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Abstract: Three series of plant growth regulators experiments in Chrysanthemum lissue
culture, each arranged in completely randomized design (CRD), were sudied to formulate
efficient plant regeneration system for ggveloping Chryvsanthenuan plant cell engineering. In
the first experiment. 100 mg callus were cultured in liquid Murashige and Skoog (MS) medium
supplemented with different combinations of NAA [l BAP concentrations treatments. After
30 days of culture, heaviest callus (1.55 g) was obtained in NAA (10 mg L") + BAP (0.5 mg
L), Consequently, shoot regeneration experiment with different kinds and concentrations of
auxin, i.e. NAA and 2ifggere cach combined with different concentrations of cytokine BAP.
Callus grown on solid MS medium supplemented with both NAA and BAP at 0.5 mg L
showed fastest shoot nitiation (30 days). largest number of shoots (5 shoots), longest shoot
length (2.88 an). While combination of 2iP (0.5 mg L") and BAP (2.0 mg L) also produced
same response on shoot mitiation but shorter (1.88 an) and only one shoot. Larzest number
of shoots (3 shoots) was obtained in treatment BAP (0.5 g L") without 2iP, although shoot
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mitiation was slower (39 days) with shorter length (1 an). In a separate experiment. effect of
single treatment of potential synthetic cytokine for shoot regeneration, Thidiazmwron (TDZ). at
different concentrations was examined. However, callus grown on TDZ incorporated medium
didnot produce any shoots and changed from green to brown at end of study (90 days). It was
assumed that TDZ inhibited formation of shoots in Clrysanthenum callus culture,

Keywords: Clrysanthemum morifoliumn; Plant Cell Engineering, NAA, 2iP; BAP; TDZ

1. Introduction

Chvsanthemum (Clavsanthemm mo-
rifolium Ramat. syn. Dendranthema gran-
diflorum) 15 one of the largest floriculture
commodities in Indonesia. Clwysanthenmum
export volune in 2012 reached 5092 tons,
with a value of more than one million US
dollars. The value is even greater than the
value of exports of orchid that only reach
about 600,000 US dollars. On the other
hand, Indonesia also imported large amounts
Chrysanthemums. up to 8 tons imported in
2012, It has stayed at first rank of floricul-
ture commodities most imported in Indone-
sia, compared with the volume of imports
of orcuds which only reached 4 tons m the
same year (Directorate General of Horticul-
ture, 2012).

The common commercially avail-
able Clovsanthenmm in Indonesia is Chniy-
santhemum morifolinm Ramat. It 1s native
to the northern hemisphere, mainly Europe
and Asia. A high interest in the Indonesian
market 1s not without reason. This flower 1s
known for its beauty and long vase life and
durability as cut flowers. Chrysanthemum
has the advantage of wide variable shape
and flower color. This plant has thounsands of
different varieties with flower color ranges
from white and cream to the shades of
vellow, bronze, pink, red. green and deep

purple.

Although it has a great potential for
the country’s income, the development of
Chrysanthenmum is sill faced by several
challenges. Among them isthe lack of genetic
diversity of Clrysanthemum m Indonesia.
Consequently, large size grower or industry
must always import seeds or mother plant
from the Netherlands. Another important
constraint is pests and plant diseases. Plants
are very delicate lo pasls or diseases, hence
easy to deteriorate making it difficult to
market. Plants that are free of pests and
diseases have been in crucial condition to
meet the global export market.

One of the important diseases that at-
tack Chrvsanthemum 1s white rust (Puccinia
horiana P. Henn,). Suhard: (2009) indicated
that the yield losses due to white rust which
could reached 30%6 from seedling bomn dis-
ease alone. The control of white rust disease
is generally done with fungicide, but usually
did not reach its target. As a rggult. the dis-
ease could not be eliminated. One potential
altemative is to develop disease resistant
Chrvsanthenm plants.

Development of disease resistant
plants can be made through conventional
plant breeding although it may be difficult
as it has lack of disease resistance varieties
for tropical diseases, thus lack of available
useful resistance genes. Alternatively, cell
and genetic engineering technology can be
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applied which allow the multiplication and
selections as well as the insertion of genes
through recombinant DNA from other
organisms into the plant genome through
Agrobacterimm-mediated procedure using
lissue culture lcclm#}f (Hooykaas and
Schilperoort, 1992, Takatsu et al., 1999.
Sjahril et al, 2006, Semiarti ef al, 2007.
Khan et al.. 2008)

Establishment of plant regeneration
svstegain tissue culture is a prerequisite for
h:ghcgdcnt production of transgenic plants
in any Agrobacterium-mediated transfonna-
tion protocol. Many research on increasing
efficiency of regeneration F)-'RIEBIIHS been
reported on Cluvsanthenum (Teixeira da
Silva, 2003, Teixeira da Silva. 2003" Ilahi
et al,, 2007 Keresa ef al., 2012) and other
species spgh as Petunia Inbrida (Thiruk-
kumaran et al., 2009). The combination of
plant growth regulator auxin and cytokine
incorporation in the medium has hﬁ used
extensively on plant regeneration m tissue
culture.

The use of medium type and plant
growth regulators as well as selection of
appropriate protocol in in vifo culture can
support the success of genctic engincering
of Chrvsemthenmme.  In this study the role
of auxins. a-Naphthalenacetic Acid (NAA)
and 2-Isopentyl Adenine (2iP), the cytokines
Benzyl Ammo Purine (BAP) and the new
potent  synthetic  cyvtokine, Thidiazuron
(TDZ) used in combination or sole plant
growth regulators in inducing cells/callus
and shoot regeneration in Chrysanthemmmn
for an efficient protocol of i vitro Chrysan-
themmwm  plant regeneration system was
investigated.
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g Materials and Method

This research was carried out in gc
Laboratory of Plant Bio-science and Re-
production Biotechnology, Department of
Agronomy, Faculty of Agriculture, Hasanud-
din University, Makassar. Experinents were
conducted from March to November 2015

Callus induction and culture were
dtarted from leaf explants of Chrvsanthentum
cultivar “Pasopalti”, obtained from the collec-
tion of the Tissue Cuture Laboratory Instal-
lation. UPTD — Horticultural Seed Center.
Gowa Regency, South Sulawesi Province.
Medium was made using the inorganic and
organic media component for Murashige and
Skoog (MS) medium, plant growth regula-
tor (PGR) such as: a-Naphthalenacetic Acd
(NAA), 2-Isopentyl Adenine (2iP), Benzyl
Amino Purine (BAP), Thidiazuron (TDZ).
Solidification was obtained by adding gel-
lant gum (Gellex, Cica-Reagent). Other sup-
porting materials and equipment as well as
appliances, glassware and dissection kit for a
standard plant tissue culture laboratory were
also required

Chrysanthemum cell/callus suspension
ﬂrure experiment with liquid MS medium
was arranged in a completely randomized
design (CRD) with two treatment factors.
The factor was the concentration of

(0.1l mgL”. 05mg L*. 1.0 mg L.
1.5mg L 2.0mg L, 3 ng L* and without
NAA). The second factor waﬁrmlccntralim
of BAP which consisted 0.5 mg L, 1.0
mg L' and 2.0 mg L* and without BAP.
Effect of the combmnation of plant growth
regulators, the auxin (NAA and 2iP) and
the cytokine (B AP) were also carried out to
study shoot and plant regeneration efficiency




of Chirvsanthenunn callus. The first factor 1s
the type and concentration gk auxin (NAA
and 2iP) which consisted of levels (0.0,
01. 05, and 1.0 mg L"), each of which
was combined with the secmdaclm', the
cytokine (BAP). consisting of 4 levels (0.0,
05, 1.0, and 20 mg LY. Effect of single
treatment of TDZ (0.0, 0.5, 1.0. 1.5, and 2.0
mg L) incorporation mto MS medium on
shoot regeneration from callus explant was
also nvestigated.

The PGRs were incorporated in to
liquid MS medium for callus suspension
culture and solidified with 1 g L* gellant
eum for the second and third experiment.
Callus inoculant (100 mg), were each placed
either on the solid medium or i liqud
culture medium. Sub-culture with new fresh
med'ul was performed every two weeks.
The experiments were carried out arranged
in Completely Randomized Design with
two-factors. All treatment combination
in each experiment was repeated 4 tiumes.
Observation data on induction and growth of
cell/callus suspension as well asregeneration

Table 1. Callus Fresh Weight (FW) gam {g)gdﬂy‘ of suspension culture in
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of the plantlets were analyzed. both were
visualized and analized by ANOVA and
efficiency of plant regeneration was
discussed.

3. Result and Discussion
3.1 Suspension Callus Cultures

Friable callus were subcultured sus-
pended n liquid MS medium containing
PGR according to treatments Sub-cultures
into fresh MS medium was repeated every
14 days. Results showed the rate of callus
fresh weight (FW) gained after 30 days of
treatment (Table 1). However, suspension
cells took longger period to obtain during
this study. Thus, result here only showed
condition of friable callus culture tuming
slowly into cell suspension cultur

Table 1 showed that NAA con
tion of 1.0 mg L' in combination with 0.5
mg L' BAP in liquid MS medium gave the
best response on callus induction as shown
by biomass weight gain (1.55 g) compared
with other treatment combinations. Analysis
of variance showed that the addition of NAA

MS medium
Callus FW (g)
Treatment BAP Bar BAP BBar Mean
Omgl' 0SmgL' 10mgl' 20mglL?

NAA Omg L 0.19 022 0.21 0.38 0.28 ¢
NAA umg L1 0.38 020 0.22 0.20 0.25°
NAA 0.5 mg L* 0.46 083 0.65 0.45 0.60"
NAA1.0mgL* 0.15 1.5% 1.32 0.59 0.90*
NAA u mg L! 0.73 09s 0.20 082 068"
NAA 2.0 mg L' 032 1.38 0.60 0.65 0.73 %
NAA3OmgL! 0.45 063 0.82 0.53 0.61°

© Mean 038" 0.83" 0.57" 0.52"

Femarks: Values followed by the same letter are not a1 grufic antly different in Duncan's multiple
range test (DMRT) level a = 0.01 a;,um FW in treatment of NAA and DMRT o =

0.0% for FW imean m tre atment of




as much as 1.0 mg L gave the best callus
weight gain (0.90 g), but it was not siglﬁ-
cantly different from the treatinent of 2.0 mg
LY NAA, although it was significantly differ-
ent from other treatments. Furthermore, the
addition of 0.5 mg L* BAP gave the best re-
sults on callus FW gamn (0.83 g). and signifi-
cantly different from other treatments Cell
division during in vitro culture is mfluenced
by endogenic and exogenic PGR Accord-
ing to George and Sherrington (1984) callus
could be formed by a balance of auxin con-
tent in explant high enough or when content
of cytokines were very low or non-existent,
hence auxin alone could mduce the forma-
tion of callus on explants.

The existence of plant growth regula-
tors in plants medium influenced mhibition
of adventitious and axillary buds formation,
but its presence in tissue cuture medium is
needed to improve somatic embryogenesis
in cell suspension cultures. Smith (2013) ex-
plamns that the use of appropriate auxin con-
centrations i in vitro culture can stinulate
callus formation and suppress motphogen-
esis. Piergk (1997) suggests that auxin can
increase cell elongation, cell division and
formation of jtious roots. Barakat ef
al. (2010) repoted the best medium to induce
callus deriygd from Chvsanthenuon leaf ex-
plants on MS medium waswith the incopor-
ation of 0.5 mg L NAAand 1.0 mg L' BAP,

3.2 Shoots Regeneration

Cell aggregates formed in the best treat-
ment during suspension culture, was grown
on solid MS medium for shoot mitiation and
regeneration by mcoporating appropriate
PGR treatments. Shoots or plantlets regen-

[ 5¢ F
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eration experiments examined the influence
of combination of some PG nely NAA
and BAP, 2iP and BAP and the effect of a
single plant growth regulators (TDZ) when
incorporated to the solid MS medium. Result
of the experiment in Table 2 showed that the
rate of fommlﬁ or regeneration of shools,
as well as the number of shoots formed Re-
sult on obwauous of the rate of formation
of shoots, number of shoots formed on each
PGR treatment combination is shown Table
2. 3and 4.

Table 2 and Figure 1 e showed
that the addition of NAA (0.5 mg L") and
BAP (0.5 mg L") promoted the fastest of
shoot initiation or fnmﬁou ie average of
30 days after planting. Analysis of yasance
in the number of shoots observations ed
that the addition of 0.5 mg L* NAA + 0.5 mg
L' BAP in the MS medium gave the highest
number of shoots (5 shoots) and shoot
length (2.9 cm) These results did not differ
significantly by treatment of NAA (0.1 mg
LY and BAP (0.5 mg L*). but significantly
different from other treatments.

Auxin and cytokinin are two kinds of
plant growth regulators are often used to
mduce morphogenctic plant (Zulkarnain,
2007). BAP is a type of cytokines that are
often used in conjunction with NAA (auxin)
to initiate plant shoot. The resultgabtamed by
Ilahi et al (2007) showed that MS medium
containing 0.5 mg L* NAA and 0.5 mg L*
BAP was the best medium to induce callus
i Chrysanthemum using explants derived
from intemodeg

Table 3 showed that the addition of
21P and BAP in MS medium gave the best
response in rate of formation of shoots and
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Table 2. The average rate of shoot regeneration mihation. munber of shoots formed and shoot height
on combination treatment of NAA and ‘P 90 days after callus inoculation

Shoot imtiation Number of Shoot Length

S _T_":m.'.'f' o (days)  shoots(shoot)  (em)
MS 0 n 10" 7 o ol
MS + BAP 0.5 mg L 0 0¢ 0,
MS+ BAP10mgL" 0 (E 0.7%
MS+ BAP20mg L 37% 1 0.00
MS+NAA 0.1l mgL*! [ 0 0,00
MS + fEjA 0.1 mg L + BAP 0,5 mg L' 34 3« 250"
MS+[@AA 0l mgL' +BAP 1,0mg L' 46 * 1< 1.38 <4
MS + NAA 0l mgL' + BAP2O0mgL"' 3qn 2 0.78 %
MS + NAA 0.5 @@L 33 e 228
+ NAA0,SmgL"' + BAP 0,5mg L' o §& 188°
3 t NAAOSmg L' + BAP1.0mg L' 40 1% 1332
MS +NAAOSmgL'+BAP2.0mgL* 34 q* 1,75
MS+ ERA 20 mg L! 0* 0¢ 0.00'
MS +NAAQ-'+BAPo.sm;U 0 0¢ 0,00
MS + NAA@P mgL*+ BAP 1.0mg L' 0 0* 0.00 !
_MS + NAA20mgL'+ BAP2,0mg L’ 0 0¢ 0.00
CV (%) m s 1 36

Remarks:  Values followed by the same letter m the same colunn are not significantly different m Duncan’s
multiple range test (DMRET) level o = 0.05. Zero vahue = No growth after 90 days observation. Callus
stay green and growang. but no shoots,

oo, [ o, [ oo Y N0 |
Figure 1. Shoots Regeneration on combination treatment of NAA and EIJP. 90 days after callus inoculation

N, = without NAA: N, <fERA (0.1 mg L'); N; =NAA (0. mg L'): N, = NAA (1.0 mg L")

Bu = without BAP: B, = BAP (0.5 mg L'): B=BAP (1.0mg L'"): B, =BAP 2.0mg L").
shoots lenght. Shoots began to form on  addition of 0.5 mg L BAP without 2iP
MS medium inmr}ﬂnlcd with 2iP (0.5 mg  produced the highest number of shoots (3
L)y and BAP (2.0 mg L*) at 30 days after shoots). The results showed no significant
mnoculation giving highest shoot length (1.88 diffm‘mc&;ﬁnveen the addition of 0.5 mg
an). Analysis of variance in the number L' BAPor BAP 1.0 mg L, but significantly
of shoots observations indicated that the different from other treatments
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Table 3. The average rate of shootrcgencration, number of shoots produced and shoot height on combination
treatment of 2iP and BAP 90 days after inoculation

Tresisit Shoot imtiation Numblc: of Shoot
- (days) shoets (shoot) Longth (cm)

MS 0 0t ot 0,00
MS+ BAPO.Sme L' 39 3 1.00*"
MS + BAP mg L' “- 1 150"
MS + BAP 1.0 mg i) or o 0,00
MS+ 2iP 0.1 mg L! 0" ot OFER¢
MS + 2iPfJmg L' + BAP 0.5 mgL" 40 1+ 050"
MS+2iP 0.1 L" + BAP1.0mgL" 0" ot 0.00¢
MS+ 2iP 0.1 mgL'+ BAP 2.0 mgL" 38« 1 * 050"
MS + 2iPgfmg L' 0! o 0,00 ¢
MS + 2iP @8 mg L' + BAP 0.5 mg L* 0 0" 0.00°
MS + 2iP 0.5 mg L' + BAPJ0 mg L 0" o® 0,00
MS+ 2iP0.5mgL' + BAP 2.0 mgL" 30" g 188"
MS+ 4P 1.0mgL’ 0 a* 0t 0.00°
MS*llPI.OmgL‘*BAPoan.L" 0 o 0.00 ¢
MS+2iP10mgL"'+ BAP10mgL?* (] 0" 0,00 *
MS + 2iP 1.0 mgL' + BAP 2 0mg L' 42° 0 0,00 ¢

CV (%) 20 24 19
Remarks:  Values followed by the same letter m Ee same ¢ ohnun are not significantly different in Duncan's
multiple range test (DMRT) level a = 0.05. Zero value = No growth after 90 days observation
Callus stay green and growmg. but no shoots

Figure 2. Planl regeneration expernnent grown on MS medium :ﬂlumnln\i with combinations of treatment of

4P and B)\i'aen'rd al 00 days after moculaton 1, thout 1P 1, = 24P (0 1 mg L") I; = 24P (0 8
g LY, L= 2P (1.0mg L") B, ~ without BAP. B, ~ BAP@ Smg L") B,~BAP(10mg L"), B, -
BAP(2.0mg L")
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Figure 3. Regenerflbu in the treatment of TDZ on the ohstn'u of 90 days after planhng T, = wathout TDZ:
Ti=05mg L' TDZ. T;=10me L' TDZ. T, =1 5Smg L' TDZ: T, =2.0mg L' TDZ

Where as for the parameters of thegnbtr of
shoots, the best results were obtained in the
treatmpnt of the MS medium supplemented
with BAP (0.5 mg L") and without 2iP
However, the numbet ol]."lwo(s produced
was lowest, as many as 3 shoots. Results of
this experiment showed that the use of media
with different compositions lead to different
responses to plant or shoot regeneration
(Figure 2). Such conditions occured due
to the interaction between 21P and BAP as
exogenous hormones found m plants which
stimulated the formation of shoots, leaves
and othcrmolphologlcﬁorgml. According to
Gunawan (1998). the mteraction of growth
regulators added i the medum and ones
produced by the plant cells endogenously,
determine the speed and direction of the
development of a culime Basi (2008)
cucd that a difference in the effectiveness
of plant growth regulators on plant growth
may be caused bv two main aspects, namely
the chemical base and its side chain groups.
The addition of TDZ m MS medium

did not accelerate the emergence of shoots
from callus explant (Table 4). Until the age of
3 months after inoculation the callus had not
spr omeﬁ‘.allus regenerated on media mco-
porated with 0.5-2.0 mg L TDZ changed its
original color from green to brownish col-
or (Figure 3). Meaning that the addition of

TDZ on regeneration medium inhibited the
foration ﬁ shoots on the Clhrvsanthenum
callus. At diffeent concentrations, growth
regulators can inhibit plant growth and even
caused poisoning to the whole plantlet. Az-
win ef al. (2006) and Windujati (2011) con-
finmed that the addition of TDZ alone
the range hingher than to 025 mg L' in the
planting medium may mhibit the formation
of shoots and shoot length from leaf callus
explants. Increased concentration above 0.5
mg L' as in this study may have carroborat-
ed the negative trend predicted (no growth or
mhibited growth)

However. Thirukkumaran et al. (2009)
have reported ditferent reaction of TDZ on
Pe:mmdn'bnd planted in vitro. Callus mi-
tiation ocaured along the edges of explant
vﬂliﬂ 2 weeks of culture in all media tested
(0.5 - & mg L") but not on medium without
TDZ. Highest frequency of shoot regenera-
tion [52.19-’&1“5 found on MS medium sup-
plancnted with 2 mg L* TDZ but was not
significantly different with tho: served
at 1 or 3 mg L*. Furthemore, at lower (0.5
mg L") or higher (4-5 mg L") levels of TDZ,
lower frequencies of shoot organogenesis
were observed.

George and Sherrington (1984), stated
that the effect of giving a concentration of
growth regulators is different for each type




of crop different even between varieties
within a species. Similarly, as for the con-
centration range. Improper concentration
can cause unwanted effeds, one of which
can inhibit plant growth, can even cause tox-
icity in plants.

4. Conclusion 5]
Addition of NAA 1 0 mg L* and BAP
0.5 mg L' to liquid suspension culture gives
the best results in fresh weighocallus (1.55
2). While. the incorporation of NAA (0.5 mg
L") and BAP (0.5 mg L") in the regeneration
medium gave the best rgsponse to shoot
mitiation rate, growth and number of shoots
. Similarly. the use of 2iP and BAP at
0.5mg L* and 2.0 mg L respectively, gave
the best response to the early shoot initiation
of Chivsemthenmm and plmuﬁowth during
in vifio culture but not on the number of
shoots formed Furthermore, the effect of
TDZ inhibited plant regeneration when used

in Chrvsanthemum callus culture
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