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Abstract

Perilla (Perilla ferutescens L. Britton) is a medicinal plant that treats corona disease. The aim of the
present study is to optimize the induction of hairy roots in the medicinal plant Perilla using
Agrobacterium rhizogenes. The present experiment was conducted as a factorial in the form of a
completely randomized design with three replications. The investigated factors included explant with four
levels (hypocotyl, cotyledon, leaf, and stem internode) and bacterial strain with two levels (ATCC-15834
and A4). The results indicated that the interaction effect of the studied factors on the traits of day to
induction of hairy roots, percentage of hairy root induction, and fresh and dry weight of hairy roots after
two months was significant. The emergence of hairy roots in the treatment combination of cotyledon
explant inoculated with ATCC18534 was faster than in other studied treatment combinations. The highest
percentage of hairy root induction and emergence, fresh and dry weight was obtained in the treatment
combination of ATCC15834 strain and cotyledon explant and it was significantly higher than other
treatment combinations. The transgenic nature of the hairy roots was confirmed by tracking a part of the
rolB gene using the PCR reaction, while the corresponding band was not amplified for the natural and
non-transgenic roots. In general, the results of the present study showed that the induction of hairy roots
in Perilla was affected by explant and bacterial strain, and these results are an important prerequisite for
hairy root culture experiments with the aim of producing secondary metabolites.

Keywords: Agrobacterium rhizogenes, Transformed, Perilla, Hairy root.

L P. frutescens var. crispa :;| 43 )le a5 col Lol au iy doddio

J.Liﬁ;lﬂl}@\.h&)w\g,k}onMJffadugf
5 <l malonyl shikonin abes 51 b ml Lalass, b

Le b by Sl eslind 5 Sler coslig Ol st
G ool v ‘;L:W syl g;"’k? U“b)\-"c e “ ftcg

35 S eslimal 3y gals oS Olge 4 anly (gl opl Wy 5 ISl a4 Cd Ol e gla piS

e o azls 55 .(Meng et al., 2006; Nitta et al., 2003)
035 S0y e 68 5 slls «SP.frutescens var. frutescens
S Olye a bdes & ol bin sl g3 slie gl
S g 3 Vb Ao hls 5 ek S ) oS
M acaals sals edle S (Minetal, 1995) ol
IS s elS S Olge 0 LS el 5 S g s
Slap S dex 3l il 5 b OV g 53 5 eld
(Meng et 3,15 5 5,18 Sl sy Slagsls 5 Oslo (Cow s
e Ol S oesaal,  2009;  Pandey,  2008)
Godate Dleo ot Sl My 50 2smse ol gad sl
Ao ol a Ols e Wl aher 5168 oas S35, ol p
T T T T e T
SUL) 3505 o)Ll i 5 0 dd (LA (S5 U5 (o]

5 e il mlo s LT 5 eslinal S o5l OLaLS
503 a8 bl 5l .(Bahmankar et al., 2017) as Pl sl
s 4 4wy Gl b osL U alS sls
= Sl Bl Rl s sk 4 Ol 3 AL Y e
Sl e 033 wasls S (Bahmankar et al., 2018)
Slcdple  cul egme DS sy e olalS
(Chaudhuri et al., 2005; Wu et al.,, L35 » sdwl 44U
Perilla ferutescens (L.) Britton _Je el b, .2007)
ol gl 5l eb S 5a) 5 Sa s (ile AL Lls aLS
(Nitta .50« 2n=40 p35505 S ol b (Lamiaceae) olelas
Glos 2 s w5 bl (4 oy olS ol etal., 2003)
5ol LSl 5 ossde SIS oS 5 s pld o U3
33 $bls D (Brenner, 1993) 1il o osb e 5 0 S lsn

\FY ol:.w.)l.? 9 ke /) oylos /,,bo,'l,o 099 /«5“‘“‘) W‘ 9 S (W0 -


https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.4.8
http://gebsj.ir/article-1-445-en.html

[ Downloaded from gebg.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1402.12.1.4.8 ]

Moy o0l ol 53 s slaaty, W 5lueng

O 5 (65 30

»> (Vyas and Mukhopadhyay, 2014) .3 osls jesis 58
S ret Ol (23013 olS 3 ge s U (gandllas
23 gl f’}ﬁj:f[.’jjf/’&'“g @ mee slaady, Wl &S us
Seusbesy Mg 5 ske 4 (Ocimum basilicum) o s Ol
Gl Wl Sy Cudbee Lo baoliaS) o 5 al
oS 3 pise ad,y Wl axlllas s (Srivastava et al., 2016)
nj§ 4.3}.4;.;)'.1))) u:.:jﬁ 4..1.1)452‘3 QL:.\.: L;jgf.: u;)\;‘db"i)
a4 Bl 5 S e Sl bkgain, ple 53 5 A
.(Zare Hasan Abadi et al., 2020) Ls 5 cdaliv s
e iy Gl 5a) p et el anlllas L 3 O Siass,
fﬁff@,jf/’)-\ ATCC-15834 w s L Sy sls olS s
W5 o) i S g, S L3S IS filarl
L .(Phuong et al., 2021) ol o3 503 sbosl |y s 50 (slaals,
ol 53 5 ek B0 O sl olS (s p g 4de)
u’ij)b oL.s BE J;_}A 4.\1.3') ng‘ SO canlllae U'i‘ )‘ [NV
o i e St ST il slaw pu 3l eslizal L3
6&@9}\.& .,\:jj; BE JJ{)LS dJ.A}- )l e.,\;.iT Oladles BE] oalaul

NGV p- PR PRI =1 U I v v

L, g 3l se
sl ol Ghlesl s isein, 4 5 sk Fske A
Sk Sateds jske 4.3 8 15 adllas 3558 00 iy
Lo ys V/0 Jdoes 5 ands K Dde a0 Ao yn Vo J $U1 J s
2502 03l OIG Lol e 4dBs 1 Doe 4 o o IS s
1O U2 -300 [y VOO [0 S -GPSR E IS R TV T
Osfw laazalS Wy ke 4 ful ook Ssieds
3 359 pole IMSI2 S8 o 53 s ) G4 g
5 (PH=5.8) J8T Ao +/V 5 55500 Ao s ams ol pan 4 5 S
Lo, Ul s cls Gy b ad iSOy 3l gole
LYeor LUX 8 Ol :ljfdﬁl,.u a3 YL Y gles

OS.UU Cele Sl 9 L;L:..J:)) cele V1 ngj.v RLSEL

.and Pavela, 2017; Yu et al., 2017; Yeh et al., 2015
Llodemsy 425 ol 4 Llosls plonil oS Sl 5 ol Kaass
2N s s sl glcd sl e 5 S ojlas &S
Tang etal, ) cusl Jgo Sdd & Uy S s s olew Oy
OLLS 3 o la sl clacd sl .(2021; Al et al., 2022
Lilgr spdoe WU g o wile cdb 55 5 sl
Oeexes (Verpoorte and Memelink, 2002; Roy, 2021)
Sde s o3 anal Canb 3 4l o pbe W5 Ce
3Ll O Oljee cnlply el p3Y O W5 6l r SV sb Olej
slacdpbie o5l 5 mpw M5 Sln &S Sl (G50 5 0358
Cog osb 4 ALS oL S 055 Sl pls Sl 5 4st
Mg o3, (Tripathi and Tripathi, 2005) ».& eslewal
CiS Gk o sl 05 Ll s 450 gl sl
Sios Sewd pilies sy ol el A0 AL sl
B e Sl eslial b Gda LS 5 Wi glawi S S
Agrobacterium ) iiis o/ ’Aﬁj;{l,jjf/' boa b
s LS Ri sladandly hols s opl .l (rhizogenes
OLLS o5 0as3 a4 OF T-DNA iy 3555 45 o35 (adu)
S odd oS w3 a3 ) a5 laady, bl el
el mse sbaade, Lsde el s laaty,
Gl 3l Sa e sl 3y Ll pipl pa sl ST
Lol a5t e ple 5 50 SVL OIS 5 o35 255 sslos
S sl olis b o) » (Riker et al., 1930; Kim et al., 2013)
Ri ol Lol a5l 5 0lalS 5l el 5o slaais
Uy s s L boral Bl s s aid s ds, Uls
s bealy,y o dby Cose w8 pladpbe U4 e
Tao etal, ) Lib o Dl 1) Lsd o 2l aLS clapll
i S 5l Sy e gbeads, Wl Ol Kiass (2006
L I, (Ocimum tenuiflorum) .ae Ol el & Oy ir
O3 addlas 5,50 ATCC-15834 w5 siisiy pa ALy ST /
03 s ady S Olsae g i 4 Wssed SIS 5 Lol
S okiis Olomy ) S5 o slap 3 53 5 0350 S 0 &gai s
05 sy Ll 4B 8 e e WO 03 e w
(PCR )3y (slo sy STy oS a4 andllas ol s roIB

\FY L‘,Lz.w.gl.'i 9 )L@ A o)la.é"a /Moj‘,a 0599 /w) 6‘“‘ 9 a_i.ua) (W0


https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.4.8
http://gebsj.ir/article-1-445-en.html

[ Downloaded from gebg.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1402.12.1.4.8 ]

O 5 (55 50w

M ols olS 53 e sbaaty, W Sluange

PSS Sd 09,58 (bge ety s IR 5 ) il
A3 ey el T s laaly, Job &S s
S iy My S J 0 080 OS5 ks S5
Orr ladl D)5 4 eddlir Sladad U e axdls Ol
5 iz mle MSI2 CtS Jame ) o Ve (5l (5 20 b
s Sy g A S sl g YE R Y gl 5 SOU s
CiSTy LSS ke gx p s 4B S 15 A pm s b i
baais, S 5 5035 el 35 spd= CidS Gl e LA
L by Mg sl dd (oSl Jiams 55l s
o 2 03 S e KA el U Ol s

A3 S dilos

2 JosSt Do 6 ol Sl taesls fdow 5 420
OS5 o 53 630525 A) LSS 4 b olas S b sl
Sler basein, Jold oy 3550 slay Sl ndy O 50
g 5 (Ble o5 Obe 5 S 035 S (L5 S 5en) oo
s e & 5y (A4 5 ATCC-15834) o 53 | (5 5L
5 A5 eslil £Y,) gasd R 51 bl Jes

s Syse LSD s b e Sile (e S

sFlp Al sk 4 PCR G eslial b ()l 5 Al
33335 oy T 310l Lol 5 sa L g laaiy
5 whesles oo Sl & rolB o3 ol glads Ole
slaaio; Wl 5 rol s ple oS Jb js ojls )l 5
Ouse slaaiy, 5l (Bose et al, 2022).,ls A& 8 e
N () msend sbaaley ramer 5 (el )
A5 el CTAB sy & o DNA (e J 8 0y
& SL A (Yousefian et al., 2020; Cheng et al., 2021)
e IS Olge wos gl 5 pianh el ST
4 T0IB 0 olant| gla ST L PCR 05030 .3 S oslinal
05 soba sla S5kl s el O opl sl Aol sk

23 3 Lo 4 10IB

Forward -5’ ATGGATCCCAAATTGCTATTCCTTCCACGA-3’
Reverse -5'TTAGGCTTCTTTCTTCAGGTTTACTGCAGC-3'

o oliws 3l . .(Bahmankar et al., 2017) Lus 5 lueS
S (ale & 35u>) sl gai b 68 055 glaazalS
WSS s e 5l baaisad s gl OF il glacans

J@%duoﬁu@jff‘updg;

lgisn, il 5 AL Dpmibgwe  (glwesll
(A4 5 ATCC-15834) sifouly pa b ST (5 Sk Sty 53
» 6L s 88 E el sy (b ol s
ool ppmali s 23 2 08 s VO (55l o LB (sla s
e w0 Sel s aids 3 VA s 5 4z YA gles s
Loy s SL J sk>=s ODe0o .wﬁ)l})}ﬂvﬁbs cele Vi
VAG N e elsl onl s S Se3ll 6 e s Sl olSs
Glatiyain, LS il badisein, b (pl b5 o
o 3L Bl o 8 Ol 5 S J5 S s 055 S
JFads Vool @ b S 5l e e Sl
ool G.LL; Sl sad 5y S 6315 )13 (6 8L O greiliw g
o305 I3 Lral plo 1elS (g4, » Slol cusb, &> sk
Jia (030550 BB MS L) 2iSen Jaoes a5 s 5 0
(ele A SIS 5l e L (IS Kb s s
b Sl Sgm 5l L5 MS slakame & Ladsaisys
Ob S e gs il ey Jlsl 1 (an&L:a Yoo Ol
Aali gladisai g Gl D8 S Do sy, S|
Bl e OF 055 alie Oy e 53 &sedsy (ga3lias
5 S wlie LS psb 4 Ll s e 5 A Jats
MJVQJ;QZS&JMJ}J/\ o Ay S 6)lJ.@_<;
A ad,S s oled S5 e sl (G s R) 1SS
33l S Bl ax s TE EY clos b ad, BUl s cis Gy b
3 el Cell VN o5 eosn L Yy LUX 5 cous
Slaisy Hah 3l e Ll (OIS S cele cia
0568 B 5, sl Sl (e laalyy Gl e (0 5
Gl Ao s s 5 ol (oles S5 3 ge o)
e adgy Mgs Gladisai s Sl Syse 4 50 (e Ay
als (6% A 0 el SIS Wiselny IS sl 4

INUKY

\FY olz.wgl.? 9 ke /) oylos /,,bo,'l,o 099 /w) 6‘“‘ 9 S (W0 -



https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.4.8
http://gebsj.ir/article-1-445-en.html

[ Downloaded from gebg.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1402.12.1.4.8 ]

Moy o0l ol 53 s slaaty, W 5lueng

O 5 (65 30

03 e adas WIS, 2 St s 5 Wges s Jline S
aiey Ul o)y i 5l Slosast (o Sy aals oS
s el Sas 5 5 05 s akey WG Say s
285 15 bl

s amy WG 5y,

sk Giige ade,y GWI G 555 Sde oS 3y O 1 S il
035 S SL s 5 (ALS Wgai s blime S50 Sk (gols s
(g Wl s ) (pmgn alsy QWG 5,5 S st
4 o anlllas 5500 gladigeiss, ;5 ATCC15834 4 s
Jlaze Jl s p s (Vo) cl o35 i Ad w5
OLL (V Jstr) (6580 Sl mhaw S8 55 450l 55 e - shas
wioy SWI Ce o b 5l adlas 590 gladisadny e oS Sl
G &S Gosb ol s Sl DulE s
5 ATCCIS83A (o S5 03 mye slaedy, als
LB ) asedalin Gy VL ,®) 05asS €gains
S g AR e bl ge ) (Bl s S el S5
R S O3S S Wi 3w e, My
DNA s iy 2 dls 8 03 i e el
S O35 S & nd s S sho w58 3ifo i o 55Ts ST
Sy dalse b pesdle ol andllas ol sadigaisns plo
Olgn ol S ol cpl 53 xS50 sb0) Ok Ol
Sl 055 e L aS OIS 5o s e kB LS 5 S
ATCC15834 (5 ;SL L 15 O (s pdy juSTs Olss o =3 5 0
Saals) Smmw oseb 4 e plpls 5ol 3 0 oS
eV Oloj Soke oS Wiz O Sta g3 ol 0 O 55 se
S Gosb il Coeal b el b g
gl s s Wy, Ay Ly, il S Ol
(Dehghan et 55 dals 46,0 4 05,20 5 JobsS Lo sl

al., 2012)

wsyui)dw‘M)b

g 5 AS Spen, Jlize s sy 0l 5 S =k
NG 03 ¢ )lJL;IM U'Z"‘)" 4...':1.:) st‘ Loy (S 2 6;'15[;
ol o a8 3l 0L Jsl oK s (olew LS 5 ke i

Sl Jald B 555 0 2SSl PCR a2
0 e 5 W ) LS Sl s 8 s adyl sl
g a2 T0) ol S Bl s 8 s (gile ikl (adds
(ai3s ) Sde @) ol 8 sl a3 07 55 Jluasl ((aids V e
A s (s ) e ) ol S Bl ax s VY s 528
S o (W3 Y ol @) ol S sle VY s Ll
e doys o s S 58T J5 PCR oY puame salive
S1sJ5 oKaws 53 UV 5 5l el U Juole J5 5 eslid

MJ@L’Q

2 St U5 il passla ST s ST slaa s
Gy 35 ol adlas jo g, ol Al bl 2l
oLS 55 opige adoy Wl g A4 5 ATCC-15834 s ST
S sy Ol 5l S Slaslie s S eslimad b, sl
Sz Ol Sy 3 e S omse slaatys
S dipsl oal g OLRSas5 () JS8) Las alb ek selsn)
a0 ki SlS 5 o s A Je S S b
Fispl pa s STl SAS 5 cpl 5 e Sl bl Lases
Lgd o o o) e Boba pl ol 5 el 2l s
Potrykus et al., 1990; Oksman-Caldentey and Hiltunen, )
> Bl sl Ol bS5 pl raes (1996
5l Aol 0 pabse nl S e3ses SO b Sk
OS5 ool aadl ol e A Gus Ik w0 05 U]
cdlies gladisalsey e 53 Bl LB &S s S oledl
Lz 0L gulme b o5 o4 Wl e ool
Potrykus et al., 1990; Oksman-Caldentey and Hiltunen, )
by 55 n Ly ods Wl glaaiyy ol andlas 55 (1996
ol s m e Ld ok bl g St
548 3l Ol el sdalie T o (S (S5 58 550
Ladl e Sop 5 = Jome L3 ald laas e
glie Hslie 4 ol adllas s alb lads) 4 S

\FY C,Lz..,..gls‘ 9 )LQq A o)lmib /Moj‘,a 0599 /w) 6‘“‘ 9 QSAH) (W0


https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.4.8
http://gebsj.ir/article-1-445-en.html

[ Downloaded from gebg.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1402.12.1.4.8 ]

O 5 (55 50w

M ols olS 53 e sbaaty, W Sluange

iy, Wl sas p anllas 53 6 K0s O Kiass e o g
Mo o> ATCC-15834 s sy pa Lo STL (oo
Slaaiey W5 doys (i S g oS Losad SIS
c.ale (Phuong et al, 2021) ol o3, sl 1) o se
o 4 s ALS Gladshe 5 e Ly ST 0L (2Sen
g ol oSS 8L sk 4l eals S LS
ol 6L laa g Sl (slas sazme ( ALS 555 5 ¢S
(A 55 nedle 8 el Guaa (85 s
Syedns Sidnid Camds 5 g5 o e 3 6505 Lalse
Cetl 5l (68U s 5 85 OB s 3 Ll 5
s (Tiwari et al., 2007; Srivastava et al., 2016) J.:b
3 S apm dlor Sl il Julge U 5 O Ras
AZIZ ) LKlosgoi ASE 50 sy G o) w5z g5

.(Khajeh et al., 2018

Solsgme slE g als;y Wl Aoy b1 OLS S
Sy os S b s (W Jss) cl sl saalis
Ml sty i dd Jols e bl Ll
(V dsdr) 650 s Sl mhaw o2 53 dgai ;) iliee -5l
Sy SWkigeiz, o ATCCIE834 44 5 o sls Ol
3575 S Dol e alyy Wl Aoy i aalles
23 Ousr s W Aoy il S ogosb 4 b
(Fsa) A sdalie Lo pn VT Sl L 05l 5S4 5ad 50
sladsel 5y e Ad Q)Mcb.wﬁég;m\ S o ol
5503 o Ll L s S5 sdaline gyl e OO anlllas 3 50
Aoy Cdo b Sl b pae sl 6 S &S bl )
Vs 5o el s oled DS S 00 e 4l W
et edalin sl sl a3 0 5l g Wl e el
B e 53 Jlie Sl a3 Cesl 5 Dosp 05 4 Ol

OF 51 gl s (S s slily 3 B3 gy SleT ol

sl S5l Dlio ($55 2 Wseiz p 5 5 S e Jlie I Jol (ol DS 5 ke anglie -V g

Table 1. Mean Comparison of the treatment combinations resulting from the interaction of bacterial strain and explant type on
the measured traits

Treatment Combinations Day to Percentage of Fresh weight of Dry weight of
(Bacteria Strains * Explants) induction of hairy root hairy roots (gr) hairy roots (gr)
hairy roots induction
ATCC15834 * Cotyledon 7.33+0.57d 0.66 £ 0.07 a 3.38+0.82a 22+066a
ATCC15834 * Hypocotyl 14+1b 0.2+0.07 a 1.12+0.18¢ 0.7+0.13 cd
ATCC15834 * Leaf 8.66+057cd 041+0.07a 252+047b 15+0.34b
ATCC15834 * Stem Internode 9.33+0.57cd 0.29+0.14a 1.11+0.13¢ 0.65+0.07d
A4 * Cotyledon 12.33+152bh 0.29+0.07a 1.27+0.16 de 0.75+0.11 cd
A4 * Hypocotyl 16.33+2.08a 037+0.12a 1.88+0.32¢c 1.1+0.2bc
A4 * Leaf 10+1.01c 0.25+0.12a 1.11+0.19e 0.66 +0.13d
A4 * Stem Internode 1433+1.15ab 0.33+0.14a 1.67+0.35cd 0.96 +0.17 cd

Db e 000 O gl ;0 LSD fygejT L jlo tme Ciglis 0925 pac saims Glid (gm0 50 S ie By S JBlas
Columns with at least one common letter are not significant at 0.05 probability levels by LSD test.

andllas 5550 Dlas gl (6 SU 4 g ud:z»cjlam 23 Wgedzy S s B p lisls 4 Sl el Sl R W APRES
Table 2. The mean square obtained from the variance analysis of the sliced explant effect at different levels of the bacterial

strain for the measured traits.

Source of Degree of Day to Percentage of Fresh weight of Dry weight of
Variance Freedom induction of hairy root hairy roots hairy roots
hairy roots induction
ATCC15834 3 25.22 ** 0.11** 3.72** 1.61**
A4 3 22.08** 0.008" 0.37* 0.12*

w % NS

Aoy ) 50 Jlaxsl cla.ﬂja)bu;.u Ol pre e LS 5 T
ns, * and ** non-significant, significant at 0.05 and 0.01 probability levels, respectively.
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Fig 1. Stages of growth and development of hairy roots in the treatment combination of Cotyledon*ATCC15834 in Perilla.
Hairy roots in solid MS medium (a and b), The development of hairy roots after one month of transferring them to Erlenmeyer
flask containing liquid MS/2 medium in the incubator shaker (c), Growth and development of hairy roots after 2 months of
transferring them to Erlenmeyer flask containing liquid MS/2 medium inside the incubator shaker (d).
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Table 3. The mean comparison obtained from the sliced explant effect at different levels of the bacterial strain for the

measured traits.

Bacterial Strain Explants Day to induction Percentage of Fresh weight of Dry weight of
of hairy roots hairy root hairy hairy
induction

Cotyledon 7.33+051¢c 0.66 +£0.064 a 3.38+0.73a 22+059a

Hypocotyl 14.0+0.89a 0.20 £0.208 ¢ 1.12 +0.16¢c 0.7+0.12c

ATCC15384 Leaf 8.66 +0.51b 0.41+0.064 b 252+042b 15+03b
Stem Internode 9.33+0.51b 0.29+£0.13 bc 111+0.12¢c 0.65+0.07¢c

Cotyledon 12.33+1.36¢C 0.29+0.06 a 1.27+0.14b 0.75+0.1 bc

Ad Hypocotyl 16.33+1.86a 0.37+011a 1.88+0.29a 11+0.18a
Leaf 10.0+0.89d 025+0.11a 1.11+0.17b 0.66+0.11¢c
Stem Internode 14.33+1.03 b 0.33+0.12a 1.67+0.31la 0.96 +£0.16 ab

Ak e o3 0 mlaw 5 LSD 0331 Ll sine sl 35 pe sdins OLES D5t 3 S 2ie O Sy il
Columns with at least one common letter are not significant at 0.05 probability levels by LSD test.
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Fig 2. PCR analysis of rolB gene (780 bp) of hairy roots in
Perilla. Band 1 is related to water, bands (2 and 3) are related to
two samples of induced hairy roots, bands 4 and 5 are related to
normal roots (negative control), band 6 is related to bacterial
plasmid (positive control), band L is related to Ladder 100 bp.
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