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ABSTRACT

Hairy root cultures are an effective method for production of secondary metabolites, because hairy roots are
genetically and biologically stable and they are able to produce metabolite within a short time without need to use
hormones. Chicory (Cichorium intybus L.) is one of the important medicinal plants that contains a number of
important medicinal compounds. In this research, hairy root induction was established through the mediation of the
A, strain of Agrobacterium rhizogenes. In first experiment, the effects of type and age of explant and co-culture times
on the efficiency of hairy root induction were investigated. In the second experiment, the effect of three different
media (Murashige and Skoog solid, liquid and liquid half strength) were investigated on growth rate and biomass
accumulation hairy roots. In third experiment, effects of type and age of explant were investigated on the total
phenolic content of hairy roots. In fourth experiment, the effect of various concentrations of NAA (0, 0.5, 1 and 1.5
mg/l) and sucrose (3, 4, 5 and 6%) were investigated on biomass accumulation. The obtained results showed
maximum hairy root induction (60 percent) and number of roots (11.61 roots per explant) induced from 5-days-old
cotyledons. The half strength medium of liquid Murashige and Skoog was the best medium for growth of hairy roots. Also,
maximum total phenolic content in hairy roots was obtained by 28-days-old leaves. Medium supplemented with
combination of 0.5 mg/I NAA and 3% sucrose showed the best effect on biomass accumulation.
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Figure 1. Hairy roots induction by A. rhizogenes in Chicory, A: Hairy root induction one week after infection, B:

Increase in hairy roots number three weeks after infection, C: Hairy root growth five weeks after infection D: Low
non-transformed root induction on leaf explants as control (5 weeks after culture).
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Figure 2. Mean comparisons of the effects of type and age of explant (A) and co-culture time (B) on hairy roots
induction percentages
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Table 1. Mean comparisons of the effects of type and age of explant and co-culture time on some characteristic of

hairy roots
Explant type Explant age Co-culture time Nunber Length of root Time to root induction
(day) (hours) of root (cm) (days)
24 259 2.2° 20.24°
5 48 7.7% 5.9° 16.18°
72 11.61° 10.4° 12.13°
Cotyledon 24 2667 2.06° 20.31°
12 48 7.53% 6.23" 16.08°
72 10.8% 9.5 12.10°
24 0.51" 0.49° 12.39?
5 48 1.8" 2.1° 11.95%
Hypocotyl 72 6.5"6_ 2.5° 9.97*
24 0.33' 0.48° 12.84°
12 48 2.5% 2.3 12.46°
72 4.2fg 2.86° 10.59°
24 2.16%" 2.7° 20.96°
20 48 5.23°% 6.2° 16.42°
Leaf 72 9.56%* 10.59° 12.81°
24 2.03% 2.8° 21.12°
28 48 4.94° 6° 16.21°
72 9.2 9.67° 12.64°

Al gad (P[4 0) Sl g BT ks giw 1o 30 S e By > L olae]
Numbers followed by the same letter are not significantly differentns (P<0.05).
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Figure 3. PCR amplified DNA fragments in size (760 bp) using specific primers for rolB gene on hairy roots DNA.
1: 100 bp DNA Ladder, 2: A. rhizogenes plasmid A, strain as positive control, 3-8: hairy roots, 9: Adventitious roots
raised from non-transformed explant as negative control.
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Table 2. The effects of explant and medium types on fresh and dry weight of hairy roots

Explant Medium type Fresh weight (g) Dry weight (g) Grow index
Solidified MS 0.5° 0.03" 273"
Cotyledon Liquid MS 1.3% 0.09% 10.24%
Liquid 1/2 MS 2.26° 0.179° 21.4°
Solidified MS 0.45° 0.047 3.97
Hypocotyl Liquid MS 0.9 0.07° 7.74°
Liquid 1/2 MS 1.39° 0.12° 13.99
Solidified MS 0.48° 0.042" 4.2
Leaf Liquid MS 1.01% 0.099% 11.37%
Liquid 1/2 MS 1.41° 0.126° 14.74°

WSl gad (P[4 D) Sl gae BT 1y gt 0 30 S i Bg > b slael
Numbers followed by the same letter are not significantly different (P<0.05).
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Figure 4. Hairy roots growth on different media, A: Hairy root cultures established in liquid medium, B: Hairy root
cultures established in solid medium, c: non-transformed root cultures established in liquid medium.
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Figure 5. Means comparison of effects of type and age of explants on total phenolic contents in hairy roots and controls.
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Table 3. Means comparison of effects of different level of NAA and sucrose on fresh and dry weight and growth
index of hairy roots

NAA (mg/l) Sucrose (g/l) Fresh weight (g/flask) Dry weight (g/flask) Grow index
0 30 0.98° 0.066° 14.65°
0 40 0.51% 0.034d° 7.09%¢
0 50 0.67b%*® 0.044°¢ 9.68™%
0 60 0.92° 0.063% 13.65

0.5 30 1.93 0.133° 29.73°
0.5 40 0.38° 0.023° 5.13°
0.5 50 1.02° 0.07° 15.29°
0.5 60 0.74%¢ 0.05>¢ 10.85°¢
1 30 0.55%° 0.036" 7.83%
1 40 0.46% 0.026° 6.4%
1 50 0.46% 0.026° 6.35%
1 60 0.43% 0.026° 5.87%
15 30 0.43% 0.026° 5.92%
15 40 0.77™ 0.05"¢ 11.32°
15 50 0.85” 0.056™ 12.54
15 60 0.83* 0.056™ 12.27%

bl gad (P<e/+0) Slo pixe BB glyls ygiw ;2 10 S i By > L slas]
Numbers followed by the same letter are not significantly different (P<0.05).
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