Experimental articles

UDC 602.64 doi: 10.15407 /biotech9.02.055

TARRAGON (Artemisia dracunculus L.) “HAIRY”
ROOT CULTURE PRODUCTION

K. O. Drobot
A. M. Shakhovsky Institute of Cell Biology and Genetic Engineering
N.A. Matvieieva of the National Academy of Sciences of Ukraine, Kyiv

E-mail: katyadrobot@gmail.com
Received 20.02.2016

This paper is devoted the biotechnology development of Artemisia dracunculus L. genetic
transformation. We obtained the transgenic A. dracunculus “hairy” root culture using A. rhizogenes
A4-mediated transformation. The conditions of tarragon’s genetic transformation were optimized. It was
shown that leaves of in vitro cultivated plants were the optimal type of explants. The transgenic root
formation frequency was up to 20% in case of leaves usage. The time of explants cocultivation with
Agrobacterium suspension was found to be an important factor of biotechnology which affects the
frequency of transgenic root growth. Transgenic root lines differed in morphological features and growth
rate. Specific mass increase varied from 17 to 32 times after 3 weeks cultivation on 1/2 Murashige-Skoog
medium.
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Biotechnological approaches are widely
used to create plants with new properties and
to obtain biologically active substances (BAS).
At the moment such approaches are a topical
trend of modern scientific researches in field
of biology. Genetic engineering is one of the
biotechnology approaches for construction of
plants with new properties. Transformation
method using soil bacteria Agrobacterium
rhizogenes can be used to create transgenic
roots which produce BAS. Regarding this the
use of medicinal plants as an object for genetic
transformation is of special interest. Artemisia
spp plants may be used for achieving this goal.

Artemisia genus belongs to Asteraceae
family and includes more than 500
plant species [1]. Tarragon — Artemisia
dracunculus L. — is a well-known perennial
plant, which is widespread throughout the
world and also grows in Ukrainian steppe
and forest steppe ecoregions [2]. The use of
A. dracunculus was mentioned in ancient
Greece, but some historicans considered
that Asia is a real tarragon’s origin. At
present, there are two well-described
cultivars (Russian and French [3]) of
A. dracunculus, which differ in physiology,
botanical features and phytochemical
profile. French tarragon (2n = 36) is a sterile

chromosomal derivative of Russian tarragon
(2n = 90). The last one can produce viable
seeds, instead of French tarragon, which
doesn’t produce seeds [4].

Tarragon is widely used in folk medicine
as well as in cosmetics and cuisine due to
high essential oil content. It is also extremely
popular in French cuisine as a spice and is also
used for vinegar preparation. Light licoric or
basil-, anise-like flavor could be referred to
tarragon’s culinary benefits [5].

Flavonoids, coumarins, phenilpropanoids,
terpenes determine antimicrobial, antiviral,
antifungal and antioxidant activities of
A. dracunculus. Such a broad spectrum of
biological activities could cause tarragon's
use in pharmaceutical industry for treatment
of diseases such as inflammation [6], hepatitis
[7] and different kind of infections (bacterial,
viral) [8, 9]. Leaves of A. dracunculus
accumulate artemisinin up to 0.27% [10].
Recent studies of A. dracunculus were devoted
to plant micropropagation [11], medicine
compounds accumulation [12] and artemisinin
synthesis in particular [10].

“Hairy” root culture is a type of plant
tissue culture, which is considered to be an
alternative way for producing valuable plant
derived compounds [13]. It could be obtained
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via Agrobacterium rhizogenes-mediated
transformation. A. rhizogenes is a soil bacteria
which naturally cause hairy-root disease in
plants owing to the presence of root-inducing
plasmids. Transgenic hairy roots have been
obtained in more than 89 different taxa,
representing 79 species from 55 genera and
27 families using A. rhizogenes-mediated
transformation [14]. This amount is rising
from year to year.

“Hairy” root culture is characterized by
unlimited and fast growth without use of
exogenous hormones; it is unpretending to
the growth conditions and doesn’t require
lighting, so the roots can be cultivated in
bioreactors [15]. In contrast to cell culture,
“hairy” root culture is characterized by
high genetic stability. Establishment of
transgenic roots in some cases takes only a
few weeks [16]. This implies that the use of
“hairy” root culture could attract particular
attention and especially for study of tarragon’s
transformation and BAS production
possibility. A. rhizogenes-mediated genetic
transformation was conducted for plants of
some Artemisia representatives: A. annua
[17 18], A. dubia and A. indica [19], A. aucheri
[20], A. vulgaris [21], A. absinthium [22].
Transgenic root cultures obtained were used
for producing BAS in bioreactors, especially for
artemisinin content increasing. Nevertheless
genetic transformation of tarragon has not been
carried out yet. Establishment of biotechnology
of genetic transformation of A. dracunculus using
A. rhizogenes A4 wild strain was the aim of our
work.

Materials and Methods

A. dracunculus were introducted in in vitro
culture using seeds surface sterilization method.
14-days-old seedlings which were cultured on
hormone-free half-strength Murashige-Skoog
(2 MS) [23] basal medium were used for genetic
transformation experiments.

A. rhizogenes A4 wild strain was
inoculated to the liquid LB medium (10 g/1
casein hydrolyzed, 5 g/1 yeast extract, 10 g/1
NaCl, pH 7.0) and was left to grow overnight
at 28 °C using rotation shaker SpeedVac
Savant AES 2010 (Labconco, USA). Leaves,
hypocotyls, stems and roots of 14-day
tarragon seedlings were used as the explants
for genetic transformation. Explants were
sliced and cocultivated during 30 min with
an overnight bacterial suspension. Then they
were transferred to the agar-solidified » MS
medium (20 g/1 sucrose, pH 5.7) supplemented
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with 600 mg/]1 cefotaxime for agrobacteria
elimination. After cocultivation explants
were placed onto 4 MS agar-solidified basal
medium and were grown for 2—7 days. Well-
grown roots formed on the explants after
genetic transformation were excised from the
explants and transferred to individual Petri
dishes for further “hairy” root growth. The
root formation frequency was calculated as a
number of root producing explants in percents.

Extraction of DNA was carried out according
to CTAB-method. The presence of rolB genes
in established “hairy” roots was determined
using PCR analysis on Mastercycle personal
5332 amplifier (Eppendorf). Amplification
was carried out in following conditions:
primary denaturation — 94 °C, 3 min,
30 cycles of amplification (94 °C, 30 s — 56 °C,
30s—"72°C, 45 s), final polymerization —72 °C,
3 min. Products of reaction were separated in
1.5% agarose gel. O’'GeneRuler 1 kb Plus DNA
Ladder #1163 was used for sizing of rolB genes.
Primers 5’-atggatcccaaattgctattectteccacga-3’
and b5’-ttaggcttectttettcaggtttactgecage-3’
(Size of amplified fragment is 780 b.p.) were
used to confirm the presence of rol B gene in
A.dracunculus “hairy” root lines.

Transgenic roots were subcultured every
two weeks. Subcultivation was conducted at
24 °C and 16 h/d photoperiod. Growth rate
of transgenic root lines was studied after
3 week of cultivation of excised root tips on
% MS medium at the same conditions.

Results and Discussion

The results of our experiments approved
that the time of explants cocultivating with
Agrobacterium suspension is an important
factor for transgenic root formation. The
optimal time of explant cultivation on the
medium without cefotaxim for agrobacterial
genes transfer into plant cells appeared to be
four days. Prolongation of this term has led to
explants death, while reducing of this wasn’t
successful for root obtaining. Roots have
formed on the 7-th day after cocultivation with
bacterial suspension on leaf explants. “Hairy”
roots weren’t obtained using hypocotyls,
stems and roots. Time of cocultivating of these
explants with Agrobacterium suspension
didn’t effect transformation frequency. After
two weeks of cultivation hypocotyls, stems and
roots have lost capacity to grow and became
dark. So the using of leaves as explants and
transformational conditions mentioned above
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a b
Fig. 1. A. dracunculus in vitro cultivated plant and “hairy” root culture:
A. dracunculus 14-days seedling (a); initiation of “hairy” root growth (b);

A. dracunculus “hairy” root culture (c)

were successful for A. dracunculus “hairy”
roots induction.

So the using of leaves as explants and
transformational conditions mentioned above
were successful for A. dracunculus «hairy»
roots induction.

The amplified products of 780 bp for rolB
gene was determined using PCR analysis in all
A. dracunculus “hairy” root lines obtained, as
it shown in Fig 2.

The root formation frequency was found
to be up to 20% . The root number per explant
reached up to 5. It is known that frequency
of transformation usually depends upon
Agrobacterium strain, plant species and explant
type [24]. For example Sujatha et al. [21]
conducted transformation of A. vulgaris using
four Agrobacterium strains: A4GUS, R1000,
R1601and ATCC15834 and three explant

Fig. 2. Electrophoregram which demonstrates
the products of PCR analysis of “hairy” root
clones transformed using A. rhizogenes A4 strain:
marker for sizing DNA fragments (M);

DNA of A .dracunculus transgenic roots (1, 2);
bacterial DNA (3); genomic DNAs
of non-transformed roots (4)

Results of typical experiment are presented

types: shoot tip, leaf and node. The authors
proved that A. rhizogenes A4 GUS strain is
more competent than other strains and the
highest transformation rates were observed in
leaf explant (92.6% ). Giri et al. demonstrated
that the ability of A. annua transformation
by four different A. rhizogenes strains (LBA
9402, 9340, 9365, 15834 and A4) was also
found to be different. The best root formation
response (up to 100%) was observed for LBA
9402 strain, the worst one — 75% in case of
using A4 strain [17]. Leaves often are the most
susceptible to genetic transformation type of
explant of another Artemisia species plants (A.
dubia and A. indica (100%), A. aucheri (93%),
A. absinthium(57,1%). High root formation
frequency of A. vulgaris after A. rhizogenes
transformation (up to 100%) we observed
earlier [25]. The data cited demonstrate
significant species-depended difference
in transformational frequency among
Artemisia representatives. Obviously the low
transformation frequency of tarragon plants in
our experiment was caused by species-specific
susceptibility of this plant. It is necessary to
take into account the growth rate as well as
target compounds content in order to estimate
metabolic activity and capacity to synthesize
BAS in “hairy” roots. It is an important step
for selecting the most productive “hairy” root
lines. High growth rate allow to obtain more
valuable substances in short time. Transgenic
lines that are notable for high growth rate and
target compounds content can be an alternative
source of plant-derived valuable substances. In
our investigation specific mass increase varied
from 17 to 32 times afrer 30 days growth on
Y, MS medium. So, biomass increase among
different “hairy” root lines varied considerably
in our investigation Such variability allowed
to select the most productive “hairy” root

57



BIOTECHNOLOGIA ACTA, V.9, No 2, 2016

o
=
[=]
o

o
8

Biomass increase, g
o
S

=
5]

e
2

%

Samples

Fig. 3. A. dracunculus “hairy” root growth:
a, b — differences in A. dracunculus “hairy” root morphology (lenghth, branching); ¢ — biomass increase
of A. dracunculus control non-transformed roots (1) and “hairy” root lines (2—4) (P < 0.05)

lines, particularly lines Ne5 and line Ne7
(mass increase after 30 days of cultivation on
hormone-free medium was up to 25 and 32 times
respectively). It should be noticed that non-
transformed roots had also ability to grow on
hormone-free medium. However mass increase
after 30 days of cultivation was only 1,08 times
and they became dark in few weeks. “Hairy”
roots obtained in our experiments didn’t lose
the capacity to grow even after 1.5 years of in
vitro cultivation.

“Hairy” root lines obtained had a typi-
cal phenotype such as excessive and non
geotropic roots, high branching growth on a
hormone-free culture medium. We noted also
morphological alterations among different
transgenic lines. They differed in water cut
range, fibril growth, root thickening and
root branching (Fig. 3).

This phenomenon may be explained with
variability in the expression level of rol genes
or could be related to the peculiarities (site and
number) of T-DNA integration into the plant
genome [26].
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Thus we firstly obtained biotechnology for
genetic transformation of Artemisia dracun-
culus L. and have firstly obtained A. dracunculus
“hairy” root culture using A. rhizogenes A4
wild strain. Our overall results reveal that the
induction of A. dracunculus transgenic roots
by A. rhizogenes can be successfully established
using leaves of 14-days-old seedlings. The
results agree with the earlier findings in case of
transformation of other Artemisia spp. plants
and confirm that leaves are the most suitable
explants for genetic transformation of plants
which belong to Artemisia genus. The transgenic
root formation frequency was up to 20%.

It was found that the time of explants
cocultivating with Agrobacterium suspension is
an important factor which affect the frequency
of transgenic root growth. It was shown that
the optimal period of cocultivation with
Agrobacterium rhizogenes used to be 4 days.
Thus, the use of the proposed biotechnology of
A. dracunculus Arhizogenes-mediated genetic
transformation enable to obtain “hairy” root
lines which transgenic nature was confirmed
by PCR analysis.
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OTPUMAHHA KYJbBTYPA
«BOPOJATHUX» KOPEHIB ECTPATOHY
Artemisia dracunculus L.

K. O. Ipobom
A. M. Illaxoscvruil
H.A. Mamseesa

ImcTuryT KiaiTuHHOI 6ioJ0Tii Ta reHeTUYHOL
inxenepii HAH Vkpaiuu, Kuis

E-mail: katyadrobot@gmail.com

MeToio po6oTu 6y0 po3pobaeHHSa OioTeXHO-
Jorii remeTnuHOI TpaHcdopMailiii pocJuH ecTpa-
rouy Artemisia dracunculus L. SIk BekTop 0yJ10
BUKopuctano Agrobacterium rhizogenes nuKoro
mramy A4. Yoepiie ofiep:KaHo KyJbTypy «00po-
IaTux» KopeHiB ectparony. Cepel BUKOPUCTAHUX
eKCILJIaHTiB (KOpeHi, cTe0J10, TUCTS Ta TiTOKOTUIIL
14-1060BUX KYJIbTUBOBAHUX iN Vitro IMPOPOCTKiB
€CTParoHy) ONTUMAJbLHUM THUIIOM BUABUJIOCH JIU-
cTsa. Y pasi 1oro BUKOPHCTaHHSA YacToTa TPaH-
chopmarii carana 20% . BcTaHOBIEHO, 110 BAYKJIN-
BUM 0iOTE€XHOJOTiUHIM UYNHHUKOM, AKHUH BILJINBAE
Ha 4acToTy TpaHcpopmairii, € yac KOKyJIbTUBYBaH-
Hs eKCILIaHTiB 3 arpobakTepiero. Tpaucrenui aimii
KOPEeHiB BimpisdHAMMCcA 3a MOP(OJIOTiE€0 Ta MIBU-
KicTio poctry. IIpupicT macu «6opomaTux» KOpPeHiB
yepes TPU TUKHI KyJbTUBYBAaHHS Ha 6e3ropMo-
HaJIbHOMY cepenmoBuiii 2 Mypacire-Cxkyra Bapizo-
BaB Bixg 17 mo 32 pasis.

Knaruwosi cnoea: Artemisia dracunculus, reue-
TuuHa TpaHchopmanisa, Agrobacteriumrhizogenes
A4, KyabpTypa «00pomaTuX» KOPEHiB.
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ITennro paboThl ObLIa padpaboTKa OMOTEXHO-
JIOTUU TeHEeTUYEeCKOoU TpaHcopMaIuu pacTeHUi
actparoua Artemisia dracunculus L. B raue-
CTBe BEKTOpa OBbLI MCIOJb30BAH AUKUM IIITAMM
Agrobacterium rhizogenes A4. BriepBble IIoJIyueHa
KyJabTypa «bopomaThiX» KOpHe# actparona. Cpe-
IV ICIIOJIb30BAHHBIX 9KCILJIAHTOB (KOPHU, CTE0IH,
JUCTHA ¥ TUIOKOTUIN 14-CyTOUHBIX in Vitro KyJib-
TUBUPYEMBIX IIPOPOCTKOB 3CTPAroHa) OnTUMAaJb-
HBIM TUIIOM OKAa3aJIUCh JIUCThs. [Ipy1 UX UCTIOJIB30-
BaHUU yacToTa TpaHchopmamuu gocruraaa 20% .
YcranoBiaeHO, UTO BAXKHBIM OMOTEXHOJIOTUYECKUM
dhaxTopoM, BAUAIONIUM Ha YaCTOTY TpaHchopMa-
IIUU, ABJIAETCA BpeMA KOKYJIbTUBUPOBAHUA 9KC-
ILJIAHTOB ¢ arpobaxkTepuamMu. TpaHcreHHbIe TUHUNT
KOpHeI OTJINYAJINCh IT0 MOP(OJIIOTUN U CKOPOCTU
pocra. ITpupocT Mmacchl «00pOAATHIX» KOPHEH ue-
pes Tpu Hegeau KYJIbTUBUPOBAHUS Ha 6€3ropMo-
HaJIbHOI cpene Y2 Mypacure-Ckyra BapbupPOBaJ OT
17 no 32 pas.

Knarwueswvie cnoea: Artemisia dracunculus, rese-
TruyecKasa TpaHcopmanusg, Agrobacterium rhizo-
genes A4, xkyabpTypa «00pOJATHIX » KOPHEIA.





