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that various density of Agrobacterium rhizogenes strain LB510 was affected the lenght
of hairy roots induction of J gendarussa Burm.f., but these was not effected toward
lenght formation time and number of hairy root. The treatment of OD_ 0.2 was
the best treatment for hairy root induction on Justicia gendarussa Burm. f. This data
could be used for optimized the quality of methode of hairy root induction.
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INTRODUCTION

Gandarusa (Justicia gendarussa Burm.f.)
is an Indonesian medicinal plant. It has many
benefits as analgesic, antipyretic, diaforetic, diu-
retics, and sedatives. It root is used as drug for
malaria (Braidot et al., 2008). Leaves of ganda-
rusa are used as a pain Killer in medication, gout,
headache, back pain, and facilitate menstruation.
In West Papua, roots and leaves of gandarusa
are used as a male contraceptive (Prajoga et al.,
2009).

For industrial need, gandarusa must be
available in large quantity. The problem encoun-
tered is that there is limitation of gandarusa pro-
duction, specifically for the production of drugs.
Tissue culture technique is deemed efficient for
plant propagation. One of the tissue culture
techniques has been developed for the production
of secondary metabolites is hairy roots culture.
The advantages of using hairy roots culture is
the high genetic stability and the absence of any
growth regulators (Pirian et al., 2012).

The other advantages of using hairy roots
culture are the ability to produce chemical com-
pounds in a short time and the ability to produce
compounds that are difficult to obtain naturally
(Syukur et al., 2009). According to Manuhara et
al. (2015) and Park et al. (2011), the advantage
of the hairy roots culture is often demonstrated
high capacity in the production of secondary me-
tabolites that is almost equal to or greater than
the parent plants. Lee et al. (2010) succeeded in
obtaining alizarin of 4.3 mg/g dry weight and
purpurin of 4.9 mg/g dry weight of the hairy
roots cultures of Rubia akane Nakai. Hairy roots
production by Agrobacterium rhizogenes transfor-
mation produced trigonellin, three to five times
of plant origin (Raheleh et al., 2011).

The hairy root induction are influenced by
several factors, such as Agrobacterium rhizogenes
strains, the addition of growth regulators on the
media, parts of the plant are used as explants, and
the density of bacteria (Ermayanti et al., 2009;
Lee et al., 2010; Swain et al., 2011). The research
was carried out by Chakravarty & Pruski (2010)
showed that OD, = 0.2 could improve signifi-
cantly the average efficiency transformation of
Agrobacterium rhizogenes on potato,

There is a few reported on hairy root in-
duction of Justicia gendarussa Burm. f.. Wahyuni
et al. (2015a) determine the effect of five strains
of Agrobacterium rhizogenes (LB510, LB509,
YMB072001, A4T, and ATCC 15834) to induce
hairy root on leaf explants of Justicia gendarussa
Burm. f., the strain LB510 is the best strain. A

preliminary study is needed to determine the ap-
propriate method for the hairy roots induction
of gandarusa. Therefore, this study was aimed
to obtain scientific information on the effect of
the Agrobacterium rhizogenes strain LB510 density
toward gandarusa hairyroots induction.

A protocol for hairy root induction of Jus-
ticia gendarussa Burm.f. has not been established
and the present study of the influence of some
factor, expecially Agrobacterium rhizogenes densi-
ty, on hairy root induction in Justicia gendarussa
Burm. f. was an attempt to develop a technique
for hairy root production in Justicia gendarussa
Burm.f.

METHODS

Plant preparation

Plants used as explants are leaves of gan-
darusa (Justicia gendarussa Burm.f.). This plant
was obtained from the Institute of Materia Medi-
cal, Batu, Malang, Indonesia. Leaves were taken
from the second-third nodal segment. The leaves
were washed under running water for ten minute
and then disinfected by anti-fungiside “topsin”
with 1% (v/v), followed by several rinses in steri-
lized distilled water and sterilized by 10% Clorox
“baycline” for ten minute, followed by three times
rinses in sterilized distilled water.

Bacterial strain and culture media

LB510 strain of Agrobacterium rhizogenes
was obtained from the Research Center of Bio-
technology, Indonesian Institute of Sciences
(LIPI), Bogor, Indonesia. The LB510 strain was
grown at room temperature (+27°C) in Luria
Bertani medium (LB) (per 1) (10g trypton, 5g yea-
st extract and 10g NaCl) of solid and liquid. Me-
dia was sterilized by autoclave at 1.2 atm 121°C
for 20 minutes.

The bacteria was stroke on solid media.
Isolates were stored in the refrigerator for 1 week.
The bacteria has been rejuvenated to each 25 mL
of YMB medium and liquid LB medium. Then
left at room temperature for 24 hours. Agrobacteri-
um rhizogenes strains LB 510 was prepared with
various dencity of OD_ : 0.1 (P1); 0.2 (P2); 0.3

600"

(P3); 0.4 (P4); and 0.5 (P5).

Induction of hairy roots by 4. rhizogenes

The sterile explant were infected by inser-
ting into MS medium (Murashige and Skoog,
1962) liquid + sucrose containing 4. rhizogenes
0OD600=0.1,0.2,0.3, 0.4, 0.5 for 10 minutes. Af-
ter 48 hours of co-cultivation, the explants were
transferred to MS medium with the addition of
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250 ppm of cefotaxime, and repeated 1-2 times.
Observations were carried out for 6 weeks to ob-
serve the parameters determined. Each treatment
was repeated 10 times.

Data analysis

The data were the transformation frequen-
cy, length of hairy root transformation time,
number of hairy root and length of hairy root.
The transformation efficiency data were shown
by percentage. The number of hairy root data
were analyzed by Anova Test at 5% level and
followed by Duncan Test at 5% level. The length
of hairy root and length of hairy root formation
time data were analyzed by Brown-Forsythe Test
at 5% level and followed by Games-Howell Test
at 5%. Picture data were analyzed descriptively.

RESULTS AND DISCUSSION

The transformation efficiency

The number of explants induced is 4-10
explants per treatment. Table 1 shows that OD_
= 0.2 has the highest transformation efficiency
(100%), followed by OD, = 0.1 (90%), while tre-
atment OD_ = 0.3 and OD, = 0.5 has a value
transformation efficiency equal value (50%). The
lowest transformation efficiency obtain for OD_,
= 0.4 (40%). The negative control, hairy root for-
mation is not observed.

Based on the percentage of transformation
efficiency data, the treatment OD, = 0.2 has the
highest transformation efficiency (100%). This is
consistent with research conducted by Kereszt
et al. (2007) that the K999 strain is able to indu-
ce hairy roots from cotyledon explants Zigong-
dongdou effectively on a low density. This is due
to the high density of bacteria that can damage
cells or plant tissue. Basu et al. (2015) study on
Plumbago zeilanica reported that the OD, > 0.11s
best density of Agobacterium rhizogenes strain LBA
9402.

The results of this study indicated that
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the density of the Agrobacterium rhizogenes strain
LB510 effected on the hairy roots induction
of gandarusa leaf explants (Justicia gendarussa
Burm.f.). Hairy roots that appears was an adven-
titious roots that grow after 2 weeks of infected
and cultured in MS solid medium containing ce-
fotaxime.

Hairy roots are formed because of Agrobac-
terium rhizogenes T-DNA transfer from ri-plasmid
(root inducing plasmid) into the genome of the
host plant. The transformation will induce hairy
roots on the infected part. Opin compounds will
be produced and serves as a source of nutrients
for the bacteria). T-DNA also contain oncogenes,
ie. genes that contribute to encode growth hormo-
ne auxin and cytokinin. Oncogene expression in
ri-plasmid characterized the formation of adven-
titious roots on a large scale in the infected areas
and known as ‘hairy root’ (Manuhara, 2014).

Density Agrobacterium rhizogenes and the
infection duration determine the success of
transformation. This is due to the high density
of Agrobacterium rhizogenes that causes the dea-
th of explants, although the medium added by
antibiotic. Antibiotics are not able to inhibit the
growth of Agrobacterium rhizogenes in excessive
growth. This is supported by Hu et al. (2006) re-
search, transformation by high density bacteria
on Lycium barbarum causes excessive growth of
bacteria. Manuhara et al. (2012) research showed
that higher density was not able to increase the
transformation efficiency of Agrobacterium rhizo-
geneson Talinum paniculatum leaf explants both in
strain LB510 and YMB072001.

Low density is considered more efficient
for hairy roots induction although extend the du-
ration of the transformation because it makes the
delivery T-DNA is more efficient. Chakravarty &
Pruski (2010) study on potato, OD,, = 0.2 inc-
reases the average transformation efficiency sig-
nificantly.

Xu et al. (2006) explained that the trans-
formation ability of Agrobacterium to plant is

Table 1. Efficiency transformation of gandarusa leaf explants by Agrobacterium rhizogenes strains of

various density LB510 for 6™ week (n = 10)

Number of explant

Treatment T Repetition Eficiency Transformation (%)
P1 (Negatif Control) 0 10 0
P2(0OD,,=0,1) 9 10 90
P3(0D,,=0,1) 10 10 100
P4 (0D, =0,1) 5 10 50
P5 (0D, =0,1) 4 10 40
P6 (0D, =0,1) 5 10 50

28
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different. Park et al. (2011) revealed the success
of transformation and T-DNA delivery depends
on the cultivars compatibility and Agrobacterium.
Compatibility is demonstrated by the ability of
Agrobacterium to receive signals from wounding
plant and followed by inducer factors. Based on
that, there is not any formation of hairy roots,
due to incompatibility of the possibility of gene
T-DNA of Agrobacterium to the plant chromo-
some is brook. T-DNA is not integrated with the
plant cell genome. There is a fairly large DNA se-
quences that encodes proteins inactive, if the po-
sition of the T-DNA inserted is not random in the
plant genome and only integrated in the DINA,
that will not active then it will not be expressed
(Pal et al., 2013).

The length of hairy roots formation time

Formation of hairy roots on gandarusa
leaf explants was characterized by the appearan-
ce of small white bumps around the wounding
area infected by Agrobacterium rhizogenes strain
LB510. The length of hairy roots formation time
was 15-30 days. Average length of hairy roots
formation time was 20, 17, 23, 20 and 21 days
for OD,=0.1; 0.2; 0.3; 0.4 and 0.5 respectively.
On the negative control, hairy root formation
was not observed (Figure 1). Gomes Howell Test
indicated that there was a significant difference
between the number of hairy roots of negative
control and treatment but among the treatment
(0D, =0.1;.2; 0.3; 0.4; 0.5) there was not signi-
ficant difference.
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Figure 1. The average length of hairy roots for-
mation time on gandarusa leaf explants by vari-
ous densities of Agrobacterium rhizogenes strain
LB510.

Based on the length of hairy roots forma-
tion time, Agrobacterium rhizogenes strain LB510
is able to induce the hairy roots on the leaf ex-
plants gandarusa (Justicia gendarussa Burm.f.) in
the range of 15-30 days. Meanwhile, the explants

in the negative control treatment are not able to
form the hairy roots until 6™ weeks of culture pe-
riod. Explants on treatment OD_ = 0.2 are able
to form the hairy roots in the fastest time of 17
days, OD_ = 0.4 and OD_ = 0.1 on 20™ days
(Figure 1).

Previous research reports that the hairy
root induction of the leaf explants Justicia gen-
darussa Burm.f. is formed on the hairy roots to
14-16 by Agrobacterium rhizogenes strain treatment
A4T (Wahyuni etal., 2015b). Similarly, in a study
conducted by Fu et al. (2005), a strain of Agrobac-
terium rhizogenes LBA9402, R1000, and R1601,
are able to induce hairy roots within 2-5 weeks
on leaf explants Saussurea involucrate. This result
differs from previous studies conducted by Ane-
kawaty (2011), that the effect of inoculum A. #hi-
zogenes strain LB510 to hairy root induction by
various density of 0D, 0.1;0.2; and 0.3 in exp-
lant Catharanthus roseus,only forming callus at 16
weeks of culture. According to Hu and Du (2006)
hairy roots induction were carried out in a short
period of time, varying from one week to more
than one month, it depends on the plant species
diversity.

Agrobacterium rhizogenes has various ability
to induce hairy roots on explants because exp-
lants can not produce a phenolic compound in an
amount to sufficient stimulate bacterial chemo-
taxis. This is consistent with the explanation by
Xuetal. (2006), the production of phenolic com-
pounds as a result of wounding plants can make
it easier to stick to bacterial cell walls of plants.

Explants from young tissues have not been
able to produce enough phenolic compounds to
stimulate bacteria, so it required additional in-
ducer compounds to improve transformation
process. Inducer compound is acetosyiringone.
Acetosyiringone is an amino acid derivative com-
pound that serves as a source of nutrients for the
bacteria (Pirian et al., 2012). Acetosyiringone is
reported to induce the formation of hairy roots
in Talinum paniculatum Gaertn. The results sho-
wed that the level of transformation frequency is
high enough (66% for the stem explants and 73%
for leaf explants), both are transformed with Ag-
robacterium rhizogenes strain LBLB510 (Manuhara
et al., 2012). This study do not use acetosyiringo-
ne that allegedly led to the transformation process
between bacterial cells and plant cells. Hairy root
is not observed in control treatment because there
is not any transformation event.

The number of hairy roots
The number of hairy roots formed on gan-
darusa leaf explants is shown in Figure 2. The
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number of hairy roots is 3.2; 2.8; 2.4; 2.2; and 2.2
for OD_, =0.2;0.1; 0.5; 0.3; and 0.4 respectively.
Based on the results of One Way Analysis
of Variance (ANOVA) Test, there was an effect
of Agrobacterium rhizogenes strain LB510 density to
the number of hairy roots formed on gandarusa
leaf explants. Duncan Test indicated that there
was a significant difference between the number
of hairy roots of negative control and treatment
but among the treatment (OD, = 0.1; .2; (.3;
0.4; 0.5) is not significant difference (Figure 2).

5

Numberof Hairy Roots

Density (00 600}

Figure 2. The average number of hairy roots
formed on explants Justicia gendarussa Burm.f.
(The difference letters above diagram shows a
significant difference from the results by Duncan
Test at significant level 5%).

The various density is affected the number
of hairy roots. Treatment OD_ = 0.2 has highest
average number of hairy roots (3.2 hairy roots)
(Figure 2). Sukmawati’s (2011) study showed that
the OD,, = 0.1 had the highest average number
of hairy roots (2.13 hairy roots). Ermayanti et al.
(2009) explain the explants response was different
because of the genetic potential of explant is dif-
ferent.

The length of the hairy roots

‘White bulge that appears on the midrib
will grow and extends into the hairy roots (Fi-
gure 3). The hairy roots length is 5.1cm, 3.9 cm,
2.1cm, 2.0cm, and 1.4cm for oD, , =0.2; 0.1;

0.3; 0.5 and 0.4 respectively.

Brown-Forsythe Test showed that there
was an effect of Agrobacterium rhizogenes strain
LB510 density toward the hairy roots length of
gandarusa leafl explants. Based on Gomes-Ho-
well Test showed that there was significant diffe-
rence (Figure 4).
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Figure 4. The average length of hairy roots
formed on explants Justicia gendarussa Burm.f.
(The difference letters above diagram shows a
significant difference by Gomes Howell Test at
significant level 5%)

The observation of hairy roots length sho-
wed the average of hairy roots length was 1.1 to
7.5 cm. The results of these studies varied in each
treatment, as shown in Figure 4. The treatment
of OD,, = 0.2 was able to induce the longest hai-
ry roots. This is because the meristem tissue of
explants was still able to perform activities of cell
division.

Xu et al. (2006) explained that the trans-
formation ability of Agrobacterium to plant is
different. Park et al. (2011) revealed the success
of transformation and T-DNA delivery depends
on the cultivars compatibility and Agrobacterium.
Compatibility is demonstrated by the ability of
Agrobacterium to receive signals from wounding
plant and followed by inducer factors. Based on
that, there is not any formation of hairy roots,
due to incompatibility of the possibility of gene
T-DNA of Agrobacterium to the plant chromo-

Figure 3. Hairy root development of Justicia gendarussa Burm.f. leaf explant. A. Explant growth on
media, B-C. Hairy root growth from explant, arrow=hairy root.
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some is brook. T-DNA is not integrated with the
plant cell genome. There is a fairly large DNA se-
quences that encodes proteins inactive, if the po-
sition of the T-DNA inserted is not random in the
plant genome and only integrated in the DNA,
that will not active then it will not be expressed
(Pal et al., 2013).

Hairy root formation from the leaf Justicia
gendarussa Burm. f. demonstrate the development
meristem in the leaf., and indicate that the hairy
root induction has been sucsesfully, but the qua-
lity of hairy root (lenght, number, and morpho-
logy) must be improved. Futher improvement of
the technique by manipulation of growth regula-
tor, carbohydrate and temperature and by using
a number of different genotype may enable the
development of an effective methode for produ-
cing hairy root in Justicia gendarussa Burm.f. The-
se limited results may be useful in the planning of
any further attempts.

CONCLUSION

According to the result and discussion we
conclude that Agrobacterium rhizogenes LB510 den-
sity (OD,=0.1; 0D, =0.2; 0D, ,=0.3; OD, =
0.4; and OD_, = 0.5) effect toward the lenght of
hairy roots, but theese do not effect toward leng-
ht formation time and number of hairy root on
Justicia gendarussa Burm. f. The OD = 0.2 of
Agrobacterium rhizogenes LB510 is the best density
to induce hairy roots on gandarusa leaf explants.
The length time of the hiry roots formation is
fastest time (17 days), the transformation efficien-
cy is highest (100%), the number of hairy roots
is highest (3.2 roots) per explant, and the hairy

roots length is longest (5.1 cm).
AKNOWLEDGEMENT

Thanks to Leading Research Universities
(PUPT) BOPTN DIPA 2015. Contract No. 519/
UN3/2015

REFERENCES

Anekawaty, R. (2011). Pengaruh konsentrasi inokulum
Agrobacterium rhizogenes terhadap tingkat keber-
hasilan induksi akar cksplan daun Catharanthus
roseus(L) G. Don. Skripsi. Surabaya: Departe-
men Biologi, Fakultas Sains dan Teknologi,
Universitas Airlangga.

Basu, A., Joshi, K. R., & Jha, S., (2015). Genetic trans-
formation of Plumbago zeylanica with Agrobacte-
riwm rhizogenes strain LBA 9402 and character-
ization of transformed root lines. Plant Tissue
Cult. & Biotech, 25(1), 21-35.

Braidot, E., Zancani, M., Petrussa, E,, Peresson, C.,
Bertolini, A., Patui, S., Macri, F, & Vianello,
A. (2008). Transport and accumulation of fla-
vonoids in gravapine ( Vitis vinifera L.). Plant Sig-
naling & Behavior, 3(9), 626- 632.

Chakravarty, B., & Pruski, G. W. (2010). Rapid regen-
eration of stable transformants in culture of
potato by improving factors influencing Agro-
bacterium-Mediated transformation. Advances in
Bioscience and Biotechnology, 1(05), 409416

Ermayanti, T. M., Al Hafizh, E., Rahmawati, S., &
Aryanti. (2009). Transformasi Artemisia cina
dan Artemisia annua dengan Agrobacterium rhizo-
genes. Journal of Applied and Industrial Biotechnol-
ogy in Tropical Region, 2(2), 1-5.

Fu, C. X., Zhao, D. X., Xue, X. F, Jin, Z. P, & Ma,
E S. (2005). Transformation of Saussurea invo-
lucrata by Agrobacterium rhizogenes: hairy root
induction and syringin production. Process Bio-
chemistry, 40(12), 3789-3794.

Hu, Z., Wu, Y.R., Li, W,, & Gao, H. H. (2006). Factors
affecting Agrobacterium tumefaciens-mediated ge-
netic transformation of Lycium barbarum L. in
vitro cellular and developmental biology. Plant,
42(5), 461-466.

Hu, Z. B., & Du, M. (2006). Hairy root and aplication
in plant genetic engineering. Journal of Integra-
tive Plant Biology, 42(2), 121-127.

Kereszt, A., Li, D., Indrasumuna, A., Nguyen, C. D,
Nontachaiyapoom, S., Kinkema, M., & Gress-
hoff, P. M. (2007). Agrobacterium rhizogenes-me-
diated transformation of soybean to study root
biology. Nature Protocols, 2(4), 948-952.

Lee,S. Y., Kim, S. G., Song, W. S., Kim, Y. K., & Park,
S. U. (2010). Influence of different strains of
Agrobacterium rhizogenes on hairy root induction
and production of alizarin and purpurin in Ru-
bia akane Nakai. Romanian Biotechnology Letters,
15(4), 5405-5409.

Manuhara, Y. S. W., Yachya, A., & Kristanti, A. N.
(2012). Effect of aeration density on biomass
and saponin content of Talinum paniculatum
Gaertn. hairy root in ballon type bubble biore-
actor. J Pharm Biomed Sci. 2(4), 47-52.

Manuhara, Y. S. W. (2014). Kultur jaringan tumbuhan.
Surabaya: Airlangga University Press.

Manuhara, Y. S. M., Kristanti, A. N., Utami, E. S. W,
& Yachya, A. (2015). Effect of sucrose and po-
tassium nitrate on biomass and saponin content
of Talinum panicularum Gaertn. hairy root in
ballon type bubble bioreactor. Asian Pac J Trop
Biomed, 5(2), 1027-1032.

Murashige, T., & Skoog, F. (1962). A revised medium
for rapid growth and bioassays with tobacco
tissue culture. Physiologi Plantarum, 15(3), 437-
497.

Pal, A., Swain, S. S., Mukherjee, K. A., & Chand, K.
P. (2013). Agrobacterium pRi TL-DNA ro/B and
TR-DNA opine genes transferred to the spiny
amaranth (Amaranthus spinosus L.), a nutraceu-
tical erop. Food Techno. Biotechno,. 51(1), 26-35.

Park, N. I, Li, X., Uddin, M. D. R., & Park, S. U




Dwi Kusuma Wahyuni et al. / Biosaintifika 9 (1) (2017) 26-32

(2011). Phenolic compound production by dif-
ferent morphological phenotypes in Hairy root
cultures of Fagophyrum tataricum Gertn. Arch.
Biol. Sci., Belgrade, 63(1), 193-198.

Pirian, K., Piri, K., & Ghiyasvand, T. (2012). Hairy
roots induction from Portulaca oleracea using
Agrobacterium rhizogenes to noradrenaline’s pro-
duction. International Research Journal of Apllied
and Basic Science, 3(3), 642-649.

Prajogo, B. E. W,, Guliet, D., Queiroz, E. F, Wolfen-
der, J. L., Cholies, N. Z., Aucky, H., & Hostett-
mann. (2009). Isolation of male antifertility
compound in N-Butanol fraction of Justicia gen-
darussa Burm f. leaves. Folia Medica Indonesia,
4(1), 28-31.

Raheleh, A., Hasanloo, T., & Khosroshahli, T. (2011).
Evaluation of trigonelline production in Trigo-
nella foenum Graecum. hairy root cultures of
two Iranian masses. POJ, 4(7), 408-412.

Sukmawati. (2011). Pengaruh konsentrasi dan lama
waktu inokulasi Agrobacterium rhizogenes strain
YMB 072001 terhadap efisisensi induksi akar
eksplan daun ginseng jawa (Talinum panicula-
tum). Skripsi, Surabaya: Departemen Biologi,
Fakultas Sains dan Teknologi, Universitas Air-
langga.

Swain, S. S., Sahu, L., Pal, A., Barik, D. P., Pradhan,
C., & Chand, P. K. (2011). Hairy root culture
of butterfly pea (Clitoria ternatea L.): Agrobacte-

32

riuem rhizogenes X plant factors influencing trans-
formation. World J Microbiol Biotechnol, 28(2),
729-739.

Syamsuhidayat, Sri, S., Johnny, & Ria, H. (1991). In-
ventaris Tanaman Obat Indonesia. Jakarta: Badan
Penelitian dan Pengembangan Kesehatan, De-
partemen Kesehatan.

Syukur, S., Aneloi, Z. N., & Putri, E (2009) Transfor-
masi Agrobacterium rhizogenes dan induksi akar
rambut pada tanaman kakao ( Theobroma cacao)
untuk produksi senyawa antioksidan secara in
vitro. J Ris Kim, 2(1), 156-168.

Wahyuni, D. K., Vidianti, E, Purnobasuki, H., Er-
mayanti, T. M., Prajoga, B. & Utami, E. S.
W. (2015a). Agrobacterium rhizogenes medi-
ated hairy root induction in Justicia gendarussa
Burm.f. J Appl Environ Bio. Sci, 5(4), 87-93.

Wahyuni, D. K., Nisa, Q., Purnobasuki, H., Ermayan-
ti, T. M., Prajoga, B., Utami, E. 5. W. (2015b).
Induksi akar rambut gandarusa (Justicia genda-
russa Burm. f) dengan perlakuan perbedaan
lama waktu infeksi Agrobacterium rhizogenes
strain YMO072001 dan A4T. Jurnal Bioslogos,
5(2), 3845.

Xu, H., Zhou, X., Lu, I, Wang, J., & Wang, X. (2006).
Hairy roots induced by Agrobacterium rhizogenes
and production of regenerative plants and hairy
root culture in maize. Seience in China Series C:
Life Sciences, 49(4), 305-310.




Hairy Root Induction on Justicia gendarussa by Various
Density of Agrobacterium rhizogenes strain LB 510

ORIGINALITY REPORT

21. 16, 9. 0-.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

journal.unnes.ac.id

Internet Source

.

114

scholar.sun.ac.za

Internet Source

E)

1o

bio.unsoed.ac.id

Internet Source

e

1o

Biotechnological strategies for the conservation
of medicinal and ornamental climbers, 2016.

Publication

=

1o

ses.library.usyd.edu.au

Internet Sourcey y < 1 %
Soil Biology, 2013.

n Publication & <1 %
Reza Norouzi1, Mesbah Babalar, Masoud 1

<l%

Mirmasoumi3. "Investigation of hairy root
induction in some Salvia L. species”, Nova
Biologica Reperta, 2017

Publication




B Recent Trends in Biotechnology and <1 o
Therapeutic Applications of Medicinal Plants, °
2013.

Publication
eprints.uns.ac.id

n IntFe)rnet Source < 1 %

"Biotechnology and Production of Anti-Cancer <1 o
Compounds", Springer Nature, 2017 °
Publication

"Transgenesis and Secondary Metabolism”, <1 o
Springer Nature, 2017 °
Publication
uad.portalgaruda.or

InternetpSource g g <1 %

Li, J.. "Engineering and optimization of an <1 y
allosteric biosensor protein for peroxisome °
proliferator-activated receptor @c ligands",

Biosensors and Bioelectronics, 20111115
Publication

Praveen C. Verma. "Efficient Production of <1 o
Gossypol from Hairy Root Cultures of Cotton °
(Gossypium hirsutum L.)", Current
Pharmaceutical Biotechnology, 11/01/2009
Publication

interesjournals.org <1 .
Internet Source /o




repository.unair.ac.id
Inteaet Sourcey < 1 %
Improvement of Crops in the Era of Climatic <1 o
Changes, 2014.
Publication
unair.ac.id
Internet Source < 1 %
www.ncbi.nlm.nih.gov
Internet Source g < 1 %
eprints.fome.utm.m
Intr;)rnet Source y < 1 %
"Statin therapy reduces heart artery plaque <1 o
size and number in people with HIV.(Article 7)", °
HIV Treatment: ALERTSI, April 2015 Issue
Publication
Fran.C|s M. Dwyer, .Perrln E. Parkhu.rst. A <1 o
Multifactor Analysis of the Instructional
Effectiveness of Self-Paced Visualized
Instruction on Different Educational
Objectives", Programmed Learning and
Educational Technology, 2006
Publication
B. Lacroix, V. Citovsky. "Agrobacterium”, <1 o

Elsevier BV, 2013

Publication




Cpace s <1%
Vijayta, Gupta, Shanker Karuna, and ur <1 o
Rahman Laiqg. "In vitro production of thiophenes °
using hairy root cultures of Tagetes erecta
(L.)", AFRICAN JOURNAL OF
BIOTECHNOLOGY, 2016.
Publication
Shahabzadeh, Zeynab, Bahram Heidari, and <1 o
Reza Faramarzi Hafez. "Induction of transgenic °
hairy roots in Trigonella foenum-graceum co-
cultivated with Agrobacterium rhizogenes
harboring a GFP gene", Journal of Crop
Science and Biotechnology, 2013.
Publication
Norma Moreno-Anzurez, Silvia Marquina, <1 o
Laura Alvarez, Alejandro Zamilpa et al. "A °
Cytotoxic and Anti-inflammatory Campesterol
Derivative from Genetically Transformed Hairy
Roots of Lopezia racemosa Cav.
(Onagraceae)", Molecules, 2017
Publication
Barry V. Charlwood, Marcia Pletsch. <1 o

"Manipulation of Natural Product Accumulation
in Plants Through Genetic Engineering”,
Journal of Herbs, Spices & Medicinal Plants,
2002



Publication

Shinya Toyokuni, Tomoyuki Tanaka, Waka <1 o
Kawaguchi, Neil Ryan Lai Fang et al. "Effects °
of the Phenolic Contents of Mauritian Endemic
Plant Extracts on Promoter Activities of
Antioxidant Enzymes", Free Radical Research,

2009
Publication
Samadi, Afsaneh; Carapetian, Jirair; Heidari, <1 o

Reza; Jafari, Morad and Gorttapeh, Abdollah
Hassanzadeh. "Hairy Root Induction in Linum
mucronatum ssp. mucronatum, an Anti-Tumor
Lignans Producing Plant”, Notulae Botanicae
Horti Agrobotanici Cluj-Napoca, 2012.

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography  On



Hairy Root Induction on Justicia gendarussa by Various
Density of Agrobacterium rhizogenes strain LB 510

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7




	Hairy Root Induction on Justicia gendarussa by Various Density of Agrobacterium rhizogenes strain LB 510
	by Edy Setiti Wida Utami

	Hairy Root Induction on Justicia gendarussa by Various Density of Agrobacterium rhizogenes strain LB 510
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Hairy Root Induction on Justicia gendarussa by Various Density of Agrobacterium rhizogenes strain LB 510
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




