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Abstract 

MS medium supplemented with different concentrations of 2,4-D (0.5-4.0 mg/l) was used to study the effect 

of 2,4-D on callus induction from leaves of in vitro grown plantlets of Gardenia latifolia. White friable or creamy 

white colored friable calli obtained on all the concentrations of 2,4-D after 8 weeks of culture. The high frequency of 

callus induction was observed on MS medium supplemented with 3.0 mg/l 2,4-D (80±0.10%). The initiated primary 

callus was subcultured on to MS medium with various combinations of BA (1.0-2.0 mg/l) and IAA (0.1 mg/l). 

Embryogenic callus formation observed on MS medium with various combinations of BA (1.0-2.0 mg/l), Kn (2.0 

mg/l) and IAA (0.1 mg/l). Histological analysis revealed the developmental pattern of globular, heart shaped 

embroys. The protocol developed in this study, will be used to obtain embryogenic callus from leaf explants. 
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Introduction 

Gardenia latifolia Ait. (Rubiaceae), the 

Indian Boxwood or Ceylon Boxwood, is a densely 

foliaceous small tree that occurs throughout the 

greater parts of India common in deciduous forests 

along the streams (Reddy et al., 2006). The stem bark 

and fruits are  reported to be used in the treatment of  

various  ailments such as snake bite, skin diseases, 

stomach pains, caries, haemorrhage in humans and 

ephemeral fever in live stocks (Reddy et al., 2006; 

Atiqur Rahman et al., 2007; Madava Chetty et al., 

2008, Dr. Duke's Phytochemical and Ethnobotanical 

Databases). Fruits are used for making perfumes 

(Chandra Prakash, 2009). There were some 

successful reports on development of plantlets from 

callus raised through leaf cultures of Gardenia 

jasminoides Ellis is an another member of Rubiaceae 

(Al-Juboory et al., 1998). To date, however, there is 

one report on callus induction from half cut seeds of 

G. latifolia (Jhansi and Reddy, 2012). In this 
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communication, we reporting, for the first time, 

callus induction from leaf of G. latifolia and somatic 

embryogenesis from leaf callus. Histological analysis 

revealed the developmental pattern of globular, heart 

shaped embroys. 

Materials and Methods 

Plant material and culture conditions 

Young shoots of Gardenia latifolia were 

collected from 10 year old medium sized trees from 

Bakharapeta of Seshachalam hills, Eastern Ghats, 

India. The shoots cut into approximately 1.5 cm long 

nodal segments with dormant axillary buds and were 

kept in a systemic fungicide, Bavistin (BASF India 

Ltd) for 3 min prior to surface sterilization. Then the 

explants were thoroughly washed twice with distilled 

water followed by treatment with 1% liquid detergent 

(Tween 20, Qualigens, India) for 2 min and washed 

with sterile distilled water for 3-4 times. The pre-

treated explants were then surface disinfected 

successively in laminar air flow chamber with 

0.075% (w/v) aqueous mercuric chloride for 1 min 

followed by 50 sec treatment with 70% (v/v) ethyl 

alcohol. Finally explants were washed 3-4 times with 

sterile distilled water, to remove the traces of 

disinfectant. The explants were then kept in sterilized 

and chilled antioxidant solution comprising 

antioxidants viz., ascorbic acid (50 mg/l), citric acid 

(50 mg/l), glutathione reduced (25 mg/l) and 

polyvinylpyrollidone (PVP; 100 mg/l) for 30 min at 

4°C till inoculation to avoid browning. These 

explants were cultured on Murashige and Skoog 

(Murashige and Skoog, 1962) medium supplemented 

with factorial combinations of BA (1.0-5.0 mg/l) and 

IAA (0.5 mg/l) for shoot initation. Cultures were 

maintained at 25±2°C under cool /white fluorescent 

tubes (40-60 µmol my-2 sy-1) with 16-h photoperiod. 

Callus induction from leaves of in vitro grown 

plantlets 

Leaf segments were excised from micro shoots 

grown on MS medium supplemented with BA (4.0 

mg/l) and IAA (0.5 mg/l). The leaf segments (one 

leaf cut into two pieces) were cultured on callus 

induction medium (MS basal medium with 2,4-D 

(0.5-4.0 mg/l) and 3% sucrose, solidified with 0.8% 

(w/v) agar) with their abaxial surface in contact with 

the medium. The culture tubes (50 ml capacity), each 

consisting of 15 ml of medium and one explant/tube 

(10 replications/treatment), were incubated at 25±2
°
C 

under cool /white fluorescent tubes (40-60 µmol    

my-2sy-1) with 16-h photoperiod. At the 8th week, 

explants with callus covering about half the surface 

of leaf segment, were transferred to fresh medium 



Mohan Reddy and Saritha, 2012 

 

with reduced concentration of 2,4-D (0.5-1.0 mg/l) 

for callus production. Morphological changes in 

cultured leaf explants were observed daily. 

Percentage of explants forming callus and intensity of 

callus growth was recorded (Table 1). A study was 

conducted to know the embryogenic potential of 

callus. Primary callus thus obtained transferred to MS 

medium with BA (1.0-2.0 mg/l) and IAA (0.1 mg/l) 

and MS medium with BA (1.0 mg/l), Kn (2.0 mg/l) 

and IAA (0.1 mg/l) for somatic embryogenesis. 

Observations were made weekly on the induction of 

embryoids.  

Histological examination of embryogenic callus   

The callus growing in the differentiation 

medium was selected for histological studies. Sample 

was  fixed  in  FAA  solution (70%  ethanol, 5%  

glacial  acetic  acid, and 5%  formaldehyde)  for  24  

hrs at room  temperature. Following the fixation, 

tissues were dehydrated in an ethanolic graded series 

and then embedded in paraffin. Thin sections (10 μm) 

were cut using a Leitz Rotary Microtome (1512). The 

sections were obtained from freshly prepared wax 

blocks with tissue specimen by adjusting the 

microtome and stained with saffranin for structural 

observations under a light microscope (Olympus, 

India). 

Results and Discussion 

Callus induction from leaves of in vitro grown 

plantlets 

 Initiation of friable callus observed at cut ends of leaf 

segments in the presence of 2,4-D (0.5-4.0 mg/l) after 

8 weeks. Callus thus obtained from each leaf segment 

composed of fairly homogeneous cell masses with 

regard to texture and colour. White colored, fragile and 

moderate callus formation observed on MS medium 

supplemented with 2,4-D (0.5, 1.0 mg/l) (Table 1, Fig. 

1A). Cream colored, fragile with highest frequency of 

callus induction observed on MS medium 

supplemented with 2.0 mg/l 2,4-D (53.3±0.13%) 

(Table 1, Fig. 1B). Creamy white colored, fragile and 

intense callus formation observed on 3.0 mg/l 2,4-D 

with maximum percentage of explants forming callus 

(80.0±0.10%) (Table 1, Fig. 1C). Creamy white 

colored high frequency callus formation (60.0±0.13 %) 

observed on 2,4-D 4.0 mg/l (Table 1, Fig. 1D). Higher 

concentrations of 2,4-D (4.0 mg/l) showing inhibitory 

effect. Generally 2,4-D was claimed to be one of the 

most effective auxins in the induction and growth of 

callus (Dodds and Roberts, 1995). Initiated calli 

subcultured on to fresh medium with reduced 

concentrations of 2,4-D (0.5-1.0 mg/l) for callus 

production. Franklin and Dixon (1994) have also 
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claimed that callus growth may often require lower levels 

of auxin than needed for induction. Proliferation of 

callus observed on MS medium containing BA (2.0 

mg/l) and IAA (0.1 mg/l) (Fig. 2A). Embryogenic 

callus formation observed on differentiation medium 

(MS medium) supplemented with BA (2.0 mg/l) Kn 

(2.0 mg/l) and IAA (0.1 mg/l) and development of the 

typical globular, heart shaped embryos also observed 

(Fig. 2B).   

Table 1. Effect of different concentrations of 2,4-D 

added to MS medium on induction of callus from leaves 

of in vitro grown plantlets of G. latifolia 

PGR 

(mg/l) 

2,4-D 

% of 

explants 

forming 

callus 

Intensity 

of callus 

Morphology of callus 

0.5 26.6±0.11 + White colored , fragile 

1.0 40.0±0.13 + White  colored, fragile 

2.0 53.3±0.13 ++ Cream colored, fragile 

3.0 80.0±0.10 +++ Creamy white colored, 

fragile 

4.0 60.0±0.13 ++ Creamy white colored, 

fragile 

+ - Moderate, ++ - High, +++ - Intense callus 

formation; Observations: After 4-8 weeks; Values 

represent the mean±SEM of three independent 

experiments, each with 10 survived explants 

Histological examination of embryogenic callus   

Histological examination revealed that the 

epidermal and sub epidermal layers of the cut edges 

of leaf segments began to divide forming circular 

collenchyma cells inside the tiny swellings. 

Subsequently, they burst and produced calli, which are 

composed of large, thin walled and highly vacuolated 

parenchyma cells. They had no vascular connections 

with the explant and fulfilled the anatomical 

requirement for direct somatic embryos (Fig. 1).  

Fig. 1. Callus induction from leaf of in vitro grown 

plantlets of G.latifolia on MS medium supplemented 

with 2,4-D (A) 0.5 mg/l (B) 1.0 mg/l (C) 2.0 mg/l (D) 

3.0 mg/l (E) 4.0 mg/l 
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Fig. 2. Proliferation and histological sections of 

embryogenic leaf callus of G.latifolia 

(A) Proliferation of callus on MS medium 

supplemented with BA 2.0 mg/l +IAA 0.1 mg/l; (B) 

Somatic embryo formation of MS medium 

supplemented with BA 2.0 mg/l +Kn 2.0 mg/l +IAA 

0.1 mg/l; (C) Proembryo structures formed by 

irregular division of sub epidermal cell; PE 

(Proembryo) (D) Longitudinal section through 

globular somatic embryo (E) Longitudinal section of 

heart shaped embryo (F) Secondary somatic embryos 

formed on primary somatic embryo 

The parenchyma cells divided and gave rise to 

cambium-like structures that were rapidly divided into 

meristematic cells. These small, thin walled cells had 

nuclei and were grouped in cell masses. The callus is 

initiated and multiplied on a medium rich in auxin, 

which induces the differentiation of localized groups of 

meristematic cells referred to as embryogenic clumps. 

1980; Williams et al., 1986). Friable calli consisted of 

parenchyma cell masses, began to exhibit the features 

of meristematic and embryogenic cells according to 

light microscopic observations. Cell walls of 

embryogenic cells were thicker than those of non-

embryogenic cells. Changes in the cell wall 

composition may be one of the first signs of 

acquisition of embryogenic competence (Pedroso     

et al., 1995). A proembryo was found which appeared 

to develop from a single cell of sub epidermal cells 

(Fig. 2C). As division in superficial cells progressed, 

the cortical parenchyma cells actively divided in 

periclinal and anticlinal directions, which partly led 

to the nodular appearance and they later became the 

multicellular suspensor of the somatic embryos.  

A differentiated embryogenic mass was observed 

on top of a single row of dark-stained cells which 

suggested a unicellular origin. For recalcitrant woody 

species somatic embryogenesis is an alternative method 

for multiplication as well as germplasm conservation 

through encapsulation of somatic embryos under in 
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vitro conditions. Longitudinal embryogenic calli 

confirmed the globular, heart shaped embryo 

development (Fig. 2D-E). Formation of secondary 

somatic embryos from primary embryo also observed 

(Fig. 2F).  
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