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Abstract   

Establishment of a tissue culture protocol for clonal regeneration is an es-

sential prerequisite for the potential and economically important plant spe-

cies Biancaea sappan (L.) Tod. (syn. Caesalpinia sappan L.; Caesalpinia-

ceae). This plant is a valuable dye-yielding legume shrub native to Indoma-

layan and is used in India by the local people of Kerala and Tamil Nadu 

States for its biological potential. The present study evaluated seed devel-

opment both in vivo and in vitro through histological analysis. The mature 

seed was used as explants and cultured on modified Murashige and Skoog 

(MS) medium supplemented with 2, 4-D, BAP, GA3 and IBA. The cultures 

showed direct regeneration of shoots from nodular structures in the shoot 

apical meristem (SAM) region. During in vitro regeneration, the callus cells 

exhibited ballooning of cells, and the morphogenetic seed developed par-

enchymatous, polygonal cells filled with polyphenols. Histological studies 

indicated that in vitro  plant regeneration involved the organogenic pathway 

that leads to de novo shoot primordia development.   
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Introduction   

Natural products have bestowed a variety of lead structures, which serve as 

templates for developing new drugs (1). Many plant species have shown 

promising results in drug discovery, textile making and other vital fields. 

Global understanding of natural products is on a surge. Nature has gifted us 

with more than 500 colour yielding plants used in the colouring of textiles, 

drugs, cosmetics etc (2). Indians have been considered as forerunners in the 

art of natural dyeing (3). Biancaea sappan (L.) Tod. (syn. Caesalpinia sap-

pan L.) is an important medicinal and dye yielding plant (1). It is a medium-

sized thorny tree that grows up to a height of 6-9 m (4). The plant is distrib-

uted and cultivated in Southeast Asia, Africa and America (5). 

 The heartwood of this plant is traditionally used in Ayurveda for the 

vitiated conditions of pitta, burning sensation, wounds, ulcers, leprosy, skin 

diseases, diarrhoea, dysentery, epilepsy, menorrhagia, leucorrhoea and 

diabetes (6-7). Dry wood chips from the bark of sappan tree were boiled in 

water in a ratio of 6:1. During large scale preparation they were immersed in 

huge reactors of about 150 l capacity. The wood chips are boiled at 70 °C, 80 

°C, 90 °C and 100 °C for 3 hrs in order to get various shades (8). 

 It has been reported that B. sappan contains phytoconstituents such 
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as aromatic compounds (9), homoisoflavonoids (10) phe-

nolic compounds (11), protosappanins (12) and diterpe-

noids (13).  Biological studies such as anticancer (14), anti-

bacterial (15), analgesic (16), immunomodulatory (17) anti-

oxidant, anthelmintic properties (18) and toxicological 

studies (19) have been already documented. 

 Conventional breeding methods blended with in 
vitro culture method serve as an excellent tool for crop 

improvement. In vitro culture of seeds or embryos results 

in the development of somatic embryos (20). The mode of 

callus regeneration could be better understood with the 

help of histological studies. Hence, the present study was 

envisaged to understand direct organogenesis of B. sap-

pan through histological analysis.    

 

Materials and Methods   

Collection of Plant Materials   

The seeds of B. sappan were collected from Sri Parama-

kalyani Centre for Environmental Sciences (SPKCES) cam-

pus, Manonmanium Sundaranar University, Alwarkuruchi, 

during the month of December, 2015. The plant was au-

thenticated and a voucher specimen (Accession Number: 

9875) has been deposited in the herbarium of the Madras 

Christian College, Tamil Nadu. 

 All the chemicals were procured from the Himedia 

laboratories, Mumbai, India. Macro and micro photo-

graphs were performed using DSLR Nikon D7000 camera 

and DSLR Canon EOS450D camera fitted to the Carl Zeiss 

Axio vision microscope respectively. 

Methods    

Isolation and Sterilization of Plant Tissues   

Fully ripe fruits of sappan (Biancaea sappan (L.) Tod.) col-

lected and maintained in the laboratory. The seed coat 

was removed using sterile blade and fully mature, healthy 

and disease-free seeds were selected and used for present 

studies. Seeds were surface sterilized by treating with a 

mixture of 1:1 absolute ethanol: hydrogen peroxide 30 % 

(v/v) for 15 minutes. in the laminar airflow cabinet under 

aseptic conditions. Later the seeds were sterilized using 

0.005% of mercuric chloride. Seeds were cut into small 

segments and were used as explants.  

Explant and Growth Conditions   

In the present study, two different media compositions 

were used i.e. MS medium supplemented with 2, 4 – D 1 

mg/l and BAP 1 mg/l and GA3 1 mg/l and IBA 1 mg/l (21).  

The explants were cultured in the MS medium supple-

mented with 2, 4 – D 1 mg/l and BAP 1 mg/l on culture vials 

for callus induction.  The callus cultures were aseptically 

transferred to MS media supplemented with GA3 1 mg/l 

and IBA 1 mg/l for the development of shoot primordia.  

Histology   

Histological analysis was carried out in the seed and the 
callus of in vitro cultured seed. Hand sections were made 

in seed and callus of in vitro cultured seed to understand 

the formation of shoots. Thin sections were identified and 

stained with I2KI, Toluene blue O and Sudan IV (22-24) ob-

served under a compound microscope and photographed 

for visualizing various types of cells.  

 

Results    

The plant B. sappan bears 3-4 seeds inside a pod. The pods 
are woody, compressed and re-curved at the apex. The 

seed coat is hard, brown and protects the embryo until 

germination. The seed surface is rough in texture (Fig. 1a). 

Seeds absorb water and get hydrated when soaked in wa-

ter overnight. This is the first step in breaking seed dor-

mancy. The seeds bulge and cracks develop on the surface 

of the seed coat (Fig. 1b). The seed coat, when removed 

looks plumpy cream in colour. The seed coat is made out 

of hard sclerenchymatous cells and constitutes the exot-

esta. The exotesta remains distinctly visible and is seen as 

a single layer of cell (Fig. 1c).  

 The L.S. of water soaked seeds were observed for 
the subsequent developmental variations. The cotyledons 
expand due to the deposition of reserve food material. The 
longitudinal section of the seed shows a proximal and dis-

Fig 1. a Seeds of Sappan,  b Water imbibed seeds with cracks on the seed 
coat, c.Exotesta of the seed, d. LS of seed showing SAM in the distal end, e. 
Mature seed showing scutellum found in between embryo and endosperm, f. 
Development of nodular appearance in shoot apical meristem (SAM), g. 
Rapid proliferation of parenchymatous cells, h. Elongation of highly merista-
matic cells filled with polyphenols, i. Zone of transition of cells with starch 
accumulation, j. Seed explant response in induction media 2,4 – D 1 mg/l and 
BAP 1 mg/l after a period of 2 weeks, k. Shoot regeneration from seed ex-
plant in a sub cultured media rich in GA3 1 mg/l and IBA 1 mg/l (3 weeks old), 
l. Regenerated shoot exhibiting leaf primordia development in 3 weeks time, 
m. Shoot regeneration showing leaf expansion in a period of 4 weeks GA3 1 
mg/l + BAP 1 mg/l.  
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tal end. The proximal end of the seed is oval in morpholo-
gy and consists of the chalaza. The distal end is a little 
sharp at the apical region and constitutes the micropyle. 
Shoot apical meristem (SAM) starts to initiate from the 
chalazal end (Fig. 1d). 

 The cotyledon is found in the inner region and the 
endosperm in the outer region. A prominent palisade cell 
layer is observed in between the cotyledon and the endo-
sperm (Fig. 1e). The nodular cell appears to be spherical 
which develops into SAM (Fig. 1f). The SAM develops rapid-
ly dividing cells, instead of forming a bipolar structure.  

 The cultured callus cells were histologically ana-
lyzed. Callus cells reveal the presence of parenchymatous 
cells. These cells are round in structure and visualized with 
the help of safranin (Fig. 1g). During development, the cells 
become loosely arranged, elongated and are spotted as 
non-embryogenic callus cells with a nucleus. The cells also 
contain polyphenols (Fig. 1h). This region is the transition 
zone. The cells encompass large reserve food and start to 
develop into shoot primordia (Fig. 1i). The sequential de-
velopment of shoot primordia is well understood over 
days (Fig. 1j-l).  Initial shoot primordia development has 
been observed after four weeks of incubation (Fig. 1m).   

 

Discussion 

In the present study, an attempt has been made to under-
stand the seed germination potential of B. sappan. Critical 
seed moisture enhances the percentage of seed germina-
tion. Water soaking overnight helps the seeds overcome 
the state of quiescence (25). The epidermal cells of the 
exotesta develop small gaps for the entry of water during 
soaking (26). Due to osmotic pressure, turgor pressure in-
side the seed increases. During this physiological process 
irregular cracks develop on the surface of the seed. In Ipo-
moea lacunose (L.), breaking of seed dormancy by the de-
velopment of cracks were reported. A crack in the hilum 
pad appears to be the possible route of water entry (27). 
Irregular cracks in the seed coat may also be responsible 
for the occurrence of an innately permeable seed fraction 
(28). The peculiar feature in the longitudinal section of 
seed shows scutellum development, a common feature in 
monocots and a rare feature in dicots (29). On the other 
hand, the in vitro developed callus undergoes various mor-
phogenetic changes, including the development of polygo-
nal cells.  Most of these cells were parenchymatous and 
isodiametric in shape. In contrary, the seeds of B. sappan 
form nodular structures. The cells in the nodular structure 
undergo rapid cell division and form a small mass of un-
differentiated callus followed by the regeneration of shoot 
primordia. Pro-meristem were found to develop from 
shoot primordia. The polyphenols encompassed in the 
cells are associated with the defense against pathogens 
during seed germination (30).  

 A striking change found between the development 
of pro-meristem and shoot primordia is the development 
of transition cells. Transition cells are those cells in the 
phase of transition by gaining a large quantity of starch as 
a food reserve. Morphogenetic changes in the cell struc-
ture transform the callus cells into putative initials of vas-

cular strands. This clear transition of cell study corrobo-
rates with the earlier studies (31). The formation of vascu-
lar connections has been studied in the developing callus 
of Rosa hybrid (32). In the present study, the formation of 
shoot primordia is through direct organogenesis. The pos-
sible pathway of organogenesis is either directly from the 
initial explant or indirectly from callus (33-36). The reason, 
attributed to direct organogenesis is the auxin to cytokinin 
ratio. The auxin to cytokinin ratio also plays a vital role in 
morphogenetic differentiation (37).  

 

Conclusion   

The seed during growth represents a remarkable transition 
from starch reserve metabolism to the development of 
photosynthetic organs. Histological studies reveal the for-
mation of shoot apical meristem (SAM) by the formation of 
nodular structures in the distal end. This is in contrary to 
the formation of somatic embryos in many plants. The 
steps involved in direct shoot regeneration and histology 
of seed helps us to understand its development in B. sap-
pan. From the histological analysis, we conclude that the 
developing shoots are predominantly organogenic in 
origin.   
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