of OsNramp5 using the CRISPR/Cas9 system produces low
Cd-accumulating indica rice without compromising yield. Sci. Rep. 7, 14438. doi:
10.1038/nplants.

35. SunY., Zhang X., Wu C., He Y., Ma Y., Hou H., Guo X., Du W., Zhao Y. and Xia
L. (2016). Engineering herbicide-resistant rice plants through CRISPR/Cas9-mediated
homologous recombination of acetolactate synthase. Molecular Plant. 9, 628—631. doi:
10.1016/j.molp.2016.01.001.


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

21

"éﬁ BL CRISPR/Cas9 L;thz.é L} ‘50333 J”.’-‘J‘l" ‘5‘.&;‘;:.35‘,—0 L";éifﬂ

36. Shen L., Dong G., Zhang Y., Hu G., Zhang Q., Hu G., Xu B., Ren D., Hu J., Zhu
L., Gao Z., Zhang G., Guo L., Zeng D. and Qian Q. (2019). Rapid creation of new
photoperiod-/thermo-sensitive genic male-sterile rice materials by CRISPR/Cas9
system. Rice Science. 26(2): 129-132.

37. Li Q., Zhang D., Chen M., Liang W., Wei J. and Qi Y. (2016). Development of
japonica photo-sensitive genic male sterile rice lines by editing carbon starved anther
using CRISPR/Cas9. Journal of Genetics and Genomics. 43, 415-419. doi:
10.1016/j.jgg. 2016.04.011.

38. He Y.B., Zhu M., Wang L.H., Wu J.H., Wang Q.Y., Wang R.C. and Zhao Y.D.
(2018). Programmed self-elimination of the CRISPR/Cas9 construct greatly accelerates
the isolation of edited and transgene-free rice plants. Mol Plant. 11(9): 1210-1213.

39. He Y., Zhu M., Wang L., Wu J., Wang Q., Wang R. and Zhao Y. (2019).
Improvements of TKC technology accelerate isolation of transgene-free CRISPR/Cas9-
edited rice plants. Rice Science. 26(2), 109-117.

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

41. Dong D., Ren K., Qiu X., Zheng J., Guo M. and Guan X. (2016). The crystal
structure of Cpfl in complex with CRISPR RNA. Nature. 532(7600), 522-526.

42. Zetsche B., Gootenberg J.S., Abudayyeh O.0., Slaymaker .M., Makarova K.S. and
Essletzbichler P. (2015). Cpfl is a single RNA-guided endonuclease of a class 2
CRISPR-Cas system. Cell. 163, 759-771. doi: 10.1016/j.cell.2015.09.038.

43. Fonfara I, Richter H., Bratovi¢ M., Le Rhun A. and Charpentier E. (2016). The
CRISPR-associated DNA-cleaving enzyme Cpfl also processes precursor CRISPR
RNA. Nature. 532, 517-521.

44. Li H., Qin R,, Liu X, Liao S., Xu R., Yang J. and Wei P. (2019). CRISPR/Cas9-
mediated adenine base editing in rice genome. Rice Science. 26(2), 125-128.

Y


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.2.2
http://journalofbiosafety.ir/article-1-333-en.html

[ Downloaded from journal ofbiosafety.ir on 2025-08-04 |

[ DOR: 20.1001.1.27170632.1399.13.1.2.2 ]

"IFAS Hle ) opled Y 603 () (ool dome!

Success of Genomic Editing with CRISPR / Cas9 Technology
in Rice
Peyman Sharifi

Associate Professor, Department of Agronomy and Plant Breeding, Rasht Branch, Islamic Azad
University, Rasht, Iran.

peyman.sharifi@gmail.com

Abstract

Rice (Oryza sativa L.) is the major food source for the most of people of the world.
In the last few decades, the classical, mutational and molecular breeding approaches
have caused enormous increase in rice productivity with the development of novel rice
varieties. Stagnation in rice yield has been reported in recent decade because of
emergence of pests and phyto pathogens, climate change, and other environmental
issues. The CRISPR/Cas9 system has all genome editing capabilities, e.g., knock-in,
knockout, knockdown, and expression activation. Researchers have been successful in
editing genes controlling traits such as number of panicles per plant, number of seeds
per panicle, grain weight, rice maturity, plant hormone synthesizing genes, amylose
content, gelatinization temperature, grain length and width, as well as resistance to
abiotic and biotic stresses. The shift of research toward the utilization of CRISPR/Cas9
systems for targeted mutagenesis could be a promising approach for overcoming the
barriers to breeding of improved rice. In this review, the progress in rice by employing
the CRISPR/Cas9 editing system and its famous applications have been discussed. It is
seemed that the CRISPR/Cas9 and associated genome editing tools have taken in a
revolutionary change in rice improvement which is very important for meeting the

demands and ensuring the requirement of rice for future generations.
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Genetic Engineering, QTL.
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