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Figure 1- The vector map of pBI121 containing recombinant BMP2 gene. The above
construct lacks TMYV sequence and the below construct has a TMV inducer sequence.
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Figure 2- Tobacco leaf explants (right) and cotyledonary petioles of canola (left) in which
the hairy roots have emerged.
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Figure 3- Agarose gel electrophoresis for screening of transgenic roots by PCR using genomic DNA
(the target fragment is a 380 bp band). Left image shows the gel containing tobacco samples (V.
benthamiana and N. tabacum): M, 100 bp molecular weight marker (Fermentas); 1-13. Transgenic
lines N. tabacum; 14-26. Transgenic lines N. benthamiana; 27. Positive control (pUC19 / BMP2); 28.
Negative control (tobacco hairy root derived from Agrobacterium without gene construct). Right
image shows the gel containing canola samples: M, 100 bp molecular weight marker (Fermentas); 1,

Positive Control (pUC19 / BMP2); 2-13. transgenic lines; 14. Negative control (canola hairy root
derived from Agrobacterium without gene construct).
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Figure 4-. Agarose gel electrophoresis of the fragments amplified from transformed roots
using RT-PCR (the target fragment is a 380 bp band); Left image shows the gel containing
the fragments of the lines of N. benthamiana and N. tabacum: 3-15. transgenic line; 1.
Positive control (pUC19 / BMP2); 2. Negative control (control sample containing distilled
water instead of DNA); M. Ladder mix (Fermentas). Right image shows the gel containing
B.napus lines: 1 to 13, transgenic lines; 14, Positive control (pUC19 / BMP2); 15. Negative
control (blank sample); M. Ladder mix (Fermentas).
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Figure 5- Quantitative test results of ELISA: Upper left image shows N. tabacum samples: N.T
(Nicotiana tabacum); a, expression affected by omega sequence); 101 to 114 numbers of studied
lines. Upper right image shows N. tabacum samples: b, expression without omega sequencing; 116
to 129 numbers of studied lines. Left bottom image shows N. benthamiana samples: N.B (Nicotiana
benthamiana); a, expression affected by omega sequencing; 201 to 214, numbers of examined lines.
Right bottom image shows N. benthamiana samples: b (expression without omega sequence); 216 to
229 numbers of studied lines.
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Figure 6- Detecting protein fragments by IMAGE SCANNING Typhon (Amersham Co. UK). 1,
Positive test sample of a recombinant protein other than rhBMP2 containing the His-tag sequence
expressed in E. coli to confirm the blotting reaction; 2, The N. T a, 105 (in the ELISA response had
the highest OD); 3, NT a, 108; 4, NT b, 121; 5, NB a, 207; 6, NB a, 212; 7, N. benthamiana (Millipore
Co. filtered ultrafiltration protein); 8, NB b, 217; 9, N. tabacum (Millipore Co. Ultra Ammonon
Filter Condensation Protein).
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Abstract

Today, demand for production of recombinant proteins in different tissues of transgenic
plants is increasing day by day. Meanwhile, hairy roots are under consideration due to their high
levels of biomass and high genetic stability as appropriate target tissue. Among pharmaceutical
proteins, regulatory glycoproteins, are proposed as one of the most important growth factors with
therapeutic and research applications in tissue engineering. Selection of proper host species, plant
tissue and desirable gene, are of the most important factors to elevate the levels of recombinant
protein production. In order to achieve this goal, in the present study, production of recombinant
protein BMP2 in transgenic hairy roots of tobacco and canola were investigated. For optimal
transgene expression, TMV (5°-UTR) and KOZAK sequences were inserted upstream the BMP2
gene to increase expression level, furthermore, six-histidine sequence for protein purification and
KDEL sequence as ER retention signal protein were inserted downstream of the target gene. The
transgene was designed to be under the control of CaMV 35S promoter. One-month old tobacco
leaf explants and six-day-old cotyledons of canola were transformed with Agrobacterium
rhizogenes carrying the construct. Transformed hairy roots that grew well in the medium were
confirmed by gPCR analysis for transgene integration. Moreover, to verify mRNA transcription
as well as protein production, RT-PCR, ELISA and western blot analyses were performed. The
results of this study demonstrated the efficiency of the current systems for the production of
rhBMP2 is tobacco hairy roots suggesting them as an efficient bioreactor.
Keywords: Recombinant Protein, BMP2, Molecular Farming, Tobacco, Hairy Root, Rapeseed.
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