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methoxyphenyl)aminopurine (INCYDE) and CK antagonist 6-(2-hydroxy-3-methylbenzylamino)purine
(PI-55) were used as a tool to elucidate the auxin-CK crosstalk under in vitro conditions in the medici-
nally important plant, Eucomis autumnalis subspecies autumnalis. These compounds were tested at 0.01,
0.1 and 10 uM alone as well as in combination with benzyladenine (BA) and naphthaleneacetic acid

ii{}’;zgz:m (NAA). The organogenesis, phytohormone content, phytochemical and antioxidant response in 10 week-

As old-in vitro regenerated E. autumnalis subspecies autumnalis was evaluated. INCYDE generally favoured
paragaceae K X . . K .

Auxins shoot regeneration while the effect of PI-55 was more evident in root proliferation. Overall, INCYDE pro-

Cytokinin homeostasis moted the accumulation of higher concentrations and varieties of endogenous CK relative to the PI-55

Conservation treatments. In contrast, higher concentration of indole-3-acetic acid and 2-oxindole-3-acetic acid were

Rooting generally observed in PI-55-supplemented cultures when compared to plantlets derived from INCYDE.

Both CK analogues (individually and in-conjunction with exogenously applied PGRs) significantly influ-
enced the phytochemicals and consequently the antioxidant potential of the in vitro regenerants. These
results provided insight on how to alleviate root inhibition, a problem which causes considerable loss of
several elite species during micropropagation.

© 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Globally, productivity enhancement remains a research priority
for meeting the surging demands for plants and their associ-
ated products by an increasing population. To attain this goal,
plant growth regulators (PGRs) are vital tools commonly used
in various agriculture processes [1-3]. Generally, PGRs includ-
ing naturally-occurring phytohormones, synthetic compounds,
analogues and related compounds modify plant growth and devel-
opmental patterns as well as exerting a profound influence on
many physiological processes [4-7]. Auxins and cytokinins (CK)
are regarded as the most important PGRs with a strong capacity
to affect critical aspects of plant growth. Based on pioneering work
by Skoog and Miller [8], a high auxin/CK ratio induces root regener-
ation, whereas a low ratio favours shoot induction. A considerable
body of knowledge exists for both auxins and CKs including the
molecular basis for their influence on developmental processes
[9-12], although the mechanisms involved in auxin-CK crosstalk
are not completely elucidated [13-15].

Invitro organogenesis and general plant regeneration are crucial
processes in plant biotechnology [16,17]. Although auxins and CKs
influence this process, the underlying molecular mechanisms reg-
ulating their functions are not fully understood [9]. The majority of
the current knowledge is related to Arabidopsis and is largely based
on responses in Arabidopsis mutants. However, the application of
such findings on other plant species with more complex genomes
and physiology may produce diverse results [18]. Thus, experi-
mentation on plants with considerable economic value remains
essential.

An approach to improve plant growth and development is via
the regulation of metabolic pathways of PGRs. CK homeostasis
and signalling components have emerged as engineering targets
for manipulating plant growth and development [1,12,19,20]. For
instance, modulating the CK status with inhibitors of CK percep-
tion and/or degradation may influence the general physiology of
the plant. Based on this concept, Spichal, Werner, Popa, Riefler,
Schmiilling and Strnad [21] identified the first known molecule
that antagonizes the activity of CKs at the receptor level, thus
reducing the physiological responses of CKs. The compound, 6-
(2-hydroxy-3-methylbenzylamino)purine was designated PI-55.
Structurally, PI-55 is closely related to benzyladenine (BA), with
additions at meta (CH3) and ortho (OH) positions of the aromatic
side chain which strongly diminished its CK activity and accounts
for the antagonistic property [21]. The compound accelerated early
seedling development after the germination of Arabidopsis seeds
and stimulated root growth. PI-55 also helped improve rooting of
two medicinal plant subjected to heavy metal stress [22].

While isopentenyltransferase (IPT) is an important enzyme
implicated in CK biosynthesis, CK oxidase/dehydrogenase (CKX)
accounts for most of the CK catabolism and inactivation (mainly
isoprenoid type)in a single enzymatic step [20,23]. Thus, the inhibi-
tion of CKX offers a target to modulate CK levels in plants, resulting
in higher endogenous CK levels. Among the compounds which
have been identified as potent inhibitors of CKX, is 2-chloro-6-(3-
methoxyphenyl)aminopurine, designated INCYDE and it is highly
effective in the inhibition of Arabidopsis CKX [24]. Recently, evi-
dence on the potential of INCYDE on different aspects of plant
growth and development were reported [22,25-27].

Even though the application of both PI-55 and INCYDE is steadily
gaining interest, their use in micropropagation protocols espe-
cially for valuable and highly utilized plant species are not fully
explored [26]. The benefits associated with in vitro propagation
cannot be overemphasized and the appropriate choice (type and
concentration) of PGRs determine the success of such endeav-
ours [5,17]. Application of exogenous PGRs especially auxins and
CKs, are commonly used to enhance shoot and root proliferation

during micropropagation [5,9]. These exogenously applied PGRs
often modify the metabolic pathways and the sensitivity of
endogenous PGRs which results in highly variable and sometimes
unpredictable outcomes [5,28-30]. At any particular developmen-
tal stage, the quantity and quality of endogenous PGRs is critical and
determines the resultant regeneration of the initiated explants. As
exemplified in several in vitro propagation protocols, the poten-
tial crosstalk between auxin and CK determine the organogenetic
responses. From a physiological perspective, in vitro organogenesis
provides a powerful system to study the mechanisms of hormonal
crosstalk during plant organogenesis [14]. Thus, exogenous appli-
cation of CK analogues that directly affect endogenous CK levels and
through crosstalk, may affect auxin levels can potentially have an
indirect effect on the phytochemical composition of the plant. This
is particularly important in in vitro grown medicinal plants because
their acceptability is often a function of the quantity and quality
of accumulated phytochemicals which inevitably determines the
bioactivities [31].

In the current study, Eucomis autumnalis subspecies autumnalis
(Asparagaceae), a bulbous species that is widely used in tradi-
tional medicine and possesses ornamental value was used as a
model plant. The effect of two CK analogues (INCYDE and PI-55)
applied alone or in combination with the commonly-used PGRs
for organogenesis of the model species during in vitro propagation
was evaluated. As crosstalk between auxins and CKs during devel-
opmental processes of plants is well-described, the endogenous CK
and auxin content was quantified in order to provide vital clues on
the resultant organogenesis of the in vitro regenerants. Due to the
medicinal value of E. autumnalis subspecies autumnalis, the phyto-
chemical content and antioxidant activity in the in vitro regenerants
were also quantified.

2. Materials and methods
2.1. Source of chemicals

Both PI-55 and INCYDE were prepared as described by Spichal,
Werner, Popa, Riefler, Schmiilling and Strnad [21] and Zatloukal,
Gemrotova, Dolezal, Havlicek, Spichal and Strnad [24], respec-
tively. BA and a-naphthaleneacetic acid (NAA) were purchased
from Sigma-Aldrich (Steinheim, Germany).

2.2. Explant source and in vitro organogenesis experimental
design

Aseptically-obtained leaves of E. autumnalis subspecies autum-
nalis derived from primary bulb regenerants sub-cultured on
PGR-free media were used for all experiments [32]. Three leaf
explants, each measuring approximately 1cm x 1 cm were inocu-
lated in screw-cap jars (110 x 60 mm, 300 ml volume) containing
30 ml Murashige and Skoog (MS) medium [33]. For the different
treatments, the media were supplemented with varying concentra-
tions (0,0.01,0.1 or 10 wM) of either the INCYDE or PI-55, combined
with BA (5 wM), NAA (4 wM) or combination of BA and NAA. Con-
trols consisted of MS only (PGR-free), BA, NAA and BA+NAA. The
choice of the BA and NAA concentration was based on a previous
study [34]. The MS media were supplemented with PI-55, INCYDE
and PGRs, adjusted to pH of 5.8 and solidified with gellan gum (3 g/1)
prior to autoclaving at 121°C for 20 min. Each treatment had 15
explants and the experiments were conducted twice. The cultures
were incubated in 16/8 h light/dark conditions with a photosyn-
thetic photon flux density (PPFD) of 45 wmolm=2s~1 at 25+2°C
for 10 weeks. Thereafter, parameters including shoot (number and
length) and root (number and length) growth were recorded.
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