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GENETIC TRANSFORMATION IN WI-1!TE JUTE 
(Corciwius capsuluris) 

BY 

SIIAIKH 'I'AZUL ISLAM 

ABSTRfi CT 
Two section of experiment were conducted during the period From July 2006 to June 

2007 in the Genetic Engineering Laboratoiy of Genetic Resources and Seed Division, 

Bangladesh Jute Research Institute (BJRI), Dhaka. In this section-A, C. capsukiris was 

used to investigate their in vitro regeneration potentiality and in the section-B, two 

vaneties of C. capsularis were used to observe their transformation ability. Cotyledons 

(with attached petioles) were used as explants. One of the major constraints of getting 

plant regeneration from the explants of C. capsularis was the production of healthy 

seedlings in vitro. Seeds of C. capsufaris germinated on both agar supported hormone 

free MS medium and cotton supported hormone free liquid MS medium. The percentage 

of seeds germinated on cotton-supported medium was found to be much higher than 

seeds germinated on agar-supported medium. In the section-A, seed germination 

percentage was found to be the highest in CVE-3 in cotton-supported medium (88.89%) 

than agar-supported medium (77.77%). Among the phytohorntone combination, MS+ 2 

mg/I HAl' 7 0.5 mg/I IAA showed the highest shoot regeneration (83.33%). l'lant 

regeneration was also observed in the presence of different percentages of surfaetant 

(Pluronic F-os) and different concentration of PeSO.1  and it was found that 0.08% 

surfactant and 28 mg/I FeSO4  gave highest result respectively. In the section-B, an 

efficient and reproducible protocol for the production of transgenie jute plant was 

developed by inoculating cotyledonary petioles with Agroliacicriu,n lumefaciens  strain 

LBA4404 carrying a binary vector pBI12I, which contains selectable marker gene npuii 

conferring resistance to kanamycin and the GUS reporter gene. After co-cultivation and 

selection, histochemical GUS assay was performed in two varieties (viz. CVE3 and 

C\'Ll). In the transformed explants, GUS reporter gene was expressed showing blue 

colour in the explain tissues. Non-transformed explants did not show any colour. Among 

the varieties, CVE-3 showed the highest response to GUS assay (90%). 

xviii 
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15 vtrQo(D?)crIow 

Jute l)eIoflgs to the family of Tiliaceac. There are two cultivated species, one is 

('arc/zone's capsuluris L. and another is Cure/tunis u/dorms L. It produces a haM 

(bark) liber, which is one of the most important vegetable fibers next to cotton 

(Singh, 1976). Commonly ('arc/torus cupsukiris L. is known as white jute. 

Jute is one of the most important cash crops of Bangladesh. It occupies 51h 
 position 

after rice, pulses, oil seeds and wheat in respect of cultivated area (BBS, 2003). 

Bangladesh is not only the second largest producer of jute but she produces the 

best quality jute and leads the export market In the year of 2001-2002, the 

acreage, production and yield oljute were 1128 thousand acre, 859 thousand bales 

and 762 kg/acre respectively (BBS, 2003). It is extensively used in the 

manutheture of different types of packing materials for various agricultural and 

industrial products. Jute not only constitutes a major currency earner, but is also a 

major source ol employment, which is of prime importance to the rural economics 

of Bangladesh. 

Commercially, jute is often referred to as the "Golden ilber of Bangladesh", 

because of its immense contribution for the economy of this cowthy. Considerable 

size of the total population of our country is engaged directly and indirectly in 

production and processing ofjute. Jute exports constitute a major source of foreign 

exchange (12-13%) earning in Bangladesh. During the year of 2001-2002, 

Bangladesh exports 619000 tons of raw jute and jute goods and earned about '1k. 

16908.00 million (BBS, 2003). 



Cultivation of jute in Bangladesh is increasingly shilling to less productive ]and 

with marginal care. Thus creating challenges in dealing with new emerging 

production constraints. In every year, about 7 lac 67 thousand bates of jute are 

damaged by insect-pest (Ahmcd cIa!, 1993). Diseases have also an adverse effect 

on yield (about 5 lakh bales damaged by diseases). Abiotic strcsses like drought, 

flood, low temperature etc. are detrimental to this crop. With the launching of 

global campaign for environmental awareness intematioral opinion is being 

created on jute for its expanded production and use, as it is biodegradable arid 

friendly to the environment. Jute is a plant, all parts of which have extensive uses. 

To maintain a sustainable improvement in jute productivity under less favorable 

environment can only be achieved with a constant flow of new genetic materials. 

The existing variability for constraints, like insect-pest and diseases, poor soil 

fertility, water stress, fiber quality and photo- i ntens ity etc. is a serious issue that 

needs to be addressed (Aggarwal, 2000). One of the major constraints to increase 

jute productivity is the non-availability of modern varietics with improved plant 

types 

At present, very less success can be achieved for jute production through the 

conventional breeding methods. New genotypes need to introduce in the field of 

jute breeding. Although a number of high yielding variety of jute have been 

released froni the Bangladesh Jute Research Institute (BJRJ) through conventional 

breeding techniques, these techniques still have many limitations. It is therefore, 

very important to explore other means of modern scier title techniques for 

example. tissue culture or genetic engineering to accelerate the pace of varietals 

improvement. 

The chances for availability of new genotype of jute with disease resistance in 

nature are very remote unless new techniques are launched to create variability. 

Biotechnology is a recently developed novel approach and therefore it is very 

important to explore these techniques for varieties improvement ofjute. 

2 



The pie-requisite of genetic transformation in jute was to establish an efficient 

system from explants to matured fertile plants. Plant regeneration from the 

cotyledonaw petioles was reported earlier from C. capsular/s (Khatun ci al. 1992) 

and from the cotyledonary petioles of C. ui/onus (Khatun, ci at, 2003). 

Translbnnation of higher plants has been accomplished by different methods 

(Gardner 1993. Gasscr and Fraley 1989, Paszkowski ci al. 1989). The most 

common and efflcient one utilizes non-ontogeny Agruhacicriuns strain as a gene 

vector (Lindsey, 1992). 

White jute (('orclzur,tv cupsularis) is susceptible to root-knot ncmatodcs and spiral 

borers. This species is also susceptible to stein rot and leaf mosaic diseases. Genes 

are available against stern borer, fungus and viral diseases, which could be inserted 

in jute in future through genetic transformation. Befbre developing a protocol for 

gene transfer in jute, there is a need to develop an eflicieni: and repeatable plant 

regeneration system from jute explants. The developec protocol for plant 

regeneration from jute explants then would be used for inseition of agronornically 

important genes in jute plants in future. At present, marker genes e.g. kanamycin 

and GUS genes would be used tbr jute transformation 

Genetically engineered foreign genes have been successfully transferred into 

several agriculturally important crop. plants including jute by Agrobacicrium-

mediate transformation (Bajaj, 1989). Recently, plants have been engineered to be 

resistant to herbicide, viruses and insects. Genetic transformation could be one 

option for the improvement of jute varieties. A vector systm is therefore, needed 

to be developed lbr the production of transgenic jute expressing agrononiically 

important traits like jute plants with resistant to insect or fungus, with suitable 

marker genes. With this view in mind, the present research work has been 

undertaken. The present study has been divided into two separate sections. This 

are- 
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Section-A: In t'itro regeneration potentiality of C. capsulari:: varieties. 

Section-B: Agrobacseriurn-mcdiated genetic cansformation of C. caps ukiris 

The objectives of the present research are: 

To develop a suitable and reproducible protocol for in t'Uro plant regeneration 

in C. capsu/artv. 

To develop a reproducible and efficient protocol for the insertion of foreign 

genes into C. capsularis through Agobacteriwn tunwfaciens vectors. 
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Jute is the most important fiber crop of Bangladesh. The crop received much 

attention by a large number of researchers on various aspects of production and 

utilization. Improvements of crop plants like jute through conventional method 

require long time. Plant biotechnology now a day offers many opportunities for 

breeders with chances to solve certain breeding problems at cellular level, 

lIiotcchnological research on jute has been initiated in early sixties (Islam, 1964). 

However, output is still very limited. Recent advances in tissue culture and 

recombinant DNA technology have opened new avenues in transformation of 

higher plants, which consequently produced many transgenic plants with new 

genetic properties. Establishment of an efficient plant regeneration system from 

the explants of jute is a prerequiste to create variability and to introduce foreign 

genes into this crop through genetic trans brmatiori (Khatiui, 1998). l3rief review 

of work done on plant regeneration and transfonnation of jute and allied fibers is 

summarized bellow. 

2.1 In *'ifro regeneration potentiality of C capsularis varieties 

2.1.1 Concept of tissue culture 

Conventional techniques are lengthy processes for crop improvement. The 

techniques of plant tissue culture have been developed as a new and powerful tool 

for crop improvement (Carlson, 1975, Razdan and Cockin 1981) and received 

wide attention of scientists (D'Aamatol978, Skirvin 1978, arkin and Scowcroft 

1982). Regeneration from different explants (leaf, stem, cotyledon and hypocotyls) 

on defined nutrient media tinder sterile conditions is the basis of plant tissue 

culture. When explains of a plant are culture in a Ictined medium, an 



undifferentiated collection of cells arise which then develw  into whole plants 

from this undifferentiated callus is known as regeneration. Tissue culture 

tcchniquc is now used extensively in many national and international 

organizations, such as ('IP, tARt, ICRISAT, USDA, where programs of crop 

improvement are in progress for development of different crops. 

2.1.2 Tissue culture of jute 

In t'uro plant regeneration has been quite difficult among the Species Corcizorus 

through tissue culture technique. It appears that jute is a notorious recalcitrant 

plant and regeneration from it is sporadic. Regeneration has only been reported 

from meristematic tissue but not from totally differentiated tissue, like callus. 

Where there are reports of regeneration from cotyledon or hypocotyls derived 

callus, there are usually portions of menstematic tissue left from where 

regeneration actually occurs. 

Tissue culture research in jute was started in 1964, when I ;iam (1964) cultured 

interspecific hybreed embryo (Corc/iorus capsularis x Corchorus oluorutv) and 

hybrid plants were obtained Plant regeneration of jute from incristcm (Rahman ci 

(l.. 1985), cotyledons (ltahmaj) CF cii. 1985; Khatun et cii. 1992. Ali, 1992). leaf 

(Islam, 1981), plumule (Das ci cii 1996), hypocotyl (IChatun ci at 1992; Ghosh 

and Chatterjee. 1990; Scraj ci cii. 1992), apical meriatems (Rahman clot 1985) 

and anther culture [1I3FC (CAAS), 1974; Islam ei cii 1981] have been reported. 

2.1.2.1 /n vitro seed germination 

Healthy seedling production was one of the major criteria for plant regeneration. 

However, very few work and attention has been paid so far on in vitro seed 

germination of jute. Some literatures related to in vitro seed germination are cited 

bellow 



Nalier of at (2003) conducted an experiment to study the seed gennination 

percentage of varieties of C. capsular/s (vats. CVE-3. CVL-1, l)-154, CC-45, 

BJC-83. BJC-7370, BJC-718 and BJC-2142) on honnone free agar-solidified MS 

basal medium and clinical cotton-based MS liquid medium. They reported that the 

percentage of seed germination among the varieties was found higher on cotton-

based medium than the agar-bascd medium. Naher of at (2003) also reported that 

the highest percentage of seed gennination was found in the vanety C\'E-3 

(97.33%) on cotton-based medium and the lowest (86.33%) on agar-based 

medium. 

Khatun (2001) conducted an experiment to study the germination percentage of 

varieties Cl capsularis (van. C\'L-1, .CVE-3 and D-154) on hormone free agar-

solidified MS basal media and cotton-based MS liquid medium. She reported that 

among the varieties, percentage of seed germination was found the highest 

(98.66%) on cotton-supported medium and the lowest (68.66%) on agar-supported 

medium in the variety CVE-3. 

2. 1.2.2 Callus induction 

A callus is an amorphous mass of loosely arranged thin walled parenchyma cells 

arising from the proliferating cells of parent tissue (Dodds and Robert, 1990). 

Callus induction from different explants of various jute (C. capsularis) varieties in 

the combinations of growth regulators were reported by seveial workers. The most 

relevant literatures related to callus induction have been reviewed here: 

2.1.2.2.1 Effect of explants 

Rahman of at (1985) showed that callus initiated from both apical meristems and 

cotyledons of var. D-1 54 of C. capsularis, when cultured on BAP and tyrosine 

fortified MS media forms shoot. 
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KJiatun ci al. (1992) reported cotyledon-derived callus. TheN used phytohormones 

BAP and lAA with MS medium to set multiple shoots from cotyledon-derived 

ealli. Ak (1992) also recorded similar observation. Scraj ei at (1992) reported that 

callus initiated from hypocotyls of D-154 and CVL-1 of C. capsularis when 

cultured on BAP and tyrosi.ne  fortified MS medium. They also used on antioxidant 

NDGA (norduhydroguaiaretic acid). 

21.2.2.2 Effects of growth regulators 

Tewari c/a/. (1999) reported that 2. 4-1) induced callus initiation in I 00% explants 

when cotyledons. segments of hypocotyls and roots of white jute (C. capsularis) 

were cultured on MS medium supplemented. Khatun (2001) cultured in vitro 

grown cotyledons (with attached petioles) of C. capsularis in agar solidified MS 

medium supplemented by 0.5 mg/I IAA and different concentration of BAP (21  3, 

4 or 5 mg/I) and noted least performance in callus induction and shoot 

regeneration in the combination of MS ± 0.5 mg/I IAA and 2 mg/I BAR 

2.12.23 Maintenance of callus 

Very little work and attention has been paid so far on maintenance of callus of 

titc •fl ic UI tanogcn IC callus ul (1 capsu/an.c (Var. 1)-I 54 u id CVI.- I ) when rich 

in large starch granules, was transferred to MS basal medium, and if differentiated 

into single or multiple shoots (Seraj etat 1992). 

2A.23 Shoot regeneration 

The tonpoteney of somatic cells has been explained in vegetative propagation of 

plant species In rum studies have revealed that most plants would dilThrentiate 

shoots and roots from somatic as well as reproductive tissues. Whole plant 

regeneration from cultured cells may occur either through shoot-end 

differentiation of plant from callus has been reported by different workers. The 

literatures closely relatcd to in vitro regeneration ofjutc are cited below: 
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Naher ci cii. (2003) reported multiple shoot regeneration from cotyledons with 

attached petioles cultured on MS medium supplemented by 2 mgI] IAA and found 

the highest in CVE-3 (91%) and the lowest in BJC-7370 (43.33%). It has been 

reported that C\'E-3 showed higher perfonnance (91% cotyledons were 

responded) in case of multiple shoot regeneration (32 shoot/explant) among 10 

varieties of C. capsufaris 

Khatun (2001) conducted an experiment on six varieties of jute (CVI-!. C'VE-3, 

D-154, CC-45, and BJC) and observed that the frequency of shoot production 

varied greatly among the varieties. She reported that CVE-3 (88.33%) showed the 

best pertbrmance in shoot regeneration. 

Khatun ci at (2003) reported that the cotyledonaiy explants of C. olilornis 

produced multiple shoot when cultured in MS medium with 0.5 mg lAM and 3 

mg RAP/I and also reported that the best in i'ifro response for shoot regeneration 

was obtained from 0-9897 (59.33%), when used four varieties of C. olitorius (var. 

0-4. 0-9897, OM-1 and 0-72). 

2.1.2.5 Effect of p1l on plant regeneration 

Naher and Khatun (2004) reported that two varieties ofU. capsularis (vars. CVL-1 

and D-154) perfonned differently on shoot regeneration in different pH levels (e.g. 

3.5. 4.5, 5 0, 5.5. 6.0, 6.5 and 7.0) in association with MS plant regeneration 

medium. They found that D- 154 responded for maximum shoot regeneration at pH 

5.0 (65.00%) and CVL-1 at p11 7.0 (63.33%). They also reported that shoot 

regeneration percentage of D- 154 gradually decreased as pH levels were increased 

and shoot regeneration of ('\'L-1 gradually increased as the plI  levels were 

increased. 



2.1.2.6 Influence of surfactants (Pluronic F'-68) on plant regeneration front 

cotyledons of C cap.vuluris 

Khatun ci at. (1992) conducted an experiment of stimulation of differentiation in 

jute cotyledon cultured with Pluronic F-OS. They reported that the addition to MS-

based medium of 0.1 or 0.5% (w/v) of either commercial grade Pluronic F-68 or a 

purified fraction obtained by passage through silica gel, stimulated shoot 

production from the petioles of cotyledons of C. capsulc:ris vars. Dl54 and C 134. 

This effect was pronounced with C134, because of the failure of control cotyledon 

to differentiate into shoots in MS medium without Pluronic F-68. The implications 

of these results are discussed in relation to the potential value of non-ionic 

surfactants as additives to plant culture media for stimulating growth and 

differentiation. 

Lowe ci at (1993) showed that a novel approach to the growth of cultured plant 

cells, tissues and organs by supplementation of culture media with low 

concentrations (<1.0% w/v) of surfactants is discussed. Studies using Arabhiopsls 

i/ia/lana, Sa/anntii dulcainara and (>irch urns cap.vu/aris demonstrated the 

considerable growth stimulating effects of pluronic (Poloxamer) co-polymers in 

both liquid and semi-solid systems. The possible mechanism(s) involved and their 

implications are considered in relation to the application of such compounds in 

plant biotechnology. 

Kumar ci at (I 991) reported that the non-ionic, copolymer surfactant, Pluronic F-

68 (Poloxamer 188), is a valuable growth promoting supplements in plant culture 

systems. For example, addition of low concentrations of Pluronic F-os to culture 

media stimulated growth of callus, isolated protoplasts and Agrohacicrium 

r/uzogcnc- transformed roots of Solanun: du/camara. 

King ci at. ( 1991 ) reported that related studies with animal cells have shown that 

Pluronic F-OS stimulates increased 2-deoxyglucose uptake and amino acid 
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incoiporation into protein perhaps increasing cytoplasmic membrane permeability. 

This is supported by patch-clamp experiments using artificial lipid bilayers in 

which Pluronic F-os caused the formation of short-lived, trans membrane pores. 

The inclusion of surfactants in plant culture media could prove beneficial, not only 

for stimulating tissue growth, but also in promoting differenti3tion. 

2.2 ilgrobacteriun: —mediated genetic transformation of wRite jute 

2.2.1 Concept of genetic transformation 

Genetic transformation of cells by uptaking of exogenous DNA has generated 

enormous interest in harnessing the advantages offered by plant tissue and cell 

culture technology. This consists of four steps: insertion, integration, expression 

and replication of foreign DNA inside the host cell. In all transformation 

experiments, specific reporter gene and one or more selectable marker gene are 

required to be incorporated into the plant cells prior to the integration of gene/ 

genes of interest. This reporter gene can be recognized in the plant tissue with the 

help of selectable agents, confirming nansfomiation of the plant tissue (Gardner, 

1993). 

2.2.2 Agrubucteriun: tumefaciens- as a natural genetic engineer of dicots 

Plant transformation mediated by A. iumefiec,w;s, a soil plant pathogenic 

bacterium, has become the most useful method for the introduction of foreign  

genes into plant cells and the subsequent regeneration of ransgenic plants. A. 

tumefaciens naturally infects the wound sites in dicotyledonous plant causing the 

formation of 	crown gall tumors. 

2.2.2.1 Biology of Agrobacteriu,n tutnefuciens 

A. IumcJáck'ns has the exceptional ability to uansfer a particular DNA segment 

(T-DNA)of the tumor-induction (Ti) plasmid into the nucleus of infected cells 

where it is then stably integrated into the host genome and transcribed, causing 



crown gall disease (Nester ci at, 1984; Binns and •I'homashaw, 1988). T-DNA 

contains two types of genes: the oncogenic genes, encoding for enzymes involved 

in the synthesis of auxins and cytokinins and responsible for tumor formation; and 

the genes encoding for the synthesis of opines. 

These compounds produced by condensation between amino acids and sugars, are 

synthesized and excreted by the crown gall cells and consuned by A. tumefaciens 

as carbon and nitrogen sources. Outside the T-DNA, arc located the genes for 

opine catabolism, the genes involved in the process of T-DNA transfer from the 

bacterium to the plant cell and the genes involved in bacterium-bacterium plasmid 

conjugative transfer (l-looykaas and Sehilperoort, 1992; Zupan and Zambrysky, 

1995), 

Virulent strains of A. suinefaciens and A. r/uzogencs, when interacting with 

susceptible dicotyledonous plant cells, induce diseases known as crown gall and 

hairy roots respectively. These strains contain a large mega plasniid (more than 

200 kh), which plays a key role in tumor induction and for this reason it was 

named Ti plasmid or Ri plasmid for A. izunefaciens in the case of A. rhizogenes. Ti 

or Ri plasinids are classified according to the T-DNA. 'l"ie 'F-DNA fragment is 

flanked by 25-bp direct repeats, which act as a cis clement signal for the transfer 

apparatus. The process of T-DNA transfer is mediated by the co-operative action 

of' proteins encoded by genes detennined in the Ti plasmid virulence region (i'ir 

genes) and in the bacterial chromosome. The 30 kb virulence (i'ir) region is a 

regular organized in six operons that are essential for the T-DNA transfer (vim, i'ir 

/3, i'ir I), and ;'ir G) or for the increasing of transfer efficiency (i'irC and Or E) 

(I looykaas and Sch ilperoot, 1992; Zupan and Zambryski, 1995, Jeon ci at, 1998). 
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2.2.2.2 Important facts of A. tunwfackns transformation 

The initial results of the studies on T-DNA transfer process to plant cells 

demonstrate three important facts for the practical use of the process in plains 

transformation. Firstly, the tumor formation is a transfonnition process of plant 

cells resulted from transfer and integration of T-DNA and iaibsCqUent expression 

of T-DNA genes. Secondly, the T-DNA genes are transcribed only in plant cells 

and do not play any role during the transfer process. Thirdly, any foreign DNA 

placed between the T-DNA borders can be transferred to the plant cells, no matter 

where it comes from. These well-established facts, allowed the construction of the 

first vector and bacterial strain system for plant transformation (for revive 

llooykaas and Schilperoort, 1992; Deb]aere et al., 1985; Hamilton, 1997; Torisky 

ci at, 1997) 

2.23 Agrahack'riutn-rnediated transformation of crop plants 

A. wmefàcwns  is a soil-dwelling bacterium and infect a wide range of 

dicotyledonous (and a few monocotyledonous) plant species. A. iwnefaciens is the 

causative agent of crown gall disease, which is a plant tumor This tumor inducing 

ability is based on a plasmid; Ti plasmid. This plasmid is the natural vectors for 

the delivery and insertion of foreign genes into plant DNA. 

A number of use (hI markers for transformation and selection purposes are 

currently available. These are kanamycin, hygromycin and gentamyein. The 

ability of transformed cells to grow in i'ilrn and initiate organs can differ widely. 

usually, the frequency of recovery of transformants is much higher for 

kanamycin-supported selection and this marker has therefore been extensively 

used for many crops (Nehra ci at, 1990; James ci at, 1989). Another example is 

the neoinycin phosphotransferase II (ipI11) gene system. The NPTII protein 

catalyses the phosphorylation of kanamycin, neomycin and G418 with the 

phosphorylatcd antibiotics not being toxic to living cells. Plant cells or tissues 

transformed with this gene are therefore resistant to these antibiotics. Beside the 
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nptll gene, other marker gene i.e. the hygromycin gene (Severin cial., 1989) and 

phosphinothncin acetyltransferase gene (Domi cial., 1990) have also been used in 

plant transformation studies. 

A number of tropical and sub-tropical crops are now amenable to gene U-ansfer 

system by genetic engineering using Agrobacicriu,n-rnediated gene delivery 

system. A list has been compiled by Gardner (1993). Potato (1)e Block, 1988; 

Cardi c/al.. 1992; Shahin and Simpson, 1986), citrus (Hidaka ci at, 1990), cotton 

(Umbeck c/al. 1987). maize (Gould ci at, 1991), lettuce (Debnath cial., 1995), 

jute (Hossain ciat, 1995), papaya (Manshardt, 1992), kiwifruit (Uematsu ci at, 

1991, Rugini ci at, 1991; Jansscn, 1991), strawbeny (Nehra ci at, 1990), tobacco 

(An ci iii., 1985), tomato (Fillati ciat., 1987; Mc Cormiek c/aL, 1986). amaranths 

(Pal and Chand, 1995), Aroinc/opsis (Nam etal., 1997) and many other plants have 

been shown to be susceptible to Agrobacicrnm-mediated gene delivery system. 

I lowever, the methods involved in genetic transformation are still developing and 

there are many plant species, which have not been transfo-iued and regenerated to 

providc transgenic plants. 

2.2.4 (;enetic transformations in jute 

During the last few years, substantial progress has been made in the 

development of transfonnation system of crop plants. Successful transfer of 

genes using Agrobacicriu,n as a carrier has been achieved in a number of crops. 

Khatwi c/al. (1990) and later in 1993 first reported genetic transformation of jute. 

I lypocotyls cotyledons of C. copsulans and C. u/i/onus were inoculated with 

44grobacierium rizizogenes strains 8196 and A4  T canying wild Ri plasmids and 

with strains thi 121, R1601 and LBA9402, t3INI9  carrying engineered plasmids. 

Explants were found to be susceptible to A. r/zizogenes strains and produced roots 

from infected region. These roots were confirmed as transformed with positive 

opines and NPI1I assays. Somatic embryos were obtained via callus formation 
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from transformed roots in the presence of 2, 4-D, but did not regenerate into 

plants. 

Using a biolistic partick delivery system Ghosh ci cii. (2002) have developed 

an efficient protocol for the generation of stable genetic transformation in jute 

(C capsiIaris var. JRC32l). They used the apical, meristematic region of a 

germinating seedling as the explant. 'l'ransforrnation was carried out with the 

bialaphos resistance gene bar and the ru/C gene of A. rizizogeucs, The positive 

translbrmants containing the bar gene grew in the growth medium containing 2 

mg/i bialaphos. Southern, Northern, Polymerase Chain Reaction (PCR) and 

reverse transcriptase-PCR analyses provided evidence of gene integration into 

the genomic DNA of jute. The T4, transformants showed a stable inheritance of 

the gene to (heir progenies. 

1-laseena ci cii. (2000) reported Agruhaierizun-mediatec. transformation for 

transfer of ehitinase gene for conferring fungal resisLnee was attempted. 

Regeneration of jute plantlets transformed with marker genes and ehitinase 

gene were grown in high selection pressure for two and seven months 

I e:pectively i'ransi'orined explants were repeatedly :;uhculture in I AP-

containing media to reduce the chimerie nature of regenerated jute plantlets 

from the multiple cells in the meristematie zone. With repeated subculture, at 

least 30% and 40% of the regenerating plantlets turned out to be albino in the 2 

and 7 months old plantlets respectively. 

Ahmed ci cii., (1999) had made different attempts were made to develop 

Igrobacierium-mediated genetic transformation in jute. Two strains AGL I and 

LBA4404 containing binary vectors pTab7 and pZIOO were used respectively. 

Colyledonary bases with petiole from 48h old germinating seedlings were used 

as explants. In ease of pTab7 2-3 putative transgenie leafed shoot lets were 

regenerated from the infected explants but were very weak and gradually died 

15 



within two months on the selection medium. In ease of pZl 00 different 

approaches like, co-cultivation and selection media variation, dark period 

duration, preculture of explants, no selection media for tO days and alternate 

selection pressure were given. Though many shoots were regenerated in most 

of the cases but all of them become etiolated (white in color) and could not 

survive more than 6 weeks under selection pressure. 

Gonggu (2000) reported that factors affecting differentiation of jute explants 

were investigated in China for developing an efficient transformation system 

for jute. In study 85% regeneration frequency was obtained. The results 

indicated that suitable explants were cotyledon any petiole and hypocotyls and 

differentiation can be promoted by pre-culturing of young explants for 24 Ii in 

medium with S mg/I 6-SAP. Shoot differentiation frequency can he improved 

by adding 20pM Acetosyringone to co-culturing medium and survival rate of 

explant was increased by addition of AgNO3  in selection medium. 

Gonggu of at (2000) establ ished an Agrohuc:criu,n-mediated gene transfer 

protocol after optimizing the factors affecting transformation in kenaf (11/b iscus 

cwm(l/nnus I). The assay of GUS gene expression showed that Chitinase gene 

and Iii gene have been transferred into kenaf line 7804. 

Khatun ci at( 1994) reported multiple shoot-buds wei e regenerated from 

Agrohacwrizun-infected coykdonary petioles of C cupsu/aris. Saha ci at (1996) 

and Islam ci cit (1996) also reported an Agrohucicriuin iumef2rcicns based 

transformation system for jute following the plant regeneration techniques 

reported by Khatun ci at (1992). 

However no further report was available on the survivability of the putative 

transgenic jute plants and in all these cases transformation of jute was not 

confirmed by DNA hybridization analysis. 

16 



Chapter 3 

Matehals and Methods 
0 
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3.1 Experimental materials 

3.1.1 Section-A. In vitro regeneration potentiality of ('arc/torus caj,su/arLc 

varieties 

Varieties of C. capsularis such as CVE-3, CV1.-1, 0-154 and 13iC-7370 were used 

in the present investigation to study different parameters associated with plant 

regeneration. 

3.1.2 Section-B. Agrobacterium-inediated genetic tr3nsformation of C 

capsulans 

3.12.1 Plant materials 

Two varieties ofC capsu/ariv were used for plant transform tion. The varieties 

were CVIi-3 and CVL-1. 

3.1.2.2 ilgrabactcriun strain and plasmids 

Genetically engineered Agmhc:c/criun: tume/ilcicus strain 1J3A4404 was used for 

infection in the transforniation experiment, this strain contains plasmid p131121 of 

I4KDa (binary vector) (Fig. 1). This binary vector contains following genes within 

the right border (RB) and Jell border (LB) region of the construct: 

I. The udiA gene (Jefferson, 1986) encoding GUS (,&gfucuronsc/ase), driven by 

CaMV promoter and NOS terminator. This reporter gene can he used to assess 

the efficiency of transformation. 

jiThe tipill gene (Herrera-Estrella ci at, 1983) encoding neolnycin 

p/iosp/witvnvJeraw II (ups/I) conferrmg kanamycin resistance, driven by NOS 

promoter and NOS terminator. 

The bacterium also contains plasmid pAL4404 which is a disarmed Ti plasmid 

(132 KDa) containing the virulence genes (Fig. 2). 
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3.2 Sources of the experimental materials 

Seeds of C. aipsislarts varieties used in this experiment were collected from 

Bangladesh Jute Research Institute (BJ RI), Dhaka. The sti am of Agroback'num 

iumefiwk'ns used in this study was obtained through the courtesy of Biochemistry 

and Molecular Biology Dcparmient, Dhaka University. 

3.3 Location, time duration and year 

To achieve the objectives. the experiments were conducted in die Genetic 

Engineering Laboratory, Genetic Resources and Seed Division, Bangladesh Jute 

Research Institute (BJRI), Dhaka during the period from July 2006 to June 2007. 

3.4 Media used 

Different culture media used in the present investigation for various purposes were 

as follows 

3.4.1 Section-A 

3.4.1.1 For seed germination 

MS (Murasighe and Skoog, 1962) basal medium in eonlDination with clinical 

cotton or agar. 

3.4.1.2 For callus induction and shoot differentiation 

MS medium as control 

MS medium supplemented by 2 mg/I BAt' and 0.5 mg/I IAA. 

3.4.2 Section-B 

3.4.2.1 For seed germination 

MS basal medium supplemented by clinical cotton. 

3.4.2.2 For Agrohuckrium culture and inoculation 

YMB (Yeast extract and Mannitol Broth) medium was used with kananiycin 

Moiiosulphate as antibiotic tbr the maintenance of the strain LBA4404 of A. 

iumejacwns. 
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3.4.2.3 For co-cultivation 

MS medium supplemented by 2 mg/I BAP and 0.5 mg/I IAA 

3.41.4 For washing of explants alter co-cultivation 

MS liquid medium supplemented by 500-pg/mi cefotaxime 

3.4.2.5 For selection and regeneration 

MS medium supplemented by 2mg/I BAI and 0.5 mg/I IAA, kanamycm 50 mg/I 

and 500-pg/mi cefotaxime. 

3.5 Methods 

3.5.1 Preparation of culture media 

For the induction of callus and plantlet regeneration in juic a number of culture 

media have been advocated by different scientists of which MS niediwii was used 

fbi investigating the present research work. A nutrient medium consist of organic 

and inorganic salts, irons, a carbon source, some vitamins and growth regulators 

were used. Composition of MS medium formulated by Murashige and Skoog, 

(1962) is given in Appendix I. 

Dilicrent steps of media preparation are described below: 

3.5.1.1 Preparation of stock solutions 

The first requisite for preparation of medium was the preparation of stock 

solutions. Stock solution for growth regulators were prepared separately by 

dissolving the desired quantity of ingredients in appropriate solvent and the 

required final volume was made with water for ready use to expedite the 

preparation of the medium wherever needed. Separate stock solutions for 

macronutrients, micronutrients. iron, vitamins and growth regulators were 

prepared and stored appropriately for use. 

i) Stock solution A (macronutrients): The stock solution for macronutrients 

was made up to 10 folds (I Ox) of the final strength of medium in 1000 ml of 
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distilled water. Ten times the weight of salts required per liter of the medium 

were weighed accurately and dissolved in 750 nil of distilled water and volume 

was made up to 1000 nil by further addition of distilled water. This stock 

solution was poured into a clean brown bottle, labeled with marker and stored in 

a refrigerator at 4 C for use. 

Stock solution B (micronutrients): This was made up to 100 folds (lOOx) of 

the final strength of the medium in 1000 ml distilled water (DW). The stock 

solution was labeled and stored in a refrigerator 4C for later use. 

Stock C (Iron source): Required amount of FeSO4  was added directly to the 

solution as powder. 

Stock solution U (Vitamins): Each of the desired lug edients except myo-

inositol were taken at 100 folds (I OOx) of their final strength in a measuring 

cylinder and dissolved in 750 nil of distilled water. Then the final volume was 

made up to 1000 nil by further addition of distilled water. Myo-inositol was used 

directly as powder at the time of media preparation. 

Stock solution for hormones: Stock solution of hormones was prepared 

separately at 100 nil by dissolving the desired quantity of ingredients in 

appropriate solvent and the required volume was made with distilled water and 

stored in a refrigerator at 4"C for later use. 

The following growth regulators (phytohormone supplements) were used in the 

present investigation. 

Auxin: 3-indole acetic acid (IAA) 

Cytokinins: 6-benzyl amino purine (BAP) 
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The growth regulators were dissolved in appropriate solvnt as IAA in ethanol 

and HAP in C). I N NaOH. For the preparation of stock solution of any of these 

lionnones, 10mg of each of the hormone powder was taken on a clean beacer and 

dissolved in I ml of the appropriate solvent. The mixture was then collected in a 

IOU ml measuring cylinder and volume was made up to lOOtnI by the further 

addition of distilled water. The solution was then poured into a clean volumetric 

flask and stored at 4 C and used for maximum period of two weeks. 

3.5.1.2 Steps followed for the preparation of culture media 

In the course of present investigation, the following steps were followed for 
preparation of different culture media: 

3.5.1.2.1 Preparation ofMS medium 

To prepare one liter (1000 ml) of MS medium, the following steps was followed: 

One hundred nil of macronutrients, 10 ml of niicronutrients, .028 gin Iron 

and 10 ml of vitamins were taken from each of these stock solutions into a 

2-liter Fi leuiiiieyer flask on it :nagiietic stirrer 

. Four hundred and 50 ml distilled water was added it. the flask to dissolve 

all the ingredients. 

hundred mg of myo-inositol was added directly to the solution and 

dissolved well. 

Thirty grains of sucrose was added to this solution and agitated gently to 

dissolve completely. 

Different concentrations of hormone supplements were added to the 

solution either in single or in combinations as required and mixed well. MS 

not medium was prepared without hormone. 
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pU of the medium was adjusted to 5,8 with a digital p'' meter by adding 

NaOH or HO (1% solution) whichever was necessary. 

The whole mixture was then made up to 500 ml with further addition of 

distilled water 

7.5 gin agar was dissolved in 500 ml distilled water and hot agar was added 

with rest 500 tnt medium. 

Required volume 01' hot medium was dispensed into cultire vessels or conical 

flasks. After dispensing the medium the flasks were pluggcd with non-absorbent 

cotton plug and marked with different codes with the help of a permanent marker 

to indicate specific hormone combinations 

3.5.1.2.2 Preparation of Agrobacleriurn culture medium 

3.5.1.2.2.1 Preparation of YMB' (Yeast extract and Mannitol Broth) 

medium for the maintenance ofAgrobacterium strain LBA4404 

For the growth of .4. tswwfàcicns strain LBA4404, YMB medium was prepared 

in the lollowing manner: 

Component Amountll OOml 

Mannitol I gin 

Yeast 0.04 gin 

Pv1gSO4.7Ii 0.02 gui 

NaCl 0.01 gm 

KH2PO4 0.05gm 

The pH was adjusted to 7.0-7.2 before adding agar at 1.5gm. Afler autoclaving 

the medium was cooled to 50-55 C antibiotic kanarnycin was added at a rate of 

0.05 mgml and separated in petri dishes. When the medium became solid, the 

dishes were prepared for bacteria culture. 
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3.5.1.2.2.2 Preparation of YM B liquid medium for Agrtbuctcriun: 

suspension culture 

For .lgrobcwicrium suspension culture Y MB I iq uid medium was prepared 

without agar. After autoclaving, the medium was cooled to 50-55°C and 0.05 

tug/I kanamycin was added. 

3.5.1.2.23 Preparation of antibiotics (Kanamycin, and Cefotaxinie) 

I3oth the antibiotics are soluble in water. 

Required concentration of Kanamycin is 50 .tg/ml 

Required concentration of Cefotaxime is 500 pg/mI 

Preparation of stock solution of Kanamycin 

Required concentration of Kanamycin 50 mg/I for this experiment to culture 

Agrobacwruim and for use in selection media. Concentration of stock solution that 

prepared for stock was 50mg/mi and the total volume of stock solution 5 nil. So, 5 

ml solution contains 50 mg x 5 = 250 mg kanamycin. 

Steps: 

250 mg kanamycin was weight by balance and taken in 5 ml. measuring 

flask 

As kanamycin dissolves in water, $ ml sterile distilled water was added in 

flask and dissolved by hand shaking. 

Filter sterilization was done with disposable filter sterilizer of 0.22 Inn pore 

size and syringe. 

Distributed by I ml with the help of niicroptpette to five sterilized eppendrof 

tubes and stored at 4°C temperature. 

I ml stock contains 50 mg kanamycin. 
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Preparation of stock solution of Cefotaxirne 

Required concentration of Cefotaxime 500 mg/I for this experiment to control 

Agroback'riwz in selection media and in washing solution. Concentmtion of stock 

solution that prepared for stock was 500mg/mi. Total volume of cefotaxime stock 

solution is 2 ml. So. 2 ml solution contains 500 mg x 2 = 1000mg or I gin 

cefotaxime 

Steps: 

('efotaxime was supplied in 1gm vial in powder thrm. 

As it was dissolve in water, distilled water was sterilized by autoclaving. 

2 nil sterile distilled water was injccted into die cefotaxime vial through 

sterilized syringe and dissolved by hand shaking. 

The solution need not to filter sterilized and stored the vial at 4°C 

temperature. 

I ml stock contains 500 nig cefotaxime. 

3.5.1.2.2.4 GUS Ilistocheuiical Assay 

GUS histoeltemical assay can be done after co-cultivation of infected explants as 

- 	' 	well as alter cultured on selection incdiLim Various -D-gltictiionic acid substrates 

are available for detection of GUS expression in t'iv or n vitro. All of these 

" substrates contain the sugar D-glueopyranosiduronie acid attached by glueosidic 

linkage to a hydroxyl group of a chromogenic, flurogenic, or other detectable 

molecule. The preferred substrate for GUS detection is 5-broino-4-chloro-3-

indolyI--D-glucuronide or X-gluc (Figure 3). This colorless substrate has high 

extinction cociticient (making it readily detectable at low concentrations) and 

aqueous insolubility of the final cleavage product. diehloro-dibromoindigo (CIBr-

indigo). 
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5-bromo-4-chloro-indoyl D-D glucuronide 

CH-OI-I 
CI 

0 -/0-", 
Br 

OH H H 

(GUS) jI-D glucuronidase 

CI 
I 	0 	4 Sr 	I 	ii 

g 	j 	
Br 

CI 

5-bromo-4-ch1oro-indigo 

Figure 3: Reaction catalyzed by J3-D giucuronidase 
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However. GUS staining solution is composed of lollowing chemicals with their 

concentration. 

Components 	 AmOL nt/I 0 ml 

X-gluc (solvcnt:1)MSO) 	 819 mg 

Chlorarnphenieol 	 I mg 

NalI2PO4 	 119.8mg 

Triton X (10%) 	. 	 100111 

Methanol 	 2rnl 

p11 was adjusted 70-8.0 by adding buffer pH- 10 huller solution up to 10 ml d. 11,0  

3.5.1.2.2.5 l'reparation of 10 ml GUS Staining Solution 

Steps: 

All necessary glassware were autoclaved 

The 8.89mg X-gluc were weighted with the help of a digital balance 

and care should be taken that X-gluc have high molecular weight so 

very minute amount is required. 

Few drops of DMSO (Dimethyl Suiphoxide) were taken in a beaker 

and X-gluc was added. 

Gently shaken until all of the X-gluc was dissolve 

200p1 of Chloramphenicol was added in to the bez.ker. 

10% Triton X was prepared by taken 20il of Triton X into 200 p1 of 

distilled. The Triton X first appeared a gel like semisolid substance, but 

soon dissolves if shaken gently. Then lOOpi Triton X from this 

solution was added to the X-gluc solution. 

2 ml of methanol was added to the solution and gently mix. 

p11 of this solution was adjusted to 7.15 by adding pH buffer 10 

solutions. It was noted that nearly 7 ml of buffer solution was need to 

adjust p11. 
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3.5.1.2.2.6 GUS (Ø-glucuronidase) Ilistochemical Assay Procedure 

The co-cultivated calli. nodal segments and shoot tips were randomly selected 

from co-culture. The selected calli were cut into small pieces and were immersed 

In X-gluc (5-bromo-4-chloro-3-indolyl-J3-D-gluewtnide) solution and were 

incubated at 37°C overnight. Similarly, the nodal segments and shoot tips were 

randomly selected from co-culture and were cut into pieces and sections. The 

pieces and sections were immersed in X-gluc (5-bromo-4-ehloro-3-indolyl-3-D-

glucuronide) solution were incubated at 37°C overnight. The expression of GUS 

(Ø-glucuronidase) gene in the plant tissue was observed which showed blue color 

in the plant tissue. The transverse and longitudinal sections of nodal segments and 

part of shoot tips were observed under compound microscopc and the photographs 

were taken with the help of digital camera. 

3.5.2 Sterilization 

To ensure aseptic condition in in t'i/ro, all instruments, glassware and culture 

media were sterilized properly by autoclaving 

3.5.2.1 Sterilization of culture media 

The conical flasks containing prepared media were autoelaved at 1.16 kg em 2  

pressure and 121°c temperature for 20 minutes. For bacteria culture, YMB 

medium was then poured into sterile petri dishes in a laminar airflow cabinet and 

were allowed to cool before use. 

3.5.2.2 Sterilization of glassware and instruments 

Beakers, test tubes, conical flasks, pipettes, instruments like forceps, scalpels, 

inoculation loops, micropipette tips and eppendorf tubes were wrapped with 

aluminum foils. Empty flasks were capped with cotton plug and then were 

sterilized in an autoclave at a temperature of 121 C for 20 minutes at 1.16 kg 

cnf pressure 



3.5.2.3 Sterilization of culture room 

The culture room was initially cleaned by gently washing all floors and walls 

with a detergent followed by wiping with 70% ethyl alcohol. The process of 

sterilization was repeated at regular inten'als. Generally, laminar airflow cabinet 

was sterilized by wiping the working surface with 70% ethyl alcohol. 

3.5.2.4 Precautions to ensure aseptic condition 

All inoculation and aseptic manipulations were carried out in a laminar airflow 

cabinet. The cabinet was switched on for at least half an hour before use and 

cleaned with absolute ethyl alcohol to overcome the surface contaminants. 

During the entire period of inoculation the autoelaved sealpels, forceps and 

inoculation loop were kept immersed into absolute alcohol contained in a glass 

jar inside the cabinet. At the ume of inoculation these were again sterilized by 

flaming method inside the cabinet. Both the hands were rinsed with 70% alcohol. 

All measures were taken to obtain maximum contamination free condition during 

the surgical operation of the cxp]ants. 

3.53 Culture techniques (Section-A) 

3.53.1 Experiment- I. In vitro seed germination of C. cupsularis varieties on 

agar supported and clinical cotton supported medium 

Seeds of(,. capsukmns (vars. CVE-3. CVL-1, Trieap-2, D-154, Tricap-1 and BJC-

7370) were surface sterilized by immersing in absolute alcohol for I minute and 

then in 0. 1 % (w/v) Mercuric Chloride for 20 minutes. Seeds were thoroughlY 

washed with autoclaved distilled water for 6 times. The sterilized seeds were 

transferred in a 100 ml conical flask containing 50 nil of hormone free MS agar-

solidified (0.8%, wlv) medium. Fifteen seeds were inoculated in each flask. 

In another set of experiment, clinical cotton was used instead of agar as a 

supporting material for seed germination in association wit i MS basal medium. 

Clinical cotton was placed at the bottom of lOOmI flasks. Each flask contained 
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20nil of hormone free MS liquid medium. Seeds of C capsu/aris varieties were 

surilice sterilized by immersing in absolute alcohol for I minute and then in 0.1% 

(w/v) Mercuric Chloride for 20 minute followed by 6 washes and placed on the 

surface of cotton-supported MS liquid medium. Cultures were placed in a growth 

room with 28°C temperature tinder 1.0 Wm 2  of daylight fluorescent tubes with 12-

hour photoperiod. Fifleen seeds were inoculated in each flask. Seven days old 

seedlings were used for further research work and data collection. 

3.5.3.2 Experiment-2. Optimization of shoot regeneration in C cupsularis 

varieties at different HAP concentrations 

Seeds were germinated on cotton supported liquid medium following the 

techniques described in Section 3.5.3.1 and cotyledons with attached petiole were 

used as explants. Ten explants were inoculated in each culture flask containing 

dilTerent treatments of flAP (0 rngIl, 1 mg/I, 2 mg/I, 3 mg/i, and 4 mg/I) and IAA 

(0.0 mg/I. 0.5 mg/I, 1.0 mg/I, 1.5 mg/I and 2 mg/I). The culture flasks containing 

explants were placed wider fluorescent light in growth room with controllcd 

temperature (29°C). The flasks were checked daily to note the appearance of 

callus 

3.5.3.3 Experirnent-3. Effect of different concentrations of FeSO4  on shoot 

regeneration in C cap au/arts varieties 

The following culture techniques were employed in the present study: 

Axenie culture 

Explants culture 
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Axenic culture 

Seeds 	were gerniinated on colon supported 	liquid medium following the 

description in section 3.5.3.1. Seven days old seedlings were used as source of 

contamination-free explants. 

Explants culture 

The seedlings raised in axenic culture and explants were used as the source of 

explants. Twenty-four explants were inoculated in three replications containing 

different concentration of FeSO,1  (0. 28mg/I, 56mg/I, 84mg/I, and I 12mg/I) 

supplemented with 2 mg/I BAP and 0.5 mg/I IAA. In Three replications containing 

explants were placed under fluorescent light in a growth room with controlled 

temperature (280  C). The flasks were checked daily to ntc the appearance of 

callus and shoot regeneration. 

3.5.3.4 Experiment-4. Influence of surfactants (Pluronic F-68) on plant 

regeneration from cotyledon of C. capsu!arLc. 

The following culture techniques were employed in the present study: 

a) Axenic culture 

h) Explants culture 

a) Axenic culture 

Seeds were gcnninatcd on cotton supported liquid medium following the 

description in section 3.5.3.1. Seven days old seedlings wcre used as source of 

contamination-free explants. 
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b) Explants culture 

The seedlings raised in axenic culture and explants were used as the source of 

explants. Twenty-four explants were inoculated in three replications of containing 

different concentration of surfaetant% (0.005, 0.01, 0.02, 0.04, and 0.08) 

supplemented with 2.0 mg/! BAP and 0.5 mg/I IAA. In three replication 

contathrng explants were placed under fluorescent light in a growth room with 

controlled temperature (28°  Q. The flasks were checked daily to note die 

appearance of callus and shoot regeneration. 

3.5.4 Section-B Agrobacteriunz-rncdiated genetic transformation of C 

capsuluris 

Genetic transtonnation is a powerful and important too), can be used in plant 

breeding program for jute improvement as it permits access to an unlimited gene 

pool through the transfer of desirable genes from any source. But an efficient and 

reproducible transformation protocol is required for successful genetic 

translorniat 1(11). 

ic lo I low ii ig culture techn i&jues were employed in the present iii vest igat loll 

3.5.4.1 Axenic culture 

Sterilized seeds were placed onto seed germination mcdit.m in lOOmI conical 

flask following the techniques described in Section 3.5.3.1 In each flask 25-30 

seeds were inoculated. The culture was then placed in a growth room. Seven 

days old seedlings were used as a source of contamination-lice explants. 

3.5.4.2 Explants preparation 

The germinated seedlings raised in axenic culture were used as the source of 

explants. Cotyledonary petioles were used as explants. Seven days old 

cotyledons were excised from the seedlings. 
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3.5.4.3 .4grohucteriun culture 

A single colony from previously maintained Agmbacicrisnz stocks was streaked 

into freshly prepared Petri-dish containing YMB agar-solic:ificd medium having 

kanamycin. The Petri dishes were sealed with parafilni and kept in room 

temperature for at least 48 hours. This was then kept at 4'C to cheek over growth 

of the bacteria. Such culture of Agrobacieriun strain was thus ready to use for 

liquid culture. The cultures were sub-cultured regularly at each week in freshly 

prepared media to maintain the stock. 

For infection, stock single colony of Agrobacierluin strain was taken in an 

inoculatton loop and inoculated in a conical flask containing liquid YMB medium 

with 50-mg/I kanarnycin. The culture was allowed to grow at 28 , C to get optimum 

population of Agrohacieriun for infection and co-cultivaticn of explants. 

3.5.4.4 Infection and incubation of explants 

The Agrobticlerium strain grown in liquid YMB medium was used for infection 

and incubation. To get suitable and sufficient infection of the explants, freshly 

excised explants were dipped into bacterial suspension for I minute before 

transferring them to co-cultivation medium 

3.5.4.5 Co-cultivation 

Following infection and incubation, the explants were co-cultured on co-

cultivation medium in pctri dishes. Prior to i.ransfer of all explants to co-

cultivation media they were blotted dry with sterile filter papers for a short period 

to remove excess bacterial suspension. All the explants were maintained in co-

cultivation media for one day. Petri dishes containing explants were placed under 

fluorescent illumination with 12 hours dark cycle at 280C The intensity of light 

was maintained at 1000 lux. 
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3.5.4.6 GUS histoehentical assay 

GUS activity was detected as described by Jefferson (1987). Randomly selected 

co-cultivated cotyledons cultured on selective medium were used for GUS 

assay. Immediately after inoculation on selection medium, cotyledons were 

incubated in GUS staining solution at 37°C for 24 hours in darkness. The X-

glue was broken down by the activity of 0-glucuronidase (GUS) gene, which 

was transferred with i'-DNA in the cotyledonary tissue and produced a 

characteristic blue color. 

3.6 Recording of data 

To investigate the elleet of ditièrent treatments and response of dttfercnt vaneties 

on seed germination, data were collected &om the different parameter as given 

bellow: 

Percent seed germination 

The gerniinatuon percentage was estimated as ratio of the nwnber of seeds 

germinated to the number of seeds placed in the germination medium. 

Number of seedsgcrrnittaicd 	
xlO() 

Percent seed germination = Number of seeds placed in the medium 

Per cent callus induction 

Percentage callus induction was calculated on the basis of the number of 

explants placed and the number of ealli induced. 

Number of explants induced calti 
Percent callus induction = 	 x 100 

Number of explants inoculated 
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C) Percent plant regeneration 

The percentage of plant regeneration was calculated based on the number calli 

transferred to regeneration medium and the number of calli produced plantlets 

Number of calli with plantlet 

Percent shoot regeneration - Number of explants incubated 100  

d) Average number of shoot per callus 

Some calli produced only single shoot while some produced multiple shoots, 

iherefore. number of shoot per callus was recorded at 28 days interval and the 

mean was calculated using the fbllowing formula: 

where, 

I 
	 X = mean of shoots/ca ks 

= summation 

Xi = number ol' shoots/callus 

it 	number olobservalion 

3.7 Statistical analysis of data 

The data for the characters under present study were statistically analyzed 

wherever applicable. The experiments were conducted in growth room and 

arranged in Completely Randomized l)esign (CRD) with five replications. The 

analysis of variaicc for different characters was performed and Duncan's Multiple 

Test (DMRT) compared means 
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cR5 St)LT5 JQ%D DISCUSSIOX 

4.1 Section-A. In vitro regeneration potentiality of C. cup.siIark varieties 

4.1.1. Experiment-I. /it vitro seed germination of C. cupsularis varieties on 

agar supported and clinical cotton supported medium 

I Icalthy seedling production was one of the major criteria ibr plant regeneration 

from jute explants. Seeds of C. cupsularis varieties (CVE-3, CVL-i, D-154, and 

BJC-7370) were germinated on both agar solidified medium and surgical cotton 

supported liquid medium. Number of seeds germinated and percentage of seed 

germination were presented in 'Fable-I 

4.1.1.1. Percent seed germination 

4.1.1.1.1. Effect of varieties 

There was significant effect of varieties in percent seed gcnnination. The highest 

percentage of' seed genniiiatton was Iburid in variety CVE-3 (90.00%) and the 

lowest was found in I3JC- 7370(6666%) Table-I. 

4.1.1.1.2. Effect of media 

Percent seed germination from the varieties C. cupsularis w is fotuid to be higher 

on cotton supported liquid MS medium (85.33%) compared :o agar solidified MS 

medium (62.16%). The result was shown in Fable 2. Germinitron ofjuie seed and 

seedling growth in cotton supported liquid medium was found to be comparatively 

higher and healthier than agar-solidified medium. This finding is supported by the 

flndings of Khatun (2001) who reported that germination percentage was higher in 

cotton-supported medium than the agar supported medium 
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Table 1: Effect of different varieties on number of seeds germinated and 

percent of seed germination in cotton media 

No. of germinated Percent of seed 
Variety seeds/flask* -- germination 

CVE-3 13.50 a 90.00 a 

C\'l-I 12.50ab 83.33ab 

'1rrcap-2 II .75 bc 78.33 be 

l)-154 11.25 bed 75.00 bed 

Tricap-1 10.50ed 70.00cd 

BJC- 7370 I0.00d 66.664 

9.19 -. 	9.19 

LSD 1.604 10.70 

Figures followed by same letter in a column do not differ significaitly by DMR'l'. 

* Each flask contain 15 seeds 

Table 2: Effect of different media on number of seeds germinated and percent 

of seed gernii on tin 0 

Media 	 No. of seeds germinated 	
Percent of seed 

germination 

Agar 	 12.433b 	 - 	62.167 b 

Cotton 	 17.067a 	 85.333a 

Figures followed by same letter in a column do not differ significantly by DMRT. 
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4.1.1.13. Combined effect ofvaricties and media 

The combined effect of varieties and media on percent seed germination has been 

presented in Table 3. The percent of seed germination was found to be the highest 

in cotton supported medium x  CVE-3 (88.89%) and the lowest in agar supported 

medium x BJC-7370 (62.22%) (Plate I & 2). This finding is supported by the 

findings of Naher el aL (2003) who also found the highest in the variety CVE-3 

(97.33%) in cotton supported medium. It might be concluded that cotton supported 

seed germination system was found comparatively better than agar supported 

system for the production of desirable explants. 
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Table 3: Combined effect of varieties and media on number of seeds 

germinated and percent of seeds germination 

Treatment No. of Percent of seed 
germinated germination 

Variety 	 Media 
I  seeds/flask* 

CVE-3 	 Agar 11.67 abc 77.77 abed 

Cotton 13.33 a 88.89 a 

CVL-I 	 Agar 10.33 abed 68.88 bed 

Cotton 13.00 ab 86.66 ab 

D-154 	 Agar 9.667cd 64.44cd 

Cotton 12.33 abed 82.22 abed 

BK- 7370 	Agar 9.33 d 62.22 d 

Cotton 11.00 abed 73.33 abed 

CVOXI 	 13.77 	 13.69 

LSI) 	 2.624 	 1739 

Figures followed by same letter in a column do not differ significantly by DMRT. 

Each flask contain 15 seeds 
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A 	 B 
Plate I. Seed germination ofjute variety CVE-3 on culture media A. Clinical 

cotton-supported medium and B. Agar-supported medium 

A 	 B 
Plate 2. Seed germination ofjute variety BJC-7370 on culture media A Agar-

supported medium and B Clinical cotton-supported medium. 



4.1.2 Experiment - 2: Optimization of shoot regeneration in C capxu/arLc 

varieties at different HAP concentrations 

In this experiment, different concentrations of BAP and constant IAA were used 

for shout regeneration. 

4.1.2.1 Effect of varieties 

4.1.2.1.1 Average number of cotyledon regenerated 

Significant variation was recorded among the different varieties of C. capsularis 

on consideration of average number of cotyledons regenerated (Table 4) The 

highest average numbers of cotyledons regenerated was recorded for the variety 

C\'E-3 (440). On the other hand, the lowest number of cotyledons regenerated 

was counted in variety BJC-7370 (3.80). 

4.1.2.1.2 Percentage of cotyledon producing shoots 

Significant variation was recorded among the different varieties of C .capsu/aris 

on consideration of percentage cotyledons producing shoots (Table 4).The highest 

percentage cotyledons producing shoots was recorded for the variety CVE-3 

(7R 00%) On the other hand, the lowest percentage cotyled•ns producing shoots 

was counled in variety BJC-7370 (60.35%). 

4.1.2.13 Average number of shoots produced by each cot) ledon 

A statistically significant variation was recorded among different varieties of C. 

capsularis on consideration of average number of shoots produced by each 

cotyledon under the present experiment in laboratory condition (Table 4). The 

highest average numbers of shoots produced by each cotyledon was recorded for 

the variety CVE-3 (6.53). On the other hand, the lowest average numbers of shoots 

produced by each cotyledon was recorded in variety BJC-7370 (4.00). 
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4.1.2.2 Effect of different concentrations of BAP 

4.1.2.2.1 Average number of cotyledon regenerated 

Considering the average number of cotyledons regenerated, a statistically 

significant variation was found in different concentrations of BAP (Table 5). The 

highest numbers of cotyledons regenerated (4.50) were recoded in concentration 

of HAP 2 mg/I. On the other hand, the lowest number (1.78) was recorded in BAP 

concentration 4 mg/I. 

4.1.2.2.2 Percentage of cotyledons producing shoots 

A statistically significant variation was recorded in considering the percentage 

cotyledon producing shoots in different concentrations of BAP (Table 5). Thc 

highest percentage cotyledons producing shoots (80.00%) were recorded in BAP 

concentration 2 mg/I. On the other hand, the lowest percentage cotyledon 

producing shoots (30.00%) were recorded in concentration of BAP 4 mg/I. 

4.1.2.2.3 Average number of shoots produced by each cotyledon 

In consideration of the average number of shoots produced by each cotyledon, a 

statistically significant variation was found in different concentration of HAL' 

(Table 5), The highest average nurnbcrs of shoots produced by cacti cotyledon 

(7.50) were recorded in BAP concentration 2 mg/I. On the other hand, the lowest 

average numbers of shoots produced by each cotyledon (I :50) were recorded in 

BAP concentration 4 mg/I. 
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Table 4. Percentage of shoot regeneration from the cotyledons (with attached 

petioles) of different varieties oft. cupsiduris 

Variety - Number of explants Percent of Number of shoots 
produced shoots produced by each 

shoots/flask* regeneration cyledon 

CVE-3 4.40 a 78.00 a 6.533 a 

CVL-1 4.00 h 6902 h 4.032 b 

BJC-7370 380 c 60.35 c 4.000 b 

Figures followed by same letter in a column do not differ significantly by DMRT. 

*cacll  flask contain 6 explants 

Table 5. Percentage of shoot regeneration from the cotyledons (with attached 

petioles) of different concentrations of BAP 

Concentrations 
	

Number of 
	

Percent of 	Number of shoots 

of RAP (mg/I) 
	

explants produced 
	

shoots 	produced by each 

shoots/flask* 
	

egeneration 	cotyledon 

I 00 2.501) 48.00b 4.00 h 

2.00 4.50a SftOOa 7.50a 

3.00 2.00 e 42.22 c 2.00 c 

4.00 1.78d 30.00d I.50d 

Figures followed by same letter in a column do not differ signiticantly by DMRT. 

'Each flask contain 6 explants 
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4.1.2.3 Combined effect of varieties and concentrations of Bitt' 

4.12.3.1 Average number of cotyledon regenerated 

The combined effect between varieties and concentrations of BAP also showed 

statistically significant differences in respect of average r umber of cotyledons 

regenerated under the present experiment. The highest number of cotyledon 

regenerated (500) was recorded in variety CVE-3 with concentration of BAP 2 

mg/I. The lowest average number of cotyledons regenerated (1.33) was counted in 

variety HJC-7370 with concentration of BAP 4 mg/I. The details results are 

presented in Table 6. 

4.1.2.3.2 Percentage of cotyledon producing shoots 

The combined effect between varieties and eoncent.ration of BAP also 

demonstrated statistically significant differences in respect of percentage 

cotyledons producing shoots under the present trial. The highest percentage 

cotyledon producing shoots 83.33 %) was recorded in variety CVE-3 with 

concentration of BAP 2 mg/I (Table 6). The lowest average percentage cotyledons 

producing shoots (2222%) was counted in variety BJC-73"0 with concentration 

of RAP 4 tug/I (Plate I and 'I) 

4.1.2.3.3 Average number of shoots produced by each cotyledon 

Combined effect between varieties and concentration o' I3AP also showed 

statistically significant differences in respect of average number of shoots 

produced by each cotyledon wider the present trial in laboratory condition. The 

highest average number of shoots produced by each cotyledon (8.53) was recorded 

in variety CVE-3 with concentration of BAP 2 mg/I (Table 6). The lowest average 

number of shoots produced by each cotyledon (1.66) was counted in variety BJC-

7370 with of BAP (4 mg'l). 
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Table 6. Percentage of shoot regeneration front the cotyledons (with attached 

petioles) of different varieties of C. capsularis and concentrations of 

BAP 

Variety x concentration 	Number of - 	Percent of 	Number of shoots 
of BEth' (mg/I) 	explants produced 	shoots 	produced by each 

shoots/flask* 	regereration 	cotyledon 

o 0.00 0.000 0.00 

1.00 3.00 c 50.00 c 4.27 c 

C'VE-3 2.00 5.00 a 83.33 a 8.53 a 

3.00 2.66 cd 44.44 cd 2.63de 

4.00 2.00 del 33.33 dcl 1.83 e 

o 0.00 0.01) 0.00 

1.00 2.33 cde 38.89 dc 2.94 d 

CVL-I 2.00 4.33 ab 7 2.2 2 ab 8.16 a 

3.00 2.33ede 38.89cde 2.I6dc 

400 2 OOdct' 3333 dci 2.10 de 

0 0.00 0.00 0.00 

1.00 1.67 ci 27.78 of 2.68 dc 

I3JC-7370 2.00 4.00 b 66.o7 b 7.16 b 

3.00 1.67 ef 27.78 ci 2.33 do 

4.00 1.33 f 2122 f 1.67 e 

18.58 18,57 18.56 

LSD 0.6690 liii 0.9622 

Figures i111ved by same letter in a column do not differ significauly by DMRT. 

sEach flask contain 6 explants 
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Plate 3. Shoot regeneration in jute var. of CVE-3 on 

MS+2mg4BAP+O.Smg/IIAA 

Plate 4. Shoot regeneration in jute var. of BJC-7370 

on MS+ 4mg/i BAP+ 0.5 mgii IA 
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4.13 Experiment 3. Effect of different concentrations of FeSO4  on shoot 

regeneration in C capsulans varieties 

To identify the optimum concentrations of PeSO4  for regeneration of C. cupsularis 

the cotyledons wern cultured as explants in iii is experiment 

4.13.1 Main effect of varieties 

4.13.1.1 Number of explants producing shoots 

No signiticant variation was recorded among the different varieties of C. 

eapsu/aris on consideration of number of explants producing shoots under the 

present experiment in laboratoiy condition. However, the highest number of 

explants producing shoot (5.47) regeneration was recorded for the variety CVE-3 

and the lowest were counted in variety CVL-1 (5.33). The results are presented in 

Table 7. 

4.13.1.2 Percent shoot regeneration 

No signilicwit variation was recorded among the different varieties of C. 

capsularis on consideration of percent shoot regeneraticn wider die present 

cx1)eruulent (Table 7) However, the highest number of pera ifl shoot regeneration 

(50.55%) were recorded for the variety CVE-3 and the lowest percent shoot 

regeneration were counted in variety CVL-I (48.44%). 

4.1.3.2 Effect of different concentration of FeSO4  

4.13.2.1 Number of explants showing shoots 

A statistically significant variation was recorded in considering the number of 

explants showing shoot induction in different concentration of FeSO4. The highest 

number of explants producing shoots (5.66) was recorded in concentration of 

FeSO4  28 mg/I. On the other hand the lowest number of explants producing shoot 

(3.33) was recorded in concentration of FeSO4  112 mg/I (Table 8). 

47 



Table 7. Effect of different varieties of C capsularis on shoot regeneration 

Varieties 	Number of Percent of Number olshoots 

explants produced shoot produced by each 
shoots/flask* regeneration cotyledon 

CVE-i 	 5.47a 50.55a 3.00b 

CVL-1 	 5.33 b 48.44!) 3.45 a 

Figures followed by same letter in a column do not differ significantly by DMRT. 

* Each tiask con tam 6 explants 

fable 8. Effect of different concentration of FeSO4  of shoot regeneration on 

C capsularis. 

Concentration 
of FeSO4 

(mg/I) 

0(control) 

28 

56 

84 

Number of Percent of Number of shoots 

explants produced shoot produced by each 
shoots/flask* regeneration cotyledon 

0.00 
	

0.00 
	

0.00 

	

5.66 a 
	

94.44 a 
	

8.33a 

	

5.33 b 
	

88.89 b 
	

6.67 b 

	

4.00c 
	

66.67 c 
	

5.83 c 

112 	 3.33 d 	 55.56d 	 4.33 d 

Figures followed by same letter in a column do not differ significantly by DMRT, 

*Each flask contain 6 explants 
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4.13.2.2 Percent Shoot regeneration 

A statistically significant variation was recorded in considering percent shoot 

regeneration in different concentration of FeSO4. The highest percent shoot 

regeneration (94.44%) was recorded in concentration of FeSO4  28 mg/I. On the 

other hand, the lowest percent shoot regeneration (5556%) was recorded in 

concentration of FeSO4  112 mg/I (Table 8). 

4.13.23 Average number of shoots produced by each cotyledon 

In consideration of the average number of shoots produced by each cotyledon, a 

statistically significant variation was found in different concentration of FeSO4. 

The highest average numbers of shoots produced by each cotyledon (8.33) were 

recorded in FcSO4  concentration 28 mg/i. On the other hand, the lowest average 

numbers of' shoots produced by each cotyledon (4.33) were recorded in FeSO4  

concentration 112 mg/I (Table 8). 

4.133 Combined effect of varieties and different concentration of FeSO4  

4.13.3.1 Number of explants showing shoots 

the combined eliëct of varieties and concentration of FeSO4  also showed a 

statistically significant diflèrence in respect of number of explants showing shoot 

tinder the present experiment. The highest number of explants showing shoot 

(5.66) was recorded in variety CVE-3 with concentration of FeSO4  28 mg/I (Table 

9). The lowest number of explants showing shoot (1.66) was counted in variety 

C\'L-1 with concentration of FeSO4  112 mg/I. 
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Table 9. Combined effect of different varieties of C capsularis and 

Concentrations of FeSO4  shoot regeneration 

Varieties x 
concentration of 

FeSO4  (mg/I) 

0 

28 

CV[i-3 	56 

84 

112 

Number of Percent of 

explants produced shoot 
shoots/flask* regeneration 

ThTOo 0.00 

5.667 a 94.44 a 

5.333 a 88.89 ab 

4.000cd 66.67cd 

3.333dc 55.56dc 

Number of 
shoots produced 

by each 
cotyledon 

0.00 

8.33 a 

6.66 be 

5.83 c 

4.33 d 

0 	 0.00 	 0.00 
	

0.00 

28 	 4.667bc 	77.78bc 
	

7.33 b 

CVL-1 	56 	 4.333 c 72.22c 6.16c 

84 	 2.667e 44.44e 6.11 c 

112 	1.667f 27.78f 4.33d 

15.25 15.25 9.99 

LSI) 	 0.2787 13.81 0.8421 

Figures followed by same telLer in a column do not differ significantly by DNT 

*Each flask contain C, explants 
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4.13.3.2 Percent Shoot regeneration 

The combined effect of variety and concentration of FcSO4  also showed a 

statistically significant difference in respect of percent of shoot regeneration under 

the present experiment. The highest percent shoot regeneration (94.44%) was 

recorded in variety CVE-3 with concentration of FeSO4  (28 mg/I). The lowest 

number of percent shoot regeneration (27.78%) was counted for variety CVL-1 

with concentration of FcSO.1  112 mg/I (Table 9). 

4.1333 Average number of shoots produced by each cotyledon 

Combined effect between varieties and concentration of FeSO4  also showed 

statistically significant difThrences in respect of average number of shoots 

produced by each cotyledon under the present trial in laboratory condition. The 

highest average number of shoots produced by each cotyledon (8.33) was recorded 

in variety CVE-3 with concentration of FeSO4  (28 mg/I) (Table 9). The lowest 

average number of shoots produced by each cotyledon (4.33) was counted in 

variety CVL-1 with concentration of FeSO.1  112 mg/I Table 9(Plate 5 and 6). 
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PlateS. Shoot regeneration in jute var. CYE-3 on FeSO4  (28 mg/I) 
concentration 

Plate 6. Shoot regeneration in jute var. CVL-1 on FeSO4  (112 mg/I) 
concentration 

52 



4.1.4 Experirnent-4. Influence of surfactants (Plurousic F-68) on plant 

regeneration from cotyledons of C cupsularis 

4.1.4.1 Effect of varieties 

There was significant effect of varieties in shoot regenerat.on and percent shoot 

regeneration. However there was no significant effect of number of shoot 

produced per cotyledon. The variety CVE-3 produced more cotyledon than other 

variety. 

4.1.4.2 Effect of surfactant concentration 

Mean value due to different concentration of surfactant for number of explants 

showing shooL percent shoot regeneration and number of shoot, produced per 

cotyledon were significant (Appendix-v), indicating the presence of variation 

among the surfactant concentration used for the study, 0.08% was found the to be 

the best. Maximum number of explants produced shoot regeneration was (5.66) 

and percent shoot regeneration was (94.44) (Table- 10) 

4.1.4.3 Number of shoots per cotyledon 

The combined effect of variety and surihetant for number of shoot per cotyledon 

was the highest in CVE-3 (7.66) at 0.04% surfactant and the lowest in CVL-1 at 

0.02% suriactant. A lower shoot per cotyledons was noticed both at lower and 

hieher surfactant concentration (Table 10). 

4.1.4.4 Combined effect of varieties x Surfacta nt 

The combined effect of varieties and suriactant (Table 10) showed that the highest 

shoot regeneration percentage in var. CVE-3 (94.44%) was rccorded in MS media. 

The highest shoot regeneration percentage (88.89%) was recorded (var. CVL- l) in 

MS media supplemented with 0.08% surfactant followed by MS media with 

0.04% surfactant (88.89%) (Plate 7 & 8). This finding is similar to the findings of 
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Khatun (1992) who found the best performance in shoot regeneration on the 

combination of MS media with 0.1% surfactant. It might be concluded that MS 

media with 0.1% surfactant combination is favorable for higher percentage of 

shoot regeneration; On the other hand, both lower and higher combination of 

surfactant reduced shoot regeneration. The results have been given in Table-IC. 
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Iable 10: Effect of different concentrations of surfactant (F-68) on number of 

explants 	showing shoot, percent of shoot regeneration and 

number of shoot produced per cotyledon 

Varieties 	Surfactant Number of Percent of Nuniberof 

concentrations explants shoot shoots/ 

(%) produced regeneration cotyledon 
shoot/flask* 

0.0 3.33 c 55.55 c 4.06 c 

0.005 4.33 abc 72.22 abc 6.93 ab 

0.01 5.00 ab 83.33 ;tb 6.41 ab 

CVE-3 	0.02 5.33 ab 88.89 ab 6.86 ab 

0.04 5.33 ab 88.89 ab 7.67 a 

0.0$ 5.67 a 94.44 a 6.72 ab 

0.0 3.33 be 55.55 c . 	3.63 c 

0.005 4.00 be 66.66 be 6.05 b 

0.01 4.33 abc 72.22 ab 6.06b 

CVL-1 	0.02 5.00ab 83.33 at 5.80 b 

0.04 5.33 ab 88.89 ab 6.60 ab 

0.08 5.33 ab 88.89 ab 6.26 b 

CV(%) 15.70 - 15.70 11.55 

LSD 1.248 20.80 1.191 

Figures followed by same tettcr in a column do not differ significantly by DMRT. 

*Each flask contain 6 explants 
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Plate 7. Shoot regeneration in jute var. CVE-3 on 0.08% surfactant 

Plate 8. Shoot regeneration in jute var. CVL-1 on 0.08% surfactant 
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4.2 Section-U. Agrohacteriun-rnediated genetic transformation of C 

cupsularis 

In the prescnt study, investigations were made to generate t:ansgenic plants from 

two varieties of C. eciplit ar/s (vars. CVE-3 and CVL-l) through Agrobactenwn 

mediated transformation using cotyledons (with attached petiole) as explants. 

4.2.1 Regeneration of putative transgenic shoots from ,lg:obacterium infected 

Cotyledons 

Following infection and co-cultivation with the strain LBA4404, the cotyledons 

with attached petioles were cultured on plant regeneration medium contaming 

cefotaxirne 500 pg/mI for shoot development. Shoot regeneration from 

Agivbactwinm-cnfcctcd cotyledons was found to be the highest in CVE-3 

(68.33%) followed by CVL-I (43.33%) Thblc II (Plate 9 and 10). The average 

number of shoot produced by each cotyledon was also found the highest in CVE-3 

(7.10) and the lowest in CVL-I (5.15). 

4.2.2 Ilistochemical GUS (i-glucuronidase) assay 

After infection of the callus explants in A,'robaeieriuns suspension culture, they 

were transtëred to co-cultivation medium. Following incubation and co-cultivation 

with Agrobacierium. transformation ability was monitored through h istochemical 

assay of GUS reporter gene in explants tissue. 1'ransient GUS assay was done at 

the end of co-cultivation with randomly selected and inoculated explants tissue. In 

the GUS assay, conspicuous GUS positive (blue color) reg.ons were detected in 

the explant surface (Plate] I B and 12 B). The detailed results of the investigation 

were presented in Table 12. 

57 



Variety Number of Number of 

explants explants 
infected assayed for 

GUS 

CVE3 60 20 

CVLI 60 20 

Number of 
	

% Of GUS 
explants +ve +ve explants 

for GUS 

18 	 90.00 

15 	 75.00 

l'able H. Effect of varieties of C. capsularix on percent shoot regeneration 

and average number of shoots from Agrobacterium infected 

cotyledon 

Varieties Number of explants 
	

Percent of shoot 
	

Number of shoots 

produced 
	

regeneration 
	produced by each 

shoots/flask* 
	

cotyledon 

CVE-3 4.10 a 68.33 a 7.101 a 

CVL-I 2.60b 43.331) 5.1581) 

14.93 14.92 5.66 

LSD 0.50 8.43 0.35 

Figures followed by same letter in a column do not differ significanclybv DMRT. 

*cEach flask conta in 6 explants 

Table 12. Effect of varieties towards GUS histochemical assay 



Plate 9. Putative transgenic shoots of var. CVE-3 containing 50mg/I kanamycin on 

selection medium 

Plate tO. Putative transgenic shoots of var. CVL-1 containing 50mg/I kanamycin on 

selection medium 

wj 



Control 

Plate 11. Histochemical localization of GUS activity (blue zone) at the infected 
cotyledonary tissue (B) with control explant (A) 

Blue zone 

A 
	

B 

Plate 12. Magnified view of image A (11 A) and B (11 B) 
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Following GUS liistochemical assay, it was found that the two varieties showed 

positive responses towards infection by Agrohacicriwn. Among the varieties, 

CVE-3 showed the highest (90.00%) and CVL-1 showed the lowest response 

(75.00%) to GUS assay (Table 12). Control explants did not show any response to 

the assay Plate II A and 12 A). 

4.2J. Selection of putative transformed cells and tissues 

For selection of t.raiisfonned cells and tissues, the callus prc'liferating shoots were 

translbrred to selection and regeneration media containing SOmg/L kanakycin and 

500 ig/ml cefotaxirne. Presence of kanamycin in the selection media greatly 

affected the development of transgenic shoots (plate 13 and 14). Flossain c/ aL 

(1999) and Abmed ci al. (1999) also reported mortality of the transgcnie plants six 

weeks after regeneration on selection medium. 
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Plate 13. Putative iransgenic plants of var. CVE-3 containing 50mg/I kanamycin on 
selection medium after two months 

Plate 14. Putative transgenic plants of var. CVL-1 containing 50mg/I kanamycin on 
selection medium after two months 
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Summary and Conclusion 



SWWJVIAcRfYJ5IW?D COWGCVSIOW 

Two different sets olexperirnents were carried out in the Genetic Engineering 

Laboratory, Genetic Resources and Seed Division, Bangladesh Jute Research 

Institute (BJRI), Dhaka during the period from July 2006 to June 2007. 

In the section-A, a detailed investigation was carried out to study the seed 

germination, callus induction ability and subsequent plant regeneration of C. 

capsu/cuvi genotypes using cotyledons (with attached petioles) as explants. In 

the section-B. investigation was carried out to study .he Agrohacieriwn - 

mediated genetic transthnimtion of white jute. 

Significant elThct of varieties was found in percent seed germination. The 

variety CVE-3 was found to be the highest in germination percentage (90%) 

and the lowest was found in BJC-7370 (66.66%). In coucn-supportcd medium, 

the germination percentage was found to be higher (85.33%) compared to agar 

solidified media (62.16%). From the results of the present study it was found 

that cotton supported medium pertbmied better than agar-solidifled medium for 

seed genii mat ion 

Cotyledons (with attached petiole) of three C. capsularis varieties were 

cultured on MS medium supplemented with 2mg/I BAP and 0.5mg/I IAA to 

observe their shoot regeneration capacity. A wide ranc of variation in shoot 

regeneration was exhibited by the varieties. The highest percent of shoot 

regeneration was found in CVE-3 (83.33%) and the lowest in Tri cap-2 

(66.67%). No shoot regeneration was found without BAP and IAA. It was 

worth noting that percent shoot regeneration gradually increased with the 

increasing level of BAP up to 2mg/I. Further increase c f HAP level did not 

show any improvement of shoot regeneration. 
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The varieties of C. capvIaris (vars. CVE-3 and CVL-l) were cultured in 

dilicrent concentrations ol FeSO4  (0, 28mg/I, 561ng/I, 84 ig/l and 112mg/I) in 

association with MS plant regeneration medium. It was observed that CVE-3 

showed relatively better shoot regeneration 94.44%) compared to CVI.- I 

(7778%). FeSO4  (28mg/I) showed best performance and maximum number of 

explants produced shoot regeneration in this concentration. The number of 

shoot per cotyledon was highest in variety CVE-3 (833) 

The varieties of ( capsularis (vars. CVE-3 and CVL-I) were cultured in 

diIl'erent concentrations of suriaetant in association with MS plant regeneration 

medium. It was observed that CVE-3 showed relatively better shoot 

regeneration (94.44%) compared to CVL-1 88.89%). Surfactant concentration 

at 008% was found to be the best. Maximum number of explants produced 

shoots regeneration in this concentration. 

Following infcction and co-cultivation, the explants were cultured on selection 

and regeneration media containing kanarnycin along with cefotaxime and 

growth regulators. Agrobac:criiim iwnefaciens strain I. ABA4404 has up!!l 

gene within its T-DNA, which confers kanamycin resis ance of transformed 

cells. Shoot regeneration from Agrohactcnwn infected ctyledons was found 

the highest in CVIi-3 (68.33%). The putatative transfomied regenerated 

plantlets grow on selection medium but died in course of time. 

Ilistochemical GUS assay was performed soon after co-cultivation of explants 

with the bacterium. Agrnhacierizzm izunefaciens strain LBA 4404 contains the 

GUS gene. This gene produces blue colour with X-gluc through GUS 

histochemical assay. Therefore, the presence of this blue colour successfully 

confirmed the integration of GUS gene from bacterial into the plant cell. 

Response of GUS assay was found to vary according to variety. Among the 

varieties. CVE-3 showed the highest response (90.00% GUS positive) and 

CVL- I showed the lowest response (75.00% GUS positive) to OtiS assay. 
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in the section-A, an efficient and reproducible protocol for the regeneration of 

C. capsularis genotypes has been developed using cotyledonary pelioles as the 

explants. Since genetic engineering of crop plants relies on the development of 

efficient methods for the regeneration of viable shoots from cultured tissues, 

this protocol can be followed for genetic transformation of white jute. 

An efficient protocol for the transformation of white jute varieties has been 

developed in the section-B, which showed the integration of two marker genes 

(GUS and np/Il). Thus, in the future programme agronomically important 

gene/genes can be transferred to the white genotypes using this protocol. 

Particularly, for the development of disease and inseci resistant white jute 

varieties this technique oF transformation can be exploited successfully. 
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Appendix I. Composition of MS medium (Murashige and Skoog, 1962) 

[iMacronutrients Concentration (mgi]') 

I KNO3 1900 

NH4NO 3 1650 

K112 PO4 170 

CaCl2.21-120 440 

MgSO4.71120 370 

~b) Micronutrients Concentration (mgi]') 

MnSO4. 41420   - 
	 22.3 

1131303 6.2 

ZnS0.1.71120 8.6 

KI 	 . 0.83 

Na2MoO,, I 	 0.25 

CuS01.51120 0.025 

CoCl2.61120 0.025 

c) Iron source 	 - 	. 
ConcenLration(mgl)) 	- - 

1:604.71120 27.80 

Na2-EDTA.21420 37.30 

i) Organic solvent Concentration (mgL') 

Glycinc 2.00 

Nicotinic acid 0.50 

Pyridoxine acid 0.50 

Thy'ininc 0.10 

Myo-inositol  100 



Appendix II. Analysis of variance (mean squares) for no. of seeds germinated 
and percent of seed germination 

Source of 	Degree of 
vari 	 I freedom 

Factor 	 5 

A(Varicty)______ _____________ - 
}:actor B 	 I 

(Media)  
Factor A x [1 	 5 

(Variety x 

Error 	 48 

* = 5% significant level ofprobability; 

characters 

	

No. of seed 	r - 	Percent seed 

	

erminated 	I 	germination 

	

6.129* 	T 	271.149* 

	

320.018* 	I 	8060427* 

	

1.657ns 	I 	41.417ns 

	

2.402 	 105.480 

	

ns 	Non siL'niflcant 

Appendix Ill. Analysis of variance (mean squares) for average no. of 
cotyledons regenerated percent shoot regeneration and no. of 

shoots/cotyledon 

Source of 	Degree of 	-- - Characters  

variation 	freedom 	Average no. Percent shoot 	No. of 
of cotyledons regeneration shootJcotyledon 
regenerated  

Treatment 	 14 	 6.946** 	1929.442** 	23.211** 

[rror 	 28 	 0.160 	44.523 - 0.333 J 
"= 1% significant level of probability 



Appendix IV. Analysis if variance (mean squares i for no. of explants 
producing shoot, percent shoot regneration and no. of 

shoots/cotyledon 

Source of 	- I)egree of L 	___________ Characters 	- ________  

variation freedom No. of explants Percent shoot No. of 

qucing shoot regeneration shoot/cotyledon 

Treatment 9 12.611 3503.56** 24.471** 

Error 	-- 18 0.233 64.812 - 0.241 

-' 1% sigriiflcant level of probability 

Appendix V. Analysis of variance (mean squares) for no. of explants 
producing shoot, percent shoot regeneration and no. of 

shoots/ cotyledon 

Source of Degree of  - Characters  

variation freedom No. of explants 	Percent shoot 	No. of 

______________  producing shoot 	regeneration 	shoot/cotyledon 

Treatment II I .967** 546.469** 4034** 

Error 22 0.543 150.838 0.495 

** 	1% significant level of probability 



Appendix VI. Analysis of variance (mean squares) for no. of explants 
producing shoot, percent shoot regeneration and no. of 
shoots/cotyledon 

Source of 	- Degree of  -  Charictcrs  

variation freedon. No. of explants Percent shoot No. of 
producing shoot regeneration shoot/cotyledon 

Treatment I 11.250** 3124.750** 18.876** 

Error 9 0.250 69.435 0.120 

- 1% significant level of probability 
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