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Abstract

Background and Objectives

Opium poppy (Paoaver somniferum L.) is one of the important medicinal plants considered the
only source for several high-value pharmaceutically BIAs. Benzylisoquinoline alkaloieds (BIAs)
are a very large and complex group of plant alkaloids. Today’s various methods of genetic
engineering are applied to improve the biosynthetic pathways in medicinal plants. For successful
implementation of techniques such as gene silencing and over-expression, it is important to get
accurate and complete information about genetic characteristics of related genes in the
biosynthesis of secondary metabolites. DBOX is one of the important genes in biosynthesis of
sanguinarin and papaverin alkaloids of poppy. According to the cause, the present study was
performed on DBOX to explain genetic characteristic and gene expression pattern.

Materials and Methods

Specific primers were designed based on databases, and complete sequences of DBOX gene were
amplified using DNA and cDNA as a template, and then were cloned in pTZ57R/T plasmid.
After sequencing of cloned fragments, CDD, CELLO and ProtParam tools were used to
determine ORFs, domains and the location of protein accumulation. Phylogenetic relationship
between the gene in this plant with other plants was determined. Finally, the pattern of gene
expression in different tissues was assessed using real time RT-PCR technique and RNA-seq data
derived from SRA data bank.

Results

Sequencing results showed the 1614-bp fragment that has 100% identity with the DBOX gene of
P. somniferum. The protein encoded by this gene was analyzed by bioinformatics methods. Three
domains including FAD binding, Berberine and FAD/FMN-containing dehydrogenase in the
protein sequence were identified and the existence of an N-terminal signal peptide was also
determined in this protein. The results also showed that the highest concentration of protein was
present in the plasma membrane and highest function of this protein was in the extracellular. In
order to analyze and determine the expression pattern of DBOX gene in different tissues, 5-gene
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libraries of RNA-seq data of opium poppy (with ERX651037, ERX651023, ERX651056,
ERX651082 and ERX651062 access numbers) derived from NCBI-SRA were analyzed. The
numbers of sequences from the alignment between different tissues were compared using the
Fisher exact test and Chi-squared 2X2 tests. Results of the gene expression analysis showed that
the highest level of gene expression of this gene performed in roots and the lowest level of gene
expression occurred in the stems. In addition, results of the real-time RT-PCR experiment were
similar to in silico tests and the present results demonstrated that DBOX gene transcript levels in
root were significantly more than other plant tissues.

Discussion

Results showed that DBOX gene is an intron less gene. According to existing domains, this gene
is a member of a FADOX gene family. Due to the presence of FAD and berberin like domains in
protein sequence of this gene, its key function in biosynthesis of BIA alkaloids was confirmed.
Different expression patterns of DBOX gene in root confirmed accumulation of high value
sanguinarin alkaloid in this tissue.
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Table 1. Sequence of used primers and their size of amplified fragments

Goal Length (Obf;;agmem Sequence (5" -3"7) Primer
Amplification and clonin 1614 ATGATGATGAGTTCATCTAATATTCTCC DBOX-F
P 9 GGCCATCTCTACTGCTTGCC DBOX -R

Run RT-PCR reactions 117 AACCTTCTCATCCAATCAATCTGC D/RT-F
TTCGGAATTTGAAACTCCTTACCC D/RT-R

. CGATAGGCGATCTGGAAAGG EF1-F

Internal control in RT-PCR 124 AGGTGGATACTGAGCGAAGG EFL-R
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Figure 1. Amplification and cloning of DBOX gene in pTZ57R/T plasmid. A) Amplification of
DBOX gene using specific primers. M: 1kb ladder, C-: negative control and 1 and 2 represent
amplification using the cDNA and genomic DNA, respectively. B) Colony PCR of target fragment
in pTZ57R/T plasmid. M: 1kb ladder, C-: negative control and numbers represent
the selected colonies. C) Enzymatic digestion of pTZ57R/T contain DBOX gene.
M: 1kb ladder, UC: uncut plasmid and numbers represent the selected
colonies contain pTZ-DBOX plasmid
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Figure 3. Protein sequence of DBOX gene that signal peptide identified using green color
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Figure 6. DBOX gene expression analysis in different plant tissues of P. somniferum. A) In silico analysis,
B) real-time RT-PCR analysis, C) heat map of in silico analysis, D) heat map of real-time RT-PCR

&;—m:;)l_b.:;‘j‘)}) 4.:..1)): DBOX Qj LSLAC..:L}J))
.(Beaudoin and Facchini, 2014)
S 5 dom

05 M55 il s go s sbay ol anlllas o

ST iy B 5 g s (63 o 5T S U

ol plis ol S Sl o5, (DBOX)

Gl SLedbl (clacSTL 53 5 5 g0 SLeDb

S 55y 5 o p gl M sbe s 8

)‘\LSMJ_EJ:)}A&:S}J%SJD&UJL’U‘@\LJ:

sl 2 s (Hagel et al., 2012) wi sdalins a3l s 5
¥ S nl o G ST 0,53 5 st
Ol sdaze Solalllas i yls CIbis Jghe Calides 43;
ol o slad g 55 (g5 sw O Slaasens a5 osls
4S Sl Jb= 55 cpl 5 4505 41,5 (companion cells)
ole e iy, ol bwy a.LJ.LngL&V.LJ'JT
Dmene ssbas ol S s JISIT 15 13 20T
23 535 e oo 5SOT sl 5 WSSY s

jYLCjbdgawwja}&@ofauﬁ))b-u



v WA e ) o lad FY il alE Sl 5

S, s YU la Siams Jds am(plis 5o
A 050 (0T S pmme 5 i 5T 03 28
Soluldr 5 Slals () ol T Slalllas 457 sy 0

358 5 i e o) 51805 4L

S F ol
599l iS 0aS il (655 25 g oKty e 5T

G dasl - 03557 ol 3 o 5 Ol S o

355 SO ol

! 48T il FAD (g5l (sla 5 55506 03] 5l
Jlss SLais 5 0> sotr S48 5T Sl ey 5
e 03 sl 5 Ol denSTT Jlae | L 4l (25
(Hagel et al., 2012) & ;30 olod OLS 5 bl
5 S g S s 53 ogr S0 I 58> Db
S ol lalT s 5 0alS Gla iy 3 Dl g
DLy LS L () 31 s eSS (6,8 55 4 Lol

ol ol rﬁj:lﬁ il o la e pl y3 a0

s S anl ks Sl JIT S g s SO
References

Beaudoin, G. A. and Facchini, P. J. (2014). Benzylisoquinoline alkaloid biosynthesis in opium poppy.
Planta, 240(1), 19-32.

Custers, J. H., Harrison, S. J., Sela Buurlage, M. B., Van Deventer, E., Lageweg, W., Howe, P. W., Van
Der Meijs, P. J., Ponstein, A. S., Simons, B. H. and Melchers, L. S. (2004). Isolation and characterisation of
a class of carbohydrate oxidases from higher plants, with a role in active defence. The Plant Journal,
39(2), 147-160.

Dastmalchi, M., Park, M. R., Morris, J. S. and Facchini, P. (2017). Family portraits: The enzymes behind
benzylisoquinoline alkaloid diversity. Phytochemistry Reviews, 17(2), 1-29.

Desgagne-Penix, I. and Facchini, P. J. (2012). Systematic silencing of benzylisoquinoline alkaloid
biosynthetic genes reveals the major route to papaverine in opium poppy. The Plant Journal, 72(2),
331-344.

Edwards, K., Johnstone, C. and Thompson, C. (1991). A simple and rapid method for the preparation of
plant genomic DNA for PCR analysis. Nucleic Acids Research, 19(6), 1349.

Facchini, P. J. and De Luca, V. (1994). Differential and tissue-specific expression of a gene family for
tyrosine/dopa decarboxylase in opium poppy. Journal of Biological Chemistry, 269(43), 26684-26690.

Fraaije, M. W. and Mattevi, A. (2000). Flavoenzymes: Diverse catalysts with recurrent features. Trends in
Biochemical Sciences, 25(4), 126-132.

Gesell, A., Chavez, M. L. D., Kramell, R., Piotrowski, M., Macheroux, P. and Kutchan, T. M. (2011).
Heterologous expression of two FAD-dependent oxidases with (S)-tetrahydroprotoberberine oxidase
activity from Argemone mexicana and Berberis wilsoniae in insect cells. Planta, 233(6), 1185-1197.

Goldstein, P., Zucko, J., Vujaklija, D., Krisko, A., Hranueli, D., Long, P. F., Etchebest, C., Basrak, B. and
Cullum, J. (2009). Clustering of protein domains for functional and evolutionary studies. BMC
Bioinformatics, 10(1), 335-346.

Hagel, J. M. and Facchini, P. J. (2013). Benzylisoquinoline alkaloid metabolism a century of discovery and
a brave new world. Plant and Cell Physiology, 54(5), 647-672.

Hagel, J. M., Beaudoin, G. A., Fossati, E., Ekins, A., Martin, V. J. and Facchini, P. J. (2012).
Characterization of a flavoprotein oxidase from opium poppy catalyzing the final steps in sanguinarine
and papaverine biosynthesis. Journal of Biological Chemistry, 287(51), 42972-42983.

Jalilian, A., Ismaili, A., Nazarian Firouzabadi, F. and Hosseini, S. Z. (2017). Induction of transgenic hairy



é.;LA)_,.&‘x.g SO ct_gjLw‘\Jw c‘_gjl.w\-\a- IO‘)&M} Pl A+

roots in medicinal plant poppy (Papaver somniferum L.) by agrobacterium rhizogenes-mediated
transformation. Plant Productions, 39(4), 1-14. [In Farsi]

Kishore Sakharkar, M. and Kangueane, P. (2004). Genome SEGE: A database for'intronless' genes in
eukaryotic genomes. BMC Bioinformatics, 5(1), 1-5.

Livak, K. J. and Schmittgen, T. D. (2001). Analysis of relative gene expression data using real-time
quantitative PCR and the 2— AACT method. Methods, 25(4), 402-408.

Marchler-Bauer, A., Derbyshire, M. K., Gonzales, N. R., Lu, S., Chitsaz, F., Geer, L. Y., Geer, R. C., He,
J., Gwadz, M. and Hurwitz, D. I. (2014). CDD: NCBI's conserved domain database. Nucleic Acids
Research, 28(43), 222-226.

Murray, D., Doran, P., MacMathuna, P. and Moss, A. C. (2007). In silico gene expression analysis an
overview. Molecular Cancer, 6(1), 50-60.

Nielsen, H., Engelbrecht, J., Brunak, S. and Von Heijne, G. (1997). Identification of prokaryotic and
eukaryotic signal peptides and prediction of their cleavage sites. Protein Engineering, 10(1), 1-6.

Petersen, T. N., Brunak, S., Von Heijne, G. and Nielsen, H. (2011). SignalP 4.0: Discriminating signal
peptides from transmembrane regions. Nature Methods, 8(10), 785-786.

Siahmansour, Sh., Ismaili, A. and Nazarian Firouzabadi, F. (2018). Effect of different elicitor treatments on
hairy root of medicinal plant poppies (Papaver somniferum L.). Plant Productions, 41(1), 29-42. [In
Farsi]

Srivastava, V. K., Agrawal, S. and Sahu, S. (2011). Association of acute onset hypertension and
tachycardia following intracisternal papaverine administration during intracranial aneurysm surgery: A
case report and review of the literature. Journal of Clinical Anesthesia, 23(3), 224-226.

Thompson, J. D., Gibson, T. and Higgins, D. G. (2002). Multiple sequence alignment using Clustal W and
Clustal X. Current Protocols in Bioinformatics. USA: WILEY Press.

Yan, H., Jiang, C., Li, X., Sheng, L., Dong, Q., Peng, X., Li, Q., Zhao, Y., Jiang, H. and Cheng, B. (2014).
PIGD: A database for intronless genes in the Poaceae. BMC Genomics, 15(1), 832-839.

Yang, X., Jawdy, S., Tschaplinski, T. J. and Tuskan, G. A. (2009). Genome-wide identification of lineage-
specific genes in Arabidopsis, Oryza and Populus. Genomics, 93(5), 473-480.



