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Abstract

Dorema aucheri, commonly known as Bilhar, is a perennial medicinal plant
belonging to the Apiaceae family, known for its diverse and significant
medicinal properties. The aim of this study is to investigate the induction of
hairy roots in the medicinal plant Bilhar using Agrobacterium rhizogenes to
optimize the production of secondary metabolites in in vitro conditions. This
experiment was conducted factorially within a completely randomized
design with three replications. The factors examined included explant type at
three levels (hypocotyl, stem, and leaf) and bacterial strain at two levels
(ATCC-15834 and A4). The results indicated that the interaction of the
investigated factors significantly affected the traits of hairy root induction
percentage, as well as the fresh and dry weights of the hairy roots after two
months. The highest percentage of hairy root induction, along with the
greatest fresh and dry weight, was achieved with the combination of the
ATCC-15834 strain and hypocotyl explants, which was significantly higher
than other treatment combinations. The transgenic nature of the hairy roots
was confirmed by tracing a part of the rolB gene using PCR, while no
corresponding band was amplified for natural (non-transgenic) roots.
Overall, the findings of this study suggest that hairy root induction in Bilhar
is influenced by both explant type and bacterial strain, and these results are
an important prerequisite for experiments related to hairy root culture aimed
at producing medicinal metabolites.

Keywords: Agrobacterium rhizogenes, Bilhar, Hairy roots, Secondary
metabolites.
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Figure 2. PCR analysis of the bp780 fragment of the 7o/B gene. Bands 1, 2, and 3 correspond to three samples from induced root hairs,
bands 4 and 5 correspond to water and normal root (negative control), band 6 corresponds to the bacterial plasmid (positive control), and
band L corresponds to the bp100 ladder.
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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

Treatment Combinations Pertcr::tsage of  Fresh weight of Dry weight of
(Bacteria Strains*Explants) lill?(illzc:i(:: hairy roots hairy roots
ATCC-15834*Hypocotyl 0.68 a 277 a 1.38a
ATCC-15834*Stem 0/47 b 1.33b 0.79b
ATCC-15834*Leaf 025¢ 0.85¢ 0.30¢c
A4*Hypocotyl 0.39a 1.11a 0.65a
A4*Stem 0.21b 091b 0.40 b
A4*Leaf 0.27b 1.05b 0.49b
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Columns with at least one common letter are not significant at 0.05 probability levels by LSD test
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Figure 2. Stages of growth and development of hairy roots in the ATCC-15834 Hypocotyl combination in the medicinal plant Bilahr: hairy
roots in solid MS medium (a, b, and c), development of hairy roots after 3 days of transfer to Erlenmeyer flasks containing MS/2 liquid

medium in an incubator shaker (d), growth and development of hairy roots after 2 months of transfer to Erlenmeyer flasks containing MS/2
liquid medium in an incubator shaker (e and f).

Ous aias SW Ao Sy n 305 g5 5 SASL ase S Gl e D =Y Jad

Table 2. Analysis of variance table for the effect of bacterial strain and type of explant on the percentage of hairy root induction

Sources of change Degree of freedom Variance F
Bacterial strain 1 0.139 0.003145™
Explant 2 0.296 0.0007891"
Bacterial strain* explant 2 0.133 0.011394"
Test error 12 0.128 -
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Table 3. Analysis of variance table for the effect of bacterial strain and type of explant on the fresh weight of hairy root

Sources of change Degree of freedom Variance F
Bacterial strain 1 3.197 8.94¢-06 "
Explant 2 2.091 1.08e-05 **
Bacterial strain* explant 2 1.185 0.000161 **
Test error 12 0.058 -

# NS

Ao -’oJLA}.CE’”JA)~J‘;‘M5).JL;'AA):.&«%};4€$*} .
ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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Sl 0335 iy (Soled DS 5 ple 4 S (Solo sma b 4 50l Lol 5 S s 5055 5 ATCC-15834 45 (s )lesd oS 5
5300 Jads) s edalie (gl pme sl ge ady SUi Oy s 51 S 5 Ble sladisaisy 5 A4 (6 SU s oy () Jod)
S a s oS 55 00 5 s b el S e Sl e a5 ey e sl o oS Blie 1 as Sy 0 S -
(Fyome Glaaiy, GO (Y Jad) 3l ssm (sols sme Dol ge 4ty S O35 B 51 S Sl gl s, 5 Ad
5> 5 e3ls 0L (Ll Simes pe) S 53 sy Gl « bl hal o 1 Cilisn sladzadly OB s & (e slaals,
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5 gy i adlae ol s (Mirzaie Delbari et al., 2022) 55 i odd L)l ladisain) plo 4 Cond LSS sen 4505
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Table 4. The mean comparison obtained from the sliced explant effect at different levels of the bacterial strain for the measured traits.

Bacterial Strain Explants Percentage of hairy  Fresh weight Dry weight of

root induction of hairy hairy

Hypocotyl 0.68 a 2.77 a 1.38 a

Stem 0/47 b 1.33b 0.79b

ATCC-15834 Leaf 0.25¢ 0.85 ¢ 0.30 ¢
Hypocotyl 0.39a 1.11a 0.65 a

A4 Stem 021c 091 ¢ 0.40c
Leaf 0.27b 1.05b 0.49b

Ak e o3 0 mlaw s LSD 03031 Lol sinn 3l 35 pe sdins OLES st > S 2ie G Sy il

Columns with at least one common letter are not significant at 0.05 probability levels by LSD test
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Table 5. Analysis of variance table for the effect of bacterial strain and type of explant on the dry weight of hairy roots.

Sources of change Degree of freedom Variance F
Bacterial strain 1 1.5609 0.000510 **
Explant 2 1.2459 0.000334 ™
Bacterial strain* explant 2 0.6297 0.004998 **
Test error 12 0.0684 -

Aoy ) 50 Jle| C]ﬁ.w).) Dl sme s gae s LS S oy

ns

ns, * and ** non-significant, significant at 5 and 1 probability levels, respectively.
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