
 
 
 

Various Infection Time of Agrobacterium rhizogenes Strain 
LB510 for Hairy Root Induction on Justicia gendarussa 

Burm.f. 
 

Dwi Kusuma Wahyuni1*, Sri Wahyuni1, Tri Muji Ermayanti2, 
Bambang Prajoga Eko Wardoyo3, Hery Purnobasuki1, Edy Setiti Wida Utami1 

 

1Biology Department, Faculty of Sciences and Technology, Airlangga University, 
Indonesia 

2 Research Center of Biotechnology, Indonesian Intitute of Sciences (LIPI) Bogor 
3 Faculty of Farmacy, Airlangga University, Indonesia 

 
 

Abstract : This study aimed to determine the effect of various infection time Agrobacterium 

rhizogenes strain LB510 towards hairy root induction on Justicia gendarussa Burm.f. leaf 
explants. Various infection time are 10, 20, 30, 40, 50, and 60 minutes. Explants co-cultivated 

for 2 days in free-hormone solid medium, then transferred to solid MS0 medium supplemented 

with 300 ppm cefotaxime antibiotics. Culture incubated without light. Various data were 
collected, namely transformation efficiency, root formation duration, amount and length of 

hairy root. Observation conducted every week for 6 weeks. Data analyzed statistically using 

Kruskal-WallisTest and followed by Mann-Whitney Test. Result shows that on each treatment 

of Agrobacterium rhizogenes strain LB510 infection duration influence the formation of hairy 
root from gandarusa leaf explants. On this study, 10 minutes is the best infection time in order 

to induce hairy root with highest transformation efficiency (100%), 2 hairy roots formed, the 

lenghtof hairy root are 3.18 cm, and hairy root formation in 14 days. 
Keywords : Agrobacterium rhizogenes strain LB510, hairy root, infection time,Justicia 

gendarussa Burm.f.. 
 

Introduction 

Gandarusa is used as a male contraceptive by society Sentani, Irian Jaya
1
. Gandarusa compound that 

serves as antifertilitas ingredient is flavonoids
2
.Utilization of gandarusa massively confronted with problems of 

availability of raw materials, because these plants have not been cultivated. The flavonoid compundis  produced 

in small amounts, so we need a tissue culture techniques. One approach technology that can be used to increase 
the content of plant secondary metabolites

3
. 

Gandarusa secondary metabolites can be produced by the hairy root culture. The advantages of hairy 

root culture such as relatively fast growth, productive and stable in generating the desired compound
4
. The 

growth of hairy root can be optimized by inoculating Agrobacterium rhizogenes
5,6

. Agrobacterium is a type of 

soil bacteria that have the ability to transfer T-DNA of the Ri plasmid (root inducing plasmid) into plant cells 

through wounding
7
. 

The success of the infection and gene transfer by Agrobacterium, determined by the type and condition 

of explant, presence or absence of explant wounding, the density and infection time of bacteria, and 
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cocultivation length time

8,9,10
. The infection time also determines the success of a bacterial infection of the 

soybean crop explants
11

.The 5 minutes was the best infection time to hairy roots induction on Talinum 

paniculatum
12

. The research was carried out by Lokhande showed that 10-20 minutes infection time could 
improve significantly the average efficiency transformation of Agrobacterium rhizogenes on Withania 

somnifera L.
13

. Previous research on the culture of hairy root on gandarusa has not been widely reported . 

In previous studies have successfully performed the induction of hairy root on the leaves of Justicia 
gendarussa Burm.f. using various strains of Agrobacterium rhizogenes, which the best strain is strain LB510

14
. 

The next stage is to find the optimum conditions between the density and the infection time to obtain the 

transformation efficiency optimum.The infection time correlated with the density of Agrobacterium
15

. 
Therefore, this study was conducted to determine the effect of the infectiontime of Agrobacterium rhizogenes 

strain LB510 to the hairy root induction on gandarusa leaf explants. 

Experimental 

Materials used are leaf explants Justicia gendarussa Burm.f. which obtained from the Institute of 

Materia Medika Batu Malang. Agrobacterium rhizogenes strain LB510 was obtained from the Research Center 
of Biotechnology, Indonesian Institute of Sciences (LIPI), Bogor, Indonesia. The chemicals used are alcohol 70 

%, 1N HCl, KOH 1N, Clorox 10 %, distilled sterile, spritus and chemicals of Murashie and Skoog (MS) 

medium
16

, Luria Bertani(LB)medium (10g Tryptone, 5g yeast extract and 10g NaCl/l), and the antibiotic 
cefotaxime. 

Sterile explant was cut with a size of approximately 1cm
2
. Six pieces of sterile erlenmeyer prepared for 

the transformation of the media's treatment, containing liquid MS medium which has been added a bacterial 
suspension of A. rhizogenes with OD600 = 0.1. The explants were put in a sterile erlenmeyer containing media 

transformation and shaked with a wide range of time (10 / P1, 20 / P2, 30 / P3, 40 / P4, 50 / P5, and 60 minutes 

/ P6). 

Furthermore explants grown in a MS solid medium for 2 days, dark incubation, at room temperature of 

25
o
C. Each treatment were repeated 10 times. Co-cultivation was carried out for 2 days, then explants were 

rinsed with sterile liquid MS medium containing cefotaxime. The explants were planted in MS medium 

containing cefotaxime 300 ppm. Observations was carried out for 6 weeks. The parameters werehairy root 

length, number of explants that formed the hair roots, number of hairy roots, and the length of formation time of 

hairy roots. 

Data of this research were a quantitative and qualitative data. Qualitative data was hairy root 

morphology (structure, texture, color and growth starting position of hairy root). that were analyzed 
descriptively. Quantitative data were the number and length of hairy root, that were analyzed using Kruskal-

Wallis Test followed by Mann-Whitney Test level of 5 % . 

Result and Discussion 

The  TransformationEfficiencyand TheHairy Roots Formation Time 

The treatment of 10 minutes, 40 minutes, and 60minutes has highest tranformation efficiency (100%), 

follow by  20 minutes infection time (80%), while 30 minutes infection time  (50%), and the lowest 

tranformation efficiency obtain for 50 minutes infection time (30%). The negative control, hairy root formation 
is not observed.   

The growth of the hairy roots from the explants is an indication of the transfer of T - DNA derived from 
A. rhizogenes(Ri plasmid) into the genome of a plant cell gandarusa . Agrobacterium is a bacteria that has the 

ability to transfer T-DNA plasmid, known as Ri plasmid (root inducing plasmid ) into plant cells through 

wounding
7
. T-DNA will be integrated into the plant chromosome and will express the genes to synthesize 

compounds opine. The resulting compound opine serves as a provider of nutrients for bacteria 
(Agrobacterium)

17
 . 
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Table 1.The transformationefficiencyand the length of hairy roots formation time 

Treatment Repetition 

The number 

of eksplan 

can form 

hairy root 

Transformasi

Efficiency (%) 

Length of hairy 

roots 

 formation time 

(days) 

P0 (control) 10 0 0 - 

P1 (10minutes) 10 10 100 21,48 ± 6,37
a 

P2 (20 minutes) 10 8 80 25,21 ± 7,26 
a 

P3 (30 minutes) 10 5 50 21,20 ± 5,89
b 

P4 (40 minutes) 10 10 100 21,55 ± 3,50
b 

P5 (50 minutes) 10 3 30 27,66 ± 6,35
c 

P6 (60 minutes) 10 10 100 26,20 ± 4,66
c 

 

   

Figure 1. (A) Hairy roots appears at the edge of the midrib, Treatment of 10 minutes infection time in 

13
th 

days observation. (B) Treatment of  40 minutes in 22
nd

 days observation; and (C) Treatment of 20 

minutes infection time in 24
th

daysobservation. Bar = 1 cm 

In addition, T - DNA also contain oncogenes are genes that play a role to encode growth hormone auxin 

and cytokinin. Oncogene expression on plasmid Ri is characterized the formation of adventitious roots on a 

large scale in places infected and is known as hairy root
7
. 

The difference of  thewillow leaf explantsresponse to Agrobacterium infection is caused the difference 

ofexplant genotype
18

. This is supported by Potrykus that there are several factors that determine the competence 

of explants to form hairy root , such as explant genotype, type of organ, organ development levels, historical 
even of each explants were used

19
. Besides the explant response, the ability of Agrobacterium to induce hairy 

root in plants, such as density of bacteria, inoculum immersion time, and the Agrobacterium strain
20

. 

The length of hairy root formation time is various. Hairy roots begin to form in the range of 14-38 days 

. The treatment of 10 minutes infection time is fastest, on the 2
nd

 week. This result differs from previous studies 

conducted by Anekawaty,  that the effect of inoculum A. rhizogenes strain LB510 to hairy  root induction with 
various density of OD600 0.1; 0.2; and 0.3 in explant Catharanthus roseus,only forming callus at 16 weeks of 

culture
21

.  

This indicates that the same strain infected to different crops there will be a difference in the length of 
time the formation of hairy root. Hairyroot are formed in a short period of time, varying from one week to more 

than a month, it depends on the difference in plant species
17

. A similar study in leaf explants gandarusa 

treatment of 40 minutes infection time by  strain YMB 072 001 is capable of forming hairy roots on 15
th

days 
and strain A4T capable of forming hairy root on 27

th
days with a time of infection 10 minutes

22
 but differ in 

Talinum paniculatum
23

. A. rhizogenes strain LB510, treatment of OD600 = 0.1 for 20 minutes
24

. This is indicates 

that the Justicia gendarussa Burm.f. more suitable if  transformed  by A. rhizogenes strain LB510, for 10 
minutes. 

C B A 
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The infection time correlated with the density of Agrobacterium, therefore it is necessary to find the 

optimum conditions between the density and the infection in order to obtain maximum transformation 
efficiency. The density of bacteria low and the duration of infections are short will lead to low efficiency of 

transformation, but the density of bacteria is high and the duration of infections is long will result in the growth 

of bacteria that are not controlled (overgrowth) that will contaminate explants and than  explant can not grow 
and die finnaly

15
. 

The number of hairy roots 

The various infection time is affected the number of hairy roots. The treatment 10 minutes infection 

time has highest average number of hairy root (2 hairy roots), follow by 40 minutes (1.7), 20 minutes (1.2), 50 

minutes (0.7) and the lowest is 30 minutes (0.5). The negative control, hairy root formation is not observed ( 
Figure 2).  

These results are contrast to these studies that the hairy root induction gandarusa by the strain YMB 072 
001 can produces 5 hairy roots by the treatment of OD600 = 0.3 for 20 minutes infection time, whereas A4T 

formed one hairy root by  the treatment of OD600 = 0.2 and 0.5 for 20 minutes
14

.  The treatment Agrobacterium 

strains R1601 produces 5.3 hairy rootsin Rubia akane Nakai
9
 and the study showed that the OD600 = 0.1 had the 

highest average number of hairy roots (2.13 hairy roots) for 10 minutes infection time
23

. 

 

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 Mann-Whitney Test at 

significant level 5%). 

There is not hairy root in negative control,  caused due to the time of immersion of explants in the 

bacterial suspension for too long causing bacterial infection too much so the plant tissue to be stressful and can 

not grow
25

. Another factor that led to explant can not form the hair roots as explants can not remove phenolic 
compounds in an amount sufficient to stimulate bacterial chemotaxis to be easily attached to the plant cell

14
. 

The length of the hairy roots 

Treatment of infections time affected the hairy root length. Lenght of  hairy roots is varying for each 

treatment (Figure 3). The average length of the hairy roots is highest for 10 minutes infection time (3.18 cm), 
followed by 60minutes infection time (0.8 cm), 30 minutes (2.99cm), 40 minutes (2.83 cm), 20 minutes (2 ,4 

cm), and 50 minutes  (1.08 cm). 
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Figure 3.  The average length of hairy roots formed on explants Justicia gendarussa Burm.f. (The 

difference letters above diagram shows a significant difference by Mann-Whitney Test at significant level 

5%) 

 Some hairy roots can continue to grow, but there are not others gaining long hairy root meaning. The 
hairy roots do not grow, gradually becomes brown and eventually die. The average length of the hair roots is 

highest in the 10minutes treatment (3.18 cm). This is in contrast with previous studies that the hairyroots are 

formed on the explants Justicia gendarussa Burm.f. induced by strain LB510 is longer than the hairy roots 
induced by other strains ( LB509, YMB 072 001, A4T, and ATCC 15834 ) for 20 minutes

22
. 

Morphology of Hairy Root  

In the 10minutes treatment, the explant growth curve in the first week, in the second week hairy root 

begin formed and at the end of the observation portion leaf explants brown, brown leaf explants edge and grow 

roots. Roots were formed on each explant ranged 1-5, branched and branches have the texture of hair root 
(Figure 4). In the treatment of 20, 40, 60 minutes  have the variousthe number of hairyroot. Hairyroot are 

formed in white, appeared most of the leaves and bones are also in the area around wounding. When the roots 

grow first, towards growing up or growing  in media surface and then grow toward the bottom or base to grow 
through the media (Figure 4). In the treatment of 30 and 50 minutes every 1-2 explants only capable of forming 

roots of the hair, white. The first hairy roots grow very long and branched, but both short hairy roots (Figure 4). 

Overall the hairyroot are formed have fine hairy root on the surface, the base of the hairy root has a thicker 

texture and root ends of the taper. On the negative control treatment, whole explants not form the hair roots 
from the first week to the sixth week, but there is growing callus on midrib and around the edges of the leaves 

are bruised. Callus that formed the white and has a callus types friabel and begin to form in the 2nd week of the 

culture period (Figure 4). 
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Figure 4.  Hairy root of Justicia gendarussa Burm.f. (A)10 minutes infection time at 29
th 

days observation; 

(B) 20 minutes infection time at 34 days observation; (C) 30 minutes infection time  at 42
nd 

days 

observation;(D)  40 minutes infection time at 42
nd 

days observation; (E) 50 minutes infection time at 42
nd 

observation; (F) 60 minutes infection time at 36
th 

days observation; (G) negative control at 38
th 

observation.Bar = 1 cm. 

 

Hairyroot are formed on gandarusa leaf explants is the result of genetic transformation of bacteria A. 

rhizogenes strain LB510 with genomic DNA of plant cells gandarusa. The cells were successfully transformed 
plants will increase the sensitivity to auxin and has the ability to produce auxin, causing the formation of hairy 

roots
26

. This can be justified because during the period of cultivation on MS medium capable of forming 

hairyroot branches . 

Based on the results of this study indicate that various infection time of A. rhizogenes strain LB510 

effected on the hairy root induction on leaf explants Jucticia gendarussa Burm.f . The best infection time is 10 

minutes. This is indicated by the value of the transformation of 100 %, the number of hairy roots formed the 
most explant (on average 2 hairy roots per explant), the longest hairy  root (3.18 cm), and fastest time in 

inducing hairy roots (14 days). 

The time variation of infection determines the success of genetic transformation A. rhizogenes to that 

plants are able to produce hairyroot. Time of infection is determined by the type of plant and the method of 

transformation. In Talinum paniculatum by way shaken at 30 rpm for 5 minutes
12

, the Withania somnifera L. 
manner shaken slowly for 10-120 minutes

13
, on Fagaricum tataricum by immersion for 10 minutes

27
, on 

Theobroma cacao by soaking for 30 minutes
28

, on Potulaca oleracea by soaking for 20 minutes
29

. For further 
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E 
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research is recommended to test the effect of the transformation method A. rhizogenes transformation efficiency 

in plants Justicia gendarussa Burm f .. 
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