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Fig 1- Hairy root induction from cotyledonous segments of chicory plants by different

strains of A. rhizogenes.

80
60 -
40 -

20 7

red g d..:u__: I_sl.ﬂJl it g

Ad

Al3

m s
mL5

N B85

15834

sLa s 3 A OlS 5 hug oS oS g sbads, W as s awslas -2 Jse
(AL L St lae b 5505 p s S ST

Figure 2- A comparison of hairy root induction from Chicory on different combinations
of plant tissue culture media and A. rhizogenes strains.

Baron et al., 2001; Cao et ) L (et al., 1996
Barik et al., ) =25 v se)55 5 (al., 2009
Conl s 3L e (2005; Kim et al., 2004
Il gl o SUs ST Glaypor oled & S
3 el gl olen bl alS e 4 05

s e 05 ek gesll OLS el W

s

055 4 pSks ST 5 T-DNA Jus

b s &S Cl Glodzs Al alS
Chaboud et ) (s sSb 4 s s iliiee Jalse
Ui $oos2 {al., 2003; Crane et al., 2006
{(Chen et al., 2008;Kim et al 2004) s
Kimet al., 2004; Geier ) alS « sai 5 ¢5



(1391 C}b....ﬁjj}ﬁ\i g2 BJLM:I g4 BJ}#) ngJ}Lf.S 63‘53}:&'}3@

Loodel oty el 3l WS Sl 3 5 e
baes LS 5 36 e 3 sdd &l Sli,l58
Physalis  olS 5 cpuge i, Wl » cis
Azlan et al., 2002; ) ..l alis minima
Sllas 53 ceemes (Kumar et al., 2006
,3 Glycrrhiza glabra LS (¢35, » ol ol
MS =iS Las les g o 51 2008 JLa
47 1,5 LMS iS lams B5; WP NB
23 S oa B o el Ol s 4 o
CiS lamme AS a8 S a5 s 5y G
5SS W6 as s 20 LTS L B5 5 NB
LWP S las 5 didls (n ge ady) S
S e atey Sl 4y BB dod i LB
.(Shakti et al., 2008) 15 alS slad sas 3
e 3 g et Sl SIS

SUlE 2 e Sl U alS L5 )
A sk e s oy e o) A5
el OF (S5 5058 Sl Sies oS s
L oS 5y o 5l S G opl Slalie
Lad sk 2Uls (alS Gladiseizny o 2l
Sosb a bl tals W 0 Bk ol
GO lalsths S 55 omse slaaty, sl &S
AV LS L s e il e, T
C5 S o Sope 0isy 30 S 4 s
334 ey S (Wl esls OLES Laesly)
oLS 3 mse i) Mg e 55 2005 L.
Sbaady; W55 50 A oLl Gmelina arborea
G o ALS GO S s e s

05550 SOk sS 53 e 5 Laplil L

v

JJ> .(De Busk et al., 1998) sz 550
Ol bid 5 Cnd jasle Ol iy
oS blize ol 3 LB s Al i a5 oS
AL als S8 cl Ey BB 055 -
S il by a1 sl glagal,
Golew S nlple s e Bglen 058
Sl 53 AS Jske SobT 5 o sL s
Sid S Jshe 4 T-DNA Jlisl Jle|
on ) O el el S ls e
Tl w el 5 e slaaly, a8 sl DL
sbosihi S o255 ST

J\JJJ§L5A .L:jjj ¢L5,wul5 el.:g )‘ ol LS)L““U‘"

Piarb

Gl ol bl 3 6L sl aes (S
R 50 s G 2D 5 b
Jos S5 slS 255e 5o ALS Lile Lasls
55 (1998) Vanhala et al. iz 55 .48
e Sls ST cilses glasly CllB )
Ho olS o3 ose laaio, M5 lp 55550
Oz L3l S plis i 4 muticus
<ol ) > (1998) Tamakawa et al.
eSS g aw S8 w05 Jlml
4 s Capsicum frutescens oLS « 35550,
L3S e 4 g o ket Ol e 4 1, AL3
b an B o) Sl ol

oo o W ok ;3 BS 3 LS (MS s
SalS 36 51 S onlS oS 5o slaaiy,
S8 Lames 0y S lases ol sline
SLS 5 aS das e 0L Sldalis pls 5 MS



S Ohy Rl s gbds b
et Aindls K05 glad g 4 s (6 2
Slaade, L35 Ul 5 28 e gy
CiS las aw a5 Ad w31 Uy g
S S5 ek oy s sae BS 5 LS MS
235 A= MS CiS b s ey AS,
Sjes S 3 35 s BB ES Lo
BS 5 LS iS Lo 5 baain, SSi O3
Gl LS 5 MS e 5 Al wpu ol
AL Ol e e cosls 15834 o

(3 Js2)

DW-mg/250ml
]
|

C
==

LGS Sl sS e ple 4 Ced
.(Shrutika Dhakullar et al., 2005)

2SS b b8 5 Sk wse el
e sbhady ) KOS 05

Olier (e codal oy b sl

s MS S b 3 (mpe aday SES 05

S O3y oS 5 AL s b Sl s

Sloas 5 B clS e 53 use ady)

S sk A el Ad e L Sl

mA13

a
ab
b
C
0 - T
MS

LS

b A4
C
m15834
- d
e
T
BS

AL ol S T b F5snl e SLs BT slew s 5l Al LS 5 ST awlie -3 S

oS oS s ge slaaly , a5

Figure 3- A comparison of the effects of different combinations of Agrobacterium strains
and plant tissue culture media on dry weight of Chicory hairy roots.
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Figure 4- Growth rates of Chicory hairy root clones induced by different strains of A.
rhizogenes based on dry weight. A, B and C: hairy root clones induced by strains Al13,

15834 and A4, respectively.
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Optimization of hairy root culture establishment in Chicory plants (Cichorium intybus)
through inoculation by Agrobacterium rhizogenes
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Abstract

Agrobacterium rhizogenes induced hairy roots gain of the potential of production and
accumulation of plant secondary metabolites. In recent decades, many researchers have
focused on the biosynthesis of valuable secondary metabolites in hairy roots, because
genetically modified roots produce such compounds with more genetic and biosynthetic
stability than cell suspension cultures. Chicory (Cichorium intybus L.) is a biennial or
perennial medicinal plant from Asteraceae. The plant contains many important metabolites
including inulin, scoline, coumarin, vitamins, flavonoids and aromatics. In this study, with the
aim of optimizing hairy root culture establishment, cotyledons of Chicory plants inoculated
with different strains of Agrobacterium rhizogenes were cultured on different plant tissue
culture media. Numbers of hairy roots produced in different experiments were recorded and
molecular confirmation of hairy root clones was performed through specific amplification of
rolB and rolC genes in PCR reactions. Based on the efficiency of hairy root induction in
different experiments, the best combination of bacterial strain-culture medium for establishing
hairy root cultures of Chicory were determined. Agrobacterium rhizogenes strains A4, Al3
and 15834 induced hairy roots in Chicory and MS medium was considered as the best culture
medium for developing and establishment of hairy root cultures.
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