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Abstract

Valtrate is a pharmacologically active epoxyiridoid ester found in the roots and rhizomes of Valeriana
Jjatamansi Jones. The plant produces only small amounts of this metabolite naturally, and so induction of hairy
roots as well as elicitation can be useful to increase its commercial production. In this study, strain R1601 of
Agrobacterium rhizogenes was used to induce hairy roots in V. jatamansi, and stable hairy root cultures of V.
Jjatamansi were established successfully. The influence of three exogenous elicitors including methyl jasmonate
(M]), jasmonic acid (JA) and salicylic acid (SA) on valtrate production in the hairy root cultures of V. jatamansi
was also investigated, and the 25-day-old hairy root cultures were treated with different concentrations of the
elicitors at exposure time of 7 days. This present study showed that MJ (100 mg/L) highly promoted valtrate
production at 7 days after elicitation, to a level of 3.63 times higher than that of non-elicited control. SA did
not significantly increase the production of valtrate. This is the first-time study to assess the elicitation of hairy
root cultures to promote valtrate biosynthesis in V. jatamansi and the resulting experiments demonstrated that

M] was indeed a potent inducer of valtrate biosynthesis.
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Introduction

Valeriana jatamansi Jones is a famous Traditional Chinese Medicine for gastrointestinal diseases and
anxiety indexed in Chinese Pharmacopeia (Part 1) in the 2015 editions, and is widely distributed throughout
temperate Himalayan region and southwestern areas of China (He ez 4/., 2018). And it has been employed for
treatment of various nervous disorders diseases, as an important substitute for European Valeriana officinalis
(Xu et al., 2011). The major active principles of V. jatamansi plants are generally held to be a number of
epoxyiridoid esters called valepotrates including valtrate, isovaltrate, acevaltrate, didrovaltrate and their
homologues (Lin ¢ 4l.,2010). Phytochemical studies on the plants of the genus Valeriana (Valerianaceae) have
resulted in a series of valepotriates, some of which showed potent cytotoxic and antitumor activities (Lin ez 4/.,

2013). And valtrate is the major component of valepotrates in V. jatamansi plants and has been shown to have
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antifungal, antitumor, antianxicty and cytotoxic activities in many studies (Shi ez a/., 2014; Tian ez 4l., 2019).
Besides valepotrates and other iridoids, sesquiterpenoids and essential oils have also been identified from this
species (Bhatt ez al., 2012; Li ez al., 2013), and all these compounds are accumulated mainly in the roots and
thizomes of V. jatamansi plants.

The loss of natural populations requires the development of different genetic manipulation techniques
for improving the yields of important phytochemicals. The advantage of producing hairy roots is in their high
genetic and biochemical stability, fast growth rates, large-scale secondary metabolite production and possibility
for expression of recombinant proteins, regeneration of a whole plant and functional analysis of genes (Petrova
et al.,2013; Srivastava et al., 2018). Hairy root cultures of many plant species have already been widely studied
regarding the production of secondary metabolites which could be used as pharmaceuticals, cosmetics, and food
additives (Thiruvengadam ez al., 2014; Huang ez al., 2016). In recent years, various bioactive compounds,
including ginsenosides (Ha ez a/., 2016), Artemisinin (Patra et a/., 2016), anthraquinones (Perassolo ez 4/.,
2017) and benzylisoquinoline alkaloid (Huang ez 4/., 2018) have been produced by hairy root cultures.

Elicitation is a possible aid to overcome various difficulties associated with the large-scale production of
most commercially important bioactive secondary metabolites (Halder ez 4/, 2019), and various elicitation
strategies have been developed to increase bioactive compound contents from wild and cultivated plants,
undifferentiated or differentiated cultures. The exogenous elicitor usually interacts with a plant membrane
receptor and activates specific genes, resulting in the stimulation of several bioactive compounds that are
synthesized by the plants (Lee ez a/., 2015). Methyl jasmonate (MJ) and jasmonic acid (JA) are plant-specifific
endogenous signaling phytohormones that have long been observed to be potent regulators of elicitor signals
for the biosynthesis of plant secondary metabolites (Attaran ez al., 2014). Previous genomewide transcript
profiling studies revealed that the addition of MJ or JA induces an extensive transcriptional reprogramming
leading to activation of several metabolic pathways including alkaloids (Kang ez 4/., 2004), terpenoids (Misra ez
al., 2014), phenylpropanoids (Cocetta et 4l., 2015), lariciresinol (Chen ez al., 2015), paclitaxel (Lenka ez 4l.,
2015), and podophylloxin (Hazra ez /., 2017). Salicylic acid is (SA), as an antioxidant compound and plant
growth regulator, is an important signal molecule in the plant defense response against pathogen or viral
infections and increase plant tolerance to abiotic stress (Saini e# a/., 2014). The elicitation of exogenous SA is
conducted to enhance the production of pharmacologically active compounds in plant cell cultures or hairy
root cultures, such as podophyllotoxin in cell cultures of Linum album (Yousefzadi et al., 2010), D-chiro-
inositol in cell cultures of buckwheat (Fagopyrum esculentum) (Hu et al., 2011), acteoside in hairy root cultures
of Rehmannia glutinosa (Wang et al., 2017), alkaloids and flavonoids in hairy root cultures of Isatis tinctoria
(Gai ez al., 2019). Hairy root cultures are preferred for the application of elicitation due to their genetic and
biosynthetic stability, high growth rate in growth regulator-free media, and production consistence in response
to elicitor treatment (Halder ez 4/, 2019). Therefore, it is necessary to optimize the elicitor types and
concentrations for the hairy root cultures of V. jatamansi.

While there is prolific data published on induction of hairy roots in medicinal plants through gene
transfer of Agrobacterium rhizogenes, the data of V. jatamansi is quite limited, and there is no published study
on elicitor-induced production of secondary metabolites in hairy root cultures of V. jatamansi. In the present
study, for the first time, the effects of three different elicitors i.e. M], JA and SA with different concentrations
were investigated on growth rate and valtrate content of the hairy root cultures. This paper suggests the optimal
concentrations of elicitors for high level valtrate production in hairy root cultures of V. jatamansi.
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Materials and Methods

Plant material and bacterial strain

The seeds of V. jatamansi were surface-disinfected by dipping them in 70% (v/v) ethyl alcohol (10 s),
and sterilised for 10 minutes with 0.1% mercury bichloride solution, rinsed with sterile water (5-6 changes)
and left for germination on solid MS medium, and maintained at 25 °C in the light (700 lux).

A. rhizogenes strain R1601 was used in the present study. The bacteria were grown on solid YEB medium
containing 5 g/L Bacto-beef extract, 1 g/L Bacto-yeast extract, 5 g/L peptone, 5 g/L sucrose, 1.5% 0.5 M
MgSOs, and subcultured at 1month intervals. The bacterial suspension was obtained after inoculation of a
single colony in 100 mL conical flasks containing 8 mL YEB liquid medium. The flasks were placed in a shaker
at 220 rpm for 24 h at 28 °C. The optical density of the bacterial suspension was measured at 600 nm (OD600)
using a spectrophotometer.

Establishment of hairy root cultures

Young leaves of 5-week-old plantlets were excised from in vitro grown plants and were cut into small
segments (5-10 mm) with a sterile scalpel. Infection of plant material was accomplished by immersion in
overnight bacterial (4. rhizogenes strains R1601) suspension for 20 min. All infected leaves were transferred
onto MS solid medium without hormones. The co-cultivation continued from 2 to 5 days at 25 °C in the dark.
The uninfected leaves used as control were cultured in the same conditions. After co-culture time the explants
were washed three times with sterile distilled water and blotted dry on sterile filter paper. The infected and the
uninfected leaves were transferred to hormone-free MS medium, containing 300 mg/L cefotaxime (Sigma
USA) to remove the bacteria.

Approximately 3 weeks after infection, hairy roots which appeared at the infection sites were transferred
on solid MS/2 medium containing 300 mg/L cefotaxime (Sigma, USA). Sterile hairy roots were cultured on
solid MS/2 medium and subcultured every 5 weeks. All cultures were maintained in darkness at 25 °C on a
gyratory shaker at 100 rpm. All media were hormone-free and adjusted at pH 5.9 before autoclaving,

DNA analysis

DNA was isolated from hairy roots and from control roots frozen in liquid nitrogen by the MiniBEST
Plant Genomic DNA Extraction Kit (TaKaRa, Dalian, China) and quantified by NanoDrop 2000C
spectrophotometer (Thermoscientific, USA).

The Ri plasmid of 4. rhizogenes strains R1601 was used as a positive control. The primer sequences to
amplify a 652-bp portion of the 7r0/B gene (ACCESSION: AB006689.1) were 5'-
ACTATAGCAAACCCCTCCTGC-3' (forward primer) and 5-"TTCAGGTTTACTGCAGCAGGC- 3'
(reverse primer). The primers (5-ATGCCCGATCGAGCTCAAGT-3' and 5-AAGTGAAATCTCTG
CCATC-3' as forward and reverse primers, respectively) specific to the virD2 gene (516-bp, ACCESSION:
JQ429317) present in the non-transferred virulence region of the A. rhizogenes Ri plasmid were also used in
PCR analysis to ensure transformed root tissue was free of bacterial cells.

The PCR reaction consisted of 50 ng of genomic DNA, 0.2 mM of dNTPs, 1.0 U of Taq DNA
polymerase, 1.0 uM of each primer, and 2.5 pL of 10 x Taq DNA polymerase buffer in a total of 25 pL reaction.
The PCR was initiated in Programmable thermal cycler (Bio-Rad S1000, USA) programmed with a hot start
at 94 °C for 4 min, followed by 30 cycles of 94 °C for 505, 58 °C for 45's, 72 °C for 5 min. The reaction products
were analyzed by electrophoresis on a 1.0% (w/v) agarose gel and visualized by staining with ethidium bromide.
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Screening of elicitors

M] and JA were dissolved in 95% ethanol and filter sterilized. Stock solution of SA was prepared by
dissolving them in distilled water and adjusting the pH to 5.8. Elicitation studies were carried out with MJ
(50,100,200 mg/L), JA (50,100,200 mg/L) and SA (50,100,200 mg/L). For elicitation, 25-day-old hairy root
cultures were transferred to 100 mL of fresh medium and supplemented with desired concentrations of elicitors
respectively. The same amount of ethanol or water was added to the control cultures. Control and elicited hairy
roots were harvested on the 32" day of cultivation and analyzed for Fresh weight (FW), Dry weight (DW) and

valtrate content. All the treatments were replicated three times.

Valtrate quantification

For valtrate extraction, hairy roots were freeze dried, ground and kept in a freezer. DW was determined
for each sample after freeze drying. The powdered plant material was extracted five times at 25 °C with
methylene chloride using 30 min sonication.

All samples were filtered through a 0.22 pm micro-filter (Merck, Germany) and this solution was used
for chemical analysis. High-performance liquid chromatography (HPLC) analysis was carried out using Waters
Alliance 2690/2695 LC system with waters 2996 PDA detector. The chromatographic conditions were as
follows: C18 column (4um, 3.9x150 mm id. ) (Waters Nova-Pack) adapted to a guard column
C18(3.9x20mm) (Waters Nova-Pack); mobile phase was isocratic CH;CN/H,O, 50:50 (v/v) and flow rate
was 1 mL/min; detector sensitivity set at 1.0 and detection wavelength at 254 nm. Standards valtrate was from
Apin Chemicals Ltd. (Abingdon, Oxon, OX14 4RU, UK). the valepotriates were dissolved in methanol,
diluted stepwise (1.0, 0.5, 0.25, 0.125 and 0.0625 mg/mL) and the injection volume was 10 uL. All analyses
were repeated three times employing three replicates each. The metabolite contents were calculated as mg of
the compound per gram of hairy roots DW.

Statistical analysis
All data analyses were performed using the Statistical Analysis System (SAS 9.4) programme package,
and One-way ANOVA was applied in statistical analysis. The means were compared using Fisher’s least

significant difference (FLSD) test at the 5% probability level. Data were reported as means + standard error
(SE).

Results and Discussion

Establishment of hairy root cultures

Leaf explants obtained from 5-week-old in vitro grown seedlings of V. jatamansi were cut into small
segments (5-10 mm) and were dipped in the suspension of 4. rhizogenes R1601 strain (0.6 OD600) for 20 min,
and co-cultivated in MS medium containing acetosyringone (100 uM) for 2 days was found to be the optimal
regime to obtain maximum percentage of hairy root induction. After 2 days, the explants were rinsed with
sterile distilled water and placed on solid hormone-free MS medium containing 300 mg/L cefotaxime. High
concentrations of antibiotic (400 or 500 mg/L) eliminated bacterial contamination and caused darkening and
necrosis of plant tissues. And a transformation frequency of 47.6% was achieved in the present study.

Hairy roots of V. jatamansi were formed on the cut surface of the leaf explants after 20-30 days of co-
cultivation with 4. rhizogenes R1601, and were developed mainly on the base of the leaf near the petiole and
rarely at the leaf tip (Figure 1A). The hairy roots that were formed after inducingan infection with 4. rhizogenes
had a typical hairy roots phenotype, plagiotropism, rapid growth, many lateral branches, and were easily grown
in a hormone-free MS medium (Figure 1B).
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Figure 2. Hairy root induction in V. jatamansi through inoculation with 4. rhizogenes strain R1601. A)

profuse hairy roots induced from leaf segments on solidified MS medium, 4 weeks after inoculation. B) a
typical hairy root phenotype characterized by fast growth, high lateral branching and lack of geotropism at
1 month of culture of the root segment in the dark after elimination of bacteria

For molecular confirmation of the transgenic nature of hairy roots, the presence of the rol genes (ro/A4,
r0lB, r0lC) located on the T-DNA as the main determinants of hairy root development were examined by PCR
analysis using corresponding gene-specific primer pairs. The presence of the 652 bp 70/B gene amplified product
in the hairy root samples was showed by PCR analysis confirming the transgenic nature of the roots (Figure
2A). The rolB gene is absolutely essential for the induction of hairy roots (Nilsson ez al., 1997). To diagnosing
the presence of any remaining agrobacteria in the roots; the virD2 gene, located outside the T-DNA, is
amplified by PCR. Non-PCR amplification for the vi»D2 gene demonstrated that there was no bacterial

contamination of the hairy root tissues (Figure 2B).

M 12 3 NP NSP321M

Figure 2. PCR analysis for hairy roots of V. jatamansi using the ro/B gene (A) and virD2 gene (B) specific
primers. M- DL2000 DNA Ladder, N-Untransformed normal root as a negative control, P-the plasmid
from A. rhizogenes strain 1601 as a positive control, 1, 2 and 3-Transgenic hairy root lines raised from leaf

explants, S- 4. rhizogenes strain 1601 as second positive control (B)

Effects of elicitors on biomass production of hairy roots

According to many previous studies, the addition of elicitors at the late exponential growth phase could
increase the valtrate content without significantly affecting the biomass so as to enhance the overall
productivity (Cui ¢f al., 2012). In the present study, to enhance overall productivity and limit negative effects
of elicitors (especially MJ and JA) on growth of roots, elicitation in hairy roots of V. jatamansi were tested when

the roots were in the late linear or early stationary growth phase (25" day of the culture period).
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As a result of the transformation with 4. rhizogenes and hairy root production, 25-day-old hairy root
cultures were treated with various elicitors such as MJ, JA and SA, and harvested at day 32 in our hairy root
culture system. The FW, DW and valtrate content of the hairy root harvested at day 32 were analysed (Table
1), and all the elicitors were shown to influence the growth of hairy roots in a dose-dependent.

Table 1. Effect of different elicitors on FW, DW and valtrate accumulation

Elicitor FW (g) DW (mg) Valtrate (mg/g DW)

Control 8.54+0.003 812+14 3.1840.02
MJ-50 mg/L 9.10£0.12 895+21 5.76+0.08
M]J-100 mg/L 10.86+0.13 99348 11.57£0.25
M]J-200 mg/L 9.77£0.03 921+14 10.11£0.09
JA-50 mg/L 8.76+0.16 824+10 4.38+0.03
JA-100 mg/L 9.9210.11 95315 8.63+0.07
JA-200 mg/L 9.47+0.17 906+9 7.9240.17
SA-50 mg/L 7.24+0.10 685+21 2.99£0.05
SA-100 mg/L 7.89+0.23 72147 3.07+0.15
SA-200 mg/L 6.83+0.19 653+18 2.64+0.12

Each value represents the mean+SE of three samples

MJ treatment caused a slight decline in biomass throughout the exposure period and maximum
inhibition of growth was found after 7th days of exposure time at 200 mg/L M] (Table 1), and also JA
treatment caused maximum inhibition of growth was found after 7th days of exposure time at 200 mg/L JA.
This negative effect may be due to a direct toxic effect of MJ or JA and loss of viability of the culture (Kuzma
et al.,2009; Hu et al., 2011).

SA did not affect the growth rate at exposure time of 7 days, and both FW and DW of elicited roots at
the end of the culture period was similar to the control (Table 1). This is in accordance with previous studies
reporting that SA treatment has no significant negative effects on growth of hairy root cultures of V. officinalis
(Torkamani ez al., 2014).

Effects of elicitors on valtrate production of hairy roots

Itis known that secondary metabolites increase through M]J elicitation, but to reach the highest level the
time required is different for each biosynthetic pathway and even each compound type. The addition of MJ or
JA led to significant increases of valtrate contents at all concentrations as compared to control cultures (Table
1; Figure 3). Maximum increase in valtrate accumulation was obtained with the addition of 100 mg/L MJ
(11.57 mg/g; 3.63 times higher than control of 3.18 mg/g). As for JA treatment, the highest increase in valtrate
content (8.63 mg/g) was obtained with the concentration of 100 mg/L.

M]J has been accepted as a signal transduction elicitor for plant defence responses, and reported that MJ
significantly increases the release of resveratrol in the hairy root cultures of muscadine grape (Nopo-Olazabal
etal.,2014). And MJ is also considered to be effective elicitors that can increase the accumulation of tanshinone
(Shi ez al., 2016; Wei et al., 2019). And glucosinolate levels are increased in hairy root cultures of Sinapis alba
and Brassica rapa in response to JA, but root growth was inhibited (Kastell e# 2/, 2013). The co-treatment with
methyl jasmonate and methyl-B-cyclodextrin has been the most effective in providing sustainable and high
levels of stilbenoids in grapevine (Vitis vinifera), muscadine (Vitis. rotundifolia), and peanut (Arachis hypogaea)
hairy root cultures (Malik, 2017). But the production of dominant xanthone was not significantly affected by
both MJ or JA in the hairy root cultures of Gentiana dinarica (Dijana ez al., 2017).

In this study, SA failed to increase the valtrate content as compared to the control (Table 1; Figure 3).
The inefficiency of SA in promoting valtrate production in adventitious roots of V. amurensis has also been

reported (Cui e al., 2012). And the production of dominant xanthone was not significantly affected by both
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SA in the hairy root cultures of Gentiana dinarica (Dijana et al., 2017). However, several studies have shown
the effectiveness of SA in improving target metabolites in the plant cells (Yousefzadi ez 4/., 2010; Hu et al.,

2011).
1
1
7,92
ﬁi ﬁ oo

Control MJ-50 MJ-100 MJ-200 JA-50 JA-100 JA-200 SA-50 SA-100 SA-200
Elicitors(mg/L)

Figure 3. Effect of various concentrations of MJ, JA and SA on valtrate of V. jatamansi hairy root cultures

Valtrate (mg/g DW)

for 7 days. Error bars represent the standard error of the mean of three repeated experiments

Conclusions

In recent years, 4. rhizogenes-mediated hairy root cultures have offered opportunities for stable
production of a wide range of plant secondary metabolites compared to undifferentiated plant cell/callus
cultures, and turned this system as an attractive tool for industrial processes. Plant hairy root cultures via the
implementation of effective elicitation strategies can offer attractive biotechnological platforms for the
enhanced production of phytochemicals of pharmaceutical interest, and various elicitation strategies have been
developed to increase bioactive compound contents in many hairy root cultures. However, elicitation is a highly
complex process and depends on many factors such as elicitor types and concentrations, plant species, growth
stage of hairy root cultures, the time at which the elicitor is added and contact time with the elicitor. These
parameters need to be optimized according to the plant species and types of bioactive compound. For the first
time, the elicitation of exogenous signal molecules was conducted to enhance the production of
pharmacologically active valtrate in V. jatamansi hairy root cultures. This present study established stable hairy
root lines of V. jatamansi successfully, and optimized different concentrations of the three different elicitors
i.e. MJ, JA and SA on growth rate and valtrate content of the hairy root cultures. The results obtained in this
study demonstrated that MJ at 100 mg/L significantly enhanced the biosynthesis of valtrate from hairy root
cultures, and the valtrate content obtained with the addition of 100 mg/L M] was 3.63 times higher than the
control. Furthermore, SA does not appear to be an effective elicitor to increase valtrate content in this study.
These results indeed show that varying elicitors have diverse inducing effects according to the plant species and
types of bioactive compound. This work may help further investigate the optimal concentrations and exposure
times of MJ for the possible large-scale production of valtrate from hairy root cultures of V. jatamansi in a
bioreactor system. However, further research is required to explore the efficacy of V. jatamansi hairy roots as a

source of valuable secondary metabolites.
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