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Effects of p-chlorophenoxyisobutyric acid and 2,3,5-triiodobenzoic acid on in
vitro micropropagation of Aglaonema ‘Lady Valentine'

Ping-Lung Huang?, Li-Jen Liao”

? Kaohsiung District Agricultural Research and Extension Station, Pingtung 908,
Taiwan, ROC

b Department of Biotechnology, National Kaohsiung Normal University, Kaohsiung
824, Taiwan, ROC

Abstract

This  study investigated the effects of different doses of
p-chlorophenoxyisobutyric acid (PCIB) and 2,3,5-triiodobenzoic acid (TIBA) on
induction of Aglaonema 'Lady Valentine' lateral buds and regenerated adventitious
buds, as well as shoot elongation, to overcome difficulty in newly developing bud
growth in micropropagation processes. Results clearly show that 1/3 Murashige and
Skoog inorganic salts (1/3MS) basal medium supplemented with PCIB and TIBA
cannot promote the propagation of secondary lateral buds, callus formation, or bud
regeneration. Compared to TIBA, supplementing 1 mg I"* PCIB into the medium can
effectively increase the average length of lateral buds, and stimulate an increase of
approximately 2.34 cm in the elongation of lateral shoots after six weeks of culture.
Similarly, when basal medium with 3.0 mg I"* of 6-benzyladenine (BA) and 1 mg I™
of PCIB is used for growth-promoting culture of regenerated adventitious buds, these
buds can develop into regular plantlets and grow roots, and be transplanted to ex vitro
cultivation without requiring acclimatization. Using this method, the industrial value
of large-scale propagation can be realized. However, in the shoot elongation phase,
using TIBA is not suitable.

1. Introduction

To build a pathogen-free tissue culture micropropagation system of Aglaonema
IS not easy, because severe endophyte contamination in the vascular bundle tissue.
Litz and Conover (1977) indicated that some Araceae plants have a long growth lag
phase, which may also limit the micropropagation of Aglaonema. Chen (2006)
attempted to use 0.5 mg I gibberellic acid (GA3) to promote shoot elongation of
Aglaonema. However, supplemented GA;reduces the number of differentiated buds.
Additionally, some plants cultured from buds cultured in GAs-containing medium
easily produce albino or weak plantlets or other abnormal shoots (Moshkov et al.,
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2008; Reuveni et al., 1990). Aglaonema shoot differentiation and elongation are also
affected by the type of cytokinin used. Low-concentration thidiazuron
(1-phenyl-3-(1,2,3-thiadiazol-5-yl) urea, TDZ) can propagate more buds as compared
to 6-benzyladenine (BA), but easily causes buds to form rosettes and be incapable of
elongation growth (Chen and Yeh, 2007). Currently, we can successfully induce
Aglaonema 'Lady WValentine' lateral shoot propagation and adventitious buds
regenerated from calli. However, the regeneration of obtained buds still results in a
growth lag and difficulty in shoot elongation.

p-Chlorophenoxyisobutyric acid (PCIB) has been discovered to increase the rate
of root growth and root hair elongation and stimulate internode elongation in Avena
sativa seedlings (Almestrand, 1957; Burstrom, 1951; Devlin and Jackson, 1961; Ng
and Audus, 1964; Poljakoff-Mayber et al., 1959). They suggested that PCIB be
termed a weak auxin instead of an antiauxin. The addition of 20 uM PCIB in media
for Brassica juncea microspore could enhance embryogenesis (Agarwal et al., 2006)
and 15.8 mg I™ abscisic acid (ABA) + 5.0 mg I'* PCIB most effectively promoted the
maturation of cotyledon-staged somatic embryos of Larix leptolepis (Kim and Moon,
2009). Oono et al. (2003) reported that PCIB reduced auxin-induced accumulation of
Aux/IAA gene transcripts, and impaired auxin-signaling pathways by regulating
Aux/IAA protein stability, thereby affecting the auxin-regulated Arabidopsis root
physiology. Genetic characterization of Arabidopsis mutants for roots resistant to
PCIB also indicated that PCIB can facilitate the identification of factors involved in
auxin or auxin-related signaling (Biswas et al., 2007).

2,3,5-Triiodobenzoic acid (TIBA) has been used in media for the induction of
direct organogenesis in Pisum sativum (Tetu et al., 1990), induction of somatic
embryogenesis in rhizomatous irises (Laublin et al., 1991), and Oncidium (Chen and
Chang, 2004). 2,3,5-Triiodobenzoic acid has also been used to inhibit somatic
embryogenesis in sweet potatoes (Chee and Cantliffe, 1989), carrots (Nissen and
Minocha, 1993), geraniums (Hutchinson et al., 1996) and ginseng (Choi et al., 1997,
2001); and to form calli in coffee plants (Sreenath et al., 1995).

This study examined the effects of auxin receptor antagonist compound PCIB
and auxin polar transport inhibitor TIBA on lateral buds induction, adventitious buds
regeneration from calli and shoot elongation.

2. Materials and methods
2.1. Plant material and culture conditions

The explants of A. 'Lady Valentine' were collected from the lateral shoots of the
aseptic plantlets we had previously cultured. The basal medium comprised 1/3
Murashige and Skoog inorganic salts (1/3MS) (Murashige and Skoog, 1962),
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supplemented with 0.4 mg I thiamine-HCI, 0.5 mg I"* pyridoxine-HCI, 0.5 mg I™
nicotinic acid, 2.0 mg I glycine, 100 mg I"* myo-inositol, 30 g I"* sucrose, and 3.0
mg I! BA and was solidified with 8 g I agar (Merck). The experimental media
containing the basal medium described above was supplemented with different
concentrations of PCIB or TIBA (0, 0.5, 1.0, 5.0, and 10.0 mg I"). The pH of the
medium was adjusted to 5.7-5.8 prior to autoclaving at 121°C and 1.2 kg cm™ for 20
min.

2.2. Lateral bud propagation and shoot growth

Lateral shoots removed the apical meristem were used as shoot base explants
and inoculated vertically on the experimental media for lateral bud propagation and
growth. After six weeks of culture, the propagation quantity of the lateral buds and
the average length of the lateral shoots were evaluated.

2.3. Lateral shoots weekly elongation

Extension of aforementioned experiment: after measurement of the lengths of
the lateral shoots derived from lateral buds, the shoots were excised and randomly
transferred to the experimental media for further elongation. Following culture, the
increase in length of the lateral shoots (excluding adventitious roots) were calculated
at 1-week intervals within six weeks of culture.

2.4. Adventitious root formation

Lateral shoots with a length of 2-3 cm were collected and randomly transferred
to the experimental media. Rooting response was evaluated in terms of the number
and length of adventitious roots per explant every week for four weeks after a 3-week
culture.

2.5. Callus induction and adventitious bud regeneration

The shoot base (excluding apical meristem) were horizontally cut into 1-2
mm-thick as stem section explants and inoculated on the same experimental media for
callus induction and further regeneration. After four weeks of culture, the induction
rate of the organogenic callus and regenerated adventitious buds per explant or
non-organogenic callus were calculated.

3. Results

3.1. The effects of PCIB and TIBA on lateral bud propagation and shoot elongation
After the Aglaonema lateral shoot base explants that were removed the apical

meristem had been cultured in media with various concentrations of auxin inhibitors
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for five days, lateral buds began to form on the different nodes of stem in each
treatment (Fig. 1la). These buds gradually grew into lateral shoots (Fig. 1b). As
illustrated in Fig. 2a, all treatments significantly decreased lateral bud formation
compared with the auxin inhibitor-free medium, whose average is 4.48 buds per
explant; but added PCIB or TIBA to the basal medium during the lateral bud
induction stage also caused a significant difference in the induction quantity of the
lateral buds. Media supplemented with a high concentration of PCIB or TIBA (10 mg
I'Y) produced an inhibition of bud formation. The mean number of induced lateral
buds per explant increased when decreasing the auxin inhibitor concentration. A
higher number of buds obtained by supplementing with 1.0 mg I"* PCIB or 0.5 mg I"*
TIBA were 3.72 and 3.48, respectively.

However, PCIB can affect the growth and increase the mean length of lateral
shoots (Fig. 1c and d) (Fig. 2b). Treatment with 1.0 mg I PCIB was optimal; the
length could reach 3.18 cm after six weeks of culture, which was a significant
difference as compared to treatment without auxin inhibitors. Furthermore, media
with a low concentration of TIBA did not trigger shoot growth at all, and even
decreased as TIBA concentration increased; these lateral shoot lengths reduced from
2.70 to 1.03 cm when cultured on media containing 0.5 to 10 mg I TIBA

3.2. The effects of PCIB and TIBA on the weekly elongation of lateral shoots

Cut the propagated lateral shoots of above experiments, and transplanted on
same experimental media for further growth. Table 1 summarizes the effects of PCIB
and TIBA on the weekly elongation of these lateral shoots. Within a 6-week culture
period, PCIB may promote lateral shoot elongation significantly. Lateral shoots
subcultured in the medium supplemented with 1 mg I PCIB showed the most
favorable results, producing a 2.34 cm increase in length after approximately six
weeks of culture. This result was significantly different from those produced by other
treatments. Regarding the results of TIBA treatment, the medium with a low
concentration of 0.5 mg I produced a 2.04 cm increase in length. However, growth
was stunted following the subculture of the lateral shoots in media supplemented with
a TIBA concentration of 1 mg I and higher; the effects became poorer as the
concentration increased. This demonstrated again that using TIBA in the shoot
elongation phase is not suitable.

3.3. Adventitious root formation of lateral shoots

Table 2 shows that the lateral shoots can begin to form adventitious roots at the
base as early as the third week (Fig. 1e). In particular, treatment with 0.5 mg I"* of
PCIB produced the highest number of adventitious roots per week, demonstrating that
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different concentrations of auxin inhibitors can affect the formation of the
adventitious roots of lateral shoots.

However, high concentrations of TIBA were discovered to limit the formation
and elongation of adventitious roots. In media with 5-10 mg I'* TIBA, after six weeks
of culture, some of the shoots had not developed roots and the mean length was only
0.22-0.24 cm, compared to other treatments which could produce root lengths of 0.62
cm and longer.

3.4. The effects of PCIB and TIBA on callus induction and adventitious bud
regeneration

After being cultured on the experimental media, the stem section explants from
A. 'Lady Valentine' lateral shoots effectively formed transparent granular callus (Fig.
3a) or loose-textured non-organogenic callus (Fig. 3b) at the cut surface. However,
the callus induction rate shows extreme differences corresponding to different
concentrations of auxin inhibitors (Fig. 4a). Using a treatment with PCIB produces a
higher induction rate, and the rate increases with an increase in concentration.
Treatment with 5 mg I* PCIB can achieve an induction rate of 80%. However, a
majority of calli can only maintain continuous cell division and are incapable of
regenerating somatic embryos or organs. Additionally, excess calli growth can easily
cover existing organs (Fig. 3c) and prevent the growth of differentiated buds.

The induction of organogenic callus from stem section explants is opposite to
those of non-organogenic callus. TIBA is significantly better than PCIB on
organogenic callus induction. The induction rate of 1.0 mg I TIBA treatment, which
can stimulate 64% of explants to produce organogenic calli, is the highest. However,
compared to the control (72%), this result shows that supplemented auxin inhibitors
in media inhibit the formation of organogenic calli (Fig. 4b). Furthermore, the highest
induction rate of regenerated bud primordia is derived from the organogenic calli
which cultured without any auxin inhibitors: a single callus can produce five
regenerated bud primordia on average, and 15 regenerated bud primordia at
maximum (data not shown). This is significantly different from the treatments with
auxin inhibitors, reaching only 0-1.8 regenerated bud primordia on average (Fig. 4c).

The regenerated bud primodia (Fig. 3d ) cultured on 1/3MS basal medium with
3.0 mg I* BA for four weeks, regenerated adventitious buds can be cut into
individuals and transplanted to a medium with 1.0 mg I* PCIB to promote growth
(Fig. 3e). Shoots developed into vigorous plantlets following eight weeks of culture
(Fig. 3f) can be transferred to natural environment and grown normally ex vitro.

4. Discussion
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Our previous experimental results show that the proliferation rate of shoots of A.
‘Lady Valentine' lateral bud explants treated with various concentrations of BA is low.
However, treatment with a low concentration of BA can produce more adventitious
roots (unpublished). This is significantly different from the principle, which indicates
that a high cytokinin/auxin ratio allows for adventitious buds regeneration easily, and
a low ratio allows for easy adventitious root formation (Skoog and Miller, 1957).
Therefore, we infer that this variety may have possessed a high quantity of
endogenous auxin to cause the effects of cytokinin to be insignificant. Regarding
using auxin and cytokinin to regulate cell division (Van Staden et al., 2008), excessive
endogenous auxin can affect the function of cytokinin on mitosis, thereby influencing
bud growth. It is possible that this is the reason for the growth lag of Aglaonema spp.
regenerated buds.

PCIB is known as a putative antiauxin and is widely used to inhibit auxin action
by interfering with upstream auxin signaling events. A previous study determined that
PCIB stimulates internode elongation in Avena sativa seedlings (Ng and Audus, 1964).
They suggested that PCIB be termed a weak auxin instead of an antiauxin. This study
also found that low concentrations of PCIB can increase the mean length of
Aglaonema lateral shoots, seems to have similar results as Ng and Audus (1964).
Fischer and Neuhaus (1996) believed that PCIB affects cell division, cell shape, and
even stimulates cell elongation. Perhaps for these reasons, PCIB was found to
promote the growth of Aglaonema plantlets in this study. These results are similar to
those reported by Liao et al. (2008), who found that the application of 1 mg I'* PCIB
produced more elongated shoots of Pinus elliottii Engelm.

However, TIBA is an auxin efflux inhibitor that blocks polar transport by
preventing auxin efflux and inhibits auxin transport in part by competing with auxin
at the efflux carrier site (Noh et al., 2001). In this study, TIBA may have inhibited the
polar transport of auxin synthesized from apical meristem in Aglaonema, causing
insufficiency in the quantity of endogenous auxin in the lateral shoots, thereby
inhibiting the growth of the shoots (Liu et al., 1993).

Machakova et al. (2008) indicated that auxin could stimulate differentiation of
the vascular bundle and part of the shoot and root. Therefore, adding PCIB or TIBA
to the medium reduces the differentiation rate of the lateral buds, although different
results could be produced by different concentration and application period (Choi et
al., 1997, 2001; Find et al., 2002). In our experiments on induction of lateral buds,
treatment without PCIB or TIBA induced the highest number of buds (4.48), and
supplemented with PCIB or TIBA reduced the induction quantity of lateral buds,
demonstrating that a higher quantity of auxin is required in the differentiation stage of
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lateral buds. Additionally, using low concentrations of PCIB or TIBA could induce a
higher number of buds, results that were also similar to that of Liao et al. (2008).

p-Chlorophenoxyisobutyric acid has also been discovered to increase the rate of
root growth and root hair elongation (Almestrand, 1957; Burstrom, 1951; Devlin and
Jackson, 1961; Poljakoff-Mayber et al., 1959); however, Oono et al. (2003) indicated
that PCIB inhibits lateral root production, gravitropic response of roots, and growth of
primary roots in Arabidopsis. Twenty pM (4.3 mg 1) of PCIB can effectively inhibit
GUS activity in the root elongation zone of the BA::GUS transgenic Arabidopsis;
however, this inhibition can be overcome by increasing the concentration of
indole-3-acetic acid (IAA). This study determined that the number and root length of
the PCIB-induced adventitious roots were not significantly different from those of the
auxin inhibitor-free control. Therefore, we infer that whether PCIB is termed a weak
auxin or antiauxin, the quantity of auxin of Aglaonema explants that have been
treated with PCIB is sufficient to induce adventitious roots. However, high
concentrations (5-10 mg 1) of TIBA inhibit the growth of adventitious roots of
Aglaonema lateral shoots. This result is similar to those reported by Fujita and Syono
(1996), who found that 0.5-5 mg I of TIBA could clearly inhibit the growth of the
roots of Arabidopsis thaliana seedlings. This inhibitive effect is enhanced as TIBA
concentration increases.

Regarding callus induction in this study, although the induction rate of
organogenic calli resulting from treatment without auxin inhibitors or with a low
concentration of TIBA was higher, auxin inhibitor-free treatment produced the
highest number of regenerated bud primordia of Aglaonema. Zhang et al. (2004)
believed that regarding callus induction and regeneration, TIBA served to promote
cell division and organogenesis, and could promote regeneration of sugar beet buds.
However, without exogenous auxin, both PCIB and TIBA can reduce the
proliferation ability of calli (Find et al., 2002) and limit the differentiation of the
embryos or shoots of monocots (Fischer and Neuhaus, 1996). Additionally, the
internal concentration gradient of auxin must be constructed through polar transport
to stimulate plant cells to differentiate into organs (Choi et al., 1997, 2001; Liu et al.,
1993). From this process it can be suggested that although the induction effects of a
low concentration of TIBA on the organogenic calli of Aglaonema stem section
explants were not extremely different from those of the control, PCIB and TIBA
could inhibit the subsequent proliferation of the organogenic calli and the
regeneration of buds, causing significant reduction in the number of regenerated
buds.
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Fig. 1. Effect of p-chlorophenoxyisobutyric acid (PCIB) and 2,3,5-triiodobenzoic acid
(TIBA) on lateral buds propagation and shoots elongation from Aglaonema
‘Lady Valentine' lateral shoots culture. (a) after culture for five days, lateral
buds began to form on the stem layers (bar = 3 mm); (b) lateral buds grew into
lateral shoots (bar = 6 mm); (c) lateral shoots elongated in medium
supplemented with 1 mg/l PCIB (bar = 10 mm); (d) comparing the elongation
of lateral shoots, from left: 10 mg/l TIBA, 1 mg/l TIBA and 1 mg/l PCIB (bar
= 27 mm); (e) lateral shoot explants begin to form adventitious roots at the
base (bar =8 mm).
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Fig. 2. Effect of different concentrations of PCIB and TIBA on lateral bud
propagation and shoot elongation from A. 'Lady Valentine' lateral shoot
explants culture. (a) lateral bud number; (b) shoot length.
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Fig. 3. Effect of PCIB and TIBA on callus induction and plantlet regeneration from A.
‘Lady Valentine' stem section explants culture. (a and b) transparent granular
cells and loose-textured non-organogenic calli dervied from stem discs after a
4-week culture on 1/3MS basal medium supplemented with 3.0 mg/l BA + 0.5
mg/l TIBA (bar = 3 mm); (c) excess non-organogenic calli grown on 1/3MS
basal medium supplemented with 3.0 mg/l BA + 1.0 mg/l PCIB cover the
existing organs (bar = 3 mm); (d) organogenic callus induction and bud
primordia regeneration after culture in 1/3MS basal medium with 3.0 mg/l BA
(bar = 3 mm); (e) adventitious shoot transplanted to 1/3MS basal medium with
3.0 mg/l BA + 1.0 mg/l PCIB to promote elongation (bar = 13 mm); (f) shoots
developed into vigorous plantlets (bar = 20 mm).
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Fig. 4. Effect of different concentrations of PCIB and TIBA on callus induction and
adventitious bud regeneration from A. 'Lady Valentine' stem section explants

culture.

(@) non-organogenic callus formation;

(b) organogenic callus

formation; (c) adventitious buds regeneration from callus.
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