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Abstract: The Aerva lanata belongs to the family Amaranthaceae and has the high medicinal 

values. The present study focused on in vitro regeneration of plant through tissue culture 

techniques and induction of hairy roots from stem internode explants by using various 

Agrobacterium rhizogenesstrains such as A4, A4T and A4RS. Multiple shoots were induced 

from the stem explants on the MS medium contain BAP 0.5 mg/l and IAA0.25 mg/l. Around 

5.42 ±2.11 shoots were observed per explant with average shoot length of 2.19 ±1.2 cm. 

After 3-4 weeks of incubation the cultures were transferred to root induction medium 

containing 0.5 to 1.0 mg/l of IBA. Root initiation was occurred in 7-10 days on a half-

strength MS medium supplemented with 0.5 mg/lIBA. Healthy plants transferred to green 

house were infected with bacterial strains A4, A4T and A4RS for hairy root formation from 

internodes. The explants infected with A4RS strain showed maximum hairy root emergence 

within 8-10 dayswhereas, A4 and A4T strains fail to t influence hairy root emergence.Strain 

A4RS was proved to be more virulent than A4 and A4Twith highest transformation 

frequency of 83.33 %. 
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INTRODUCTION 

There is a mounting pressure on medicinal plants due to demand for plant based raw 

materials whichlead to over-harvesting and destruction of their wild habitats. So,there is an 

urgent need to conservesuch rare elite and fast disappearing germplasm. The genetic loss of 

medicinal plants can be overcome by tissue culturetechniques.In the recent years, tissue 

culture has emerged as a viable and reproducible technique to produce sufficient plant 

materials of several economically important plants in limited time.Agrobacterium rhizogenes-

mediated genetically transformed hairy root cultures can provide an excellent system for 

harvesting phytochemicals of therapeutic value without destroying the natural habitats. 
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The plant Aerva lanata comes under the family Amaranthaceae, it serves as source of many 

biologically active secondary metabolites such as alkaloids(Zapesochnayaet al., 1992, 

1991a& 1991b--- [1, 2, 3]) and flavanoids (Saleh et al., 1990[4]; Ahmed et al., 2006[5]; 

Pervykh et al., 1992[6]). The plant also contains methyl grevillate, lupeol, lupeolacetate 

benzoic acid, B-sitosteryl acetate and tannic acid (Omoyeni and Adeyeye, 2009[7]). Leaves 

of Aerva Lanata were found to be high in carbohydrate, protein and mineral (Omoyeni and 

Adeyeye, 2009[7]). This plant is valued for antidiabitic and antibiotic properties. It has many 

Ethno medicinal uses (Chopra et al. 1992[8]). The plant has been reported to posses’ diuretic 

(Udupihille and Jiffry 1986[9]). It is anthelmintic demulcent and is helpful in lithiasis, cough, 

sore throat, wounds (Pullaiah and Naidu, 2003[10]) and a nephroprotective action in rats 

(Shirwaikar et. al.2004[11]). 

Tissue culture is one of the pre-requisite for the improvementof medicinal plants. Morel 

(1960) first demonstrated the in vitroclonal propagation and role tissue culture in medicinal 

and aromatic plant industry. Experimental approaches used for the propagation of medicinal 

plants through tissue culture can be divided into three broad categories. The most common 

approach is to isolate organised meristems like shoot tips or axillary buds and induce them to 

grow into complete plants. In second approach, adventitious shoots are initiated on leaf, root 

and stem segments or on callus derived from those organs. The third system of propagation 

involves induction of somatic embryogenesis in cell, callus and protoplast cultures. In recent 

years, there has been an increased interest in development of in vitroculture techniques which 

offers a viable tool for mass multiplication and germplasm conservation (Sanguineti et al., 

2007[12]). 

There is no standard protocol available for in vitro regeneration of hairy root from Aerva 

lanata. In view of its medicinal value, threatening status and lack of tissue culture protocols, 

in the present study we established the regeneration protocol and hairy root induction from 

internodal explants of Aerva lanata.  

MATERIALS AND METHODS 

PREPARATION OF EXPLANT AND SURFACE STERILIZATION 

Healthy stem explantswere surface sterilized with 2% laboline for10min, washed with tap 

water., followed by 0.1% mercuric chloride (HgCl2) solution for another 3 minutes.The 

explants were then rinsed thoroughlywith sterile water for several times. The surface 

sterilized explants were further trimmed (0.8 - 1.2 cm) before inoculation onto the 

nutrientmedia. All the above operations were performed under aseptic conditions in a laminar 

airflow cabinet. 

 

CULTURE CONDITIONS 

The explants aftersurface sterilization were dried on a sterilized filter paper and 

carefullytransferred into MS media supplementedwith BAP (0-1.0mg/l) alone and in 

combination with IAA (0-0.25mg/l) and Kinetin (0-2.0mg/l) (table 1). About 5-6 explants 

were transferred into the 100ml conical flask and for each treatment atleast 15 replicates were 

maintained. After the successive subcultures, the shoots with 2-3 cm length were transferred 

to rooting media containing MS media supplemented with Auxins (0.25-10 mg/l) such as 
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1AA and IBA individually for rooting (table 2).All the cultures were incubated at 25± 

2°Cwith 16 h photoperiod under white fluorescent light (30 umol m/s) and, 50-80% relative 

humidity. 

 

HAIRY ROOT INDUCTION 

BACTERIALSTRAINS  

Three strains of Agrobacterium rhizogenes namely A4, A4T and A4RSwere used in the 

present study.The strains A4 andA4T were grown on solid MYA medium and A4RS strain 

was grown on solid YEP medium containing rifampicin and spectinomycin. Prior to 

infection, a loop full of bacteria from a single colony was inoculated into a 20 ml liquid 

medium in a 100 ml Erlenmeyar flask and incubated for24 - 48 h on a rotary shaker (120 

rpm) at 25± 2°C in dark. 

 

TRANSFORMATION AND INDUCTION OF HAIRY ROOT CULTURE 

The stem internodal explants was prepared fromin vitro grown plants and used for the genetic 

transformation study. The apical portions of internodes were wounded and injected with 

overnight grown bacterial culture directly with the help of a sterile hypodermic syringe and 

needle. The infected explants were inoculated into the jar containing MS basal medium 

supplement and incubated at 28±2°C.The explants were sub cultured to fresh medium every 

3-4-week time to prevent bacterial growth. The hairy roots that appeared at the site of 

infection were allowed to growup to 4-5 cm, excised and transferred to Erlenmeyer flasks 

containing MS medium without hormones. The explants were sub- cultured every 3-5 days to 

prevent bacterial growth. For furtherbiomass growth the roots were transferred (100 mg fresh 

weight) to solid MSmedium without growth regulators and were grown in complete darkness. 

 

RESULTS AND DISCUSSION 

Aerva lanata isa perennial herb belong to family amaranthaceae, itis valued for its antidiabitic 

and antibiotic properties. It has many Ethno medicinal uses (Chopra et al. 1992[8]). The plant 

has been reported to possess diuretic activity (Udupihille and Jiffry 1986[9]). It is 

anthelmintic demulcent and is helpful in lithiasis, cough, sore, throat and wounds (Pullaiah 

and Naidu, 2003[10]) and a nephroprotective action in rats (Shirwaikar et. al.2004[11]).  

Previous literature indicated that in vitro regeneration and induction of hairy root cultures 

were not yet standardized from stem explants.  

In vitro micro propagation techniques have played a major role in the mass production of 

planting materials and are being increasingly applied for clonal propagation of selected tree 

species to supplement conventional methods. The in vitro propagation of plants is becoming 

popular as it enables rapid cloning of higher plants, commercial propogationof valuable 

horticulture plants, forest trees, medicinal and other economically important species. 

Micropropagation through stem internode proliferation has got advantageous over other 

means of proliferation. In the present investigation, an attempt has been made to standardize 

the in vitro multiplication of Aerva lanata through stem internode cultures. The response of 

the stem internode cultures and influences of growth regulators on the shoot multiplication 

rate has been evaluated. 
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IN VITRO REGENERATION OFAVERA LANATAFROM INTERNODAL 

EXPLANTS  

 Internode explants were initially grown on MS media supplemented with BAPand 

kinetin(table 1), but the regeneration response was maximum in BAP supplemented medium. 

The explants exhibited early bud break and enhanced shoot production when grown in 

combinations ofcytokine and auxin. Percent response was maximum when MS medium is 

supplemented with BA 0.5 mg/l + IAA 0.25 mg/lwith 85.71% responseand the maximum 

number of shoots per explants was 5.42 ± 2.11with a mean shoot length of 2.19 ±1.2cm (table 

1). However, the increase in BA concentration result in decrease in multiple shoot formation. 

The data obtained is consistent with results of Sujatha et al., (2008)[13], where the high 

concentration of cytokinins could leads to decrease inshoot regeneration frequency in 

Pongamia pinnata. In the present investigation, kinetin produced less number of shoots, 

which were shorter and also observed delayed shoot initiation. 

The individual shoots were excised and transferred to individual root initiation medium 

containing  with half strength MS salts supplimentes with  IBA and IAA (0-1.0 mg/l). Root 

initiation occurred after 6-8 days ofinoculation inmedium augmented with IBA (0.5mg/l)and 

8-9 days in medium supplimentes with IAA (0.1) (table 2). IBA as a source of auxin was 

found to be better as compared to IAA for induction of healthy rooting. A maximum of 71.42 

% rooting was obtained by addition of IBA (0.5 mg/l). Maximum number of roots (4.74 ± 

1.2) per shoot was recorded in such culture and also root length was highest (Fig. 

1c),suggesting that IBA,  is most effective for root induction in a number of species([14], 

[15], [16]Hossini et al., 2010; Khan et al., 2010; Salih et al., 2016). The well rooted plants 

were transferred to green house and grow normally.

Table 1; Shoot formation in axillary bud explants of Aerva lanata cultured on MS 

medium supplemented with various concentrations of hormones during the first passage 

(7 explant per treatment)

MS+Growth(mg/l) %response Days to 

bud break 

Mean 

shoots 

explant +/- 

SE 

Mean 

shoot 

length cm 

+/- SE 

Kinetin BAP IAA 

0.25 0.25 - 57.14 2-5 0.71+/-

0.64 

2.24+/-1.8 

0.5 0.5 - 57.14 5-6 0.86+/-

1.02 

2.52+/-1.1 

1.0 1.0 - 71.42 7-9 1.28+/-

0.81 

2.84 +/- 

0.4 

2.0 2.0 - 85.71 7-9 1.86+/-

0.32 

1.58+/- 0.2 

- 0.5 0.25 42.85 5 0.86+/-

1.02 

1.82 +/- 

2.4 

- 0.1 0.25 71.42 7-9 1.86+/-

3.31 

1.33 +/- 

0.7 
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Table 2; Rooting response  of Aerva lanata to invitro supplimented with different 

concentration of growth regulator (7 shoots pretreatment : data scored after 3 weeks of 

culture).

MS+Growth 

regulator(mg/l) 

% Response Days to rooting Mean number of 

roots/shoots 

Mean root              

length(cm) 

½ MS 57.14 7-10 0.14+/-0.3 0.11+/-0.23 

½ MS + IBA0.5 71.42 7-8 4.74+/-1.2 2.67+/-0.23 

½ MS+IBA 1.0 28.57 9 3.14+/-0.3 1.86+/-0.64 

½ MS+IAA0.5 65.42 7-9 3.73+/-2.9 1.37+/-0.60 

½ MS + IAA 1.0 60.14 9 3.11+/-2.4 1.57+/-0.52 

 

 

Figure 1;In vitro rooting ofAerva lanata.A – In vitro shoot grown on ½ MS alone. B- In 

vitro shoot grown on ½ MS +IBA 0.5mg/l. C- In vitro shoot grownon ½ MS+IBA 1.0mg/l. 

(Maximum root generation was seen in MS medium supplemented with 0.5mg/l IBA) 

 

 

Figure 2; Hairy root induction study in the internodes of Aerva lanata. A-an internodes 

injected with Agrobacterium rhizogenes strain A4RS; B- an internode injected with 

A.rhizogene strain A4T; C- an internode injected with A.rhizogene strain A4. 

DEVELOPMENT OF HAIRY ROOT CULTURES 

The stem internodal explants prepared from in vitro grown plants are infected with three 

different types of Agrobacterium cultures. The explants infected with A4RS strain showed 

hairy root emergence after 8-10 days of infection (Figure 2.a) and explants infected with A4 

and A 4T strains did not influence hairy root emergence even when the culture were 
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maintained for period of four weeks (Figure 2.b and c).In the present study, A4RS was 

proved more virulent than A4 and A4T, as the success of transformation is depends on type 

of bacterial strain (Savka et al., 1990[17]; Zehra et al., 1998[18]).The highest transformation 

frequency of 83.33% was observed with Agrobacterium rhizogenes strain A4RS, where the 

treated explants responded within 3-5 days of treatment, producing 6.3 roots/explants. 

Whereas strains, A4T and A4 showed transformation frequency of 36.6% and 33.3% 

respectively with an average root numbers of 2.56 and 2.25 respectively (Fig. 3). The degree 

of difference in transformation frequency might be due to chromosomal virulence genes of 

Agrobacterium rhizogenes (Tiwari et al., 2007[19]). 

 

Figure 3; Hairy root development with internodal explants of Aerva lanata following co-

cultivation with various strains (A4RS,A4T and A4) of Agrobacterium rhizogenes. 

CONCLUSIONS 

The Aerva lanata is a rare medicinal plant and rich source for biologically active secondary 

metabolites. The present investigation was succeed in standardizing the in vitro regeneration 

system. The combination BA 0.5 mg/l and IAA0.25 mg/l was more effective for induction of 

multiple shoots. In extend, the present study also established the hairy root cultures by using 

the stemnodal explants in this plant. Such hairy root cultures can be used inbioreactors for the 

year round production of chemicals and other secondarymetabolites specific to the plant 

species. 
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