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(Barrangou & van der Oost, 2013).

Sl 4 (Gl odi 43 8 Francisella s Prevotella s ;SU 5l s S (s s o) Cpflt o 5 e 3| 05lizal
gCasgmﬁdesﬁW@‘w.:)\bolej:ﬂ\:*\iﬁdtﬁj‘mRNAégi%}Léléﬁcasm;r;“:‘"
536 1, 0 Kangs & A o slwl DNA glaazsy 55 (S35 05,m <SG DNA w55 55 Olo sl & sl gl
g 03 Sogline Js 4 cpl p 0p 30 Auled 351y Oljes p g3 4 diedds 5 333 sk 4 ) (2ol DNA & 6 55l
S P 3 ey 4 Calides Sls s s Glap S SRl 5 Siosmes o1y Cpfl (R 3 (NGG) 4J sl lulalols | gloes
LS Slil)T b el oalp i, (Zetsche et al., 2015) 5 04 5 sl NGG (s 2S5 4w JI5 < DNA i
& bli 4 Cas9 v;_;hf;;,&.ﬂ o plowi) 4 iy L ob 5 5 s K5 sl oy G i) Sl eslizal
Ll 4 Cas9 Jlail b ,b 51345 0 e 35 Lilloal ) RNA JoSle (5 6 5 PAM 15 o1yl Jloz 4 687 55 55 ol
sy blod 5 a8 s Fo 038 eles S bl s Sl mie et el L by S lls 18 5 Coda
Ly 5505 S Ol e 5 SRalejT Gl 4 CAS s S (s 03505 Joo diadils o ol 51 i Il 8
il

s S sl 8

03,5 3505 oy & 03 &5 1y 55 O ki 6 Kl 5 Skl oS Ol s S e Al s S sl S

Laly RNA 53 ¢sla S 8 53 Jlta (s S oo ol 3 Ole s oy s 05l &S5 (53,5 (Lataly) S Culua RNA (ki

Gentiana spp. -f Guid RNA -r Chromatin immunoprecipitation -v CRISPR/Cpf1 -

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 ]

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjournal.6.1.37 ]

FASYV:(V)F ((VFen) s olalS 5 IS

4 e ol plowil (Tasaki et al., 2020) 4> § 1 b GSTL 031 o)led 0551 0313 15 ok (s 2B ol K (55,
Cas9- L Cas9-D1A Jks ol ge 4 Cas9 (.{;T s ald 53 ek sl bl 155 TALENS 5 ZFNS (s alos
03505 Jor (olazl 5oy p 1) oua 4>b flis DNA wd; b3 g ool 5 536 Latal RNA ¢ L 0T Jlasl 5 H840A
4 45 (LS 59kl Sdlad 05 CaSY o 5T (g s 51 .(Shen et al, 2014) quns il 31 1 V00 e B Ve e Ol 4 1 s
536 (HNH 5 RUVC (gslaausls 1 &S ja 5o (glabais iga sbol alws 4) Sl o (dCaS9)) ok Hlrs oles 5sb
S a1y 6 albs Ll e ACES & sly e S ol 355 Juaze Sl T gl 5SSl oS sy dal
"lal) RNA &S ol an 4 dCas9 Ol Sl oslizal L (Sslu 4 05 0l 2818 E-Coli 5 Sl 55 a5 plowil DNA JI5
Al HDNA Lot (oSS o6 S5 b Wsd Joate oa 4 5150 0CASY 5 SYRNA ol oaT ose (SGRNA)
@ bg e 5 RNA Jlasl amb b s 5555 55556 Jlail ab) 55 oo JI 5 Coas 4 Lazaly RNA alw s 45 45" dCas9
Sl gy OAE sb 53 e e 5 p b Al 03 8T Sk w0 3B s e ola (05 K 510 L Il
035 S Sl Ol S WS o T F AN s S (65518 IS @ sd or 05 0L A 4 e Sulg )
G2 ol el p O SGRNA oy iz ol jan 4 ACESY Ol alowy 40 Joo pl 23,87 513 elinal 3550 ok 05 i
(Zhang et al., 2015) 3,1 3 5 5 (03 OBLE 53 gy ol 51 B8 5 odd iS5 Ol 53 0 5S6

Js % S el ()5l 303 1y e gy oS S b oS Jleb (gls RS @ Ll bl dCas9 s,
wldr U (ST 05K 0l 035 dlab 55 45 ok 0313 OLis 5 sl PB5 L VPBA Lile 08 Jlad aiels 4, dCaSI S Il
ol b dCas9 i eslamal L ;SL a5l ,e L RNA 69, 05,5 S w b g5ludled .ol LIS 0Ll glaasly s
nl 315 5515 10 s 0" e b DNA ouiS” alte (sla 5T 5 51 &S5 ) Jolse b oS 5 cbb dCas9 o o
dal s g s alie (655L5 Ay 4 &K 5 o 53 1S5 o CRISPR s 4 psidig) (2l & o on Ol ol
.(Mendenhall et al., 2013) Cw 5

Iy oslerl opl o (g leaig okl Blowd 5148 s lazaly RNA 5l oslizal 5 dCaSY 45 fuate jow Caiany 5l 55 3l 05l
‘.ﬁu&)uﬁﬁ}.ﬁ;o.u,'éuusu_)“,u;fméua,‘,&f}x@\};ﬁwtﬁﬁ;j@ﬁﬂu;\rg\ﬁs,mde
ol s i e s gl 5 el bl b ety 55 €8S s S s il 5 oS T 51 .(Chen et al., 2014)
SIS s s 05 ol Cpimeen 5 HIV-L dg,ﬂ,g;w.ug@;;@gﬁu;@?;@\jm@jw
o M8 41, CasO o 5T 015 e baonl p 05531 (Ebina et al., 2013) ol ad; S 4 03 JT (slaaisl 5058
S5 513 DNA o8 (slans 2S5 S eSS w0 (s5palip J6 [ 4 slazsy ST RNA 4 & sl 536 6 550
a;wl&uﬁmwﬁ(mRNA):,.;,sj,g;u,t;g}.uétj,'u;,)dl.s,;y;u;wu.u?ud&gmm
23 05 0l S 03,57 Cansts (61 (658 dhows €5 3550 (5300 SL0S Oly Il 4 2eie 5 CRISPRA L3 5 sl

osliznl 3550 035 05 &5 Ols 53 S2alS sloul b igar S5 slowl (51 Ll oo CRISPRI (glaslin )b & .l Canys Jos

CRISPR interference - Single guide RNA (sgRNA) -v Effector -v Deactivated Cas9 (dCas9) -
EpiCRISPR -5 CRISPR activation (CRISPRa) -0

\A!

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 |

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjourna .6.1.37 ]

FASYV:(V)F ((VFen) s olalS 5 IS

H . - - s/ PN . . s 5 . . g -
2 Gl 5 e s ol Sl 3,008 LB S S gen 55 O cpdiz 55 05 (el sl Sl ens a5 2,8 LIS

Ll (5305 ) oS5 4 0T S 3, YU LK 5o T 55 5o dals alS £ 55 slainn sl s e T (sl

S dal g s Jsene

) LS 5 ey S (559l 5 )18

L;uojej,_jwu;);o:}«;Jw,;«ibﬁf&;om,?psjﬁtﬁfw' 35 edd Lize gl i)l S sl 0sSE
5 NS 5 s/ . 5/ Lo w T ./. .
J‘):sﬁjﬁb-)‘waﬂ}'c)shw&uu Lf’Lw‘ Mbdﬁ;;j&}}f};fgw’\f"f‘ dhaﬁiv)nm)éb\f

OLLE 51 md Y Jgde il o CAS o S S w0 W05 ol ggiws 033b 059 YU bYs alax 31 a8 sla S5

s o O 1y Llad S 515 (il g 5558 e S (6 9l5 SSWS 4y (g jpel s g b 4 0SL &S

CRISPR/Cas s, KaS & -Ts) Sls s shge S5 Sossms = Jgde

Table 1- Successful genetic manipulation of ornamental plants through CRISPR/Cas9 technology.

faad e ) 05 Jst s, S Sda O s ok
Reference Material Method Gene Function Targeted Gene Species
Yuetal., Ny 55 4 w55 4 0 JUis! E KK, x F3H Petunia hybrida Vilm.
2020 Protoplast PEG s Altered petal color Madness Midnight
PEG-mediated
protoplast
transfection
Xuetal., Mgy Dy 555 4 0 JUal & o PhACOL, Petunia hybrida
2020 PhACO2
Protoplast : Petal senescence '
P PEG oS5+ PhACO3
PEG-mediated
protoplast
transfection
Sunetal., £ e S5 5 E S MYrye PiSSK1 Petunia inflata
2018 Leaf Agrobacterium Self-
incompatibility
Subburaj et I Mg p 405l O DT 45 35S PhNR Petunia hybrida
al., 2016 Protoplast PEG &S5 & Ol
PEG-mediated Deficiency in
protoplast nitrate
transfection assimilation
Zhang et al., £ e S s 5 JI5 o s PhPDS Petunia hybrida
2016 Leaf Agrobacterium Albino phenotype
Tasaki et al., &, e S5 5 LK, GST1  Gentiana triflora x
2020 Leaf Agrobacterium  Altered petal color Gentiana scabra
Tasaki et al., gy e Sk S KKK, Gt5GT,  Gentiana triflora x
2019 Leaf Agrobacterium  Altered petal color Gt3'GT, ~ Gentiana scabra
and

¥Y

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 |

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjourna .6.1.37 ]

FA-YV :(V)F ((VFee) s olalS 5 S

Tong etal.,
2020

Nishihara et
al., 2018

Watanabeh
et al., 2017

Watanabeh
etal., 2018

Shibuya et
al., 2018

Yan et al.,
2019

Kishi-
Kaboshi et
al., 2017

Kui et al.,
2017

Sarmast,
2019

0255 $32,
Protocorm

age
Leaf

JLb ok,
Immature
embryo

8‘%“ ol

Immature
embryo

BLL ok,

Immature
embryo

o 515 0bs, 4y
sob s

Embryogenic
callus and tissue
cultured scales
Gy

Leaf

ST
Protocorm

=

Leaf

£S5 5
Agrobacterium

e Sty 5
Agrobacterium

£S5 5
Agrobacterium

eSS
Agrobacterium

e2 Sty 5
Agrobacterium

eSS
Agrobacterium

¢2 S5
Agrobacterium

eSSty 5
Agrobacterium

LSS0 0L

¢2 S5

Transient
Agrobacterium-
mediated
transformation

Gt5/3'AT
IS s 5 25T MADS
Floral initiation
and development
A5 5N L F3H
Flavonoid
biosynthesis
ool 5T Cst b InDFR
Anthocyanin
biosynthesis
& I8 &K, i InCCD4
Altered petal color
& EPH1
Petal senescence
Il s 5 LpPDS
Albino phenotype
o Sy 5l CpYGFP

Green fluorescent

Sk oK ol C3H,

: C4H,
Lignocellulose

biosynthesis 4CL,

CCR,

IRX

J5 S a g SGR

Chlorophyli
degradation

Phalaenopsis
equestris

Torenia fournieri

Ipomoea nil

Ipomoea nil

Ipomoea nil

Lilium longiflorum, L.
pumilum

Chrysanthemum
morifolium

Dendrobium
officinale

Festuca
arundinacea schreb.

o s il PAPDS e € 45 lacd 45,8 Wy 55 Sl glaas 551 Sl Jde 0 oS ! |
) I J = 50 B PLET - el JL S AN 4 D 8 o d

L;,',‘))L"X:"'-,’,)‘J: QLQL.:? Qﬁ;)‘}d.\ﬁ))jﬁcasj:m_l;klﬁmj@ﬁf]uﬁ\ c.\.Mstsdj gcaSM;Wwajf

Lol JI5 (555 03 05 @SB e 5 A5 AS S AL Il 5 Jls g (s cnl SO Sl ey el

28 35 onl Sl I 0blS W55 (bl Mitchell Diploid (MD) < 035 01 55 4 4 55 L . isls 0L |, K218 5

Phytoene desaturase - Y

Y

Petunia hybrida -\

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 |

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjourna .6.1.37 ]

FASYV:(V)F ((VFen) s olalS 5 IS

A5 S 3 el 0dS el €SI s S s 3l esliid b elS nl passes S 53 PDS 05 5 3 pmse S 3
W 5w e opl 03 5w Oleeabcdl 5 M 0lS 8 a S1 el (o5 pl gLl 51 S o gen OLLS
ol oS g Js Basta [iSGle gl Jaome 3 ek al55k sl 5 bl slaeid TAVIO B 005 o Sila 5 5b 6 B3
CaS o S s 45 4 31 (Zhang et al., 2016) ol odbl 55 CAS s S s 3,28 O35 LIS 51 OLES el
5 Saalen Oly 03,51 Gz e Olsie & b 5 Cussdons SLls s 3l 055 Sl sl 2V c b
Olojas 5sb & s G 3 Loaly RNA it 5l eslizal ool (2 Lazaly RNA 5 Cas9 L aaly 3 oy 555
o 15y RNAGILLL (e 18 slas s go 51 6ol 53 3L o 11 31y RNA Ikl i dield 5 s
R s 53 el 4l ol es 4 i s Bl S s 4 OT 0L 5 S5 1 s 200 02
o> gateway (gské SaS 4y b Tl 6l s e 'SGR 05 slaos;S! Sl el RNA S
" e sl olS s s axils guS i Lbs IS o 55 Aul 45 SGR 0 .4 esls )3 Cas9 @-.;T shls Jol
S G 05 ol Ol S s a2 ) IS cu B s w05 (rl 0 e sl &S s el
4 45 Cas9 5 Luwal, RNA (glyls el (il 4 6,80 Gos5 Lo KaS 4 Jlesl opl 5o (Weietal., 2011) uS
@ AE e S Ll s il Eller Olgr S 0503 4 il 13 b el SO gsy S ie sk
S S, sy g i Jebs IS dals b avslie )5 Cas9 w5 slls el Losld Hles ollS &S sl olis
SV sladle dol js syl baglad SO 5 wbela -l 5 558 kb ge 31 QLIS aes ) a5 (Sarmast, 2019) acils
Olse 4 OF 51 aS gl Sass 3 A3 plnil Py 3uk3 IS (555 CaS ey S (55l 51 eslinul b tassy 4w T4
b s ye w5l G odiS 5oy 45 "DFR-B 05 355 0 3k o S Sl eslial L 0WalS 3 IS 05 i Shasly (et
DS IO 5 w5 S 515 s ysm s SUs S| Sabaals s e S S 4 il b 5T st
sy Jl Olea 3 .(Watanabe et al., 2017) K500 A 55 355 oS U8 53 (g 2aS il sl L gla IS a1 5
Sl s 4 &S INCCDA 03 518 ol 55 38 Sy S pl LSS 53 5,5 K5 sl ) e
b o (6l Cas s S SGS w0 S o Wl 18 US55 o 55 s polyene o e s ek 485 sladla]
oS 535 S8 Lol 5 OWLS W5 e ke S b 1355 a3l ol ol 8 S L1 e 350 O 0550
e sl by 3 855 0SS Ol b 5 AL B e oS 2l Ol Lo zE S K
Gl oty 0s S ol ey o Kos iash 5o (Watanabe et al,, 2018) ol o3 g 5,5 bS8 WUy ps
B3 s ks Syl CaS9 ey S SGS 4 OF EPHIY 05 & Jsl o asil 5 OLLS SIS (5 3 554
.(Shibuya et al., 2018) Jujda Gl @z S5l 5o G s a.xﬂs(...la S 055 NAC sy, Jule S EPHL

CaSM;LSJJQL%MMLdA u@f}}b&)‘b%})b ng:lSﬁngﬁ.laJwa)GQF?:H djji.’h J;’)‘)f)b

Ipomoea nil -0 Agroinfiltration -¥ Arabidopsis -v Festuca arundinacea -Y Stay green -\
EPHEMERAL; -A Carotenoid cleavage dioxygenase -v dihydrofavonol-4-reductase-B -5
Flavanone 3-hydroxylase -4

¥t

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 |

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjourna .6.1.37 ]

FASYV:(V)F ((VFen) s olalS 5 IS

B ) ok S ol S IS e 155k a5 0lalS 8 S 13 Gaa 550 WL S s e bl sl
55 ol b I s ey le ey STy SWS @ Lo p 5 55 05 crl 02 e sl Aol sl s 1) (A
R 815 5 8K i 6l Sras cnl sl 0L s GS LIS 5 15 G ek iyl 5 OLS VAL 55
Sy 53 s S 3555 5l e el sdalie K, a5 (Nishihara et al., 2018) as atls dde Loy 5 53 O3
Sy50 03 4S Gl edgr Al 5 UT 55 e Slealoosl s F3H T 5 51 SO 0ds oselt b g e a5l 5
(Watanabe et al., 2017) »5 eds 515 5 5 oo g S5k

Syl o35 5L 5S IS 55, (GSTS) 5l,ansl 35S 0556 ,18 ol L b gml JUH 53 855 s 05 5e0 b b
o2 (Tasaki etal., 2020) s S, oS ol 5 oo o S L o 55 5 4 2ie €SO ey S by 4 "Albireo
Aoy 0 503 (hash 53 s asl 5 QLS SIS s il sl Olpe 2alS sdias 0L S8 s sl gl Ol
oS53 038 DDl s 5 03 0 SIS o s HISAT d pll SO T 5LE S IS (55 4 05 S pen
ol 5 (Tasaki etal., 2019) ol jige slasS 1§ SIS 5 1K) s 3 cpdindls asbw sl 0555, 55 B wil>
ALyl b Rl A 68l 5s I8 S0, SSUS LS 6 e S p55 Sl S8 a5
85 Saags Sl bl S 03 Jome SG s i ged el 5 5 cnl s gy ol 4 (S S
v’—ij S 3oy 05 53 A O35ed Jad b el sl plnil s S (5)5k8 S 4 Madness Midnight 5, s S
S oS Sl 4 ble oo SIS KoL dbl A5 4 e (F3H LUss al (i) S 5 den ¥ 55218
o s asn o (Yuelal, 2020) as sdalie S8 5 i ) 05 S sl Sypo g3 S J s S
4 05 orlemlbl olS 3 alS Llesl Jlhe 53 sl s 5 ACOT 05 g, Vb Oly Obe VU S s
S ACO 05 oS s 1350 Ol 3 s sl PEG 25, L IS cpl glacadlis 53 s S ojle SaS
(Xuetal., 2020) sl 2l S ae dsb 5 Jials Lol a8 g ol yiger

JRE S Fp

3L Sl Ol Wledd (g3550mwd s S Al 4 &S 3 Sl S SIS K5 55 el sdalise anal 2l gla i
Yoo ataly e S 8 (g5 kol (Tasaki et al., 2020; Zhang et al., 2016) s,ls ssl3e oy opl Gileang
S ol p3Y Ayl Slldol slme i ge 4 S35 (5L i WS e 4l oS b s il e CFRNA L IS 5
5 Ok glaasl s Loyl CRNA 0" glgnl ab Jluasl s oladl oo oy G JI5 40 i3> ,4b 4 Cas9
Lol Bl e 8w Gl 035 YU e S SCe o S 55 (Sarmast & Janati, 2019) ol o sy OlalS
el o33l Olppe ol ol oz Bla e 53 JLal & ol iy ot Bda b ol sl Ollkey
e VL Gl o8 das e 0L L 218 555 a3 2 O e p3b JLall Ao Aoy 40 Jgona sboas Cas9

5By il Cel a3 Cas9 chle jfals o5 Jb s 558 o DNA JIg & cn sl gladlasl il Sels

Gentiana triflora x Gentiana scabra -y Torenia fournieri -\
1-aminocyclopropane-1-carboxylate oxidase (ACO) -v

Yo

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 |

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjourna .6.1.37 ]

FASYV:(V)F ((VFen) s olalS 5 IS

S0l sl sl go CaSY 15, shils slacs U 5 WS, 51 Kos 5 55 558 oo e psb gladlas! j2alS
S5 S 4 Neisserio meningitides 8013 4 L 5 o NMCas9 .55 5 Jle Olse 4 .ol ol Iy (g Sk oolel
o sl 53 o3y Jalisl Esl ol 5 552 e Juate SNNNAGAA-3 PAM i L o IS 5 Y sl sluildols
cilises I Aol j gl i se sba I olabis s wadlys Cas9 gla s 5l i TSI NS FEREE
S b ol Sl ol e (iipe I plabs 4 536 StICASY 3T ke Olse 4 ool edd Ll
NNGAGT 5 NNGAAT NNGGGT wile ciliie slubd a~l 4w lyls SaCas9 w51 L a3l o NNAGAA
s B skl Baa 05 4 Cas9 o 3T Jlasl w3 Wil e e 5T ) 5l eslizal (Deveau et al., 2008) Lk
Aas Al

& 55D IO (ol & ol dd) Y0 aval dsl 55 (glabads g lls & CaSY (155 5 L las
g SloLwl) N0 anel sl 3 (glabail igr wemed 5 VQR & Goyme (il @ o ) YTV (el S
VQR (5laCas9 .ol ol 15 EQR w0 oy pme (o] & opisi5) WYY 5 (mali oIS w0 55,0 1 FT0 (bl 18
15 EQR (laCasd &5 Jl= ;5 .aib o NGAN JIsi U adsl 511 dols jslome Cidgn >l oK 4 B
ol 35> (Kleisstiver et al., 2015) 1es o |y NGNG 3 NGAN (NGAG 155 L adsl 5lul dols sl a5 50
Cas9 alws 4 45 DNA 51 >15 U s3le o 530 1, 0l Kamss « pwlantl adyl 5l dols sl cidge gla Jis
et S) OPFL ob b olanst) SUS 5 5y S Ga 3550 55 15 o (a3513 G 5 obsy LB Jsens
S ol plulis ool (Zetsche et al., 2015) 0" slezl ;5 T 3l & o5 (Francisella 1 ; Prevotella ;| okl Cowday
S s 03 15 355 G Ul e ol S5 traCTRNA & 5L 05k s PAM Sl alols L 15 DNA a2 5o
SeSly sy 03 5 YL (gl Cas9 CJJM 5 Laly RNA sl 25 .(Song et al., 2016) ol osls OLES O st £33
23S ol bl 5 gl 4 S sl (Sl bl se ot 215 oeal CaS9 5T 5 Laal, RNA
Malietal., 2013; ) 5,05 Coaal 55 CaS9 o S (655l S35 05 p YU j3 G 8 >l Sl s B s e Iy
(ol Joaze FOKI LS 3 4y a5 (ed 8 ﬁ)ﬂ) dCas9 oS colua slanal, RNA sl esleza! .(Shen et al., 2014
Dpd Joate odd iy a3 ahols s s 4l 4 gy 5b 4 Joate ACASO-FOKI s 5ise 55 45 350 0 e

Sheslial ol ol sl piles 5 Aadia b CUEL 55 0o ol e 5 oS5 (S S 553 G s, sl eslinal
G S 205 OlS 3oy a4 lesly RNA) tadsn Clsy G a s S5 SO Sl oslinad s a0 s S (6551
SYsb iy lls 5 S ba g Vb esspes S mtae Gls (055 (S s bl edes sk
S daly oolgr la by s 5l 5 S sl s

S S5 i on Sl el s OLLS 53 SIS G5 oas aney 3 43,8 Sys ol B5e slatass
Dl LS @ Oy Oles 653kl o3 (Gam Sl 2 ges il Slgen S 53 1550 5 15 glais b Jas e
S 5 e el 53 dCaSY 1 aslizul 3 gei als Sl S DNA wxd ) 93 55 Olojes Jigr s 4 5o ) aiul 3

AL sl s QLS 5o ol Slaal b das e 0] 5 oles Ol oS L s Ol i Aedds ol 0> ege

A2

=) oWlef g JI


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 ]

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjournal.6.1.37 ]

FASYV:(V)F ((VFen) s olalS 5 IS

ol s 0 5 Lol oS b b0} 55 diadds (65550 LS CaS o S s 92 4] 4 a5 L e
S s 55 b dal g w51 A 5 20l sy sl 5 LS Sl eslind wie; 0 &S placeslis S
O3 55 & el 5 2330, Gl easl s 4 s OlalS Cowall ladi S 51 (ol ol33l s U 5 e

13 i 6l a4 5 s Sl 5ss S s sl L all

@b.a

Ahn, C.H., Ramya, M., An, H.R., Park, P.M., Kim, Y-J,, Lee, S.Y., Jang, S. (2020). Progress and Challenges in
the Improvement of Ornamental Plants by Genome Editing. Plants, doi:10.3390/plants9060687.

Barrangou, R., van der Oost, J. (2013). CRISPR-Cas Systems RNA-Mediated Adaptive Immunity in Bacteria
and Archaea. Springer Heidelberg New York Dordrecht London. 229 p.

Bolotin, A., Quinquis, B., Sorokin, A., Ehrlich, S.D. (2005). Clustered regularly interspaced short palindrome
repeats (CRISPRSs) have spacers of extrachromosomal origin. Microbiology, 151, 2551-2561.

Deveau, H., Barrangou, R., Garneau, J.E., Labonte, J., Fremaux, C., Boyaval, P. (2008). Phage response to
CRISPR-encoded resistance in Streptococcus hermophiles. Journal of Bacteriology, 190, 1390-1400.

Doudna, J.A., Charpentier, E. (2014). Genome editing, The new frontier of genome engineering with CRISPR-
Cas9. Science, 346, 1258096.

Ebina, H., Misawa, N., Kanemura, Y., Koyanagi, Y. (2013). Harnessing the CRISPR/Cas9 system to disrupt
latent HIV-1 provirus. Scientific Report, 3, 2510.

Gelvin S.B. (2003). Improving plant genetic engineering by manipulation the host. Nature, 21, 95-98.

Giovannini, A., Laura, M., Nesi, B., Savona, M., Cardi, T. (2021). Genes and genome editing tools for breeding
desirable phenotypes in ornamentals. Plant Cell Reports, 40, 461-478.

Hahne, G., Tomlinson, L., Nogué, F. (2019). Precision genetic engineering tools for next-generation plant
breeding. Plant Cell Reports, 38, 435-436.

Hischler, J., Burstmayr, H., Stoger, E. (2016). Targeted modification of plant genomes for precision crop
breeding. Ciotechnology Journal, 11, 1-14.

Kishi-Kaboshi, M., Aida, R., Sasaki, K. (2017). Generation of gene-edited Chrysanthemum morifolium using
multicopy transgenes as targets and markers. Plant and Cell Physiology, 58, 216-226.

Kui, L., Chen, H., Zhang, W., He, S., Xiong, Z., Zhang, Y., Yan, L., Zhong, C., He, F., Chen, J. (2017).
Building a genetic manipulation tool box for orchid biology: Identification of constitutive promoters and
application of CRISPR/Cas9 in the orchid, Dendrobium ocinale. Frontiers in Plant Science, 7, 2036.

Ma, X., Zhu, Q., Chen, Y., Liu, Y.G. (2016). CRISPR/Cas9 Platforms for Genome Editing in Plants:
Developments and Applications. Molecular Plant, 9, 961-974.

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

Mendenhall, E.M., Williamson, K.E., Reyon, D. (2013). Locus-specific editing of histone modifications at
endogenous enhancers. Nature Biotechnology, 31, 1133-1136.

Mojica, F.J.M., Diez-Villasefior, C., Garcia-Martinez, J., Soria, E. (2005). Intervening sequences of regularly
spaced prokaryotic repeats derive from foreign genetic elements. Journal of Molecular Evolution, 60,
174-182.

Montague, T., Cruz, G.J.M., Gagnon, J.A., Church, G.M,, Valen, E. (2014). CHOPCHOP: A CRISPR/Cas9 and
TALEN web tool for genome editing. Nucleic Acids Research, 42, 401-407.

Nishihara, M., Higuchi, A., Watanabe, A., Tasaki, K. (2018). Application of the CRISPR/Cas9 system for
modification of flower color in Torenia fournieri. BMC Plant Biology, 18, 331.

Pourcel, C., Salvignol, G., Vergnaud, G. (2005). CRISPR elements in Yersinia pestis acquire new repeats by
preferential uptake of bacteriophage DNA and provide additional tools for evolutionary studies.
Microbiology, 151, 653-663

Sarmast, M.K. Janati, M. (2019). Advances in New Technology for Targeted Modification of Plant Genomes.
Gorgan Universitu of Agricultural Sciences and Natural Resources Publication. 216p. (In Persian).

fv

Wit} Gl 3 S-S


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=B%C3%BCrstmayr%2C+Hermann
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aach%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stranges%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esvelt%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moosburner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kosuri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Church%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23907171
http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 ]

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjournal.6.1.37 ]

FA-YV :(V)F ((VFee) s olalS 5 S

Sarmast, M.K. (2019). Transient expression-based CRISPR/Cas9 system for manipulation of tall fescue SGR
gene. Journal of Plant Production Research, 56, 35-43 (In Persian).

Sarmast, M.K. (2020). Principles and Application of CRISPR/Cas Technology in Genetic Modification of
Plants. Gorgan University of Agricultural Sciences and Natural Resources Publication. 124p. (In
Persian).

Shen, B., Zhang, W.S., Zhang, J., Zhou, J.K., Wang, J.Y., Chen, L., Wang, L., Hodgkins, A., lyer, V., Huang,
X.X., Skarens, W.C. (2014). Efficient genome modification by CRISPR-Cas9 nickase with minimal off-
target effects. Nature Methods, 11, 399-402.

Shibuya, K., Watanabeb, K., Ono, M. (2018). CRISPR/Cas9-mediated mutagenesis of the EPHEMERAL1 locus
that 1 regulates petal 2 senescence in Japanese morning glory. Plant Physiology and Biochemistry, 131,
53-57.

Subburaj, S., Chung, S.J., Lee, C., Ryu, S.M., Kim, D.H., Kim, J.S., Bae, S., Lee, G.J. (2016). Site-directed
mutagenesis in Petunia hybrida protoplast system using direct delivery of purified recombinant Cas9
ribonucleoproteins. Plant Cell Reports, 35, 1535-1544.

Sun, L., Kao, T.H. (2018). CRISPR/Cas9-mediated knockout of PiSSK1 reveals essential role of S-locus F-box
protein-containing SCF complexes in recognition of non-self S-RNases during cross-compatible
pollination in self-incompatible Petunia inflata. Plant Reproduction, 31, 129-143.

Tasaki, K., Higuchi, A., Watanabe, A., Sasaki, N., Nishihara, M. (2019). Effects of knocking out three
anthocyanin modification genes on the blue pigmentation of gentian flowers. Scientific Reports, 9, 15831.

Tasaki, T., Yoshida, M., Nakajim, M., Higuchi, A., Watanabe, A., Nishihara, M. (2020). Molecular
characterization of an anthocyanin-related glutathione Stransferase gene in Japanese gentian with the
CRISPR/Cas9 system. BMC Plant Biology, 20, 370.

Tong, C.G., Wu, F.H,, Yuan, Y.H., Chen, Y.R.,, Lin, C.S. (2020). High efficiency CRISPR/Cas-based editing of
Phalaenopsis orchid MADS genes. Plant Biotechnology Journal, 18, 889-891.

Vainstein, A. (2002). Breeding for Ornamentals: Classical and Molecular Approaches. Springer. 392p.

Watanabe, K., Kobayashi, A., Endo, M., Sage-Ono, K., Toki, S., Ono, M. (2017). CRISPR/Cas9-mediated
mutagenesis of the dihydrofavonol4-reductase-B (DFR-B) locus in the Japanese morning glory Ipomoea
(Pharbitis) nil. Scientific Report, 7, 10028.

Watanabe, K., Oda-Yamamizo, C., Sage-Ono, K., Ohmiya, A., Ono, M. (2018). Alteration of flower color in
Ipomoea nil through CRISPR/Cas9-mediated mutagenesis of carotenoid cleavage dioxygenase 4.
Transgenic Research, 27, 25-38.

Wei, Q., Guo, Y., Kuai, B. (2011). Isolation and characterization of a chlorophyll degradation regulatory gene
from tall fescue. Plant Cell Report, 30, 1201-1207.

Xu, J., Hua, K., Lang, Z. (2019). Genome editing for horticultural crop improvement. Horticulture Research, 6,
113.

Xu, J., Kang, B.C., Naing, A.H., Bae, S.J., Kim, J.S., Kim, H., Kim, C.K. (2020). CRISPR/Cas9-mediated
editing of 1-aminocyclopropane-1-carboxylate oxidasel enhances Petunia flower longevity. Plant
Biotechnology Journal, 18, 287-297.

Yan, R., Wang, Z., Ren, Y., Li, H., Liu, N., Sun, H. (2019). Establishment of efficient genetic transformation
systems and application of CRISPR/Cas9 genome editing technology in Lilium pumilum DC. Fisch. and
Lilium longiflorum White Heaven. International Journal of Molecular Science, 20, 2920.

Yu, J., Tu, L., Subburaj, S., Bae, S., Lee, G-J. (2020). Simultaneous targeting of duplicated genes in Petunia
protoplasts for flower color modification via CRISPR-Cas9 ribonucleoproteins. Plant Cell Reports,
https://doi.org/10.1007/s00299-020-02593-1.

Zetsche, B., Gootenberg, J.S., Abudayyeh, 0.0., Slaymaker, .M., Makarova, K.S., Essletzbichler, P., Volz,
S.E., Joung, J.L., Oost, J.V.D., Regev, A., Koonin, E.V., Zhang, F. (2015). Cpfl is a single RNA-guide
endonuclease of a class 2 CRISPRran-Cas system. Cell, 163, 1-13.

Zhang, B., Yang, X., Yang, C., Li, M., Guo, Y. (2016). Exploiting the CRISPR/Cas9 system for targeted
genome mutagenesis in Petunia. Scientific Reports, 6, 20315.

Zhang, F., Puchta, H., Thomson, J.G. (2015). Advances in New Technology for Targeted Modification of Plant
Genomes. New York, NY: Springer New York. 166p.

A

Wit} Gl 3 S-S


http://dx.doi.org/10.52547/flowerjournal.6.1.37
https://dor.isc.ac/dor/20.1001.1.26765993.1400.6.1.1.9
http://flowerjournal.ir/article-1-182-en.html

[ Downloaded from flowerjournal.ir on 2026-02-17 |

[ DOR: 20.1001.1.26765993.1400.6.1.1.9 ]

[ DOI: 10.52547/flowerjourna .6.1.37 ]

Flower and Ornamental Plants (2021), 6(1): 37-48
Review article
DOI: 10.52547/flowerjournal.6.1.37

Flower and Ornamental Plants

CRISPR/Cas, a powerful tool for genome editing in ornamental plants

Mostafa Khoshhal Sarmast
Department of Horticultural Science, Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural
Resources (GUASNR), Gorgan
E mkhsarmast@gau.ac.ir
Received: 7/12/2020, Revised: 25/7/2021, Accepted: 25/7/2021

Abstract

Biotechnology is a proper implement for breeding traits such as flower size, color and aroma as well
as improving disease resistance and improvement of flower vase life. With completion of genome
sequencing of many ornamental plants and astonishing progress on site-specific edition, the process of
diversification for ornamental plant breeding will accelerate. Nowadays, due to the ease in
application, low cost, and availability, CRISPR/Cas has overtaken the other genome editing
technologies such as ZFNs, TALENs and meganuclease. CRISPR/Cas is an acquisition immune
system in archaea and some bacteria wherein bacteria in response to introduced genetic materials start
to make small complementary transcript by which intercepts the existing invasive sequence and
inactivates the target DNA with the help of Cas nuclease protein. Broken strands join together by
DNA repair system but the mutated nucleotides lead to inactivity of the target gene. The most
important achievement of this technology in ornamental plants so far is knocking down homeotic
genes involved in plant developmental process and also color change in petunia, torenia, gentian,
orchids, and Japanese morning glory. With further development and optimization of this method, we
will soon see many changes in the breeding of biotic traits resistance.

Keywords: Anthocyanin, Cas9 enzymes, Guide RNA, PAM.
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