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Figure 1. a: Schematic representation of genetic constructs expressed in T1 transgenic plants. MAS promoter:
Mannopine synthase promoter, npt 11: Neomycin phosphotransferase 11, MAS Ter: Mannopine synthase
terminator, CaMV35S (3x) Cauliflower mosaic virus 35S promoter, CBD: Chitin binding domain from Avr4
effector protein, SP: Signal peptide, DrsB1: Dermaseptin B1 peptide, OSC: Octopine synthase terminator; b: The
3D structure of recombinant protein predicated by phyre2 software; c: PCR analysis for hairy roots using the
rolC gene (629 bp) specific primer; d: Stable integration of the DrsB1 gene (100 bp) was determined by PCR
analysis of genomic DNA extracted from transformed adventitious and hairy roots.

M: 100 bp and 1 Kb DNA Marker, C: negative control, Adventitious-WT: DNA from wild-type adventitious
root (not transgenic), Hairy root-P: Hairy root derived from Ri plasmid, Hairy root-12: transgenic hairy root,
Adventitious root-23: transgenic adventitious root.
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Figure 2. Development of adventitious roots in different media. a: MS medium supplemented with 0.5 mg/L
NAA; b: MS medium supplemented with 0.5 mg/L of both NAA and IBA hormones; ¢: MS medium
supplemented with 1 mg/L NAA and 0.5 mg/L IBA, Means comparison the of the interaction effect of NAA
and IBA hormones on d: number and e: length of adventitious roots. NAA (a:: 0, a2: 0.5 and as: 1) and IBA
(bs1: 0, bo: 0.5 and bs: 1) Treatment. Means with at least one common letter are not significantly different, the
error bars indicate mean values + SD.
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Table 1. Analysis of variance of the effects of NAA and IBA hormones on adventitious roots
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s and **: Non-sighnificant and sighnificant at 1% probability level, respectively.
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Table 2. Analysis of variance of some traits in transgenic hairy roots
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s and **: Non-sighnificant and sighnificant at 1% probability level, respectively.
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Table 3. Analysis of variance of biomass trait of adventitious roots

Slay o Sl
S.0.V D.F 505 KL 05 J osan okl
Fresh weight Dry weight  Protein concentration
T 2 10.40 0.08 5111.44
Media
L >
e 1 422" 0.06™ 1134.37™
Liquid and solid cultures
C:»L» B Jm[} X Joso o o
G : 2 1.004 0.02 35.37™
Media x liquid and solid culture
NAA ¢
O 2 3.93™ 0.02™ 2465.005™
NAA
NAA oo
D5 B 4 0.66™ 0.002" 686.63™
Media x NAA
NAA ¢ Lo >
AR Qgeosh X e 5 e 2 0.31" 0.008" 14,0421
Liquid and solid culture x NAA
NAA ¢ b g dol> xoes
O X e g e X 4 0.06"™ 0.003" 84.083"™
Mediax liquid and solid culture x NAA
Lo
36 0.15 0.003 13.62
Error
(403) ks o 15 20.74 2418 46

CV (%)
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s and ™*: Non-sighnificant and sighnificant at 1% probability level, respectively.
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Figure 3. Hairy root formation in transgenic plants. a: MS medium supplement with 3% sucrose inoculated with ATTCC15834
bacterial inoculation time 10 minutes; b: MS medium supplement with 5% glucose inoculated with ATTCC15834 inoculation
time 10 minutes, comparison of mean interactions of the medium, NAA concentration, solid and liquid of the culture medium
on; ¢: Number and d. Root length on the trait. Treatments carbon source (a:: Glucose1%, a,: Glucose 5%, as: sucroce 1% and as:
source 3%) and combation of incoulation time with bacteria strain (b1 A4 strain with 5 min incoulation, by: A4 strain with 10

min incoulation, bs: ATTC strain with 5 min incoulation and bs: ATTC strain with 10 min incoulation). Means with at least one
common letter are not significantly different. Data represent mean value + SD
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Figure 4. Compare means of the interactions effect type of culture medium with bacterial strain x Carbon source on total
protein concentration. Treatments carbon source (ai: Glucose 1%, az: Glucose 5%, as: sucroce 1% and as: source 3%) and
combation of incoulation time with bacteria strain (b;: A4 strain with 5 min incoulation, by: A4 strain with 10 min

incoulation, bs: ATTC strain with 5 min incoulation and bs: ATTC strain with 10 min incoulation). Means with at least
one common letter are not significantly different. Error bars represent mean value + SD.
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Figure 5. Development of adventitious roots in transgenic plants. a: in the liquid medium; b: Means Comparison of the
effect of type of culture media x solid and liquid culture on fresh weight; ¢ and d: Means Comparison of the effect of type
of culture media supplement NAA on the fresh and dry weight. Treatment MS media (ai: ¥4 MS, a,: %2 MS and az: MS),

type of media (by: solid culture and by: liquid culture), and NAA (c1: 0, ¢ 0.5 and cs: 1 mg/L). Means with at least one
common letter are not significantly different. Error bars represent mean value + SD.
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Figure 6. Means Comparison of the effect of media x solid and liquid culture x different concentrations of NAA hormone
on total protein concentration. MS media (a1: ¥4 MS, az: ¥2 MS and as: MS), type of medium (bs: solid culture and by;

liquid culture), and NAA (c1: 0, ¢2: 0.5 and c3: 1 mg/L). Means with at least one common letter are not significantly
different error bars represent mean value + SD.
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Figure 7. The results of ELISA analysis of the highest and lowest total protein concentration of DrsB1-CBDAvr4
recombinant protein expressed in three-week-old hairy and adventitious roots are shown as the percentage of total
soluble protein (TPS%). DrsB1-CBD-HR18 , DrsB1-CBD-HR1: Hairy roots with the highest and lowest total
protein concentrations, respectively, DrsB1-CBD-R18, DrsB1-CBD-R1: Adventitious roots with the highest and
lowest total protein concentrations, respectively, WT: Non-transgenic adventitious root. Error bars represent mean
* SE. The Student's t test was performed to analyze the significance of differences, N = 3, the value of P<0.05 is
considered as significant. The amount of protein expressed in hairy roots and adventitious roots were compared
separately with the highest (DrsB1-CBD-HR18 and DrsB1-CBD-R18) and lowest (DrsB1-CBD-HR1 and DrsB1-
CBD-R1) total protein concentrations.
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Figure 8. Effects of exogenous NAA and IBA on Adventitious root formation. a: in medium supplemented with 1
mg/L of NAA and IBA, b: Formation of white calli in MS medium supplemented with 1 mg/L of NAA and IBA,; c:
Production of dark and hard calli in MS medium supplemented with 0.5 mg/L of NAA hormone; d: plant
regeneration in media supplemented with 0.5 mg/L of IBA.
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Abstract

Hairy and adventitious roots are efficient systems for expressing recombinant proteins. In the present
study, the amount of DrsB1-CBDavs recombinant protein in hairy and adventitious root systems was
compared. To this end, the effect of different factors on the optimization of culture conditions to obtain
adventitious and hairy roots was evaluated in three separate experiments by assessment of biomass
production in T1 transgenic plants expressing DrsB1-CBDawa recombinant protein. The efficacy of
Agrobacterium rhizogenesis in producing hairy roots was ensured using rolC gene specific primers. The
insertion of DrsB1-CBDaws recombinant peptide transgene in the genome of hairy and adventitious
roots was confirmed by PCR analysis. Also, the level of DrsB1-CBDaw4 protein was measured in hairy
and adventitious roots by ELISA analysis. Analysis of the variance of data showed that the highest
number of roots and the longest roots were obtained in MS media supplemented with 1 mg/L NAA and
0.5 mg/L IBA. The results of adventitious root biomass showed that liquid MS medium containing 1
mg/L of NAA hormone had a significant effect (P <0.01) on biomass production. More biomass was
obtained in MS medium supplemented with Img/L NAA, whereas a lower fresh and dry weight was
obtained in a 1/4 MS medium with no NAA. The results also showed that ATCC15834 strain with MS
media supplemented with 3% sucrose, 10 minutes inoculation time was high efficiency to induce hairy
roots in tobacco plants. The results of ELISA analysis showed that clones obtained from both roots
showed a significant difference in terms of total protein content. The amount of recombinant protein
from hairy roots was much higher than that of adventitious roots.
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