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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.
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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.

\FY ol:.w.)l.? 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-fa.html

[ Downloaded from gebg.ir on 2026-05-31 ]

[ DOR: 20.1001.1.25885073.1402.12.1.4.8 ]

Moy o0l ol 53 s slaaty, W 5lueng

Lo 5 (95 g0ms

}a) el MS Ja.:aunjb U’;}" 6&4.&.1) )&.3‘).3 Aﬁj)lb al:fjacotyledon*ATCC15834 LS)L“‘:; g_,\;SJJJJ U:sfd sbdis, dxwgs g A Jz—\f—\JS.i

S o e Slaaty; ax s 5 A3, (0) L LS St 0558 e MS/2 Lo sl 5 a4 LOT JLl 51 ebe G o dS 51 L cnise glaaiu,) ana s (D

(), 5L S5 s sy b MS/2 lame sl Il 4 OT Jlmt 5lole ¥ 238

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).

et (Odear o K8 cl ey ae oles olS S
Sl A L3 apein il pshe Jlie I e
Ot oSS a3 53 oS 3l DL (Y ) (S 4 s
S8 e ades 5 O5s L) adles )5 gladiseln
5 ATCC15834 w s &S (cosb w0 )by 352 (Suls e
835 Olpe e e gl 505 50 4 S 055 55 50525
A S Jm 53 (FUsd) ssed s 1) (0 S YYA) 5

Loodd il Gladigain, Gm 03 Gmse &5 S 00y Olye

s a5 05y
ol 55 31 G se Sladdoy 5 035 4S 3 0f 51 Sb> =k
Gy 5 A Wi, blie Sl ke ol e sk @
LS 5 o 45 5 Ol 50 S0l Sluglie .ol 0352 (6 SL
Solgme Sl o ge w5055 B 5l andllas ) 5e (gl
Oy Aty 5 05s Ul e S Gosb 4 anils s
Kpeips 3 ATCCLE834 wsm S5 53 (b5 VYA
Rl 4 e Golsgme ssb a4 s el Lol Ol sS

VFoY lownli g 5L /Y o ylosds /o319 0590 [ o § (o] 9 S (oo


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

[ Downloaded from gebg.ir on 2026-05-31 ]

[ DOR: 20.1001.1.25885073.1402.12.1.4.8 ]

O 5 (55 50w

M ols olS 53 e sbaaty, W Sluange

Sl o ge iy S 05y Sl andllas 5 5e ek el
ATCCIS834 w5 5o &S (Susb 4 25 sy ol e
855 Ol iy gl o5 500 & o 05l S 4650 305
(o) sl o3, W5 1 (p S YVIY) (g glaady, S
Wiy i Uiy Olpe o i &S sls QLA ElE res
33 00 Ad ape el Rl sladisain, e 03 Guse
W5 (o5 A bl o Sibo 5 (2 SN (558 550 630350
5 6L A o Bz Al Jls slast opl oS ead
G o Slady) (Jseme glaady; O ol Wsel )
ol kel alar 1 il gladaadly Ol s
Ll 53 5 esls OLES (ol Semes pde) Sy 50500 )
lm s e M G DL Jpese glals
LS 5 Gl b s s il Ak
53 Ol Kiays (Georgiev et al., 2007) L ys ciS Ll 5
5 el old p)ls oS 3 cpmge oy Wl s 5 andllas
S W05l 58 )3 o W gladiy ;) 055 45 Lsged 51
Maroufi and ) 55 i odd L5l gladisain, ple o

(Majdi, 2015

Bl o Sl (05 VM) 15 58 sod €50 525 55 53 A4 4y e
g 3 dpoin Jlime o dls 8 4 S edalie (p,S1/Y)
iy Ol 53 Ol &S Wi O Kiass ool (gL
35l St £33 4 by e Wl less 5 ise slaale,
AU S 4 Sl 8L e slag s Lo s
Slssn e OS5 pl Oly pd e by 1Ol b0
Sad s Conlas Ol 55 5 Olses olS iS5t 5 (oS
(Tiwari et das o oid 1) Ay Sb0sas 0 mlaw & AL

al., 2007)

e adyy, SIS U5y

Solssme ssb a g ele 3 Sl ey i pe laady, SEF 055
el ea g 8L g 5 ALS Wseiny flie Gl Sl
s S S Oos B Sl e alas 505y wlie
L s S edalie anlllas 55 (ol SLS S Gl e
fgo Solas oS5 3 (05T OF Olye (i S 505k
Db & s edd Jole 05l S wsen, s ATCCI5834
Sl ooy i b OS5 ple 4 Sl Gl e
S gl pp 03 e Jlie S s b w0 dsa)
Ol gl 53 a3 oS ol DL (Y pdr) (58U 4

a.,\,\i}L;;a)'U.jlauﬁpL;j)ﬂLSJ;Sl;_mﬂw;il:;'ulez«);éﬁﬂ);\fzdiﬂ)'lyl}wiﬂgwup—\”d}k

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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