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INTRODUCTION 
 
 

 

Bamboo is the name given to a group 

of perennial evergreen plants that 

represents one out of the 6 to 7 main 

natural groups of the grass family 

Poaceae (Watson and Dallwitz, 1992). 

Previously this group of grasses was 

recognised as a tribe Bambuseae Kunth 

but this could not stand the taste  of 

time and it was replaced by the 

subfamily Bambusoideae Nees which 

is accepted till date by most of the 

bamboo taxonomists. 

Species of Bambusoideae Nees 

includes several taxonomically 

important characters which helps them 

to differentiate from other members of 

Poaceae. The features include the culm 

sheath, well developed branching 

complements, petiole blade with 

tessellate venation, 3 or 6 stamens, 

gynoecium with one style, one to three 

stigmas etc. 

It was in 1789, the first genus of 

bamboo was scientifically described by 

Schreber as Bambusa based on the 

single species Bambusa arundinacea, a 

 

thorny bamboo from India (original not 

seen). This marked the beginning of 

bamboo taxonomy and since then a 

large number of scientists have made 

an attempt to describe and publish 

genera and species name. It was Van 

Rheede, Dutch Governor of Malabar 

who initiated the taxonomic study on 

bamboos in India. He illustrated and 

described two bamboo species, now 

known as Bambusa arundinacea and 

Ochlandra scriptoria in his book 

Hortus Malabaricus published in 1678 

(original not seen). William Roxburg, 

the father of Indian Botany, 

enumerated seven species of bamboo 

in his Hortus Bengalensis published in 

1814. 

However the first comprehensive work 

on bamboo taxonomy was that of 

Ruprecht (1839) which was based on 

studies of Herbarium specimens 

(original not seen).  Following 

Ruprecht, in 1868, Colonel  Munro 

carried out extensive work on bamboo 

taxonomy.  He  in  his  Monograph  of 

Chapter 1 
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Botanically, bamboo is classified thusly (Cronquist, 1988): 

KINGDOM: Plantae 

DIVISION: Magnoliophyta 

CLASS: Liliopsida 

SUBCLASS: Commelinidae 

ORDER: Cyperales 

FAMILY: Poaceae 

SUBFAMILY: Bambusoideae 

TRIBE: Bambuseae 

SUBTRIBE: Bambusinae 
 

Bambusaceae described 170 species 

under 20 genera and classified those 

under three divisions. In 1876a&b, 

Kurz studied bamboo as living 

specimens and became the  first 

botanist to introduce the importance of 

the vegetative characters in bamboo 

identification. Gamble (1896) in his 

monumental work Bambusae of British 

India enumerated 15 genera. Apart 

from this a large number of scientists 

from round the globe has made an 

attempt to provide clear picture of 

bamboo taxonomy (McClure, 1936, 

1966;         Dransfield,         1980,1981; 

Soderstrom, 1985; Widjaja, 1987; Chi- 

Son and Renvoize, 1989, Bennet and 

Gaur,  1990;  Tewari,  1993;  Kumar, 

1990, 1995; Negi and Naithani, 1994; 

Dransfield and Widjaja, 1995 and 

Seethalakshmi and Kumar, 1998). 

There is no work on taxonomy of 

bamboos of West Bengal as such. 

There has always been a debate 

amongst the taxonomist regarding the 

number of species and genera of 

bamboo owing to the plant‟s often long 

flowering cycles. Several authors have 

estimated the number of genera and 

species of bamboo over time. As per 

Orhnberger and Goerrings (1985) there 

110 genera and 1010-1140 species 

while Renvoize (1986) estimated the 

number to be 91 and 1110 respectively. 

In 1988, Soderstrom and Ellis figured 

the number to be 75 and 1250 

respectively. However there are about 

1575 species of both woody and 

herbaceous   bamboo   included   under 

111 genera (http:// 

www.guaduabamboo.com/bamboo- 

genera.html). 

Geographically bamboo occupies 40 

million hectares of the earth surface 

under forest which accounts for 

approximated  1%  of  the  total  forest 

http://www.guaduabamboo.com/bamboo-
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cover (FAO, 2005). Of the 40 million 

hectares (Mha), Asia  has the highest 

coverage with 25 Mha followed by 

America 11  Mha and Africa 3  Mha. 

Bamboo is naturally distributed in all 

the continents with the exception of 

Canada, Europe, Western Asia and 

Antarctica where they are not found as 

a native plant species. They are mostly 

found in the tropical and subtropical 

belt of the globe and is commonly 

found in Eastern Asia, the Americas, 

Australasia and sub-Saharan Africa 

(Bystriakova et al., 2003 a & b). The 

woody bamboos are found to extend 

between 46º N latitude to 47º S latitude 

whereas the herbaceous bamboos are 

found to be restricted to the tropics and 

subtropics only (Tewari, 1993). As a 

woody plant, it is hardy, and can be 

found growing in a diverse range of 

climates - from the tropical jungle 

environment of Chile, to the high cold 

mountain slopes of the Himalayas, 

however the herbaceous bamboos have 

not been encountered from elevation 

above 1500m (Orhnberger and 

Goerrings, 1985). 

Asia alone occupies nearly 62.5% of 

the total forest cover under bamboo 

(i.e. 25 Mha out of the total 40 Mha 

worldwide). In Asia bamboo is 

naturally distributed from 46ºN to 10ºS 

Latitude and 140ºW to 70ºE Longitude 

(Tewari, 1993). The major bamboo 

producing countries in Asia includes 

India, China, Indonesia  and Lao 

People‟s Democratic Republic. India 

along with China accounts for 

approximately 70% of the total area 

under bamboo reported  for Asia 

(Lobovikov et al., 2007). 

In India total bamboo bearing area is 

estimated to be about 13.96 Mha which 

accounts for 34.9% and 55.84% of the 

total bamboo forest cover worldwide 

and in Asia respectively. 

Geographically India has the highest 

area under bamboo followed by China. 

However China has more genetic 

variation in bamboo than in India. 

Bamboo spread from tropical to 

temperate regions and the alluvial 

plains to high mountains in the 

Himalayas. Bamboo is found in almost 

all the parts of the country except 

Jammu and Kashmir. Among the 

Indian states Arunachal Pradesh has 

the highest area with 1.6 Mha, 

followed by Madhya Pradesh (1.3 

Mha), Maharashtra (1.15 Mha) and 

Odisha (1.03 Mha) (FSI, 2011). This 

difference in distribution of bamboo is 

probably due to the bioclimatic factors. 

Northeastern states like Assam, 

Arunachal         Pradesh,         Manipur, 
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Meghalaya, Mizoram, Nagaland and 

Sikkim along with the state of West 

Bengal (North Bengal, Himalaya) 

houses over 50% of the total bamboo 

species recorded in India. Apart from 

this other  bamboo rich area includes 

Penninsular India, Baster region of 

Madhya Pradesh, Western Ghats, 

Andaman and Nicobar Islands and foot 

hills of Eastern Uttar Pradesh. 

Bamboo is one of the fastest growing 

plant species in the world with a 

growth rate ranging in between 0.3-1 m 

per day in the growing season (Ben-zhi 

et al., 2005). Though bamboo does not 

require intense care for its growth and 

development, yet some agro-climatic 

conditions must be taken into 

consideration for the better growth of 

bamboos. Bamboos grow well in most 

soil types composed of clay or sand, 

but moist soil with proper drainage and 

supplemented with fertilizers is best 

suited. Bamboo is hydrophilic and thus 

requires frequent and liberal watering 

at least in the initial stage of growth. 

The intensity and duration of sun light 

has an important influence on the 

growth and development of bamboo, 

but it varies with the type of species. 

Some bamboos grow well in full sun 

while other full shade. Being a grass, 

bamboo  like  all  other  grasses  loves 

nitrogen rich soil. Bamboo has the 

potential to thrive in harsh 

environmental conditions; the tropical 

bamboo thought cannot withstand cold 

conditions, while the tropical bamboos 

have been recorded to survive in 

extreme cold attaining temperature 

below 0ºC (Recht and Wetterwald, 

1992). Apart from the above agro- 

climatic conditions, bamboo loves a 

good layer of mulch over the roots and 

rhizomes. Mulching the soil around 

bamboo has three fold effects: 

i. Keeps the soil soft and moist, 

ii. Prevents weeding and 

iii. Provides organic matter to the 

plants by recycling silica and other 

natural chemicals. 

Bamboo can be propagated through 

either convention methods or non- 

convention methods. 

Convention methods include seeds/ 

rhizome/off-set planting while non- 

conventional methods include culm/ 

branch cuttings and macro- 

proliferation. 

The use of seeds is only sexual method 

for bamboo propagation. However this 

method is unreliable since bamboo 

flowers only once in its life time and 

the period ranges from 20-120 years 

depending upon the species (Janzen, 

1976). There are species which either 
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don‟t flower or produces sterile seeds. 

Moreover, the viability of bamboo 

seeds is also very short ranging from 

one to six months. 

Rhizome planting is the most 

commonly employed  technique 

adopted for propagation of bamboo. In 

this technique healthy rhizomes are 

dug out during rainy season and 

planted in the field. This technique is 

however restricted to non-clump 

forming rhizomes. 

In off-set planting technique  the 

rhizome in conjunction with a portion 

of the culm is used for propagation. 

Once the plant is excavated from the 

mother plant it should be planted 

immediately. Here the age of the off- 

set plays a vital role in survival and 

growth of the plant (Banik, 1991). 

Propagation through culm cuttings 

involves the use of culm with 

developed branches or healthy buds. 

Ideally the age of the culm should be 1- 

2 years. As per Pathak and his co- 

workers (2000) the cuttings must be 

treated with IBA prior to planting on 

raised bed under partial shade. 

Branch cuttings technique is employed 

in case of bamboo with thick walls and 

having prominent primary branching. 

For good results the age of the branch 

should be less than one years. Branch 

cutting is also treated with 

phytohormones before plantation. 

The method in which the rhizome is 

cut into pieces with well developed 

roots and shoots so that it can multiply 

is called macro-proliferation. This 

method depends upon the ability of the 

seedlings to proliferate. 

Several attempts are made to preserve 

the genetic resource of bamboo in 

India. Both ex situ and in situ methods 

are adopted to preserve the green gold. 

As per the in situ methods attempts are 

made to preserve bamboo in the 

protected areas of the country which 

includes the National  Parks, Wildlife 

sanctuaries, Biosphere reserves apart 

from sacred groves. But in spite of this 

in situ method seems to be in the lag 

phase and needs proper care in days to 

come. On the other hand ex  situ 

method of conservation involves live 

collection centres like  „Bambusetum‟ 

and germplasm bank. The live 

collections of different species and 

varieties of both indigenous and exotic 

species of bamboo found in India are 

now        available        in        different 

„Bambusetums‟ spread across the 

country. 

Although, these live collections of 

bamboos have undoubtedly helped 

India   and   other   bamboo   growing 
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countries in evolving superior plant 

material, but to a limited extent. 

However extensive ex situ measures 

should be adopted in years to come and 

attempts must be made to increase the 

number of such live collections by 

forming „Bambusetums‟ in different 

parts of the country where there is a 

possibility and North Bengal is no 

exception. 

Popularly known as “Poor man‟s 

timber”, bamboo has been closely 

associated with Asia as an important 

resource. Today bamboo is globally 

recognized as an important asset in 

eradication of poverty, economic and 

environmental development and thus 

leading to change its image to “Green 

Gold”. Throughout the globe bamboo 

meets the basic requirements of the 

common people. Bamboo is closely 

associated with indigenous culture and 

knowledge not only in Asia but also in 

Africa and Latin America. There are 

over 1500 documented uses of bamboo 

worldwide (Ogunjinmi et al., 2009). In 

fact bamboo is valuable from top to 

rhizomes. Bamboo has multifarious 

uses and serves as a superior material 

for constructions, utensils, weapons, 

fuel, fodder, food, firewood, furniture, 

mats, chop sticks, tooth picks, 

handicrafts, musical instruments etc. It 

is extensively used in the paper and 

pulp industries. With the development 

of science and technology, the uses of 

bamboo have also developed. Today 

bamboo is used in making hard boards, 

flooring, corrugated sheets etc. (Bansal 

and Zoolagud, 2002) and thus can 

serve as a replacement of wood. Apart 

from this the shoots of bamboo are 

used as delicacy because of their high 

nutritive values. The shoots are rich in 

proteins, saccharides, amino acids, 

minerals, low in fat and the water 

content may be as high as 90% (Satya 

et al., 2010). The shoots are used in 

many exquisite culinary preparations 

like pickle, vegetables, soup, salads, 

vinegar and several other forms in 

different countries (Christine and 

Wetterwald, 1992) 

The use of bamboo as traditional 

medicine by the Chinese dates back to 

some 2500 years. They used the 

bamboo leaves, branches,  shoots, 

seeds, roots and juice to treat phlegm, 

cooling fever, laryngitis, rhinorrhagia 

(nose bleed) and vomiting. Thus it can 

safely be asserted that each part of 

bamboo is not only a treasure but also a 

medicine. The use of bamboo is 

endless and because of this it is an 

indispensable resource for the rural 

people. 
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Bamboo is prone to various diseases 

and disorders irrespective of whether 

they are in nurseries, village groves, 

plantations or natural strands. Bamboo 

is more susceptible to fungal attack 

than the bacterial, viral or others. 

Globally about 1110 species of fungi 

are known to attack bamboo, of which 

ascomycetes comprises of 630 species, 

150 species belongs to basidiomycetes 

and rest 130 are included in mitosporic 

taxa (Hydel et al., 2002). Maximum 

number of fungal genera recorded from 

bamboo belongs to the family 

Hypocreaceae, followed by 

Xylariaceae, Lasiosphaeriaceae and 

Clavicipitaceae. Species wise both the 

families Hypocreaceae and Xylariaceae 

comprises of 63 species of fungus that 

infect bamboos and ranked first while 

Phyllochoraceae with 35 species is 

ranked second (Hydel et al.,2002). The 

species of Phyllochora  are most 

commonly noted in Poaceae (Parbery, 

1967) and bamboo is no exception. 

About 22 species of Phyllochora are 

known to infect bamboos. Among all 

the genera the genus Bambusa is most 

susceptible to fungal infection with a 

record of about 253 fungal species, 

followed by the genus Phyllostachys, 

Sasa and Arundinaria which houses 

178,    84    and    82    fungal    species 

respectively.  However  in  India  about 

440 species of fungi, three bacteria, 

two viruses and one phytoplasm have 

been recorded from the bamboo stands, 

but only some poses great loss 

(Mohanan, 2004). 

It is not only the fungus which causes 

great loss to this multipurpose  plant. 

Bamboo suffers assiduously  from 

insect attack. Over 40 species of 

Aphids are recorded from bamboo 

round the world (Blackman  and 

Eastop, 1994). The most common 

Aphid species affecting bamboo 

growth includes Hysteroneura setariae, 

Astegopteryx bambusae, Pseudoregma 

bambusicola and  Melanaphis 

bambusae (Revathi and Remadevi, 

2011). 

Problem areas in bamboo 

We know that Bamboo, the fastest 

growing wood perennial plant has a 

rich history, and a promising future as 

a part of the solution to 21st century 

challenges. Despite bamboo‟s 

economic potential, its ecological 

benefits, and its relevance for poverty 

alleviation, the resource base has been 

under-managed and is commonly 

overexploited, especially in Asia.  As 

the supply diminishes, there is a need 

for a major thrust to restore and enlarge 

the   production   base   (Karki   et   al., 
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1997). During the past 60 years of 

India‟s independence, bamboo received 

little attention compared to other 

timber yielding trees (Biswas, 1997). 

The ever growing list of uses of 

bamboo cannot be neglected and thus 

bamboo deserves serious attention. The 

very first step required is to undertake 

an inventory of the extent and 

distribution of existing bamboo 

resources (at the national, regional and 

global level) it is well known that 

bamboo is not a staple commodity like 

rice or sugar, nor does it have a assured 

market like electricity. This means that 

changes in market demand can greatly 

affect processors and suppliers, and 

cause undue pressure on natural 

resources, resulting in unsustainable 

harvesting. This is one of reasons for 

the degradation of the bamboo 

resource. Yet another major challenge 

is the need for public education 

campaigns, as well as training at 

different levels, to correct the popular 

perception of bamboo as an obsolete 

material, unable to compete with more 

„modern‟ alternatives. With new 

technical inputs and innovative 

marketing, renewed interest can be 

generated; bamboo‟s image can be 

changed from that of the „poor-man‟s 

timber‟ into achieving its appropriate 

status as a material of the future. 

Micropropagation 

Bamboo though being a vital resource, 

has not easily lent itself to modern 

methods of macropropagation and 

genetic improvement because of its 

long vegetative phase and monocarpic 

flowering behaviour.  Since it is near 

impossible that two desirable plants 

will flower simultaneously, therefore 

conventional breeding also seems to be 

difficult. Thus for meeting the raw 

material demand the best possible way 

to manage the bamboo forest is through 

scientific management. Major 

limitation to bamboo production has 

been overcome by propagation 

methods. Tissue culture is playing a 

major role  in realizing this objective 

for the production to meet the demand. 

Tissue culture offers enormous 

potential in producing large quantities 

of the desired material in a short time 

frame. However it is essential that 

enough care is taken in selection of the 

initial material, production of the 

plants, nursery development and field 

plantation. Bamboo plantation is by 

and large through seeds, offsets and 

clum cuttings. The in vitro methods 

offer an attractive alternative to 

conventional methods for the mass 

propagation of bamboos. 
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Boost research and development 

activities for genetic  improvement in 

bamboo, development of efficient 

methods for mass production of 

superior quality planting stock and 

conservation of the genetic resources is 

of absolute necessity. North Bengal 

being in the foot hills of Himalays has 

adequate bamboo resources, only 

adequate measures need to be opted to 

conserve these. 

Molecular documentation 

Basic knowledge in the biology and 

genetics of bamboo is lacking due to its 

unusual life cycle with the vegetative 

phase ranging from one to 120 years. 

Taxonomic studies of Bambusoideae 

that rely on floral morphology are in a 

state of flux. Thus phylogenetic study 

using molecular markers can be useful 

to genetically classify cultivars or 

varieties of a species. 

Therapeutic properties 

Traditionally bamboo has been used as 

medicines in the treatment of various 

ailments in Asia, America and 

throughout much of the modern world 

but the scientific evidence of the same 

is restricted. 

Database 

International network for Bamboo and 

Rattan (INBAR) has developed two 

databases,  which  can  give  a  better 

understanding of bamboo trade and 

trade development, but there is no such 

database which can give proper 

information regarding this “Green 

Gold”. Thus there is a need to develop 

a scientific database with academic and 

social values as per needs. 

Therefore the research needs 

With the advent of modern 

micropropagation methods from only a 

few nodal pieces, within a period of 4- 

8 months thousands of new plant can 

be produced. These plants are 

multiplied every 3-5 weeks and yield 3 

-6 new plants each. This is an excellent 

method to propagate new introductions 

or new selections very rapidly. 

Moreover, micropropagated plants are 

small but vigorous growers, free from 

diseases or pests. This would help in 

providing economic benefit to the large 

farming communities would adopt this 

technology and will ensure that the 

only best germplasm in plantation 

across the country. 

Molecular documentation of bamboo 

species using different techniques can 

provide useful information for 

addressing the various aspect of 

bamboo taxonomy. This can be useful 

to define major bamboo groups and 

molecular variation in different plastid 

gene sequence region and how they are 
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useful in bamboo phylogenetics. 

Human  diseases  like  arteriosclerosis, 

ischemic   injury,   cancer,   and 

neurodegenerative diseases and  the 

processes like inflammation and ageing 

are global problems that are known to 

be caused or enhanced by free radicals 

(Finkel   and  Holbrook,  2000). 

Inhibition of the release of free radicals 

is a potential strategy to  control 

damage  and  antioxidants  which 

counteract them are receiving increased 

attention   in   medicinal   research.   In 

India  medicinal  plants  are  important 

elements  of  indigenous medical 

systems   are   gaining   importance   in 

treating diseases due to burst in free 

radicals. Numerous herbs are available 

for  the treatment  of  ailments  but 

unfortunately,  little  is  known  about 

their    antioxidant     effects. 

Epidemiological   studies    and 

intervention  trials  on  prevention  of 

cancer  and  cardiovascular  disease  in 

people taking antioxidant supplements 

are suggestive because  dietary intake 

of antioxidants can help scavenge free 

radicals and oxidants and thus protect 

the  body  against   diseases  (Wilson, 

1998). Medicinal plants used in Indian 

traditional medicines,  albeit  used 

extensively  have   never   been 

investigated  in  detail  for  their  free 

radical scavenging and antioxidant 

effects. A systematic study in these 

lines will be of significance in 

understanding the mechanism of action 

of these bamboos and bamboo 

formulations. 

The database will be scientific and 

freely available for reasonable non- 

commercial, non-advertising use, 

especially for bamboo lovers in general 

and scientific community in particular. 

Moreover it will make the collection of 

publications infinitely more accessible. 

Research on various aspects of bamboo 

has been an ongoing process round the 

world since long and is a not a new 

filed to work on. However, much more 

is still to be explored from this „Green 

Gold‟ in India in general and North 

Bengal in particular Bamboo, the giant 

grass now known as „Green Gold‟ due 

to its versatile utility, has been chosen 

in the present study. This plant though, 

utilized by a large group of people in 

North Bengal for their day to day 

activity, but is severely neglected in 

terms of conservation, sustainable 

utilization and scientific know how. 

The present study therefore, aimed at 

profiling genetic diversity, 

standardization of micropropagation 

and exploring therapeutic properties of 

bamboos growing in North Bengal. I 
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also  planed  to  create  a  database  on 

North Bengal Bamboos. 

Thus the present study was taken up 

with the following objectives: 

 Selection  of  species  of  bamboos 

from North Bengal. 

 Molecular Documentation. 

 Exploitation of 16S rDNA of 

chloroplast genome. 

 To study the trnL-trnF region of 

chloroplast genome of bamboo 

using PCR-RFLP. 

 Random Amplified Polymorphic 

DNA  (RAPD)  analysis  of  the 

whole genome of different 

varieties of bamboos found in 

North Bengal. 

 Development of microsatellite 

DNA markers for bamboos. 

 Study of regeneration of bamboo 

through Tissue Culture Techniques. 

 Detection of  somaclonal variation 

among the in vitro regenerated 

plantlets. 

 To study the therapeutic properties 

of some bamboo leaf. 

 Design a database based on 

bamboos of North Bengal. 
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2.1 History of bamboo research 

Chapter 2 
REVIEW OF 

LITERATURE 
Fairchild  and  McClure  also  provided 

Bamboo is the common term applied to 

a broad group of large woody grasses 

comprising of about 1575 species 

distributed under 111 genera of 

Bambusoideae sub family (poaceae) 

(http://www. guaduabamboo. com/ 

bamboo-genera.html). Bamboo has 

been in use of mankind since ages. Use 

of bamboo as mats and baskets can be 

traced back at the Younger Stone Age 

(3,300-2,800   BC)   (Ding,   1996). 

Besides the traditional applications, 

modern processing techniques opened 

new horizons for its utilization. It was 

only in second half of the nineteenth 

century the research on bamboo was 

initiated by scientists from Europe like 

v.   Mohl   (1845),   Munro   (1868), 

Schwendener (1874), de Bary (1877), 

Camus (1913). Asian botanists like 

Brandis (1874), Kurz (1876), Gamble 

(1888), Riviere 1879, Shibata (1900), 

Takenouchi (1931) along with 

Botanists from United States viz. Ueda, 

substantial contribution in the initial 

stage of bamboo research worldwide. 

Though bamboo research was initiated 

round the globe in bamboo growing 

countries, but the outcomes were 

restricted to contributors only because 

there was no facility to make the 

findings available in the public domain. 

Thus there was a need either to make 

data available in public domain or 

create a platform so that researchers 

working on bamboo from different 

parts of the world could meet and share 

their valuable findings. This need was 

fulfilled by the setting up of 

International organizations like 

International Development Research 

Center (IDRC), Ottawa, Canada, 

International Union for Forestry 

Research Organization (IUFRO), 

Vienna, Austria which strengthened the 

bamboo research. It was only at  the 

16
th 

IUFRO world congress hosted in 

Oslo in 1976, the bamboo researchers 
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from round the globe shared a platform 

to  exchange  their  knowledge  for  the 

betterment  of  this  wonderful  natural 

resource (Liese, 1987). This was fur t 

her  s t r e ngt he ne d  by t he 

establishment   of   “Japan   society   of 

bamboo  development  and  protection” 

in  1977.  Since  then  workshops  and 

conferences are  organized  by 

International organizations  like  IDRC 

and IUFRO on regular basis on various 

topics where hundreds of scientists and 

researcher present their work  on 

various   aspects   of   bamboo (Liese, 

1999). Besides these bamboo societies 

have  been  founded  and  also  journals 

purely  dealing  with  bamboo  articles 

have sprouted in many countries  like 

China, India, Japan, United States etc. 

Today because of its  growing 

awareness with innumerable excellent 

properties  research  on  bamboo   has 

increased many folds with an overflow 

of information in the internet. 

In India, the research on bamboo is 

being carried out in large scale in states 

like Assam, Arunachal Pradesh, 

Kerela, Tamil Nadu, Uttarakhand etc. 

2.2 Bamboo taxonomy 

2.2.1 Traditional  system  of  bamboo 

taxonomy 

Traditionally, like all other plant 

species bamboo also involves 

morphological features like rhizomes, 

bud, leaf, branching patterns, 

inflorescence, flowers and fruits for 

any documentation or taxonomic 

treatment (fig 2.1). Bamboos are also 

gifted with some exceptional 

morphological features like the culm 

sheath and well developed branching 

complements that are generally absent 

in the grasses and thus can play a key 

role in proper identification of the 

bamboo and systematic grouping. 

However it has its limitations, since 

many of these characters are not 

uniformly applicable to all the species 

and thus there is absolute necessity to 

have detailed descriptors which can be 

followed to identify the species 

(Williams and Rao, 1994) that can be 

utilized by different group of people 

dealing with bamboo. Apart from this 

there is an urgent requirement to refine 

and better understand the taxonomic 

techniques and classify the taxonomic 

diversity   in   bamboos.   As   per 

c o n v e n t i o n a l m e t h o d t h e 

morphological characters were used for 

taxonomic identification, especially the 

flowers. This has been problematic in 

case of bamboo since the number of 

characters is limited and there is the 

scarcity of flowering material because 

of the  intriguing  flowering  behaviour 



14 REVIEW OF LITERATURE 
 

 

  
 

 

Figure 2.1: (a) Newly emerging shoot; (b) Culm Sheath; (c) Branching pattern; (d) Clump- 
ing type rhizome; (e) Running type rhizome and (f) Inflorescence. 
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of the bamboos. Flowering in bamboo 

remains one of the great mysteries in 

botany as flower of bamboo is unusual 

and the period may vary between 15- 

120years (Janzen, 1976). Incongruity 

stemmed out among  taxonomists  due 

to different interpretations of 

morphological features and the 

terminology used for different parts of 

the plant materials. Thus it the  very 

first step required is to refine the 

characters that are used currently and 

also try to find some unique new 

characters that can prove to be helpful 

in the long run. Identification and 

classification of bamboo using the 

anatomical features didn‟t prove to be 

successful as at first hoped. The credit 

for revealing the importance of branch 

and buds characteristics in bamboo 

taxonomy goes to Usui (1957). 

Following this McClure (1966, 1973) 

studied the morphology of the rhizome, 

branching patterns, culm sheath and the 

inflorescence. Apart from this 

(Soderstrom and Ellis, 1988) also 

considered the anatomical characters of 

leaf for bamboo classification at the 

subfamilies and tribes level however 

they failed to apply so at the generic 

level (Soderstrom and Ellis,  1982; 

Ding and Zhao, 1994). Stapleton 

(1994a) revealed that branching pattern 

of inflorescence can also be applied in 

bamboo t axono my. Two new 

characters (prophyll keel and branch 

replication) were detected by Stapleton 

(1994b) while studying the Himalayan 

bamboo and he inferred that these 

characters can aid in identification of 

bamboo at the generic level. 

2.2.2 Molecular taxonomy of bamboo 

The taxonomy of bamboo is in a state 

of   flux   and  molecular   studies   are 

required  to   help  resolve  systematic 

issues.  With the  advent  of  molecular 

biology,   the   taxonomy  of  different 

plants  has been revolutionized 

including bamboo.  The use  of 

molecular markers has been increasing 

at an exponential state in all the fields 

of biology.  The application  of 

molecular marker in classifying 

bamboo where the basic biology is so 

little  understood  can  prove  to  be  a 

landmark. Though the use of molecular 

markers  is  innumerable,  in  bamboo 

these can be  employed for dual fu 

nct io n,  f ir s t ly  fo r pr ec ise 

identification of bamboo genotypes and 

secondly assessment of genetic 

variation within species irrespective of 

the geographic location or other factors 

responsible  to  phenotypic  variability. 

Extensive progress has been achieved 

in  bamboo  by the  implementation of 
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molecular markers. The present study 

aimed at reviewing the different 

molecular tools that have been applied 

to date. 

In recent years, a number of assays 

have been proposed to detect DNA 

polymorphism, which has become 

increasingly precise. The methods 

employ the use of restriction enzymes 

or polymerase chain reaction (PCR) or 

combination of both. 

Nuclear restriction fragment length 

polymorphisms (RFLP) is based on the 

differences in the restriction enzymes 

recognition site between genome 

sequences. Friar and Kochert (1991, 

1994) were the first to use restriction 

fragment length polymorphisms for 

bamboo identification of 61 accessions 

and 20 species of Phyllostachys. The 

s t u d y s u p po r t e d t he e ar l ie r 

observations of the presence of two 

distinct sections (Phyllostachys and 

Heteroclada) in Phyllostachys species 

pool. However, they disagreed to place 

Phyllostachys nigra under the section 

Heteroclada and thus contradicted a 

previous study (Wang et al., 1980). 

The regular use of RFLP in plant 

genotyping as well as bamboo has been 

limited mainly due to the requirements 

of large amount of DNA along with the 

use of radioactive isotopes. 

The big boom of molecular markers 

came with PCR-technology i.e. 

Random Amplified Polymorphic DNA 

(RAPD) developed by Williams et al. 

(1990), where a single and short 

arbitrary primer is used. Since its 

discovery this technique has been 

successfully employed in the 

evaluation of genetic relationships in 

bamboos and other plant species. In 

bamboo, RAPD analysis has been 

successfully employed to study the 

population genetic structure of Yushnia 

niitakayamensis (Hsiao and Rieseberg, 

1994) and also to study the genetic 

relationships within Phyllostachys 

(Gielis et al., 1997; Lai and Hsiao, 

1997; Ding, 1998). Nayak and his co- 

researchers (Nayak et al., 2003) had 

used this technique to study the genetic 

variations among 12 species of tropical 

bamboo. Using the RAPD based 

neighbour-joining tree, Sun and his co- 

workers (Sun et al., 2006) segregated a 

thorny core Bambusa cluster from a 

cluster of Dendrocalamus species with 

mor e cap it ate in f lo rescences. 

Bhattacharya et al. (2006) developed a 

RAPD fingerprint profile for a single 

bamboo species, Bambusa tulda. Das 

and his group (Das et al., 2007) used 

two independent parameters viz. 32 

key morphological descriptors and 120 
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polymorphic loci in the genomic DNA 

to assess the phylogenetic relationships 

between 15 tropical bamboo species. 

Genetic diversity and relationship 

among nine species of bamboo 

belonging to four genera was studied 

by Ramanayake et al. (2007) using 

RAPD analysis. To access the genetic 

similarity among the 20 different 

accessions of Melocanna baccifera, 

Lalhruaitluanga and Prasad (2011) 

used 40 arbitrary RAPD primers. 

Zhang et al. (2011) performed the 

RAPD of the chloroplast DNA of 22 

bamboo species to assess the 

polymorphism, similarities and 

relationships among them. 

Developed  by  Vos   et   al.   (1995), 

A m p l i f i e d f r a g m e n t l e n g t h 

polymorphism (AFLP) is a method 

described as a combination of 

restriction digestion and PCR 

amplification. The use of AFLP for 

identification as well as determining 

genetic and relationships among 

bamboo species was first attempted by 

Loh et al. (2000). They conducted 

AFLP analysis on 15 species belonging 

to four genera using eight primer 

combinations. Unique banding pattern 

were observed in 13 out of the 15 

species experimented. AFLP markers 

were    also    used    to    study   the 

phylogenetic relationships among 

Phyllostachys (Hodkinson et al., 2000) 

and clonal structure in Sasa senanensis 

(Suyama et al., 2001). Marulanda et al. 

(2002), reported distinct genetic 

differentiations among the American 

wood bamboos employing this 

technique. In 2011, Sen Mandi et al., 

conducted AFLP analysis on 12 

bamboo species belonging to five 

different genera using six pairs of 

primer combinations to study the 

genetic various among them. From the 

phylogenetic tree it was revealed that 

all the five species under the genera 

Bambusa were included in one cluster, 

while the four species under the genera 

Dendrocalamus formed a discrete 

cluster. However both these clusters 

had the same origin, while the genus 

Melocanna , Chimonobambusa , 

Schizostachyum segregated out as 

independent clusters. Ghosh and his co 

-workers (Ghosh et al., 2012) applied 

AFLP markers to better understanding 

of the taxonomic grouping of nine 

bamboo species belonging to four 

genera found in Manipur using six 

primer pairs. The dendrogram showed 

that all the Bambusa species (except 

Bambusa balcooa) clustered together 

and the species under Dendrocalamus 

genera  also  segregated  into  a  major 
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cluster. Both the genera Bambusa and 

Dendrocalamus shared a common 

origin. Bambusa balcooa clustered 

separately with Thyrostachys siamensis 

exhibiting more genetic similarity. 

Melocanna baccifera though shared the 

common root with Bambusa and 

Dendrocalamus but revealed separate 

existing suggesting independent 

evolution. 

Paran and Michelmore (1993) 

developed the Sequence-Characterized 

Amplified Regions (SCARs) markers 

which is nothing but the conversion of 

RAPD markers to overcome the 

reproducibility problems encountered 

in the RAPD technique. Das et al. 

(2005) are the sole authority till date to 

develop the SCARs for bamboo 

species. They were successful in 

developing two species-specific SCAR 

markers, „Balco836‟ for Bambusa 

balcooa and „Tuldo609‟ for B. tulda. 

Inter-simple sequence repeat (ISSR) is 

a molecular marker which has been 

used for identification of genetic 

diversity of many plants including the 

bamboos. The use of ISSR markers is 

however limited in case of bamboos. 

Lin et al. (2009) used the ISSR 

markers to study the genetic diversity 

of different cultivars of Phyllostachys 

pubescens. Using ISSR markers, Lin et 

al. (2010) succeeded in identifying the 

ba mbo o hybr ids ( fo r med b y 

crossbreeding) from the parents. 

Twenty five ISSR markers were used 

by Mukherjee et al. (2010) to 

investigate the genetic diversity among 

22  taxa   of  bamboos  of  which  12 

resulted  in  reproducible  and  scorable 

bands.  Lin  and  his  team  (Lin  et  al., 

2011) also used the ISSR markers to 

study the genetic diversity of different 

cultivars of Phyllostachys violascens. 

With  the  advent  of  time  ESTs  have 

become valuable and first-hand source 

of in silico mining of simple sequence 

repeats  (SSR)markers providing 

insight into the  organisms  genetic 

diversity. Twenty-five EST-SSR 

markers  derived  from  maize,  wheat, 

sorghum,  and rice were  used by 

Barkley  et  al.  (2005)  to  assess  the 

genetic  diversity  of 92 bamboo 

accessions classified under  11 genera 

and 44 species. Polymorphic EST–SSR 

markers  obtained  from  major  cereal 

crops  have  also   been  analyzed   by 

Sharma  et al. (2009) to assess 

phylogenetic  and  genetic  diversity of 

twenty  five  different species of 

Bambusoideae. Twelve EST-SSR 

markers were used by Mukherjee et al. 

(2010) to investigate the  genetic 

diversity among 22 taxa of bamboos of 
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which 4 resulted in reproducible and 

scorable bands. Dong et al. (2011) 

report the use of Bambusa expressed 

sequence tags (ESTs) to develop and 

validate additional microsatellite 

markers, determine their cross-species 

transferability and use them to identify 

bamboo interspecies hybrids. Markers 

BOM01 and BOM02 transferred 

successfully to most of the caespitose 

bamboo species showed r ich 

polymorphism, and are therefore 

potentially valuable as species-specific 

alleles for the identification of 

caespitose bamboo interspecies 

hybrids. 

Transposable elements are mobile 

genetic elements broadly classified into 

two classes (Retrotransposons or Class 

I and DNA Transposons or Class II) 

based on their mechanism of 

transpositions (Feschotte et al., 2002). 

Transoposons occupy considerable 

proportions of many eukaryotic 

genomes (SanMiguel and Bennetzen, 

1998). In 1995, Huttley and his co- 

workers reported the presence of Ac- 

like transposable element in Bambusa 

multiplex while Gielis (1998) also 

found the presence of Ac-like 

transposable element in Bambusa 

v u l g a r i s , Sa s a ve i t c h i i a n d 

Phyllostachys  edulis.  Applying  PCR 

Keukeleire et al. (2004) detected hAT 

group-related sequences in Bambusa 

vulgaris (hATbrna1). Zhou et al. 

(2010a & b) performed molecular 

phylogenetic analysis of 82 mariner- 

like elements (MLE) transposase gene 

fragments in 44 bamboo species and 

PIF-like (P instability factor) elements 

in the Bambusoideae family. Zhong 

and his co-workers (2010) initiated the 

comprehensive characterization and 

analysis of Pong-like superfamily of 

transposases  in  6  subtribes  including 

44 species in 38 genera under 

Bambusoideae subfamily. Two 

transposable elements  Ty1-copia  and 

T y 3 - g y p s y a r e r e p o r t e d i n 

Phyllostachys pubescens (Zhou et al., 

2011). 

Several studies have shown the use of 

DNA sequence based methods for 

phylogenetic study of grasses and 

bamboos. The chloroplast genome has 

been used to assess the phylogenetics 

of the grasses since the birth of plant 

molecular systematic. In 1994, Nadot 

and his coworkers used the chloroplast 

gene rps4 to study the phlogentics of 

28 poaceae species including bamboo. 

They succeeded in resolving the 

position of Bambusoids in relationships 

with other groups and also showed how 

closely   the   rice   and   bamboo   are 
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associated. On the basis of the rbcL 

gene, Barker et al. (1995) revealed 

relationships between monophyletic 

bamboos and Pooideae. Clark et al. 

(1995) sequenced the chloroplast gene 

ndhF to address the phylogenetic 

relationships among the 47 grass 

sequences including two outgroup 

sequences. Their study resolved the 

Streptochaeteae and Anomochloeae 

(tribes of the neotropical herbaceous 

bamboos) as the most basal clade 

within the family. The trnL-F has been 

attempted   by   a   few   researchers 

( Hodkinson et al . 2002 ; Nı´ 

Chonghaile 2002; Yang et al. 2007). In 

2005, Qiang and his co-workers 

performed the preliminary analysis of 

the genera Arundinaria in comparison 

with other closely related genera like 

Pleioblastus, Pseudosasa, Bashania, 

Clavinodum and Oligostachyum to 

screen the phylogenetic relationships 

among them using trnL-F region of the 

cpDNA. The trnL-F based sequencing 

method has also been attempted by 

Yang et al. (2008) to establish a 

phylogenetic of major gropus of 

Paleotrophical Woody Bamboos 

(Liang and Hilu, 1996; Hilu et al., 

1999). The atpB-rbcL and rps16 

regions have not previously been used 

to   study   bamboo   phylogenetics. 

However, rps16 has proven useful for 

plant molecular systematics both for 

dicots, for example Caryophyllaceae 

(Oxelmann et al., 1997), and for 

monocots,   for   example   Palmae 

( Asmussen et al., 2000) and 

Marantaceae (Andersson and Chase 

2008). Combined analyses of plastid 

DNA regions are often useful for 

improving phylogenetic resolution and 

support (Reeves et al., 2001; 

Hodkinson et al., 2007). Sungkaew and 

his coworkers (Sungkaew et al., 2009) 

performed the combined analysis of 

five different plastid DNA regions viz. 

trnL intron, trnL-F intergenic spacer, 

atpB-rbcL intergenic spacer, rsp16 

intron and matK to access the 

phylogentic relationships among 60 

taxa including all the subtribes of 

Bambusae and related non-bambusoid 

grasses. Their study resolved the non- 

monophyly of the woody Bamboos. 

They further emphasized that the 

classification of Bambuseae needs  to 

be revised to have a clear picture of the 

different genera of bamboos. 

In contrast to the vast majority of 

studies   done   to   date   on   bamboo 

t a x o n o m y a n d s y s t e m a t i c s , 

investigations on genetic diversity at 

the population level are in its infancy. 

This review presents precisely how the 
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molecular marker helps in sorting out 

the problems related to genotype 

identification in general and bamboo 

taxonomy in particular. It provides a 

clear picture of the application of 

various molecular techniques in the 

population studies especially in 

bamboo. Though the progress in this 

field is encouraging, yet these methods 

should not be considered  appropriate 

for phylogenetic studies above the 

species level. These markers are 

undoubtedly useful tools to address the 

population genetics but for phylogeny 

reconstruction and taxonomy these 

might be problematic and misleading, 

so they must be used with caution. 

Molecular genetics is a fast-moving 

field and new techniques are likely to 

be developed in the near future which 

will have their own strengths and 

limitations. Thus it is necessary that 

these concerns motivate bamboo 

researchers to a wise and well 

consider ed imple mentatio n of 

molecular markers as tools for 

complementing other techniques. 

2.3 Propagation of bamboo 

2.3.1 Propagation using traditional 

methods 

Traditionally bamboo is propagated 

either through sexual or asexual 

methods. The sexual method involves 

the use of seed, but this is not 

considered to be reliable method 

because of unavailability of seed of 

bamboo due to its peculiar flowering 

behavior and even seeds are produce 

they remain viable only for a short 

span of time. The asexual method 

involves the use of vegetative parts 

including the rhizome, clump division, 

culm, culm cutting, offset, branch 

cutting, clump division etc. Asexual 

propagation can be attempted thorough 

out the year but has some limitations 

(Banik, 1985). 

2.3.2 Propagation using in vitro 

techniques 

Historically the development of cell 

and the subsequent proposal of the cell 

theory paved the path of the plant 

tissue culture. The basis of plant tissue 

culture is the concept of „Totipotency‟ 

which in turn is an inherent part of the 

cell theory of Schleiden (1838) and 

Schwann (1839). In vitro technique 

dates back to 1902, when Haberlandt 

predicted the totipotency of plant cells. 

Two major events that revolutionized 

plant tissue culture were the discovery 

of plant growth regulators auxins and 

cytokinins and the formulation of 

nutrient media i.e., Murashige and 

Skoog (1962). According to Murashige 

(1974) there are three possible methods 
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available for micropropagation. 

 Enhanced  release  of  axillary 

buds 

 Production of advantageous 

shoots through organogenesis. 

 Somatic embryogenesis. 

In shoot tips, nodal and axillary bud 

cultures, clonal fidelity is conserved to 

a greater extent. However in case of 

callus mediated organogenesis and 

somatic embryogenesis there is a risk 

of producing aberrant and thus is not 

recommended for clonal propagation. 

Though limited to a few species in 

vitro somatic embryogenesis, tends to 

be the most effective and rapid method 

of plant  regeneration  (Evans  et  al., 

1 9 8 1 ) . C u r r e n t l y , i n v i t r o 

micropropagation has been adopted for 

a number of economically and 

medicinally important plant species. 

In bamboo breeding is seriously 

handicapped because of its long 

vegetative phase and monocarpic 

flowering behaviour and poor seed set. 

Moreover, since it is near impossible 

that two desirable plants will flower 

simultaneously, therefore conventional 

breeding also seems to be difficult. 

Thus for meeting the raw material 

demand the best possible way to 

manage the bamboo forest is through 

scient if ic    management .    Major 

limitation to bamboo production has 

been overcome by propagation 

methods. In vitro culture offers a 

method for producing variations and 

exploring the resultant variations for 

crop improvement. In vitro culture 

techniques provide an alternative 

means of plant propagation and a tool 

for crop improvement (Rahman, et al., 

2004). In vitro regenerated plants are 

superior to conventionally propagated 

plants in respect of productivity and 

disease resistance. 

The main aim here is to successfully 

and aseptically transfer the explant into 

culture medium and then provide in 

vitro environment for growth and 

differentiation. The important  aspects 

of this are explant disinfection, explant 

selection and culture medium 

(Hartmann et al., 1997). The success of 

establishment of culture in vitro 

depends on the selection of explant, 

sterilization of explant, composition of 

the culture media and finally on culture 

conditions provided for growth and 

development. The credit for heralding 

the start of tissue culture in bamboo 

goes to Alexander and Rao (1968), 

reported the  aseptic  germination  of 

b a mb o o s e e d s . S i n c e t he n , 

micropropagation through axillary bud 

proliferation   where   no   intermediary 
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callus formation occurs has been 

largely attempted. 

The use of tissue culture as a tool for 

plant propagation could be particularly 

relevant   for  vegetatively  propagated 

crop  plants  that   resist   conventional 

asexual propagation (Hackett, 1966) or 

when mass propagation of single plant 

is required in short period of time. The 

different explants such as axillary bud, 

shoot tips, meristem tips, root tips are 

commonly used.  Various explant  like 

emergig rhizome buds, rhizome pieces, 

axillary bud, shoot tip, leaves are used. 

In tissue culture of bamboos different 

plant  parts  are  used  as  explant.  The 

most common explants used  for 

bamboo  micropropagation  are  young 

branch  node, immature  embryos, 

mature embryos, mesocotyl, leaf 

sheath,  leaf  and  root  of  the  young 

seedling. 

The main objective behind explants 

disinfection is to get rid of the bacterial 

and fungal contamination with 

hampering the biological activity of the 

explants. The commonly used sterilants 

ar e b leac h, e t ha no l, so diu m 

hypochlorite, mercuric chloride. The 

type of sterilant used, concentration 

and time depends on the nature of 

explant and species (Razdan, 2003). 

The list of various disinfectants used in 

the tissue culture of bamboo is given in 

table 2.1. 

Media plays a vital role in the 

successful growth and  differentiation 

of excised plant tissues and organs. 

The artificially prepared nutrient 

medium is called culture medium. The 

culture media is composed of several 

components like inorganic salts, 

vitamins, aminoacids, sugars, growth 

regulators (phytohormones), agar or 

gelrite. The minerals present in the 

plant tissue culture medium are used by 

the plant cell as building blocks for the 

synthesis of organic molecules or as 

catalysts. The ions of different salts 

play an important role in transportation 

or osmotic regulation and in 

maintaining the electrochemical 

potential of the plant. 

The nutrient requirement varies not 

only among different plants but also for 

different parts of the same plants. 

Therefore, a single media is not 

suitable for optimum growth of all 

plant tissues. To overcome this, 

different nutrient solutions were 

proposed by different authors from 

time to time like MS medium 

(Murashige and Skoog, 1962), B5 

medium (Gamborg et al, 1968), Nitsch 

medium (Nitsch and Nitsch, 1969), 

White‟s   medium   (White,   1943), 
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Woody plant medium (Lloyd and 

McCown, 1980) etc. Consequently the 

most suitable medium for a particular 

tissue must be determined by trial and 

error. 

Murashige and Skoog‟s  (MS) (1962) 

medium was used extensively in the 

regeneration of bamboos. In cultures of 

Dendrocalamus strictus, Nadgir and 

his co-workers (Nadgir et al., 1984) 

used Whites basal medium for rapid 

multiplication. Tsay and his co- 

workers (Tsay et al., 1990) used N6 

medium along with MS medium for the 

regeneration of Sinocalamus latiflora 

while Ndiaye et al. (2009) used three 

different types of media for the rapid 

proliferation of Bambusa vulgaris viz. 

MS medium, Gamborg medium and 

Lloyd and Crown medium. 

The sugar is supplied in the form of 

sucrose. Sucrose was added as the 

source of carbon at a concentration of 

3% (w/v) in almost all the experiments. 

In the culture of Bambusa glaucescens 

(Banik, 1985) 4% sucrose was used for 

shooting from dormant culm bud 

whereas Nadgir et al. (1984) used only 

2% sucrose. Yeh and Chang (1986) 

supplemented the media with 3-6% 

sucrose while Tsay and his co-workers 

(Tsay et al., 1990) used different 

concentration of sucrose as 3,6,9 and 

12% for their experiment. Cheah and 

Chaille (2011) used 0-6% sucrose for 

Bambusa ventricosa and similar 

concentration was also experimented 

by Bejoy and his co-workers (Bejoy et 

al., 2012) in case of Ochlandra wightii. 

The range of acidity or alkalinity is an 

important factor that determines the 

quality of regenerated plantlets from a 

tissue culture media. The optimum pH 

for regeneration varies with the type of 

explant used. In the cultures of the 

different bamboo species pH of 5.8 

were generally maintained in most of 

the cultures. However pH of 5.7 has 

also been considered for the successful 

regeneration of bamboo through tissue 

culture techniques (Yeh and Chang, 

1986; Tsay et al., 1990; Devi and 

Sharma, 2009; Bejoy et al.,2012) while 

as per Ndiaye et al. (2009), pH in the 

range of 5.5-5.6 was suitable. 

Three types of media are mainly used 

in plant tissue culture viz. solid, 

semisolid and liquid. A media becomes 

solid or semisolid depending upon the 

concentration of the solidifying agents 

used. Agar-agar (obtained from algae 

like Gelladium or Gracilaria) and 

gelrite (naturally-derived gelling 

polymer) are most commonly used as 

soldifying agents. 
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Table 2.1:Various disinfecting chemicals were used in the culture of bamboos 
 

 

Plant species Sterilant used References 
 

Bambusa glaucescens 
20-30% Javex and 5-6% Sodium 

hypochlorite 

0.01% antiseptal for 3 h, 75% 

Bambusa oldhamii 

 

 
Sinocalamus latiflora 

 

 
Bamboo (54 species) 

 

 
Bambusa vulgaris 

ethanol for 1 min and 2% sodium 

hypochlorite solution for 15 min 

70% alcohol for 30 sec and 1% 

sodium hypochlorite solution for 

10 min 

70% alcohol as spray and 1% 

sodium hypochlorite solution for 

10 min 

1 g dm
-3 

(m/v) Bavistin for 45 min 

and 0.2% (m/v) mercuric chloride 

solution for 30 min 

Yeh and Chang, 1986 

 

 

Tsay et al., 1990 

 

Prutpongse and 
Gavinlertvatana, 1992 

 

Rout and Das, 1997 

Dendrocalamus asper 
4% sodium hypochlorite solution 

for 20 min 

Wiped with 70% alcohol followed 

Bambusa wamin by 0.2% mercuric chloride for 5-20 

min. 
Arshad et al., 2005 

Bambusa vulgaris 0.1% mercuric chloride for 20 min Ndiaye et al., 2009 

Extran (0.05% w/v) for 10 min, 

combination of Agri-mycin and 

Benomyl (@2gl
-1

) for 10 min, 

Guadua angustifolia 

 

 

 

 

Bambusa glaucescens 

 

 
Dendrocalamus asper 

sodium hypochlorite (1.0 or 1.5% 

w/v) for 10 min, or with calcium 

hypochlorite (10% w/v) for 40 min 

supplemented with a drop of 

Tween 80 per 100 ml 

70% alcohol followed by 5-10 min 

in 1% w/v Cetrimide and finally in 

0.1% mercuric chloride for 10 min. 

5% cetavelon for 15 min followed 

by 0.1% mercuric chloride for 7-10 

min 

Jimenez et al., 2006 

 

 

 

 
Shirin and Rana, 2007 

 

 

Arya et al., 2001 

Arundinaria callosa 0.1% mercuric chloride for 10 min Devi and Sharma, 2009 

Tween 20, bavistin (0.1%) and 

streptomycin sulfate (0.05%) for 20 

Bambusa nutans 
-25 min, 70% ethanol for 1-2 min. 

Finally (0.04%) mercuric chloride 

with 1-2 drop of liquid detergent 

for 5-6 min 

Mehta et al., 2011 

70% alcohol for 5 min followed by 

10% Clorox bleach for 40 min 
Cheah and Chaille, 2011

 

Dendrocalamus 

farinosus 

70% ethanol for 30 s followed by 

0.1% HgCl2 for 30 min 
Hu et al., 2011

 

Ochlandra wightii 
1% commercial bleach and 0.2% 

labolin for 30 min 

Dendrocalamus 

giganteus 

20% sodium hypochlorite for 20 

min 
Devi et al., 2012 

 

 

RL Banik, 1985 

Arya et al., 1999 

Bambusa ventricosa 

Bejoy et al., 2012 
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The media was solidified with agar 

0.8% (w/v) in all the cultures (Nadgir 

et al., 1984; Tsay et al., 1990; Rout and 

Das, 1997; Mehta et al., 2011) with a 

few exceptions. 0.75 % agar was used 

in the cultures of Bambusa wamin 

(Arshad et al., 2005). In cultures of 

Bambusa oldhamii (Yeh and Chang, 

1986), Bambusa glaucescens (Shirin 

and Rana, 2007), Ochlandra wightii 

(Bejoy et al., 2012), media were gelled 

w i t h 0 . 7 % a g ar ag a r . Lo w e r 

concentrations of agar like 0.6% agar 

were also reported (Prutpongse and 

Gavinlertvatana, 1992) and 0.42% in 

Bambusa vulgaris straita (Ramanayake 

et al., 2006) was used prior to their 

cultures. Gelrite at a concentration of 

2g/l, 2.2g/l, 3g/l and 3.5g/l was used as 

a gelling agent in Bambusa balcooa 

(Negi and Saxena, 2011), Bambusa 

edulis (Lin et al., 2004), Bambusa 

venticosa (Cheah and Chaille, 2011) 

and Bambusa vulgaris (Ndiaye et 

al.,2006) respectively while Ogita 

(2005) used 3g/l gellan gum for 

Phyllostachys nigra and Jimenez  and 

his co-researchers (Jimenez et al., 

2006) used phytagel (0.2%) for 

Guadua anguistifolia culture. 

Many researchers prefer to call plant 

hormones as plant  growth substances 

or   plant   growth   regulators.   Plant 

hormones added to plant tissue culture 

media are taken up and increase the 

level within the tissue. Most of the 

increase is however, transient because 

plant hormones are rapidly inactivated 

after uptake. Usually only very small 

amounts of the applied hormones 

remain in the free form. It has been 

seen that, for auxins, equilibrium exists 

between the free and conjugated form, 

of which only less than 1% being 

present in the freeform. The effect of 

hormones not only depends on the rate 

of uptake from the medium, or on the 

stability in the medium and in the 

tissue, but also on the sensitivity of the 

target tissue. 

The main plant growth regulators used 

in tissue culture are auxins (indole-3- 

acetic acid, indole-3-buturic acid, 1- 

napt ha leneace t ic ac id , 2 , 4 - 

dichlorophenoxyacetic acid, piloram 

etc); cytokinins (zeatin, 6-benzylamino 

purine, kinetin, thidiazuron etc); 

gibberellins (GA3, GA4,  GA1,  GA7 

etc); abscisic acid; ethylene etc. A list 

of the bamboo species and the plant 

growth regulator used for its 

regeneration are provided in table 2.2. 

In the regeneration of bamboos plant 

growth regulators like TDZ, BA, Kn, 

NAA, IAA, 2, 4 - D etc were 

extensively   used.   Organic   additives 
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like coconut water were used as a 

supplement in some media for the 

regeneration of the bamboos (Nadgir et 

a l . , 1 9 8 4 ; P r u t p o n g s e a n d 

Gavinlertvatana, 1992; Cheah and 

Chaille, 2011) 

Incubation conditions play a vital role 

in plant tissue culture after aseptic 

inoculation of the explants. An 

optimum temperature is required for 

obtaining desirable clone since high 

temperature may lead to dissociation of 

the culture media and tissue damage 

while at very low temperature tissue 

growth is seriously restricted. 

Moreover some tissue grows in dark 

while other prefers light conditions. 

The amount of light also has 

substantial effect on the regeneration. 

The incubation conditions attempted 

for bamboos by different workers are 

shown in table 2.3. 

Callus is defined as an unorganized and 

undifferentiated proliferated mass of 

cells produced from isolated  plant 

cells, tissues or organs under controlled 

conditions in vitro. It is formed due to 

the cell expansion and cell division of 

the cells of the explants. 

In plant tissue culture different juvenile 

parts of the experimental plant like 

leaf, stem, roots, nodes etc containing 

meristematic  cells  are  used  for  the 

initiation of callus culture since 

meristematic cells has a pre-existing 

growth momentum. Once the explant is 

cultured in the nutrient media, it 

absorbs the exogenously supplied 

nutrients and growth regulators; divide 

as ync hr o no us ly t o fo r m t he 

unorganized mass of tissue. During the 

initial growth phase the cells enlarge or 

swell to rupture. This indicates the 

response of tissue to the medium for 

callus formation. As the cells rupture 

some endogenous growth substances 

ooze out which in turn stimulates the 

cell division along with the penetration 

of the exogenously supplied hormone 

and nutrients. The unorganized callus 

tissue gradually increases in size and 

ultimately the whole part of the 

explants starts to divide. 

In order to obtain embryogenic callus 

in Bambusa edulis, Lin and his co- 

workers (Li et al., 2004) used MS 

medium supplemented  with  9.2  µM 

k inet in ( KN) , 13 . 6 µ M 2 , 4 

dichlorophenoxyacetic acid (2,4-D), 

0.1% (v/v) coconut milk in addition to 

0.046 µM thidiazuron (TDZ). A 

protocol for callus induction from the 

shoots of Phyllostachys nigra was 

developed by Ogita (2005). The 

cultures produced callus in half 

strength   MS   medium   supplemented 
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with 3µM 2,4-D. 

In Bambusa vulgaris a protocol for 

producing friable callus was achieved 

by using in vitro sprouted shoots as 

explants. MS medium supplemented 

with 2.2 µM BAP, 9.04 µM 2,4-D and 

14.76 µM IBA was used for callus 

initiation (Rout and Das, 1997). 

Mehta and her co-workers (Mehta et 

al., 2011) in their study on Bambusa 

nutans reported the formation of 

embryogenic calli from in vitro 

sprouted buds in MS medium 

containing 5 mg/l 2,4-D. Similarly, 

Cheah and Chaille (2011) in their 

research on Bambusa ventricosa also 

reported the formation of embryogenic 

 
 

Table 2.2: List of bamboo species and the plant growth regulators used for its regeneration 

 

Plant species 
Plant growth 

regulator 

Organic 

additives 
References 

 

Dendrocalamus strictus BAP, Kn, IAA Coconut water Nadgir et al., 1984 

Bambusa glaucescens BA and NAA - RL Banik, 1987 

Bambusa oldhamii 2,4-D and Kn - 
Yeh and Chang,

 
1986 

Sinocalamus latiflora 
2,4-D, BA and

 
NAA 

Bamboo (54 species) 
2,4-D, BA and

 
NAA 

Bambusa vulgaris 
BA, Kn, 2,4-D,

 
IBA 

 

 

 
Coconut water 

Tsay et al., 1990 

Prutpongse and 

Gavinlertvatana, 

1992 

Rout and Das, 1997 

Dendrocalamus asper BA, NAA and IBA Arya et al., 1999 

BAP, BA, Kn and 

IBA 
Arshad et al., 2005 

Bambusa vulgaris 
IBA, NAA and

 
BAP 

Ndiaye et al., 2006 

Guadua angustifolia BAP Jimenez et al., 2006 

Bambusa glaucescens BA and Kn 
Shirin and Rana, 

2007 

Dendrocalamus asper BA, NAA and IBA Arya et al., 2008 

Arundinaria callosa BAP and IBA 
Devi and Sharma, 

2009 

Bambusa nutans BAP, NAA and Kn Mehta et al., 2011 

Bambusa ventricosa 
BAP, Kn, IAA,

 
IBA and NAA Coconut water 

Cheah and Chaille, 
2011 

Dendrocalamus 

farinosus 

2,4-D, 2,4,5-T, Kn, 

IAA and IBA 
Hu et al., 2011 

Ochlandra wightii BAP, Kn and TDZ Bejoy et al., 2012 
 

Dendrocalamus 

giganteus 

BAP, Kn, IBA, 

NAA, 2,4-D and 

 
Devi et al., 2012 

  GA3   

Bambusa wamin 
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2 

-2    -1 

-2    -1 

calli from in vitro developed shoots in 

MS medium containing 3 mg/l 2,4-D, 2 

mg/l kinetin. 

In their study on callus induction and 

plant regeneration of Dendrocalamus 

farinosus,  Hu  and  his  co  researchers 

(Hu et al., 2000) employed two 

different types of explants i.e. mature 

seeds and young shoots. MS medium 

in combination with 2 mg/l 2,4,5- 

trichlorophenoxyacetic acid  (2,4,5-T), 

2 mg/l Kn and 0.4 mg/l IBA gave good 

 

Table 2.3:Incubation conditions required by bamboo species 
 

 

Plant species Temperature Light References 
Dendrocalamus 

strictus 
25ºC

 
Bambusa 

16 h photoperiod of 1500 

lux light intensity 
Nadgir et al., 1984

 

glaucescens 
28ºC 14 hour photoperiod RL Banik, 1987 

Bambusa oldhamii 26±1ºC 
16/8h day and night

 
regime (15-40 µE/m s) 

Yeh and Chang, 

1986 
Sinocalamus 

latiflora 
25±1ºC

 

16/8h light/dark cycle with 

135 µE/m2s 
Tsay et al., 1990 

 
Bamboo (54 species) 25ºC 

250 μmol·m
-2
·s

-1 
cool- 

white fluorescent 

illumination for 16 h· 

Prutpongse and 
Gavinlertvatana, 

1992 

Bambusa vulgaris 25±2ºC 
16 h photoperiod (55

 
μmol·m  ·s  ) 

Rout and Das, 1997 

Dendrocalamus 

asper 
25±1ºC 

16 h photoperiod (30 

μmol·m-2·s-1) 
Arya et al., 1999 

Bambusa wamin 25±2ºC 
16 h photoperiod (30

 
μmol·m  ·s  ) 

Arshad et al., 2005 

Bambusa vulgaris 25ºC 16 h/8 h photoperiod Ndiaye et al., 2006 

Guadua angustifolia 26ºC In dark Jimenez et al., 2006 

Bambusa 

glaucescens 
25±2ºC

 
Dendrocalamus 

16 h photoperiod (35 ± 10 

µmol m
–2 

S
–1

). 
16 h photoperiod (3000 

Shirin and Rana, 
2007 

asper 
26ºC

 
μE·m-2·s-1) 

Arya et al., 2008 

Arundinaria callosa 25±2ºC 
Devi and Sharma, 

2009 

 
Bambusa nutans 

 

 
Bambusa ventricosa 25±2ºC 

 
Dendrocalamus 

14/10h day and night 
regime (70 ± 5 μmol·m

-2
·s

-
 

1) 

16-h photoperiod with a 
light intensity of 47.29 

μmol·m
-2

·s
-1

 

12 h photoperiod (80 

 
Mehta et al., 2011 

 

Cheah and Chaille, 

2011 

farinosus 
25±1ºC

 
μmol·m-2·s-1) 

Hu et al., 2011 

Ochlandra wightii 24±2ºC 16h/8h photoperiod Bejoy et al., 2012 
 

Dendrocalamus 

giganteus 
25±2ºC

 

16-h photoperiod with a 
light intensity of 90-95 

μmol·m
-2

·s
-1

 

 
Devi et al., 2012 
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results when mature seeds was used as 

explants. Callus induction frequency 

was found to be 95% for mature seeds 

and 21% to 29.7% in case of young 

shoots. 

Recently in 2012, Devi and her team 

developed a protocol for callus 

induction and proliferation in edible 

bamboo Dendrocalamus giganteus. 

MS medium in addition to 3 mg/l 2,4- 

D and 0.5 mg/l Kn was found to be 

best suited for callusing in D. 

giganteus. 

The discovery of growth regulators like 

auxins, gibberlins, cytokinins and 

abscicins along with other organic 

compounds led to new vistas in plant 

tissue culture. The role of growth 

regulators and their concentration 

should be carefully chosen for 

obtaining desired responses in tissue 

culture. 

In Dendrocalamus strictus the best 

shoot multiplication and growth was 

observed in MS medium containing 2 

mg/l BAP and 5%  Coconut  milk, 

where a maximum of 8-10 shoots were 

observed per flask in liquid culture 

within 6-7 weeks. Regular sub- 

culturing was practised and in every 

sub-culture 6-7 shoots were obtained 

from each shoot (Nadgir et al., 1984). 

The axillary bud of Bambusa vulagris 

„Straita‟ when cultured in MS medium 

having 4mg/l BA resulted in highest 

mean shoot number. Other than  this 

BA at the concentration of 6mg/l and 

TDZ at 0.1mg/l also showed produced 

same number of shoots (Ramnayake et 

al., 2006). 

Shirin and Rana (2007) observed 

similar shoot multiplication in 

Bambusa glaucescens in MS medium 

supplemented with 5µM BAP and 

15µM Kn either alone or in 

combination. 

In case of Bambusa balcooa, of 

different hormones tried for obtaining 

shoots MS medium supplemented with 

BAP was found to be most suitable. 

BAP at a concentration of 1mg/l 

resulted in 20 shoots while at 5mg/l 

produced 29 shoots. The sub-culture 

was regularly done every 3-4 weeks to 

get the desired number of plantlets 

(Mudoi and Borthakur, 2009). 

In Ochlandra wightii, Bejoy et al. 

(2012) showed that combined action of 

two cytokinins i.e. BAP and TDZ at a 

concentration of 0.5 mg/l each could 

enhance shoot multiplication upto 9.8 

shoots in two months following regular 

subculture. 

Additional plant growth regulator may 

or  may  not  be  required  for  in  vitro 
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rooting in bamboo tissue culture. 

Nadgir  et  al.  (1984)  found  that  the 

shoots of Dendrocalamus strictus when 

transferred to MS medium free of plant 

growth regulator though produced 

roots but the percentage was as low as 

40%, but when the shoots were treated 

with  IBA  prior  to  culturing  in  MS 

medium the percentage was elevated to 

80%. 

Embryogenic calli of Sinocalamus 

latifora when cultured for a long time 

in MS medium or subcultured in auxin 

free medium rooted well (Tsay et al., 

1990). Simialr type of result was also 

obtained in case of Bambusa 

beecheyana (Chang and Lan, 1995). 

Prutpongse and Gavinlertvatana (1992) 

reported that depending upon the 

species of bamboo used, NAA at the 

concentration between 2.7 to 5.4 μM 

was found to be optimal for rooting. 

In 1997, Rout and Das found that the 

isolated shoots of Bambusa vulgaris 

rooted well in half strength MS 

medium supplemented with IBA. 

Similar observations were also  made 

by Arshad and his co-workers (Arshad 

et al., 2005) in Bambusa wamin, Shirin 

and Rana (2007) in Bambusa 

glaucescens. 

Spontaneous   rooting   of   shoots   of 

Dendrocalamus asper occurred in MS 

medium supplemented with IBA (10 

mg/l) and NAA (3 mg/l) (Arya et al., 

1999; Arya et al., 2008). 

Jimenez and his co-workers (Jimenez 

et al., 2006) noted spontaneous rooting 

of Guadua angustifolia in plant growth 

regulator free MS medium. In the same 

year Ramanayake et al.(2006) and 

Ndiyae et al.(2006) reported that 

rooting can be enhanced by addition of 

TDZ (0.1 mg/l) and IBA (20 mg/l) in 

case of Bambusa vulgaris „Striata‟ and 

Bambusa vulgaris respectively. 

In Arundinaria callosa the number of 

roots formed from the in vitro shoots 

was significantly higher in ½ MS 

medium supplemented with 25 µM 

IBA along with 0.05 µM BAP. A 

maximum of 3.8±0.6 healthy roots 

were regenerated from the in vitro 

shoots (Devi and Sharma, 2009). 

In Bambusa balcooa three different 

auxins (IBA, NAA and IAA) were 

experimented to see their effect on 

rooting. It was found that NAA (6.71 

µM) was suitable compared to other 

two. However, when half strength MS 

medium  was   supplemented   with 

d i f fe r e nt co nc e nt r a t io ns a nd 

combinations of auxins (5.71 μM IAA, 

4.9 μM IBA, 5.37 μM NAA) resulted 

in maximum rooting (Negi and Saxena, 

2011). The effect  of combinations of 
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auxin (0.4 mg/l IBA and 0.25 mg/l 

IAA) in rooting was also reported in 

Dendrocalamus farinosus by Hu and 

his co-workers (Hu et al., 2000). 

Recently in 2012, Devi and her co- 

researchers and Bejoy and his co- 

workers found that IBA at the 

concentration of 5 mg/l and 0.5 mg/l 

was opt imum for rooting in 

Dendrocalamus giganteus and 

Ochlandra wightii. 

Once the plant is well established in 

vitro the major obstacles that develops 

is the successful transfer of plantlets 

from the laboratory to the field (Wardle 

et al., 1983). This difficulty probably 

appears due to the drastic change in the 

environmental conditions in vitro and 

outside. Under in vitro condition there 

is low light intensity, high humidity 

and poor root growth in contrast to 

field and/or greenhouse conditions 

where there is higher light intensity, 

low humidity along with different 

microflora (Desjardins et al., 1987). 

Several protocols have been developed 

by different tissue culturist to 

overcome some of these constraints. 

In hardening of regenerated tissue 

cultured plantlets of the bamboo 

different hardening materials like river 

sand and charcoal, sterilized potting 

soil, vermiculite, soil and sand, soil and 

manure etc. have been used (Table 

2.4). The success rate of hardening 

depends upon the hardening material 

and the condition of the regenerated 

plantlet. High rate of survival of 

regenerated plantlets have been 

achieved in field. 

Bamboo has been the subject of men‟s 

curiosity since ages. In bamboo the 

traditional breeding is seriously 

handicapped because of the peculiar 

flowering and production of poor seed 

sets and thus in vitro regeneration is 

the best alternative. From the available 

literature it is though impossible to 

trace out the exact mechanism behind 

the in vitro regeneration of  bamboo, 

but still published information gives 

some idea about the different factors 

which play cumulative role. Form the 

literature it is also clear that in vitro 

regenerated plants are superior to 

conventionally propagated plants in 

respect of productivity and disease 

resistance. 

2.4 Bamboo and human health 

I n the process o f eco no mic 

development, with the increase in 

income, human society tends to care 

more about their health. Therefore, 

demand for healthy herbal organic 

foods developed from various plants 

has also increased. Production of more 
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efficient and productive food items by 

the researchers are on demand. One 

such plant with multiple qualities is 

bamboo. 

Bamboo has been used over centuries 

by the humans both in daily life and for 

medicinal purpose in China and other 

Asian countries. The earliest scientific 

evidence of use of bamboo in 

traditional medicine dates back to 1963 

(Sakai et al., 1963). This marked the 

beginning of the use of bamboo as 

medicine which was followed by series 

of research carried out by different 

workers since then (Okabe et al, 1975; 

Otani et al, 1990; Tsunoda et al, 1998; 

Hu et al, 2000; Kweon et al,  2001; 

Kim et al, 2003; Ren et al, 2004; 

Kurokawa et al, 2006; Lu et al, 2005; 

Lu et al, 2006; Park et al, 2007; Seki et 

al.,2008; Seki and Maeda, 2010). 

Bamboo has attracted attention world 

over due to its high antioxidant content 

a n d t h e r a p e u t i c e f f e c t s o n 

inflammation,  fat igue, cancer,  

hyperlipidemia,   diabetes,   aging   and 

 

Table 2.4: Hardening materials used and survival rate of regenerated bamboos 
 

Plant species 

Dendrocalamus 

strictus 

Bambusa 

glaucescens 

Bambusa vulgaris 

Dendrocalamus 

asper 

Bambusa wamin 

Potting mixture Survival rate References 

Sterile soil: sand (1:1) 70-80% Nadgir et al., 1984 

Moist sterile soil 
 

Banik, 1987 

Soil:Manure:Sand (1:1:1) 90% Rout and Das, 1997 

Soil 95% Arya et al., 1999 

Vermiculite 80-85% Arshad et al., 2005 

Bambusa vulgaris  100% Ndiaye et al., 2006 

Guadua angustifolia 
Soil:Sand:Rice hulls 

(1:1:1) 
>85% Jimenez et al., 2006 

 

Bambusa 
glaucescens 

Dendrocalamus 

Soilrite with half strength 

MS medium (organic 

free) 

 
80% 

 

Shirin and Rana, 
2007 

asper 
Soilrite 95% Arya et al., 2008 

Arundinaria callosa Soil mixture 60-70% 
Devi and Sharma,

 
2009 

Bambusa nutans Soil and sand (1:1) 90% Mehta et al., 2010 
Pro-mix/black 

Bambusa ventricosa 

 
Dendrocalamus 

cinder:potting mixture 

(1:1) 
Peat moss, vermiculite 

Cheah and Chaille, 
2011 

farinosus and garden soil (2:1:1) 
90.1% Hu et al., 2011

 

River sand: coarse 

charcoal (3:1) 
80% Bejoy et al., 2012 

Dendrocalamus 

giganteus 
Sand and soil (1:1) 80-90% Devi et al., 2012 

 

Ochlandra wightii 
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hypertension. 

Free radicals might occur either by the 

accidents of chemistry or due to 

specific metabolic purpose in the body. 

The free radicals produced by either 

way  have  different  reactivity   with 

so me lead ing to damage to 

biomolecules such as DNA, lipids and 

p r o t e i n s ( H a l l i w e l l , 1 9 9 4 ) . 

Antioxidants can react with free 

radicals during the oxidation  process 

by acting as a reactive species 

scavenger and liberating catalysts, so 

antioxidants can be used to reduce the 

oxidative process (Gulcin et al., 2005) 

but they are not 100% effective. Mere 

large doses of diet-derived antibody 

was thought to be important to stay 

healthier for long time, but with the 

passage of time and development of 

science and technology the supply of 

„pro-oxidants‟ is thought to be a better 

option (Halliwell, 2012). Bioactive 

compounds like ascorbic acid, 

carotenoids, tocochromanols and 

phenols are antioxidants. 

The bamboo leaf extract (BLE) is 

thought to be good source of natural 

antioxidants and also have great 

pharmaceutical potential. BLE is 

mainly composed of flavonoids, 

lactones and phenolic acid. The 

flavonoids  are  represented  mainly  by 

the flavones C- glycosides which 

include homoorientin, isovitexin, 

orientin and vitexin. Apart from this 

quercetin, luteolin, rutin, caffeic acid, p 

-coumaric acid, chlorogenic acid and 

tricin are also present (Zhang et al., 

2002b) (table 2.5). The flavonoid 

content was recorded to be 3.44% in 

different bamboo leaves species 

(Singhal et al., 2011). 

Diabetes Mellitus (DM) is prevalent 

among almost 200 million people 

worldwide, which is thought to 

increase exponentially to 300 million 

in the next two decades, type 2 being 

common (Alberti, 2002). 

In the study conducted by Ding and his 

coworkers (Ding et al., 2007) with 

moso bamboo leaves on 50 diabetic 

rats, they evaluated that different doses 

of polysaccharide were found to 

possess good hypoglycemic effect. 

Hyun and Hyeon-Skoog (2009) in their 

experiment with Sasa borealis leaf 

extract found that when substituted for 

meat in patty the leaf extract 

significantly lowered plasma glucose 

indicating anti diabetic activity of BLE. 

The anti diabetic activity of Sasa 

borealis leaf extract was also studied 

by Choi and his co workers (Choi et 

al., 2008). The inhibitory effect of the 

leaves  of  Pseudosasa  japonica  was 
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evaluated on high fat diet induced 

obesity and diabetes in  C57BL/6J 

mice. All the mice had access to high 

fat diet for a week and then switched 

over to either the bamboo extract diet 

or control diet. The mice were 

regularly monitored for their daily 

intake of food and weight gained. 

Though the food intake of mice 

assigned to bamboo extract was found 

to be slightly higher than the control, 

but the weight gain was however 

restricted in mice on bamboo extract 

compared to control (Panee, 2008). 

W i t h m o d e r n i z a t i o n a n d 

industrialization the number of death 

and disability due to chronic heart 

diseases   such   as   cardiovascular 

disease, diabetes etc has surpassed the 

death and disability due to nutritional 

deficiencies and infectious diseases 

(Yusuf et al., 2001). Fu and his co 

researchers (Fu et al., 2005a) 

experimentally proved that when the 

high cholesterol mice were treated with 

different concentrations of BLE, there 

was great reduction in the serum 

cholesterol. Phyllostachys pubescens 

leaves proved to have protective effect 

against palmitic acid induced lipo 

apoptosis (Panee et al., 2008). 

Experiments conducted on rats showed 

that flavonoids rich bamboo beer could 

s ignificantly lower the blood 

triglycerides and cholesterol. Apart 

from this the beer could elevate HDL- 

Table 2.5: List of chemical compounds and their structure isolated from different bamboo 

species 
 

 

Plant name Chemical 
compound 

Chemical structure References 

 

 

 

 

 

 
5-O-caffeoyl- 

4-methylquinic 

acid 

 

 

 

3-O-caffeoyl-1- 

methylquinic acid 

 

 

 

 

 

 

 

 
 

 

Table 2.5 continued to next page 

Phyllostachys 
edulis 

3-O-(3‟- 
methylcaffeoyl) 

quinic acid 

Kweon et 
al., 2001 
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Table 2.5 continued from previous page 

Plant name  Chemical 

compound 

 
Chemical structure References 

 

 

 

 

 

 

 

 
Rutin 

 

 

 

 

 

 

 
Tricin 

 

 

 

 

 

 
 

Chlorogenic acid 

 

 

 

 

 

 

 

 
 

Caffeic acid 

 

 

 

 
 

Luteolin 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
Table 2.5 continued to next page 

Phyllostachys 
nigra var. 

henonis 

naringin-7- 
rhamnoglucoside 

Lu et al., 
2005 
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Table 2.5 continued from previous page 

Plant name Chemical 

compound 

Chemical structure Reference 

 

Phyllostachys 

nigra var. 

henonis 

Orientin Lu et al., 
2005; 

Zhang et 

al., 2007; 

Zhang et 
al., 2008 

Homoorientin 

 
Vitexin  

 
Isovitexin 

 

 

 

 

 

Phyllostachys 
nigra var. 

henonis 

p-coumaric acid Zhang et 
al., 2007 

 

Sasa borealis isoorientin 2"-O- 

c~-L-rhamnoside 
 

 

 

 

 

 

 

tricin 7-O-13-D- 
glucopyranoside 

 

 

 

 
apigenin 6-C-13- 
D-xylopyranosyl 

-8-C-13-D- 
glucopyranoside 

Park et al., 

2007 
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cho lest ero l and reduce LDL- and  Meth-A).  Oral  administration  of 

 

cholesterol in a dose dependant manner 

( Y i n g e t a l . , 2 0 0 0 ) . T h e 

cardioprotective potential of flavone C- 

glucosides i.e. Orientin obtained from 

the leaves of Phyllostachys nigra has 

been proved by Fu and his co workers 

(Fu et al., 2006). They also stated that 

it could also inhibit apoptosis by 

blocking the mitochondrial apoptotic 

pathway. 

The leaves of Sasa senanensis 

(popularly known as Kumaizasa) have 

been used in Eastern Asia as a potential 

source of natural drug since hundreds 

of years. The alkaline extract prepared 

from the leaves (in hot water at 100ºC) 

of S. senanensis is popularly known as 

“.Sasa health”. Tsunoda et al. (1998) 

from their experiment on mammary 

tumor strain of SHN virgin mice 

proved that oral administration of Sasa 

health for 12 days could significantly 

inhibit both the development and 

growth of mammary tumor in 

experimental models. In 2008, Seki 

and his team also made an attempt to 

prove the anti-tumor activity of Sasa 

health. They used three different 

temperatures (100ºC, 121ºC and 

196ºC) to prepare the Sasa health to 

evaluate the anti-tumor potential in 

three mouse tumor models (S-180, C38 

the extract a concentration of 0.05% or 

more was found to be effective in 

suppressing tumor growth in mouse 

models S-180 and C38. The extract 

also accelerated immunostimulating 

activity, which in turn activated the 

macrophages and human natural killer 

(NK) cells in tumor models and thus 

suppress the tumor. Panee (2008) 

conducted experiment to test the effect 

of leaves of Pseudosasa japonica on 

the development of DMBA (7,12- 

Dimethylbenz[a]anthracene) induce 

breast cancer in SD (Sprague-Dawley) 

rats. He found that oral administration 

of bamboo extract for 3 weeks prior to 

DMBA injection could delay the onset 

of breast cancer by one week as 

compared to the control. Moreover, the 

bamboo extract also showed the 

potential of decreasing the incidence of 

occurrence of tumor by 44% and 

restricting the growth rate of the tumor 

by 67% after 11weeks of DMBA 

treatment. 

Leaf extract of Phyllosatchys nigra var 

henonis have been reported to enhance 

the anti-fatigue capacity in mice 

(Zhang and Tang, 1997). You and his 

coworkers (You et al., 2006) found that 

oral administration of 80% ethanol 

extract of Pseudosasa japonica leaf for 
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18 days could drastically increase the 

swimming time  in experimental mice 

up to  one and  half folds and 

simultaneously reduce the blood lactate 

and  elevate  the  removal  of  lactate 

suggesting itspotential to reduce 

fatigue compared to the control group. 

Methanol   extract   of   the   leaves   of 

Bambusa vulgaris have been shown to 

possess anti-inflammatory activity 

against  the  various  anti-inflammatory 

tests performed which  includes 

formaldehyde induced rat paw edema, 

acet ic  acid  induced vascu lar 

permeability test, carrageenan induced 

peritonitis and cotton pellet granuloma 

in albino rats (Carey et al., 2009). 

Lin et al., (2008) showed that the ethyl 

acetate fraction of Sasa quelpaertensis 

leaf which is mainly rich in lipid 

soluble compounds could significantly 

reduce lipopolysaccharide induce TNF- 

α, IL-1β and IL-6 mRNA levels. This 

finding indicates that the ethyl acetate 

fraction exhibited anti-inflammatory 

activity by inhibiting the production of 

anti-inflammatory mediators and thus 

exerts health benefits. 

Leaves of different species of bamboo 

have been in use since long time not 

only as medicine but also as fodder. A 

number of studies have been done on 

animal models to judge the potentiality 

of bamboo leaf extract not only as food 

additive but also as medicine. The 

scientific validation and experiments 

clearly reveals that bamboo leaf is not 

only safe as food additive but also 

exhibit potential as raw materials to the 

pharmaceutical and nutraceutical 

industries. But a lot needs to be 

explored because the reports available 

are confined to some selected species 

of bamboo of the thousands that exists 

in nature. 

2.5 Databases 

Since the days of yore plants has been 

indispensible to mankind because of 

their multiple utility stating from food, 

construction to medicine. In most part 

of the world, the medicinal properties 

of the plants which are traditional used 

to treat various ailments has been 

handed over by the means of folklore 

from generation to generation which 

may disappear with the passage of 

time. Thus there is a need of systematic 

documentary,  to preserve the 

traditional knowledge. Today with the 

advent of computers the documentation 

of different plants and their products in 

the form of databases seems to be not 

only easy but also accessible by 

everyone and everywhere.  Through 

this database the knowledge of a 

particular  plant  is  globalized  so  that 
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people from all over the world gets the 

maximum benefits out of it. Several 

databases have been designed in the 

recent years with different attributes. 

Some includes all the relevant 

information regarding a single plant 

like the database named PlantGM 

which gives information related to 

genetic markers in rice (Oryza sativa) 

and Chinese cabbage (Brassica rapa) 

(Kim et al., 2008), TNAURice which 

provides det a i led infor mat ion 

regarding the quantitative and 

qualitative descriptors of rice along 

with parental origin (Ramalingam et 

al., 2010), CIMAN, which is a 

compilation of Citrus bioresources of 

Manipur (Sanabam et al., 2012), while 

there are some databases which 

maintains the records of plants that are 

effective against various diseases like 

asthma (Kasiranjan et al., 2007) and 

diabetes (Singh et al., 2009; Middha et 

al., 2009). Apart from these there are 

some   databases   which   particularly 

deals  with  folklore  medicines  like 

Ne Med P la nt whic h descr ibe s 

traditional formulations of plants from 

North-east region of India (Meetei et 

al., 2012) and MEDDB is a storehouse 

of over hundreds of plants which finds 

their uses in treatment of various 

ailments in and around Madurai, Tamil 

Nadu (Mary et al., 2012). Like many 

other plants bamboo also has 

innumerable exceptional properties 

which are confined to bamboo growing 

regions. Though there are a few 

databases based on this “Green gold” 

but they merely give information 

regarding bamboo trade and trade 

development. So emphasis must be 

given to develop scientific database 

based on various aspects of bamboo 

plants including the taxonomy, 

morphology, medicinal properties (if 

any), whether the shoot is edible or not 

etc. which will surely benefit the 

scientific community in general and 

bamboo lovers in particular. 
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MATERIALS AND 

METHODS 
 
 

 

3.1 Germplasm collection 

3.1.1 The study area 

The Northern half of West Bengal 

province of India i.e. North Bengal 

which is surrounded by International 

borders of Bhutan, Nepal and 

Bangladesh. The inventory was 

conducted in the forests of North 

Bengal which comprises of six districts 

- Darjeeling (Latitude 27.03° N, 

Longitude 88.18° E), Jalpaiguri 

(Latitude   260.16''   to   270.   0'   N, 

Longitude   880   4'   to   890   53''   E), 

Coochbehar  (Latitude  250  57'47"  to 

260 36'2" N, Longitude 890 54'35"to 

880 47'44"E), North Dinajpur (Latitude 

250 11' to 260 49' N, Longitude 870 

49'  to  900  00'  E),  South  Dinajpur 

(Latitude 260 35'15" to 250 10'55" N, 

Longitude 890 00'30" to 870 48'37" E) 

and Malda (Latitude 240 40'20" to 250 

32'08"N, Longitude 880 28'10" to 870 

45'50"E), covering an area of about 

21,540.66 sq. km (Fig3.1). It has wide 

and diverse forest cover that houses 

different type of bamboo. 

3.1.2 Collection of plant material 

Selected  places  covering  all  the  six 

districts included in North Bengal like 

Gorubathan, Lava, Kalimpong, 

Darjeeling, Sukna, Madarihat, Malda, 

Pundibari, Kalijhora, Pankhabari, 

Lataguri, Siliguri etc. were visited for 

the collection of the germplasm. The 

field  work  was  completed  in  nine 

months. Initially random walk in the 

forest was opted for sampling and later 

regular interval was maintained to have 

fixed sampling intensity for the study. 

Essential field data related to different 

bamboo species were recorded in the 

data sheet during the field study (fig 

3.2) which included date and time of 

collection, habits, habitat and area of 
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Figure 3.1: Map of the study area. The world map with map of India in green, which is fur- 

ther enlarged to show the map of West Bengal in green. The spots represent the places of 

bamboo collections in the North Bengal (consisting of six districts) part of the Indian state of 

West Bengal 
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the vegetation. The plant materials thus 

collected were planted in the 

experimental garden for further study 

after authentication by the bamboo 

taxonomists. 

3.2 Diversity studies of North Bengal 

bamboos 

Genetic diversity of bamboo was 

studied using different PCR based 

methods namely RAPD, PCR-RFLP, 

ISSR markers. The most important 

work for carrying out the fingerprinting 

studies was the isolation of high 

molecular weight DNA of different 

species and varieties of bamboos. The 

protocol developed by Doyle and 

Doyle (1987) was used for the isolation 

of genomic DNA with slight 

modifications as mentioned below: 

3.2.1 DNA extraction 

 Tender leaves were taken (approx. 

5g) in a mortar and pestle and 

ground into a fine powder with the 

help of liquid nitrogen. 

 The pulverized material was taken 

in a 30ml Oakridge tube (Tarsons, 

Cat#541040) containing 15 ml  of 

prewarmed (at 65ºC) CTAB 

extraction buffer (Refer Appendix I 

for composition) and gently 

swirled. 

 The tube was then incubated in a 

water  bath  (Rivotek)  for  1  hr  at 

65ºC with occasional mixing by 

gentle swirling. 

 Following the 1 hr incubation an 

equal   volume   of   chloroform 

( M e r c k I n d i a , 

Cat#822265): Isoamyl alcohol 

(Merck India, Cat#8.18969.1000) 

(24:1) was added and the mixture 

was mixed gently by inverting the 

tube upside down. 

 The mixture was centrifuged 

(REMI make, Model No.C-24) for 

15 minutes at about 6,500 rpm 

(5,000  xg)  at  24ºC  and  the 

sup e rn a t an t w as c ar e fu l l y 

transferred to a fresh tube. 

 Then 0.6 volume of ice cold 

Isop ropanol ( Merck India, 

Cat#17813) was added to the final 

supernatant. 

 Upon gentle swirling the DNA- 

CTAB complex precipitated as a 

whitish network  and was spooled 

out of the solution using a bent 

Pasteur pipette. 

 It was then washed in 70% ethyl 

alcohol (BDH Cat#10107) and 

allowed to air dry and finally 

dissolved in 500µl of 1X TE buffer 

(pH 7.4) (Refer Appendix I for 

composition). 

 The dissolved DNA was extracted 

with    an    equal    vo lume    of 



44 MATERIALS AND METHODS 
 

 

 
Figure 3.2: Datasheet used for collection of germplasm and recording field data 

 

equilibrated phenol (pH 8.0) 

(Sigma, Cat#P4557-400ML) mixed 

properly and centrifuged at 10,000 

rpm (10,000 xg) for 15 minutes. 

 The upper aqueous phase was taken 

in a fresh tube and extracted with 

a n     e q u a l     v o l u m e     o f 

chloroform:Isoamyl alcohol (24:1) 

and then centrifuged at 10,000 rpm 

(10,000 xg) for 15 minutes at room 

temperature. 

 The upper aqueous phase was taken 

in a fresh tube and to it 0.1 volume 

of  3M  sodium  acetate  (pH  5.2) 
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(SIGMA,   Cat#S-9513)   and   2 

volume of absolute ethyl alcohol 

(BDH Cat#10107) was added and 

precipitated at 4ºC for 30 minutes 

in a cooling centrifuge (REMI 

make, Model No.C-24) at 12,000 

rpm (13,500 xg). 

 The pellet obtained was washed in 

70% ethyl alcohol, dried and 

dissolved in 500µl of 1X TE buffer 

(pH 7.4). 

3.2.2 Purification of DNA 

The most important contaminants in 

crude DNA preparation are RNA, 

protein and polysaccharides and it is of 

outmost importance to remove them as 

these will hamper the further 

downstream processing. Inclusion of 

CTAB in DNA extraction buffer helps 

in elimination of polysaccharides from 

DNA preparations to a large extent. 

The RNA was removed by treating the 

sample with RNase enzyme. Extraction 

with phenol: chloroform following 

RNase treatment was also  employed 

for eliminating RNA and most of 

proteins. Following protocol was used 

to purify DNA. 

 RNaseA (50µg/ml) (SIGMA, 

Cat#R-4875) was added to the 

genomic DNA dissolved in 500µl 

of 1X TE buffer (pH 7.4)  and  it 

was incubated at 37ºC for 1 hr in a 

Dry  water  bath  (GeNei
TM    

make, 

Cat#107173). 

 A n e q u a l v o l u m e o f 

chloroform:Isoamyl alcohol (24:1) 

was added and mixed properly. 

 Centrifuged at 10,000 rpm (10,000 

xg) for 15 minutes at room 

temperature. 

 The   aqueous   phase   was   then 

t r a n s f e r r e d t o  a  f r e s h 

microcentrifuge tube (Tarsons, 

Cat#500010). 

 To the aqueous phase 0.1 volume 

of 3M sodium acetate (pH 5.2) and 

double volume of absolute ethyl 

alcohol was then added for DNA 

precipitation. It was centrifuged at 

12,000 rpm (13,500 xg) for 30 

minutes at 4ºC. 

 The DNA pellet obtained was 

washed in 70% ethyl alcohol, air 

dried and finally dissolved in 100µl 

of 1XTE (pH 7.4) buffer. 

3.2.3 Quantification of DNA 

Reliable measurements of DNA 

concentration are important for many 

applications in molecular biology 

including complete digestion of DNA 

b y r e s t r i c t i o n e n z ym e s a n d 

amplification of target DNA by 

polymerase chain reaction. DNA 

quantification is generally carried out 

by  spectrophotometric  measurements 
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or by agarose gel analysis. Both the 

methods were employed in the present 

study. 

3 . 2 . 3 . 1 S p e c t r o p h o t o m e t r i c 

measurement 

 Spectrophotometer (Thermo UV1 

spectrophotometer, Thermo Electron 

Corporation, England, UK) was 

calibrated at 260nm as well as 

280nm by taking 600µl 1X TE 

buffer in a cuvette. 

 DNA (6µl diluted in 594µl of 1X 

TE) was taken in the cuvette, mixed 

properly and the optical density 

(OD) was recorded at both 260nm 

and 280nm. 

 DNA concentration was estimated 

by employing the following 

formula: 

A m o u n t     o f     D N A     ( n g / μ l ) 

(Refer Appendix I for composition) 

containing 0.5µg/ml Ethidium 

bromide (Himedia, Cat#RM813) on 

gel platform (100X70mm) (Tarsons, 

Cat#7024). 

 Sample DNA (5µl) mixed with 3 µl 

of 6X gel loading dye (Refer 

Appendix I for composition) was 

loaded. 

 One microliter of λ DNA/EcoRI/ 

HindIII double digest (GeNei
TM

, 

Cat#106000 ) was loaded as 

molecular marker to determine the 

molecular size of the genomic DNA 

in the adjacent well. 

 The gel was run at 40V for 1hr in a 

Mini Submarine Gel Electrophoresis 

Unit (Tarsons, Cat#7030) with 

Electrophoresis Power Supply Unit 

(Tarsons, Cat#7090). 


OD260 50 dilution 

1000 

factor  After the run time was over the gel 

was visualized under UV light on a 

 The quality of DNA was judged 

from the OD values recorded at 

260nm and 280nm. The DNA 

showing A260/A280 ratio around 1.8 

was chosen for further PCR-based 

methods. 

3.2.3.2 Gel analysis 

 Agarose gel (0 . 8 %, gelling 

temperature 36° C) (SIGMA, 

Cat#A9539) was  casted  in  0.5X 

TBE   (Tris-Borate-EDTA)   buffer 

UV Transilluminator (GeNei
TM

, 

Cat#SF850). 

 The DNA quality was judged by 

presence of a single compact band at 

the corresponding position to λ 

DNA/EcoRI/HindIII double digest 

indicating high molecular weight of 

the DNA. 

 The quantity of the DNA was 

estimated by comparing the sample 

DNA   with   the   control   by   eye 
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judgment. 

 The pure DNA thus obtained was 

used for various fingerprinting 

studies. 

3.2.4 Gel Photography 

Photographs were taken for each gels 

by using an indigenously built gel 

documentation system fitted with 

Cannon SLR camera (EOS350D) and 

Marumi orange filter (58 mm YA2, 

Marumi, Japan). The software used 

was EOS utility. 

3.2.5 RAPD (Random Amplified 

Polymorphic DNA) analysis 

A total of 30 random 10 mer primers 

were screened for different species and 

varieties of bamboo under study (table 

3.1). 

3.2.5.1 RAPD-PCR amplification 

 In a sterile 0.2ml thin wall PCR tube 

(Tarsons, Cat#500050) following 

components were added for PCR 

reaction of 25µl and mixed in the 

order as given below: 

 Pyrogen free water- To a final 

volume of 25µl 

 PCR master Mix 2X (GeNei
TM 

Cat# 

6 1 0 6 0 2 2 0 0 0 3 1 7 3 0 P l . N o . 

MME22): 12.5µl 

Primer -1.25µl (0.25 µM) 

 Template DNA -2µl (25ng) 

 One negative control tube was 

prepared. PCR mix without DNA. 

Table 3.1: List of RAPD primers used 
 

 

Primer ID Sequence 

(5’-3’) 
 

OPA01 CAGGCCCTTC 

OPA02 TGCCGAGCTG 

OPA03 AGTCAGCCAC 

OPA04 AATCGGGCTG 

OPA05 AGGGGTCTTG 

OPA06 GGTCCCTGAC 

OPA07 GAAACGGGTG 

OPA08 GTGACGTAGG 

OPA09 GGGTAACGCC 

OPA10 GTGATCGCAG 

OPA11 CAATCGCCGT 

OPA17 GACCGCTTGT 

OPA20 GTTGCGATCC 

OPB01 GTTTCGCTCC 

OPF09 CCAAGCTTCC 

OPG19 GTCAGGGCAA 

OPH04 GGAAGTCGCC 

OPN04 GACCGACCCA 

OPN13 AGCGTCACTC 

OPN19 GTCCGTACTG 

MGL01 GCGGCTGGAG 

MGL02 GGTGGGGACT 

MGL03 GTGACGCCGC 

MGL04 GGGCAATGAT 

MGL05 CTCGGGTGGG 

MGL06 CGTCTGCCCG 

MGL07 CTGTCCCTTT 

MGL08 GTATTGCCCT 

MGL09 TGTACGTGAC 

  MGL10 TAGCCCGCTT   

 The PCR reactions were performed 

on a Perkin-Elmer Thermocycler 

2400. The amplification cycle 

consis ted of the fol lowing 

specifications: 

 Cycle 1: Denaturation at 94ºC for 

4min, Primer annealing at 37ºC for 

1min., Primer extension at 72ºC for 

2min. 

 Cycle 2-44: Denaturation at 94ºC 

for 1min., Primer annealing at 37ºC 

for 1min., Primer extension at 72ºC 
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for 2min. 

 Cycle 45: Denaturation at 94ºC for 

1min., Primer annealing at 37ºC for 

1min., Primer extension at 72ºC for 

10 min. 

 The PCR products were  separated 

on 1.8% (W/V) agarose gel 

containing Ethidium bromide 

solution (0.5µg/ml) run in 0.5X TBE 

buffer. 

 PCR product (12.5µl) was mixed 

with 3µl of 6X Gel loading dye 

(Refer Appendix I for composition). 

 The samples were loaded and 

electrophoresis was carried out at 

50V for 2.5hr. 

 The gels were visualized with a UV 

t r a n s i l l u m i n a t o r ( G e N e i 
TM 

, 

Cat#107161) and photographed with 

Gel Documentation System as stated 

above. A DNA ladder (λ DNA/ 

EcoRI/HindIII double digest) 

(GeNei
TM

, Cat#106000) and 100 bp 

D N A l a d d e r ( G e N e i 
T M 

, 

Cat#612652670501730) were used 

as a molecular size marker. All PCR 

reactions were run at least thrice and 

only reproducible and clear bands 

were scored and aligned by diversity 

data base software (NTSYSpc). 

3.2.6  ISSR  (Inter  Simple  Sequence 

repeat) analysis 

A  total  of  15   ISSR  primers  were 

screened  for  different  accessions  of 

bamboo under study (table 3.2). 

3.2.6.1 ISSR-PCR Amplification 

 In a sterile 0.2ml thin wall PCR 

tube (Tarsons, Cat#500050) following 

components were added for PCR 

reaction of 25µl and mixed in the order 

as given below: 

 Pyrogen free water- To a final 

volume of 25µl 

 PCR master Mix 2X (GeNei
TM 

Cat# 

6 1 0 6 0 2 2 0 0 0 3 1 7 3 0 P l . N o . 

MME22): 12.5µl 

Primer -1.25µl (0.25 µM) 

 Template DNA -2µl (25ng) 

 One negative control tube was 

prepared. PCR mix without DNA. 

 The PCR reactions were performed 

on a Perkin-Elmer Thermocycler 

2400. The amplification cycle 

consis ted of the fol lowing 

specifications: 

 Cycle 1: Denaturation at 94ºC for 

5min, Primer annealing at 50-52ºC 

(depending upon the primer) for 

1min., Primer extension at 72ºC for 

1min. 

 Cycle 2-34: Denaturation at 94ºC 

for 45s, Primer annealing at 50-52ºC 

(depending upon the primer) for 

1min., Primer extension at 72ºC for 

1min. 

 Cycle 35: Denaturation at 94ºC for 
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45s,  Primer  annealing  at  50-52ºC Table 3.2: List of primers used for ISSR 

analysis 
(depending  upon  the  primer)  for    

  Primer ID Sequence (5’-3’)  
1min., Primer extension at 72ºC for 

7 min. 

 The PCR products were  separated 

on 1.8% (W/V) agarose gel 

containing Ethidium bromide 

solution (0.5µg/ml) run in 0.5X TBE 

buffer. 

 PCR product (10µl) was mixed with 

3µl of 6X Gel loading dye (Refer 

Appendix I for composition). 

 The samples were loaded and 

electrophoresis was carried out at 

50V for 2.5hr. 

 The gels were visualized with a UV 

t r a n s i l l u m i n a t o r ( G e N e i 
TM 

, 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned in section 3.2.4. A DNA 

ladder  (λ   DNA/EcoRI/HindIII 

d o u b l e d i g e s t ) ( G e N e i 
T M 

, 

Cat#106000)   and   100   bp   DNA 

l a d d e r ( G e N e i 
T M 

, 

Cat#612652670501730) were used 

as a molecular size marker. All PCR 

reactions were run at least thrice and 

only reproducible and clear bands 

were scored and aligned by diversity 

data base software (NTSYSpc). 

3.2.7 PCR-RFLP analysis 

3.2.7.1 Primers used 

Tab c-f in  trnL-trnF (Taberlet et al., 

UBC807 (AG)8T 

UBC808 (AG)8C 

UBC810 (GA)8T 

UBC811 (GA)8C 

UBC813 (CT)8T 

UBC815 (CT)8G 

UBC818 (CA)8G 

UBC822 (TC)8A 

UBC824 TC(8)G 

UBC825 (AC)T 

UBC834 (AG)8YT 

UBC836 (AG)8YA 

UBC841 (GA)8YC 

UBC856 (AC)8YA 

UBC873 (GACA)4 
 

1991) region  of the bamboo genome 

was amplified. The primer sequence 

Tab c-5’-CGAAATCGGTAGACGCTACG-3’ 

& 

Tab f -5’-ATTTGAACTGGTGACACGAG-3’ 

was used on the basis of the known 

sequence from the Taberlet region of 

the other plant species. A schematic 

representation of the primer location is 

shown in fig. 3.3. 

3.2.7.2 PCR amplification of trnL-trnF 

region 

The polymerase chain reaction was 

carried out in a 25µl volume containing 

the following components: 

 Pyrogen   free   water-   To   a   final 

volume of 25µl 

 PCR master Mix 2X (GeNei
TM

, Cat# 

6 1 0 6 0 2 2 0 0 0 3 1 7 3 0 P l . N o . 

MME22): 12.5µl 

 Primers -1.25µl (0.25 µM) each 

 Template DNA -2µl (25ng) 
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 One negative control tube was 

prepared. PCR mix without DNA. 

 The PCR reactions were performed 

on a Perkin-Elmer Thermocycler 

2400. The amplification cycle 

consis ted of the fol lowing 

specifications: 

 Cycle 1: Denaturation at 95ºC for 

5min, Primer annealing at 50ºC for 

45s, Primer extension at 72ºC for 

2min. 

 Cycle 2-34: Denaturation at 95ºC 

for 45s, Primer annealing at  50ºC 

for 45s, Primer extension at 72ºC for 

2min. 

 Cycle 35: Denaturation at 95ºC for 

45s, Primer annealing at 50ºC for 

45s, Primer extension at 72ºC for 7 

min. 

 The PCR products were  separated 

on 1.8% (W/V) agarose gel 

containing Ethidium bromide 

solution (0.5µg/ml) run in 0.5X TBE 

buffer (pH-8.0) 

 Gel loading dye 6X (3µl) was mixed 

with 10µl of PCR product. 

 The samples were loaded and 

electrophoresis was carried out at 

50V for 2hr 20 min. 

 The gels were visualized with a UV 

t r a n s i l l u m i n a t o r ( G e N e i 
TM 

, 

Cat#107161) and photographed with 

Gel Documentation System as 

mentioned in section 3.2.4. Lambda 

DNA/EcoR I/ Hind III double digest 

molecular marker and 100 bp DNA 

ladder were used to find out the 

band size. 

3.2.7.3 PCR product restriction 

digestion 

The PCR products were subjected to 

restriction digestion with 6 different 

restriction endonucleases, namely TaqI 

(GeNei
TM   

Cat#  610100700041730  PI 

MBE7S),    Alu I   (GeNei 
TM      

Cat# 

610101700041730  PI  No.  MBE17L), 

 

 

Figure 3.3: Schematic representation of the Tab c-f primer location 
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H i n f I ( G e N e i 
T M 

, C a t # 

610102100021730  PI  No.  MBE21S), 

H a e I I I ( G e N e i 
T  M 

, C a t # 

610101000041730  PI  No.  MBE10L), 

HpaI  (GeNei
TM   

Cat#   105753)   and 

M s p I ( G e N e i 
T M 

C a t # 

610103100021730  PI  No.  MBE31S) 

all 4-base cutters. The list of the 

enzymes along with their cutting sites 

and other information’s are given in a 

tabular form (table 3.3). 

Protocol: 

 The restriction digestion reaction 

was done in total of 20µl volume 

c o n t a i n i n g t h e f o l l o w i n g 

components for each sample: 

 Restriction Enzyme buffer 2µl. 

 Pyrogen free water to make up the 

final volume. 

 Enzyme 5 units. 

 PCR product @ 5 µl. 

 The  restriction  digestion  mix  was 

spin for a moment. 

 The  mix  was  then  incubated  at 

temperature specific for enzyme for 

1 hr in a Dry water bath. 

 After 1 hr the restriction digestion 

mix product was separated on a 

1.8% (W/V) agarose gel and run in 

0.5X TBE buffer (pH-8.0). 

 Gel loading dye 6X (5µl) was mixed 

with 20µl of Restriction digestion 

product. 

 The samples were loaded and 

electrophoresis was carried out at 

50V for 2hrs. 

 The gel was stained with Ethidium 

bromide solution (0.5µg/ml). 

 The gels were visualized with a UV 

transilluminator (GeNei
TM 

make, 

Cat#107161) and photographed with 

Gel Documentation System (for 

details please refer to section 3.2.4). 

Lambda DNA/EcoR I/ Hind III 

double digest molecular marker and 

high range DNA ruler (100bp-10Kb) 

(GeNei
TM

, Cat# 612652970501730, 

PI No. MBD29) were used to find 

out the band size. 

Note:  In  case  of  enzyme  TaqI  BSA 

 

Table 3.3: List of restriction enzymes along with their cutting site and temperature 
 

Restriction Enzyme Cutting Site Temperature 

AluI 

HaeIII 

AG↓CT 

GG↓CC 

37 ºC 

37 ºC 

MspI 

HinfI 

C↓CGG 

G↓ANTC 

37 ºC 

37 ºC 

HpaI 

TaqI 

GTT↓AAC 

T↓CGA 

37 ºC 

65 ºC 
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was also added separately. 

3.2.8 Exploration  of  16S  rDNA  of 

chloroplast genome 

3.2.8.1 Primers  used  for  16S  rDNA 

region of chloroplast 

A primer pair consisting of 

337F-5’GACTCCTACGGGAGGCWGCA-3’ 

& 

907R-5’CCGTCAATTCCTTTRAGTTT3’ 

was  used  to  amplify  the  16S  rDNA 

region of the chloroplast genome. 

3.2.8.2 PCR amplification of 16S rDNA 

region 

The polymerase chain reaction was 

carried out in a 25µl volume containing 

the following components: 

 Pyrogen free water- To a final 

volume of 25µl 

 PCR master  Mix 2X (GeNei
TM 

Cat# 610602200031730 Pl. No. 

MME22): 12.5µl 

 Primers -1.25µl (0.25 µM) each 

 Template DNA -2µl (25ng) 

 One negative control tube was 

prepared. PCR mix without DNA. 

 The PCR reactions were performed 

on a Perkin-Elmer Thermocycler 

2400. The amplification cycle 

consisted of the following 

specifications: 

 Cycle 1: Denaturation at 95ºC for 

5min, Primer annealing at 54ºC for 

45s, Primer extension at 72ºC for 

2min. 

 Cycle 2-34: Denaturation at 95ºC 

for 45s, Primer annealing at 54ºC 

for 45s, Primer extension at 72ºC 

for 2min. 

 Cycle 35: Denaturation at 95ºC for 

45s, Primer annealing at 54ºC for 

45s, Primer extension at 72ºC for 7 

min. 

 The PCR products were separated 

on 1.8% (W/V) agarose gel 

containing Ethidium bromide 

solution (0.5µg/ml) run in 0.5X 

TBE buffer (pH-8.0) 

 Gel loading dye 6X (3µl) was 

mixed with 10µl of PCR product. 

 The samples were loaded and 

electrophoresis was carried out at 

50V for 2hr 20 min. 

 The gels were visualized with a UV 

t rans i l l uminato r ( Ge Nei 
TM 

, 

Cat#107161) and photographed 

with Gel Documentation System 

(Vilber Lourmat France, Model No. 

DP-001.FDC). Lambda DNA/EcoR 

I/ Hind III double digest molecular 

marker and 100 bp DNA ladder 

were used to find out the band size. 

3.2.8.3 PCR product restriction 

digestion 

The PCR products were subjected to 

restriction digestion with 3 different 

restriction   endonucleases,   namely 
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H a e I I I ( G e N e i 
T  M 

C a t # 

610101000041730  PI  No.  MBE10L), 

HpaI  (GeNei
TM   

Cat#   105753)   and 

M s p I ( G e N e i 
T M 

C a t # 

610103100021730  PI  No.  MBE31S) 

all 4-base cutters. The list of the 

enzymes along with their cutting sites 

and other informations are given in a 

tabular form (table 3.3). 

Protocol: 

 The restriction digestion reaction 

was done in total of 20µl volume 

c o n t a i n i n g t h e f o l l o w i n g 

components for each sample: 

 Restriction Enzyme buffer 2µl. 

 Pyrogen free water to make up the 

final volume. 

 Enzyme 5 units. 

 PCR product @ 5 µl. 

 The restriction digestion mix was 

spin for a moment. 

 The mix was then incubated at 

temperature specific for enzyme for 

1 hr in a Dry water bath. 

 After 1 hr the restriction digestion 

mix product was separated on a 2% 

(W/V) agarose gel and run in 0.5X 

TBE buffer (pH-8.0). 

 Gel loading dye 6X (5µl) was mixed 

with 20µl of Restriction digestion 

product. 

 The samples were loaded and 

electrophoresis  was  carried  out  at 

50V for 2hrs. 

 The gel was stained with Ethidium 

bromide solution (0.5µg/ml). 

 The gels were visualized with a UV 

transilluminator (GeNei
TM 

make, 

Cat#107161) and photographed with 

Gel Documentation System (Vilber 

Lourmat France, Model No. DP- 

001.FDC). Lambda DNA/EcoR I/ 

Hind III double digest molecular 

marker and 100 bp DNA ladder 

were used to find out the band size. 

Note: In case of enzyme TaqI BSA was 

also added separately. 

3.2.9 DNA fingerprinting data 

analysis 

Each polymorphic band was regarded 

as a binary character and was scored as 

1 (presence) or 0 (absence) for each 

sample and assembled in a data matrix. 

A similarity matrix on the basis of 

band sharing was calculated from the 

binary data using Dice coefficient (Nei 

& Li, 1979). Similarities were 

graphically expressed using the group 

average  agglomerative  clustering  to 

generate  dendrograms.  The  analysis 

was done using the software package 

NTSYSpc (version 2.0) (Rohlf, 1998). 

Correspondence analysis (2D and 3D 

plot) of right vectors from the binary 

data   was   performed   to   graphically 

summarize associations among the 
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varieties. Analysis was done through a 

batch file following the software 

package NTSYSpc. 

3.2.10 Sequencing of PCR-RFLP 

amplification products 

To confirm the identity of the PCR 

bands generated by the primer pair, the 

corresponding amplification products 

of different species of bamboos (one 

from each genera) showing good 

amount of polymorphism in case of 

TrnL-TrnF region and only one species 

of bamboo (Bambusa vulagris 

‘Vittata’) in case of 16s  rDNA were 

directly sent for sequencing to 

Chromous Biotech Pvt. Ltd., #842, II, 

Floor, Shankar Bhawan, A Block, 

Shankar Nagar, Bangalore-5600092. 

(www.chromous.com). 

Total of 100µl of PCR product for each 

sample along with 200µl each of Tab C 

(Forward) and Tab F (Reverse) primers 

for TrnL-TrnF and 100µl of each 307F 

and 997R primers for 16s rDNA were 

pipetted into PCR tubes separately, 

labeled properly and sealed with 

parafilm and sent for sequencing. 

3.2.10.1 Sequence analysis 

All the 28 (14 forward and 14 reverse) 

result  sequences  in  case  of  received 

f rom the Chromous Bio tech , 

Bangalore, were individually compared 

with the equivalent sequences from a 

range of other bamboo species present 

in sequence banks using Basic Local 

Alignment Search Tool (BLAST) 

(Altschul et al., 1990) obtained from 

National Centre for Biotechnology 

Information (NCBI) web site (http:// 

blast.ncbi.nlm.nih.gov/Blast.cgi). 

3.2.10.2 Sequence submission in public 

domain 

The raw sequences of all the thirteen 

species (one from each genera) of 

bamboo were documented with the 

help  of  Sequin  Application  Version 

12.30 Standard Release [Nov 13, 2012] 

for Database submission to GenBank 

providing necessary information’s like, 

definition of the sequence (i.e. the 

specific region of the genome), source 

of the sequence (chloroplast DNA in 

this case; name of the plant species 

along with its taxonomic position, date 

and place of collection, tissue type 

etc.). 

3.3 In vitro regeneration of 

indigenous sp. (Dendrocalamus 

strictus) 

3.3.1 Plant material collection 

Single nodal segments without any 

sprouted buds of Dendrocalamus 

strictus were collected from the forests 

of Sukna, Darjeeling district of West 

Bengal, India and used as explant. The 

plant  material  was  authenticated  by 
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bamboo taxonomist. 

3.3.2 Initiation of aseptic culture 

The nodal segments were then brought 

to the laboratory and processed for 

aseptic culture. They were washed 

carefully under running tap water. The 

culm sheets were removed carefully 

sterilization was carried out. The nodal 

segments were surface sterilized by 

immersing in 1% extran for 10 min and 

the washed several times with double 

distilled water (DDW) for 5 min each. 

After this, these were dipped in 0.1% 

mercuric chloride (HgCl2) for 5 min 

and rinsed several times with sterile 

DDW to remove the traces of HgCl2 

under the laminar air flow cabinet. 

Next, they were treated with 70% ethyl 

alcohol for 1 min and finally washed 

several times with sterile DDW (Goyal 

et al., 2010). After surface sterilization, 

the nodal segments were trimmed in 2- 

3 cm height and blotted dry on sterile 

blotting paper. 

3.3.3 Culture media and conditions 

Nodal segments were  aseptically 

cultured  in  culture  tubes  containing 

Murashige and Skoog  medium 

(Murashige   and   Skoog,   1962)   and 

Woody  plant  medium (Lloyd  and 

McCown,  1980)  supplemented  with 

3% sucrose  for shoot  and root 

development. Different concentrations 

of cytokinins like BAP (6-benzyl 

amino purine) and Kn (Kinetin) were 

experimented in this study. Agar at the 

rate of 0.8% was used as a solidifying 

agent in the culture media. The pH of 

the medium was adjusted to 5.7±0.1 

with 0.1N NaOH or 1N HCl prior to 

the addition of agar, followed by 

autoclaving at 121ºC for 20 min at 15 

psi. The growth regulators were filter 

sterilized and supplemented to the 

culture media in desired concentration. 

The media was then poured in sterile 

test tubes (to form slants) as well as 

jam bottles under laminar air flow 

cabinet. After 20 min the media 

became solidified and inoculation  of 

the explants was done carefully. 

Cultures were incubated at 25ºC with a 

photoperiod of 16 hrs at 2000-3000 lux 

light intensity of cool white fluorescent 

light. 

Subculturing was done at 2 weeks 

interval in the same media having the 

same composition. BAP and Kn at the 

rate of 1, 2, 3, 4, 5 mgL
-1 

was 

experimented to induce bud break and 

sprouting. 

3.3.4 In vitro rooting 

For in vitro rooting studies, propagules 

consisting of 3 shoots were transferred 

to full strength MS medium as well as 

h a l f    s t r e n g t h    M S    m e d i u m 
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s u p p l e m e n t e d w i t h d i f f e r e n t 

concentration of IBA (Indole-3-butyric 

acid) and NAA (Napthalene acetic 

acid) either alone or in combination. 

Data related to root number and root 

length was recorded every 2 weeks 

upto 3
rd 

subculturing. 

3.3.5 Hardening and transfer of plant 

to soil 

After rooting in vitro, the shoots with 

roots were taken out of the culture 

bottle carefully so that the root system 

is not damaged. The roots were washed 

gently under running tap water to 

remove the medium completely. The 

plantlets with roots were acclimatized 

in substrates having perlite, soil and 

farm yard manure with a ratio of 1:1:1 

(by volume) for 30 days in hardening 

shed for both primary and secondary 

hardening and finally to the field 

conditions. 

3.3.6 Detection of somaclonal 

variations among the in vitro 

regenerated plantlets 

3.3.6.1 Isolation of genomic DNA from 

the in vitro regenerated plantlets 

The genomic DNA was isolated using 

Genelute Plant Genomic DNA kit 

(Sigma Cat# G2N- 70) as: 

 Tender leaves approximately 100mg 

was ground into fine powder `in a 

small mortar and pestle using liquid 

nitrogen. 

 The ground plant tissue was then 

subjected to lysis using 350µl of 

lysis solution (Part A) and 50µl of 

lysis solution (Part B) and mixed by 

inversion and incubated at 65ºC for 

10 min. 

 Following incubation 130 µ l 

precipitation solution was added, 

mixed by inversion and  incubated 

on ice for 5 min to pellet debris. The 

supernatant was transferred to blue 

filtration column and centrifuged at 

12,000 rpm (13,500 xg) for 1 min. 

 To the filtrate 700µl of binding 

solution was added and mixed 

thoroughly by inversion. The 

mixture was then transferred to 

binding column (prepared by adding 

500µl of column preparation 

solution to the binding column and 

spinning for 1 min and discarding 

the flow-through) and centrifuged 

for 1 min at 12,000 rpm (13,500 xg) 

and the flow through was discarded. 

The process was repeated with the 

remaining mixture. The column was 

then transferred to a new collection 

tube. 

 To the column 500µl of wash 

solution (containing ethanol) was 

added and centrifuge at 12,000 rpm 

(13,500 xg) for 1 min. The column 
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was then transferred to a new 

collection tube. The process was 

repeated. 

 Finally 100µl of elution solution 

(pre-warmed at 65ºC) was added to 

the column and centrifuged at 

12,000 rpm (13,500 xg) for 1 min. 

The filtrated contained the pure 

genomic DNA. 

3.3.6.2 RAPD analysis 

Please refer to section 3.2.5 for details. 

3.3.6.3 ISSR analysis 

Please refer to section 3.2.6 for details. 

3.4 Antioxidant profiling of bamboo 

leaf 

3.4.1 Plant material and extraction 

Leaves   of   six   different   species   of 

bamboo viz. Bambusa vulgaris 

‘Vittata’,  Bambusa  pallida,  Bambusa 

balcooa, Dendrocalamus strictus, 

Dendrocalamus sikkimensis and 

Dendrocalamus hamiltonii were 

collected from the experimental field 

after  authentication  from  a  bamboo 

taxonomist.  The  leaves  were  shade 

dried.  Ground  leaves  (10g)  for  each 

sample  were  extracted  in  a  Soxhlet 

apparatus  using  80 % aqueous 

methanol,  double  distilled  water  and 

acetone separately at a ratio of 1:15 w/ 

v plant material: solvent (Shon et al., 

2004). All the extracts were evaporated 

under pressure (12 Torr) at 50
o
C and 

stored at -20
o
C. Later these extracts 

were individually dissolved in DDH2O 

in desired concentration, before using 

for experimental purpose. 

3.4.2 Determination of Plant Extract 

Yield 

Based on dry weight, the yields of 

extracts were calculated using 

following equation: 

Y w1  X 100 

w2 

where, Y= Yield (g/100 g of dry plant 

material) (W1 = the weight of the 

extract after the solvent evaporation 

and W2 = the weight of the dry plant 

material. 

3.4.3 Determ inat ion of t o ta l 

phenolic content 

The method of Singleton and Rossi 

(1965) using Folin-Ciocalteau reagent 

with slight modifications was opted to 

determine the total soluble phenols in 

the extracts. Briefly the leaf extract 

(0.5ml) was mixed with 0.5 ml FC 

reagent (previously diluted to 1:1 ratio 

with double distilled water) and 

incubated for 5 min at room 

temperature (RT), then 1 ml of 2% 

Na2CO3 solution was added. After 

incubation at RT for 10 min, using 

Themo UV1-Vis  spectrophotometer, 

the absorbance of the blue color that 

developed was read at 730 nm. Gallic 
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acid was used as a standard. The 

concentration of total phenolic 

compounds in Gallic acid was 

determined in μg of Gallic acid 

equivalent using an equation obtained 

from the standard Gallic acid  graph. 

All tests were performed in triplicates. 

3.4.4 Determ inat ion of t o ta l 

flavonoid content 

The total flavonoid content was 

determined with the Aluminum 

Chloride (AlCl3) method of Zhishen et 

al. (1999) with minor modifications. 

Here the absorbance was recorded at 

510 nm and all the experiments were 

carried out in triplicates. The plant 

extract (0.25 ml) was added to 1.25 ml 

DDW followed by 75 μl of 5% NaNO2. 

After 5 min at room temperature (RT), 

AlCl3 (0.15 ml, 10%) was added. After 

a further incubation for 6 min at RT, 

the reaction mixture was treated with 

0.5 ml of 1 mM NaOH. Finally, the 

reaction mixture was diluted with 275 

μl of DDW. Further incubation for 20 

minutes at RT was performed and the 

absorbance was measured at 510 nm. 

All tests were performed in triplet. The 

flavonoid content was calculated from 

a quercetin standard curve. 

3.4.5 Determination of total flavonol 

content 

The  protocol  developed  by Kumaran 

and Karunakaran (2007) was used to 

estimate the total flavonols using 

quercetin as a standard. Briefly the leaf 

extract (2ml) was mixed with 2ml 

AlCl3 (2%) followed by 3ml sodium 

acetate. The absorbance at 440 nm was 

read after 2.5 h at 20˚C. All 

determinations were carried out in 

triplicates. The total flavonols was 

calculated using a standard curve 

obtained from different  concentration 

of quercetin. 

3.4.6 . 6  Determination   of    

total proanthocyanidin content 

The total proantocyanidin was 

determined as per protocol previously 

reported by Sun et al. (1998). To 0.5ml 

of plant extract 3ml vanillin (4%) was 

added followed by 1.5ml of conc. HCl 

and incubated for 15 min at RT. The 

absorbance was measured at 500 nm. 

All the tests are repeated thrice. Total 

proanthocyanidin content was 

expressed as Cathechin equivalents. 

3.4.7 Antioxidant properties of 

extracts in vitro 

3.4.7.1 Free Radical Scavenging 

Activity (DPPH Method) 

The free radical scavenging capacity of 

the extracts was determined using 

DPPH (Hasan et al., 2006). The DPPH 

solution (0.006% w/v) was prepared in 

95% methanol. Freshly prepared DPPH 
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solution was taken in test tubes and 

extracts were added followed by serial 

dilutions (100–1000 μg) to every test 

tube such that the final volume was 2 

ml, and discoloration was measured at 

517 nm after incubation for 30 min in 

the dark. Measurements were 

performed at least in triplicate. 

Ascorbic acid was used as a reference 

standard and dissolved in DDW to 

make the stock solution with the same 

concentration (1 mg/ml). The control 

sample was prepared, which contained 

the same volume without any extract 

and 95% methanol was used as the 

blank. Percent scavenging of the DPPH 

free radical was measured using the 

following equation: 

S A0 
A1 100 

A0 

where, S= % scavenging activity; A0 

was the absorbance of the control and 

A1 was the absorbance in the presence 

of the sample. 

The actual decrease in absorption 

induced by the test compounds was 

compared with the positive controls. 

The IC50 value was calculated using 

the dose inhibition curve. 

3.4.7.2 Reducing Power Assay (FRP) 

The reducing power of the leaf extracts 

were determined according to the 

method  previously  described   by 

O y a i z u ( 1 9 8 6 ) .  D i f f e r e n t 

concentrations of the extract in 1 ml of 

DDW were mixed with phosphate 

buffer (2.5 ml, 0.2 M, pH 6.6) and 

potassium ferricyanide [K3Fe(CN)6] 

(2.5 ml, 1%). The mixture was 

incubated at 50°C for 20 min. A 

portion (2.5 ml) of TCA (10%) was 

added to the mixture, which was then 

centrifuged at 3,000 rpm for 10 min. 

The upper layer of the solution (2.5 ml) 

was mixed with DDW (2.5 ml) and 

FeCl3 (0.5 ml, 0.1%) and the 

absorbance was measured at 700 nm. 

Increased absorbance of the reaction 

mixture indicated increased reducing 

power. Ascorbic acid was used as a 

reference standard. Phosphate buffer 

(pH 6.6) was used as a blank solution. 

The absorbance of the final reaction 

mixture of the two parallel experiments 

was taken and expressed as mean ± 

standard deviation. 

3.4.7.3 Scavenging of Hydrogen 

Peroxide 

This activity was determined according 

to Ruch et al. (1989) with minor 

changes. An aliquot of H2O2 (2 mM) 

and various concentrations of the 

samples were mixed (1:0.6 v/v) and 

incubated for 10 min at room 

temperature.   After   incubation,   the 
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absorbance of hydrogen peroxide at 

230 nm was determined against a blank 

solution containing phosphate buffer 

without hydrogen  peroxide. For each 

concentration, a separate blank sample 

was used for background subtraction. 

The percentage scavenging activity of 

hydrogen peroxide by the BVV leaves 

extract was calculated as follows: 

HPLC Shimadzu) system used 

consisted of pump (LC-10ATVP, 

Shimadzu, Japan), UV-Vis detector 

(SPD-10A Shimadzu) equipped with 

chromtech N2000 software and a 

Rheodyne (7725i) sample injector 

fitted with a 20μl sample loop. The 

chromatographic separation was 

carried out on Supelco C18 (250X4.6 

S A0
 

A1 100 
mm  i.d.  5μm)  column.  The  mobile 

phase was water: methanol (60:40 v/v). 

A0 

where, S= % scavenging activity; A0 

was the absorbance of the control and 

A1 was the absorbance in the presence 

of the sample. 

3.4.8 HPLC analysis of Bambusa 

balcooa leaf extract 

3.4.8.1 Preparation of standard and 

sample solutions for HPLC 

Stock solutions of Gallic acid (GA), 

Quercetin, β sitosterol and Rutin were 

prepared at a concentration of 1000 µg/ 

ml just prior to use and used as 

reference standards. B. balcooa leaf 

extract was dissolved in HPLC grade 

water to get the desired concentration 

of 4mg/ml and used as sample. Prior to 

injection all the solutions were filtered 

through 0.22µm Millipore filter. 

3.4.8.2 Chromatographic conditions 

for HPLC (Pavvada et al., 2010) 

The liquid chromatographic (isocratic 

 
All the separations were performed 

isocratically at a flow rate of 1ml /min 

at room temperature. The peak area 

was determined using a UV detector at 

a wave length of 254nm. The 

chromatographic peaks of the analytes 

were confirmed by comparing their 

retention time (Rt) and UV spectra 

with those of the reference standards. 

Integrated peak areas of the samples 

using the corresponding standard were 

used to quantify the compounds. 

3.4.9 In vivo anti-hyperglycemic 

activity of Bambusa balcooa leaf 

extract 

3.4.9.1 Experimental Animals 

Male Wistar albino rats (150-200 g) 

were housed under standard laboratory 

conditions of 12h light and dark cycles, 

temperature of 25±2°C and relative 

humidity of 60±1%. The animals were 

given standard rat pellet (Lipton India 
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Ltd., Bangalore) and tap water ad 

libitum. The experimental procedures 

were conducted after the approval of 

Ethical Committee (1368/ac/10/ 

CPCSEA) and were in strict  

accordance with the protocol approved 

by Maharani Lakshmi Ammanni 

College Ethical Committee, Bangalore 

for the care and use of laboratory 

animals. 

3.4.9.2 Acute toxicity test 

Swiss albino mice (25-30 gm) of either 

sex were divided into 5 groups of 10 

each. Animals were fasted overnight 

but water was made available prior to 

experiment. Aqueous extract of B. 

balcooa leaf at different dose levels 

(5.0, 6.0, 7.0, 8.0, 9.0 g/kg BW) was 

administered once to experimental 

groups. The volume of each 

administered dose was 1ml. The mice 

were observed for 24 hours, mortality 

was recorded and median lethal dose 

LD50 (Median lethal dose) was 

determined using the arithmetic 

method of Karber modified by Aliu 

and Nwude (1982) (Middha et al., 

2011). The acute toxicity (LD50) was 

calculated using the formula: 

dead 

3.4.9.3 Alloxan induced Wistar albino 

rat model for Diabetes Mellitus 

DM was induced in overnight fasted 

rats by administering alloxan (2,4,5,6- 

t e t r a o x yp y r i m i d i n e ; 2 , 4 , 5 , 6 - 

pyrimidinetetrone) (150mg/kg BW i.p) 

in 50mM phosphate buffer (pH 7.0) in 

a volume of 1ml/kg BW. After two 

days of alloxan injection, animals 

showing the fasting blood glucose level 

more than 220-260 mg/dl were 

considered as diabetic (Pant and 

Govind, 1998; Annida and Prince, 

2005). After a period of one week 

induced animals were used for 

experimental purposes. 

3.4.9.3.1 Experimental groups 

Rats were randomly allotted into 6 

groups. 

Group 1 served as normal control and 

received distilled water (NL). 

Group 2 served as normal animals 

treated with BB 200mg/kg B.W 

(DC+BB) 

Group  3  served  as  Diabetic  Control 

animals treated with alloxan (DC) 

Group 4 served as Diabetic Control rats 

treated  with  100mg/kg  BW  aqueous 

LD50 
LDY 

I r 

DdMd / n extract of B. balcooa leaf (DC+BB) 

where: LDy = highest dose and n = 

number of animals per group (n= 10), 

Dd  =  Dose  difference,  Md  =  Mean 

Group 5 served as Diabetic Control rats 

treated with 200mg/kg BW aqueous 

extract of B. balcooa leaf (DC+BB) 
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Group 6 served as Diabetic Control rats 

treated with standard drug insulin 

(DC+I) 

The drug treatment was carried out 

every day morning with the help of 16 

gauge ball tipped feeding needle for a 

period of six weeks (Ragavan and 

Krishnakumari, 2006). FBG (fasting 

blood glucose) determined after 1
st 

week and 6
th  

week of drug treatment. 

BW (Body weight) was determined 

every day. After 6 weeks of drug 

treatment antioxidant content of liver 

were evaluated. 

3.4.9.4 Estimation  of  blood  glucose 

(Kumar et al., 2008) 

Blood samples were withdrawn by end 

tail vein cutting method from overnight 

fasted animals and blood glucose level 

was determined by using one touch 

electronic glucometer ACU check 

(Apollo Pharmacy, Bangalore, India). 

3.4.9.5 Preparation of tissue 

Liver tissue was prepared by the 

method used by Middha et al. (2011). 

The tissue was homogenized in 50mM 

phosphate buffer pH  (7.0) containing 

0.1 mM EDTA to obtain a 5% 

homogenate for the malondialdehyde 

(MDA) tests. Analytical procedures as 

SOD,  GPx   was   assayed   in   the 

s u p e r n a t a n t o b t a i n e d a f t e r 

centrifugation of the 5% homogenate at 

600 × g for10 min at 4°C (RV/FM, 

super spin, Plastocraft, India). 

3.4.9.6 Enzyme assays 

3.4.9.6.1 Glutathione Peroxidase 

(GPx, EC 1.11.1.9) 

GPx activity was measured at 37°C by 

the method of Flohe and Gunzler 

(1984). The reaction mixture consisted 

of 500 μl of phosphate buffer, 100 μl of 

0.01 M reduced glutathione (GSH), 

100 μl of 1.5 mM NADPH and 100 μl 

of GR (0.24 U). 100 μl of tissue extract 

was added to the reaction mixture and 

incubated 37 ºC for 10 min. Fifty micro 

litres of 12 mM t-butyl hydro-peroxide 

was added to 450μl of tissue reaction 

mixture and measured at 340 nm for 

180s in a spectrophotometer. A molar 

absorptivity of 6.22 X 10
3 

M/cm was 

used to determine enzyme activity. One 

unit of activity is equal to mM NADPH 

oxidized per min per mg protein. 

3.4.9.6.2 Total Superoxide Dismutase 

(SOD, E.C. 1.15.1.1) 

SOD was measured by the method of 

Misra  and  Fridovich  (1972).  Briefly 

0.05 M carbonate buffer (pH 10.2) 

containing 0.1 mmol EDTA and 30 

mmol epinephrine in 0.05% acetic acid 

were added to the tissue extract and 

changes in activity were measured at 

480 nm for 4 min. Activity was 

expressed  as  the  amount  of  enzyme 
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that inhibits the oxidation of 

epinephrine by 50%, which is 

equivalent to one unit and is expressed 

in terms of units/mg protein. 

3.4.9.6.3 Lipid Peroxidation (LPO) 

Malondialdeh yde ( MDA) was 

determined by the method of Ohkawa 

et al. (1979) using 1, 1, 3, 3- 

tetramethoxy propane  as standard. In 

brief, 8.1% SDS (sodium dodecyl 

sulfate) was added to the tissue 

homogenate and incubated for 10 

minutes at room temperature (RT), 

followed by boiling with 20% acetic 

acid and 0.6% thiobarbituric acid for 

60 minutes in a water bath. On cooling, 

butanol: pyridine (15:1 v/v) was added 

and centrifuged at 600 Xg for 5 min. 

Absorbance of the upper colored layer 

was measured at 532 nm and the 

concentration of MDA was expressed 

in terms of nM /mg protein. 

3.4.9.7 Statistical analysis 

Data were expressed as means ±  SE 

comparison between different groups 

was done using one-way ANOVA 

followed by Turkey’s Multiple 

comparison test’s (p<0.05) was 

considered to be statis ticall y 

significant. 

3.5 Creation of database 

3.5.1 Data collection and integration 

Bamboo   though   considered   as 

e c o l o gi c a l an d ec o n omi c a l l y 

significant worldwide there is no such 

academic database gathering relevant 

information till date and those few 

available are commercial particular in 

context to North Bengal. Thus keeping 

in mind the significance of bamboo an 

e l abo ra t e and comprehens ive 

compilation was done. This study was 

based on both primary and secondary 

sources. The primary sources included 

the field collection of different bamboo 

species  and   varieties   by   visiting 

d i f f e r e n t p l a c e s a n d p r o p e r 

identification and documentation, 

while the secondary sources included 

the books, literature published in peer 

reviewed journals such as PubMed, 

Science Direct, Biomed Central etc., 

theses and Government  reports. Here 

various aspects of bamboo have been 

documented which special emphasis on 

brief description of different species of 

bamboo collected from different 

regions of North Bengal, taxonomy, 

morphological features, chemical 

constituents and edible properties of 

the shoots. The references are 

hyperlinked with the original papers 

that was considered for gathering the 

informat ion . The photographs 

incorporated in the database are 

original   and   photographed   by   our 
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group and are copyrighted. 

3.5.2 Hardware and software used 

Personal  computer  with  high  speed 

processor  having Microsoft Windows 

95/98/2000/2003/XP operating system 

was used to in the development of the 

database. HTML/XML were used for 

creation of web pages and development 

of database front end. Hyper linking 

were made using dream viewer and 

frontpage. 
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4.1 North Bengal in brief 

North Bengal is the general term used 

to describe the Northern part (from 

northern bank of river Ganga to end of 

Darjeeling district) of the Indian State, 

West Bengal.  It l ies in the 

physiographic zone of Eastern 

Himalayas and Eastern Plains. It 

comprises of six Districts viz. 

Coochbehar, Darjeeling, Jalpaiguri, 

Malda, North Dinajpur and South 

Dinajpur covering a total geographic 

area of 21,855 Km
2 

(24.62% of the 

total geographic area of West Bengal). 

North Bengal is bordered by Nepal, 

Bhutan and Sikkim (India) in  the 

North, Bangladesh and Assam (India) 

in the East and Bihar in the West. 

The Darjeeling District constitutes a 

mountainous topography and is famous 

for its aggregation of resplendent flora 

and fauna with a total geographic area 

of 3149 Km
2 

and forest cover of 2289 

Km
2
. The other districts mainly 

constitute the terrain dooars plains. 

Total forest area under North Bengal is 

5242 Km
2 

(i.e. 40.34% of entire West 

Bengal). The climate is diverse and 

varies from subtropical to temperate. 

Average rainfall is about 5,000 mm 

(FSI, 2011). 

4.2 Collection of plant material 

Exploration  of  different places of 

North Bengal like Kalimpong, 

Lat agu ri ,  S i l iguri , Pundibari , 

Madarihat,  Lava, Sukna,  Kalijora, 

Pankhabari, Gorubathan, Darjeeling 

and Malda resulted in documentation 

of thirty five species and varieties of 

bamboos after proper authentication by 

the  bamboo  taxonomist  (fig  4.1  and 

4.2).  The  germplasm  thus  collected 

were   planted in  “Bambusetum” at 

Kurseong Research Range,  Sukna, 
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Darjeeling between 26º47‟26.94‟‟ N 

Latitude and 88 º 21 ‟47 . 41 ‟‟ E 

Longitude  with  an  elevation  of  532 

feet. List of different species of 

bamboo encountered in North Bengal 

is given in table 4.1. 

 

Table 4.1: List of different species and varieties of bamboo found in North Bengal 
 

 

Sample ID Name 
 

 

B1 Bambusa vulgaris Schrad „Vittata‟ 

B2 B. multiplex (Lour.) Raeusch. Ex Schult. f „Alphanso-Karr‟ 

B3  B. bamboos (L.) Voss 

B4 B. multiplex (Lour.) Raeusch. Ex Schult. f „Rivierorum‟ 

B5  B. balcooac Roxb. 

B6 B. vulgaris Schrad. „Wamin‟ 

B7 B. longispiculata Gamble 

B8 B. atra Lindl. 

B9 B. oliveriana Gamble 

B10 B. sinospinosa McClure 

B11 B. tulda Roxb. 

B12 B. pallida Munro 

B13 Cephalostachyum latifolium Munro 

B14 Dendrocalamus hamiltonii Munro 

B15  D. sikkimensis Oliv. 

B16 D. asper (Schult.) Backer 

B17 D. strictus (Roxb.) Nees 

B18 Drepanostachyum khasianum (Munro) Keng f. 

B19  D. intermedium (Munro) Keng f. 

B20 Gigantochloa Kurz ex Munro 

B21 Himalayacalamus hookerianus (Munro) Stapleton 

B22  Melocanna baccifera (Roxb.) Kurz 

B23   Phyllostachys nigra (Lodd.) Munro 

B24 Pleioblastus argenteostriatus (Regel) Nakai 

B25  Pseudosasa japonica (Steud.) Makino 

B26 Sasaella ramosa (Makino) Makino 

B27  Shibateae kumasaca Nakai 

B28 Yushania maling (Gamble) R.B. Majumdar 

B29  Chinese bamboo 

B30 Bambusa nutans Wallich ex Munro 

B31 Bambusa tuldoides Munro „Ventricosa‟ 

B32  Dendrocalamus giganteus Munro 

B33 Phyllostachys aurea Rivière & C.Rivière 

B34 Pleioblastus fortunei ( Van Houtte) Nakai 

B35 Phyllostachys edulis (Carriere) J.Houz 
 

 

(Sample ID B1-B29 were used for further downstream processing) 
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Figure 4.1: Newly emerged bamboo shoots of some species of bamboos encountered in 

North Bengal during growing season 

Gigantochloa spp Himalayacalamus hookerianus 

Shibateae kumasaca Bambusa multiplex ‘Alphonso-Karr’ 

Bambusa nutans Bambusa multiplex ‘Riviereorum’ 
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Figure 4.2: Some of the bamboos encountered in North Bengal during growing season 

Pleioblastus argenteostriatus Himalayacalamus hookerianus 

Cephalostachyum latifolium Dendrocalamus asper 

Yushania maling Bambusa vulgaris ‘Wamin’ 
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4.3 Diversity studies of bamboos of 

North Bengal 

4.3.1 DNA extraction,  purification 

and quantification 

4.3.1.1 DNA extraction 

Bamboo DNA was isolated using the 

standard protocol of Doyle and Doyle 

(1987) with minor modifications. The 

DNA-CTAB complex gave a  very 

good network of whitish precipitate of 

nucleic acid which was used for further 

downstream  processing.  The  agarose 

quantify bamboo DNA, one was 

spectophotometric  and  the  other  was 

a g a r o s e g e l a n a l y s i s . 

Spectrophotometrically the DNA 

showing A260/A280 ratio around 1.8 

(table 4.2) was chosen for PCR based 

molecular documentation methods 

after quantification by  the formula 

mentioned in the materials and 

methods  section.  While  as  per  gel 

Table 4.2: List of samples showing their 

purity 

 

gel analysis of the DNA thus obtained 

showed distinct and clear bands. 

4.3.1.2 DNA purification 

Purification of DNA is very essential 

since the crude DNA obtained is 

accompanied by many contaminants 

which includes the RNA, protein, 

polysaccharides etc. which severely 

hampers the downstream process, thus 

needs to be eliminated. Inclusion of 

CTAB  in  the  DNA  extraction  buffer 

Sample 

ID 
A260/A280 ratio (purity) 

B1 1.84 

B2 1.83 

B3 1.84 

B4 1.83 

B5 1.89 

B6 1.83 

B7 1.84 

B8 1.86 

B9 1.78 

B10 1.87 

B11 1.83 

B12 1.82 

B13 1.76 

B14 1.82 

h e l p e d i n e l i m i n a t i o n o f B15 1.80 

p o l y s a c c h a r i d e s f r o m D N A 

precipitations  to   a   great   extent. 

E x t r a c t i o n w i t h 

phenol:chloroform:isoamyl alcohol 

eliminated proteins from the sample. 

The RNAase enzyme was found to be 

effective in removing RNA. 

4.3.1.3 DNA quantification 

Two  different  methods  were  used  to 

B16 1.85 

B17 1.80 

B18 1.82 

B19 1.84 

B20 1.79 

B21 1.89 

B22 1.77 

B23 1.80 

B24 1.76 

B25 1.82 

B26 1.79 

B27 1.88 

B28 1.82 

B29 1.78 
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analysis the quality of DNA was 

judged by the presence of single 

compact and clear band at the 

corresponding position of the 

molecular marker λ DNA/EcoRI/ 

HindIII double digest indicating high 

molecular weight of the bamboo DNA. 

The quantity of DNA was estimated by 

comparing the sample DNA with the 

control by eye adjustment. 

The combination of the above three 

steps (extraction, purification and 

quantification) allowed the  extraction 

of sufficient amount of pure DNA from 

bamboo leaves for PCR amplification. 

4.3.2 Random Amplified Polymorphic 

DNA (RAPD) analysis 

RAPD analysis using 30 different 

primers each of 10 mers in length has 

been used for the 29 accessions of 

bamboo. Of the 30 primers screened 16 

(sixteen) resulted in producing distinct 

and scorable bands (table 4.3). The 

amplification profiles of the total 

genomic DNA from the 29 accessions 

of bamboo using 16 primers resulted in 

production of 326 fragments ranging in 

between 187-1875 bp of which only 

two were monomorphic, while rest 

were polymorphic (table 4.3). The 

percentage of polymorphism was found 

to be 99.39%.  The number of bands 

generated by each decamers ranged in 

between 12 (OPA17) and 34 (OPA07). 

A representative of RAPD profile of 

the 29 accessions of bamboo generated 

using OPA 07 where all the bands 

generated are  polymorphic  and  OPG 

1 9 w h i c h a l s o d e p i c t s o n e 

monomorphic band is  presented in 

figure 4.3. The similarity matrix 

obtained using the Dice coefficient of 

similarity (Nei and li, 1979) depicted in 

table 4.4. Similarity coefficient among 

the 29 accessions ranged from 0.583- 

0.911. The lowest similarity was 

observed between Dendrocalamus 

sikkimensis and Phyllostachys nigra, 

while the highest value was recorded 

between Bambusa multiplex „Alphonse 

-Karr‟   and   Bambusa   multiplex 

„Rivierorum‟ .  The dendrogram 

constructed on the basis of the data 

obtained from RAPD analysis is 

depicted in figure 4.4. In the present 

study two aspects were taken into 

consideration to evaluate the genetic 

diversity and relationships in the 29 

different accessions of bamboo. Firstly 

the comparison was made among 

generas of bamboo and secondly 

among bamboo species and varieties. 

The dendrogram showed that based on 

the similarity indices, two varieties of 

the same species i.e. Bambusa vulgaris 

„Vittata‟   and   Bambusa   vulgaris 



 

 

 

 

 

 

 

 

 

 

Table  4.3:  Total  number  and  size  of  amplified  bands,  number  of  monomorphic  and  polymorphic  bands  generated  and  percentage  of 

polymorphism generated by the RAPD primers. 
 

Primer ID Sequence 

(5’-3’) 

Total bands 

amplified 

Monomorphic 

bands 

Polymorphic 

bands 

Percentage of 

polymorphism 

Band size 

(bp) 

OPA01 CAGGCCCTTC 21 0 21 100% 367-1633 

OPA03 AGTCAGCCAC 17 0 17 100% 240-1875 

OPA04 AATCGGGCTG 21 0 21 100% 387-1127 

OPA05 ATTTTGCTTG 19 0 19 100% 360-1732 

OPA07 GAAACGGGTG 34 0 34 100% 187-1833 

OPA08 GTGACGTAGG 17 0 17 100% 230-1640 

OPA11 CAATCGCCGT 22 0 22 100% 526-1655 

OPA17 GACCGCTTGT 12 0 12 100% 409-1522 

OPA20 GTTGCGATCC 21 0 21 100% 344-1567 

OPB01 GTTTCGCTCC 20 0 20 100% 299-1387 

OPF09 CCAAGCTTCC 14 0 14 100% 419-1557 

OPG19 GTCAGGGCAA 22 1 21 95.45% 249-1356 

OPH04 GGAAGTCGCC 18 0 18 100% 303-1520 

OPN04 GACCGACCCA 18 1 17 94.44% 300-1355 

OPN13 AGCGTCACTC 31 0 31 100% 358-1627 

OPN19 GTCCGTACTG 19 0 19 100% 294-1444 

 Total 326 2 324 99.39%  
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Figure 4.3: A representative RAPD profile of 29 accessions of bamboo amplified with (A) 

OPG19 primer and (B) OPA07. Lane M1: 100 bp molecular marker; Lane B1-B29 different 

accessions of bamboo under study (please refer table 4.1 for the species and varieties name); 

Lane M2: λ DNA/EcoRI/HindIII double digest DNA ladder 

 

„Wamin‟ on one hand and Bambusa 

multiplex „Alphonse-Karr‟  and 

Bambusa multiplex „Rivierorum‟ on 

another hand formed a cluster sharing a 

node at 88.3% and 91.1% respectively. 

Similar results were also documented 

by Nayak and his coworkers (2003) 

using RAPD analysis where Bambusa 

multiplex and Bambusa multiplex var. 

Silver stripe clustered together sharing 

a node, Das et al. (2007) also using 

RAPD analysis found that Bambusa 

striata and Bambusa wamin shared a 

node while as per Mukherjee et al. 

(2010) Bambusa vulgaris and Bambusa 

vulgaris var. Vittata showed highest 

proximity and grouped together using 

ISSR and EST based primers. The 

cluster analysis showed that most  of 

the Bambusa were close to each other 

except for Bambusa balcooa and 

Bambusa oliveriana which clustered in 

different clade and Bambusa atra and 

Bambusa tulda which clustered in a 

minor clade showing coefficient 

similarity of 82.2%. Of all the species 

(B) 

(A) 



 

 

 

 

 

 

 

 

 

 

 
Figure 4.4: Dendrogram derived from UPGMA cluster analysis of RAPD markers illustrating the genetic relationships among the 29 accessions of bamboo 
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and varieties of Bambusa under study, 

Bambusa pallida was found to be 

segregated in a distinct clade showing a 

strong indication of the polyphyletic 

origin of the genus Bambusa. These 

findings are in close correspondence 

with the previous phylogenetic analysis 

on bamboo using AFLP markers (Loh 

et al., 2000), RAPD primers (Nayak et 

al., 2003; Das et al., 2007), ISSR and 

EST based primers (Mukherjee et al., 

2010). The four accessions of 

Dendrocalamus experimented here 

showed considerable divergence 

among themselves in contrast to 

traditional taxonomy. Similar  pattern 

of clustering were noted by Loh et al. 

(2000) between Dendrocalamus 

giganteus and D. brandissi using AFLP 

analysis and by Nayak et al. (2003) 

between  Dendrocalamus  strictus  and 

D.  giganteus.  The   two   species   of 

D r e p a n o s t a c h y u m i . e . 

Drepanostachyum khasianum and 

Drepanostachyum intermedium were 

distantly placed in the dendrogram 

sowing the similarity coefficient of as 

low as 72.8%. The appearance of this 

divergence might be due to their 

growth habit together with their 

morphological characteristics. The 

cluster analysis showed genetic 

proximity of Melocanna baccifera and 

Shibateae kumasaca, Sasaella ramose 

and Yushania maling, Dendrocalamus 

strictus and Gigantochloa sp. with 

similarity coefficients of 83.3%, 80% 

and 79.4% respectively. Species of all 

other genera were intermingled in the 

dendrogarm irrespective of their 

generic connectivity. The principal 

coordinate analysis which is based on 

the similarity coefficients or variance- 

covariance among the traits validated 

the dendrogram (Akond et al., 2007) 

(fig 4.5). Both the dendrogram and the 

principal coordinate analysis showed 

the similar cluster. Thus it can be 

concluded from the RAPD marker 

study that the bamboo taxonomy 

should be reconstituted taking into 

account both the data obtained from 

classical approaches and molecular 

evidences, since individual approaches 

will not be able to solve the taxonomic 

disputes which is already severely 

hampered. 

4.3.3 ISSR (Inter Simple Sequence 

repeat) analysis 

We accessed phylogenetics among the 

29 accessions of bamboo documented 

from North Bengal, India using DNA 

based technique complemented with 9 

ISSR primers. Fifteen ISSR primers 

were initially screened to generate 

polymorphic bands, out of which only 
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Figure 4.5: Principal coordinate analysis of 29 species and varieties of bamboo based on 

RAPD analysis data. (A) 2-dimensional plot and (B) 3-dimensional plot. 
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Table 4.4: The similarity matrix obtained using Dice coefficient of similarity among the 29 accessions of bamboo based on RAPD profiling 
 

 
 

B1 

B1 

1.000 

B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 

B2 0.783 1.000                            

B3 0.739 0.767 1.000                           

B4 0.772 0.911 0.711 1.000                          

B5 0.711 0.683 0.750 0.661 1.000                         

B6 0.883 0.722 0.689 0.722 0.728 1.000                        

B7 0.778 0.717 0.672 0.694 0.711 0.861 1.000                       

B8 0.728 0.700 0.711 0.722 0.650 0.722 0.739 1.000                      

B9 0.656 0.672 0.717 0.661 0.711 0.650 0.678 0.706 1.000                     

B10 0.706 0.722 0.767 0.711 0.706 0.722 0.694 0.711 0.683 1.000                    

B11 0.650 0.678 0.644 0.689 0.617 0.656 0.694 0.822 0.683 0.722 1.000                   

B12 0.683 0.678 0.700 0.667 0.639 0.678 0.672 0.656 0.661 0.678 0.644 1.000                  

B13 0.711 0.750 0.694 0.772 0.644 0.706 0.700 0.728 0.711 0.717 0.683 0.706 1.000                 

B14 0.733 0.772 0.772 0.761 0.711 0.728 0.756 0.772 0.756 0.783 0.750 0.761 0.778 1.000                

B15 0.633 0.661 0.706 0.628 0.678 0.628 0.622 0.661 0.678 0.728 0.672 0.672 0.667 0.700 1.000               

B16 0.656 0.683 0.672 0.694 0.711 0.661 0.678 0.683 0.689 0.694 0.717 0.717 0.722 0.778 0.700 1.000              

B17 0.706 0.733 0.711 0.711 0.761 0.722 0.750 0.722 0.783 0.756 0.711 0.711 0.750 0.794 0.683 0.728 1.000             

B18 0.700 0.794 0.672 0.783 0.689 0.672 0.733 0.672 0.700 0.683 0.683 0.717 0.778 0.767 0.656 0.744 0.739 1.000            

B19 0.694 0.722 0.767 0.744 0.750 0.667 0.694 0.700 0.694 0.756 0.722 0.644 0.706 0.794 0.750 0.761 0.744 0.728 1.000           

B20 0.689 0.661 0.706 0.683 0.756 0.694 0.722 0.717 0.756 0.706 0.694 0.672 0.733 0.800 0.644 0.689 0.794 0.711 0.794 1.000          

B21 0.656 0.683 0.706 0.672 0.678 0.628 0.678 0.683 0.689 0.694 0.683 0.694 0.711 0.789 0.656 0.689 0.694 0.744 0.783 0.767 1.000         

B22 0.650 0.689 0.733 0.700 0.672 0.644 0.694 0.722 0.728 0.711 0.722 0.711 0.717 0.828 0.694 0.761 0.711 0.717 0.789 0.717 0.717 1.000        

B23 0.683 0.733 0.689 0.733 0.606 0.656 0.728 0.711 0.617 0.656 0.689 0.611 0.672 0.739 0.583 0.661 0.667 0.672 0.700 0.694 0.672 0.689 1.000       

B24 0.694 0.756 0.733 0.722 0.672 0.711 0.728 0.700 0.728 0.711 0.689 0.700 0.750 0.828 0.728 0.739 0.722 0.772 0.733 0.728 0.739 0.744 0.744 1.000      

B25 0.644 0.694 0.739 0.672 0.678 0.650 0.711 0.683 0.678 0.717 0.694 0.750 0.689 0.844 0.667 0.744 0.706 0.711 0.717 0.733 0.722 0.750 0.694 0.783 1.000     

B26 0.639 0.656 0.689 0.678 0.639 0.622 0.672 0.678 0.650 0.689 0.689 0.667 0.639 0.761 0.628 0.694 0.644 0.661 0.689 0.706 0.706 0.689 0.700 0.722 0.761 1.000    

B27 0.650 0.700 0.733 0.667 0.628 0.633 0.694 0.722 0.717 0.733 0.700 0.689 0.672 0.817 0.694 0.739 0.722 0.717 0.756 0.728 0.739 0.833 0.678 0.767 0.794 0.722 1.000   

B28 0.672 0.644 0.700 0.656 0.672 0.700 0.694 0.700 0.639 0.689 0.700 0.700 0.661 0.750 0.694 0.683 0.667 0.683 0.711 0.728 0.739 0.700 0.667 0.744 0.761 0.800 0.711 1.000  

B29 0.711 0.717 0.717 0.728 0.689 0.706 0.744 0.706 0.711 0.761 0.728 0.717 0.744 0.856 0.667 0.744 0.761 0.767 0.772 0.789 0.756 0.750 0.706 0.783 0.833 0.817 0.761 0.772 1.000 

 

For details on sample ID (B1– B29) please refer table 4.1 in the results and discussion section 
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9 primers were able to produce distinct, 

scorable bands (table 4.5) and were 

selected for further study. Among the 

primers used, the primer (TC)8A 

produced only 22 bands while (TC)8G 

amplified the highest number of bands 

i.e. 33. On an average each primer 

produced about 27.11 scorable, distinct 

bands. A total of 244 amplified bands 

were produced by the 9 primers of 

which all the 244 were polymorphic. 

The frequency of polymorphism was 

found to be 100%. The band size 

ranged between 137bp to 2017bp. A 

representative of ISSR profile of the 29 

accessions of bamboo generated with 

UBC815 and UBC824 primer is 

depicted in figure 4.6. Nei‟s genetic 

similarity between each pair of species 

ranged between 0.613 - 0.960 (table 

4.6). The lowest was found between 

Bambusa   vulgaris   „Vittata‟   and 

Bambusa pallida, while the highest 

value was recorded between Bambusa 

multiplex „Alphonse-Karr‟  and 

Bambusa multiplex „Rivierorum‟. 

The dendrogram constructed based on 

the data from the ISSR based random 

primers (fig 4.7) showed that most of 

the Bambusa species and varieties 

clustered together except for Bambusa 

atra and Bambusa oliveriana which 

clustered in a minor clade showing 

coefficient similarity of 74.7%. 

Bambusa pallida was found to be 

segregated in a distinct clade from all 

other genera, species and varieties of 

bamboo under study indicating the non 

-monophylyl origin of the genus 

Bambusa. Similar views were held by 

different workers (Soderstorm and 

Ellis, 1987; Loh et al., 2000; Das et al., 

2007 and Mukherjee et al., 2010). 

Bambusa  multiplex  „Alphonse-Karr‟ 

 

Table 4.5: Total number and size of amplified bands and number of polymorphic bands gen- 

erated by ISSR primers 
 

Primer ID Sequence 

(5’-3’) 

Total 

amplified 

bands 

Polymorphic 

bands 

Percentage of 

polymorphism 

Band size 

(bp) 

UBC810 (GA)8T 27 27 100% 148-1800 

UBC815 (CT)8G 24 24 100% 190-1600 

UBC818 (CA)8G 32 32 100% 137-1843 

UBC822 (TC)8A 22 22 100% 179-1843 

UBC824 (TC)8G 33 33 100% 205-1888 

UBC825 (AC)8T 25 25 100% 204-1711 

UBC841 (GA)8YC 25 25 100% 243-1325 

UBC856 (AC)8YA 29 29 100% 153-1975 

UBC873 (GACA)4 27 27 100% 217-2017 

 Total 244 244 100%  
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Figure 4.6: ISSR banding patterns of 29 accessions of bamboo generated by (A) UBC824 

primer and (B) UBC815. Lane M1: λ DNA/EcoRI/HindIII double digest DNA ladder; Lane 

B1-B29 different accessions of bamboo under study (please refer table 4.1 for the species 

and varieties name); Lane M2:100 bp molecular marker 

 

and B. multiplex „Rivierorum‟ formed a 

cluster sharing a node at 96% similarity 

being varieties of the same species. 

This was in accordance with the results 

obtained by Nayak and his coworkers 

(2003) where Bambusa multiplex and 

Bambusa multiplex var. Silver stripe 

were found to be very close to each 

other.   Similarly   Bambusa   vulgaris 

„Vittata‟   and   Bambusa   vulgaris 

„Wamin‟ with 85.3% similarity were 

found to be closely linked being two 

varieties of the same species. This 

close proximity between the two have 

already been documented (Nayak et 

al.,2003; Das et al.,2007 and 

Mukherjee et al.,2010). Among all the 

29 accessions least proximity (0.613) 

was found between Bambusa vulgaris 

„Vittata‟ and Bambusa pallida. Of the 

4 a c c e s s i o n s o f t h e g e n u s 

Dendrocalamus , Dendrocalamus 

strictus and Dendrocalamus hamiltonii 

were close to each other and formed a 

(B) 

(A) 



 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Dendrogram generated from the cluster analysis of ISSR markers of 29 bamboo accessions 
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Table 4.6: The similarity matrix obtained using Dice coefficient of similarity among the 29 accessions of bamboo based on ISSR profiling 

 
 

 
 

B1 

B1 

1.000 

B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 

B2 0.687 1.000                            

B3 0.700 0.707 1.000                           

B4 0.673 0.960 0.707 1.000                          

B5 0.727 0.733 0.853 0.733 1.000                         

B6 0.853 0.673 0.727 0.673 0.793 1.000                        

B7 0.833 0.733 0.760 0.733 0.813 0.833 1.000                       

B8 0.693 0.740 0.767 0.740 0.753 0.667 0.740 1.000                      

B9 0.680 0.660 0.687 0.660 0.727 0.707 0.740 0.747 1.000                     

B10 0.693 0.700 0.820 0.700 0.793 0.720 0.780 0.733 0.733 1.000                    

B11 0.687 0.720 0.733 0.720 0.773 0.713 0.760 0.780 0.713 0.767 1.000                   

B12 0.613 0.633 0.673 0.647 0.673 0.653 0.673 0.680 0.680 0.720 0.713 1.000                  

B13 0.653 0.793 0.700 0.820 0.740 0.707 0.740 0.733 0.680 0.760 0.740 0.707 1.000                 

B14 0.713 0.760 0.733 0.760 0.773 0.713 0.773 0.753 0.700 0.767 0.827 0.767 0.780 1.000                

B15 0.687 0.720 0.747 0.707 0.787 0.713 0.773 0.727 0.753 0.820 0.747 0.700 0.753 0.747 1.000               

B16 0.647 0.680 0.693 0.640 0.680 0.633 0.707 0.660 0.673 0.727 0.720 0.647 0.673 0.773 0.733 1.000              

B17 0.733 0.753 0.740 0.740 0.753 0.720 0.807 0.760 0.760 0.747 0.767 0.707 0.760 0.833 0.793 0.767 1.000             

B18 0.667 0.727 0.700 0.767 0.713 0.680 0.740 0.720 0.680 0.760 0.753 0.733 0.773 0.807 0.740 0.727 0.800 1.000            

B19 0.667 0.673 0.740 0.687 0.767 0.693 0.753 0.693 0.667 0.733 0.740 0.653 0.720 0.753 0.727 0.647 0.707 0.667 1.000           

B20 0.680 0.713 0.713 0.700 0.767 0.680 0.740 0.680 0.693 0.720 0.780 0.640 0.693 0.780 0.713 0.700 0.733 0.720 0.760 1.000          

B21 0.660 0.693 0.680 0.680 0.720 0.660 0.720 0.660 0.673 0.713 0.733 0.673 0.660 0.733 0.680 0.640 0.713 0.700 0.687 0.713 1.000         

B22 0.673 0.720 0.747 0.720 0.813 0.700 0.733 0.700 0.673 0.753 0.787 0.740 0.753 0.787 0.787 0.693 0.767 0.740 0.753 0.767 0.747 1.000        

B23 0.667 0.767 0.700 0.767 0.780 0.693 0.740 0.680 0.707 0.693 0.767 0.653 0.720 0.767 0.727 0.687 0.773 0.720 0.747 0.773 0.740 0.740 1.000       

B24 0.680 0.687 0.727 0.673 0.727 0.693 0.753 0.680 0.653 0.747 0.780 0.653 0.720 0.780 0.713 0.700 0.733 0.693 0.693 0.733 0.700 0.713 0.693 1.000      

B25 0.673 0.707 0.733 0.720 0.800 0.740 0.800 0.700 0.687 0.753 0.800 0.740 0.727 0.827 0.760 0.720 0.780 0.767 0.780 0.780 0.720 0.773 0.740 0.780 1.000     

B26 0.680 0.687 0.713 0.700 0.753 0.707 0.753 0.680 0.640 0.747 0.767 0.640 0.707 0.767 0.753 0.700 0.733 0.693 0.787 0.733 0.673 0.727 0.733 0.773 0.793 1.000    

B27 0.693 0.687 0.740 0.687 0.780 0.693 0.767 0.667 0.680 0.707 0.753 0.693 0.693 0.767 0.713 0.687 0.733 0.720 0.760 0.747 0.727 0.727 0.720 0.760 0.780 0.760 1.000   

B28 0.727 0.773 0.720 0.787 0.773 0.713 0.787 0.740 0.727 0.793 0.813 0.727 0.793 0.827 0.787 0.733 0.807 0.767 0.740 0.780 0.760 0.773 0.793 0.780 0.813 0.847 0.753 1.000  

B29 0.693 0.780 0.740 0.767 0.807 0.707 0.793 0.733 0.720 0.787 0.793 0.667 0.787 0.820 0.753 0.767 0.800 0.773 0.760 0.813 0.740 0.793 0.773 0.773 0.820 0.787 0.760 0.833 1.000 

 

For details on sample ID (B1– B29) please refer table 4.1 in the results and discussion section 
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cluster sharing the node at 83.3% 

similarity while Dendrocalamus 

sikkimensis clustered with Bambusa 

sinospinosa where as Dendrocalamus 

asper formed a totally separate cluster. 

The divergence between the species of 

the same genus might be possibly due 

to their growth habit or morphological 

features (Nayak  et  al.,  2003).  This 

d i v e r g e n c e i n t h e g e n u s 

Dendrocalamus has been previously 

encountered by Loh et al. (2000), 

where they found Dendrocalamus 

giganteus and Dendrocalamus 

brandissi forming different cluster 

using AFLP technique and both Nayak 

et al (2003) and Mukherjee et al (2010) 

found Dendrocalamus strictus and 

Dendrocalamus giganteus in different 

clade employing RAPD and ISSR 

marker analysis respectively. The two 

species of Drepanostachyum i.e. 

Drepanostachyum khasianum and 

Drepanostachyum intermedium were 

distantly placed in the dendrogram 

sowing the similarity coefficient of as 

low as 66.7%. This also might be due 

to their growth habit together with their 

morphological characteristics as in case 

of Dendrocalamus. Species of all other 

genera were intermingled in the 

dendrogarm irrespective of their 

generic   connectivity.   The   principal 

coordinate analysis which is based on 

the similarity coefficients or variance- 

covariance among the traits validated 

the dendrogram (Akond et al., 2007) 

(fig 4.8). Both the dendrogram and the 

principal coordinate analysis showed 

the similar cluster. Mukherjee et al. 

(2010) also reported similar results 

wh i l e a c ce s s in g t he gen e t i c 

relationships among 22 taxa of bamboo 

using ISSR and EST-based random 

primers. Thus it can be inferred from 

the ISSR marker study that not only 

morphological features must be 

considered for the taxonomy of 

bamboo but multidisciplinary approach 

including the molecular techniques 

must be employed to have correct 

taxonomic demarcation. 

4.3.4 Combined RAPD and ISSR 

based analysis 

The similarity coefficients of the 29 

accessions of bamboo based on 326 

RAPD and 244 ISSR loci ranged in 

between 0.629 to 0.934 (table 4.7). The 

highest similarity was found between 

Bambusa multiplex „Alphonse-Karr‟ 

and B. multiplex „Rivierorum‟ (0.934) 

like RAPD and ISSR analysis 

separately, while the lowest was noted 

between B. vulgaris „Vittata‟ and 

Himalayacalamus hookerianus (0.629). 

Cluster  analysis  performed  from  the 
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Figure 4.8: Principal coordinate analysis of 29 species and varieties of bamboo based on 

ISSR analysis data. (A) 2-dimensional plot and (B) 3-dimensional plot 

(B) 

(A) 
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combined data sets of both RAPD and 

ISSR markers generated a dendrogram 

as illustrated in fig. 4.9. The 

dendrogram gave clustering pattern 

similar to that of ISSR and RAPD 

analysis separately, except for that in 

both the individual analysis (ISSR and 

RAPD), three accessions were 

segregated from the cluster and 

evolved as independent distinct clade, 

Bambusa pallida being common. In the 

combined analysis only B. pallida was 

found to diversify from the main clade. 

The correspondence analysis both 2D 

and 3D (fig 4.10) corroborated the 

cluster analysis results. However, the 

ISSR based cluster was found to be 

more similar as compared to RAPD 

based cluster. 

4.3.5 PCR-RFLP analysis of the trnL- 

trnF region of the bamboo chloroplast 

genome 

PCR-RFLP being a simple and 

inexpensive method plays an important 

role in accessing the genetic diversity 

of different plant species and was thus 

applied to study the fingerprinting of 

different species and varieties of 

bamboo found in North Bengal. 

4.3.5.1 PCR amplification and agarose 

gel analysis 

In the present study 29 species and 

varieties of bamboo were subjected to 

PCR amplification with locus specific 

primer pair 

Tab c 5‟-CGAAATCGGTAGACGCTACG-3‟ 

& 

Tab  f  5‟-ATTTGAACTGGTGACACGAG-3‟ 

developed based on the Tab c-f in 

“Taberlet” (TrnL-TrnF) region of the 

chloroplast genome of  bamboo for 

which the nucleotide information was 

available with respect to other plant 

species in the public domain. The 

primer pair successfully amplified the 

Tab c-f in “Taberlet” (TrnL-TrnF) 

region of the chloroplast genome of 

bamboo. Using the template DNA, the 

primer pair generated a single band 

following PCR of expected length i.e. 

1029 bp. The amplified product is 

shown in fig 4.11. 

4.3.5.2 PCR product restriction 

digestion and agarose gel analysis 

The PCR product obtained from the 

prime pair Tab c-f were subjected to 

restriction digestion using six different 

restriction enzymes like TaqI, AluI, 

HinfI, HaeIII, HpaI and MspI to short 

out the degree of genetic variation 

among different species and varieties 

of bamboo. Three restriction enzymes 

(HaeIII, HpaI and MspI) under study 

failed to digest the PCR products while 

the summary of the digestion by the 

other three restriction enzymes are 

depicted  in  table  4.8.  Digestion  with 



 

 

 

 

 

 

 

 

 

 

 

Figure 4.9: Dendrogram constructed on the basis of data obtained from the combined RAPD and ISSR analysis 
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Table 4.7: The similarity matrix obtained using Dice coefficient of similarity among the 29 accessions of bamboo based on combined RAPD and ISSR profiling 
 
 

 

B1 

B1 

1.000 

B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 

B2 0.729 1.000                            

B3 0.711 0.743 1.000                           

B4 0.721 0.934 0.719 1.000                          

B5 0.695 0.716 0.793 0.703 1.000                         

B6 0.846 0.698 0.695 0.700 0.737 1.000                        

B7 0.793 0.729 0.706 0.721 0.743 0.846 1.000                       

B8 0.698 0.724 0.737 0.737 0.700 0.676 0.735 1.000                      

B9 0.658 0.679 0.703 0.676 0.724 0.674 0.706 0.727 1.000                     

B10 0.687 0.724 0.806 0.716 0.743 0.714 0.729 0.714 0.706 1.000                    

B11 0.653 0.684 0.666 0.687 0.682 0.658 0.706 0.769 0.687 0.721 1.000                   

B12 0.634 0.666 0.684 0.658 0.668 0.639 0.655 0.671 0.663 0.692 0.679 1.000                  

B13 0.676 0.782 0.695 0.796 0.695 0.703 0.714 0.729 0.700 0.735 0.695 0.703 1.000                 

B14 0.711 0.764 0.745 0.756 0.745 0.706 0.753 0.764 0.740 0.759 0.777 0.764 0.775 1.000                

B15 0.653 0.679 0.714 0.660 0.719 0.653 0.679 0.679 0.708 0.753 0.698 0.668 0.695 0.708 1.000               

B16 0.650 0.682 0.684 0.674 0.695 0.645 0.692 0.682 0.679 0.703 0.706 0.676 0.687 0.775 0.711 1.000              

B17 0.711 0.737 0.724 0.714 0.751 0.695 0.753 0.732 0.767 0.743 0.719 0.706 0.743 0.809 0.719 0.743 1.000             

B18 0.671 0.767 0.690 0.769 0.695 0.660 0.729 0.698 0.690 0.719 0.700 0.714 0.761 0.769 0.679 0.735 0.764 1.000            

B19 0.660 0.698 0.743 0.711 0.748 0.655 0.698 0.692 0.674 0.729 0.737 0.655 0.714 0.769 0.727 0.692 0.716 0.698 1.000           

B20 0.679 0.690 0.698 0.692 0.761 0.668 0.716 0.700 0.714 0.695 0.729 0.658 0.716 0.782 0.671 0.684 0.751 0.711 0.780 1.000          

B21 0.645 0.687 0.690 0.679 0.690 0.629 0.671 0.666 0.674 0.687 0.684 0.660 0.682 0.748 0.647 0.660 0.700 0.719 0.729 0.732 1.000         

B22 0.653 0.695 0.729 0.703 0.724 0.647 0.690 0.700 0.687 0.721 0.745 0.706 0.716 0.793 0.714 0.711 0.729 0.716 0.764 0.735 0.732 1.000        

B23 0.660 0.740 0.684 0.737 0.690 0.645 0.708 0.698 0.653 0.660 0.721 0.634 0.692 0.743 0.637 0.660 0.700 0.687 0.729 0.743 0.703 0.716 1.000       

B24 0.679 0.706 0.714 0.687 0.687 0.668 0.706 0.679 0.676 0.706 0.708 0.668 0.716 0.777 0.703 0.706 0.714 0.706 0.690 0.714 0.706 0.714 0.721 1.000      

B25 0.647 0.690 0.729 0.692 0.719 0.663 0.732 0.700 0.671 0.721 0.729 0.732 0.690 0.809 0.682 0.711 0.714 0.727 0.748 0.751 0.700 0.751 0.711 0.751 1.000     

B26 0.647 0.679 0.692 0.692 0.692 0.642 0.690 0.679 0.639 0.700 0.708 0.668 0.663 0.745 0.660 0.679 0.671 0.663 0.716 0.703 0.684 0.698 0.711 0.735 0.756 1.000    

B27 0.650 0.687 0.721 0.663 0.679 0.655 0.714 0.682 0.695 0.719 0.711 0.682 0.671 0.769 0.684 0.703 0.721 0.719 0.735 0.716 0.714 0.759 0.682 0.743 0.759 0.716 1.000   

B28 0.684 0.721 0.708 0.729 0.719 0.695 0.727 0.716 0.676 0.727 0.735 0.700 0.727 0.772 0.719 0.700 0.719 0.721 0.727 0.751 0.748 0.729 0.732 0.740 0.761 0.814 0.711 1.000  

B29 0.695 0.737 0.719 0.735 0.740 0.684 0.748 0.716 0.714 0.753 0.745 0.690 0.753 0.830 0.698 0.743 0.767 0.764 0.769 0.798 0.732 0.751 0.737 0.751 0.814 0.782 0.732 0.793 1.000 
 

For details on sample ID (B1– B29) please refer table 4.1 in the results and discussion section 
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Figure 4.10: Principal coordinate analysis of 29 accessions of bamboo based on combined 

RAPD and ISSR analysis data. (A) 2-dimensional plot and (B) 3-dimensional plot 

(A) 

(B) 
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TaqI resulted in producing four bands 

in  all  except  for  Bambusa  multiplex 

„ Alphanso- Karr‟ ,    B.   mul t iplex 

„Rivierorum‟ ,   Cephalostachyum 

l a t i f o l i um , D r e p a n o s t a c h y u m 

khasianum and Chinese bamboo 

(Unidentified) where five bands were 

p r o d u c e d ( f i g 4 . 1 2 a ) . T h e 

polymorphism percentage was found to 

be 20% with band size between 354- 

740 bp. Restriction enzyme AluI 

showed maximum polymorphism 

(70%) generating five bands in most of 

the accessions of bamboo, six bands 

were produced in Bambusa multiplex 

„ Alphanso- Karr‟ ,    B.   mul t iplex 

„Rivierorum‟ , Cephalostachyum 

latifolium and four bands in Bambusa 

b a m b o o s , D r e p a n o s t a c h y u m 

kh a s i anu m , Hi ma la ya ca l am us 

hookerianus and Shibateae  kumasaca 

(fig 4.12b). When the PCR products 

were subjected to restriction digestion 

with HinfI it produced four bands in 

almost all the bamboo species and 

cultivars under study with the 

exception of Himalayacalamus 

hookerianus, Pseudosasa japonica and 

Shibateae kumasaca where only three 

bands were visible (fig 4.12c), while 

 

 
 

 

Figure 4.11: Amplification of bamboo accessions with primer Tab c-f (TrnL-TrnF). 

Lane M1: 100bp DNA ladder; Lane B1-B29: Different species of bamboo as listed in table 

4.1 and M2: λ DNA/EcoRI/HindIII double digest DNA ladder 
 

Table 4.8: Total fragments, number of monomorphic and polymorphic bands generated by 

using different restriction enzymes 
 

Restriction Optimum No. No. of Percentage of Band size 
enzyme temperature of polymorphic polymorphism  

  cuts bands   

TaqI 65ºC 5 1 20% 354-740 

AluI 37 ºC 10 7 70% 333-1986 

HinfI 37 ºC 4 1 25% 200-453 

Total  19 9 47.37%  
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the polymorphism percentage was 

found to be 25%. 

4.3.5.3 PCR-RFLP data analysis 

A total of 19 scorable bands were 

produced by the various restriction 

digestion enzymes ranging in between 

200-1986 bp. Of the 19 cuts 9 were 

pol ymorphic. The number of 

polymorphic bands ranged from one in 

TaqI and HinfI to seven in AluI. These 

clear and distinct bands were scored 

and used for further analysis. The 

percentage of polymorphism ranged 

from 20% to 70%. Restriction enzyme 

TaqI  revealed  20%   polymorphism, 

w h i l e H i n f I s h o w e d 2 5 % 

polymorphism and AluI generated 70% 

p o l y m o r p h i s m . T h e o v e r a l l 

polymorphism was found to be 47.37% 

(table 4.8). 

A dendrogram constructed on the basis 

of similarity estimates using the 

unweighted pair group method with 

arithmetic average (UPGMA) using 

NTSYSpc version (2.0) (Rohlf, 1998) 

is depicted in fig 4.13. The dendrogram 

was split  into two clusters . 

Phyllostachys nigra was totally 

isolated and similarly Melocanna 

baccifera and Shibataea kumasaca 

were segregated from all other species 

of bamboo. The first cluster housed a 

total of 21 accessions of bamboo which 

was further divided into two groups. 

The first group consisted of 18 species, 

including 10 species from Bambusa of 

the total 12 under study, all the four 

species of Dendrocalamus along with 

Gigantochloa spp., Pleioblastus 

argenteostriatus, Drepanostachyum 

intermedium and Sassaela ramosa. The 

second group consisted of 2 species 

Himalayacalamus hookerianus and 

Pseudosasa japonica with a genetic 

similarity of TrnL-F region of 94.7% 

(table 4.9). The second cluster 

consisted of five species in which 

Bambusa multiplex „Alphanso Karr‟, B. 

m u l t i p l e x „ R i v i e r o r u m ‟ a n d 

Cephalostachym latifolium clustered in 

the same sub-group. Similar type of 

closeness among these three species of 

bamboo was found in both the RAPD 

and ISSR analysis. Drepanostachyum 

khasianum and Chinese bamboo 

formed the other part of the second 

cluster. Both the 2D and 3D plot (fig 

4.14) of the correspondence analysis of 

the RFPL data corroborated the 

dendrogram. The above analysis 

showed no major and well supported 

incongruences in the TrnL-F region of 

the chloroplast genome of different 

bamboo species. The probable reason 

for this is that the plastid DNA is 

generally   non-recombining   and 
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(c) 

Figure 4.12: Restriction digestion products of TrnL-TrnF region of chloroplast genome. (a) 

TaqI; (b) AluI and (c) HinfI. Lane M1: 0.1-10 kb DNA ladder; Lane B1-B29: Different spe- 

cies of bamboo as listed in table 4.1 and M2: λ DNA/EcoRI/HindIII double digest DNA lad- 

der 

(b) 

(a) 
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Table 4.9: The similarity matrix obtained using Dice coefficient of similarity among the 29 accessions of bamboo based on RFLP analysis of trnL-trnF 

 
 

B1 

B1 

1.000 

B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15 B16 B17 B18 B19 B20 B21 B22 B23 B24 B25 B26 B27 B28 B29 

B2 0.895 1.000                            

B3 0.947 0.842 1.000                           

B4 0.895 1.000 0.842 1.000                          

B5 1.000 0.895 0.947 0.895 1.000                         

B6 1.000 0.895 0.947 0.895 1.000 1.000                        

B7 1.000 0.895 0.947 0.895 1.000 1.000 1.000                       

B8 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000                      

B9 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000                     

B10 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000                    

B11 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000                   

B12 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000                  

B13 0.895 1.000 0.842 1.000 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 1.000                 

B14 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000                

B15 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000               

B16 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.000              

B17 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.000 1.000             

B18 0.895 0.895 0.842 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 1.000            

B19 0.947 0.842 1.000 0.842 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.842 0.947 0.947 0.947 0.947 0.842 1.000           

B20 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.000 1.000 0.895 0.947 1.000          

B21 0.895 0.789 0.842 0.789 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.789 0.895 0.895 0.895 0.895 0.895 0.842 0.895 1.000         

B22 0.895 0.789 0.842 0.789 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.895 0.789 0.895 0.895 0.895 0.895 0.895 0.842 0.895 0.895 1.000        

B23 0.737 0.737 0.684 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.737 0.632 0.684 0.737 0.632 0.632 1.000       

B24 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.000 1.000 0.895 0.947 1.000 0.895 0.895 0.737 1.000      

B25 0.947 0.842 0.895 0.842 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.842 0.947 0.947 0.947 0.947 0.842 0.895 0.947 0.947 0.842 0.684 0.947 1.000     

B26 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.000 1.000 0.895 0.947 1.000 0.895 0.895 0.737 1.000 0.947 1.000    

B27 0.789 0.684 0.737 0.684 0.789 0.789 0.789 0.789 0.789 0.789 0.789 0.789 0.684 0.789 0.789 0.789 0.789 0.789 0.737 0.789 0.895 0.789 0.737 0.789 0.842 0.789 1.000   

B28 1.000 0.895 0.947 0.895 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.895 1.000 1.000 1.000 1.000 0.895 0.947 1.000 0.895 0.895 0.737 1.000 0.947 1.000 0.789 1.000  

B29 0.947 0.947 0.895 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.947 0.895 0.947 0.842 0.842 0.684 0.947 0.895 0.947 0.737 0.947 1.000 

 

For details on sample ID (B1– B29) please refer table 4.1 in the results and discussion section 



 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.13: Dendrogram based on the restriction digestion products data of the TrnL-TrnF region of different bamboo genome 
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Figure 4.14: Principal coordinate analysis of 29 accessions of bamboo based on restriction 

digestion products of TrnL-TrnF region of chloroplast genome. (A) 2-dimensional plot and 

(B) 3-dimensional plot 

(B) 

(A) 
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maternal l y inheri ted in most 

angiosperms. However, from this study 

it is clear that the genus Bambusa is 

closely related to Dendrocalamus and 

Gigantochloa which is at par with the 

morphological taxonomy (Li and Xue, 

1997; Li, 1998; Li and Stapleton, 

2006). Similar observation was also 

made by Sungkaew and his co workers 

( 2 0 0 9 ) w h i l e a s s e s s i n g t h e 

phylogenetic relationships among the 

bamboos taking into account five 

plastid DNA regions. 

4.3.5.4 S e q u e n c i n g of P C R 

amplification product, performing 

BLAST and submission 

A total of 13 samples (each 

representing one genera of bamboo) 

were sequenced from Chromous 

Biotech Pvt. Ltd, Bangalore for both 

the forward and reverse primers 

individually. The sequencing resulted 

in an average of 790bp for each 

reaction. In the present study the 

nucleotide BLAST was performed for 

each of the sequence obtained to find 

out the homology with the sequences 

already present in the GenBank. The 

nucleotide BLAST showed 95 to 100% 

identity with the bamboo sequence 

already available in the  GenBank. 

After authentication of the sequences 

were  submitted  to  the  GenBank  (fig 

4.17). The list of different species of 

bamboo along with their GenBank 

accession number is given in table 

4.10. 

4.3.6 Exploration of 16S rDNA of 

chloroplast genome 

4.3.6.1 PCR product agarose gel 

analysis 

In this study the genomic DNA of all 

the 29 accessions of bamboo were 

subjected to PCR amplification using a 

primer pair consisting of forward and 

reverse primers to target the 16S rDNA 

region of the chloroplast DNA of 

bamboo. The primer pair successfully 

amplified the 16s rDNA region of the 

chloroplast genome. When the PCR 

product was resolved in agarose  gel, 

the primer pair targeting the 16s rDNA 

region amplified a band of about 563bp 

(fig 4.15). 

4.3.6.2 PCR product restriction 

digestion and agarose gel analysis 

The PCR products were subjected to 

restriction digestion using different 

restriction enzymes like HaeIII, HpaI 

and MspI to examine the degree of 

genetic variation among different 

species and varieties of bamboo. 

Different restriction enzyme resulted in 

different banding pattern and generated 

bands of different base pairs. The 

restriction   enzyme   HaeI   produces 
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Table 4.10: List of bamboo species with the GenBank accessions for TrnL-TrnF region 
 

Sl. No. Plant species GenBank accession number 

1. Bambusa vulgaris „Vittata‟ (TabC) KC404810 

2. Bambusa vulgaris „Vittata‟ (TabF) KC404822 

3. Cephalostachyum latifolium (TabC) KC404812 

4. Cephalostachyum latifolium (TabF) KC404809 

5. Dendrocalamus hamiltonii (TabC) KC292015 

6. Dendrocalamus hamiltonii(TabF) KC292013 

7. Drepanostachyum khasianum (TabC) KC404811 

8. Drepanostachyum khasianum (TabF) KC404814 

9. Gigantochloa spp. (TabC) KC404799 

10. Gigantochloa spp. (TabF) KC404825 

11. Himalayacalamus hookerianus (TabC) KC404819 

12. Himalayacalamus hookerianus (TabF) KC404818 

13. Melocanna baccifera (TabC) KC404808 

14. Melocanna baccifera (TabF) KC404817 

15. Phyllostachys nigra (TabC) KC404815 

16. Phyllostachys nigra (TabF) KC404803 

17. Pleioblastus argenteostriatus (TabC) KC292011 

18. Pleioblastus argenteostriatus(TabF) KC292014 

19. Pseudosasa japonica(TabC) KC292016 

20. Pseudosasa japonica(TabF) KC292018 

21. Sasaella ramosa(TabC) KC292017 

22. Sasaella ramosa(TabF) KC292012 

23. Shibataea kumasaca (TabC) KC404807 

24. Shibataea kumasaca (TabF) KC404801 

25. Yushania maling (TabC) KC404821 

26. Yushania maling (TabF) KC404798 
 

bands between 304-675 bp, HpaI 344- 

612 bp and MspI 337-613 bp. The 

result obtained from restriction 

digestion with the enzyme MspI is 

depicted in figure 4.16. However the 

chloroplast DNA of the different 

samples analyzed showed very little 

variation among them. Therefore the 

statistical analysis has not been 

performed. 

4.3.7 Comparative account of  the 

DNA fingerprinting study 

A detailed study of DNA fingerprinting 

showed that among various techniques 

used in this study like RAPD, PCR- 

RFLP (trnL-trnF gene and 16s rDNA 

gene) and ISSR markers, ISSR marker 

proved to the most efficient molecular 

marker revealing 100% polymorphism 

among the twenty nine accessions of 

bamboo under study. This was 

followed by the RAPD technique 

which showed polymorphism of about 

99.39% among the different species 

and   cultivars   of   bamboo.   RAPD 
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Figure 4.17: Snapshot of partial sequence of Pleioblastus argenteostriatus chloroplast genome (TrnL– 

F region) with Genbank accession number. 
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Figure 4.15: PCR amplification product of 29 accessions of bamboo for 16S rDNA region of 

the chloroplast genome. Lane M1: 100bp DNA ladder; Lane B1-B29: Different species of 

bamboo as listed in table 4.1 and M2: λ DNA/EcoRI/HindIII double digest DNA ladder 

 

 

Figure 4.16: Banding pattern of 16S rDNA PCR product of different bamboo under study 

after restriction digestion with restriction enzyme MspI. Lane M1: 100bp DNA ladder; Lane 

B1-B29: Different species of bamboo as listed in table 4.1 and M2: λ DNA/EcoRI/HindIII 

double digest DNA ladder 
 

technique revealed a quick and 

effective means to establish the genetic 

relationships between the bamboo 

species without any prior knowledge of 

genomes or the use of polyacrylamide 

gels and radioactivity for resolution. 

Different species and cultivars can be 

conserved on the basis of their 

molecular differences under the light of 

the  statistical  analysis   using  newly 

developed software like  NTSYSpc. 

The sixteen RAPD primers (table 4.3) 

and nine ISSR primers (table 4.5) 

rev eal ing 99 . 39 % and 100 % 

polymorphism respectively may prove 

to be the most efficient markers 

obtained from this study. These 

markers may provide a cheap, rapid 

and effective means to evaluate the 

genetic  diversity  among  a  different 
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bamboo and help devise sampling 

strategies to compliment classical 

morpho-agronomic descriptors. PCR- 

RFLP technique using trnL-trnF region 

revealed a polymorphism of 47.37% 

among the bamboos under study. The 

only disadvantage of this method is 

that it requires locus specific primers 

for studying various gene locations in 

the genome and also it requires very 

pure DNA for restriction digestion 

studies. However, work done on PCR- 

RFLP of trnL-trnF region have 

provided us with a very good data i.e., 

sequences of  13 (thirteen) species of 

bamboo representing thirteen genera 

encountered in North Bengal and their 

GenBank accession numbers has been 

obtained which can be helpful in future 

for conservation of bamboo germplasm 

and will also help various workers 

working in this field. PCR-RFLP  of 

16s rDNA region of the 29 accessions 

of bamboo could not reveal any good 

amount of polymorphism among them, 

thus it may be concluded that 16S 

rDNA of the chloroplast genome may 

not be a good candidate for the study of 

bamboo diversity. Thus, overall DNA 

fingerprinting study of bamboos have 

generated lots of new markers for 

identification of bamboo and can prove 

to be effective and promising marker in 

assessing genetic variations among the 

bamboo species found in North Bengal. 

4.4 In    vitro    regeneration    of 

Dendrocalamus strictus 

4.4.1 Plant material 

In this experiment single nodal 

segments were used as explants for in 

vitro regeneration. The nodal segment 

was opted since they have active 

meristems and has the potential to 

produce axillary buds which in turn can 

develop into plantlets. This property of 

nodal culture forms the basis of 

vegetative propagation. However using 

tissue culture techniques the rate of 

shoot multiplication can be increased 

to many folds. The phytohormone 

(cytokinins and auxins) accelerates the 

event. It is due to the continuous 

availability of the cytokinin in the 

growth medium that the nodal segment 

gives rise to axillary bud which grows 

into shoot. Thus the nodal segment 

proves to be suitable explants for in 

vitro regeneration (Aruna et al., 2009; 

Ramadevi et al., 2012). 

4.4.2 Culture initiation 

Contamination by fungi and bacteria 

was the main problem that posed 

during the early stage of the culture 

initiation. To get rid of this, various pre 

-disinfection treatments (extran, 70% 

ethanol,   cetrimide   and   mercuric 
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chloride) were employed but it could 

not eliminate the contaminants totally 

but however was effective in reducing 

the rate of bacterial and fungal 

infection. Extran in combination with 

HgCl2 has been used in the tissue 

culture study of Thamnocalamus 

spathiflorus, the Asian bamboo by Bag 

and his co-workers (2000) previously. 

Mercuric chloride and 70% ethanol 

have been used to disinfect the explants 

o f B a m b u s a w a m i n a n d 

Dendrocalamus farinosus (Arshad et 

al., 2005; Hu et al., 2011) respectively. 

Other than these different chemicals 

have been used by different workers in 

t issue culture to get r id of 

contaminations in several bamboo 

species belonging to different genera 

(Arya, 1999; Ndiaye et al., 2006; Arya 

et al., 2008; Mehta et al., 2010; Bejoy 

et al., 2012; Devi et al., 2012).  The 

contamination of the culture was 

observed parallel to the separating of 

the sheaths and sprouting of the 

explants. It can be inferred from the 

a b o v e o b s e r v a t i o n t h a t t h e 

contaminants are housed within the 

layers of the sheaths and just mere 

surface sterilization failed to remove 

them. Pre-treatment of the explants 

with 0.1% HgCl2 for 5 min could help 

to eliminate bacterial infection but to 

eradicate the fungal infection, the 

duration of HgCl2 treatment was 

increased to 10 min. These explants 

remained green and healthy growth and 

proliferation of the axillary shoots were 

observed. 

4.4.3 In vitro bud breaking and shoot 

initiation 

Only 20% of the explants sprouted 

when cultured in basal  medium. The 

percentage of bud breaking frequency 

was increased by supplementing the 

basal medium with plant growth 

regulators like BAP and Kinetin. 

Regeneration of the plantlets also 

depended upon the type of medium 

used. MS medium was found to 

suitable in comparison with the wood 

plant medium (WPM) for bamboo. 

Since the WPM was not found to be 

effective it was not used anymore and 

only MS was employed for further 

regeneration. This indicates that that 

some of the essential component 

requi red b y bamboo for i t s 

regeneration is not available in WPM. 

Highest sprouting rate (49%) was 

found to be in MS medium with 4mg/l 

BAP. Further increase in the hormone 

concentration resulted in reduction of 

bud sprouting. Of the two hormones 

BAP was found to be more suitable 

(table  4.11).  The  data  pertaining  the 
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effect of BAP and Kn individually on 

the shoot multiplication of D. stictus is 

depicted in table 4.11. It was observed 

that different concentration of BAP had 

a significant effect on shoot 

multiplication. The maximum rate of 

shoot multiplication (3.68 shoots per 

explant) was observed on medium 

supplemented with 4 mg/l BAP which 

was significantly higher than other 

BAP treatments after 6 weeks. The 

effect of Kn on shoot multiplication 

was found to be moderate upto 5mg/l 

with highest (2.66 shoots per explant) 

at 4mg/l Kn after 6 weeks. The 

hormones also had considerable effect 

on the shoot length. The highest shoot 

length after 6 weeks (3.11 cm) was 

noted  with  5mg/l  BAP  followed  by 

3.07 cm with 5mg/l Kn while decrease 

in the shoot length was noted with 

other treatments. The new shoots were 

excised from the in vitro developed 

shoots for subculture. The subculture 

was done every 2 weeks. The increase 

in shoot number was observed in the 

first two subsequent subcultures in all 

the treatments with BAP (i.e 1-5 mg/l) 

and then reduced thereafter (table 

4.12). However the best multiplication 

of 3.86 shoots per explant was 

recorded during the 2
nd 

subculture in 

MS medium supplemented with 4mg/l 

BAP (table 4.12). Both the cytokinins 

behaved differently in the present 

investigation with BAP being more 

effective compared to Kn. BAP is most 

commonly used cytokinin mainly due 

to two fold reasons, firstly it is cheap 

and secondly it can be autoclaved 

(Thomas and Blakesley, 1987). In the 

present study BAP was found to be 

effectual for shoot multiplication. 

These findings are in accordance with 

the earlier work on in vitro propagation 

of different bamboo species like 

Bambusa arundinacea (Ansari et al., 

1996), Dendrocalamus asper  (Arya 

and Arya, 1997), Bambusa ventricosa 

(Huang and  Huang,  1995),  Bambusa 

n u t a n s a n d D e n d r o c a l a m u s 

membranaceus (Yasodha et al., 1997), 

Bambusa bambos (Arya and Sharma, 

1998), Bambusa glaucescens (Shirin 

and Rana 2007), Bambusa balcooa 

(Mudoi and Borthakur, 2009), 

Dendrocalamus hamiltonii (Arya et al., 

2012) where BAP has been widely 

used and was found to be  effective. 

The less effectiveness of Kn on in vitro 

propagation of Dendrocalamus strictus 

was also noted by Nadgir and his co- 

workers (1984) and Das and Rout 

(1991). 

4.4.4 In vitro rhizogenesis and 

acclimatization 
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Table 4.11: Effect of BAP and Kinetin on bud breaking frequency, shoot bud proliferation 

and shoot length 

Hormone mg/l Bud break No of primary shoots per explant Shoot 

frequency 

(%) 
2 weeks 4 weeks 6 weeks 

length after 

6 weeks 

(cm) 
 

BAP 1 32 1.25±0.31 1.38±0.20 1.46±0.07 1.67±0.11 

2 36 1.93±0.24 1.99±0.11 2.23±0.21 1.89±0.18 

3 45 2.32±0.49 2.46±0.24 2.89±0.20 2.04±0.14 

4 49 3.18±0.12 3.40±0.17 3.68±0.37 2.61±0.14 

5 46 2.88±0.27 3.11±0.54 3.46±0.32 3.11±0.41 

Kinetin 1 27 1.06±0.13 1.22±0.19 1.46±0.16 1.74±0.11 

2 33 1.69±0.10 1.84±0.13 2.14±0.21 1.96±0.18 

3 38 2.02±0.09 2.16±0.15 2.45±0.17 2.13±0.09 

4 36 2.31±0.43 2.43±0.32 2.66±0.29 2.58±0.30 

5 32 2.16±0.27 2.31±0.18 2.48±0.21 3.07±0.28 
 

 

 

Table 4.12: Effect of BAP on shoot proliferation in the subsequent subculture 

Hormone mg/l No of primary Subculture (shoots per explant after 2 weeks) 
 

 shoots per explant 
(after 2 weeks) 1st 2nd 3rd 

BAP 1 1.25±0.06 1.32±0.09 1.49±0.11 1.33±0.15 

 2 1.93±0.11 2.03±0.08 2.18±0.17 2.29±0.08 

 3 2.32±0.09 2.54±0.19 2.78±0.22 2.72±0.10 

 4 3.18±0.17 3.41±0.22 3.86±0.19 3.72±0.13 

 5 2.88±0.10 3.19±0.27 3.77±0.21 3.74±0.19 

 

The results of root induction among the 

in vitro regenerated plantlets achieved 

by culturing on either MS medium or 

h a l f s t r e n g t h M S m e d i u m 

supplemented with different auxins like 

IBA and NAA either singly or in 

combination is depicted in table 4.13 

and 4.14. About 87% of the shoots 

rooted in MS medium supplemented 

with either IBA or NAA or 

combination of both (1-3 mg/l). The 

highest  number  of  root  (1.36)  was 

regenerated on full strength MS 

medium supplemented with 3 mg/l 

NAA (table 4.13), while maximum 

length of 1.64 cm of roots was 

recorded with combination of 1 mg/l 

IBA and 3 mg/l NAA (table 4.14). The 

half strength MS medium was found to 

be less effective for in vitro rooting in 

comparison to full strength MS 

medium. This result was in accordance 

with previous reports (Rout et al., 

1999;   Kumaria   et   al.,   2012).   The 
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Table 4.13:Effect of IBA and NAA on various parameters of in vitro rooting in D. strictus 
 

Rooting media Hormone (mg/l) No of primary 

roots per explant 

Root length (cm) 

MS IBA 1 0.32±0.01 0.88±0.03 

 IBA 2 0.78±0.03 1.12±0.02 

 IBA 3 1.24±0.09 1.56±0.07 

 NAA 1 0.29±0.01 0.64±0.01 

 NAA 2 0.81±0.02 0.98±0.09 

 NAA 3 1.36±0.04 1.44±0.07 

½ MS IBA 1 0.21±0.01 0.58±0.02 

 IBA 2 0.69±0.03 0.95±0.08 

 IBA 3 0.98±0.04 1.09±0.05 

 NAA 1 0.18±0.01 0.36±0.01 

 NAA 2 0.56±0.04 0.69±0.02 

 NAA 3 0.74±0.07 0.88±0.04 
 

Table 4.14:Combined effect of IBA and NAA on in vitro rooting 
 

 

Rooting media 
Hormone 

(mg/l) 

IBA NAA 

No of primary 

roots per explant 

Root length 

(cm) 

 

1 1 0.54±0.01 1.02±0.03 

1 2 0.87±0.01 1.21±0.06 

MS 1 3 1.32±0.03 1.64±0.03 

2 1 0.62±0.01 0.88±0.01 

2 2 1.11±0.06 1.16±0.02 

2 3 1.06±0.02 1.29±0.04 
 

 

plantlets with well developed roots 

after transplantation to potting mixture 

containing perlite, soil and farm yard 

manure with a ratio of  1:1:1 (by 

volume) exhibited 70% survival rate 

and grew in the greenhouse (fig 4.18). 

After a month these acclimatized plants 

were transferred to the field. 

4.4.5 Somaclonal variation among the 

in vitro raised plantlets 

In bamboo micropropagation through 

axillary bud proliferation where no 

intermediary callus formation occurs 

has been largely attempted (Saxena, 

1990;  Saxena  and  Bhojwani,  1993; 

Arya et al., 1999; Jimenez et al., 2007). 

The in vitro raised plants are expected 

to be genetically identical to the mother 

plant (used as explants), but however 

possibility of having some genetic 

variations cannot be ignored. 

Somaclonal variation is thought be a 

common event in the in vitro raised 

plants which include an array of 

genetic and epigenetic variations 

(Peredo et al., 2006). In this study an 

attempt was made to screen the in vitro 

raised Dendrocalamus strictus plantlets 

for somaclonal variations (if any) by 

employing   both   RAPD   and   ISSR 
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Figure 4.18: Stages in development of in vitro cultured Dendrocalamus strictus. 

(a) Axillary bud breaking. (b) Healthy axillary bud increasing its volume. (c & d) Multiple 

shooting. (e) Development of leaves. (f &g) Root induction in rooting medium. (h) Plantlet 

with well developed roots. (i & j) Acclimatized plant in the green house. 

(f) 
(d) 

(e) 

(h) 

(b) 

(c) 

(a) 

(i) (j) 

(g) 
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markers analysis. A total of 19 primers 

(which already successfully amplified 

the genomic DNA of all the 29 

accessions of bamboo) where used to 

screen somaclonal variations, out of 

which 10 were RAPD and rest 9 were 

ISSR primers. The amplification using 

all the 10 RAPD primers resulted in 58 

scorable bands where as the ISSR 

primers resulted in producing 66 

distinct and scorable bands (table 

4.15). The number of bands varied 

from 3 to 11 in case of RAPD primers 

and 5 to 11 in case of ISSR markers 

with an average of 5.8 and 7.33 bands 

respectively. All the  bands generated 

were found to be monomorphic across 

all the in vitro raised plantlets and the 

parent plant analyzed irrespective of 

whether RAPD primers or ISSR 

markers were used. A representative of 

RAPD and ISSR profile is depicted in 

figure 4.19. The band size ranged in 

between 240-1455 bp and 183-1544 bp 

in case of RAPD and ISSR markers 

respectively. This uniformity in the 

banding pattern confirms the genetic 

fidelity of the in vitro raised 

Dendrocalamus strictus plantlets. 

Detection of clonal fidelity in in vitro 

raised bamboo have been attempted by 

Das and Pal (2005a) and Negi and 

Saxena  (2010).  In  Bambusa  balcooa 

Table 4.15: PCR amplicons obtained from 

RAPD and ISSR markers in in vitro raised 

Dendrocalamus strictus 
 

Primer 

ID 

Total 

bands 

No. of 

monom 

orphic 

bands 

Band 

size (bp) 

OPA03 7 7 240-1145 

OPA07 6 6 245-892 

OPA11 4 4 545-1455 

OPA20 6 6 344-667 

OPF09 5 5 435-710 

OPG19 11 11 249-893 

OPH04 3 3 451-864 

OPN04 7 7 409-851 

OPN13 6 6 358-1375 

OPN19 3 3 315-1444 

Total 

bands 

58 58  

UBC810 8 8 309-845 

UBC815 9 9 190-1554 

UBC818 11 11 137-1011 

UBC822 5 5 587-1214 

UBC824 7 7 305-1237 

UBC825 7 7 330-1152 

UBC841 9 9 312-1163 

UBC856 5 5 183-1108 

UBC873 5 5 294-857 

Total 

bands 

66 66  

 
 

 
and Bambusa tulda, Das and Pal 

(2005b) used merely 5 RAPD 

decamers to establish the genetic 

stability among the micropropagated 

plantlets. Later in 2010, Negi and 

Saxena made an attempt to access the 

genetic fidelity among the regenerants 

of Bambusa balcooa employing 15 

ISSR markers. Though both RAPD 

primers and ISSR markers helps in 

detecting polymorphism, ISSR markers 
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Figure 4.19: DNA fingerprinting patterns of in vitro raised D. strictus. ISSR primers, (a) 

UBC824; (b) UBC810; (c) UBC822 and RAPD primers (d) OPH04; (e) OPN04 and (f) 

OPG19, among in vitro regenerated plantlets compared with the donor plant: Donor plant 

(lane1), micropropagated plants (lanes 2-7) and molecular weight markers 0.1-10 kb DNA 

ladder (M1) and λ DNA/EcoRI/HindIII double digest (lane M2). 

(f) (e) 

(d) (c) 

(b) (a) 
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dominates the RAPD primers. ISSR 

markers showed high polymorphism 

and have good reproducibility because 

of the presence of large number of SSR 

region as compared to RAPD (Ray et 

al., 2006). Moreover, ISSR markers are 

much larger in size than RAPD which 

are decamers and hence has higher 

annealing temperature.   Higher 

annealing temperature is considered to 

result in greater consistency where as 

lower annealing temperature might 

produce artefact amplicons because of 

non-specific amplification (Bornet and 

Br a n c h a r d , 2 0 0 1 ) . Bo t h t h e 

fingerprinting techniques have their 

own advantages and disadvantages. 

Thus, keeping this in mind both RAPD 

primers and ISSR markers were used to 

screen the clonal stability of 

Dendrocalamus strictus. This analysis 

showed that there was virtually no 

variability among the micropropagated 

plantlets of Dendrocalamus  strictus 

and thus can be concluded that the in 

vitro raised plants avoided the genomic 

aberrations and did not lead to any 

somaclonal variation. 

4.5 Antioxidant potential of bamboo 

leaf 

Despite the growing interest in the 

bamboo not only as food additive but 

also   as   medicine   because   it   is 

considered to be a good source of 

natural antioxidants, there is still 

scarcity of information related to the 

chemical constituents of many bamboo 

species. So here is an attempt to 

evaluate the in vitro antioxidant 

activities of six bamboo species 

encountered in North Bengal viz. 

Bambusa vulgaris „Vittata‟, Bambusa 

p a l l i d a ,   B a m b u s a   b a l c o o a , 

D e n d r o c a l a m u s s t r i c t u s , 

Dendrocalamus sikkimensis  and 

Dendrocalamus hamiltonii. 

4.5.1 Plant yield 

Efficiency of extraction is the 

important factor in studying the 

antioxidant potential of a plant. The 

percentage yield in different bamboo 

species ranged between 3.37% to 

9.04% in water, 3.33% to 6.98 % in 

methanol   and   2.79%   to   5.57%   in 

acetone (table 4.16). 

4.5.2 Total phenol content 

The total phenol content of crude 

extracts (aqueous, methanolic and 

acetonic) of different species of 

bamboo leaf was obtained from the 

regression equation (R) for the 

calibration curve of gallic acid and 

expressed as gallic acid equivalent 

(GAE). The phenolic content of all the 

six bamboo species (Bambusa vulgaris 

„Vittata‟, Bambusa  pallida,  Bambusa 
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Table 4.16: Plant yield of different bamboo leaf extracts 
 

 

Plant yield (%) 
 

Species Name Water Methanol Acetone 

Bambusa vulgaris „Vittata‟ 3.37 3.33 2.94 

B. pallida 6.26 4.78 4.51 

B. balcooa 3.74 4.21 2.79 

Dendrocalamus strictus 8.55 5.93 5.57 

D. sikkimensis 5.93 5.07 4.29 

D. hamiltonii 9.04 6.98 4.86 

 

Table 4.17: Total phenol contents of different bamboo leaf extracts 
 

 

Phenol Content in mg GAE/g 
 

Species Name Water Methanol Acetone 

Bambusa vulgaris „Vittata‟ 

B. pallida 

345.91±0.071 

583.53±0.053 

220.69±0.084 

399.69±0.019 

325.63±0.051 

194.53±0.021 

B. balcooa 367.90±0.016 378.55±0.030 219.96±0.026 

Dendrocalamus strictus 

D. sikkimensis 

112.103±11.2 

351.40±0.007 

68.942±6.89 

344.87±0.012 

36.158±3.61 

144.53±0.004 

D. hamiltonii 285.26±0.01 392.13±0.06 178.38±0.02 

 

balcooa, Dendrocalamus strictus, 

Dendrocalamus sikkimensis  and 

Dendrocalamus hamiltonii) leaf extract 

in different solvent is depicted in table 

4.17. There was a large dispersion in 

the concentration of phenols in the 

examined extracts ranging from 

36.158±3.61 to 583.53±0.053 mg 

GAE/g. The higher concentrations of 

total phenol content was found to be in 

the aqueous extract irrespective of the 

species of bamboo, this was followed 

by methanol and acetone, except for 

Bambusa vulgaris „Vittata‟ where 

acetonic   extract   had   higher   phenol 

content compared to methanol. The 

highest phenol content was found in 

aqueous extract of Bambusa pallida 

leaf extract, while the lowest was 

recorded in the acetonic extract of 

Dendrocalamus strictus leaf extract. 

This difference in the phenolic content 

with respect to solvent type might be 

due to difference in polarity of the 

solvent depending upon which 

select ive phenol ic compounds 

percolate in the extract. Thus it can be 

inferred that the content of phenol in 

the  plant  extract  depends  upon  the 
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polarity of the solvent used for 

extraction. 

4.5.3 Total flavonoid content 

The concentration of flavonoids of 

crude extracts (aqueous, methanolic 

and acetonic) of different species of 

bamboo leaf was expressed in terms of 

qercetin equivalent (QE). The 

summary of the total flavonoid content 

in the tested extracts are depicted in 

table 4.18. The concentration of 

flavonoids in the experimented samples 

differed greatly with respect to the 

solvent type ranging from 155.2±0.001 

to 918.2±0.035 mg QE/g. The higher 

flavonoid content was measured in 

methanolic extracts followed by the 

acetonic and aqueous. Bambusa 

vulgaris „Vittata‟ leaf extract however 

behaved differently showing flavonoid 

content as acetonic> methanolic> 

aqueous. Higher level of flavonoids in 

methanolic extracts can be attributed to 

the fact that methanol is less polar than 

water and thus has the potential to 

release   the   bound   flavonoids   and 

polyphenols from the cell wall of the 

plant (Lapronic et al., 2005). This 

suggests that for flavonoids isolation 

the solvents of moderate polarity are 

reliable and methanol proved to be the 

best amongst the tested solvents. 

4.5.4 Total flavonol content 

The flavonol content of the aqueous, 

methanolic and acetonic extracts of the 

leaves of different bamboo species is 

elucidated in table 4.19. Flavonol was 

abundant in the methanolic extract 

compared to acetonic and aqueous 

extracts. Great variation was observed 

in the flavonol contents of different 

bamboo   species    ranging    from 

2 0 . 0 2 ± 0 . 0 1 µ g Q E / g i n 

Dendrocalamus sikkimensis methnolic 

extract to 0.153±0.001 µg QE/g in D. 

sikkimensis aqueous extract. Thus it 

can be said that the flavonols are potent 

methanol soluble antioxidants which 

prevent oxidative cell damage and is 

responsible for the pharmacological 

activity of the bamboo leaves. 

4.5.5 Total proanthocyanidin content 

 

Table 4.18: Total flavonoid contents of different bamboo leaf extracts 
 

 

Flavonoid Content in mg QE/g 
 

Species Name Water Methanol Acetone 

Bambusa vulgaris „Vittata‟ 155.2±0.001 159.80±0.047 289.2±0.008 

B. pallida 179.2±0.003 912±0.037 303.2±0.006 

B. balcooa 227.2±0.007 918.2±0.035 355.2±0.014 

Dendrocalamus strictus 199.2±19.92 619.2±61.92 175.2±17.2 

D. sikkimensis 223.2±0.007 895.2±0.006 161.2±0.004 

D. hamiltonii 277.2±0.003 827.2±.007 187.2±0.001 
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Results obtained in the present study 

r e v e a l e d t h a t t h e l e v e l o f 

proanthocyanidin was considerable in 

the methanolic extract compared to the 

aqueous (water) or acetonic extract 

irrespective of the species of bamboo 

(table 4.20). Among the aqueous 

extracts, Dendrocalamus hamiltonii 

showed the highest amount of 

proanthocyanidin with 53.59±0.03 µg 

Cathechin E/g while least was noted in 

D. sikkimensis with just 6.99±0.007 µg 

Cathechin E/g. The amount of 

proanthocyanidin varied in between 

298.24±0.011 µg Cathechin E/g in B. 

balcooa to 108.04±0.009 µg Cathechin 

E/g in Dendrocalamus strictus in the 

methanolic extract. The acetonic 

extract didnot show much variation in 

the p roanthoc yani d in conten t 

irrespective of the bamboo species. The 

c o n t e n t w a s f o u n d b e t w e e n 

38.45±0.011 µg Cathechin E/g in B. 

balcooa to 49.51±0.04 µg Cathechin E/ 

g in  D.  hamiltonii.  The  presence  of 

c o n s i d e r a b l e a m o u n t o f 

proanthocyanidin   in   bamboo   leaf 

extract might be responsible for its 

antioxidant activity. Since higher 

amount of proanthocyanidin is found in 

the methanolic extract, it can be said 

that methanol proved to be suitable for 

solvent for  extraction compared to 

other solvent types. 

4.5.6 Total Antioxidant Activity 

4.5.6.1 DPPH (2,2 -Diphenyl-1- 

picrylhydrazyl) scavenging activity 

This assay is based on the ability of 

DPPH (a protonated  radical), to 

decolourise in  the presence of 

antioxidants  having  the  characteristic 

absorption  maxima  at  517nm.  Thus, 

DPPH  is  extensively used in 

determining the radical  scavenging 

activity  of  plants  including  bamboo 

(Jun  et  al.,  2004).  DPPH  scavenging 

ability   by   the   leaf   extract   of   six 

bamboo  species,  screened  in  water, 

methanol and acetone  solvent is 

depicted   in   fig.   4.20.   The   highest 

scavenging  activity  of  92.84  %  was 

noted  in  the  methanolic  extract  of 

Bambusa balcooa followed by 89.84% 

and 88.97% in Dendrocalamus strictus 

Table 4.19: Total flavonol contents of different bamboo leaf extracts 
 

 

Flavonol Content in µg QE/g 
 

Species Name Water Methanol Acetone 

Bambusa vulgaris „Vittata‟ 3.14±0.002 4.14±0.01 2.31±0.001 

B. pallida 0.51±0.000 14.18±0.007 1.73±0.001 

B. balcooa 1.80±0.001 12.29±0.006 3.62±0.002 

Dendrocalamus strictus 0.62±0.007 10.3±0.003 1.57±0.001 

D. sikkimensis 0.153±0.001 20.02±0.01 1.12±0.001 

D. hamiltonii 0.204±0.01 9.41±0.14 1.02±0.07 
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Table 4.20: Total proanthocyanidin contents of different bamboo leaf extracts 
 

 

Proanthocyanidin content in µg Cathechin E/g 
 

 

Species Name Water Methanol Acetone 
 

 

Bambusa vulgaris „Vittata‟ 39.61±0.003 197.2±0.024 47.18±0.015 
 

B. pallida 8.16±0.003 111.26±0.001 40.08±0.017 

B. balcooa 20.39±0.009 298.24±0.011 38.45±0.011 

Dendrocalamus strictus 9.63±0.002 108.04±0.009 42.31±0.006 

D. sikkimensis 6.99±0.007 144.46±0.007 41.65±0.002 

D. hamiltonii 53.59±0.03 233.58±0.02 49.51±0.04 
 

 

 

and B. vulgaris „Vittata‟. Among the 

aqueous extracts the DPPH scavenging 

activity ranged in between 47.59% to 

66.15%, among acetonic extracts 

between 20.19% to 61.63%; while it 

ranged from 79.84% to 92.84% in case 

of methanolic extracts. The scavenging 

activity was also found to increase with 

the increase in concentration of the 

extracts irrespective of the bamboo 

species. Overall the methanolic extract 

was found to be most effective 

followed by water, acetonic extract 

exhibited the lowest scavenging 

activity. This may be because of 

elevated levels of  the active 

compounds together with the 

polyphenols in both the aqueous and 

the methanolic extracts which scavenge 

DPPH radicals and thus attribute to 

their higher antioxidant activity 

(Chueng et al., 2003; Goyal et al., 

2011). 

4.5.6.2 Ferric reducing power (FRP) 

assay 

The reductive capability of the various 

bamboo leaf extracts and fractions 

compared to ascorbic acid is depicted 

in fig 4.21. The reducing power of 

various extracts of bamboo leaves was 

found to be notable, which increased 

gradually with a rise in concentration. 

The reductive capability is determined 

by the transformation of Fe
3+ 

to Fe
2+ 

in 

presence of either the extract or the 

ascorbic acid used as standard 

(Akinpelu et al., 2010). The aqueous 

extract was found to possess higher 

reductive capabilities in all cases 

except (Dendrocalamus hamiltonii 

where methanol showed highest). 

Compared to methanolic extracts, 

acetonic extracts of Bambusa vulgaris 

„ V i t t a t a ‟ , B . p a l l i d a a n d 

Dendrocalamus strictus had slightly 

higher reductive potentiality. From the 



 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20: DPPH scavenging activity of bamboo leaf extracts . (A) Bambusa vulgaris „Vittata‟; (B) B. pallida; (C) B. balcooa; (D) Dendrocalamus stric- 

tus; (E) D. sikkimensis and (F) D. hamiltonii 
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figure it is clear that at many events 

irrespective of the solvent type, the 

reducing capacity of the bamboo 

extracts complemented with the 

standard ascorbic acid. 

4.5.6.3 Hydrogen peroxide 

scavenging activity 

As shown in figure 4.22, different 

bamboo extract exhibited hydrogen 

peroxide reducing activity in a 

concentration manner. The H2O2 

scavenging activity was found to be 

between 50.58 to 99.35% in all the 

solvent types. The higher values were 

however shown by the extracts 

prepared using methanol as solvent in 

all the cases followed by water. The 

values for methanolic extract were in 

between 79.36% (Dendrocalamus 

strictus) to 99.35% (Bambusa baclooa) 

and that of water between 57.92% (D. 

strictus) to 94.89% (B. baclooa). 

However, the H2O2 scavenging was 

drastically reduced in the acetonic 

extracts. Hydrogen peroxide being a 

weak oxidizing agent has the potential 

to inactivate a few enzymes, by 

oxidation of essential thiol groups. It 

also has the potential to form hydroxyl 

radical either by reacting with Fe
2+  

or 

Cu
2+

ions once inside the cells and thus 

cause toxicity  ( Halliwell  and 

Gutteridge,   1993).   To   avoid   such 

toxicity the accumulation of H2O2 

needs to be restricted. Scavenging of 

H2O2 by the different fractions of 

different bamboo leaf extract may be 

ascribed to their phenolics, which 

donate electron to H2O2, thus reducing 

it to water. 

All the six species of bamboo under 

study viz. Bambusa vulgaris „Vittata‟, 

Bambusa pallida, Bambusa  balcooa, 

D e n d r o c a l a m u s s t r i c t u s , 

Dendrocalamus sikkimensis  and 

Dendrocalamus hamiltonii exhibited 

considerable antioxidant activity 

irrespective of the solvent type used for 

the preparation of the leaf extract. 

Among the three solvent types, 

methanol was found to be more 

suitable compared to water and 

acetone. The present study though 

confirms that the bamboo leaves as 

store house of natural antioxidants and 

are rich sources of polyphenols that 

could have great importance as 

therapeutic agents in preventing or 

slowing the progress of aging and age 

associated oxidative stress related 

degenerative diseases. However, 

further investigation with respect to 

identification of the compounds is of 

absolute necessity. 

Similar observations were also  made 

by   Macwan   et   al.   (2010)   while 



 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21: Ferric reducing power activity of bamboo leaf extracts . (A) Bambusa vulgaris „Vittata‟; (B) B. pallida; (C) B. balcooa; (D) Dendrocalamus 

strictus; (E) D. sikkimensis and (F) D. hamiltonii 
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Figure 4.22: H2O2 scavenging activity of bamboo leaf extracts . (A) Bambusa vulgaris „Vittata‟; (B) B. pallida; (C) B. balcooa; (D) Dendrocalamus stric- 

tus; (E) D. sikkimensis and (F) D. hamiltonii 
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evaluating the antioxidant potential of 

Bambusa arundinacea leaf using three 

different types of solvents, water, 

methanol and butanol. They also 

reported that compared to water and 

butanol, methanolic extract had 

considerable higher amount of 

antioxidant activity and thus proved to 

be suitable candidate for preparing the 

extracts. 

4.5.7 HPLC analysis of Bambusa 

balcooa aqueous leaf extract 

Bamboo, because of its nutrients 

content is regarded as the most 

valuable natural plants (Pathak, 1979; 

Rajebhosale et al., 1998). The use of 

bamboo in traditional medicine dates 

back to some 2500 years and has been 

well documented in some Chinese 

medicinal books. In China the 

antioxidants from bamboo leaves has 

already been approved as novel 

additive and is included in the list of 

“natural product serving as both food 

and medicine” by the Ministry of 

Health, People‟s Republic of China 

(Ministry of Health, 2003). A large 

number of functional polyphenols are 

present in bamboo. Polyphenols are 

classified as flavonoids, phenolic acid 

derivatives, stilbenes or lignins based 

on their structures (Harborne, 1988). 

Many  different   natural   compounds 

have been isolated from different 

bamboo species which include 

homoorientin, isovitexin, orientin, 

vitexin, quercetin, luteolin, rutin, 

caffeic acid, p-coumaric acid, 

chlorogenic acid and tricin (Zhang et 

al., 2002b) but still much is left to be 

explored. In the present study aqueous 

extract of Bambusa balcooa leaf was 

considered for HPLC analysis 

primarily due to two fold reasons. One 

being the presence of moderate 

amount of antioxidants and the other 

being its traditional use to treat 

diabetes by the Moran folk in 

Tinsukia district of Assam (India) 

(Kalita and Phukan, 2010) in the same 

form. The chromatogram tested at 

254nm is depicted in fig 4.23a. The 

retention time for standard rutin, gallic 

acid and β sitosterol was 1.85, 2.61 

and 6.27respectively (fig 4.23b). The 

HPLC estimation of aqueous fraction 

of B. balcooa leaf showed the 

presence of different 

phytoconstituents. However, only 

three phytoconstituents were 

identified as rutin, gallic acid and β 

sitosterol having retention time of 

1.94, 2.74 and 6.35 respectively. The 

amount of rutin, gallic acid and β 

sitosterol per gram of B. balcooa leaf 

was found to be 1.03 mg, 0.007 mg 
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and 0.065 mg respectively. Thus the 

HPL chromatogram of the aqueous 

extract of B. baclooa leaf confirms the 

presence of biomarkers like rutin, 

gallic acid and β sitosterol. Rutin is 

the glycosidic form of quercetine. The 

pharmacological effect of rutin is well 

documented and finds its application 

in varieties of ways like antitumor 

(Deschner et al., 1991), anti 

inflammatory (Aleksandrov et al., 

1986), antidiarrheal (Di Carlo et al., 

1993), antimutagenic (Bear and Teel, 

2000), myocardial protecting (Pozin et 

al., 1996), immunomodulator (Chen et 

al., 2000), hepatoprotective activities 

(Janbaz et al., 2002) and antidiabetic 

(Kamalakkannan et al., 2006). The 

presence of rutin in the bamboo 

extract can induce the β cells to 

produce the insulin and/or protect the 

β cells from deterioration and thus 

help in reducing diabetes. Similarly, 

the antioxidant property of gallic acid 

is also reported (Hsu and Yen, 2007) 

and the property of gallic acid to 

enhance the insulin receptor 

sensitivity might be responsible for its 

anti hyperglycaemic  activity (Huang 

et al., 2005). Moreover rutin was 

higher in content compared to gallic 

acid and hence rutin may be 

responsible     for     the     antidiabetic 

activity and the gallic acid in turn may 

act as adjuvant with rutin and enhance 

the pharmacological action of B. 

balcooa leaf extract. The third 

compound detected is the β sitosterol, 

which is already established as an 

active phytosterol having multiple 

pharmacological properties (Mutai et 

al., 2009) like antiatherosclerosis 

(Choi et al., 2002; Vivancos and 

Moreno, 2008), anticancer (Awad et 

al., 1996; Awad et al., 1998), anti- 

inflammatory (Park et al., 2001) and 

antidiabetic (Lau et al., 2005) 

activities. The presence of β sitosterol 

in the plant extract might also be 

responsible for the  antidiabetic 

activity of B. balcooa leaf extract. The 

possible reason might be that it 

elevates insulin secretion either 

thorough antioxidant activity 

(Vivancos and Juan, 2005) or 

regeneration of β cells of Islets of 

Langerhans (Gupta et al., 2011). 

Thus for the above analysis it can be 

concluded that all the tree compound 

detected have the potential to cure 

diabetes individually and in this case 

they might complement with each 

other and enhance the activity of B. 

balcooa to cure diabetes and thus 

justifies  its  traditional  use  by  the 
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Figure 4.23: HPLC chromatogram. (a) Bambusa balcooa aqueous leaf extract and (b) Stan- 

dards like rutin, gallic acid and β sitosterol 
 

ethnic communities in India to 

conserve good health. 

4.5.8 In vivo anti-hyperglycemic 

activity 

Today there are innumerable in vitro 

reports on the use of plants as a source 

of dietary natural antioxidants and the 

list is ever increasing and the term „rich 

in antioxidant‟ has become a very 

common practice (Halliwell, 2007; 

Gutteridge and Halliwell, 2010), but 

their biological availability to animals 

and humans are not clearly established. 

Thus, before claiming that a particular 

(b) 

(a) 
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food or beverage is rich in antioxidant 

and is suitable for consumption, it is 

always necessary to evaluate whether 

they exhibit the same activity in both in 

vitro and in vivo systems (Halliwell, 

2012) or not. In some cases the activity 

in both in vitro and in vivo systems are 

same (Lee et al., 2006; Wang et al., 

2007) but more often it is not 

(Halliwell et al., 2005; Halliwell, 2009; 

Boomgaarden et al., 2010). In the 

present study an attempt has been made 

to study the anti-hyperglycemic effect 

of the aqueous leaf extract of Bambusa 

balcooa in alloxan induced diabetic 

rats. The aqueous leaf extract of 

Bambusa balcooa is being used by 

traditional practitioners to  treat 

diabetes (Kalita and Phukan, 2010). 

Since the leaf extract is traditionally 

prepared using aqueous methods for 

the treatment of diabetes, so here also 

we used the aqueous method rather 

than organic to approximate the levels 

of compounds in the plant under study 

that might be consumed to help control 

diabetes. 

4.5.8.1 Acute toxicity test 

The primary sign of toxicity was 

noticed only after 10-12 hours of the 

administration of extract with decrease 

in locomotor activity and sense of 

touch. This was followed by reduced 

feed intake and prostration after about 

18 hours. The median lethal  dose 

(LD50) of the aqueous extract of  BB 

was found to be 5.18 gm/kg body 

weight in mice and thus can be 

considered to be relatively safe (Lork, 

1983). 

4.5.8.2 Effect on fasting blood glucose, 

plasma insulin and glycated Hb 

Table 4.21 interprets the fasting blood 

glucose (FBG), plasma insulin and 

glycated hemoglobin (glycated Hb) 

level in alloxan induced diabetic rats 

treated with 100 mg/Kg and 200 mg/ 

Kg of Bambusa balcooa extract, 

insulin, glienclamide and control 

groups. FBG increased up to three 

folds after alloxan induction compared 

to normal control rats. The higher dose 

(200mg/Kg BW) of B. baclooa leaf 

extract showed  more significant 

reduction (50.86%) in FBG than lower 

dose (100mg/Kg BW) (35.64%) and 

glibenclamide treated (44.98%) as 

compared to the diabetic control rats. 

The possible mechanism by which B. 

baclooa leaf extract brings about its 

hypogycemic action might be that it 

possess insulin like effect either by 

promoting glucose uptake or inhibiting 

hepatic gluconeogenesis (Tanko et al., 

2008) also it might act by eliciting 

either   the   pancreatic   secretion   of 
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insulin from the β- cells  of Islets of 

Langerhans or its release from the 

bound form (Parmar et al., 2007; 

Middha et al., 2012). Similar to FBG 

level, the administration of extract at 

100 and 200 mg/Kg BW and 

glibenclamide significantly reduced the 

glycated Hb level by 34.81%, 54.27% 

and 40.78% as compared to diabetic 

control rats. This decrease in the 

glycated Hb level might be due to 

increase in  insulin  secretion and 

reactivation of glycogen synthase 

enzyme system (Pandhare et al., 2011). 

The infusion of bamboo extract at both 

the doses significantly increased the 

plasma  insulin  level  from  2.09±0.27 

µU/ml in diabetic control to 7.08±0.41 

µU/ml and 11.08±0.54 µU/ml at 

100mg/Kg BW and 200mg/Kg BW 

respectively. These observation suggest 

that the hypoglycaemic activity of this 

bamboo   may   be   mediated   through 

enhancement of peripheral metabolism 

of glucose and an increase in insulin 

release. 

4.5.8.3 Effect of B. balcooa leaf extract 

on SOD, GPx and MDA 

In the current study, the activity of 

endogenous enzymatic antioxidants 

such as SOD (Superoxide dismutase) 

and GPx (Glutathione periodase) have 

been evaluated. SOD is an important 

antioxidant defence enzyme which 

protects tissue against oxygen free 

radicals by catalyzing the dismutation 

of superoxide radicals converting it 

into hydrogen peroxide and molecular 

oxygen (Arivazhagan et al., 2000; Chis 

et al., 2009). The reactive oxygen 

species of SOD is effective when its 

activity is followed by GPx. GPx is 

involved in detoxifying the hydrogen 

peroxide (H2O2) generated by SOD 

(Halliwell, 2001) and other organic 

hydroperoxides    (ROOH)    and    thus 

 

Table 4.21: Effect of Bambusa balcooa aqueous leaf extract on fasting blood glucose, 

plasma insulin and glycated Hb levels in control and alloxan induced diabetic rats 

Fasting Blood Glucose 

(mg/dL) 

Plasma Insulin 

(µU/ml) 

Glycated Hb (%total Hb) 

 

NL 89.54±6.74 13.15±0.65 1.32±0.07 

NL+BB  90.12±8.87  13.09±1.71  1.28±0.21 

DC  289±3.87
a  

2.09±0.27
a 

5.86±0.74
a 

LB  186.61±8.7
b  

7.08±0.41
b 

3.82±0.27
b 

HB 142.86±7.17
b 

11.08±0.54
b 

2.68±0.42
b 

DG  159.0±9.47  9.83±0.47  3.47±0.54 

DI 108.60±1.43
b 

12.08±0.46
b 

1.98±0.42
b
 

 

NL, Normal; NL+BB, normal control rats treated with Bambusa balcooa leaf; DC, Diabetic Control; LB, Dia- 

betic control rats treated with B. balcooa leaf (100mg/Kg BW); HB, Diabetic control rats treated with B. balcooa 

leaf (200mg/Kg BW); DG, Diabetic control treated with glibenclamide and DI, Diabetic insulin. Values are mean 

± SE (n=6 animals/group) in experimental animals. aSignificant as compared to normal control rats. bSignificant 

as compared to allaxon induced diabetic rats 
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protects the membrane from lipid 

peroxidation. In diabetic rats, the 

activity of SOD was significantly 

decreased in the liver as depicted in 

figure 4.24. Supplementation of B. 

balcooa leaf extract exhibited an 

increase in the SOD activity in the liver 

by 9.49% and 28.98% at a dose of 100 

mg/Kg BW and 200 mg/Kg BW. A 

similar trend was noticed in 

glibenclamide treated rats by 18.71%. 

Similarly, GPx activity was reduced in 

diabetic rats with respect to the control 

rats (figure 4.25). Treatment of diabetic 

rats with both low and high doses of 

extract up regulated the GPx activity 

by 9.96% and 16.06% respectively. 

Glibenclamide treated rats also attained 

an elevation of 12.51% in GPx activity. 

In insulin treated rats, the activity was 

restored to normal. These observations 

emphasises that the two enzymes are 

interconnected and lowering of their 

enzymatic activity leads to deposition 

of lipid peroxides which in turn 

increases the oxidative stress in the 

diabetic rats. Treatment with B. 

balcooa leaf extract increased the 

enzyme activity significantly and thus 

may help eliminate the free radicals 

generated during diabetes mellitus. 

The concentrations of MDA 

(Malondialdehyde) in liver of normal 

and experimental rats are depicted in 

figure 4.26. MDA is one of the final 

products of polyunsaturated fatty acid 

peroxidation whose production 

increases with the increase in free 

radicals in the cells. MDA level is 

popularly designated as marker of 

oxidative stress (Gawel et al., 2004; 

Misra et al., 2009). In the present 

study, diabetic rats showed a 

significant increase in MDA compared 

to normal rats. Supplementation of low 

B. balcooa  leaf  extract 

supplementation lowered the lipid 

peroxidation by 47.44% whereas 

49.36% reduction was observed in the 

rats fed with high B. balcooa leaf 

extract. The effect of glibenclamide 

treatment on MDA was in between the 

low and high dose and reduced MDA 

by 48.72%. Thus it can be inferred that 

this bamboo extract could be effective 

in reducing lipid peroxidation. 

These results are in  accordance  with 

the other reports on the activity 

bamboo. Nzreen and his co-workers 

(2011) reported the hypoglycaemic 

activity of Bambusa arundinacea in 

streptozotocin induced diabetic rats. In 

their experiment they found a 

significant decrease in the blood 

glucose level in treated rats along with 

reduction in the glutathione and lipid 
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Figure 4.24: Effect of B. balcooa leaf extract supplementation on superoxide dismutase in 

liver of experimental rats. Values are means + S.E. (n=6 animals/groups) in liver of 

experimental animals. Results were considered significant between the groups at p < 0.001 

in a comparative studies with DC. Those are not sharing the common letters (a & b) are 

significantly different. 

 

 
 

Figure 4.25: Effect of B. balcooa leaf extract supplementation on glutathione peroxidase in 

liver of experimental rats. Values are means + S.E. (n=6 animals/groups) in liver of 

experimental animals. Results were considered significant between the groups at p < 0.001 

in a comparative studies with DC. Those are not sharing the common letters (a-c) are 

significantly different. 
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Figure 4.26: Effect of B. balcooa leaf extract supplementation on lipid peroxidation in liver 

of experimental rats. Values are means + S.E. (n=6 animals/groups) in liver of experimental 

animals. Results were considered significant between the groups at p < 0.001 in a 

comparative studies with DC. Those are not sharing the common letters (a & b) are 

significantly different. 
 

peroxidation level and thus elevation in 

the enzymes activity. In another 

experiment on Dendrocalamopsis 

oldhami leaf extract, Lv et al. (2012) 

also observed significant decrease  in 

the SOD and GPx activity in the liver 

when the animals were fed with  the 

leaf extract. This study suggests that 

the diabetic animals are exposed to 

oxidative stress and the leaf extract of 

B. balcooa can partially reduce the 

imbalances between the events of 

generation of reactive oxygen species 

and the scavenging enzyme activity. 

Thus it can be inferred from the above 

study that  B. balcooa could be a 

supplement as an antioxidant therapy 

due to its resemblance in activity with 

insluin and may prove to be beneficial 

in eliminating the hypergylcemia and 

preventing diabetic complications 

occurring due to lipid peroxiadtion and 

free radicals. However further studies 

on B. balcooa and its isolated 

compounds are essential, for better 

understanding the mechanism of action 

by which it modulates the oxidative 

stress in liver due to diabetes and thus 

develop a potential antidiabetic drug. 

4.6 Creation of database 

This part of the country is endowed 

with resplendent flora and bamboo is 

one of them. A curated database based 

on  different  species  and  varieties  of 

a 

b b b b 
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Figure 4.27: Snapshot of home page of bambooinfoline 
 

bamboos growing in North Bengal 

called “Bambooinfoline: a database of 

North Bengal bamboos” have been 

developed, that can be accessed at 

http://www.bamboodb.ind.in/. The first 

page of the database is called the 

“home” page which gives a general 

introduction about bamboo and the 

need of developing 

“Bambooinfoline” (fig 4.27). This page 

has links to other pages of the database 

like   bamboopedia,   bamboo   mining, 

bamboo click. Other than this 

information about the contributors, 

contact, data collection etc. are also 

linked. The “bamboopedia” page 

provides an idea about the different 

uses of bamboo along with graphs 

showing the distribution of bamboo 

worldwide, number of bamboo species/ 

live collections in different parts of 

India and the hyperlinked references 

(fig 4.28). The list of 34 different 

bamboo encountered in North Bengal 

http://www.bamboodb.ind.in/
http://www.bamboodb.ind.in/
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Figure 4.28: Snapshot of bamboopedia 

 
 

 
Figure 4.29: Snapshot of bamboomining 
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Figure 4.30: Snapshot of bambooclick 

 

has been provided in “bamboo 

mining”. Each scientific name of the 

bamboo is hyperlinked. The detailed 

information about the particular 

bamboo is being displayed  in a new 

web page containing brief description, 

their specifications, taxonomy, 

chemical constituents (if any), whether 

the shoots are edible or not and the 

references which is also further 

hyperlinked (fig 4.29). In “bamboo 

click” original photographs of bamboo 

is displayed (fig 4.30). For each species 

multiple photographs representing 

different part of plants has been 

uploaded. “Bambooinfoline” is perhaps 

the first approach as a free accessible 

academic real time database for 

bamboo.  More  scientific  information 

 

regarding bamboo species of this 

region will be incorporated in due 

course of time. Periodically continuous 

updates will be released to include 

other bamboo species. Using 

bioinformatics, an approach has been 

made to systematically compile the 

information related to this green gold 

in North Bengal which was unexplored 

till date. This knowledgebase based on 

bamboo would be an ideal source for 

information retrieval and would also be 

helpful in identifying areas for future 

research in providing a quick review on 

the number of bamboo species for the 

benefit of scientific community in 

general and bamboo  lovers in 

particular. 
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It was in June, 2008 when I joined The 

Molecular Genetics Laboratory, 

Department of Botany and decided to 

pursue my research work for PhD 

degree. The very first question was 

‘what to work on?’. I was determined 

to work on any economically important 

indigenous plant of North  Bengal. 

After consulting my PhD guide and 

searching available literature I was 

convinced that virtually no work has 

been done on the various species and 

varieties of bamboos of North Bengal. 

Although this particular plant is widely 

used by the local people for various 

purposes including food, fodder, home 

decoration, building houses, making 

scaffolds and even for the last ride for 

making stature. Moreover, particularly 

the poor people extensively use 

bamboo for day to day  activities. 

Thus, keeping this in mind I initiated 

my work with collection of bamboo 

samples from all the six districts and 

once considerable germplasm was 

obtained,    I    started    working    on 

 

molecular documentation, 

micropropagation, assessing the 

therapeutic properties of bamboos 

encountered in North Bengal and 

finally compiled the information in a 

database. The extensive studies on the 

different aspects of bamboo resulted in 

the following outcomes. 

1. The inventory resulted in 

documentation of 35 different 

species and varieties of bamboo 

under 13 genera from North 

Bengal, some of which have not 

been reported from India. 

2. A high level of polymorphism was 

detected among the different 

accessions of bamboo using both 

RAPD and ISSR based analysis. 

3. The PCR-RFLP study of TrnL- 

TrnF region of chloroplast genome 

though showed low level of 

polymorphism as compared to 

RAPD and ISSR analysis, but 

resulted in 26 GenBank accession 

numbers for 13 species 

(representative of each genus). 
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4. Exploration of 16S rDNA region 

of chloroplast genome using PCR- 

RFLP technique failed to show 

any polymorphism. 

5. A protocol for successful in vitro 

micropropagation of 

Dendrocalamus strictus using 

nodal culture was standardized. 

6. The study of somaclonal variation 

using both RAPD and ISSR 

primers revealed no genetic 

variability among the in vitro 

regenerated plantlets compared to 

the mother plant. 

7. The study of antioxidant potential 

using different parameters like 

DPPH scavenging activity, ferric 

reducing power assay (FRP) and 

hydrogen peroxide scavenging 

activity showed that bamboo leaf 

had considerable amount of 

natural antioxidants The 

polyphenol (phenol, flavonoid, 

flavonol and proanthcyanidin) 

content was also significantly 

high. 

8. HPLC analysis of the aqueous 

extract of Bambusa balcooa leaf 

resulted in identification of three 

compounds i.e. gallic acid, rutin 

and β sitosterol. 

9. The aqueous extract of Bambusa 

balcooa leaf was also found to 

have anti-diabetic effect. 

10. Bambooinfoline- a database on 

North Bengal bamboos, thus 

created contains relevant 

information with respect to all the 

species documented. 



 

BIBLIOGRAPHY 

 

 
 

 

 
 

BIBLIOGRAPHY 
 
 

 

Akinpelu, D. A., Aiyegoro, O. A., & Okoh, A. 

I. (2010). The in vitro antioxidant property 

of methanolic extract of Afzelia africana 

(Smith.). Journal of Medicinal Plants 

Research, 4(19), 2021-2027. 

Akond, M. A., Watanabe, N., &  Furuta, Y. 

(2007). Exploration of genetic diversity 

among Xinjiang Triticum and Triticum 

polonicum by AFLP markers. Journal of 

Applied Genetics, 48(1), 25-33. 

Alberti, Sir George. (2002). Type 2 Diabetes, 

Practical Targets and Treatments - Asian - 

Pacific Type 2 Diabetes Policy Group, 

Third Edition;2. 

Aleksandrov, P. N., Speranskaia, T. V., 

Bobkov, I., Zagorevskii, V. A., & Zykov, 

D. A. (1986). Effect of rutin and 

esculamine on models of aseptic 

inflammation. Farmakol. Toksikol, 49, 84- 

86. 

Alexander, M. P., & Rao, T. C. (1968). In vitro 

culture of bamboo embryos. Current 

Science, 37(14), 415. 

Aliu,  Y.  O.,  &  Nwude,   N.   (Eds.). 

(1982). Veterinary pharmacology and 

toxicology experiments. Ahmadu Bello 

University Press. 

Altschul, S. F., Gish, W., Miller, W., Myers, E. 

W., & Lipman, D. J. (1990). Basic local 

alignment search tool. Journal of 

Molecular Biology, 215(3), 403-410. 

Andersson, L., & Chase, M. W. (2008). 

Phylogeny and classification of 

Marantaceae. Botanical Journal of the 

Linnean Society, 135(3), 275-287. 

Annida, B., & Prince,  P. S. M. (2005). 

Supplementation of fenugreek leaves 

reduces oxidative stress in streptozotocin- 

 

induced diabetic rats. Journal of Medicinal 

Food, 8(3), 382-385. 

Ansari, S. A., Kumar, S., & Palaniswamy, K. 

(1996). Peroxidase activity in relation to in 

vitro rhizogenesis and precocious 

flowering in bamboos. Current Science, 

71:358–359. 

Arivazhagan, P., Thilakavathy, T., & 

Panneerselvam, C. (2000). Antioxidant 

lipoate and tissue antioxidants in aged 

rats. The Journal of Nutritional 

Biochemistry, 11(3), 122-127. 

Arshad, S. M., Kumar, A., & Bhatnagar, S. K. 

(2005). Micropropagation of Bambusa 

wamin through proliferation of mature 

nodal explants. Journal of Biological 

Research, 3, 59-66. 

Aruna, V., Kiranmai, C., Karuppusamy, S., & 

Pullaiah, T. (2009). Micropropagation of 

three varieties of Caralluma  adscendens 

via nodal explants. Journal of Plant 

Biochemistry and Biotechnology, 18(1), 

121-123. 

Arya, I. D., & Arya, S. (1997). In vitro culture 

and   establishment   of   exotic   bamboo 

Dendrocalamus asper. Indian Journal of 

Experimental Biology, 35(11), 1252-1255. 

Arya, I. D., Kaur, B., & Arya, S. (2012). Rapid 

and mass propagation of economically 

important Bamboo Dendrocalamus 

hamiltonii. Indian Journal of Energy, 1(1), 

11-16. 

Arya, I. D., Satsangi, R., & Arya, S. (2001). 

Rapid micropropagation of edible bamboo 

Dendrocalamus asper. Journal of 

Sustainable Forestry, 14(2-3), 103-114. 

Arya, S., & Sharma, S. (1998). 

Micropropagation technology of Bambusa 



124 BIBLIOGRAPHY 
 

bambos through shoot proliferation. Indian 

forester, 124(9), 725-731. 

Arya, S., Sharma, S., Kaur, R., & Dev Arya, I. 

( 1 9 9 9 ) . M i c r o p r o p a g a t i o n o f 

Dendrocalamus asper by shoot 

proliferation using seeds. Plant Cell 

Reports, 18(10), 879-882. 

Asmussen, C. B., Baker, W. J., & Dransfield, 

J. (2000). Phylogeny of the palm family 

(Arecaceae) based on rps16 intron and 

trnL-trnF plastid DNA sequences. 

Monocots: systematics and evolution. 

Collingwood, Australia: CSIRO, 525-537. 

Awad, A. B., Chen, Y. C., Fink, C. S. & 

Hennessey, T. (1996). β-Sitosterol inhibits 

HT-29 human colon cancer cell  growth 

and alters membrane lipids. Anticancer 

Research, 16, 2797–2804. 

Awad, A.B., von Holtz, R.L., Cone, J.P., Fink, 

C.S., & Chen. Y.C. (1998). β-Sitosterol 

inhibits growth of HT-29 human colon 

cancer cells by activating the 

sphingomyelin cycle. Anticancer 

Research, 18, 471–473. 

Bag, N., Chandra, S., Palni, L. M. S., & Nandi, 

S. K. (2000). Micropropagation of Dev- 

ringal Thamnocalamus spathiflorus (Trin.) 

Munro—a temperate bamboo, and 

comparison between in vitro propagated 

plants and seedlings. Plant Science, 156 

(2), 125-135. 

Banik, R. L. (1985). Techniques of bamboo 

propagation with special reference to pre- 

rooted and pre-rhizomed branch cuttings 

and tissue culture. In Proceedings of 

International Bamboo Workshop, Recent 

Research on Bamboos, Hanngzhou, China, 

IDRC, pp 160-169. 

Banik, R.L. (1991). Biology and propagation 

of bamboos of Bangladesh, Ph.D. Thesis, 

University of Dhaka, Bangladesh, pp321. 

Bansal, A. K., & Zoolagud, S. S. (2002). 

Bamboo composites: Material of the 

future. Journal of Bamboo and Rattan, 1 

(2), 119-130. 

Barker, N. P., Linder, H. P., & Harley, E. H. 

(1995). Polyphyly of Arundinoideae 

(Poaceae): evidence from rbcL sequence 

data. Systematic Botany, 20(4), 423-435. 

Barkley, N. A., Newman, M. L., Wang, M. L., 

Hotchkiss, M. W., & Pederson, G. A. 

(2005). Assessment of the genetic 

diversity and phylogenetic relationships of 

a temperate bamboo collection by using 

transferred EST-SSR markers. Genome, 48 

(4), 731-737. 

Bear, W. L., & Teel, R. W. (2000). Effects of 

citrus flavonoids on the  mutagenicity of 

heterocyclic amines and on cytochrome 

P450 1 A2 activity. Anticancer 

research, 20(5B), 3609-3614. 

Bejoy, M., Anish, N. P., Radhika, B. J., & 

Nair, G. M. (2012). In vitro Propagation of 

Ochlandra wightii (Munro) Fisch.: An 

Endemic Reed of Southern Western Ghats 

India. Biotechnology, 11, 67-73. 

Bennet, S. S. R. and Gaur, R. C. (1990). Thirty 

seven bamboos growing in India. Dehra 

Dun: Forest Research Institute 100p.-col. 

illus. En Geog, 6. 

Ben-zhi, Z., Mao-yi, F., Jin-zhong, X., Xiao- 

sheng, Y., & Zheng-cai, L. (2005). 

Ecological functions of bamboo forest: 

research and application. Journal of 

Forestry Research, 16(2), 143-147. 

Bhattacharya, S., Das, M., Bar, R., & Pal, A. 

(2006). Morphological and Molecular 

Characterization of Bambusa tulda with a 

Note on Flowering. Annals of Botany, 98 

(3), 529-535. 

Biswas, S. (1997). Choice of potential species 

and institutional support for bamboo 

development in India. Paper presented at 

the Workshop on National level 

framework for Bamboo Development held 

on 24 July at New Delhi. 

Blackman, R. L. & Eastop, V. F. (1994). 

Aphids on the world's trees: an 

identification and information guide. CAB 

international, pp 82-87. 

Boomgaarden, I., Egert, S., Rimbach, G., 

Wolffram, S., Müller, M. J., & Döring, F. 

(2010). Quercetin supplementation and its 

effect on human monocyte gene 

expression profiles in vivo. British Journal 

of Nutrition, 104(3), 336. 

Bornet, B., & Branchard, M. (2001). 

Nonanchored inter simple sequence repeat 



125 BIBLIOGRAPHY 
 

(ISSR) markers: reproducible and specific 

tools for genome fingerprinting. Plant 

Molecular Biology Reporter, 19(3), 209- 

215. 

Bystriakova, N., Kapos, V., Lysenko, I. and 

Stapleton, C. M. A. (2003a). Distribution 

and conservation status of forest bamboo 

biodiversity in the Asia-Pacific Region. 

Biodiversity and Conservation, 12(9), 

1833-1841. 

Bystriakova, N., Kapos, V., Stapleton, C. and 

Lysenko, L. ( 2003 b). Bamboo 

Biodiversity: Information for planning, 

conservation and management in the Asia- 

Pacific region, United Nations 

Environmental Program, Nairobi, Kenya. 

World Conservation Monitoring Center/ 

INBAR, Beijing, China. pp 1-71. 

Carey, W. M., Dasi, J. M., Rao, N. V., & 

Gottumukkala, K. M. (2009).  Anti- 

inflammatory activity of methanolic 

extract of Bambusa vulgaris leaves. 

International Journal of Green 

Pharmacy, 3(3), 234. 

Carlo, G., Izzo, A. A., Maiolino, P., Mascolo, 

N., Viola, P., Diurno, M. V., & Capasso, 

F. (1993). Inhibition of Intestinal Motility 

and Secretion by Flavonoids in Mice and 

R a t s : S t r u c t u r e a c t i v i t y 

Relationships. Journal of pharmacy and 

pharmacology, 45(12), 1054-1059. 

Chang, W. C., & Lan, T. H. (1995). Somatic 

Embryogenesis and Plant Regeneration 

from   Roots    of    Bamboo    Bambusa 

b e e c h e y a n a M u n r o v a r . 

beecheyana.  Journal of plant 

physiology, 145(4), 535-538. 

Cheah, K.T., & Chaille, L.C. (2011). 

Somatic embryogenesis from mature 

Bambusa ventricosa . Cooperative 

Extension Service Publicat ion,  

CTAHR. BIO-11. pp 5. 

Chen, S. S., Gong, J., Liu, F. T., & 

Mohammed, U. (2001). Naturally 

occurring polyphenolic antioxidants 

modulate IgE mediated mast cell 

activation. Immunology, 100(4), 471-480. 

Cheung, L. M., Cheung, P. C., & Ooi, V. E. 

(2003). Antioxidant activity and total 

phenolics  of  edible  mushroom  extracts. 

Food Chemistry, 81(2), 249-255. 

Chis, I. C., Ungureanu, M. I., Marton, A., 

Simedrea, R., Muresan, A., Postescu, I. D., 

& Decea, N. (2009). Antioxidant effects of 

a grape seed extract in a rat model of 

diabetes mellitus. Diabetes and Vascular 

Disease Research, 6(3), 200-204. 

Chi-Son, C., & Renvoize, S. A. (1989). A 

revision of the species described under 

Arundinaria (Gramineae) in Southeast 

Asia and Africa. Kew bulletin, 349-367. 

Choi, S., Kim, K. W., Choi, J. S., Han, S. T., 

Park, Y. I., Lee, S. K., & Chung, M. H. 

(2002). Angiogenic activity of β-sitosterol 

in the ischaemia/reperfusion-damaged 

brain of Mongolian gerbil. Planta Medica, 

68(04), 330-335. 

Choi, Y. J., Lim, H. S., Choi, J. S., Shin, S. Y., 

Bae, J. Y., Kang, S. W., & Kang, Y. H. 

(2008). Blockade of Chronic High Glucose 

–Induced Endothelial Apoptosis by Sasa 

borealis Bamboo Extract. Experimental 

Biology and Medicine, 233(5), 580-591. 

Christine, R. & Wetterwald, M. F. (1992). 

Bamboos. Oregon. USA, Timber Press 

Inc. 

Clark, L. G., Zhang, W., & Wendel, J. F. 

(1995). A phylogeny of the grass family 

(Poaceae)  based  on   ndhF   sequence 

data. Systematic Botany, 436-460. 

Cronquist, A. (1988). The evolution and 

classification of flowering plants. The New 

York Botanical Garden, Bronx, NY 

Das, M., & Pal, A. (2005a). Clonal propagation 

and production of genetically uniform 

regenerants from axillary meristems of 

adult bamboo. Journal of Plant 

Biochemistry and Biotechnology, 14(2), 

185-188. 

Das, M., & Pal, A. (2005b). In vitro 

regeneration of Bambusa balcooa Roxb.: 

Facto  r s a f fect ing changes o f 

morphogenetic competence in the axillary 

buds. Plant Cell, Tissue and Organ 

Culture, 81(1), 109-112. 

Das, M., Bhattacharya, S., & Pal, A. (2005). 

Generation and characterization of SCARs 

by cloning and sequencing of RAPD 

products:  a  strategy  for  species-specific 



126 BIBLIOGRAPHY 
 

marker development in bamboo. Annals of 

Botany, 95(5), 835-841. 

Das, M., Bhattacharya, S., Basak, J., & Pal, A. 

(2007). Phylogenetic relationships among 

the  bamboo  species  as  revealed   by 

mo r p h o l o g i c a l c h a r a c t e r s a n d 

polymorphism analyses. Biologia 

Plantarum, 51(4), 667-672. 

Das, M., Bhattacharya, S., Singh, P., 

Filgueiras, T. S., & Pal, A. (2008). 

Bamboo taxonomy and diversity in the era 

of molecular markers. Advances in 

Botanical Research, 47, 225-268. 

Das, P., & Rout, G.R. (1991). Mass 

multiplication and flowering of bamboo in 

vitro. Orissa Journal of Horticulture, 

19,118–121. 

De Keukeleire, P., De Schepper, S., Gielis, J., 

& Gerats, T. (2004). A PCR-based assay 

to detect hAT-like transposon sequences in 

plants. Chromosome Research, 12(2), 117- 

123. 

Deschner, E.E., Ruperto, J., Wong, G., 

Newmark,  H.L.  (1991).  Quercetin  and 

r u t i n a s i n h i b i t o r s o f 

azoxymethanolinduced colonic neoplasia. 

Carcinogenesis, 12, 1193–1196. 

Desjardins, Y., Gosselin, A., & Yelle, S. 

(1987). Acclimatization of ex vitro 

strawberry plantlets in CO2-enriched 

environments and supplementary lighting. 

Journal of the American Society for 

Horticultural Science, 112, 846-852. 

Devi, W. S., & Sharma, G. J. (2009). In vitro 

propagation of Arundinaria callosa 

Munro—an edible bamboo from nodal 

explants of mature plants. The Open Plant 

Science Journal, 3, 35-39. 

Devi, W. S., Bengyella, L., & Sharma, G. J. 

(2012). In vitro Seed Germination and 

Micropropagation of Edible Bamboo 

Dendrocalamus giganteus Munro using 

Seeds. Biotechnology, 11, 74-80. 

Ding, H. X., Gao, Y. Y., Chao, H. J., & Xia, D. 

H. (2007). Study on Hypoglycemic Effect 

of Polysaccharide from Moso Bamboo 

Leaves. Food Science, 28(12), 446-449. 

Ding, Y. (1996). Phyllostachys in China and its 

Utilization.    Belgian    Bamboo    Society 

Newsletter, 12, 7-15. 

Ding, Y. L. (1998). The taxonomic study on 

Phyllostachys (Doctoral dissertation, PhD 

dissertation, Nanjing Forestry University, 

PR China (in Chinese)). 

Ding, Y. L., & Zhao, Q. S. (1994). Studies on 

the comparative anatomy of bamboo 

leaves and its significance for bamboo 

systematic taxonomy. Journal of Nanjing 

Forestry University, 18(3), 1-6. 

Dong, W. J., Wu, M. D., Lin, Y., Zhou, M. B., 

& Tang, D. Q. (2011). Evaluation of 15 

caespitose bamboo EST-SSR markers for 

cross-species/genera transferability and 

ability to identify  interspecies 

hybrids. Plant Breeding, 130(5), 596-600. 

Doyle, J. J. and Doyle, J.L. (1987). A rapid 

DNA   isolation    procedure    for    small 

q u a n t i t i e s   o f   f r e s h   l e a f 

tissue. Phytochemistry Bulletin, 19, 11-15. 

Dransfield, S. (1980). Bamboo taxonomy  in 

the Indo-Malayan region. In Bamboo 

Research in Asia. G. Lessard and A. 

Chouinard ( Eds.). International  

Development Research Centre, Canada, pp 

121-130. 

Dransfield, S. (1981). The genus Dinochloa 

(Gramineae-Bambusoideae) in Sabah. 

Kew Bulletin, pp 613-633. 

Dransfield, S. and Widjaja, E. A. (1995). Plant 

Resources of South-East Asia. PROSEA 

Foundation, Backhuye Puhu, Leiden, The 

Netherlands. 

Evans, D. A., Sharp, W. R., & Flinck, C. E. 

(1981) Growth  and  behaviour  of  cell 

c u l t u r e s : E m b r y o g e n s i s a n d 

organogenesis, in  Plant tissue culture: 

Methods and applications in agriculture, 

edited by T A Thrope, (Academic Press, 

New York), pp 45-114. 

FAO (Food and Agriculture Organization of 

the United Nations) (2005). Global forest 

resources assessment 2005: progress 

towards sustainable forest management. 

FAO Forestry Paper, 147, FAO: Rome. 

Feschotte, C., Jiang, N., & Wessler, S. R. 

(2002). Plant transposable elements: where 

genetics meets genomics. Nature Reviews 

Genetics, 3(5), 329-341. 



127 BIBLIOGRAPHY 
 

Finkel, T., & Holbrook, N. J. (2000). Oxidants, 

oxidative stress and the biology of 

ageing. Nature, 408(6809), 239-247. 

Flohe, A.L., & Gunzler, W.A. (1984). Assay of 

glutathione peroxidase. Methods in 

Enzymology, 105, 114-121. 

Friar, E., & Kochert, G. (1991). Bamboo 

germplasm    screening    with    nuclear 

r e s t r i c t i o n f r a g m e n t l e n g t h 

polymorphisms. TAG Theoretical and 

Applied Genetics, 82(6), 697-703. 

Friar, E., & Kochert, G. (1994). A study of 

genetic variation and evolution of 

Phyllostachys (Bambusoideae: Poaceae) 

using nuclear restriction fragment length 

polymorphisms. TAG Theoretical and 

Applied Genetics, 89(2), 265-270. 

FSI (2011). Forest and tree resources in States 

and Union territories. Forest Survey of 

India. pp 241-246. 

Fu, X. C., Wang, M. W., Li, S. P., & Wang, H. 

L. (2006). Anti-apoptotic effect and the 

mechanism of orientin on ischaemic/ 

reperfused myocardium. Journal of Asian 

Natural Products Research, 8(3), 265-272. 

Fu, X., Wang, M., Li, S., & Li, Y. (2005a). 

The effect of bamboo leaves  extract on 

hemorheology of normal rats. Zhong yao 

cai Zhongyaocai Journal of Chinese 

Medicinal Materials, 28(2), 130-132. 

Gamble J. S. (1896). Bambuseae of British 

India (Annals of RBG, Calcutta 7). 

Gamborg, O. L., Miller, R., & Ojima, K. 

(1968). Nutrient requirements of 

suspension cultures of soybean  root 

cells. Experimental Cell Research, 50(1), 

151-158. 

Gaweł, S., Wardas, M., Niedworok, E., & 

Wardas, P. (2004). Malondialdehyde 

(MDA)  as  a  lipid   peroxidation 

marker. Wiadomości Lekarskie , 57(9-10), 

453-455. 

Ghosh, S., Somkuwar, B., Sen Mandi1, S., & 

Talukdar, N. C. (2012). Genetic variability 

and Phylogenetic relationship among some 

Bamboo species of North- East India by 

AFLP analysis. Asian Journal of Plant 

Science and Research, 2 (4):478-485. 

Gielis,   J.   (1998).   Upstream   fundamental 

research    in    bamboo‐possibilities    and 
directions.   In   Keynote   lecture   at   Vth 

International Bamboo Congress, San Jose, 

Costa Rica. 

Gielis, J., Everaert, I., & De Loose, M. (1997). 

Genetic variability and relationships in 

Phyllostachys using random amplified 

polymorphic DNA. In Linnean Society 

Symposium Series (Vol. 19, pp 107-124). 

Academic Press Limited. 

Goyal, A. K., Basistha, B. C., Sen, A., & 

Middha, S. K. (2011). Antioxidant 

profiling of Hippophae salicifolia growing 

in sacred forests of Sikkim, India. 

Functional Plant Biology, 38(9), 697-701. 

Goyal, A. K., Ganguly, K., Mishra, T., & Sen, 

A. (2010). In vitro multiplication of 

Curcuma longa Linn.–an important 

medicinal zingiber. NBU J Plant Sci, 4: 21 

-24. 

Gülçin, İ., Alici, H. A., & Cesur, M. (2005). 

Determination of in vitro antioxidant and 

radical scavenging activities of 

propofol. Chemical and Pharmaceutical 

Bulletin, 53(3), 281-285. 

Gupta, R. K., Kumar, D., Chaudhary, A. K., 

Maithani, M., & Singh, R. (2011). 

Antidiabetic activity of Passiflora 

incarnata Linn. in streptozotocin-induced 

diabetes in mice. Journal of 

Ethnopharmacology. 139,(3), 801–806. 

Gutteridge, J., & Halliwell, B. (2010). 

Antioxidants: molecules, medicines, and 

myths. Biochemical and Biophysical 

Research  Communications,  393(4),  561- 

564. 

Haberlandt, G. (1902). Kultureversuche mit 

isollierten pflanzenzellen, Sitzungsber. 

Akad. Wiss.Wien Math, Naturwiss. 

1.11169-92. 

Hackett, W. P. (1966). Application of tissue 

culture to plant propagation in Proc of 

International Plant Propagation Society, 

88-92. 

Halliwell, B. (1994). Free radicals and 

antioxidants: a personal view. Nutrition 

reviews, 52(8), 253-265. 

Halliwell, B. (2001). Role of free radicals in 

the     neurodegenerative      diseases:  



128 BIBLIOGRAPHY 
 

therapeutic  implications  for  antioxidant 

treatment. Drugs & Aging, 18(9), 685-716. 

Halliwell, B. (2007). Free Radicals in Biology 

and Medicine, 4th ed. Oxford, UK: Oxford 

University Press. 

Halliwell, B. (2009). The wanderings of a free 

radical. Free Radical Biology and 

Medicine, 46(5), 531-542. 

Halliwell, B. (2012). Free radicals and 

antioxidants: updating a personal view. 

Nutrition reviews, 70(5), 257-265. 

Halliwell, B., & Gutteridge, J.M.C. (1993). 

Free Radicals in Biology and Medicine, 

Oxford, Clarendon, 419 

Halliwell, B., Rafter, J., & Jenner, A. (2005). 

Health promotion by flavonoids, 

tocopherols, tocotrienols, and other 

phenols: direct or indirect effects? 

Antioxidant or not ?. The American 

Journal of Clinical Nutrition, 81(1), 268S- 

276S. 

Harborne, J. B. (1988). The Flavonoids: 

Advances in Research since 1980; 

Chapman and Hall: New York. 

Hartmann, H. F., Kester, D. E., Dauies, F. D. 

Jr. & Geneve, R. L. (1997). Plant 

Propagation – Principles and Practices, 6th 

Ed. Prentice Hall of India Private Ltd., 

New Delhi, pp 549-611. 

Hasan,  M.  S.,  Ahmed,  M.  I.,  Mondal,  S., 

Uddin, S. J., Masud, M. M., Sadhu, S. K., 

& Ishibashi, M. (2006). Antioxidant, 

antinociceptive activity and general 

toxicity study of Dendrophthoe falcata 

and isolation of quercitrin as the major 

component. International Journal Oriental 

Pharmacy and Experimental Medicine, 6, 

355-360. 

Hilu, K. W., Alice, L. A., & Liang, H. (1999). 

Phylogeny of Poaceae inferred from matK 

sequences. Annals of the Missouri 

Botanical Garden, 86(4), 835-851. 

Hodkinson, T. R., Chase, M. W., Lledó, D. M., 

Salamin, N., & Renvoize, S. A. (2002). 

Phylogenetics of Miscanthus, Saccharum 

and related genera (Saccharinae, 

Andropogoneae, Poaceae) based on DNA 

sequences from ITS nuclear ribosomal 

DNA and plastid trnL intron and trnL-F 

intergenic spacers. Journal of Plant 

Research, 115(5), 381-392. 

Hodkinson, T. R., Salamin, N., Chase, M. W., 

Bouchenak-khelladi, Y., Renvoize, S. A., 

& Savolainen, V. (2007). Large trees, 

supertrees, and diversification of the grass 

family. Aliso, 23, 248-258. 

Hodkinson, T.R., Renvoize, S.A., Chonghaile, 

G.N., Stapleton, C.M.A. & Chase, M.W. 

(2000). A Comparison of ITS Nuclear 

rDNA Sequence Data and AFLP Markers 

for Phylogenetic Studies in Plyllostachys 

(Barn busoideae, Poaceae). Journal of 

Plant Research, 113, 259-269 

Hsiao, L.Y., & Rieseberg, L. H. (1994). 

Population genetic structure of Yushania 

niitakayamensis (Bambusoideae, Poaceae) 

in  Taiwan.  Molecular  Ecology,  3,  201- 

208. 

Hsu, C. L., & Yen, G. C. (2007). Effect of 

gallic acid on high fat diet-induced 

dyslipidaemia, hepatosteatosis and 

oxidative stress in rats. British Journal of 

Nutrition, 98(4), 727-735. 

Hu, C., Zhang, Y., & Kitts, D. D. (2000). 

Evaluation of antioxidant and prooxidant 

activities of bamboo Phyllostachys nigra 

var. Henonis leaf extract in vitro. Journal 

of Agricultural and Food Chemistry, 48 

(8), 3170-3176. 

Hu, S. L., Zhou, J. Y., Cao, Y., Lu, X. Q., 

Duan, N., Ren, P., & Chen, K. (2011). In 

vitro callus induction and  plant 

regeneration from mature seed embryo and 

young shoots in a giant sympodial 

bamboo, Dendrocalamus farinosus (Keng 

et Keng f.) Chia et HL Fung. African 

Journal of Biotechnology, 10(16), 3210- 

3215. 

Huang, L. C., & Huang, B. L. (1995). Loss of 

the species distinguishing trait among 

regenerated Bambusa ventricosa McClure 

plants. Plant  Cell, Tissue and Organ 

Culture, 42(1), 109-111. 

Huang, L. C., & Murashige, T. (1983). Tissue 

culture investigations of bamboo. 

Botanical Bulletin Academia Sinica, 24, 

31-52. 

Huang, T. H., Peng, G., Kota, B. P., Li, G. Q., 



129 BIBLIOGRAPHY 
 

Yamahara, J., Roufogalis, B. D., & Li, Y. 

(2005). Anti-diabetic action of Punica 

granatum flower extract: Activation of 

PPAR-γ and identification of an active 

component. Toxicology and Applied 

Pharmacology, 207(2), 160-169. 

Huttley, G. A., MacRae, A. F., & Clegg, M. T. 

(1995). Molecular evolution of the Ac/Ds 

transposable-element family in pearl millet 

and other grasses. Genetics, 139(3), 1411- 

1419. 

Hydel, K. D., Zhou, D. and Dalisayl, T. (2002). 

Bambusicolous fungi: a review, Fungal 

Diversity, 9, 1-14. 

Hyun, K.O., & Hyeon-Sook, L. (2009). Effects 

of hamburger patties with bamboo leaf 

(Sasa borealis) extract or sea tangle 

(Laminaria japonica) powder on plasma 

glucose and lipid profiles. FASEB Journal, 

2009. Meeting Abstract Supplement 

563.17. 

Janbaz, K.H., Saeed, S.A., & Gilani, A.H. 

(2002). Protective effect of rutin on 

paracetamol- and CCl 4 - induced 

hepatotoxicity in rodents. Fitoterapia, 

73,557–563. 

Janzen, D. H. (1976). Why bamboos wait so 

long to flower. Annual Review of Ecology 

and Systematics, 7, 347-391. 

Jiménez, V. M., Castillo, J., Tavares, E., 

Guevara, E., & Montiel, M. (2006). In 

vitro propagation of the neotropical giant 

bamboo, Guadua angustifolia Kunth, 

through axillary shoot proliferation. Plant 

Cell, Tissue and Organ Culture, 86(3), 

389-395. 

Kalita, D., & Phukan, B. (2010). Some 

ethnomedicines used by the Tai Ahom of 

Dibrugarh district, Assam, India. Indian 

Journal of Natural Product and 

Resources, 1(4), 507-511. 

Kamalakkannan, N., & Prince, P. S. M. (2006). 

Antihyperglycaemic and Antioxidant 

Effect of Rutin, a Polyphenolic Flavonoid, 

in Streptozotocin-Induced Diabetic Wistar 

Rats. Basic & Clinical Pharmacology & 

Toxicology, 98(1), 97-103. 

Karki, M.B., Ramanuja, Rao., & Ganapathy, 

P.M. (1997). INBAR’s role in promoting 

bamboo in development activities - Paper 

presented at the Workshop on ‘National 

level institutional framework for Bamboo 

development’. July 24 in New Delhi. 

Kasirajan,  B., Maruthamuthu,  R., 

Gopalakrishnan, V., Arumugam, K., 

Asirvatham, H., Murali, V., & Bhaskar, A. 

(2007). A  database  for  medicinal  plants 

u s e d   i n   t r e a t m e n t    o f 

asthma. Bioinformation, 2(3), 105-106. 

Kim, C. K., Kim, J. S., Lee, G. S., Park, B. S., 

& Hahn, J. H. (2008). PlantGM: a 

database for genetic markers in rice (Oryza 

sativa) and Chinese cabbage (Brassica 

rapa). Bioinformation, 3(2), 61. 

Kim, K. K., Kawano, Y., & Yamazaki, Y. 

(2003). A novel porphyrin photosensitizer 

from bamboo leaves that induces apoptosis 

in cancer cell lines. Anticancer 

Research, 23(3B), 2355. 

Kumar, M. (1990). Reed bamboos (Ochlandra) 

in Kerala: Distribution and management. 

Bamboos. Current Research, 39-43. 

Kumar, M. (1995). A re-investigation on the 

taxonomy of the  genus Ochlandra Thw. 

(Poaceae: Bambusoideae). Rheedea, 5(1), 

63-89. 

Kumar, A., Ilavarasan, R., Jayachandran, T., 

Deecaraman, M., Aravindan, P., 

Padmanabhan, N., & Krishan, M. R. V. 

(2008). Anti-diabetic activity of Syzygium 

cumini and its isolated compound against 

s t r ep to zo to c i n - i nd uc ed d i ab e t i c 

rats. Journal of Medicinal Plants 

Research, 2(9), 246-9. 

Kumaran, A., & Karunakaran, R. J. (2007). 

Antioxidant activity of Cassia auriculata 

flowers. Fitoterapia, 78(1), 46-47. 

Kumaria, S., Kehie, M., Bhowmik, S. S. D., 

Singh, M., & Tandon, P. (2012). In vitro 

regeneration of Begonia rubrovenia var. 

meisneri CB Clarke—A rare and endemic 

ornamental plant of Meghalaya, India. 

Indian Journal of Biotechnology, 11, 300- 

303. 

Kurokawa, T., Itagaki, S., Yamaji, T., Nakata, 

C., Noda, T., Hirano, T., & Iseki, K. 

(2006). Antioxidant activity of a novel 

extract from bamboo grass (AHSS) against 



130 BIBLIOGRAPHY 
 

ischemia-reperfusion injury in rat small 

intestine. Biological and Pharmaceutical 

Bulletin, 29(11), 2301-2303. 

Kurz,  S.  (1876a).  Bamboo  and  its  uses-I. 

Indian Forester, 1:219-269. 

Kurz,  S.  (1876b).  Bamboo  and  its  uses-II. 

Indian Forester, 1:335-362. 

Kweon, M. H., Hwang, H. J., & Sung, H. C. 

(2001). Identification and antioxidant 

activity of novel chlorogenic acid 

derivatives from bamboo (Phyllostachys 

edulis). Journal of Agricultural and Food 

Chemistry, 49(10), 4646-4655. 

Lai, C. C., & Hsiao, J. Y. (1997). Genetic 

variation of Phyllostachys pubescens 

(Bambusoideae, Poaceae) in Taiwan based 

on DNA polymorphisms. Botanical 

Bulletin of Academia Sinica, 38, 145-152. 

Lalhruaitluanga, H., & Prasad, M. N. V. 

(2011). Comparative results of RAPD and 

ISSR markers for genetic diversity 

assessment in Melocanna baccifera Roxb. 

growing   in   Mizoram   State   of 

India. African Journal of Biotechnology, 8 

(22) ,6053-6062. 

Lapornic, B., Prošek, M. & Wonder, A.G. 

(2005). Comparison of extract prepared 

from plant byproducts using different 

solvents and extraction time. Journal of 

Food Engineering, 71, 214-222. 

Lau, V. W., Journoud, M., & Jones, P. J. 

(2005). Plant sterols are efficacious in 

lowering plasma LDL and non-HDL 

cholesterol in hypercholesterolemic type 2 

diabetic and nondiabetic persons. The 

American Journal of Clinical Nutrition, 81 

(6), 1351-1358. 

Lee, C. Y. J., Isaac, H. B., Wang, H., Huang, S. 

H., Long, L. H., Jenner, A. M., ... & 

Halliwell, B. (2006). Cautions in the use of 

biomarkers of oxidative damage; the 

vascular and antioxidant effects of  dark 

soy sauce  in  humans.  Biochemical  and 

B i o p h y s i c a l R e s e a r c h 

Communications, 344(3), 906-911. 

Li, D. Z. (1998). Taxonomy and biogeography 

of    the     Bambuseae     ( Gramineae: 

B a m b u s o i d e a e ) . I n B a mbo o — 

Conservation,   diversity,   ecogeography, 

germplasm, resource utilization and 

taxonomy [proceedings of training course 

cum workshop] (pp 14-23). 

Li, D.Z., & Stapleton, C.M.A. (2006). 

Melocalamus Bentham. Flora of China. 

22, 48–49. 

Li, D.Z., & Xue, J.R. (1997). The biodiversity 

and conservation of bamboos in Yunnan, 

China. In: Chapman GP (ed)  The 

bamboos, vol. 19. Linnean Society 

Symposium Series, pp 83–94. 

Liang, H., & Hilu, K. W. (1996). Application 

of the mat K gene sequences to grass 

systematics. Canadian Journal of 

Botany, 74(1), 125-134. 

Liese, W. (1987). Research on bamboo. Wood 

Science and Technology, 21(3), 189-209. 

Liese, W. (1999). Bamboo: Past-Present- 

Future. American Bamboo Society 

Newsletter, 20(1), 9. 

Lin, C. S., Lin, C. C., & Chang, W. C. (2004). 

Effect of thidiazuron on vegetative tissue- 

derived somatic embryogenesis and 

flowering  of  bamboo  Bambusa 

edulis. Plant cell, Tissue and Organ 

Culture, 76(1), 75-82. 

Lin, X. C., Lou, Y. F., Liu, J., Peng, J. S., Liao, 

G., & Fang, W. (2010). Crossbreeding of 

Phyllostachys species (Poaceae) and 

identification of their hybrids using ISSR 

markers. Genetics and Molecular 

Research, 9(3), 1398-1404. 

Lin, X. C., Ruan, X. S., Lou, Y. F., Guo, X. Q., 

& Fang, W. (2009). Genetic similarity 

among cultivars of Phyllostachys 

pubescens. Plant Systematics and 

Evolution, 277(1), 67-73. 

Lin, X., Lou, Y., Zhang, Y., Yuan, X., He, J., 

& Fang, W. (2011). Identification of 

Genetic Diversity Among Cultivars of 

Phyllostachys violascens Using ISSR, 

SRAP and AFLP Markers. The Botanical 

Review, 77(3), 223-232. 

Lloyd, G., & McCown, B. (1980). 

Commercially-feasible micropropagation 

of mountain laurel, Kalmia latifolia,  by 

use of shoot-tip culture. In Combined 

Proceedings, International Plant 

Propagators' Society, 30, pp 421-427. 



131 BIBLIOGRAPHY 
 

Lobovikov, M., Ball, L., Guardia, M., & 

Russo, L. (2007). World bamboo 

resources: a thematic study prepared in the 

framework of the Global Forest Resouces 

Assessment 2005 (Vol. 18). FAO. 

Loh, J. P., Kiew, R., Set, O., Gan, L. H., & 

Gan, Y. Y. (2000). A study of genetic 

variation and relationships within the 

bamboo    subtribe    Bambusinae    using 

a m p l i f i e d f r a g m e n t l e n g t h 

polymorphism. Annals  of Botany, 85(5), 

607-612. 

Lorke, D. (1983). A new approach to practical 

acute toxicity testing. Archives of 

toxicology, 54(4), 275-287. 

Lu, B., Wu, X., Shi, J., Dong, Y., & Zhang, Y. 

(2006). Toxicology and safety of 

antioxidant of bamboo leaves. Part 2: 

Developmental toxicity test in rats with 

antioxidant of bamboo leaves. Food and 

Chemical Toxicology, 44(10), 1739-1743. 

Lu, B., Wu, X., Tie, X., Zhang, Y., & Zhang, 

Y. (2005). Toxicology and safety of anti- 

oxidant of bamboo leaves. Part 1: Acute 

and subchronic toxicity studies on anti- 

oxidant of bamboo leaves. Food and 

Chemical Toxicology, 43(5), 783-792. 

Lv, Z. L., Lin, X., Miao, Z. H., Guo, H. X., 

Wang, J. A. H., Lei, M. L.,  & Zhang, B. 

L. (2012). Antioxidant activity of bamboo- 

leaf extracts from the species 

Dendrocalamopsis oldhami. Scientific 

Research and Essays, 7(44), 3789-3796. 

Macwan, C., Patel, H. V., & Kalia, K. (2010). 

Comparative evaluation of in vitro 

antioxidant properties of bamboo Bambusa 

arundinacea leaves extracts. Journal of 

Cell Tissue Research, 10, 2413-2418. 

Marulanda, M. L., Márquez, P., & Londoño, X. 

(2002). AFLP analysis of Guadua 

angustifolia (Poaceae: Bambusoideae) in 

Colombia with empahsis on the Coffeee 

Region. Journal of American Bamboo 

Society, 16(1), 32-42. 

Mary, J. A., Priyadharshini, K. C., Amal, G. P. 

R., Ramya, G., Nithya, R., Ambika, M. B., 

& Shenbagarathai, R. (2012). MEDDB: A 

medicinal plant database developed with 

the information gathered from tribal 

people  in  and  around  Madurai,  Tamil 

Nadu. Bioinformation, 8(8), 391. 

McClure, F. A. (1936). The Bamboo Genera, 

Dinochloa and Melocalamus. Bulletin of 

Miscellaneous Information (Royal 

Gardens, Kew), (4), pp 251-254. 

McClure, F. A. (1966). The bamboos. A fresh 

perspective. Harvard University Press, 

Cambridge, Massachusetts. 

McClure, F. A. (1973). Genera of bamboos 

native to  the  New  World  (Gramineae: 

B a m b u s o i d e a e ) . S m i t h s o n i a n 

Contributions to Botany, 9, 1-148 

Meetei, P. A., Singh, P., Nongdam, P., Prabhu, 

N. P., Rathore, R. S., & Vindal, V. (2012). 

NeMedPlant: a database of therapeutic 

applications and chemical constituents of 

medicinal plants from north-east region of 

India. Bioinformation, 8(4), 209-211. 

Mehta, R., Sharma, V., Sood, A., Sharma, M., 

& Sharma, R. K. (2011). Induction of 

somatic embryogenesis and analysis of 

genetic fidelity of in vitro-derived plantlets 

of Bambusa nutans Wall., using AFLP 

markers. European Journal of Forest 

Research, 130(5), 729-736. 

Middha, S. K., Bhattacharjee, B., Saini, D., 

Baliga, M. S., Nagaveni, M. B., & Usha, 

T. (2011). Protective role of Trigonella 

foenum graceum extract against oxidative 

stress in hyperglycemic rats. European 

Review for Medical and Pharmacological 

Sciences, 15(4), 427-435. 

Middha, S. K., Mittal, Y., Ushal, T., Kumar, 

D., Srinivasan, R., Vashisth, L., & 

Nagaveni, M. B. (2009). Phyto-mellitus: A 

p h y t o - c h e m i c a l d a t a b a s e f o r 

diabetes. Bioinformation, 4(2), 78. 

Middhaa, S. K., Usha, T., & RaviKiranb, T. 

(2012). Influence of Punica granatum L. 

on region specific responses in rat brain 

during Alloxan-Induced diabetes. Asian 

Pacific Journal of Tropical Biomedicine, 2 

(2), S905-S909. 

Ministry of Health. (2003). Technical 

standards for testing and assessment of 

health food (pp 203). Beijing, China. 

Misra, D. S., Maiti, R., & Ghosh, D. (2009). 

Protection of swimming-induced oxidative 

stress   in   some   vital   organs   by   the 



132 BIBLIOGRAPHY 
 

treatment of composite extract of Withania 

somnifera, Ocimum sanctum and Zingiber 

officinalis in male rat. African Journal of 

Traditional, Complementary, and 

Alternative Medicines, 6(4), 534. 

Misra, H. P., & Fridovich, I. (1972). The role 

of superoxide anion in the autoxidation of 

epinephrine   and   a   simple   assay   for 

superoxide dismutase. Journal of 

Biological chemistry, 247(10), 3170-3175. 

Mohanan, C. (1997). Diseases of bamboos in 

Asia. International Development Research 

Centre, New Delhi. 

Mohanan, C. (2004). Witches’ broom disease 

of reed bamboos in Kerala, India. Forest 

Pathology, 34(5), 329-333. 

Mudoi, K. D., & Borthakur, M. (2009). In vitro 

micropropagation of Bambusa balcooa 

Roxb. through nodal explants from field- 

gro wn culms and scope  for 

upscaling.  Current  science,  96(7),  962- 

966. 

Mukherjee, A. K., Ratha, S., Dhar, S., Debata, 

A. K., Acharya, P. K., Mandal, S., & 

Mahapatra, A. K. (2010). Genetic 

relationships among 22 taxa of bamboo 

revealed by ISSR and EST-based random 

primers. Biochemical genetics, 48(11), 

1015-1025. 

Munro, W. (1868). Monograph of the 

Bambusaceae. Transactions of Linnean 

Society London, Botany, 26, 1-157. 

Murashige, T. (1974). Plant propagation 

through tissue cultures. Annual Review of 

Plant Physiology, 25(1), 135-166. 

Murashige, T., & Skoog, F. (1962). A revised 

medium for rapid growth and bioassay 

with tobacco tissue cultures. Plant 

Physiology, 15, 473-497. 

Mutai, C., Bii, C., Vagias, C., Abatis, D., & 

Roussis, V. (2009). Antimicrobial activity 

of  Acacia  mellifera  extracts  and  lupane 

t r i t e r p e n e s . J o u r n a l o f 

Ethnopharmacology, 123(1), 143-148. 

Nadgir, A. L., Phadke, C. H., Gupta, P. K., 

Parsharami, V. A., Nair, S., & 

Mascarenhas, A. F. (1984). Rapid 

multiplication of bamboo by tissue culture. 

Silvae Genet, 33(6), 219-233. 

Nadot, S., Bajon, R., & Lejeune, B. (1994). 

The chloroplast generas 4 as a tool for the 

study of Poaceae phylogeny. Plant 

Systematics and Evolution, 191(1), 27-38. 

Nayak, S., Rout, G. R., & Das, P. (2003). 

Evaluation of the genetic variability in 

bamboo using RAPD markers. Plant Soil 

and Environment, 49(1), 24-28. 

Nazreen, S., Kaur G., Mahboob Alam, M., 

Haider, S., Hamid, H., Alam,M.S. (2011). 

Hypoglysemic activity of Bambusa 

arudicea leaf ethanolic extract I 

streptozototoci induced diabetic rats. 

Pharmacologyonline, 1, 964-972. 

Ndiaye, A., Diallo, M. S., Niang, D., & 

Gassama-Dia, Y. K. (2006). In vitro 

regeneration of adult trees of Bambusa 

vu lg a r i s . A fr i ca n Jo u rn a l o f 

Biotechnology, 5(13) 1245–1248 

Negi, D., & Saxena, S. (2010). Ascertaining 

clonal fidelity of tissue culture raised 

plants of Bambusa balcooa Roxb. using 

inter simple sequence repeat markers. New 

Forests, 40(1), 1-8. 

Negi, D., & Saxena, S. (2011). 

Micropropagation of Bambusa balcooa 

Roxb. through axil la ry shoot 

proliferation. In Vitro Cellular & 

Developmental Biology-Plant, 47(5), 604- 

610. 

Negi,   S.   S.,   &   Naithani,   H.   B.   (1994). 

Handbook of Indian bamboos. 

Nei, M., & Li, W. H. (1979). Mathematical 

model  for  studying  genetic  variation  in 

t e r m s o f r e s t r i c t i o n 

endonucleases. Proceedings of the 

National Academy of Sciences, 76(10), 

5269-5273. 

Ni Chonghaile, G. (2002). Molecular 

systematics of the woody bamboos (tribe: 

Bambuseae). Trinity College, Dublin 

[unpublished Ph. D. thesis]. 

Nitsch, J. P., & Nitsch, C. (1969). Haploid 

plants from pollen grains. Science (New 

York, NY), 163(3862), 85-87. 

Ogita, S. (2005). Callus and cell suspension 

culture of bamboo plant, Phyllostachys 

nigra.  Plant  Biotechnology,  22(2),  119- 

125. 



133 BIBLIOGRAPHY 
 

Ogunjinmi, A. A., Ijeomah, H. M., & Aiyeloja, 

A. A. (2009). Socio-economic importance 

of bamboo (Bambusa vulgaris) in Borgu 

local government area of Niger State, 

Nigeria. Journal of Sustainable 

Development in Africa, 10(4), 284-289. 

Ohkawa, H., Ohishi, N., Yagi, K. (1979). 

Assay of Lipid peroxidation in  animals 

and tissues by thiobarbituric acid test. 

Analytical Biochemistry, 95, 351-358. 

Okabe, S., Takeuchi, K., Takagi, K.,  & 

Shibata, M. (1975). Stimulatory effect of 

the water extract of bamboo grass (Folin 

solution) on gastric acid secretion in 

pylorus-ligated rats. Japanese Journal of 

Pharmacology, 25(5), 608. 

Orhnberger, D. and Goerrings, T. (1985). The 

bamboos of the world. International Book 

Distributors, Dehra Dun, India. 

Otani, K., Yanaura, S., Yuda, Y., Kawaoto, H., 

Kajita, T., Hirano, F., & Inouye, S. (1990). 

Histo-chemical  studies  on  the  anti-ulcer 

e f f e c t   o f   b a m b o o    g r a s s    i n 

rats. International Journal of Tissue 

Reactions, 12(6), 319. 

Oxelman, B., Lidén, M., & Berglund, D. 

(1997). Chloroplast rps16 intron 

phylogeny of the tribe Sileneae 

(Caryophyllaceae). Plant Systematics and 

Evolution, 206(1), 393-410. 

Oyaizu, M. (1986). Studies on products of the 

browning reaction. Antioxidative activities 

of browning reaction products prepared 

from glucosamine. Japanese Journal of 

Nutrition [Eiyogaku Zasshi], 44(6), 307- 

315. 

Pandhare, R. B., Sangameswaran, B., Mohite, 

P.   B.,   &   Khanage,   S.   G.   (2011). 

Antidiabetic Activity of Aqueous Leaves 

Extract of Sesbania sesban (L) Merr. in 

Streptozotocin Induced Diabetic Rats. 

Avicenna Journal of Medical  

Biotechnology, 3(1), 37-43. 

Panee, J. (2008). Bamboo extract in the 

prevention of diabetes  and  breast 

cancer. Watson RRComplementary and 

Alternative Therapies and the Aging 

Population: An Evidence-Based Approach. 

San Diego: ELSEVIER, pp 159-177. 

Panee, J., Liu, W., Lin, Y., Gilman, C., & 

Berry, M. J. (2008). A novel function of 

b a mb o o e x t r a c t i n r e l i e v i n g 

lipotoxicity. Phytotherapy Research, 22 

(5), 675-680. 

Pant, M.C., & Govind, S. (1998). Preliminary 

observations on biochemical parameters of 

albino rabbits fed on seed of Trichasanthes 

dioica (Roxb). Indian Journal of Medical 

Research, 87, 398-400. 

Paran, I., & Michelmore, R. W. (1993). 

Development of reliable PCR-based 

markers linked to downy mildew 

resistance genes in lettuce. Tag 

Theoretical and Applied Genetics, 85(8), 

985-993. 

Parbery, D.G. (1967). Studies on 

graminicolous   species   of   Phyllachora 

Nke. in FckI. V. A taxonomic monograph, 

Australian Journal of Botany, 15, 271-375. 

Park, E. H., Kahng, J. H., Lee, S. H., & Shin, 

K. H. (2001). An anti-inflammatory 

principle from cactus. Fitoterapia, 72(3), 

288-290. 

Park, H. S., Lim, J. H., Kim, H. J., Choi, H. J., 

& Lee, I. S. (2007). Antioxidant flavone 

glycosides from the leaves of Sasa 

borealis. Archives of Pharmacal 

Research, 30(2), 161-166. 

Parmar, H. S., & Kar, A. (2007). Antidiabetic 

potential of Citrus sinensis and Punica 

granatum peel extracts in alloxan treated 

male mice. Biofactors, 31(1), 17-24. 

Pathak, K. C., Banerjee, D., Deka, B., Borah, 

E., Neog, D. and Borah, K.  (2000). 

Genetic conservation and improvement of 

bamboos in north-east India. Advances in 

Forestry Research in India, 22, 102-117. 

Pathak, N. N.  (1979). Nutritive value of 

bamboo (Bambusa sp.) grains for rice 

[India]. Indian Journal of  Nutrition and 

Dietetics, 16(9), 356-358. 

Peredo, E. L., Angeles Revilla, M., & Arroyo- 

García, R. (2006). Assessment of genetic 

and epigenetic variation in hop plants 

regenerated from sequential subcultures of 

organogenic calli. Journal of Plant 

Physiology, 163(10), 1071-1079. 

Pozin,   V.   M.,   Skuratovskaia,   S.   G.,   & 



134 BIBLIOGRAPHY 
 

Pocheptsova, G. A. (1996). Changes in the 

vascular wall and ischemic damages to the 

myocardium in reversible  episodes  of 

heart muscle ischemia. Fiziolohichnyĭ 

zhurnal (Kiev, Ukraine), 42(1-2), 10-16. 

Prutpongse, P., & Gavinlertvatana, P. (1992). 

In vitro micropropagation of 54 species 

from 15 genera of bamboo. Horticulture 

Science, 27(5), 453-454. 

Puvvada, P. K., Murugan, V. G., Kumar, S. V., 

&   Padarthi,   P.   K.   (2010).   RP-HPLC 

Method Development and Validation of 

Lamotrigine. Der Pharma Chemica, 2(1), 

104-108. 

Qiang, Z., Yu-long, D., Chen, X., Hui-Yu, Z. 

O. U., Min-ren, H., & Ming-xiu, W. 

(2005). A preliminary analysis of 

phylogenetic relationships of Arundinaria 

and related genera based on nucleotide 

sequences of nrDNA (ITS region) and 

cpDNA (trn LF intergenic spacer). Journal 

of Forestry Research, 16(1), 5-8. 

Ragavan, B., & Krishnakumari, S. (2006). 

Antidiabetic effect of T. arjuna  bark 

extract  in  alloxan   induced   diabetic 

rats. Indian  Journal of Clinical 

Biochemistry, 21(2), 123-128. 

Rahman, M. M., Amin, M. N., Ahamed, T., 

Ali, M. R., & Habib, A. (2004). Efficient 

plant regeneration through somatic 

embryogenesis from leaf base derived 

callus of Kaempferia galanga L. Asian 

Journal of Plant Sciences, 3(6), 675-678. 

Rajebhosale, V.A., Burte, R.G., & Toro, V.A. 

(1998). Nutritive value of bamboo 

(Dendrocalamus calostachyus) leaves for 

crossbred calves. Indian Journal of Animal 

Nutrition, 15(1), 58–60. 

Ramadevi, T., Ugraiah, A., & Pullaiah, T. 

(2012). In vitro shoot multiplication from 

nodal explants of Boucerosia diffusa 

Wight—An endemic medicinal plant. 

Indian Journal of Biotechnology, 11, 344- 

347. 

Ramalingam, J., Arul, L., Sathishkumar, N., 

Vignesh, D., Thiyagarajan, K., & 

Samiyappan, R. (2010). TNAURice: 

Database on rice varieties released from 

T a m i l N a d u A g r i c u l t u r a l 

University. Bioinformation, 5(6), 264. 

Ramanayake, S. M. S. D., Meemaduma, V. N., 

& Weerawardene, T. E. (2007). Genetic 

diversity and relationships between nine 

species of bamboo in Sri Lanka, using 

Random Amplified Polymorphic 

DNA. Plant S y s t ema t i c s and 

Evolution, 269(1), 55-61 

Ramanayake, S. M. S. D., Meemaduma, V. N., 

& Weerawardene, T. E. (2006). In vitro 

shoot proliferation and enhancement of 

rooting for the large-scale propagation of 

yellow bamboo Bambusa vulgaris 

‘Striata’. Scientia horticulturae, 110(1), 

109-113. 

Ray, T., Dutta, I., Saha, P., Das, S., & Roy, S. 

C. (2006). Genetic stability of three 

economically important micropropagated 

banana (Musa spp.) cultivars of lower Indo 

-Gangetic plains, as assessed by  RAPD 

and ISSR markers. Plant Cell, Tissue and 

Organ Culture, 85(1), 11-21. 

Razdan, M. K. (2003). Introduction to plant 

tissue culture. Science Pub Incorporated. 

Recht, C., & Wetterwald, M.F. Species and 

cultivars for the garden D. Crampton 

(Ed.), Bamboos, B.T. Batsford, London 

(1992), pp. 55–80 

Reeves, G., Chase, M. W., Goldblatt, P., 

Rudall, P., Fay, M. F., Cox, A. V., & 

Souza-Chies, T. (2001). Molecular 

systematics of Iridaceae: evidence from 

four plastid DNA regions. American 

Journal of Botany, 88(11), 2074-2087. 

Ren, M., Reilly, R. T., & Sacchi, N. (2004). 

Sasa health exerts a protective effect on 

H e r 2 / N e u N m a m m a r y 

tumorigenesis. Anticancer research, 24 

(5A), 2879-2884. 

Renvoize, C. W. (1986). Genera Graminum. 

Grasses of the world. Kew Bulletin, 

Additional Series, 13, 1-389. 

Revathi, T. G. and Remadevi, O. K. (2011). 

Aphids as major pests of Bamboos in 

nurseries of South India and association of 

potential biocontrol agents. The Journal of 

the American Bamboo Society, 24, 29-34. 

Rohlf, F. J. (1998). NTSYS-pc, Numerical 

Taxonomy and Multivariate Analysis, 

version  2.0.  Exeter  Software.  Setauket, 



135 BIBLIOGRAPHY 
 

New York. Kumaran, A., & Karunakaran, 

R. J. (2007). Antioxidant activity  of 

Cassia auriculata flowers. Fitoterapia, 78 

(1), 46-47. 

Rout, G. R., & Das, P. (1997). In vitro plant 

regeneration   via    callogenesis    and 

o r g a n o g e n e s i s i n B a m b u s a 

vulgaris. Biologia plantarum, 39(4), 515- 

522. 

Rout, G. R., Saxena, C., Samantaray, S., & 

Das, P. (1999). Rapid plant regeneration 

from callus cultures of Plumbago 

zeylanica. Plant Cell, Tissue and Organ 

culture, 56(1), 47-51. 

Roxburgh,  W.  (1814).  Hortus  Bengalensis. 

Mission Press, Calcutta, pp 104. 

Ruch, R.J., Cheng, S.J., & Klaunig, J.E. (1989) 

Prevention of cytotoxicity and inhibition 

of intracellular communication by 

antioxidant catechins isolated from chinese 

green tea. Carcinogenesis, 10, 1003-1008. 

Ruprecht, F.J. (1839). Bambuseas,  

monographice exponit. Mémoires de 

l'Académie des Sciences de St. Petersburg, 

1-71. 

Sakai, S., Saito, G., Sugayama, J., Kamasuka, 

T., Takada, S. & Takano , T. ( 1963 ). On 

the Anticancer Action of Bamboo Extract. 

Journal of Antibiotics, [B] 16 , 387-391. 

Sanabam, R., Somkuwar, B. G., Thingnam, G., 

Moirangthem, S., Handique, P. J., & 

Huidrom, S. (2012) CIBMAN: Database 

exploring Citrus biodiversity of Manipur. 

Bioinformation, 8(17), 838-840. 

Sangameswaran, B., Mohite, P. B.,  & 

Khanage, S. G. (2011). Antidiabetic 

Activity of Aqueous Leaves Extract of 

Sesbania sesban (L) Merr. in 

Streptozotocin Induced  Diabetic 

Rats. Avicenna Journal of Medical 

Biotechnology, 3, 1-2. 

Sanmiguel, P., & Bennetzen, J. L. (1998). 

Evidence that a recent increase in maize 

genome size was caused by the massive 

a m p l i f i c a t i o n o f i n t e r g e n e 

retrotransposons. Annals of Botany, 82 

(suppl 1), 37-44. 

Satya, S., Bal, L. M., Singhal, P., & Naik, S. N. 

(2010).  Bamboo  shoot  processing:  food 

quality  and  safety  aspect   ( a 

review). Trends in Food Science & 

Technology, 21(4), 181-189. 

Saxena, S. (1990). In vitro propagation of the 

bamboo (Bambusa tulda Roxb.) through 

shoot proliferation. Plant Cell Reports, 9 

(8), 431-434. 

Saxena, S., & Bhojwani, S. S. (1993). In vitro 

clonal multiplication of 4-year-old plants 

of the bamboo, Dendrocalamus 

longispathus Kurz. In Vitro Cellular & 

Developmental Biology-Plant, 29(3), 135- 

142. 

Schleiden,   M.    J    (1838).    Beiträge    zur 

P h y t o g e n e s i s .     A r c h i v     f ü r 

A n a t o m i e , P h y s i o l o g i e u n d 

Wissenschaftliche Medicin (J Müller) pp 

137–176. 

Schreber, J. V. (1789). Genera plantarum, 8(1), 

44-45. 

Schwann, T. (1839). Mikraskapische 

untersuch ugen uber die ubereinstimmung 

in der struktur and dem wach stume der 

tiere and pfanzen (Ostwards kallsiker) de 

exakten Wissenschaften, Engelmann – 

Leipzig,176, pp 910. 

Seethalakshmi, K. & Kumar, M.S. (1998). 

Bamboos in India – a compendium. 

INBAR Technical Report No. 17. Kerala 

Forest Research Institute, Peechi and 

International Network for Bamboo and 

Rattan, New Delhi. 

Seki, T,, Kida, K., & Maeda, H. (2008). 

Immunostimulation- Mediated Anti-tumor 

Activity of Bamboo (Sasa senanensis) 

Leaf Extracts Obtained Under 'Vigorous' 

Condition. Evidence Based Complement & 

Alternative Medicine. 7(4), 447-457. 

Seki, T., & Maeda, H. (2010). Cancer 

preventive effect of Kumaizasa bamboo 

leaf extracts administered prior to 

carcinogenesis or cancer inoculation. 

Anticancer Research, 30(1), 111-118. 

Sen Mandi, S., Ghosh, S., Waikhom, S., & 

Talukdar, N. C. (2011). Amplified 

Fragment Length Polymorphism based 

study of phylogenetic relationship and 

genetic variability among some edible 

Bamboo   species   of   North-East   India. 



136 BIBLIOGRAPHY 
 

Journal of Plant Molecular Biology and 

Biotechnology, 2(2), 8-15. 

Sharma, V., Bhardwaj, P., Kumar, R., Sharma, 

R. K., Sood, A., & Ahuja, P. S. (2009). 

Identification and cross - species 

amplification of EST derived SSR markers 

in different bamboo species. Conservation 

Genetics, 10(3), 721-724. 

Shirin, F., & Rana, P. K. (2007). In vitro 

plantlet regeneration from nodal explants 

of field-grown culms in Bambusa 

glaucescens Willd. Plant Biotechnology 

Reports, 1(3), 141-147. 

Shon, M. Y., Choi, S. D., Kahng, G. G., Nam, 

S.    H.,    &    Sung,    N.    J.    (2004). 

Antimutagenic, antioxidant and free 

radical scavenging activity of ethyl acetate 

extracts from white, yellow and red 

onions. Food and Chemical Toxicology, 

42(4), 659-666. 

Singh, S., Gupta, S. K., Sabir, G., Gupta, M. 

K., & Seth, P. K. (2009). A database for 

anti-diabetic plants with clinical/ 

experimental trials. Bioinformation, 4(6), 

263-268. 

Singhal, P., Satya, S., & Sudhakar, P. (2011). 

Antioxidant and pharmaceutical potential 

of bamboo leaves. The Journal of the 

American Bamboo Society, 24(1), 19-28. 

Singleton, V. L., & Rossi, J. A. (1965). 

Colorimetry of  total phenolics with 

phosphomolybdic-phosphotungstic acid 

reagents. American journal of Enology and 

Viticulture, 16(3), 144-158. 

Soderstrom, T. R.  (1985).  Bamboo 

systematics: yesterday, today and 

tomorrow. The Journal of the American 

Bamboo Society, 6(1-4), 4-16. 

Soderstrom, T. R., & Ellis, R. P. (1982). 

Taxonomic status of the endemic South 

African Bamboo, Thamnocalamus 

tessellatus. Bothalia, 14(1), 53-67. 

Soderstrom, T. R., & Ellis, R. P. (1987). The 

position of bamboo genera and allies in a 

system of grass classification. Soderstrom 

TR, and others ed (s). Grass systematics 

and evolution: an International 

Symposium held at the Smithsonian 

Institution,  Washington,  DC,  27-31  July 

1986. Washington, DC, London, 

Smithsonian Institution Press. 

Soderstrom, T. R., and Ellis, R. P. (1988). The 

woody bamboos (Poaceae: Bambusoideae) 

of Sri Lanka: A morphological anatomical 

study. Smithsonian Contributions to 

Botany, 72, 1–75. 

Stapleton, C. M.A. (1994b). The bamboos of 

Nepal and Bhutan Part II. Arundinaria, 

Thamnocalamus, Borindaand Yushatzfn 

(Gramineae: Poaceae, Bnmbusoideae). 

Edinburgh  Journal of Botany, 51(2), 275- 

295. 

Sun, B., Ricardo-da-Silva, J. M., & Spranger, 

I. (1998). Critical factors of vanillin assay 

f o r c a t e c h i n s a n d 

proanthocyanidins. Journal of Agricultural 

and Food Chemistry, 46(10), 4267-4274. 

Sun, Y., Xia, N., & Stapleton, C. (2006). 

Relationships between Bambusa species 

(Poaceae, Bambusoideae) revealed by 

random amplified  polymorphic  

DNA. Biochemical Systematics and 

Ecology, 34(5), 417-423. 

Sungkaew, S., Stapleton, C. M., Salamin, N., 

& Hodkinson, T. R.  (2009). Non- 

monophyly of the woody bamboos 

(Bambuseae; Poaceae): a multi-gene 

region phylogenetic analysis of 

Bambusoideae ss. Journal of Plant 

Research, 122(1), 95-108. 

Suyama, Y., Obayashi, K., & Hayashi, I. 

(2001). Clonal structure in a dwarf 

bamboo (Sasa senanensis) population 

inferred  from  amplified  fragment  length 

p o l y m o r p h i s m ( A F L P ) 

fingerprints. Molecular Ecology, 9(7), 901 

-906. 

Taberlet, P., Gielly, L., Pautou, G., & Bouvet, 

J. (1991). Universal primers for 

amplification of three non-coding regions 

of chloroplast DNA. Plant Molecular 

Biology, 17(5), 1105-1109. 

Tanko, Y., Yerima, M., Mahdi, M. A., Yaro, 

A. H., Musa, K.  Y., & Mohammed, A. 

(2008). Hypoglycemic Activity of 

Methanolic Stem Bark of Adansonnia 

digitata extract on Blood Glucose Levels 

of Streptozocin-Induced Diabetic Wistar 

Rats.  International  Journal  of  Applied 



137 BIBLIOGRAPHY 
 

Research in Natural Products, 1(2), 32-36. 

Tewari, D. N. (1993). A monograph on 

bamboo. International Book Distributors, 

Dehra Dun, pp 498. 

Thomas, T. H.,  & Blakesley, D. (1987). 

Practical and potential uses of cytokinins 

in agriculture  and horticulture. British 

Plant Growth Regulator Group 

Monograph, 14, 69-83. 

Tsay, H. S., Yeh, C. C., & Hsu, J. Y. (1990). 

Embryogenesis and plant regeneration 

from    anther     culture     of     bamboo 

( Sinocalamus latiflora ( Munro) 

McClure). Plant Cell Reports, 9(7), 349- 

351. 

Tsunoda, S., Yamamoto, K., Sakamoto, S., 

Inoue, H., & Nagasawa, H. (1998). Effects 

of Sasa Health®, extract of bamboo grass 

leaves, on spontaneous mammary 

tumourigenesis in SHN mice. Anticancer 

Research, 18(1A), 153-158. 

Usui, H. (1957). Morphological studies on the 

prophyll of  Japanese  bamboos. The 

Botanical Magazine, Tokyo, 70, 223-227. 

Van Rheede, H. A. (1678). Hortus 

Malabaricus, (vol1). 

Vivancos, M., & Juan, J.M. (2005). β- 

Sitosterol modulates antioxidant enzyme 

response in RAW 264.7 macrophages. 

Free Radical Biology and Medicine. 39: 

91–97. 

Vivancos, M., & Moreno, J. J. (2008). Effect 

of resveratrol, tyrosol and-sitosterol on 

oxidised low-density lipoprotein- 

stimulated oxidative stress, arachidonic 

acid release and prostaglandin E2 

synthesis by RAW 264.7 macrophages. 

British Journal of Nutrition, 99(6), 1199- 

1207. 

Vos, P., Hogers, R., Bleeker, M., Reijans, M., 

Lee, T. V. D., Hornes, M., & Zabeau, M. 

(1995). AFLP: a new technique for DNA 

fingerprinting. Nucleic Acids Research, 23 

(21), 4407-4414. 

Wang, C. P., Yu, Z. H., Ye, G. H., Chu, C. D., 

& Chao, C. S. (1980). A taxonomic study 

of Phyllostachys in China. Acta 

Phytotaxonomica Sinica, 18(15-19), 168- 

193. 

Wang, H., Jenner, A. M., Lee, C. Y. J., Shui, 

G., Tang, S. Y., Whiteman, M., & 

Halliwell, B. (2007). The identification of 

antioxidants in dark soy sauce. Free 

Radical Research, 41(4), 479-488. 

Wardle, K., Dobbs, K. B. & Short, K. C. 

(1983). In vitro acclimatization of 

asceptically cultured plantlets to humidity. 

Journal of American Society of 

Horticultural Science, 108, 386-389. 

Watson, L., & Dallwitz, M. J. (1992). The 

grass genera of the world. Cab 

International. 

White, P. R. (1943). A handbook of plant 

tissue culture. Soil Science, 56(2), 151. 

Widjaja, E. A. (1987). A revision of Malesian 

Gigantochloa (Poaceae: Bambusoideae). 

Reinwardtia, 10(3), 291-380. 

Williams, J. G., Kubelik, A. R., Livak, K. J., 

Rafalski, J. A., & Tingey, S. V. (1990). 

DNA polymorphisms amplified by 

arbitrary primers are useful as genetic 

markers. Nucleic Acids Research, 18(22), 

6531-6535. 

Williams, J. T., & Rao, V. R. (Eds) (1994). 

Priority species of bamboo and rattan. 

INBAR Technical Report No. 1. 

International Network for Bamboo and 

Rattan, New Delhi, India; International 

Board for  Plant Genetic Resources, 

Singapore, pp 68. 

Wilson, R.L. (1998). Free radicals and tissue 

damage, mechanistic evidence from 

radiation studies. In: Biochemical 

Mechanisms of Liver Injury. Academic 

Press, New York, pp 123. 

Yang, H. Q., Peng, S., & Li, D. Z. (2007). 

Generic delimitations of Schizostachyum 

and its allies (Gramineae: Bambusoideae) 

inferred from GBSSI and trnL-F sequence 

phylogenies. Taxon, 56(1), 45-54. 

Yang, H. Q., Yang, J. B., Peng, Z. H., Gao, J., 

Yang, Y. M., Peng, S., & Li, D. Z. (2008). 

A molecular phylogenetic and fruit 

evolutionary analysis of the major groups 

of the paleotropical woody bamboos 

(Gramineae: Bambusoideae) based on 

nuclear ITS, GBSSI gene and plastid trnL- 

F     DNA     sequences.      Molecular  



138 BIBLIOGRAPHY 
 

Phylogenetics and Evolution, 48(3), 809- 

824. 

Yasodha, R., Sumathi, R., Malliga, P., & 

Gurumurthi, K. (1997). Genetic 

enhancement and mass production of 

quality propagules of Bambusa nutans and 

Dendrocalamus membranaceous. Indian 

Forester, 123(4), 303-306. 

Yeh,  M.  L.,  &  Chang,  W. C.  (1986). Plant 

r e g e n e r a t i o n t h r o u g h s o m a t i c 

embryogenesis in callus culture of green 

bamboo (Bambusa oldhamii Munro).TAG 

Theoretical and Applied Genetics, 73(2), 

161-163. 

Yeh,  M.  L.,  &  Chang,  W. C.  (1986). Plant 

r e g e n e r a t i o n t h r o u g h s o m a t i c 

embryogenesis in callus culture of green 

bamboo (Bambusa oldhamii Munro).TAG 

Theoretical and Applied Genetics, 73(2), 

161-163. 

Ying, Z., Lei, F., Xia, C., XiaoQing, W., & 

Jian, S. (2000). Bamboo beer-a new kind 

of healthy beer. Journal of Bamboo 

Research, 19(1), 33-37. 

You, Y., Kim, K., Heo, H., Lee, K., Lee, J., 

Shim, S., & Jun, W. (2006). Stimulatory 

effects of Pseudosasa japonica leaves on 

exercise performance. Bioscience, 

Biotechnology, and Biochemistry, 70(10), 

2532-2535. 

Yue-feng, L. I. (2009). Comparison of Bamboo 

Leaf Flavone and Vc Content in Different 

Species Bamboo. Hunan Agricultural 

Sciences, 2, 14. 

Yusuf, S., Reddy, S., Ôunpuu, S., & Anand, S. 

(2001).  Global burden  of  cardiovascular 

diseases. Circulation, 104(23), 2855-2864. 

Zhang, H. Y., Yang, Y. M., & Liu, X. Z. 

(2011). Bamboo species relations revealed 

by random amplified polymorphism 

chloroplast DNA. African Journal of 

Agricultural Research, 6(5), 1241-1245. 

Zhang, Y., & Tang, L. (1997). Experimental 

studies on anti-aging effect of the leaf- 

extract of P. nigra var. Henonis. Journal 

of Bamboo Research, 16(4), 62-67. 

Zhang, Y., Jiao, J., Liu, C., Wu, X., & Zhang, 

Y.  (2008).  Isolation  and  purification  of 

four flavone C-glycosides from 

antioxidant   of   bamboo    leaves    by 

m a c r o p o r o u s r e s i n c o l u m n 

chromatography and preparative high- 

performance liquid chromatography. Food 

Chemistry, 107(3), 1326-1336. 

Zhang, Y., Tie, X., Bao, B., Wu, X., & Zhang, 

Y. (2007). Metabolism of flavone C- 

glucosides and p-coumaric acid from 

antioxidant of bamboo leaves (AOB) in 

rats. British Journal of Nutrition, 97(03), 

484-494. 

Zhang,  Y.,  Wu,  X.Q.,  &  Yu  Z.Y.  (2002b). 

Activity of the leaves of bamboo, 

Phyllostachys nigra, and Ginkgo biloba, 

China Journal of Chinese Meteria Medica 

27(4), 254–257. 

Zhishen, J., Mengcheng, T., & Jianming, W. 

(1999). The determination of flavonoid 

contents in mulberry and their scavenging 

effects on superoxide radicals. Food 

Chemistry, 64(4), 555-559. 

Zhong, H., Zhou, M., Xu, C., & Tang, D. Q. 

(2010). Diversity and evolution of Pong- 

like elements in Bambusoideae 

subfamily. Biochemical Systematics and 

Ecology, 38(4), 750-758. 

Zhou, M. B., Liu, X. M., & Tang, D. Q. 

(2011). Transposable elements in 

Phyllostachys pubescens (Poaceae) 

genome survey sequences and the full- 

length cDNA sequences, and their 

association with simple-sequence repeats. 

Genetics and Molecular Research, 10, 

3026-3037. 

Zhou, M. B., Lu, J. J., Zhong, H., Liu, X. M., 

& Tang, D. Q. (2010b). Distribution and 

diversity of PIF like transposable elements 

in the Bambusoideae subfamily. Plant 

Science, 179(3), 257-266. 

Zhou, M. B., Lu, J. J., Zhong, H., Tang, K. X., 

& Tang, D. Q. (2010a). Distribution and 

polymorphism of mariner-like elements in 

the Bambusoideae subfamily. Plant 

Systematics and Evolution, 289(1), 1-11. 



 

 

INDEX 

 

 
 

 

 

INDEX 
 
 

 

A 

Alloxan 61,113, 114 

Anti-hyperglycemic 60, 111, 112, 113 

Antioxidant 10, 33, 34, 57, 58, 62, 101, 103, 

104, 105, 107, 110, 111, 112, 113, 114, 117 

Auxin 21, 26, 30, 31, 32, 93, 96 

 

 

B 

Bambooclick 120 

Bambooinfoline 118, 120 

Bamboomining 119, 120 

Bamboopedia 118, 119 

Bambusa atra 66, 72, 76 

Bambusa balcooa 17, 18, 26, 30, 31, 57, 60, 

61, 66, 72, 95, 99, 101, 102, 104, 105, 106, 

107, 108, 109, 110, 111, 112, 113, 114, 115, 

116, 117 

Bambusa bamboos 66, 84 

Bambusa longispiculata 66 

Bambusa multiplex ‘Alphanso-Karr’ 66, 67, 

70, 72, 76, 79, 84, 85 

Bambusa multiplex ‘Rivierorum’ 66, 67, 70, 

72, 76, 77, 79, 84, 85 

Bambusa oliveriana 66, 72, 76 

Bambusa pallida 57, 66, 74, 76, 77, 81, 101, 

102, 103, 104, 105, 106,107, 108, 109 

Bambusa sinospinosa 66, 79 

 

Bambusa tulda 16, 18, 66, 72, 99 

Bambusa vulgaris ‘Wamin’ 66, 68, 72, 77 

Bambusa vulgaris‘Vittata’ 57, 66, 70, 76, 77, 

79, 90, 101, 102, 103, 104, 105, 106, 107, 108, 

109 

BAP 28, 30, 31, 55, 94, 95, 96 

Blood glucose 61,62, 113, 114, 115 

 

 

C 

Cephalostachyum latifolium 66, 69, 84, 85, 90 

CTAB 43, 45, 69 

Cytokinin 21, 26, 30, 55, 93, 95 

 

 

D 

Database 9, 10, 11, 39, 40, 54, 63, 64, 117, 

118, 120 

Dendrocalamus asper 24, 27, 29, 31, 33, 66, 

68, 79, 95 

Dendrocalamus hamiltonii 57, 66, 77, 90, 95, 

101, 102, 103, 104, 105, 106, 107, 108, 109 

Dendrocalamus sikkimensis 57, 66, 70, 79, 97, 

98, 101, 102, 103, 104, 105, 106, 107, 108, 109 

Dendrocalamus strictus 24, 28, 29, 30, 31, 33, 

54, 57, 66, 74, 77, 79, 93, 95, 97, 99, 100, 101, 

102, 103, 104, 105, 106, 107, 108, 109 

Dendrogram 17, 53, 70, 73, 74, 76, 78, 79, 81, 

82, 85, 87 

Diabetes 33, 34, 35, 40, 61, 110, 111, 113, 115, 



140 INDEX 
 

117 

DNA 11, 16, 17, 19, 20, 34, 43, 45, 46, 47, 48, 

49, 50, 51, 52, 53, 54, 56, 57, 69, 70, 72, 74, 

77, 81, 84, 85, 86, 89, 90, 93, 99, 

DNA fingerprinting 53, 90, 93, 100 

DPPH scavenging activity 104, 106 

Drepanostachyum intermedium 66, 74, 78, 85 

Drepanostachyum khasianum 66, 74, 79, 84, 

85, 90 

 

 

E 

Explants 23, 27, 28, 29, 30, 55, 93, 94, 97 

 

 

F 

Flavonoid 34, 58, 103, 

Flavonol 58, 103, 104 

 

 

G 

GenBank 54, 89, 90, 91, 93 

Gigantochloa 66, 67, 69, 74, 85, 89, 

Glycated Hb 113, 114 

GPx 62, 114, 115, 117, 

Green gold 5, 6, 9, 10, 40, 120 

 

 

H 

Himalayacalamus hookerianus 66, 67, 68, 79, 

84, 85, 90 

HPLC 60, 110, 112 

Hydrogen peroxide scavenging activity 107 

 

 

I 

In vivo 60, 112, 113 

ISSR 18, 43, 48, 49, 57, 72, 74, 76, 77, 78, 79, 

80, 81, 82, 83, 85, 90, 92, 97, 99, 100, 101 

K 

Kinetin 26, 27, 29, 55, 94, 96 

 

 

L 

Lipid peroxidation 63, 115, 117 

 

 

M 

MDA 62, 63, 114, 115 

Melocanna baccifera 17, 18, 66, 74, 85, 90 

Micropropagation 8, 9, 10, 22, 23, 97 

Molecular 9, 11, 15, 16, 18, 19, 20, 21, 43, 45, 

46, 48, 49, 50, 51, 52, 53, 69, 70, 72, 74, 77, 

79, 90, 92, 100 

Monomorphic 70, 71, 84,99 

 

 

N 

North Bengal 4, 6, 9, 10, 11, 41, 42, 43, 63, 65, 

66, 67, 68, 69, 74, 81, 93, 101, 118, 120 

 

 

P 

PCR 16, 18, 19, 43, 47, 48, 49, 50, 51, 52, 53, 

54, 69, 70, 81, 84, 85, 89, 90, 92, 93, 99 

PCR-RFLP 11, 43, 49, 54, 81, 85, 93 

Phenol 34, 44, 45, 57, 101, 102 

Phyllostachys nigra 16, 26, 27, 36, 37, 38, 66, 

70, 85, 90 

Phylogenetic analysis 19, 74 

Plasma insulin 113, 114 

Pleioblastus argenteostriatus 66, 69, 85, 90, 91 

Poaceae 1, 2, 7, 12, 19, 

Polymorphic 11, 16, 17, 18, 53, 70, 71, 76, 84, 

85 

Principal coordinate analysis 74, 75, 79, 80, 83, 

88, 

Proanthocyanidin 58, 103, 104, 105 



141 INDEX 
 

Pseudosasa japonica 34, 38, 66, 84, 85, 90 

 

 

R 

RAPD 11, 16, 17, 18, 43, 46, 47, 57, 70, 71, 

72, 73, 74, 75, 79, 81, 82, 85, 90, 92, 97, 99, 

100, 101 

Reducing power assay 59, 105 

RNase 45 

 

 

S 

Sasaella ramosa 66, 74, 85, 90, 

Shibateae kumasaca 66, 67, 74, 84, 85, 90 

SOD 62, 114, 115, 117 

Somaclonal variation 11, 56, 97, 99, 101 

 

 

T 

TBE 46, 48, 49, 50, 51, 52, 53 

TE 43, 45, 46, 

Toxicity 61, 107, 113 

TrnL-trnF 11, 49, 54, 81, 84, 86, 87, 88, 90, 93 

 

 

Y 

Yushania maling 66, 68, 74, 90 



 

 

Appendix-A 
 

Thesis related publication till March, 2013 
 

 Goyal AK, P Kar and A Sen (2013). Advancement of bamboo taxonomy in 

the ear of molecular biology: a review. In A Sen (eds) Biology of useful 

plants and microbes, Narosa publication house, New Delhi. Pp.197-208. 

 

 Goyal AK, PK Ghosh, AK Dubey & A Sen (2012). Inventorying bamboo 

biodiversity of North Bengal: A case study. International Journal of 

Fundamental and Applied Sciences. 1: 5-8. 

 

 Goyal AK, SK Middha & A Sen (2011). In vitro antioxidative profiling of 

different fractions of Dendrocalamus strictus (Roxb.) Nees Leaf Extract. 

Free Radicals and Antioxidants. 1(2): 42-48. 

 

 Goyal AK, SK Middha & A Sen (2010). Evaluation of DPPH radical 

scavenging activity, total phenols and antioxidant activities in Indian wild 

Bambusa vulgaris ‘Vittata’ methanolic leaf extract. Journal of Natural 

Pharmaceuticals 1(1):40-45. 

 

 Goyal AK, SK Middha, U Talambedu, S Chatterjee, AK Bothra, MB 

Nagaveni & A Sen (2010). Bamboo-infoline- a database for North Bengal 

Bamboo’s. Bioinformation. 5(4):184-185. [PMID: 21364784] 

 

 Goyal AK, SK Middha and A Sen (2013). Bambusa vulgaris ‘Vittata’ 

attenuates oxidative stress- An in vitro biochemical assay. Indian Journal of 

Natural Products and Resources (Under revision). 

 

DATABASE DESIGNED: 
Bambooinfoline- a database for North Bengal Bamboo’s 
(Availablility:    http://www.bamboodb.ind.in/) 

 

 

 

 

 

 

 

 

 

A1 

http://www.bamboodb.ind.in/)


 

Appendix-B 
Buffers and chemicals used for DNA fingerprinting studies 

CTAB- buffer 

100mM Trizma Base (Sigma, Cat# T1503) (pH-8.0) 

20mM EDTA (Merck India, Cat# 60841801001730) (pH-8.0) 

1.4 M NaCl (Merck India, Cat#60640405001730) 

2% (w/v) CTAB (Hexadecyl cetyl trimethyl ammonium bromide) (Sigma, Cat# H6269) 

12.11g of molecular grade Trizma base was dissolved in 400 ml double distilled water, pH was 

adjusted to 8.0 and was divided into two parts of equal volume. To one part 7.44g EDTA was 

added and to the other part 81.8g NaCl and 20g CTAB. Both the parts were than mixed and the 

final volume was made up to 1000ml with double distilled water prior to autoclaving. The buffer 

was autoclaved at 121ºC and 15 psi for 20 mins and stored at room temperature for further use. 

Note: Add 1% PVP (Polyvinylpyrrolidone) (Sigma, Cat #P5288) and 0.3% β-mercaptoethanol 

(Sigma, Cat# M3148) just before use. 

5X TBE (Tris-borate-EDTA) buffer  

Trizma base (Sigma, Cat# T1503) = 27 gm 

Boric acid (Sigma, Cat# 15663)= 13.75 gm 

0.5M EDTA (pH 8.0)=1.86 gm 

All the reagents were dissolved separately and finally mixed together and the final volume was 

made up to 1000ml with double distilled water prior to autoclaving. The buffer was autoclaved at 

121ºC and 15 psi for 20 mins and stored at room temperature for further use. 

1X TE: 

Tris- Cl (pH 8.0) (i.e. 10Mm) =0.6055gm 

EDTA (pH 8.0) (i.e. 1mM) =0.186 gm 

Both the reagents were dissolved separately and finally mixed together and the final volume was 

made up to 1000ml with double distilled water prior to autoclaving. The buffer was autoclaved at 

121ºC and 15 psi for 20 mins and stored at room temperature for further use. 

3M Sodium Acetate (Sigma, Cat# S9513): 

The required amount of sodium acetate i.e.12.31 g was dissolved in 50ml double distilled water 

prior to autoclaving. The solution was autoclaved at 121ºC and 15 psi for 20 mins and stored at 

room temperature for further use. 

6X gel loading buffer: 

TYPE 3: 

0.25% Bromophenol blue (Sigma, Cat# B0126) 

0.25% Xylene cyanol FF (Sigma, Cat# X4126) 

30% Glycerol (Merck India, Cat#61756005001730) in water 

Store at 4ºC. 

RNase A: 

The RNase A enzyme (Sigma, Cat# R4875) was dissolved at a concentration of 10mg/ml in 

0.01M sodium acetate (Sigma, Cat# S9513) (pH 5.2). The solution was heated at 100ºC for 15 

minutes in a water bath and allowed to cool slowly to room temperature. The pH was adjusted by 

adding 1/10 volume of 1M Tris- Cl (pH 7.4) and stored at -20ºC for further use. 

Note: Both 0.01M sodium acetate and 1M Tris-Cl were prepared and autoclaved at 121ºC and 15 

psi for 20 mins prior to use. 
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Appendix-C 
 

 

Composition of Murashige and Skoog medium (Hi media Cat# PT018) 
 

Macroelements Amount required (mg/l) 

KH2PO4 170.00 

KNO3 1900.00 

MgSO4 180.54 

NH4NO3 1650.00 

Microelements Amount required (mg/l) 

CoCl2,6H2O 0.025 

CuSO4,5H2O 0.025 

FeNaEDTA 36.70 

H3BO3 6.20 

KI 0.83 

MnSO4,H2O 16.90 

Na2MoO4,2H2O 0.25 

ZnSO4,7H2O 8.60 

Vitamins Amount required (mg/l) 

Glycine 2.00 

Myoinositol 100.00 

Nicotinic acid 0.50 

Pyridoxine HCl 0.50 

Thyamine HCl 0.10 

 

To it was added 3% sucrose (Hi media Cat# RM134), 0.332 mg/l CaCl2 (Merck India Cat# 
61764405001730). pH was adjusted to 5.6±0.1 and the volume was made up to 1000ml with double 
distilled water. It was then autoclaved for 20 minutes at 121ºC and 15psi and cooled and plant growth 
regulators are added (if any) as per requirement. 

Note: In case of solid media agar (Hi media Cat#RM026) is added at the rate of 0.8%. 
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Appendix-D 
 

Chemicals and buffers used for antioxidant profiling 
 

Solvents: 

1. Methanol (Merck India, Cat# 60600905001730) 

2. Acetone (Merck India, Cat# 60001405001730) 

3. Double distilled water 

 

Standards: 

1. Gallic acid (Himedia, Cat# RM233) 

2. Quercetin (Himedia, Cat# RM6191) 

3. Ascorbic acid (Himedia, Cat# CMS1014) 

4. Cathechin (Sigma, Cat#C0567) 

 

Total Phenol: 

1. Folin Ciocalteu’s reagents (SRL, Cat# 062015) 

2. Sodium Carbonate (Merck India, Cat# 61778705001730) (20%) 

 

Total Flavonoid: 

1. Sodium Nitrite (Himedia, Cat# RM417) (5%) 

2. Aluminium Chloride (Sd Fine, Cat#) (10%) 

3. Sodium hydroxide (Merck India, Cat# 6184305001730) (1mM) 

 

Total Flavonol: 

1. Aluminium Chloride (Sd Fine, Cat# ) (2%) 

2. Sodium acetate (Sigma, Cat# S9513) (5%) 

 

Total Proanthocyanidin: 

1. Vanillin (Himedia, Cat# RM616) (4%) 

2. Hydrochloric acid (Merck India, Cat# 61762505001730) 

 

DPPH scavenging activity: 

1. DPPH (Himedia, Cat# RM2798) 

2. Methanol (Merck India, Cat# 60600905001730) 

 

Ferrous reducing power assay: 

1. Phosphate buffer (0.2M) pH 6.6 

Potassium dihydrogen phosphate (Merck India, Cat# 60487305001730) 

Dipotassium hydrogen phosphate (Merck India, Cat#61788005001730) 

2. Potassium ferrocyanide (Merck India, Cat# 61843605001730) (1%) 

3. Trichloro acetic acid (Himedia, Cat# RM7570) (10%) 

4. Ferric chloride (Himedia, Cat# RM1379) (0.1%) 

 

Hydrogen peroxide scavenging activity: 

1. Hydrogen peroxide (Merck India, Cat# 61765305001730) (2mM) 

2. Phosphate buffer (pH 7.4) 

Potassium dihydrogen phosphate (Merck India, Cat#60487305001730) 
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Potassium hydroxide (Merck India, Cat#60503305001730) 

 

HPLC analysis: 

1. Methanol (HPLC grade) (Sigma, Cat# 65548) 

2. Water (HPLC grade) (Sigma, Cat# 95304) 

3. Rutin (Sigma, Cat# R5143) 

4. Gallic acid (Sigma, Cat# 27645) 

5. β- sitosterol (Sigma, Cat# 172286) 

6. Quercetin (Sigma, Cat# Q4951) 

 

In vivo testing: 

1. Alloxan (2,4,5,6-tetraoxypyrimidine; 2,4,5,6- pyrimidinetetrone) (Sigma, Cat#A7413) 

2. Phosphate buffer (50mM) (pH 7.0) 

3. EDTA (0.1 mM) 

4. NADPH (1.5 mM) (Sigma, Cat# N5130) 

5. Glutathione (GSH) (0.01 mM) (Sigma, Cat#G4251) 

6. Glutathione Reductase (0.24 U) (Sigma, Cat#G3664) 

7. t-butyl hydro-peroxide (12mM) 

8. Carbonate buffer (0.05M) 

9. 30mM epinephrine (Sigma, Cat#E4250) in 0.05% acetic acid (Merck India, 

Cat#60006305001730) 

10. 1, 1, 3, 3- tetramethoxy propane (Sigma, Cat#108383) 

11. SDS (sodium dodecyl sulfate) (Sigma, Cat# 436143) (8.1%) 

12. 20% acetic acid (Merck India, Cat#60006305001730) 

13. 0.6% thiobarbituric acid (Sigma, Cat#T5500) 

14. Butanol 

15. Pyridine (Sigma, Cat# 270970) 

16. Glibenclamide 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A5 


