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Transformation efficiency in Chrysanthemum from various
sources of explants

Abstract. Nowadavs. Chrysanthemunt 1s one of the most popular ornamental plants. However
their production is constramed by problems with pests und diseases, mamly white rust discase
(Puccinia horiana P. Henn). One potential aliernative is the development ol plants through
genetic engmeermg, namely discase resistant transgeme plants. Problem that often occurs in
the process 1s the inhibition of regeneration of calli from the transformation that makes u
difficult for researchers 1o carry out DNA ftesting Irom leaves Calli regeneration is regulated
by several factors. such as the use of explant sources and media composition. This study mms
to find best explant sources for transformation results mto shoots, for DNA analysis. The study
was carried out at the level of transformation with three types of explants namely leaves. lateral
shoot buds. and internodes Genetic transformation was carried out by two-stage co-cultivation
method using Agrohacteriune tumefaciens stram EHATOS which contained pEKB-WID bary
vector T-IDNA construct. Results showed that the most appropriate genctic transformation of
explants origimatng from mternodes was 69 33%0. but the explants had the lowest regeneration
efficiency (1,92%), The ghest regeneration efficiency was oblamed in explants originating
from lateral shoot buds. which amounted to 77 78% with transformation efliciency 54.00%
Both lowest efficiencies were found in leaves (27 31%) for transformation clliciency and
regeneration cfliciency of 6.45%

1. Introduction

Chrysanthenuim production n Indonesia over the past three vears from 2015-2017 continued to
inerease from the production of 442998194 stalks 1 2015 which increased to 480685420 stalks m
2017 with a harvested arca of 11635498 ha The development of export and import of
Chrysanthenmuns w Indonesia based on data from the Data Center and Information Svstem of the
Ministry of Agriculture shows that Chasanthemmms exported to Japan from January lo September
2018 were very hugh. The export volume ol Chrvsanthemtms had decreased in February to March and
June but continued to inercase until September reaching 9.626 kg from 4.263 m January, However,
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when compared to export data from 2014-2017. 1t dechned in 2018 because this vear the export
destination country was only Japan. whereas in the previous vear the export destmation countries other
than Japan were Kuwait, Singapore. Malavsia. Austraha. and Canada In addition. the volume of
exports 1o Japan itself’ has decreased in 2018, While the volume of imports from China in 2018 1t
amounted 10 9.941 kg which is quite large compared 10 the volume of imports from 20142017 of
1.571 kg (2017). 6.975 kg (2016 ). 5.250 kg (2015). & 240 kg (2014). Besides importng from China.
are also from Colombia. Vietnam and Smgapore | 1]

The reduced export volume of Chrysanthennuns. aceompanied by an merease m import volume.
may be due to a decrease in the quality of Chrysanthemum, This is caused by problems with
Chrysanthemum pests and diseases. An important discase that commonly attacks Chrysanthemen
plants is white rust (Puccinia horiena P. Henn). Plants that are attacked by pests or discases will
reduce their quality so that they do not meet the mam requirements of the global export market.

Disease control carned out by Chivsanthennun tarmers has only been lmited to the use of
fungicides which are usually not on target so that the disease was not completely controlled. The use
of lungicides will cause negative impact such as of pollution on local environment. besides that also
the production costs will also inerease. Current global market demand tends to want residual-free
agricultural products along with consumers who are more selective in buying so that other alternatives
are needed to control rust that 1s more environmentally fmendly and more economical n the long run

One potential alternative 1s to develop resistant plants. Development of resistant plants can be done
through plant breeding. but i Chrvsanthemmnt. the limited germplasm that is resistant to this disease
is a major obstacle This can be overcome by utilizing biotechnology. especially m the field of genctic
engineering.

Gienetic engineering technology allows the nsertion of genes from other organisms into the plant
genome, The inserted gene can encode protens with anti-microbial actmaty that allows plants to
protect themselves from attacks of fungs or bactena that cause disease. The msertion of this genc into
the plant genome can produce plants that are free of the disease Genetic engineering to produce
discase-resistant Chrysanthenms have been reported by Takatsu [2] Kim et al [3] used the chitinase
gene but was himited tw the resistance of pathogenic fungi. Resistance to viral diseases has heen
reported by Toguri ef af . [4]. who uses the pac/ gene (double band RNA from specific nibonuclease
from Schizosaccharomvees pombe). The resistance to the Alternaria leaf spot (ALS) fungus has also
been reported by Xu. Chen and Chen [5] using the hpat; Xoo gene from Nenthomonas onzae In
addition, the resistance ol Chrysanthemums 1o pests has also been report by Siovama ef al [6] uses
the ervlAB gene from Bacilins thuringienses. So far there have been no reports that are known 1o use
genes that can provide resistance o disease in Clrvsanthemums caused by fungi and bacteria
simultaneously

One of the anti-mierobial protem-coding genes that have been proven to be able to encode anti-
fungal proteins and bacteria is the wasabi defensin gene. Wasabi is a Japanese radish plant that is used
as a food ingrg@ent and has anti bacterial substances The results of secondary metabolites from
wasabi namely wasalexin and 6-methylsulfonylhexyl isothiocyanate. have been reported to have anti-
fungal and anti-bacterial activities [7] The ang@microbial protein-coding gene (WJAMP-1) has been
jsolated from wasubi |8]. |9] and 15 called the wasabi defensin gene by Kanzaki ef al . | 1(g) The anti
microbial protein cncoded by this gene shows the expression and mhibiting effects of fungal and
bacterial growth in transgenic Nicotiana benthamiana [11]. Furthermore. Kanzaki er @l |10] also
reported that fungal growth causing blast disease in riee was mhibited by over expression of wasabi
defensing While orchids can inhibit the growth of late blight caused by Envinia carotovera [12]

The msertion of the wasabi defensin gene has produced a hopetul Chrysanthemunr calli that are
thought to be transgenic resistant to white rust The problem that 1s often found m the assembly of
trunsgente plants 15 the inlibition of the transformation of the calli to regenerate. making it difficult for
researchers o analyze/examine DNA. In addition. there were very few calh that passed the selection in
the previous studv. This is probably caused by habituation of the calli due to multiple sub-cultures and
the use of 241 too long (6 months) [13]. The use of explants sources and media composition also
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alfeets regeneration The use of explants sources m previous studies is slow to regenerate, probably
due to leaf explants not actively dividing The leaves when they are old will fall apart from the explant
sources of adventitious shoots, mternaodes. shoots or menstems which are still actively dividing In
addition. the inhibition of explant regeneration is caused by the effects of giving antibiotics

2. Method

This research begins with preparation of tools and media making. Transformation begins with the
muluphication of  Chrysanthemum plants as material for explant sources for transformation
Preparation of various explant sources by initiating calli from 3 explant sources. namely leaves.
mternode. and adventitous shoots Afler the calli imttion stage. then the co-cultivation and
transformation are carried out, the Agrobacterium rinse / lethal stage, and the selecton stage Calli
who successfully passed the antibiotie selection test was regenerated For molecular analysis.

21 Experimental apparatus

Matenals needed are planting callugpnd plantlet Clrysanthemum, wmorgame and organic matenal
components for the manufacture of Murashige and Skoog (MS) media. Luria Bertani (LB) media.
growth regulators u-Naphthaleneacetic Acid (NAA). Benzyl Amino Purne (BAP). anubiotics
(kanamyein,  spectinomyvein,  chloramphenicol.  meropenem,  acetosvringone).  Agrobacternimn
tumefaciens stran EfA 105 which contains constructs of plEKB-17) T-DN- region binary vector,

2.2 Data nalysis

In this experiment, research was carried out at the level of transformation with vanous explant
sources, namely leaves. adventiious shoots. and nternodes. Observations will be carried oul on
explant sources which provide faster germnation rales and which sources provide the highest
translormation eflectiveness The transformation method used was the method obtaimed m the
previous study, namely the concentration of the mixture of cocultivation solution from Murashige and
Skoog (MS) media with Agrobacterium tumefaciens which had been grown for one night 1n Luria
Bertani {1.B) media was 1:10 with long co-cultivation duning 30 minutes | 13],

3. Result and Discussion

3.1 The development of explants was transformed with wasabi defensin gene (pEKB-WD) from
varions explant sources.

Figure 2 shows the development of the explants resulting from the transformation with wasab
defensin gene (pEKB-WD) from explant. intemmode. and leaf explants sources.
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Figure 1. Development of explants resulting from transtormation. (A and B) development of explants
from lateral shools buds. (C and D) explant development [rom leal sources. (K and I) explant
development from internode sources

Transtormation of three explant sources of chrvsanthemum with Adgrobacteraon tumefaciens strain
EHAL05 contaiming T-DNA binary region pEKB-WD constructs produced several shoots from the
suceessful calli which were called transgenic putative shoots. Chrysanthemumr explants that have
escaped and can hive on Ranamyem contmning media show that pEKB-WD-EHATOS T-DNA 1s
mtegrated so that 1t can detoxily Kenamyein which expresses Kanamyein sulphate. To wm off
bacteria. Merapenem and Cefotavime acid are used In this study. the use of Ceforavime was more
effective at killing bacteria than Mernpenem, but in terms of cost it was less effective because of its
much more use. The antiblotie selection agent used 1s Kanamyein which contams 100 mg ™' for callus
selection and continues to be reduced to 30 mg L™ at the regeneration stage The development of
explant chrvsanthemum results can be seen in Figure 1. Development of explants from lateral shoots
buds sources (Figure 1A and 1B). explant development from leal sources (Figure 1C and 1D). and
explant development from mtemode sources (Figures 11 and 1F) The green calli show the
transformer calli while the nontransformed will experience necrotie, browning and then die. Dynamic
antibioties are used to mterrupt transformants or non-contrast in explants. One explant resistance o
kanamyvein was characterized by the growth of explants on media selection | 14]. Non-transgenic
explants that do not contain a marker gene can cause the necrotie calli to die. This cell death oceurs
because of the presence ol explant poisoning by antibioties [ 15]
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3.2 Efficiency of transformation and regeneration of Chrysanthemum planis with wasabi defensin
gene (pERKB-IVD).

Table 1 shows the efficiency and regeneration of Chrysanthemumn plants with wasabi defensin gene
(pEKB-WD) from 9 times transformation with total explant sources of 342 internodes and sources off
leal explants 313 as much as 75 and 227 forming the calli. While the number of calli was resistant /
passed antibiotic selection as much as 52 and 62, Resistant calli which succeeded in regenerating only
1 shoot from explant internode sources and as many as 4 shots from leal explant sources,

Table 1 Fificiency and regencration of Chrysanthemum plants with wasabi defensin gene (plEKB-WD)

Number
I he .
Explant Numlsr “t, Numbex ]:‘“m ey of Transformation  Regeneration
of explants  of calli calli : %
source : efficiency efficiency
explants  forming  resistant  regencrates ¢
_calli__ e s
1.5 50 50 27 21 54.00% 77.78%
Total IN 342 75 32 | 69.33% 1.92%
B _LF 33227 62 4 2731%  645%
LS 5.56 5.56 3.00 233 54.00% 77.78%
Average IN 42.75 938 6,50 013 6933% 1.92%
LE 34.78 .22 6.89 044 2731% 6,45%

LS laterul shoots buds, IN - Intemode, LF - Leafl

Translormation of Chrvsanthemum: plants using vanous explant sources. namely adventitious
shoots. mternodes. and leaves. from 9 transformations resulted from a total of 27 transformed 50
adventurous shoots that were transformed and 21 explants which were resistant to transformation
efficiency of 34% and regeneration efticiency. 77 78%. the nghest compared to other explant sources
As many as 342 explant sources of explants internodes were 75 resistant and only 1 calli succeeded in
regenerating so that the transformation efficiency was 69 33%. the highest compared to other explant
sources and regeneration efficiency of 192%. lower compared 1o other explant sourees. Explant
sources of leaves as many as 313 total transformed resistant resistants were 62 calli and those that
succeeded m regenerating were shoots of 4 calli so that the transformation cfficiency was 27 31%.
lower than other explant sources and regeneration eflicieney of 6.45% The lighest regeneration
efficiency in the source of adventitious shoot explants 1s caused by explant sources from adventitious
shoots including the fastest and most actively dividing compared to others so that the possibility of
adventitious shoots is transformed escape but will be proven through DNA analysis tests. The voung
part of the plant such as buds has cells that are still actively dividing so that the growth rate 1s faster
This is in accordance with the results of research by Dewi [ 16] explants originating [rom shoots have a
better ability m the formation of callus. green spots and shoots Adventitious shoots include
meristematic tissue consisting of cells that are actively dividing and the presence of hormones released
by plants on these tissues stimulates growth for regeneration This 1s 1 accordance with Baidowr's
study [17]. the percentage of epicotile callus 1s higher than that of hypocotyl and cotyledons.
presumably because epicotiles are in the apex region which 1s the site of auxin synthesis. which
encourages higher cell division than hypocotyl and cotyledons

The highest transformation efficieney was obtained at the explant source from the mternode. from
the total explants 342 as many as 75 formed calli and as many as 52 resisted so that the transformation
efficiency was 69.33%. This 1s because the tissue on the mternode is thicker than the leaves. so it lusts
longer on the media selection than the explant source from the leaves before (inally blackening and
dving (not regenerating). The results of the Teixera & Fukai [ 18] study of the transformation of [)
mdicum and D, zawadskii using mternal explant sources obtained transformation efficiency ranging
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from 3-27% Annadana er ol |19] transformation efficiency of 74-76%. Tosca er al |20] 7 R%._
Shirasawa ef af [21] <38%. Takatsu ef of [22] 0 8% Tukatsu [23] <2 5%. Yepes ¢f af [24] 8-73%,
Fukai et af [23] 6-16%. and Lowe et al [26] 0-36%. Compared with previous studies. the efTiciency
of transformation . Chrysanthemums with explant sources from internodes is still higher. but low
compared 0 Annadana e of. [19] with a transformation efficiency of 74-76% with the use of
kanamyein 25 antibiotics and Yepes e/ al. |24] with a transformation efficieney of 8-73% with the use
of kanamyein antibiotic selection. Although the trunsformation is efficient at the explants source of the
highest internodes. the regeneration efTiciency is lower than a total of 52 resistant calli. which only
regenerate so that the regeneration efficiency is only 1. 92%. This is probably due to the use of
kanamycin antibiotics that are too high. which 1s 30-100 ppm so that the calli has a regenerating eflect
In addion. the low ability 10 regenerate may be due to the source of the explants internodes older than
the menstematic tissue so that organogenesis occurs more 1o the root growth rather than the formation
of shoots. This 1s i accordance with the study of Teixeira da Stlva |25] from explant inlernal sources
producing more roots than shoots. organogenesis which formed 0.01% embryo. 100% calli, 100% root
and 2 4-3 2% shoots

The lowest transformation efficiency was obtamed from explant sources from leaves. [rom total
explants 313 as many as 227 forming calli and those who managed to escape / resistant to antibioties
were only 62 calli. so the transformation efficieney was 27 31% Low tansformation efficiency 1s
probably due to the source of leaf explants used bemg too voung and thin so that they are very
resistant to anubiotics. Other causes are because the leaves are o voung. so that when the
leal7pertoration leaves too quickly will so that it affects the formation of the calli. Calli formed from a
lew explant sources leaves, of a total of 342 explants. only 75 succeeded 1n forming the calli This is n
line with the study of Teixeira da Silva [18] that the transformation of Chrysanthemums with
Agrobacterium mfection obtamed by explants with the age ol older leaves gave the highest
transformation efficiency (100%) compared to medium age and voung age of 0% m '‘Shubou no
cultivar -chikara ' Whercas in the 'Lincker’ cultivar. obtained explants with older leaf ages provide the
highest ransformaton efficiency (86%) compared to medium age and voung age of 14% respectively.
Transformation efficieney 1s high when compared o previous studies. including Togun ef al. [4] with
a transformation cllicieney of 0.4-2%: Kudo er a/. [26] 2.8-14.5%: Jeong ¢/ al [27] 2.5-3.3%: Ishida
er al. |28] 20%. Shinovama er al. |29]. [30] 3 4% Sherman er aof [31] 10%: Boase et af. [32] 1.3-
2 1%: Dolgov er al |33] 0-4%: Dolgov [34] 4%: Benetka and Pavingerova [35] 13-27%: Urban e af
136] 4-7%: Courtnev-Gutterson ef afl |37] 2.3-3 6% De Joung er af |38] 0-16%: and Couriney-
Gutterson er afl [39] 8%. Towever. it 1s relauvely low when compared with Young er af [40]
transformation elficiency of 77-99% with the use of antiboties kanamyemn 25 ppm: Sherman er al
[31] 50-96% kanamyein antibioties, hygromyem, geneticin 7 5-15. Kim J et af [32] 65-99% km 20,
Boase ef al [33] ~ 100% Km 25: Pavingerova ef el [41] 36-85% km 50-100: and Van Wordragen er
al (1992) 100% km 10-25. The possibility of using antibiotic selection for each explant source 18
difTerent and different from the lethal dose of antibioties [or the imuial selection ol calli and the final
selection at the regeneration stage so further research is needed for lethal doses of difTerent explant
sources and lethal doses at the callus selection and regeneration stages In addition, it is also necessary
to note the best composition of evtokine and auxin hormones [or regenerating various explant sources

4. Conclusion

In the case of Chiyvsanthemum in owr study, the best source of explant for opuimum transformation
efficiency was from lateral shoot buds (54%) since they have better shoot regeneration efliciency
(77.78%)
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