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Table 1- Analysis of variance for the effect of different explant age and co-culture time on some characteristics of Cichorium
intybus L. hairy roots

Ol o (ilo
O pndS 2alio ©ol3l an yd Mean of squares
Sources of variation df Ay y Wl ao g Ay Blaas adiay Job
Root induction (%) Root number Root length (cm)
S O 3 2058.58** 79.88%* 102.58 **
Explant age
S p e 2 1077.77* 33.04* 45.28%*
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e s X iSam o
yeiiy o X iSen S 6 85.18 ns 1.96 ns 6.56 ns
Explant age x Co-culture time
k3l ol
e 24 300 5.38 5.57
Error
Lo ) 90 Jlainl maw 3 (gl gime g (60 Gxe pE Sy 4y sk NS
ns,*,**: non-significant and significant at 5 and 1% probability levels, respectively
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Figure 1- Mean comparisons of the effects of explant age and co-culture time on hairy root induction of Cichorium intybus L.
(DMRT, p<0.05)
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Table 2- Mean comparisons of the effects of explant age and co-culture time on hairy root characteristics of Cichorium
intybus L.

(595) gz y oo + (usluw) S o2 o ady y Sl adyy Job
Explant age (day) + Co-culture time (hours) Root nunber Root length (cm)
c 20+24 0.33¢c 0.83d
9 g 20+48 0.33¢ 1d
o g 20+72 lc 3.66 bcd
,? = 28+24 0.33c 1d
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z 28+72 0.66 ¢ 2.83cd
20+24 3.23 bc 6.16 abc
. E 20+48 7ab 7.86 ab
=9 20+72 85a 9.16
3 g 28+24 1.66¢ 35cd
= 28+48 2.83hc 5.03 abcd
28+72 8.33a 8.73a

225l o5 (P<0.05) S5l (gl asels win y90] 51 ookl b ls xe BMzS] (il ygia s )3 S yidie g b dlacl
Numbers followed by the same letter are not significantly differentns based on Duncan’s multiple range test (p<0.05)
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Table 3- Analysis of variance of different explant age and co-culture time on some characteristics of Cichorium intybus L.

hairy roots
Olayo (uibe
Ol gty 2slio &35l as 45 Means of square
Sources of variation df Al y W o Al y Slasi adyy Job
Root induction (%) Root nunber Root length (cm)
Ceei o 3 977.77%* 14.54%* 173.30%*
Explant age
RS o o 2 411.11* 5.33* 22.98%*
Co-culture time
Bgeln) O X(giSen St 6 144.44ns 1.85ns 10.16%*
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Error
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ns,*,**: non-significant and significant at 5 and 1% probability levels, respectively
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Figure 2- Comparatives of hairy roots and adventitious root growth of Cichorium intybus L., A: Adventitious root induction
on non-transformed leaf and petiol explants, B: Hairy root induction on transformed leaf and petiol explants, c: Adventitious
root growth on liquid MS medium, D: Hairy roots growth on liquid MS medium.
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Figure 3- Mean comparisons of the effects of explant age and co-culture time on hairy root induction of Cichorium intybus L.
(DMRT, p<0.05)
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Table 4- Mean comparisons of the effects of explant age and co-culture time on hairy root characteristics of Cichorium

intybus L.
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Numbers followed by the same letter are not significantly differentns based on Duncan’s multiple range test (p<0.05)
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Figure 4- PCR amplified DNA fragments in size (760 bp) using specific primers for rolB gene of A. rhizogenes on Cichorium

intybus L.hairy root DNA. 1: 1 Kb DNA Ladder, 2: A. rhizogenes strain 11325 as positive control, 3-8: hairy roots, 9:
Adventitious root raised form non-transformed explant as negative control
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Table 5- Analysis of variance of explant age and type of medium on some characteristics
of adventitious and hairy roots of Cichorium intybus L.

Olas o (0o
Ol gty 2slio &35l a4 yn Mean of squares
Soursec of variation df ¥ Ol SWE (4339
Fresh weight Dry weight
gaijny O 3 3.19** 0.023**
Axplant age
oS e g5 2 0.92% 0.007%*
Medium type
Lgadzy oy XCuiS b go 6 0.33%* 0.003**
Explant age x Medium type
sialojl bzl 24 0.056 0.0004
Error
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**: significant at 1% probability levels
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Table 6- Mean comparisons of the effects of explant age and medium type on adventitious and hairy root characteristics of
Cichorium intybus L.

(59,) Wgedzny o + CoulS Lo g3 P09 SWd (59

Explant age (day) + Medium type Fresh weight (g) Dry weight (g)
= 20+ Solid MS 0.14 d 0.017 ¢
9 S 20+ Liquid MS 0.16 d 0.0l4c
N 20+ Liquid 1/2MS 0.19 cd 0.017 ¢
,}“ = 28+ Solid MS 0.11d 0.016 ¢
5 28+ Liquid MS 0.16 d 0.016 ¢
z 28+ Liquid 1/2MS 0.19 cd 0.021¢
20+ Solid MS 0.56 cd 0.044 ¢
£ 20+ Liquid MS 1.44d 0.13b
39 20+ Liquid 1/2MS 2.01a 0.16a
5 g 28+ Solid MS 0.62¢ 0.053 ¢
= 28+ Liquid MS 1.17b 0.101b
28+ Liquid 1/2MS 1.20b 0.109 b

25l os (P<0.05) (Sils (ol anels sz 9051 5l odlianl bl e BMS] (Il ygtm y2 13 S o gy b dlael
Numbers followed by the same letter are not significantly differentns based on Duncan’s multiple range test (p<0.05)
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Table 7- Analysis of variance of explant age and type of medium on some characteristics of adventitious and hairy roots of
Cichorium intybus L.
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Table 8- Mean comparisons of the effects of explant age and medium type on adventitious and hairy root characteristics of
Cichorium intybus L.

Wgedzy (pw + CudS Lo £ 5o SiS (339
Explant age (day) + Medium type Fresh weight (g) Dry weight (9)
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[ 28+ Liquid MS 0.61 bc 0.051 b
28+ Liquid 1/2MS 1.24a 0.106 a
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Numbers followed by the same letter are not significantly differentns based on Duncan’s multiple range test (p<0.05).
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Introduction: Transformed hairy roots obtained by infection of plants with Agrobacterium rhizogenes
strains are used as a tissue culture tool for secondary metabolite production since hairy roots are genetically and
biologically stable and they are able to produce metabolite within a short time. Chicory (Cichorium intybus L.) is
a medicinal plant from Asteraceae. This plant contains many important metabolites include chicoric asid, inulin,
scoline, coumarin and flavonoids.

Materials and Methods: The seeds were surface-sterilized by rinsing with 2% benomil for 30 min and later
sterilized with 5% sodium hypochlorite for 20 min and subsequently with 70% ethanol for 90 s. the wounded
leaf of 20 and 28-day-old seedlings inoculated with Agrobacterium rhizogenes 11325. Bacterial colonies were
cultured on liquid LB medium for 1 day. The explants were submerged in the solution for 15 min and were
shaken gently. After that, the explants were drained on sterile filter paper and then transferred to MS solid
medium. The explants were incubated at (25 + 2) “C under dark condition for three different co-cultivation
period (24, 48 and 72 hours). In the next step, the explants were transferred to MS solid medium supplemented

with 500 mg/L cefotaxime. The explants were incubated at (25 + 2) °C under a 16-h photoperiod condition for
four weeks. At the end of incubation time, the percentage of hairy root induction, root number and root length
were investigated. Genomic DNA of Cichorium intybus L. hairy root was extracted following the method of
CTAB and subjected to PCR analysis. Non-transformed root DNA was used as a negative control and pRi11325
plasmid DNA was used as positive control. The pair of primers specific to the rolB fragment sequences was: 5-
ATGGATCCCAAATTGCTATTCCCCACGA -3 and 5-TAGGCTTCTTTCATTCGGTTTACTGCAGC-3. The
amplification protocol for the rolB was a 5 min melting at 94 ~C followed by 35 cycles of a 5 min melting at 94
°C, a 45 s annealing at 55 °C and a 1 min elongation at 72 °C, and final elongation at 72 °C for 7 min. PCR
products were electrophoretically separated on 0.8 % agarose gels (w/v) and stained with gel red. To determine
the best media composition for growth of hairy roots, approximately 100 mg FW roots were cultured in basal
liquid MS, solid MS and liquid 1/2MS medium supplemented with 500 mg/L cefotaxime on a rotary shaker (90
rpm) at 25 °C in dark for 5 weeks, and increase in fresh weight and dry weight was recorded at 5 week later.
Three replicates were made for each experimental set. Non-transformed roots were cultured on same mediums.

Results and Discussion: Each of the two different explants — leaf and petiole showed different levels of
hairy root induction in different co-culture time. Hairy root induction was observed 7 days after co-cultivation.
There were low adventitious roots formed from control explants. 72 hours co-cultivation period was found to be
more efficient in inducing hairy root phenotype in both explant types. The infection of explants by A. rhizogenes
is a process that implies a succession of events, including the transfer and integration of T-DNA, into the host
plant genome. Therefore, the time of contact between A. rhizogenes and the explants determines the
transformation efficiency. A maximum of transformation frequency (53.33%) was observed in leaf explants in
72 hours co-cultivation followed by 33.33% in petiole explants in 72 hours co-cultivation. In leaf explants
maximum root number (8.5 roots per explant) and maximum length of root (9.16 cm) induced from 20-day-old
seedling in 72 hours co-culture. In petiole explants maximum root number (3.66 roots per explant) and
maximum root length (11.46 cm) induced from 28-day-old seedling in 72 hours co-culture. The “hairy root”
phenotype characterized by high branching and fast growth was previously reported in “reactive species” like
Datura innoxia but not for “difficult species”. The high phenolic content of woody plant species could be
responsible for the reduced hairy root phenotype as reported for gingko or pine. Three different culture media
(solid MS, liquid MS and 1/2 MS media) were tested to determine the best suitable media for the maximum
Biomass of hairy roots line.

1, 2 and 3- Ph.D. Student, Associate Professor and Professor, Department of Horticutural Science, Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili, Iran, Respectively
(*- Corresponding Author Email: mohebodini@uma.ac.ir)


mailto:mohebodini@uma.ac.ir

¥ e 5 0LS 50 0095 Camn ) Sl gi g g0 sdals ) W g 5lwaiuge

Conclusions: Genetically transformed hairy roots obtained by infection of plants with Agrobacterium
rhizogenes are suitable source for production of bioactive molecules due to their genetic stability and generally
show fast growth in culture media free of growth hormones. This study describes the protocol for hairy root
induction which could further be useful for the production of secondary metabolites and biomass.
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