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Abstract

Nothapodytes foetida is a member of family Icacinaceae and yields an anti-cancer drug: Camptothecin
(CPT) which has a huge global demand. An alternative method for the production of camptothecin is
highly desirable and can be attained by the application of hairy root culture. The present study was
carried out to establish an efficient protocol for hairy roots in N. foetida using five different strains of
Agrobacterium rhizogenes (A4, LBA 9204, MTCC 532, MTCC 2364 and NCIM 5140). In vitro grown
seedlings were used for the transformation experiment. Young seedlings were used as explants for the
induction of hairy roots. Explants were infected with different A. rhizogenes strains. Then the explants
were co-cultivated with the respective strains in Murashige and Skoog media and subsequently
transferred to MS media containing antibiotics. The strain As was more effective than the other four
strains in hairy root induction in N. foetida.
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1. Introduction

Secondary metabolite production from the plants can be achieved by the application of tissue
culture combined with genetic transformation. Root derived phytochemicals can be obtained
from hairy root culture (Giri and Narasu, 2000) /. Agrobacterium rhizogenes causes hairy
roots at the site of infection. It has been reported that hairy roots yields higher amounts of
secondary metabolites in comparison to intact plant roots and cell suspension cultures (Allan et
al., 2002; Hamill et al., 1995; Hashimoto and Yamada, 1983; Hartmann et al., 1986) [? % 11.10],
Nothapodytes foetida (Grah.) Mabb. (Syn. N. nimmoniana, Mappia foetida), which yields
camptothecin (CPT) used in anticancer drug formulation. This tree immediately needs
conservation attention because it is the most convenient source for large-scale production of
CPT. N. foetida has become endangered and is now confined only to the remnant of forest
pockets. Due to loss of its habitat and over exploitation, the population of this species has
declined by 50-80% (Singh et al., 2010) [l RET (Rare, Endangered and Threatened) list of
medicinal plants made in accordance to criteria given by International Union for Conservation
of Nature and Nature Resources (IUCN), given by ENVIS also includes N. foetida in
endangered categoery. As it has been reported that maximum concentration of CPT is found in
the roots of N. foetida, therefore hairy root culture could be better option for the large scale
production of CPT (Namdeo et al., 2012) [*3],

Importance of N. foetida in cancer treatment creates a huge necessity for the development of a
protocol so that the production of camptothecin could be enhanced. Thus, the present study
was undertaken to establish a proficient protocol to increase the camptothecin yield. This
would lead to decline in burden on the plant species in its natural home range area, there upon
halting the over harvesting of N. foetida in the wild.

2. Material and Method

2.1 Plant material

Seedlings grown in vitro were used as the explant (leaves, nodal segment, hypocotyl and
radical) for the induction of hairy roots. The explants were excised and used for transformation
studies.

2.3 Bacterial strains
Following Agrobacterium rhizogenes strains were used for transformation:
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Table 1: Bacterial strains used for infection

S. No Bacterial strains Growth medium
1 | Agrobacterium rhizogenes NCIM 5140 YEB
2 Agrobacterium rhizogenes A4 YMB
3 Agrobacterium rhizogenes MTCC 532 YEB
4 | Agrobacterium rhizogenes MTCC 2364 Xanthomonas
5 Agrobacterium rhizogenes LBA 9204 YMB
Culture conditions and media
Transformation frequency was calculated in all the

experiments using following formula:

Number of explants forming hairy roots

X 100

Transformation frequency =
q y Total number of explants taken

Co-cultivation medium: MS basal medium without PGRs
Growth medium: MS basal medium with antibiotics
Proliferation medium: MS basal liquid medium without
PGRs.

2.4 Transformation

2.4.1 Preliminary transformation experiments

For the preliminary studies standard protocol given in the

literature was followed. Standard protocol is discussed as

follows:

1. First of all bacterial culture for all the five strains were
initiated on the respective medium. Single colony of A.
rhizogenes was picked from 18 hrs old culture and was
inoculated in suitable liquid bacterial medium (shaker
incubate at 28°C (200rpm) overnight).

2. After this, aliquot of the culture was taken at different
time interval and optical density (OD) at 600 nm was
taken (0.6,0.8, 1, 1.2, 1.4, and 1.6).

3. On the day of experiment bacterial cultures were
centrifuged at 6000 x g for 8 minutes and the pellet was
resuspended in liquid plant MS medium.

4. Then the explants (leaves, petiole, nodal segment and
radical) from in vitro grown seedlings were cut into small
pieces of around 1-1.5 cm.

5.  Two methods were employed for the infection. Explants
were either pricked with needle of a syringe containing
Agrobacterium rhizogenes culture or cut and submerged
in the bacterial suspension (10-15 explants/5ml of media)
for 5-35 minutes of infection time.

6. Excess of bacterial suspension was removed by blotting
them on a sterile filter paper, after the completion of
infection period.

7. The explants were then transferred to MS basal media
without PGRs for co-cultivation (24-96 hours).

8. Temperature for co-cultivation was varied from 18°C to
26°C.

9. After co-cultivation, the infected explants were washed
three times with sterile distilled water, followed by
washing with antibiotic solution (50mg/L) with vigorous
stirring using sterile forceps and then sterile filter paper
was used for blotted drying.

10. Further explants were transferred to MS medium without
PGRs and supplemented with different concentration and
type of antibiotics.

11. Subsequent sub culturing of the infected explants was
done under same incubation conditions on solid medium
containing different concentration and type of antibiotics
to prevent the growth of bacteria.

3. Results

3.1 Effect of different Agrobacterium rhizogenes strains on
transformation frequency

Leaf explant was chosen first among all the explants to
transform with various A. rhizogenes strains as leaf explant
has shown best results in other plant species. In the explants
infected with A. rhizogenes, roots emerged directly from the
wounded regions. In some explants, swellings were observed
along the infected sites and in some cases callus like structure
was also observed, from most of which roots also developed.
Aerial roots were also obtained due to lack of positive
geotropism. These roots displayed Plagiotropism (Growing
parallel to the culture medium).

When the roots were further sub cultured onto fresh medium,
most of the roots showed lateral growth. After 20 days of
culture a closely interwoven masses was obtained both over
the surface of the medium and over the upper side of the petri
dish. Whereas after 25-30 days, hairy roots changed their
color from white to brownish white.

The control explants, deprived of bacterial infection, did not
produce roots at all. Only, swelling of the explants was
observed and prolonged culture lead to browning of the
explants and ultimately causing death of the explants. The
developed hairy root clones were detached from the mother
explants and cultured on MS basal medium with antibiotic
showed a normal growth.

Initially preliminary studies were carried out following the
standard protocol using all the five strains (A4, LBA 9204,
MTCC 532, MTCC 2364 and NCIM 5204) of A. rhizogenes
with leaf as an explant source. Optical density, infection time,
cO-cultivation period, co-cultivation temperature,
acetosyringone concentration were checked for the induction
of hairy roots. Values were not determined due to the
overgrowth of the A. rhizogenes (Table. 11).

Optical density (OD) of 1.0 was found to be optimum, as
maximum strains (A4, LBA 9204 and MTCC 532) of A.
rhizogenes responded to this OD. Two other A. rhizogenes
strains (MTCC 2364 and NCIM 5204) did not responded to
different OD as no hairy roots formation was observed when
the explants were infected with these two strains.

Infection times of 5, 10, 15, 20, 25, 30 and 35 minutes were
tested for the induction of hairy roots. Again no root
formation was observed with MTCC 2364 and NCIM. With
infection time of 20 and 25 minutes, all the three strains (A4,
LBA 9204 and MTCC 532) produced hairy roots. When the
infection time was increased to 30 and 35 minutes,
contamination due to overgrowth of A. rhizogenes was
observed.

Explants were co-cultivated for 24, 48, 72, and 96 hours with
bacterial suspension to check the effect of co-cultivation
duration on hairy root induction. At 48 hours of co-
cultivation, three strains (A4, LBA 9204 and MTCC 532)
produced hairy roots. MTCC 2364 and NCIM didn’t
produced hairy roots at all. Overgrowth of A. rhizogenes was
observed when the co-cultivation period was extended beyond
72 hours.

Different co-cultivation temperature (18, 20, 22, 26 and 28°
C) was checked for the induction of hairy roots. At a
temperature of 22° C maximum of 3 strains (A4, LBA 9204
and MTCC 532) induced hairy roots, but other two strains
(MTCC 2364 and NCIM) did not responded at all. A.
rhizogenes strain A4 induced hairy roots in N. foetida
explants at a wide range of temperature (20-28°C).
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Table 2: Preliminary studies on hairy root induction in N. foetida

Strains MTCC LBA MTCC
Parameters 530 A4 9204 2364 NCIM

0.6 -

0.8

Optical density 1.0

+ |+
+ |+ |+ +
+
1
1

(OD) 1.2

14 - - - - -

16 - [ - - - -

5 - - - B B

10 - |- - - -

15

Infection time

20 +
25 +

+
+ |+

'

'

(minutes)

30 - - - - -

35 - - - - -

24 -+

Co-cultivation 8 "

period (hours)

+
+ |+

'

'

72

+

96 - - - - -

18

Co-cultivation

20 +
temperature "

22

\®) 24 .

26 -

+ |+ [+

28 -

0 - - - -

Acetosyringone 100 n " n ¥ +

conc. (HM) 150 + + + + +

+ means induction and — means no induction of hairy roots

Hairy root induction is influenced by different A. rhizogenes
strains, which has been reported in several plant species
(Sujatha et al., 2013) [, In present investigation, among all
the three A. rhizogenes strains used, A4 was found to be most
virulent with respect to transformation frequency and
initiation of hairy root formation. A4 gave a maximum of 80.7
percent transformation frequency followed by LBA 9402
which gave 75.7 percent transformation frequency and least
transformation frequency of 60.0 percent was observed in
MTCC 532.

Table 3: Transformation frequency using different Agrobacterium

strains
Co-cultivation Infection Time Transformation frequency
period (hrs) (minutes) (%)
MTCC 532
15 0
24 20 0
25 0
15 0
48 20 39.7+1.5¢
25 60.0+1.7c¢
LBA 9402
15 0
24 20 0
25 0
15 0
48 20 453091
25 75.7+1.9°
A4
15 49.0+1.2F
24 20 56.3+1.2 9¢
25 62.3+1.5°¢
15 53.3+1.7°
48 20 65.0+1.5°¢
25 80.7+1.2%
72 15 -
20 -
25 -

Fig 1: Induction of Hairy root in leaf explants and nodal segment in
Nothapodytes foetida

3.2 Confirmation of transformation by PCR analysis
Transgenic status of the tissue was confirmed by PCR
amplification of the DNA obtained from hairy roots,
untransformed roots and A. rhizogenes using the forward and
reverse primers of rol B genes. Positive control was provided
by A. rhizogenes and negative control was provided by
untransformed roots.

Transformed hairy root samples were found to be positive for
rol B genes. The product of the PCR were of expected size
(750 bp) and were corresponding with the positive control (A.
rhizogenes LBA 9402). The untransformed roots (negative
control) were negative for rol B genes. Presence of the
amplified products of the expected size in positive control and
hairy root samples, confirmed the identity of this
amplification product and the transgenic nature of hairy roots.
The results demonstrate that the rol B genes were integrated
successfully into the genome of N. foetida hairy roots from
the Ri plasmid of A. rhizogenes.

3000 bp

1000 bp
750 bp
500 bp
250 bp

Fig 2: Confirmation of transformation by PCR analysis. Lane 1:
molecular weight marker (1 kb DNA ladder), lane 2: Agrobacterium
rhizogenes DNA (positive control), lane 3 & 4: DNA from
transformed hairy root, lane 5:DNA from untransformed root
(negative control).

4. Discussion

Frequency of hairy root production was affected accordingly
due to the virulency of A. rhizogenes (Giri et al., 2001) . A,
rhizogenes mediated transformation is the most common and
efficient method for genetically modifying the plants. That is
why A. rhizogenes is also known as natural genetic engineer.
Virulence of different A. rhizogenes strains is responsible for
variation in hairy root induction (Porte 1991; Thiruvengadam
2014) 15 21 Plasmid harbored by bacterial strains could be
one of the reasons of the differences in virulence (Batra et al.,
2004; Chaudhuri et al., 2005 Bansal et al., 2014; Nourozi et
al., 2014) [+5.3.2,
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The results presented in the paper shows that three strains
(A4, MTCC532 and LBA 9204) were found to induce hairy
roots in N. foetida. Other two strains (MTCC 2364 and
NCIM) did not respond to the transformation experiment.
This could be explained due to the differential expression of
T-DNA genes present in the explants and effect of integration
at different positions of T-DNA in the genome of host (Cho et
al., 1998) [®1. Moreover, compatibility between A. rhizogenes
and host plant tissue, phytohormones production and
juvenility of host tissue are contributing factors for efficient
production of hairy roots (Huang et al., 1991) [*2,

The superiority of A4 strain over other strains is due to its
wild origin (Bansal et al., 2014; Nourozi et al., 2014,
Srivastav et al., 2016) [* 14181 and A4 strain has been found to
induce hairy roots in many other plant species like
Catharanthus roseus (Batra et al., 2004) [, Piccorhiza
kurroa (Verma et al., 2007; Rawat et al., 2016) [?3- 6]
Hyoscymus sp. (Akramian et al., 2008), Clitoria ternatae
(Swain et al., 2012) [ Monirelica charantia
(Thiruvengadam, 2014) I, O. basilicum (Srivastav et al.,
2016) 281,

5. References

1. Akramian M, Tabatabaei SMF, Mirmasoumi M.
Virulence of different strains of Agrobacterium
rhizogenes on genetic transformation of four Hyoscyamus
species. American-Eurasian J Agric. & Environ. Sci.
2008; 3:759-763.

2. Allan EJ, Eeswara JP, Jarvis AP, Mordue AJ, Morgan
ED, Stuchbury T. Induction of hairy root cultures of
Azadirachta indica A. Juss. and their production of
azadirachtin and other important insect bioactive
metabolites. Plant Cell Rep. 2002; 21:374-79.

3. Bansal M, Kumar A, Reddy S. Influence
of Agrobacterium rhizogenes strains on hairy root
induction and “bacoside A” production from Bacopa
monnieri (L.) Wettst. Acta Physiol Plant. 2014; 36:2793-
2801.

4. Batra J, Dutta A, Singh D, Kumar S, Sen J. Growth and
terpenoid indole alkaloid production in Catharanthus
roseus hairy root clones in relation to left- and right-
terminilinked Ri T-DNA gene integration. Plant Cell
Rep. 2004; 23:148-154.

5. Chaudhuri KN, Ghosh B, Tepfer D, Jha S. Genetic
transformation of Tylophora indica with Agrobacterium
rhizogenes A4: growth and tylophorine productivity in
different transformed root clones. Plant Cell Reports.
2005; 24:25-35.

6. Cho HJ, Widholsm JM, Tanaka N, Nakanishi Y,
Murooka Y. Agrobacterium rhizogenes mediated
transformation and regeneration of the legume Astragalus
sinicus (Chinese milk vetch). Plant Science. 1998;
138:53-65.

7. Giri A, Narasu ML. Transgenic hairy roots: recent trends
and applications. Biotechnol. Adv. 2000; 18:1-22.

8. Giri A, Giri CC, Dhingra V and Narasu ML. Enhanced
podophyllotoxin  production  from  Agrobacterium
rhizogenes transformed cultures of Podophyllum
hexandrum. Natural Product Letters. 2001; 15:229-235.

9. Hamill JD, Parr AJ, Kim S, Hopper S, Hjortso M. Hairy
root growth models: effect of different branching
patterns. Biotechnol. Prog. 1995; 11:178-186.

10. Hartmann T, Witte L, Oprach F, Toppel G.
Reinvestigation of the alkaloid composition of Atropa

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

~ 2328~

belladonna plants, root cultures, and cell suspension
cultures. Planta Medica. 1986; 52:39-395.

Hashimoto T, Yamada Y. Scopolamine production in
suspension cultures and redifferentiated roots of
Hyoscyamus niger. Planta Medica. 1983; 47:121-141.
Huang Y, Diner AM, Karnosky DF. Agrobacterium
rhizogenes mediated genetic transformation and
regeneration of conifer: Larixdeciduas. In vitro Cell
Developmental Biology. 1991; 27:201- 207.

Namdeo AG, Sharma A. HPLC analysis of the
camptothecin content in various parts of N. foetida
collected in different periods. Asian Pac J Trop Biomed.
2012; 389-393.

Nourozi E, Hosseini B, Hassani A. A reliable and
efficient protocol for induction of hairy roots in
Agastache foeniculum. Biologia. 2014; 69:870-879.
Porter JR. Host range and implications of plant infection
by Agrobacterium rhizogenes. Crit Rev Plant Sci. 1991;
10:387-421.

Rawat J M, Rawat B, Mishra S, Bhandari A, Agnihotri
RK, Chandra A. Influence of Agrobacterium rhizogenes
strains, acitosyringone, inoculum size and temperature on
production of active ingredients from Picrorhiza kurrooa.
Physiol Mol Biol Plants. 2016; 22(1):155-160.

Singh I, Kumaravadivel N, Gnanam R, Vellaikumar S.
RPHPLC analysis for the camptothecin content in N.
nimmoniana, an endangered medicinal plant. J Med
Plants Res. 2010; 4:255-259.

Srivastava S, Colan XA, Adholeya A, Cahill DM. Elite
hairy roots of Ocimum basilicum as a new source of
rosmarinic acid and antioxidants. Plant Cell Tiss Organ
Cult. 2016; 126:19-32.

Sujatha G, Zdravkovic-Korac S, Calic D, Flamini G.
Ranjitha KBD. High-efficiency Agrobacterium
rhizogenes-mediated genetic transformation in Artemisia
vulgaris: hairy root production and essential oil
analysis. Indust Crops Product. 2013; 44:643-652.

Swain SS, Sahu L, Pal A, Barik DP, Pradhan C. Hairy
root cultures of butterfly pea (Clitoria ternatea L.):
Agrobacterium plant factors influencing transformation.
World J Microbiol Biotechnol. 2012; 28:729-739.
Thiruvengadam M, Praveen N, Maria-John KM, Yang
YS, Kim SH, Chung IM. Establishment of Momordica
charantia hairy root cultures for the production of
phenolic compounds and determination of their
biological activities. Plant Cell Tissue Organ Cult.
2014; 118:545-557.

Tiwari RK, Trivedi M, Guang ZC, Guo GQ, Zheng GC.
Agrobacterium rhizogenes mediated transformation of
Scutellaria baicalensis and production of flavonoids in
hairy roots. Biol Plantrum. 2008; 52:26-35.

Verma PC, Rahman L, Singh A, Dharm N, Jain C,
Khanuja SPS, Banerjee S. Agrobacterium rhizogenes-
mediated transformation of Picrorhiza kurroa Royle ex
Benth: Establishment and selection of superior hairy root
clone. Plant Biotechnol Rep. 2007; 1:169-174.



