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ABSTRACT ARTICLE HISTORY
Hairy root culture is a promising alternative method for the production Received 4 April 2017
of secondary metabolites. In this study, transformed root of Linum  Accepted 7 November 2017
usitatissimum was established using Agrobacterium rhizogenes A4 strain
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determination. Total lignin content (secoisolariciresinol diglucoside, root culture; Agrobacterium
secoisolariciresinol and matairesinol) was 55.5% higher in transformed rhizogenes; lignans; phenolic
root cultures than in the non-transformed root culture. Secoisolariciresinol acids; antioxidant capacity
was detected in higher concentration (2.107 pmol/g DM) in the
transformed root culture than non-transformed culture (1.099 pmol/g
DM). Secoisolariciresinol diglucoside and matairesinol were exclusively
detected in the transformed root culture, but were not found in the
non-transformed root culture. The overall production of phenolic acids
in transformed roots was approximately 3.5 times higher than that of the
corresponding non-transformed culture. Free radical scavenging DPPH’
and ABTS'* assays showed 2.9-fold and 1.76-fold higher anti-oxidant
activity in transformed root culture as compared to non-transformed.
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1. Introduction

Flax belongs to the genus Linum and family Linaceae. Linnaeus (1857) gives the botanical
name, Linum usitatissimum in his book ‘Species Plantarum’ Flaxseed is the richest source of
lignans, mainly represented by secoisolariciresinol diglucoside (SDG) and secoisolariciresinol
(SECO), but also matairesinol (MAT) is presented in small amount (Mazur and Adlercreutz
1998). Lignans have anticancer effects in breast, prostate and colon cancers (Mabrok et al.
2012; Papandreou et al. 2015).

Hairy root cultures are established by transformation of plants with Agrobacterium
rhizogenes.This kind of in vitro system is characterised with fast growth and low-cost nutrient
supply (Gabr et al. 2012). Further studies have shown rapid growth of transformed hairy
roots of Nepeta catariain vitro cultures in comparison to non-transformed (Nermeen et al.
2015) and accumulation of metabolites, typical for the progressive development of tissues
as in case with lignan accumulation in hairy root cultures of flax (Gabr et al. 2016). Moreover,
numerous hairy root cultures tend to accumulate metabolites in higher concentration as
plant tissues, as it has been shown for Fagopyrum escullentum Moench culture, accumulating
phenolic compounds (Gabr et al. 2012).

RolA, rolB and rolC genes are essential for the induction of the hairy root phenotype and
activate secondary metabolism in transformed cells in different plant families (Bulgakov
2008; Bulgakov et al. 2012; Chandra 2012). Despite most of the research performed over the
years, the biochemical and molecular functions of these genes remain poorly understood.
Transformation with A. rhizogenes increased numerous lignans, particularly justicidin-B,
podophyllotoxin and hinokinin, in different Linum species such as L. perenne, L. corymbulo-
sum, L. album, L. tauricum and L. narbonense (Fuss 2003; Hemmati et al. 2007; lonkova et al.
2013). However, hairy root cultures of L. usitatissimum, L. bienne and L. grandiflorum were
not able to accumulate all individual lignans, which were found in plant seeds (Schmidt
et al. 2006). In our recent studies Gabr et al. (2016), transformed hairy root culture of
L. usitatissimum efficiently accumulating plant lignans (SDG, SECO and MAT) was successfully
established from callus culture.

Nowadays, many researchers pay great attention on study the accumulation of lignans
indifferent in vitro cultures of L. usitatissimum (Abbasi et al. 2017; Anjum et al. 2017). Therefore,
in this study, we aimed to investigate the accumulation of SDG, SECO and MAT lignans in
A. rhizogenes transformed root culture of L. usitatissimum.

2, Results and discussion
2.1. Establishment of hairy root cultures

Hairy roots of flax (L. usitatissimum) were initiated through inoculation of plant roots with
A. rhizogenes A4 strain. After 10-14 days, transformed roots began to grow more rapidly as
non-transformed control roots (Figure S1).

2.2. PCR detection

PCR ampilification (Figure S2) confirmed that the ro/B gene was presented in transformed
roots. The ro/B gene has been identified as a key player in the formation of hairy roots during
the plant-A. rhizogenes interaction (Bulgakov et al. 2012).
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2.3. Lignans HPLC analysis

SDG, SECO and MAT have been quantified and determined by HPLC in transformed and
non-transformed (control) root cultures (Table 1, Figures S3 and S4). SECO concentration
was twofold higher in transformed root culture compared to the non-transformed root cul-
ture. SDG and MAT were exclusively detected in transformed root cultures and didn't detect
in the non-transformed root culture. Total lignans concentration in transformed root cultures
was 55.5% higher than in the control cultures. Recently, Abbasi et al. (2017) reported that
L. usitatissimum L. hairy root culture was found to be more efficient in accumulation of total
phenolics, lignans (SDG and LDG) and neolignans in comparison to callus culture.

2.4. Phenolic HPLC analysis

In the present study, 4-hydroxybenzoic acid, vanillic acid, chlorogenic acid, caffeic acid p-
coumaric acid, sinapic acid, ferulic acid, trans-3-hydroxy-4-methoxycinnamic acid, p-anisic
acid and trans-o-hydroxycinnamic acid were identified in the control and in transformed
root cultures of flax L. usitatissimum by HPLC (Table 2). Inductions of sinapic and ferulic acids
has shown that they can be further metabolised as precursors of lignans and influence
biosynthetic pathway for lignans in transformed roots. The total phenolic acid content in
transformed root cultures was approximately 3.5-fold higher than control. Ro/B could act as
a transcription activator/ mediator for up regulation of genes involved in phenylpropanoid
pathway such as phenylalanine ammonia-lyase (Kiselev et al. 2007).

2.5. Antioxidant capacity

The free radical scavenging properties were evaluated against DPPH" and ABTS * radicals.
The results of DPPH" and ABTS * free radical scavenging assay showed that the antioxidant
capacity of the transformed root cultures in both cases was significantly (p <0.001 and
p < 0.05, respectively) higher than control (Figure S5). According to Bulgakov et al. (2012),
rolB genes enhance expression of genes, responsible for ROS answer and consequently
synthesis of antioxidants, they also play a role not only in cell differentiation processes and
in reactive oxygen species metabolism.

2.6. Comparative evaluation between hairy root transformation from callus and
hairy root transformation from roots

In the current study, hairy root cultures, obtained through transformation of plant roots
(HRR) could more efficiently accumulate total phenolic acids as compared to hairy roots

Table 1. Lignans concentration (SDG, SECO and MAT) in transformed root culture and non-transformed
root culture.

Lignans (umol/g DM) Non-transformed root culture Transformed root culture
SDG ND 0.130
SECO 1.099 2.107
MAT ND 0.236
Total lignans 1.099 2.473

ND: not-detected.
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Table 2. Phenolic acids content of flax hairy root culture and non-transformed root culture, umol/g DM.

Phenolic acid, pmol/g DM Non-transformed root culture Transformed root culture
4-hydroxybenzoic acid 3.218 3.394
Vanillic acid 1.102 2.898
Chlorogenic acid 0.938 2.789
Caffeic acid 0.242 0.390
Syringic acid 0.022 ND
p-coumaric acid 0.497 0.186
Sinapic acid 4162 21.786
Ferulic acid 0.367 1.541
trans-3-hydroxy-4-methoxycinnamic acid 0.113 2.968
p-Anisic acid 0.184 0.068
Trans-o-hydroxycinnamic 0.595 4.239
Total phenolic acid 11.440 40.259

obtained from transformed callus (HRC) (Gabr et al. 2016). Phenolic acids increased in HRR
more than in HRC by 56.95%. Likewise, total lignans was increased in HRR more than HRC
by 42.74%. There were also significant differences between HRR and HRC in the percentage
of antioxidant capacity measured by DPPH and ABTS (p < 0.001 and p < 0.01, respectively).

HRR and HRC are recommended as useful tools for accumulating total lignans and phe-
nolic acid. However, HRR accumulate total lignans and phenolic acids in higher concentra-
tions than HRC.

3. Conclusions

In this study, we successfully established an efficient protocol for hairy root transformation
of L. usitatissimum form plant roots as explant material. In addition, this study provides a
useful system for further study on hairy root culture as potential source of valuable lignans.
Further knowledge of biosynthetic pathways of lignans in plants and hairy root cultures can
open possibilities to regulate the production of phytochemicals. The strategies for regulation
of biosynthesis through selection of cultivation media, phytohormone composition, feeding
with precursors and application of elicitors for optimisation of the synthesis of the desired
products will play also an important role.
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