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Abstract— Induction of hairy roots of pegagan using A. rhizogenes strains is important to obtain high production of triterpenoid as
secondary metabolite. The objectives of this research were to obtain the best A. rhizogenes strains and the best explant sources for C.
asiatica hairy root induction. The research consisted of two stages. Stage | was A. rhizogenes arranged in Completely Randomized
Design (CRD) with 3 treatments and 6 replications. As a treatment was inoculation with A. rhizogenes strains LBA 9457, A4, R1000
and control. Stage Il was explant sources trial arranged in CRD with 3 treatments and 6 replications. The treatments were:
internodus, apical bud and leaves. The results showed that all three strains of A. rhizogenes were able to induce C. asiatica plant to
produce hairy roots, with R1000 as the best strain.The best explant source was explant leave with 15 day after inoculation and the
percentage of C. asiatica hairyroot formation was 100 %. Thp-glucoronidase ( GUS) test result has proven that Ri plasmid T-DNA

of A. rhizogenes was integrated into the genome of C. asiatica plant.

Keywords— Agrobacterium rhizogenes, Centella asiatica (L.) Urban, hairy root.

secondary metabolites is low. In addition, the content of
INTRODUCTION secondary metabolites is also influenced by the natural
conditions such as geographical factors, climate and pests
and diseases [ 4].

One of the technique to induce higher secondary
metabolites production is via in vitro culture [5]. In vitro
@ultiplication is an alternative to get the plants in large
quantities [6]. Plant tissue culture is a technique to develop
the plant, either in the form of organ, tissues and cells under
aseptic in vitro conditions. This technique is based on the
totipotensi theory cells in aseptic conditions, the use of
8rtificia| culture media with a complete nutrient content and

Peggagan (Centella asiatica (L.) Urban belongs to the
family of Umbelliferae. This plant produces secondary
metabolites that have the potential to be developed into
drugs of various diseases [1]. Various types of compounds
contained in C. asiatica are asiaticoside and madecassic aci
which are active ingredient capable of stimulating the
production of collagen and protein biosynthesis helpful as a
driver for the process of wound healing in humans [2].

This plant contains triterpenoid, secondary metabolites,
mainly asiaticoside, asiatic acid and madecassic acid, used t
treat bone loss for the olds, increase intelligence in chiIdren,plant growth regulators [7].

youth drug, medicinal skin diseases, for cosmetics, as a Hairy root cultures as a form of tissue culture techniques
potent anticancer drug for ovarian, improve nerve and are the result of transformation using Agrobacterium

circulatory disorders, as raw material for drugs useful as rhizogenes genetically. Hairy root cgltures pr_ovid(.a. many
anti-dementia and anti-stress [3] benefits, among others are having biosynthesis ability as in

The need for raw materials used as ingredients isnormal plant roots with the growth rate is much faster than

increasing along with the increasing need for medication. On_normal roots or equal to the cell_suspensmn cult_ures [8], and
s able to express the formation of metabolite products

the other hand, producing secondary metabolites naturally is

still very limited Secondary metabolites production for stable over the period of culture_[9]. In some pla_nts, the
commercial sources is effectively done by using plant production of secondary metabolites was higher in hairy

extracts from field. The problem is often the availability of '°0tS compared to normal roots of plants or the ones
produced by origin plant [10]
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Several factors are known to affect the success and RESULTSAND DISCUSSION
efficiency of transformation via Agrobacterium including ) _ i
tissue culture conditions and co-cultivation conditions, the A Test of Some Strains of A. rhizogenes on production of
suitability of the bacterial strains and selection of plant tissue ~ hairy rootsof C. asiatica
as starting materials (explants source) [11]. From a research The results of testing several strains of A. rhizogenes in
conducted on two types of quinine (Cinchona ledgeriana andproducing hairy roots of C. asiatica plants was performed in
C. succirubra), out of 10 strains tested, only A. rhizogenesTable 1.

strain LBA 9457 were able to induce hairy roots of both TABLE .|

types of quinine. Furthermore, from the two types of quinine EI'ZI'IZ)EISZIg$sgg$.RéLAAS(IBARFCI)CB:gg EDRA'\l(JSMAFf:'i'EZS %%\'CEUSL :TTI';AN'NS

it is known that the explants derived from apical buds and (DAI)

leaves in vitro is the best source of explants to form hairy - Living Hairy roots

roots [12]. Explant source selection is very influential for the Treatment Initiation explants  emergence

success of the hairy root culture. Research conducted by [13] time (DAI) (%) (%)

on plants of Patchouli (Pogostemon cablin Benth) showed

the best explant to induce hairy root is from the leaves. The 1  Control - - -

results of a study done by [14], on Ophiorrhiza pumila plant, 5  strain LBA 9457 24 a 3333 ¢ 3333 ¢

indicated that the best explants to induce hairy roots derived

from the buds of shoots. 3 Strain A 17b 50 b 50b
A research was conducted entitled, “Induction of Hairy__4 _ Strain R1000 15b 100 a 100 a

Root of Centella asiatica (L.) Urban Using Several Explant IfDescription: DAl = days after inoculation. The numbers in a column
. . . . ollowed by the same lowercase letters are not different according to
Source With Agrobacterium rhizogenes In Vitro. The pNMmRT 5%.
objectives of the research were to obtain the best strains of A.
rhizogenes and the best explant source to induce hairy roots Results of A. rhizogenes inoculation on leaf explants of C.
of C. asiatica. asiatica plants after cultures were 30 days old showed that
strain R1000, A4 and LBA 9457 were able to induce the
MATERIALS AND METHODS formation of hairy roots. Hairy root initiation time, the
percentage of living explants and percentage of emergence
A. Research Methods of hairy root in plants of C. asiatica, transformed with
This research was conducted at the Laboratory of PlantR1000 strain, strain LBA 9457 and A4 strain of A.
Physiology and Tissue Culture, Department of Biology, rhizogenes bacteria were presented in Table 1. It showed
Faculty of Mathematics and Science, Andalas University, that LBA 9457, A4 and R1000 strains could induce the
from November 2012 to June 2013. This study consisted offormation of hairy roots, with different initiation time. The
two satges. Stage 1: Trail of several A. rhizogenes strainsfastest initiation time was shown in strain R1000. Explants
arranged in a completely randomized design (CRD) with 4 inoculated with A. rhizogenes R1000 strain of bacteria, hairy
treatments and 6 replications. The treatments wereroots began to form 15 DAI, while those inoculated with A4
inoculation with A. rhizogenes strain LBA 9457, A4, R 1000 (17 DAI) and LBA 9457 strains, hairy roots began to form
and control ( without inoculation). Stage 2: Trial of explant 24 DAI. Differences in initiation time of C. asiatica hairy
sources arranged in CRD with 3 treatments and 6roots on each of the A. rhizogenes strain due to differences
replications. The treatments were sources of explants: stolorin genes on the Ri plasmid entering into the plant
apical buds and leaves. The parameters measured were Ghromosome of C. asiatica.
asiatica hairy root initiation time, the percentage of living  Result of explant inoculation showed that only strain
explants, the percentage of emergence of hairy roots on leaR1000 was able to induce 100% formation of hairy roots of
explants, number of hairy roots. Data was analyzedthe total replications. The successful formation of hairy roots
statistically. from inoculated explants was an indication of the transferred
. of T-DNA from A. rhizogenes Ri plasmid into the genome
B. Working Procedure of cells of C. asiatica. C. asiatica plant is susceptible to
A. rhizogenes strain R1000, LBA 9457 and A4, were infection of A. rhizogenes. The three strains used showed
maintained on agar slant YMB (Yeast Mannitol Broth) the different responses to the infection of A. rhizogenes. The
before inoculation. Inoculation was carried out following highest percentage of hairy roots emergence was obtained on
themethods as listed in Noli [12]. Explant of C. asiatica treatment inoculated with A. rhizogenes, R1000 strain
used to induce hairy roots derived from one week old (100%), in contrast to the control treatment in which hairy
cultured explants in vitro. roots did not emerge all. Inoculation with A4 strain
For bacterial decontamination, subcultures  were treatment caused 50% hairy roots emergence and with LBA
performed on the same medium by adding Cefotaxin 1009457 was 33.33%. The growth of hairy roots formed from
mg/L. Subcultures were repeated 3 times until they were freeexplants of C. asiatica was very different both in number and
of bacteria. Furthermore, explants were planted again onpercentage of emergence of hairy roots on each strain tested.
solid medium without cefotaxin. Plant responses to the induction of T-DNA from
A trial of B-glucoronidase (GUS ) was performed to A rhizogenes were different. Some formed callus first, some
confirm the integration of T-DNA of Ri plasmid into the forms the hairy root and others remained alive without
plant genome of C. asiatica. Working procedures followed forming hairy roots, and some even had no response at all
methods of Jefferson [15] . (dead). According to [16], in several species of plants, hairy
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roots emerged directly at the site of inoculation, but in initiated, all explants sources showed growth responses,
certain species initially appear on the inoculant callus whichgood survival and the ability to form hairy roots.
eventually form hairy root and hairy roots in normal Percentage of living explants for all explants sources was
circumstances would appear in the range of 1 to 4 weeksl00%.

after inoculation. Growth response of C. asiatica transformed with several

Leaf explants of C. asiatica plants inoculated with some strains of A. rhizogenes was shown by the emergence of
strains of A. rhizogenes also showed the formation of hairy hairy root. The highest response (100%) was on leaf explants
root response (Figure 1) and the initial response of thewhich was significantly different from the apical bud and
explants was hairy root formation and explants that did notstolon explants. The difference in the emergence of the hairy
form the hairy roots (Figure 1). The growth of the hairy root might be possible because not all parts of the plantlets
roots of C. asiatica transformed with each strain of A. were suitable with bacterial isolates, so that not all bacterial
rhizogenes was very different, especially in the number of T-DNA were integrated into the genome of the plants to
hairy roots emerged (Figure 1). form hairy roots. [18 ] stated that in higher plants there is a
fairly large DNA sequences that do not encode active
proteins. If the position of the T-DNA inserted in the
genome was not random and only integrated plant in the
DNA that are not active, then it can not be expressed by the
plant.

The difference on the percentage of emergence of the
hairy roots was also possible because of differences in age
and physiological condition of explants used. Selection of

the tissues as the initial material used was one of the most
Figure 1. Response of C. asiatica leaf explants inoculated with some strain:?mportant factors affecting the success and efficiency of
of A. rhizogenes . . .
A. Control; B. strain A4; C. strain R1000; D. strain LBA 9457 transformation. It depends on the age and physiological
condition of the tissue. Differences in the ability of explant
sources to form hairy roots after transformation with A.
B. Test of different sources of explants of C. asiatica plants rhizogenes also affected the number of hairy roots formed.
transformed with A. rhizogenes bacteria, R1000 strain The average number of hairy roots was 16.7 from stolon

The results of tests on several sources of ekamtsexplants which was insignificantly different from apical bud

producing the hairy roots of C. asiatica transformed with A. xplants, 14 but significantly different from the leaf
rhizogenes were presented in Table 2. explants, 27. Results of some studies showed differences in

the number of hairy roots produced on explants transformed
with A.rhizogenes were influenced by the type of bacterial

EFECT SEVERAL EKSPLANS s-ro/ﬁiilsl\lmm. RHIZOGENESR. 1000TO strains inoculating explants .
HAIRY ROOT The highest number of hairy roots formed was on
Average growth response RlOOOstrai_n of A. rhizogenes treatment with leaf explants
Average was 27 hairy roots and followed by stolon and shoot apical
Explant time of  Living  Hairy (Figure 2). Based on the average number of hairy roots,
source initiation explants roots  Number of hairy root emergence, percentage of living explants and the
(DAI) (%) (%) Roots average of initiation time, it could be stated that inoculation
using R1000 strains showed the best results and the best
1. Leaves 15 b 100 100 a 27 a source was |eaf exp'ants'
2. Stolon 24 a 100 77,7b 16,7b
3. Apical
shoots 19,6 a 100 66,7 b 14 b

Remarks: The figures are marked with the same lowercase letters are not
significantly different according to DNMRT 5%. DAI = days after

The difference in initiation time due to differences in the
response of the plant taken as a source of explants. Explants :
derived from the leaves need a shorter time for initiation Figure 2. Response of some explants of C. asiatica inoculated with R1000
compared to explants derived from the stolon and apicals"ain(A' Stolon, B. apical buds, leaf explants of C. asiatica)
buds. According to [17], the success factors of hairy root
culture was on selection of plant tissue used as sources of  Explant competence is determined by several factors,
explant. such as species or genotype explant origin, type of organ

The percentage of explants living in all parts of the used as explants, the level of organ development, even
plantlets used either leaves, apical buds and internodudlistory of each explant used.
showed insignificant results. Source of explants showed
significant difference in the percentage of living explants.

All explant sources can be used to form hairy roots, because
after explants with A. rhizogenes transformation was
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C. Integration of Plasmid Ri T-DNA into the genome of
plants of C. asiatica (L.) Urban
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into the genome of C. asiatica plants. In the hairy roots of C.
asiatica which had been soaked in a solution of X-gluc for
24 h showed the formation of blue spots (Figure 3) in the [
root cells. This proved that the T-DNA of plasmid was
integrated into the plant cell. [13] suggested that the gene w
Gus gene was gene reporter that encoded the synth¢sis of
glucoronidase, an enzyme that could hydrolyze a colorlesd?
substrate 5-bromo-3 indolyl 4 chloro glucuronide (X-gluc)
became blue. [19] stated that the expression pef [3]
glucoronidase gene activity (GUS) in transformed plant cells
of the T-DNA could be used as an indicator of T-DNA
integration into the plant genome. Expression of the cell [4]
strains of Agrobacterium infection is shown as blue spots by
giving 5-bromo 4-3-indolyl cloro glucuronic acid (X-gluc).

[20] explained that the expression of transgenic cells would g
be clear when analyzed using GUS parameters and coul
also describe the expression and function of the tissues of the
transgene. (6]

(7]
(8]
(9]

(20]

Fig. 3 Cross-section of hairy roots transformed withhizogenes with blue (11]

color (designated by arrows). [12]
Description: The blue color is the site where the DNA is
integrated (as indicated by arrow). From the test results of
GUS in the hairy roots it was showed that there was a blue
color that covered the whole root or root portion only, or [13]
even not visible at all. This was possible because the
transformation occured as a whole (cellular) or partially [14]
(chimera). [13] research also found the presence of hairy
roots after being tested with GUS but blue spots was not!%!
formed. The GUS test was called positive if blue spots were
formed on the tissues. The thicker and bluer, the higher the16]
GUS gene expression. Other cause of invisible blue spots
was possibly because the hairy roots was taken randomly, so
it was possible that the hairy roots cut in GUS test was not[;7)
part of the tissues of integrated with T-DNA.
CONCLUSIONS [18]
The best strains of A. rhizogenes to induce hairy roots of
C. asiatica was R1000 strain. Leaf explants was the bes}

S : . 19
source of explants in inducing hairy roots. ]

[20]
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