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Abstract

Regeneration efficiency was enhanced by adding auxin and cytokinin at different concentrations to the media. It was found that the
two highest frequencies—90 and 85%—of callus induction occured when the buds were cultured in an MS medium supplemented with
2 mgL™ a-naphthalene acetic acid (NAA) plus 1 mgL™ N°-benzylaminopurine (BAP) (CIM2) and in the same medium supplemented
with 2 mgL> NAA plus 1 mgL* kinetin (CIM5), respectively. When cultured further in a plant regeneration medium supplemented
with 1 mgL™® NAA and 2 mgL™ BAP (PRM1), these calli regenerated with high efficiencies, 80% for calli grown in CIM2 and 85%
for calli grown in CIMS5. The low BAP concentration in CIM1 (2 mgL™ NAA and 0.5 mgL™ BAP) resulted in a low regeneration
efficiency and fewer shoots per callus even though the PRM3 regeneration medium had a high concentration of cytokinins (2 mgL™
BAP and 2 mgL™ kinetin) . However, the calli cultured in CIM2 without kinetin but with a suitable level of BAP still regenerated
with high efficiencies in PRM2 and PRM3 that contained 1 and 2 mgL™ kinetin, respectively. Similarly, when calli cultured in CIM5
without BAP but with kinetin were regenerated in PRM1 with BAP alone, they also regenerated with a high regeneration efficiency.
These results showed that culturing a specific tissue in a medium with suitable concentrations of NAA and BAP or kinetin resulted in
a large number of multiple shoots, and BAP and kinetin worked synergistically to produce a high plant regeneration efficiency.

Keywords: BAP, kinetin, regeneration, vetiver grass, Vetiveria zizanioides L. Nash.
Abbreviations: BAP-NS-benzylaminopurine; NAA-a-naphthalene acetic acid; CIM-callus induction medium; PRM-plant
regeneration medium.

Introduction

Vetiver grass is used for protecting the soil through moisture of this bud, a certain combination of different plant growth
retention, erosion reduction, and heavy metal removal regulators (PGRs) is usually needed. Two main groups of
(Leauagvutiviroj et al.,, 2010; Minh and Khoa 2009; PGRs used in regulating somatic embryogenesis are auxins
Sudhishri et al., 2008). In addition to soil protection, vetiver and cytokinins. Their structures are different and so are their
extract has been used as an ingredient in perfume and functions. For example, auxins affect cell expansion as well
cosmetics (Bhushan et al., 2013; Bhuiyan et al., 2008). This as root and bud formation while cytokinins are known to
extract is also used for controlling micro-organisms, pests, regulate cell division, growth, and developmental process
and weeds (Adam et al., 2008; Sangeetha and Stella 2012; (Mok, 1994). According to two studies by Soni et al. (1995)
Mao et al., 2004; Koul et al., 2008). Moreover, as a biomass, and Redig et al. (1996), cytokinins enhance shoot
it can be used for biofuel production (Sun et al., 2014). proliferation by elevating the expression of cyclin protein that
Because of its usefulness, several countries have promoted controls the division processes in Arabidopsis and tobacco
more vetiver planting in order to support the large demand cells. A combination of auxin and cytokinin has been
for it. Vetiver planting by a conventional method is limited reported to enhance the amount and quality of plant
by the particular climate of the plantation area; micro- regeneration (Habiba et al., 2014; Ashraf et al., 2014).
propagation by tissue culture is a means to resolve this However, the molecular mechanisms that these PGRs
problem. Tissue culture can produce large-scale sterile cooperatively regulate the development of tissue are not
plantlets in a short period of time without being affected by clearly known. A relatively high concentration of auxin
the environment. In addition, genetic improvement of vetiver coupling with a dark condition is usually used in the callus
grass by molecular transformation technique requires induction process of monocotyledonous plants (Ali and Igbal
researchers to establish a high efficiency vetiver regeneration 2012, Sahoo et al.,, 2011) because auxin distributes more
method using tissue culture technique. In several regeneration evenly to all cells and tissues under a dark condition and so
experiments, various parts of vetiver grass have been used as provides better chances for more embryogenic cells to
an initial explant, for example, its shoot (Cedo et al., 2012), develop into calli. A combination of auxin and cytokinin at
inflorescence (Sangduen and Prasertsongskun, 2009), axillary certain concentrations was used to increase the yields of
bud as well as aseptic adventitious bud (Zhenrang et al., callus induction and plant regeneration in one of our previous
2006). An axillary bud was used in this study because it is experiments (Khunchuay et al., 2009), but the regeneration
easily grown under a controlled condition with minimal efficiency was still not high enough. Hence, several
apical dominant effects. However, for a specific development combinations of different types and concentrations of auxin
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(NAA) and cytokinin (kinetin and BAP) were tried out in this
study in order to find one that produces a satisfyingly high
efficiency. Added to the culture media, these combinations
were observed on how much they enhanced vetiver grass’s
callus induction and regeneration (Suratthani ecotype). A
high callus induction efficiency will definitely benefit plant
improvement via genetic transformation.

Results and Discussion

Effects of PGRs in CIM on callus induction and plant
regeneration

After 4 weeks under a dark condition, axillary buds of vetiver
grass cultured in different media produced calli of different
quantities and qualities. These proliferated calli were then
subcultured in fresh media of the same kind under the same
condition for another 2 weeks. The results showed that NAA
in combination with cytokinin had a direct effect on the
efficiencies of callus induction and plant regeneration (Fig 1.
and Table 1.). Under the experimental conditions, the axillary
buds grown in CIM2 and CIM5 showed the highest
percentages of callus induction efficiency, 90+12.9 and
85+12.9% respectively. On the other hand, reducing the
concentration of BAP in CIM from 1 mgL™ to 0.5 mgL™ or
increasing the concentration of NAA from 2 mgL™ to 3 or 4
mgL'1 reduced the efficiencies of callus induction to 75+16.7,
55+15.8, and 52+14.2% respectively. Replacing BAP (CIM2)
with kinetin (CIM5) at the same concentration did not make
any differences statistically.

Although vetiver callus induction usually prefers a high
ratio of auxin to cytokinin, an optimal combination of auxin
and cytokinin is still needed to be determined for each kind of
explant. Supplementing auxin in CIM is essential for
inducing division and development of callus cells into
embryogenic cells, especially for monocotyledon plants
(Mendoza and Kaeppler, 2002; Shah et al., 2003; Can et al.,
2008; Neibaur et al., 2008). However, a high concentration of
auxin in a medium may prevent cell differentiation (Gray,
1996). Similar to this finding, our findings show that auxin at
a high concentration (3-4 mgL™? NAA) negatively affected
both callus induction and plant regeneration of vetiver grass.
An experiment with wheatgrass also showed a similar result
(Wen et al., 2006).

Calli of similar sizes that were grown in every induction
medium supplemented with a different combination of PGRs
was transferred to a regeneration medium of MS
supplemented with 1 mgL™ NAA and 2 mgL™* BAP (PRM1).
New shoots were sprouting in PRM1 4 weeks later. After six
weeks of incubation, these calli showed different
regeneration efficiencies. The differences in the regeneration
efficiencies of calli grown in different CIMs followed the
same direction as the differences in their callus induction
efficiencies. Calli grown in an MS medium containing a
combination of 2 mgL™ NAA with 1 mgL™ kinetin (CIMS5)
or with 1 mgL™ BAP (CIM2) showed a relatively high
frequency of plant regeneration, 85 or 80% respectively. In
addition, calli grown in CIM5 gave the highest average
number of shoots per callus (10.6 shoots) that was
statistically higher than that given by calli grown in CIM2.
The percentages of plantlets regenerated from 6-week old
calli and the average number of shoots per callus are shown
in Fig 2. and Table 1.

Our experimental results showed that callus induction of
vetiver axillary bud really needed a suitable combination of
PGRs at appropriate concentrations. It should be observed
that, in the case of replacing BAP (CIM2) with kinetin
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(CIMS5), the efficiency of callus induction grown in CIM5
was not statistically different to that grown in CIM2. In
contrast, CIM5 stimulated vetiver calli into generating shoot
organs better than CIM2 did. Furthermore, the lower
concentration of BAP in CIM1 also resulted in lower callus
induction and regeneration. Thus, it can be concluded that a
suitable combination of auxin and cytokinin and appropriate
concentrations in the culture medium was necessary for
enhancing callus induction and plant regeneration of vetiver
grass.

Added to a culture medium, auxin in combination with
cytokinin can induce endogenous PGRs that are components
of the regulating processes of cell development into plant
(Osborne et al., 2005). Auxin and cytokinin in a medium play
antagonistic roles in the developmental processes of somatic
embryogenesis. A study by Hwang et al. (2012) concluded
that cytokinins promote cell differentiation via transcription
factors and influence the expression of several target genes.
Auxin also plays a critical role in the maintenance of shoot
meristem (Su et al., 2011). In addition to regulating cell
development, auxin in combination with cytokinin cause a
pH shift of cell wall and may regulate the activity of
cytokinin receptors on the cell membrane (Romanov et al.,
2006). Moreover, auxin in the nodal stem of pea plant
inhibits synthesis and accumulation of cytokinins (Tanaka et
al., 2006), thus auxin may inhibit the excessive effects of
cytokinins and regulates bud elongation.

Cumulative effects of cytokinin in culture media on plant
regeneration

The numbers of yellow creamy calli grown from buds in
CIM1, CIM2, and, CIM5 with different cytokinin
concentrations were relatively higher than those grown in
CIM3 and CIM4. To find out what kind of plant regeneration
efficiency and number of shoots per callus different
regeneration media gave, we cultured calli in 3 regeneration
media—PRM1, PRM2, and PRM3. The calli incubated in
these regeneration media produced green spots within 2
weeks and developed shoots after 4-6 weeks. The percentages
of plant regeneration efficiency and the average number of
shoots per callus grown in these regeneration media are
presented in Table 2. Pictures of the regenerated plants are
shown in Fig 3.

As can be seen in Table 2., the calli derived from the
kinetin-free CIM2 medium showed a higher efficiency of
plant regeneration when grown in PRM2 and PRM3
(90+13.27 and 95+11.2%, respectively) which contained 1
and 2 mgL™ of kinetin compared to those grown in kinetin-
free PRM1 (75.0+17.7%). The average numbers of shoots per
callus also followed the same trend as the plant regeneration
efficiency (9.4+0.4 and 9.840.8 shoots, respectively).
Compared to each other, the growth results provided by
PRM2 and PRM3 were not statistically different. In contrast
to the case of CIM2, calli obtained from CIM1, which had a
50% lower concentration of BAP than CIM2, showed lower
plant regeneration efficiencies when grown in all of the above
regeneration media. Hence, it can be inferred that a low BAP
concentration in a callus induction medium led to a low plant
regeneration efficiency, even when kinetin was present in the
regeneration medium, i.e. overall, kinetin in a regeneration
medium did not promote growth if BAP in the callus
induction medium was insufficient. The average number of
shoots per callus grown in CIM1 also followed the same
trend as their plant regeneration efficiency. Moreover, the
average number of shoots produced from calli cultured in
CIM1 was lower than those in CIM2 and CIMS5 regardless of



Table 1. Effects of different combinations and concentrations of plant growth regulators on callus induction and plant regeneration of
Vetiveria zizanioides L. Nash cv. Suratthani

Plant growth regulators Efficiency of MS+1 mgL™* NAA+ 2 mgL? BA (PRM1)
Medium NAA BAP Kinetin callus induction Efficiency of plant Average number of shoots
(mgLh  (mgL™Y) (mgL™) (%) regeneration (%) per callus (shoots)
CiM1 2 0.5 0 75.0+16.7° 75.0£0.0™ 9.6+0.9
CIM2 2 1 0 90.0+12.9° 80.0+11.2%* 9.0£0.5"
CIM3 3 1 0 55.015.8° 65.0£13.7™ 9.8+0.2%
CiM4 4 1 0 52.5+14.2° 60.0+13.7° 8.6+0.1°
CIM5 2 0 1 85.0+12.9® 85.0£13.7% 10.6+1.1°

The different letters in each column represent a significant difference at p < 0.05

Fig 1. Calli of Vetiveria zizanioides L. Nash developed from axillary buds in different callus induction media (Tablel.) under a dark
condition for 6 weeks; Calli in pictures A to E were developed in CIM1 to CIMS5, respectively.

Table 2. Regeneration efficiencies of calli of Vetiveria zizanioides L. Nash cv. Suratthani developed in CIM1-3 and then regenerated
in PRM1-3.

Callus induction medium Plant rege_neration Efficiency_ of plant Average number of shoots per
medium regeneration (%) callus (shoots)
PRM1 70.0+11.2° 8.0+0.2°
cIM1 PRM2 70.0+11.2° 8.4+0.8°
PRM3 75.0+0.0% 8.9+0,9
PRM1 75.0£17.7% 8.7+0.5™
CIM2 PRM2 90.0+13.7% 9.4+0.4%®
PRM3 95.0+11.2° 9.9+0.7%
PRM1 80.0+11.2%¢ 10.1+0.8°
CIM5 PRM2 80.0+11.2%¢ 8.8+0.4™
PRM3 70.0+11.2° 9.5+0,5%

The different letters in each column represent a significant difference at p < 0.05.

Fig 2. Plantlets of Vetiveria zizanioides L. Nash from calli regenerated in PRM1-an MS medium supplemented with 1 mgL™ NAA
and 2 mgL"BAP—for 6 weeks of 16-h light/8-h dark photoperiods. Plantlets in pictures A to E were regenerated from calli developed
in CIM1 to CIM5, respectively.

728



Fig 3. Plantlets of Vetiveria zizanioides L. Nash from calli developed in CIM1, CIM2, and CIM5 and regenerated in PRM1, PRM2,
and PRM3 for 6 weeks of 16-h light/8-h dark photoperiods. Pictures A to C show plantlets from calli developed in CIM1 and
regenerated in PRM1, PRM2, and PRM3 respectively. Pictures D to F show plantlets from calli developed in CIM2 and regenerated
in PRM1, PRM2, and PRM3 respectively. Pictures G to | show plantlets from calli developed in CIM1 and regenerated in PRM1,

PRM2, and PRM3, respectively.

the type of regeneration medium used. Although calli
obtained from CIM1 were induced by a lower BAP
concentration (0.5 mgL™), this lower concentration might be
enough for callus induction but might not be enough for
prolific plant regeneration. This kind of lower proliferation
was also observed when the calli were further regenerated in
PRM1, PRM2, and PRM3. For example, even though PRM3
contained 2 mgL‘l of kinetin, the extra PGR was not able to
enhance the regeneration of Calli from CIM1, whereas it was
able to do so for calli from CIM2. The lower concentration of
BAP cytokinin in CIM1 might have lowered the levels of
endogenous PGRs of those calli, hence retarding plant
regeneration. In contrast, calli obtained from CIM5 that
contained kinetin instead of BAP showed high percentages of
plant regeneration in PRM1 and PRM2. However, a higher
concentration of 2 mgL™? kinetin in PRM3 reduced the
regeneration efficiency of CIM5 calli. The average number of
shoots per callus produced by calli obtained from CIM5 and
grown in all of the regeneration media were 8-10 shoots.

It should be noted that both BAP and kinetin were needed
in callus induction and regeneration media to induce more
shoots, but kinetin, at a suitable level in either media or in
both, induced shoot development better than BAP alone did.
Interestingly, adding enough kinetin to either the callus
induction medium or the regeneration medium alone both
resulted in a high percentage of regeneration. For example,
kinetin contained in CIM5 was enough to enhance calli
development and regeneration in PRM1 that did not contain
kinetin. In the same way, kinetin contained in PRM2 and
PRM3 was enough to enhance the regeneration of calli
cultured in CIM2 that did not contain kinetin. Thus, it seems
that efficient calli development needs more than one kind of
cytokinin.

Cytokinins transduced their signals by a receptor
component system consisting of histidine kinase proteins and
response regulators (Jenifer and Kieber 2008). More than one
type of cytokinin receptor has been identified in various plant
species (Du et al., 2007; Inoue et al., 2001; Suzuki et al.,
2001; Yonekura-Sakakibara et al., 2004). The diversity of
receptor structures restricts ligand binding activities to
specific types of cytokinins (Spichal et al., 2009) and may
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sequentially activate different developmental responses.
Cytokinin actions in shoot proliferation are light-dependent
(Baraldi et al., 1998). These PGRs involved in chlorophyll
synthesis and enhancing starch content in the shoot apex
(Werner et al, 2008). Evidence of enhanced sugar
metabolism can be commonly found in shoot bud formation.
Therefore, there have been reports that cytokinins affected
various aspects of plant development, especially vascular
development and organ formation (Mahdnen et al., 2006;
Barciszewski et al., 2007). In this study, BAP in combination
with NAA in PRM1 (with no kinetin) did produce multiple
shoots, but the shoots were small and failed to develop
further. However, with the addition of kinetin, as in the case
of PRM2 and PRM3, multiple shoots developed into mature
plants. Kinetin can be added to the culture media in either the
calli induction stage or plant regeneration stage and still be
effective either way. Our results showed that kinetin acted in
synergy with BAP and NAA in enhancing shoot proliferation.
Different levels of exogenous kinetin in cell culture media at
different developmental stages resulted in similar
regeneration efficiencies because the cells might rebalance
their endogenous PGRs by activating and/or depleting
accumulation of other PGRs. Some evidence suggested that a
certain type of grass may contain enough endogenous
cytokinins for developmental embryogenesis (Wenck et al.,
1998), therefore media containing exogenous cytokinins may
inhibit calli development into somatic embryo. BAP and
kinetin are aromatic cytokinins that differ only in the adenine
substitution at N-6 position with benzyl ring or with furfural
ring, respectively. This substitution leads to the unique
biological activity of each cytokinin. Kinetin added to a
culture medium stimulated transcription of RNA polymerase
I in Arabidopsis (Barciszewski et al., 2007). This piece of
evidence suggests that kinetin may have similar functions to
BAP by acting as a common signal that regulates the
transcription of proteins involving in the growth and
development of plant cells. However, the activity of BAP is
commonly known to be stronger than that of Kinetin.
Therefore, kinetin may attenuate the activity of BAP by
modulating BAP’s binding to its receptors. Our results
showed that BAP induced a large number of shoots, but



kinetin enhanced shoot development. In addition, the furfural
ring in the kinetin structure can neutralize free radicals in
cells (Barciszewski et al., 1997). The whole structure of
kinetin also behaves as an antioxidant, inhibiting oxidation in
vitro (Verbeka et al., 2000). For these reasons, kinetin has a
potential for delaying plant senescence. According to Brathe
et al., (2002), kinetin showed a slightly higher activity of
DPPH scavenging and lipoxygenase inhibition than BAP did.
Therefore, adding kinetin to a culture medium may not only
have an effect on cell differentiation but also provides better
cell characteristics.

Materials and Methods
Plant materials

Axillary buds of vetiver grass (Vetiveria zizanoides Lin
Nash.) cv. Suratthani were used as an explant under an
aseptic condition. The vetiver grass was obtained from the
Land Development Department, Bangkok, Thailand.

Effects of PGRs in CIM on callus induction and plant
regeneration

The axillary bud explants were cultured in 5 different callus
induction media (CIM1-CIM5) (Table 1). The basal medium
was an MS medium (Murashige and Skoog, 1962) containing
8.0% agar and 20 gL glucose supplemented with
combinations of PGRs at various concentrations to make
CIM1-CIM5. The pH values of all media were adjusted to 5.8
before sterilization. The explants were cultured in these
media at 25+2 ‘C in a dark room. After 4 weeks, the calli
were subcultured further under the same condition for
another 2 weeks. The morphology of the proliferated calli
were observed, and the frequencies of callus induction were
recorded. Six-week-old calli were transferred to PRM1—an
MS plant regeneration medium containing 30 gL *glucose
and 1 mgL™ NAA plus 2 mgL™* BAP. Calli developed in each
medium were incubated at 25+2 °C under 16-h light/8-h dark
photoperiods for 6 weeks. The numbers of shoots per callus
and the frequencies of shoot regeneration were recorded.

Effects of cytokinin in culture media on plant regeneration

Bud explants were cultured in three callus induction media—
CIM1, CIM2, and CIM5—that contained 0.5, 1 mgL™ BAP
and 1 mgL™* kinetin, respectively. The samples were cultured
in a dark room for 4 weeks and sub-cultured under the same
condition for another 2 weeks. These calli were then
transferred to three different plant regeneration media—
PRM1, PRM2, and PRM3. All of these media contained a
fixed concentration of NAA (1 mgL™) and of BAP (2 mgL™)
but each medium contained a different concentration of
kinetin—0, 1, and 2 mgL ™, respectively. Calli were incubated
at 25+2 °C under 16-h light/8-h dark photoperiods for 6
weeks. Number of shoots per callus and frequency of shoot
regeneration were recorded, and frequency of plant
regeneration was estimated by counting. The percentages of
callus induction and plant regeneration were calculated using

the following equations (1 and 2, respectively),
Number of buds that produced calli

Callus induction(%) =

(O]

Total number of buds

. Number of calli that produced plantlets
Plant regeneration (%) = - x100. (2)
Total number of calli
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Statistical analysis

One-way ANOVA was used to test the significance of the
effects of plant growth regulators on callus induction and
plant regeneration. The means of the number of shoots per
callus and of the frequencies of callus induction and plant
regeneration were compared by using a least significant
difference (LSD) test.

Conclusions

From this study, it was found that two media—an MS
medium added with 2 mgL* NAA and 1 mgL™ BAP (CIM2)
and an MS medium added with 2 mgL™? NAA and 1 mgL*
kinetin (CIM5)—were suitable for callus induction of vetiver
axillary buds. The calli induced in these two media, when
transferred to an MS plant regeneration medium
supplemented with 1 mgL™ NAA and 2 mgL™* BAP (PRM1),
provided the two highest plant regeneration frequencies. A
suitable concentration of kinetin added to CIM or PRM
media resulted in better shoot development from calli. Lack
of kinetin in CIM could be compensated by its addition in
PRM. BAP and kinetin acted synergistically to enhance shoot
quality and quantity. A suitable concentration of auxin and
suitable types and concentrations of cytokinin are important
for promoting plant cell development in tissue culture.
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