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ABSTRACT
The present research work has been carried out with a view to standardize the
protocol for Agrobacterium tumefaciens mediated transformation on Eleusine
coracana L. a valuable crop plant, using Agrobacterium strains GV2260 having
pCAMBIA2300 plasmid. Aseptic explants for transformation were obtained by
inoculating seeds of Eleusine coracana L. on MS medium supplemented with 2, 4-D
4.0 mg/L, callus was induced. Callus was inoculated on MS medium supplemented
with BAP 2.0 mg/L for multiplication of shoots. For kanamycin sensitivity test of
shoots showing maximum etiolation (98%), blackening (84%) and death (82%) have
occurred on MS medium supplemented with 100.0 mg/L of kanamycin after 21 days
of inoculation. Agrobacterium strain GV2260 was maintained at 26˚C for 20 hrs at
150 rpm in dark condition in LB medium supplemented with 50.0 mg/L rifampicin,
50.0 mg/L kanamycin and 100.0 mg/L acetocyringone. The explants were treated for
different co-culture periods after which those were inoculated in solid MS medium
supplemented with BAP 2.0 mg/L and kept at 25±2˚C and 16 hr light/8 hr dark. After
10 days of infection the explants were subculture on MS medium supplemented with
100.0 mg/L of kanamycin for the confirmation of transformation. After 21 days it
was observed that only one explant survived out of nine explants in 30 min of coculture with Agrobacterium tumefaciens.
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INTRODUCTION

Techniques of plant tissue culture are a stimulus for basic research and also a tool with potential
and proven applications in agriculture, horticulture, and forestry. Plant tissue culture has wide
application, encompassing vector and vector-free genetic transformation of cells, embryo rescue,
somatic embryogenesis and commercial clonal propagation (Jackson., 2003).The rapid progress
in the area of crop biotechnology is mainly because of the development efficient regeneration and
suitable Agrobacterium mediated transformation protocol for different crop species.
Among the various approaches for integrative transformation, Agrobacterium mediated
technique is most widely used. Gene transfer to plants via Agrobacterium tumefaciens is an
efficient way to introduce desirable traits into crops plants. This transformation process depends
on the combined action of bacterial and plants genotypes.
Plant genetic engineering has become one of the most important tools in modern crops
breeding. Significant progress has been made in the development of new and efficient
transformation methods in plants, Agrobacterium remains one of the predominant microbes
employed in this approach. In particular, progress in Agrobacterium-mediated transformation of
varieties of agricultural plants such as cereals, legumes and other crops plants has led to
emergence of transgenic-enabling technologies, including generation of marker gene, gene
targeting, and chromosomal engineering. This recent advancement has boosted agricultural
biotechnology by augmenting the conventional plant breeding methods to achieve improved yield
and quality of crops, hence production of economic crops in commercial quantity. Agricultural
biotechnology has reduced crop losses from pest and disease (Mohammed and Abalaka, 2011)
improved the nutrient efficiency of food and animal feeds, reduce post harvest losses with
increased shelf life of fruits and vegetables, and increased the stress tolerance of crop plants
allowing them to tolerant various environmental extremes such as cold and drought. With regard
to the safety of genetically modified (GM) crops and products, the current risk assessment
process pays particular attention to potential adverse effects on human and animal health and the
environment. Non target risk assessment for transgenic crops should be case specific, depending
on the plant, the transgene, and the introduced release environment (Andow and Hilbeck, 2004).

Finger Millet (Eleusine coracana L.) and its importance
Finger millet (Eleusine coracana L.) or African millet belongs to Poaceae family and subfamily
chloridoideae. It is cultivated in both Asia and Africa under diverse soil and climatic conditions
mostly as a rainfed crop.
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Finger millet is originally native to the Ethiopian Highlands and was introduce into India
approximately 4000 year ago. It is highly adaptable to higher elevations and is grown in the
Himalayas up to altitude of 2300 m.
Growing season- June to December
It is commonly known as Ragi, an annual plant. It is the most important small millet in the tropics
(12% of global millet area) and is cultivated in more than 25 countries in Africa (eastern and
southern) and Asia (from Near East to Far East), The major producers are Uganda, India, Nepal
and China.
The height of finger millet plant range from 40 cm to 1 metre with the spike length ranging
from 3 to 13 cm, the colour of finger millet grains may vary from white through orange-red, deep
brown, purple, to almost black. The typical mean weight of finger millet seed is about 2.6 mg.
Self-pollinating, allotetraploid (4x, 2n= 36) with genome size, 1C=1593 Mbp.
Eleusine coracana L. is often intercropped with legumes such as Peanuts (Arachis
hypogea), Cowpeas (Vigna sinensis) and pigeon peas (Cajanus cajan) or other plants such as
niger seeds (Guizotia abyssinica).
In India ragi is commonly called by various name like Ragi (in Kannada, Telgu and Hindi),
Kodra (Himachal pradesh), Mandia (Oriya), Taidalu (in Telangana region), Ariyam in Tamil etc.
Finger millet (Eleusin corocana L.) is an important staple food crop after rice (Oryza
sativa), wheat (Triticum aestivum), Sorghum (Sorghum bicolor) and Pearl millet (Pennisetum
glacum) in India. India is a major producer of finger millet in Asia with a production of 2.1
million tones and productivity of 1.3t/h. More than 50% of the crop are in India (1.6 million ha)
is in Karnataka (0.9 million ha), where the productivity (1.9 t/ha) is higher than the national
average (Krishnappa et al., 2009). Other important finger millet growing state included Tamil
Nadu, Andhra Pradesh, Orissa, Maharashtra, Uttarakhand and Jharkhand.
Finger millet is comparable to rice with regard to protein (6-8%) and fat (1-2%) and is
superior to rice and wheat with respect to mineral and micronutrient content (Verma and Patel,
2013). It is a major source of dietary carbohydrates for a large section of society. Additional Ragi
has enormous health benefits and also a good source of valuable micro-nutrients along with the
major food components. Nutritionally, its important is well recognised because of its high
content of calcium (0.38%), dietary fiber (18%) and phenolic compounds (0.3-3%). Finger millet
being a nutricereal was used to develop Ready-To-Eat (RTE) snack food through extrusion
cooking (Sawant et al., 2013). They are also recognized for their health beneficial effects, such as
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anti-diabetic, anti-tumerogenic, antioxidant and antimicrobial properties (Mathanghi and Sudha,
2012). Starch remains the most commonly used excipient in the pharmaceutical industries. Starch
has been extracted from seeds of finger millet (Shiihii et al., 2011). Finger millet is frequently an
important constituent in local beer making. Koozh is a popular south Indian traditional food
made from finger millet (Thirumangaimannan and Gurumurthy, 2013). Cakes prepared from
malted Ragi flour is rich in minerals, these cakes may be beneficial for growing children,
teenagers and pregnant lactating women due to its high nutritive value (Desai et al., 2009).
Finger millet has long-term storage potential and ethno-medicinal characteristics, belonging to
cereal alpha-amylase/ protease inhibitor family, these inhibitors are known for curative role
against many types of human cancers (Sen and Dutta, 2012). Finger millet is the oldest foods
known to humans and possibly the first cereal grain to be used for domestic purposes (Verma and
patel, 2012).

Agrobacterium tumefaciens
Agrobacterium tumefaciens (or A. tumefaciens) is an alpha proteobacterium of the family
Rhizobiaceae, which includes the nitrogen fixing legume symbionts. Unlike the nitrogen fixing
symbionts, tumour producing Agrobacterium are pathogenic and do not benefit the plant. It is
causal agent of crown gall disease (tumour) in over 140 species of dicot plants and a restricted
number of monocotyledonous plants. It is a rod shape Gram- negative, motile, aerobic and soil
born bacterial pathogen. Agrobacterium also may encounter organisms belonging to other
kingdoms such as insects and animal that feed on the infected plants (Kunik et al., 2001).
Agrobacterium tumefaciens contain a Ti plasmid. The Ti plasmid is a large conjugative plasmid
or megaplasmid of about 200 kb (range 150- 250 kb). The Ti plasmids are classified into
different types based of opine, namely octopine, napoline, succinamopine and leucinopine,
produce by genes. The Ti plasmid has a T-region (23kb), which is transferred into the plant cells
and integrated into their genome. T-DNA is defined on both its sides by a 24 bp direct repeat
border sequence, and contain the gene for tumour induction and those for opine biosynthesis.
Border sequences flanking the T-DNA are essential cis-acting elements involved in the genetic
transformation of plant by Agrobacterium (Zambryski, 1988). Comparison of nucleotide
sequence at the extremes of T-DNA integrated into the plant genome with the nucleotide
sequence of the corresponding region of the Ti plasmid revealed the presence of border
sequences as direct repeats (Simpson et al.,1982; Yadav et al.,1982; Zambryski et al.,1982;
Holsters et al., 1983). While the deletion of left border repeat has little effect on tumorigenicity,
deletion of the right border abolishes tumour formation (Joos et al., 1983; Shaw et al., 1984;
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Wang et al., 1984). Many strains of A. tumefaciens do not contain a pTi. Since the Ti plasmid
essential to cause disease, pre-penetration events in the rhizosphere occur to promote bacterial
conjucation- exchange of plasmids amongst bacteria. In the presence of opines, A.tumefaciens
produces a diffusible conjugation signals called 30C8HSL or the Agrobacterium auto inducer.
This activates the transcription factor TraR, positively regulating the transcription of genes
required for conjugation. The virulence (vir) genes also located on the Ti plasmid. The vir region
contains 8 operons (virA, virB, virC, virD, virE, virF, virG and virH), which together span about
40 kb of DNA and have 25 genes. The vir genes are transcriptional and regulated by two gene
virA and virG, which belongs to a family of two component regulatory systems. virA protein
senses plants signal molecules and then transducer the signal by phosphate transfer to virG
protein, the response regulator. This protein then binds to upstream regions of each of the vir
genes and transcriptionally activates this regulation, vir genes are induced at an acidic pH by
phenolic compounds that function in concert with monosaccharides synthesized and exude from
wounded plants cells. T-DNA processing and transfer require the expression of vir (virulence)
gene on the Ti plasmids, which are known to be induced by certain phenolic compounds released
from cells at the wounded site (Usami et al., 1988). The virA protein directly senses the penolic
compound (Acetosyringone) for vir gene activation (Lee et al., 1995). Active plant cells
metabolism is required for the synthesis of the vir inducing factor, and the presence of bacteria
does not stimulate this production (Stachel et al., 1986). vir- inducing factor is heat, cold stable
and pH stable (above pH 6.0) are specifically involved in the processing and transfer of T-DNA
(Heath et al., 1995). The operons virA and virG are constitutive, encode one protein each, and
are concerned with the regulation of all vir operons. The other vir operons encode various
proteins involved in T-DNA transfer. The genes of vir region are not transferred themselves.

Kanamycin as a selective agent of transformation
The aminoglycoside kanamycin, acting as a selective agent, has been commonly used in plant
genetic engineering. This is because kanamycin can kill plant wild cells. In plant transformation
the neomycin phosphotransferase II (nptII ) gene is one of the most commonly used selective
marker genes (Flavell et al., 1992). The nptII gene encodes neomycin phosphotransferase II,
which confers resistsnce on its host cells to wide range of aminoglycosides antibiotics such as
kanamycin (Km), neomycin, geneticin (G418) and paromomycin. These antibiotics inhibit the
growth of plant cells by binding to the 30S ribosome subunit, there by inhibiting initiation of
plastid translation (Moazed and Noller, 1987: Willmink and Dons, 1993). Plant cells transformed
with the nptII gene can detoxify the antibiotics in the selection medium (Kapaun and Cheng,
1999).
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Recent studies related to transformation of finger millet plants conferring resistance to
leaf blast disease have been developed by inserting a rice chitinase (Chi11) gene through
Agrobacterium-mediated transformation. Plasmid pHyg-chi.11 harbouring the rice chitinase gene
under the control of maize ubiquitin promoter was introduced into finger millet using
Agrobacterium strain LBA4404 (pSB1). This is the first study reporting the introduction of rice
chitinase gene into finger millet for leaf blast resistance (Ignacimuthus and Ceasar, 2012).
The present work deals with Transformation of finger millet (Eleusine coracana L. Gaertn);
variety A404, through Agrobacterium tumefaciens and the objectives are,
 Transformation of finger millet through Agrobacterium tumefaciens.
 Transformation confirmation through kanamycin tolerance test.
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Finger Millets, comprising the small-seeded group of the Poaceae family, represent one of the
major foods and feed crop in the semi-arid tropical regions of Africa and Asia. Compared to
major crops of the world, these indigenous crops possess a number of beneficial characteristics
including tolerance to extreme climatic and soil conditions; hence, adapts to poor soil fertility
and moisture deficient areas. Moreover, millets are also nutritionally rich especially in vitamins
and minerals, and most of them are gluten-free. Despite all these benefits, millets are encountered
with several production constraints. The major bottleneck affecting millets are their extremely
low yield since they are mostly cultivated in marginal areas with poor moisture and fertility
conditions. Inherent characteristics, such as susceptibility to lodging, also significantly affect the
productivity of millets. Millets are also commonly known as orphan or neglected crops due to too
little attention given to them by the world scientific community. Genetic improvement in millet
could be achieved not only by conventional approaches but also through modern techniques such
as genetic modification or transgenics. The main benefits of regeneration and transformation in
millet improvement are:
1) The multiplication of identical copies of plant that is free of disease and pests.
2) The regeneration of the whole plant from transformed tissues with desirable traits.
Success in plant transformation is largely dependent on the efficiency of regeneration.
Establishing optimum regeneration method for each plant species and ecotype is therefore, a prerequisite before embarking on plant transformation (Wiithrich and Tadele, 2012).
Finger millet is native of Ethiopia, but spread out to Asia few thousand years ago. The
growing public awareness of nutrition and health care research substantiates the potential of
phytochemical such as polyphenols and dietary fibre on their health beneficial properties. Hence,
there is in need to identify newer sources of neutraceuticals and other natural and nutritional
materials with the desirable functional characteristics. Finger millet (Eleusine coracana), one of
the minor cereals, is known for several health benefits and some of the health benefits are
attributed to its polyphenol and dietary fibre contents. It is an important staple food in India for
people of low income groups. Nutritionally, its importance is well recognised because of its high
content of calcium (0.38%), dietary fibre (18%) and phenolic compounds (0.3-3.0%). They are
also recognized for their health beneficial effects, such as anti-diabetic, antitumerogenic,
antioxidant and antimicrobial properties (Mathanghi and Sudha, 2012).
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2.1. ESTABLISHMENT OF CULTURE
Shoot tips of finger millet (Eleusine coracana) were inoculated on to Murashige Skoog (MS)
medium supplemented with different concentrations of auxins [( 2,4-D, NAA), cytokinins (KN,
BAP) and other growth promoters (Proline, Tryptophan, casein enzyme hydrozylate (CEH)]. The
higher degree of embryogenic callus formation observed with 2, 4-D was at 2.5 mg/L. In the
presence of 0.5 mg/L of BAP, with NAA, the higher degree of embryogenic calllus formation
observed was at 3.0 mg/L in the presence of 1.0 mg/L of BAP. However, the addition of growth
regulators like Tryptophan, Proline and CEH to either 2, 4-D or NAA increased greatly the
degree of callus formation among all the combinations employed the highest degree of callus
formation was observed at 2.5 mg/L of 2,4-D, 0.5 mg/L of BAP, proline (500.0 mg/L),
Tryptophan (250.0 mg/L) and CES (300.0 mg/L). A maximum of 97% of shooting explants were
successful in inducing callus at this combination of growth regulators. Highest mean number of
shoot buds (67%) and good rooting was observed when embryogenic calli was sub-cultured on
MS medium supplemented with 1.0 mg/L kinetin and 0.5 mg/L NAA. The regenerated plantlets
could be transferred successfully to the field with 85% survival (Anjaneyulu et al., 2011).

2.2. Agrobacterium tumefaciens-mediated transformation
Finger millet plants conferring resistance to leaf blast disease have been developed by inserting a
rice chitinase (chi11) gene through Agrobacterium mediated transformation. Plasmid pHygChi.11 harbouring the rice chitinase gene under the control of maize ubiquitin promoter was
introduced into finger millet using Agrobacterium strain LBA 4404(pSB1). Transformed plants
were selected and regenerated on hygromycin supplemented medium. Transient expression of
transgene was confirmed by GUS histochemical staining. The incorporation of rice chitinase
gene in R0 and R1 progenies was confirmed by PCR and southern blot analysis. Expression of
rice chitinase gene in finger millet was confirmed by western blot analysis with a barley chitinase
antibody. A leaf blast assay was also performed by challenging the transgenic plants with spores
of pyricularia grisea. The frequency of transient expression was 16.3% to 19.3%. Stable
frequency was 3.5% to 3.9%. Southern blot analysis confirmed the integration of 3.1 kb chitinase
gene. Western blot analysis detected the presence of 35 kDa chitinase enzyme. Chitinase activity
ranged from 19.4 to 24.8. In segregation analysis, the transgenic R1 lines produced three resistant
and one sensitive for hygromycin, confirming the normal Mendelian pattern of transgene
segregation. Transgenic plants showed high level of resistance to leaf blast disease compared to
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control plants. This is the first study reporting the introduction of rice chitinase gene into finger
millet for leaf blast resistance (Ignacimuthus and Ceasar, 2012).
Introduction of foreign genes in to plant tissue via Agrobacterium tumefaciens based
vectors, requires specific knowledge of Agrobacterium host compatibility. Transformation of
Physalis minima was achieved using Agrobacterium tumefaciens strain LBA4404 pB19.The
concentrations of the cefotaxime 25.0 mg/L and kanamycin 75.0 mg/L for the best growth of
Physalis minima. Molecular analysis of the transformed plants has done by PCR techniques
(Sheeba et al., 2010).
The efficiency of 3 commonly used Agrobacterium strains in genetic transformation of the
micro-alga Chlamydomonas reinhardtii was observed by Pratheesh et al., (2012). Three different
strains of Agrobacterium tumefaciens (EHA101, EHA105, LBA4404) and pCAMBIA 1304
binary vector hosting the genes coding for GUS (β-glucuronidase) and hpt (hygromycin
phosphotransferase) were used for the study. Transformation processes using Agrobacterium
were evaluated without the addition of acetosyringone or by wounding the cells. Colonies
resistant to hygromycin at 10.0 mg/L were selected. GUS gene expression in transformed cells
was detected with GUS histochemical assay. PCR and RT-PCR analysis confirmed the
integration and expression of htp (610bp) and GUS (640bp) genes in transgenic Chlamydomonas
reinhardtii. Agrobacterium strain EHA105 was found to be the most efficient with higher rate of
transformation frequency.
A reproducible and highly efficient protocol for genetic transformation mediated by
Agrobacterium has been established for green gram (vigna radiate L. wilczek). Double
cotyledonary node (DCN) explants were inoculated with Agrobacterium tumefaciens strain LBA
4404 harboring a binary vector pCAMBIA 2301 containing neomycin phosphotransferase (nptII)
gene as selectable marker, β-glucuronidase (GUS) as a reporter (uidA) gene and annexin bj1
gene. Important parameters like optical density of Agrobacterium culture, culture quantity,
infection medium, infection and co-cultivation time and Acetosyringone concentration were
standardized to optimize the transformation frequency. Kanamycin at a concentration of 100.0
mg/L was used to select transformed cells. Transient and stable GUS expressions were studied in
transformed explants and regenerated putative plants, respectively. Transformed shoot were
produced on regeneration medium containing 100.0 mg/L Kanamycin and 250.0 mg/L
Cefotaxime and rooted on MS medium. Transient and constitutive GUS expression was observed
in DCN explants and different tissues of T0 and T1 plants. Rooted T0 and T1 shoots confirming
Polymerase Chain Reaction (PCR) positive for npt II and Annexin 1bj genes were taken to
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maturity to collect the seeds. Integration of Annexin gene into the green-gram genome was
confirmed by Southern Blotting (Yadav et al., 2012).
Two potato varieties namely Cardinal and Heera were used in the Agrobacterium-mediated
genetic transformation experiment to investigate the genetic transformation ability in the
biotechnology laboratory of the Department of Biotechnology, Bangladesh Agricultural
University, Mymensingh, Bangladesh during 2006 to 2007. Agrobacterium tumefaciens strain
LBA 4404 having a binary vector pB1121 of 14 KDa containing selectable marker gene npt II
(neomycine phosphotransferase II) conferring kanamycin resistance, and the CIPK antisense
gene encoding calcineurin B-like protein were used. Leaf and Internodes were used as explants.
Expression of the transgene (GUS) was confirmed by histochemical analysis. The variety
Cardinal was found more suitable for expression best GUS response (80% GUS positive) over
Heera (Khatun et al., 2005).
Despite the popularity of the method, low efficiency of transformation is a major challenge
for scientists. Modification of different genetic and environmental aspects of transformation
method may lead to better understanding of the system and result in high efficiency
transformation (Alimohammad and Bagherieh-Najjar, 2009).
An Agrobacterium-mediated plant transformation system was developed for the production
of transgenic plantain [Musa spp. Cultivar Agbagba (ABB)]. Apical shoot tips were transformed
using Agrobacterium strain EHA105 with the binary vector pCAMBIA 1201, having the
hygromycin resistance gene as a selection marker and GUS-INT as a reporter gene. Transient
expression of the β-glucuronidase (uidA) gene was achieved in transformed apical shoot tips.
The hygromycin resistant shoots were regenerated 4 to 5 weeks after co-cultivation of explants
with Agrobacterium. The two step selection procedure allowed the regeneration of shoots which
were uniformly transformed. The integration of the uidA gene was confirmed by polymerase
chain reaction (PCR) and southern blot analysis. In this study, transformation based on
regeneration from apical shoot tips has been demonstrated. This process did not in-corporate
steps using disorganized cell culture but used micropropagation, which allowed regeneration of
homogenous populations of plants in a short period of time. This study showed the enormous
potential for genetic manipulation of Musa species for disease and pest resistance, as well as
abiotic factors, using a rapid and non-species specific transformation and regeneration system
(Tripathi et al., 2005).
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Kanwar and Kumar, (2011) used leaves of Dianthus caryophyllus L. cv.῾ Tempo᾽ as target tissue
for genetic transformation. The efficiency of two regeneration systems with insect resistance (cry
1 AB) gene was compared through Agrobacterium tumefaciens mediated transformation. 100.0
mg/L kanamycin was selected for transformation. The transformation frequency was greatly
affected by pre-conditioning and co-cultivation duration. The highest transformation frequency
17.67% was obtained using callus regeneration system. The presence and expression of the
foreign gene was confirmed by PCR and insect toxicity bioassay. The selected transformants
showed normal phenotypes under in vitro and in vivo conditions.
The experiment was conducted to establish an efficient and reproducible protocol for the
plant regeneration and genetic transformation, which can be used for the improvement of Tossa
jute (Corchorus olitorius L.). It was demonstrated that the percent of seeds germination in agar
based medium found to be very low (43.1%), as compared to clinical cotton supported MS liquid
medium, which was found to be very high (97.6%) and the highest percentage of root initiation
was recorded for the variety O-9897 (53.6%) which was statistically identical by variety O-72
(49.4%). The performance of varieties in A. tumefaciens showed significant difference in respect
of number of explants produced shoot and percents shoot regeneration. Variety O-9897 gave the
best performance as compared to variety O-72. In transformed explants, GUS reporter gene was
expressed showing blue colour in the explants tissues. Non-transformed explants did not show
any colour. Variety O-9897 showed the highest response to GUS assay (86.6%) as compared to
O-72(80.0%). This efficient regeneration and transformation system can be further used for the
improvement of jute quality using other useful genes (Islam et al., 2009).
Agrobacterium tumefaciens-mediated transformation system for perilla (Perilla frutescens
Britt) was developed. Agrobacterium strain EHA 105 harboring binary vector pBK I containing
bar and c-tmt cassettes or pIG121Hm containing nptII, hpt and gusA cassettes were used for
transformation. Three different types of explants, hypocotyls, cotyledon and leaf were evaluated
for transformation and hypocotyls explants resulted in the highest transformation efficiency with
an average of 3.1 and 2.22% with pBK I and pIG121Hm respectively. The Perilla spp. Displayed
genotype-response for transformation. The effective concentration of selective agents were 2.0
mg/L phosphinothricin (PPT) and 150.0 mg/L kanamycin, respectively for shoot elongation and
1.0 mg/L PPT and 125.0 mg/L kanamycin respectively for shoot elongation. The transformation
events were confirmed by herbicide basta spray or histochemical GUS staining of T 0 and T1
plants. The T-DNA integration and transgene inheritance were confirmed by PCR and southern
blot analysis of random samples of T0 and T1 transgenic plants (Lee et al., 2005).
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The establishment of grape vineyards in the Midwestern USA was greatly hampered by the use
of the herbicide 2, 4-D in grain crop fields. The overall goal of this study was to transform
῾Chancellor᾽ with the plant expressible bacterial tfdA gene to make it tolerant to 2,4-D.
Embryogenic callus was infected and co-cultivated with an Agrobacterium construct (LBA 4404:
pAL4404:: tfdA); transformed callus was selected with kanamycin; kanamycin resistant callus
was bulked and transformed cell lines identified by PCR. Three PCR positive embryogenic callus
lines were used to regenerate transgenic plants. Analysis of the plant lines for the presence of
presence of the tfdA gene by PCR and southern hybridization confirmed its stable integration in
their genomes. Transgenic ῾Chancellor᾽ grape plants regeneration from these calli proved to be
resistant to up to 10.0 kg/ha of a commercial ester-formulation of 2,4-D, indicating positive
expression of the tfdA gene and affording them protection from 2,4-D injury (Mulwa et al.,
2007).
Callus induction and in vitro plantlet regeneration systems following Agrobacteriummediated transformation using mutated bacterial aroA gene were obtained in two cultivars of
safflower (Carthamus tinctorius L.) mean comparison showed that the highest percentage of
induced callus was occurred on MS medium containing (1.0 mg/L NAA + 1.0 mg/L BAP) in cv.
Dincer (94.33%) and (0.5 mg/L NAA + 0.5 mg/L BAP) in hypocotyls explants (97%),
respectively. In addition, the highest percentage of shoot regeneration also was achieved on a
range of media supplement with 0.1 mg/L NAA + 2.0 mg/L BAP from cotyledon explants of
Dincer cultivar (35.1%). In respect of transformation efficiency, the highest percentage of
putative regenerated shoot on selection medium containing 50.0 mg/L kanamycin was achieved
in cv.Dincer and LBA 4404 strain (20.61%). PCR analysis of sixteen Dincer plantlets for both
strains confirmed that mutant aroA gene was amplified using specific primers (EPS1F/EPS2R)
and (EPS2R/35SF) yielded fragments of 1300bp and 1800bp, respectively. Whereas no plantlet
contain this gene in Sina cultivar. This revealed that cotyledon explants of cv.Dincer of safflower
havea good potential for direct shoot regeneration, and A. tumefaciens LBA4404 can be
established a beneficial method for the transformation of oilseed crop by mutant aroA gene
(Motamedi et al., 2011).
A number of factors that are known to influence genetic transformation were evaluated to
optimize Agrobacterium-mediated transformation of hypocotyls explants of cauliflower variety
Pusa Snowball K-1. The binary vector p35SGUSINT mobilized into Agrobacterium strain
GV2260 was used for transformation and transient GUS expression was used as the basis for
identifying the most appropriate condition for transformation. Explants age, pre-culture period,
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bacterial strain and density were found to be critical determinants of transformation efficiency.
Using the optimized protocol, the synthetic cryIA(b) gene was mobilized into cauliflower.
Molecular analyses of transgenic established the integration and expression of the transgene.
Insect bioassay indicated the effectiveness of the transgene against infestation by diamondback
moth (Plutell xylostella) larvae (Chakrabarty et al., 2002).
The optimum condition for shoot regeneration from leaf explants of strawberry cultivar
Khammuang et al., (2005) was investigated. It was found that the best regeneration condition
was MS medium containing N6-Benzyladenine (BA) and 2,4-Dichlorophenoxy acetic acid (2,4D) at concentrations of 1.0 mg/L and 0.2 mg/L , respectively. Antibiotics sensitivity test found
that shoot regeneration from leaf explants was inhibited more than 90% at the concentration of
kanamycin as low as 5.0 mg/L. The modified gene encoding antifreeze protein isoform HPLC 6
was successfully constructed using codons which were optimally expressed in the strawberry
plant. The antifreeze protein genes, naturally in plasmid pSW1 and modified in plasmid pBB,
were transformed to strawberry leaf explants by Agrobacterium tumefaciens LBA 4404. The
strawberry plants, transformed with both AFP genes, were able to root in MS media containing
50.0 mg/L kanamycin, while no roots grew from non-transformed plant in this condition. PCR
indicated that the transgenes were integrated in the genome of transformants.
The objective of this study was to determine amenability of different tropical maize
genotypes to Agrobacterium-mediated transformation with the NPK1 gene for conference of
drought tolerance. To achieve this, immature embryos from thirteen maize genotypes (IL1, IL3,
IL15, IL16, IL28, IL38, IL42, IL43, Hudiba-1, Hudiba-2, Mojtamma-45, A188 and KAT) were
transformed by co-cultivating with recovered on PPT (3.0 mg/L) containing medium.
Statistically significant differences (p<0.05) were observed between the genotypes with respect
to transformation frequency (TF). Overall, IL3 was identified as the most amenable to
transformation with a TF of 31.7% and proved to be superior to A188, which recorded a TF of
5.82%. Hudiba-2 was identified as the most transformable open pollinated variety (OPV) with a
TF of 8.7% compared to that of 7.3% for KAT. IL1 and Mojtamma-45 provide to be poor
responders to transformation with TFs of 2.5% and 1.7%, respectively. Putative transgenics were
recovered from IL3, IL15, Hudiba-2, IL1, IL38, Hudiba-1, A188 and KAT. The frequency of
regeneration of PPT resistant shoots variety from 6% for A188 to 100% for Hudiba-2. Stable
integration of the transgene was confirmed by PCR. In conclusion they had demonstrated that
tropical maize genotypes adapted to Sudan are transformable with the NPK1 gene (Omer et al.,
2013).
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Soybean is one of humanity’s major sources of plant protein. It is also very important for animal
feed and as industrial raw material. Great advances have recently been achieved in its genetic
transformation. Important factors affecting Agrobacterium-mediated soybean transformation
including target tissues, plant tissue health, wounding methods, regeneration systems, selectable
markers and reporter genes (Mello-Farias and Soares Chaves, 2008).
The Cre/loxP site-specific recombination system has been applied in various plant species
including maize (Zea mays) for marker gene removal, gene targeting, and functional genomics, a
BIBAC vector system was adapted for maize transformation with a large fragment of genetic
material including a herbicide resistance marker gene, a 30 kb yeast genomic fragment as a
marker for fluorescence in situ hybridization (FISH), and a 35S-loxcre recombination cassette.
Seventy-five transgenic lines were generated from Agrobacterium-mediated transformation of a
maize Hi-II line with multiple B chromosomes. Eighty-four inserts have been localized among
all 10 A chromosome pairs by FISH using the yeast DNA probe together with a karyotyping
cocktail. No insertion was found on the B chromosomes; thus a bias against the B chromosomes
by the Agrobacterium-mediated transformation was revealed. The expression of a cre gene was
confirmed in 68 of the 75 transgenic lines by a reporter construct for cre/lox mediated
recombination. The placement of the cre/lox site- specific recombination system in many
locations in the maize genome will be valuable materials for gene targeting and chromosome
engineering (Vega et al., 2008).
Lactuca sativa is widely used leafy vegetable belonging to the asteraceae family, which
has been adopted as model plant for transgenic research. Ahmed et al., (2007) established an
Agrobacterium tumefaciens-mediated transformation procedure for L. Sativa. Leaf discs of L.
Sativa were incubated with A. tumefaciens strain LBA4404 containing pBIPTA plasmid with the
npt gene as a selectable marker for kanamycin resistance and intron containing pta gene as an
aphicidal gene. Following co-cultivation, leaf discs were cultured on selective medium
containing 50.0 mg/L kanamycin + 50.0 mg/L cefotaxime. Kanamycin resistant shoots were
induced from the leaf discs after four weeks. Shoot regeneration was achieved after transferring
the tissue onto fresh medium of the same combination. Finally, the shoots were rooted on MS
medium containing 50.0 mg/L kanamycin. Incorporation and expression of the transgenes were
confirmed by PCR and RT-PCR analysis. Using this protocol, transgenic lettuce plants could be
obtained in approximately 6 months with a high transformation frequency.
Chickpea is world’s third important pulse crop and India produces 75% of the world’s
supply. Chickpea seeds are attacked by Callosobruchus maculates and C. chinensis which cause
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extensive damage. The α-amylase inhibitor gene isolated from Phaseolus vulgaris seed was
introduced into chickpea cultivar K850 through Agrobacerium-mediated transformation. A total
of 288 kanamycin resistant plants were regenerated. Only 0.3% of these were true transformants.
PCR analysis and southern hybridization confirmed the presence of 4.9 kb α-amylase inhibitor
gene in the transformed plants. Western blot confirmed the presence of α-amylase inhibitor
protein. The results of bioassay study revealed a significant reduction in the survival rate of
bruchid weevil C. maculates reared on transgenic chickpea seeds. All the transgenic plants
exhibited a segregation ratio of 3:1 (Ignacimuthu and Prakash, 2006).
Bacterial wilt is a devastating disease of tomato crop throughout the world. This disease is
very dangerous in hot and humid regions, where it spreads with the irrigation water to whole
field within days, which results in severe decline in yield. Two varieties of tomato were used by
Chaudhry and Rashid, (2010) for developing bacterial wilt resistance. Riogrande responded more
efficiently as compared to Roma. Regeneration frequency of 90.6% was achieved when leaf discs
were used and 82.5% when hypocotyls were used as explants for tomato cv. Riogrande. While
65.4% regeneration was achieved from hypocotyls and 72.6% regeneration was obtained when
leaf discs were used as explants for cv. Roma. Explants were co-cultivated with Agrobacterium
strain EHA101 containing a binary vector pTCL5, having hygromycin phosphotransferase (hpt)
gene which confers resistance to hygromycin and glucuronidase (GUS) gene in addition to Xa21
gene. Hygromycin (25.0 mg/L) was used as selectable marker while GUS is a reporter gene.
Acetosyringone (50.0µM) enhanced transformation efficiently. Pre-selection period of 7 days
was found to be indispensable for successful transformation of tomato crop. Transformation
efficiency of 24% was observed for Riogrande and 8% for Roma. Molecular analysis of
transgenic plants produced was carried out for hygromycin resistance gene. Transgenic plants
contained the expected band of 670bp. PCR analysis confirmed the foreign DNA into the plant
genome section of hypocotyls, roots and leaves from Pentalinon andrieuxii plantlets were
transiently transformed with Agrobacerium tumefaciens LBA4404 bearing the binary plasmid
pCAMBIA 2301 with an interrupted β-glucuronidase (GUS) gene. Histochemical GUS assays
showed transient gene expression in all infected tissues, being older roots those which displayed
the most intense GUS staining. This is the first report of Pentalinon andrieuxii susceptibility to
Agrobacterium tumefaciens-mediated genetic transformation. (Yam-Puc et al., 2012)
It is expected that the increasing outbreaks of diabetes mellitus along with introducing
alternative of present insulin consumption methods, will result in increasing the demand of such
a drug in future. Plant systems have high potential to produce safe, economical, inexpensive and
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large scale biopharmaceutical and potato is one of the most important bioreactors, globally. Most
Agrobacterium mediated transformation procedures referred to in the literature have proven to be
inefficient for the transformation of Agria and Marfona potato cultivars. In this study a novel one
step method was demonstrated for the transformation of the internodal explants of these
cultivars. Using this method, the human pro-insuline gene was expressed in the transgenic potato
plants. In this research, the DNA sequence of immunoglobin G binding protein taken from
Staphylococcus aureus was infused to the human pro-insulin gene and this construct was then
transferred to the nuclear genome of potato via Agrobacterium-mediated transformation.
Assessment of the transgenic plants was carried out in 3 levels of DNA, RNA and protein. Gel
analysis of the PCR and RT-PCR products showed a single 500bp band in the transgenic potato
lines. SDS-PAGE analysis showed a 17-18 kDa weight band, while this band was not shown in
the non-transgenic ones. Leaf sample of transgenic potato had a positive reaction in ELISA with
the human insulin antibody and dot blot assays were also positive (Kashani et al., 2012).
High-frequency transformation of maize (Zea mays L.) using standard binary vector is
advantageous for functional genomics and other genetic engineering studies. Recent advances in
Agrobacterium tumefaciens-mediated transformation of maize have made it possible to transform
maize using standard binary vectors without a need of the super binary vector. While maize Hi-II
have been a preferred maize genotype to use in various maize transformation efforts, there is still
potential and need in further improving its transformation frequency. Vega et al., (2007) reported
the enhanced Agrobacterium- mediated transformation of immature zygotic embryos of maize
Hi-II using standard binary vectors. This improved transformation process employed low-salt
media in combined use with antioxidant L-cysteine alone or L-cysteine and dithiothreitol (DTT)
during the Agrobacterium infection stage. Three levels of N6 medium salts, 10, 50 and 100%,
were tested. Both 10 and 50% salts were found to enhance the T-DNA transfer in Hi- II. Addition
of DTT to the co-cultivation medium also improved the T-DNA transformation. About 12%
overall and the highest average of 18% transformation frequencies were achieved from a large
number of experiments using immature embryos grown in various seasons. The enhanced
transformation protocol established found advantageous for maize genetic engineering studies
including transformation based functional genomics.
Mohana et al. (2012) had reported the suitable explants with high efficiency of
transformation and the positive effects of timentin over other antibiotics like carbenicillin and
cefotaxime on the elimination of Agrobacterium tumefaciens during the genetic transformation of
popular Indica rice (Oryza sativa L.). The tissues assayed were embryogenic calli, embryos with
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endosperm contamination, intact seeds, leaf bladders, leaf bases and coleoptiles. The frequency
of transient β-glucuronidase (GUS) expression as revealed by histochemical assay was 90% for
embryogenic calli, which was the highest among the explants used. On the basis of disc-diffusion
assay, the maximum zone of inhibition (29 mm) at 250.0 mg/L was obtained for timentin. In
tissue culture conditions the frequency of Agrobacterium recurrence after 20 days of infection
was minimum (2.3%) at 200.0 mg/L of timentin. At 250.0 mg/L of timentin there was no
Agrobacterium growth, beside, there were no negative effects on the callus growth unlike other
antibiotics. Hence it was selected as the optimum concentration for high frequency callus
proliferation and regeneration. The effect of the parameters evaluated was determined by the
callus proliferation during selection, reduction in browning, transient GUS expression and stable
transformation efficiency (23.3%). The resultant plants were stable transformants as confirmed
by a molecular analysis of the GUS and hpt genes. The developed transformation protocol will
be very helpful for the information on Indica rice cultivars in general and on IR64 in particular.
A rapid, efficient and reproducible genetic transformation protocol was optimized for four
aromatic rice varieties by using the established plant regeneration protocol. Mature embryos were
inoculated with Agrobacterium tumefaciens stain EHA105 carrying a binary vector pIG121-Hm
with GUS (repoter gene) and hpt (hygromycin resistance) gene and the transformation
experiment was performed by optimizing two important parameters viz. infection times and cocultivation periods. The highest response to GUS assay was showed by Kalizira (70% GUS
positive) followed by Pusa Basmati 1 (66.67%) when the explants were inoculated for 25
minutes and co-cultivated for three days. Twenty five minutes infection time (9.44%) and three
day co-cultivation period (8.06%) were found effectivgee percentage of transgenic shoot
regeneration. The highest percentage of putative transgenic shoots was regenerated by variety
Kalizira (33.33%) followed by Pusa Basmati1 (20.0%) and Radhunipagol (13.33%). Among the
varieties, Kalizira produced the highest percentage (60.0%) of rooted shoots. Kalizira also
showed the highest survival rate in growth chamber (75.0%) and in field condition (60.0%). The
performance of Tulsimala was poor for almost all the cases (Hossain et al., 2009).
Amin et al. (2012) conducted an experiment to establish an efficient and reproducible
protocol for the plant regeneration and genetic transformation in white jute (Corchorus
capsularis L.). The regeneration and transformation process depended on optimum growth
conditions, suitable explants and varieties. An attempt was made for Agrobacterium mediated
genetic transformation in white jute varieties using gene construct conferring both salt and
drought tolerance (CIPK and Gly-1) along with the marker genes. Interestingly the two varieties
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(CVL-1 and Tricap-1) showed the response of both callus induction and plant regeneration on a
single formulation i.e. MS medium supplemented with 2.0 mg/L BAP and 0.5 mg/L IAA.
Explants were dipped to liquid culture of bacteria for one minute and then transferred to cocultivation media for 24 hours. Shoot regeneration from Agrobacterium infected cotyledon was
found highest in variety CVL-1(43%) than Tri cap (38%). After co-cultivation and selection
histochemical GUS assay was performed in different varieties (vars. Tricap-1, CVE-3 & CVL-1).
In the transformed explants, GUS reporter gene was expressed showing blue colour in the
explants tissues. Among the varieties CVE-3 showed the highest expression blue colour in the
explants tissues. Those transgenic plants are transferred to salt medium and soil for evaluation.
The common bean (Phaseolus vulgaris L.) is an important human dietary constituent being
a rich source of protein. Generally improved bean varieties are required as optimum yields are
not realised due to constraints such as disease and insect pests. Amugune et al., (2011) evaluated
the potential of two common bean varieties Mwitemania and Rose coco to in vitro
Agrobacterium tumefaciens-mediated transformation. Mature seed embryos germinated for 1-2
days on moist filter paper, were stab inoculated with A. tumefaciens strains LBA 4404 (pBI 121),
EHA 105 (pCAMBIA 1201) and EHA 105 (pCAMBIA 1301), harbouring β-gulucuronidase
(GUS) intron plasmids. The infected embryos were co-cultivated for 3-4 days on basal
Murashige and Skoog, 1962 medium with B5 vitamins (MSB5) or medium supplemented with
10 µM benzyl-aminopurine (BAP) and cultured on regeneration and selection medium consisting
of 10 µM BAP and 50.0 mg/L kanamycin or hygromycin. Transformed shoots and roots
confirmed by histochemical staining for GUS activity were obtained in 40 week old Mwitemania
plantlets from explants infected with A. tumefaciens LBA 4404 (pBI 121). No GUS expression
was observed in all Rose coco and Mwitemania shoots from explants infected with EHA 105
(pCAMBIA 1201) or EHA 105 (pCAMBIA 1301)
Banana, fourth most important food commodity on earth, has great socio-economic
significance in India. As a staple food, it contributes to food security of millions of people in
developing world. Despite playing a key role in the economy of many developing countries, its
production and as such export is constrained by many biotic as well as abiotic factors. Increase in
production through minimization of yield loss has been emphasized as one of the thrust area and
biotechnological advances such as genetic transformation, was playing key role to handle the
situation. Besides protecting banana against wide range of diseases, genetically modified bananas
have also been advocated as carrier for vaccines and as a source of carotenoids that can
counteract debilitating vitamin A deficiency. In order to augment micro-propagation of banana
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through different explants and different type of organogenesis and to avoid the constraints
imposed by pests and pathogens, transgenic approaches using particle bombardment or
Agrobacterium-mediated transformation using different transgenes is preferentially considered
for the improvement of banana crop ( Aquil et al., 2012).
The possibility of developing transgenic Indica rice through Agrobacterium-mediated
transformation in the absence of Acetosyringone at bacterial preinduction or co-cultivation or
both stages was assessed. Six weeks old, scutellum derived calli of Indica rice viz., ASD 16,
white Ponni, Pusa Basmati, Pusa Sugandh 4, Pusa Sugandh 5 were co-cultivated with A.
Tumefaciens strain EHA 105, harbouring the binary vector pCAMBIA 1305.1 with the βglucuronidase (GUS) and hygromycin phosphotransferase gene in the T-DNA region. Addition
of Acetosyringone (AS) to the pre-induction medium and co-cultivation medium induced higher
levels of transient GUS expression than that obtained with the addition of AS to either of the
stages. Addition of sucrose to both the media revealed that the transient expressional levels were
similar to those obtained by the addition of AS. The resultant fertile plants were stable
transformants as revealed by GUS histochemical assay and PCR analysis for the GUS and HPT
genes. The results indicated that the addition of phenolics like AS may not be essential for the
induction of vir genes and development of transgenic indica rice are also possible under AS free
conditions ( Aananthi et al., 2010).
The major constraint in cotton improvement has been the recalcitrance of cotton varieties
to tissue culture. Alternate methods that avoid minimize tissue culture would be beneficial for the
improvement of cotton. In this report, transgenic cotton plants have been produced by a tissueculture

independent

Agrobacterium

tumefaciens-

mediated

transformation

procedure.

Agrobacterium strain LBA 4404 harboring the binary vector pKIWI105 that carries the genes for
β-glucuronidase (GUS) and neomycin phosphotransferase (npt II) was used for transformation.
Apical meristem of the differentiated embryo of the germinating seedling was infected with
Agrobacterium. Since the transgene is integrated into the cells of already differentiated tissues,
the TO plants will be chimeric and stable integration can be seen only in the T1 generation. The
first proof of transformability in the TO generation was indicated by the GUS histochemical
analysis of the seedling, five days after co-cultivation and subsequently in the pollen and lint. T1
transformants were identified by PCR analysis and subsequently confirmed by southern blot
analysis. Three plants (T1) with single copy insertions were selected for continuing into the next
generations. Molecular characterization and GUS expression analysis (histochemical and
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fluorimetric) of the T1, T2 and T3 generation suggested the feasibility of the method to generate
transgenic plant in cotton (Keshamma et al., 2008).
Sugar beet (Beta vulgaris L.) is an important industrial crop, the yield of which is strongly
affected by numerous diseases caused by fungal pathogens. To the aim of developing transgenic
plants resistant to fungi, two transgenic diploid sugar beet genotypes expressing the gene
encoding the polygalacturonase inhibiting protein 2 of phaseolus vulgaris (PvPGIP2) were
generated by Agrobacterium tumefaciens-mediated transformation. PGIPs are plant cell wall
leucine-rich repeat (LRR) proteins that bind to and inhibit fungal polygalacturonase (PG), thus
slowing down the plant cell wall degradation and limiting fungal colonization of the plant
tissues, leaf blade explants carrying the bases of regenerated shoots, a highly regenerative tissue,
were used for transformation. PCR screening using specific primers showed the presence of the
transgene in more than 40% of the regenerated kanamycin resistant plants. A transformation rate
of 4.4-4.2% (depending on the genotype) was achieved as revealed by agarose diffusion assay of
the PvPGIP2 activity in the crude protein extracts of shoot tissues. The intact integration of the
transgene cassette into the genome was confirmed by southern blot analysis. The inhibitory
activity against Fusarium phyllophilum polygalacturonase (FpPG) was found at various levels in
several transgenic plants. No alteration of growth and development of the transgenic plants were
observed (Mohammadzadeh et al., 2012).
Thiruvengadam et al. (2013) aimed to study various factors influencing Agrobacterium
tumefaciens mediated genetic transformation of gherkin (Cucumis anguria L.). Agrobacterium
strain LBA 4404 harboring binary vector pBAL2 carrying the reporter gene β-glucuronidase
intron (GUS) and the marker gene neomycin phosphotransferase (nptII) were used for
transformation.

Factors

affecting

transformation

efficiency,

such

as

Agrobacterium

concentration, effect of acetosyringone, pre-cultivation, infection and co-cultivation time of
Agrobacterium were studied. After co-cultivation, explants were transferred into MS medium
plus B5 vitamins (MSB5) containing 1.5 µM benzylaminopurine (BAP) with 0.5 µM
naphthalene acetic acid (NAA), 100.0 mg/L kanamycin and 300.0 mg/L carbenicillin for callus
induction. Regeneration of adventitious shoots from callus was achieved on MSB5 medium
containing 3.0 µM BAP, 100.0 mg/L kanamycin and 300.0 mg/L carbenicillin. Transgenic shoots
were elongated in MSB5 medium fortified with 2.0 µM gibberellic acid (GA3), 100.0 mg/L
kanamycin and 300.0 mg/L carbenicillin. The transgenic elongated shoots were rooted in MSB5
medium supplemented with 3.0 µM indole 3-butyric acid (IBA) and 100.0 mg/L kanamycin. The
putative transgenic plants were acclimatized in the greenhouse. A strong β-glucuronidase activity
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was detected in the transformed plants by histochemical assay. Integration of T-DNA into the
nuclear genome of transgenic plants was confirmed by polymerase chain reaction and southern
hybridization. The nptII gene expression in transgenic plants was confirmed by RT-PCR. A
transformation efficiency of 15% was obtained. This protocol allows effective transformation
and direct regeneration of C. anguria.
Molla et al. (2012), established an efficient and reproducible protocol for the production of
transgenic potato plants by inoculation internodes explants of potato with Agrobacterium
tumefaciens strain LBA4404 carrying a binary vector pBI121 having one reporter gene (GUS)
and selectable marker gene (nptII) resistant to kanamycin. The transformation experiment was
done by optimizing two important parameters name infection time and co-cultivation period.
Most of the explants produced shoots within 21 days on 5.0 mg/L, Zeatin riboside (ZR) and 50.0
mg/L, kanamycin supplemented MS medium without introducing callus. The infected explants
produced 8.27 and 6.42 shoots in Asterix and Diamant varieties, respectively within 21 days.
Transgenes were confirmed by molecular analysis. DNA from well established rooted plants
confirmed nptII positive through PCR analysis. The transformation rate was 28.97 and 24.37% in
Asterix and Diamant, respectively. Putative transformed plants of Diamant and Asterix varieties
produced roots in ½ MS medium supplemented with 50.0 mg/L, cefotaxim, 50.0 mg/L
kanamycin and 0.5 mg/L, IBA.

2.3. Transformation confirmation through kanamycin tolerance test
De Vriesand Wackernagel. (1998) developed a novel system for the sensitive detection of nptII
genes (kanamycin resistance determinants) including those present in transgenic plant genomes.
The assay was based on the recombination repair of nptII gene with an internal 10bp deletion
located on a plasmid downstream of a bacterial promoter. Uptake of an nptII gene by
transformation restored kanamycin resistance. For the rescue of nptII genes present in
chromosomal plant DNA the system was adapted to natural transformation, which favours the
uptake of linear DNA. Cells containing the mutant nptII gene on a plasmid were transformed
with DNA from various transgenic plants carrying nptII as a marker gene (Solanum tuberosum,
Nicotiana tabacum, Beta vulgaris, Brassica napus, Lycopersicon esculentum), kanamycinresistant transformants were obtained roughly in proportion to the concentration of nptII genes in
the plant DNA.
In order to find the best screening kanamycin concentration in the genetic transformation of
mustard (Brassica juncea coss.), the seedling cotyledons of mustard were placed on bud-
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inducing media supplemented with different kanamycin concentrations. The bud differentiation
of explants was totally inhibited when the kanamycin concentration was greater than 30.0 mg/L.
The seeds of mustard were placed on germination media supplemented with different
concentrations of kanamycin. All the seedlings were white when kanamycin concentration was
higher than 200.0 mg/L. The leaves of mustard in field were smeared with the solution including
different concentrations of kanamycin. The treated leaves turned white when kanamycin
concentration was over 200.0 mg/L. To study the segregation of the alien gene in transgenic
mustard offspring, the transgenic mustard seeds and the leaves of the transgenic mustard
offspring using npt-gene as assistant selection-marker were treated with 200.0 mg/L kanamycin,
and the results were analyzed by chi-square test. The segregation ratio in the offspring of 4
transgenic lines with single copy of transgene agreed with a ratio of 3:1. The segregation ratio in
offspring of the one transgenic line with double copies was agreed with a ration of 3:1, and the
segregation ratio in offspring of the other transgenic line with double copies was agreed with
ratios of 3:1 and 15:1 simultaneously. It was indispensable to study thoroughly the insertion of
the double copies of transgenes in transgenic mustard. PCR technology was used to confirm the
above detection methods. It was concluded that applying kanamycin to screen transgenic mustard
offspring found feasible (Zhao et al., 2008).
Antibiotics as selective agents play a remarked role in development of plant transformation
technologies. In this research, the effect of streptomycin and kanamycin antibiotics as selective
agents was studied. Plant samples were provided from greenhouse and in vitro cultures. The
experiments were analyzed in a split plot in time based on completely randomized block design.
Moreover, for quantification of the variation due to the effect of the antibiotic on plant samples,
chlorophyll a, b and carotenoid were measured. Results of analysis of variance (ANOVA)
showed a significant concentration × day interaction at 0.01 levels. The concentration would be
caused whiteness of apexes and lateral buds and finally, plant death. Kanamycin concentration of
100 ppm was in shoot and bud samples caused whiteness of apexes and lateral buds during 30 to
45 days and finally plant death. The concentration of 50 ppm over 45 days resulted in death of
leaf samples. The concentration of 250 ppm was the optimal dose. Analysis of variance of
different concentration was significant at 0.01 level for photosynthetic characters including
chlorophyll a, b, total chlorophyll, chlorophyll ratio a/b and carotenoid. Changes in mean value
of these treatments for all the pigments showed a decreasing trend Streptomycin concentration of
250 ppm and kanamycin concentration of 50-100 ppm were the optimal doses to select nontransformed peppermint tissues. The results of this study revealed that the optimum doses of the
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antibiotics would had high efficiency in selection of non-transformed peppermint tissues which
may be proposed in transformation researches (Bahrampour et al., 2012).
The aminoglycoside antibiotic kanamycin was evaluated for its effect on callus initiation
from hypocotyls and cotyledon explants, proliferation of non-embryogenic and embryogenic
calli, initiation and development of somatic embryos in cotton (Gossypium hirsutum L.). On this
basis, the potential use of kanamycin as a selective agent in genetic transformation with the
neomycin phosphotransferage II gene as the selective marker gene was evaluated. Cotton
cotyledon and hypocotyls explant, and embryogenic calluses were highly sensitive to kanamycin.
Kanamycin at 10.0 mg/L or higher concentrations reduced callus formation, with complete
inhibition at 60.0 mg/L. Kanamycin inhibited embryogenic callus growth and proliferation, as
well as the initiation and development of cotton somatic embryos. The sensitivity of
embryogenic callus and somatic embryos to kanamycin was different during the initiation and
development stages. Kanamycin was considered as a suitable selective agent for transformed
callus formation and growth of non-embryogenic callus. 40.0 to 60.0 mg/L was the optimal
kanamycin concentration for the induction and proliferation of transformed callus. The
concentrations of kanamycin must be increased (from 50.0 to 200.0 mg/L) for the selection of
transformation embryogenic callus and somatic embryos. A scheme for selection of transgenic
cotton plants with kanamycin as the selection agent was discussed (Zhang et al., 2001).
For Agrobacterium tumefaciens mediated transformation of Artemisia absinthium L.,
Agrobacterium strain C58C1 harboring binary vector p35GUSINT having kanamycin resistance
gene (nptII) as selectable marker and β-glucuronidase (GUS) as a reporter gene was used.
Factors affecting transformation efficiency, such as age and type of explants, presence of
ampicillin and kanamycin in Agrobacterium inoculum, concentration of Agrobacterium,
infection and co-cultivation time period of Agrobacterium, effects of 2, 4-D, pH of co-cultivation
medium and effects of cefotaxime in regeneration medium were studied. An amount of 50.0
mg/L each of kanamycin and ampicillin was used to select the pure Agrobacterium cultures and
500.0 mg/L cefotaxime along with 20.0 mg/L kanamycin was used to select transformed cells.
Results concluded that one week old leaf and root explants of A. absinthium inoculated with A.
Tumefaciens for 5 minute and co-cultivated for 3-4 days in B5 medium with 0.5 mg/L of 2, 4 -D
at media pH 5.8 showed 100% transformation efficiency (Mannan et al., 2009).
The absence of seed set in ginger makes conventional breeding methods in applicable
warranting genetic modification through biotechnological means. Agrobacterium tumefaciens
strain EHA 105/p35SGUSINT, effective in expressing β-gulucoronidase activity, was used to
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standardize the pre-culture of explants, bacterial dilution, and co-cultivation period, besides
evaluating the effect of acetosyringone and post cultivation in darkness, and to assess the
optimum concentration of kanamycin as selection agent for transformation. Transformants were
recovered on selection media containing 100.0 mg/L kanamycin and a combination of 2,4-D 1.0
mg/L and BAP 0.5 mg/L, and regenerated in half strengh MS media with BAP 3.0 mg/L and 2,4D 0.5 mg/L. Successful transformation was confirmed by histochemical GUS assay and PCR
analysis (Suma et al., 2008).
Islam et al. (2010) established a transformation protocol for tomato by reducing complexity
and increasing transformation efficiency in four varieties namely, Bina tomato-3, Bina tomato-5,
Bahar and Pusa Ruby. Transformation of cotyledonary leaf explant was performed with
Agrobacterium tumefaciens strain LBA 4404, harboring vector pBI121 having GUS and nptII
marker genes. Frequency of transient GUS expression showed that the transformation
competence in tomato was highly influenced by several factors, like optical density of
Agrobacterium suspension, incubation period, co-cultivation period etc. In this study,
cotyledonary leaf explant from all four tested varieties found to be efficiently transformed by
bacterial suspension having optical density (OD-600) of 0.79 with 15 min incubation and 3 days
of co-cultivation period. All these conditions along with pre-culture of explants prior to
transformation gave better regeneration response following Agrobacterium infection. Moreover,
for successful regeneration of transformed shoot 200.0 mg/L kanamycin was found to be most
effective selection pressure. As all four varieties showed similar response the present protocol
could be considered as a simple and genotype-independent reproducible protocol.
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The present work aimed to study of the transformation of finger millet (Eleusine coracana L.);
variety A404, through Agrobacterium tumefaciens using aseptically grown plant parts as
explants, followed by kanamycin sensitivity test of transformed plants. The above objective was
achieved by conducting experiments in plant tissue culture laboratory, College of Biotechnology,
Birsa Agricultural University, Kanke, Ranchi (Jharkhand). A thorough insight of the materials
used and the methodology applied during the course of the experimentation are as follows:3.1. Micro propagation
3.1.1. Materials
Preparation of mother plants:
Seeds of finger millet, variety A404 used for the aseptically grown plants through callus.
Explants:
Shoots of Eleusine coracana L. were used as explants.
3.1.2. Methods
3.1.2.1. Preparation of Stock Solutions
The stock solutions of MS micronutrients, macronutrients, organic supplements and iron source
were prepared separately for regular uses. All the stock solutions were stored at 4°C, and the
growth hormones were kept in refrigerator. The details of stock solution are given in Table 3.1.
3.1.2.2. Preparation of culture media
For in vitro regeneration of explants Eleusine coracana L. the MS Basal media (Murashige and
Skoog, 1962) supplemented with hormones were prepared and used.
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Table 3.1: Chemical constituents of stock solution of MS basal media
Constituents

Amount of
nutrients (mg)

MS Stock in Solution

Use for MS Basal
Media(ml/L)

Macronutrients Solution I
KNO3

19000.0

NH4NO3

16500.0

MgSO4

3700.0

KH2PO4

1700.0

20X
500.0 ml

50.0 ml

Solution II
CaCl2.2H2O

8800.0

200X
100.0 ml

5.0ml

Micronutrients SolutionIII
ZnSO4.7H2O

860.0

H3BO3

620.0

Na2MoO4.2H2O

25.0

CuSO4.5H2O

2.5

CoCl2.6 H2O

2.5

1000X
100.0 ml

1.0 ml

Solution IV
2230.0

1000X
100.0 ml

83.0

1000X
100.0 ml

1.0 ml

Na2 EDTA

3725.0

200X
500.0 ml

5.0 ml

FeSO4. 7H2O

2785.0

MnSO4.H2O

1.0 ml

Solution V
KI
Iron source Solution VI

Vitamins solution VII
Nicotinic acid

50.0

Pyridoxine-HCl

50.0

Thiamine-HCl

10.0

1000X
100.0 ml

1.0 ml

Amino acid Solution XI
Glycine

200.0

1000X
100.0 ml

To this MS basal media, 30 gm /L sucrose and agar 8.5 gm/L was added.

1.0 ml
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3.1.2.3. Preparation of media from stock solution
For the preparation of media all the glassware were properly cleaned with detergent and finally
washed with distilled water and dried for further use. The required volumes of different stock
solutions were measured and added one by one in a flask. Thirty grams properly dissolved
sucrose was added in medium. 4.0 mg/L 2, 4-D was added in MS basal medium and final
volume was made up to one liter for callus induction from seeds of finger millet.. The pH was
adjusted to 5.7 (using 1 N HCl or 1 N NaOH). 2.0 mg/L BAP was added in MS basal medium
and pH was adjusted, for regeneration of shoots from callus. Bacteriological agar (0.7 % w/v)
was added as gelling agent to the media. To dissolve agar properly, media was boiled. The media
with dissolved agar were poured into 300 ml capacity of sterilized culture bottles (50.0 ml) and
capped tightly.
3.1.2.4. Sterilization
Sterilization is an important step to prevent any microbial contamination (fungal, bacterial, etc.).
Glass bottles containing media were sterilized in an autoclave at 121.6°C temperature and 15
lbs/sq inch pressure for 16 minutes. Double distilled water, glassware, cotton wools, brown
papers and other instruments were also autoclaved at 121.6°C temperature and 15 lbs/sq inch
pressure for one hour.
For surface sterilization, seeds were washed under tap water for half an hour and then
treated with 0.1 % Bavistin solution for 30 minutes followed by thorough washing with distilled
water (3-5 times). It was then again sterilized with 0.1 % (w/v) HgCl2 for 10 minutes under
aseptic condition following rinsing with autoclaved distilled water for 5 times removing each and
every traces of mercuric chloride.
3.1.2.5. Establishment of Culture
Surface sterilized seeds were inoculated aseptically under laminar air hood on MS media
supplemented with above mentioned concentrations of plant growth hormones to induce callus
as well as shoot multiplication (Fig. 4.9).
3.1.2.6. Maintenance of Culture
After inoculation, the culture bottles were kept in the culture room maintained at 25±2°C
temperature with a photoperiod regime of 16 hours light (at 3000 lux approx.) and 8 hours of
dark period.

CHAPTER-3

MATERIALS AND METHODS

3.1.2.7. Subculture
For proper supply of nutrients to the cultures, sub-culturing was done after 20 days of
inoculation in the same media.
3.1.2.8. Optimization of kanamycin sensitive test of explants;
Kanamycin is widely applied in plant genetic engineering, which is one kind of aminoglycoside
antibiotics disturbing protein synthesis makes, green organs of plant etiolation, blackening and
then results in death of plant. To know about the mortality rate of explants different
concentration 25.0 mg/L, 50.0 mg/L, 75.0 mg/L and 100.0 mg/L were taken in MS medium
(regenerating medium) and observed after 7, 14, and 21 days of inoculation (Moazed and Noller,
1987: Willimink and Dons, 1993).
3.2. Agrobacterium tumefaciens Mediated Transformation
3.2.1. Materials
3.2.1.1. Explants
In vitro grown shoots of Eluesine coracana L. were used as explants for transformation.
3.2.1.2. Bacterium strains
Agrobacterium tumefaciens strain GV2260 having pCAMBIA2300 plasmid was used for
transformation. The strains were gifted by OUAT (Orissa University of Agriculture &
Technology) Orissa.
3.2.2. Methods
3.2.2.1. Preparation of LB Media for Agrobacterium tumefaciens strain GV2260
For growth and maintenance of Agrobacterium tumefaciens strain GV2260 LB medium was
prepared and used. For preparation of LB media all the glassware was properly cleaned with
detergent and finally rinsed with distilled water and autoclaved at 121.6°C temperature and 15
lbs/sq inch pressure for 16 minutes. 20 gm/L LB powder was used for preparation of LB media.
The pH was adjusted to 7.0±0.2, at 25˚C using 0.1 N NaOH or HCl as per recommendation. The
media were solidified with 15.0 gm/L agar powder and liquid broth (without addition of agar)
was also prepared. The chemical constituents of LB media are given in Table 3.2.
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Table 3.2: Chemical constituents of LB medium for strain GV2260
Constituents

Amount (gm/L)

Casein enzyme hydrolysate

10.0

Yeast extract

5.0

NaCl

5.0

pH of LB media was maintained at 7.0±0.2 at 25˚C.

3.2.2.2. Preparation of MS Broth
For in vitro co-culture of explants and A. tumefaciens, MS basal broth was prepared by mixing
stock solutions in required amount along with 30.0 gm/L bacteriological sucrose as prescribed by
Murashige and Skoog in 1962 (Table 3.1). The pH of the media was adjusted to 5.7 (using 0.1N
HCl and NaOH as per need). Prepared MS broth was poured into 250 ml sterile flask and was
plugged with cotton. The media was autoclaved at 121.60C temperature and 15 lbs/sq inch
pressure for 16 minutes.
3.2.2.3. Sterilization
Sterilization is an important step to prevent any microbial contamination (fungal, bacterial, etc.).
 The media with and without dissolved agar were sterilized in autoclave at given
above temperature and pressure for 16 minutes. Then the media was poured
aseptically in sterilized petriplates and allowed to solidify under laminar air hood.
 Distilled water, filter papers, brown papers and other instruments were also
autoclaved at 121.6°C temperature and 15 lbs/ sq inch pressure for one hour.
 DMSO4 and bacteriofilter were also autoclaved at 121.6°C and 15 lbs/sq inch
pressure for 16 minutes.
3.2.2.4. Maintenance of Bacterial culture (GV2260)
 Agrobacterium tumefaciens strain GV2260 was streaked on LB solid medium.
 The GV2260 culture was incubated in incubator at 28°C for 48 hrs.
 After proper growth it was stored in refrigerator at 4°C.
 Sub culturing was done at every 30 days.
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3.2.2.5. Establishment of transformation using GV2260 strain of Agrobacterium tumefaciens.

 Five mg Rifampicin was dissolved in autoclaved 1ml DMSO4, filter sterilized through the
bacteriofilter , 5.0 mg kanamycin was dissolved in 1 ml autoclaved distilled water, and 10
mg acetosyringone was dissolved in 1 ml autoclaved distilled water and added
subsequently in 97 ml LB broth.
 Loopful bacteria was inoculated in rifampicin and kanamycin containing 100 ml LB
media and incubated in rotary shaker for 18-20 hrs at 26°C at 150 rpm in dark.
 In vitro grown explants were wounded and co-cultured in LB liquid media containing
bacterial culture for 5 min, 10 min, 15 min, 20 min, 25 min, 30 min and for 1 hr, 2 hr and
3 hr. Wounded explants were also inoculated on MS broth (devoid of the bacteria) as
control.
 Infected explants were then washed with MS medium supplemented with 2.0 gm/L
cefotaxime sodium salt followed by autoclaved distilled water for 1-2 times and were
kept on sterile Whatman filter paper to soak the water present on the surface of the
explants.
 Explants were then inoculated in regeneration media containing 2.0 mg/L BAP. After
inoculation, the cultures were kept in the culture room maintained at 25±2°C temperature
with a photoperiod regime of 16 hours light (at 3000 lux approx.) and 8 hours of dark
period.

3.2.2.6. Statistical Analysis
The experiment was conducted following Completely Randomize Design (CRD), the data were
analyzed using analysis of variance for one way classification. Six replications of each treatment
were done. Standard error of mean (SEm) and critical differences (C.D.) was calculated as the
formula stated below:
Standard error of mean SEm = √ Variance due to error (Er.M.SS)
√ Replications(r)

In order to compare mean of variance due to different treatments, the critical difference was
calculated as follows:-

CHAPTER-3

MATERIALS AND METHODS

Critical Difference (C.D.) = √ 2 x SEm x T at 5% with error d.f.
Where, “T at 5% with Er.d.f” is the tabular value of T statistic at 5% level of significance against
error degree of freedom.

3.3. Transformation confirmation through kanamycin tolerance test:
After co-culture of explants with bacterial suspension, and washed with cefotaxime solution and
inoculated in regeneration medium containing 2.0 mg/L BAP. The cultures were kept for 10
days. Then those plants were sub-cultured in kanamycin containing medium for the confirmation
of transformation.
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The present work was carried out to standardize transformation protocol for finger millet (Eleusine
coracana L. Gaertn); variety A404, through Agrobacterium tumefaciens. The results are
interpreted under different subheadings as follows:
4.1. MICROPROPAGATION
To obtain the aseptic explants (shoots) from the callus (callus induced from the seeds) for
transformation, micropropagation was carried out in the Plant Tissue Culture Laboratory, College
of Biotechnology, B.A.U. Kanke, Ranchi (Jharkhand).
4.1.1. Surface Sterilization
After several trials with different concentrations and duration of HgCl2 treatment, 0.1% HgCl2 for
10 min was found best to get higher survival percentage of the seeds. Sterilization of seeds with
0.1% HgCl2 for 10 min showed maximum survivability. Several authors reported mercuric
chloride as effective sterilizing agents for sterilization of explants prior to inoculation (Sharmin et
al., 2008; Garla et al., 2011).
4.1.2. Callus induction and Shoot multiplication
Callus induction from the seeds of finger millet was observed on MS media supplemented with
2,4-D 4.0 mg/L. Callus was induced after three weeks of inoculation (fig. 4.1,a). Several reports
show 2, 4-D was effective hormone for callus induction (Lee et al., 2012; Joyner et al., 2010;
Nagaswa and Finer, 1988). Shoot induction started from callus was observed after five weeks of
inoculation in 2.0 mg/L BAP containing MS medium (Fig. 4.1,b). Multiplication of shoots was
seen after six weeks on MS medium (Fig. 4.2,a). Maximum numbers of shoots were observed in
eight weeks (fig. 4.2,b). The rate of multiplication of shoots was observed to increase with the age
of the culture. It was observed MS media supplemented with different hormonal combinations
showed variation in percentage of shoot formation from the callus. Maximum shoot formation
found in MS media supplemented with 2.0 mg/L BAP. It was found that BAP alone was effective
in shoot multiplication of several plants (Asghari et al., 2012; Pant and Joshi, 2009; Anish et al.,
2010).
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4.2. Agrobacterium Mediated Transformation
Extensive trial was given to optimize transformation of finger millet (Eleusine coracana L.)
through Agrobacterium tumefaciens by using the strain (GV2260), harbouring pCAMBIA 2300
plasmid, with the selective marker gene (nptII) which shows resistance to kanamycin antibiotics.
4.2.1. Activation of bacterial culture
Agrobacterium tumefaciens strain GV2260 showed excellent growth on LB medium after 20 hrs
at 26°C in dark. However, as observed by several authors, subculture at every 30 days and storage
at 4°C was found best to maintain the bacterial culture.
4.3. Kanamycin sensitivity test
Before transformation the explants were tested for kanamycin sensitivity. It was found that
kanamycin as selective agent plays a remarked role in development of plant transformation
technologies (Bahrampour et al., 2012; Kanwar and Kumar, 2011; Mannan et al., 2009). At
present, some antibiotics are mainly used in plant genetics translation, such as kanamycin,
hygromycin, and the like. Furthermore, kanamycin is widely applied in plant genetic engineering,
which is one of the aminoglycoside antibiotics disturbing protein synthesis, makes green organs of
plant etiolated and then results in death of plant. When shoots of Eleusine coracana L. inoculated
on MS medium with different concentration as 25.0 mg/L, 50.0 mg/L, 75.0 mg/L, and 100.0 mg/L
of Kanamycin and were cultured for 21 days, all shoots showed etiolation and death. As shown in
Table 4.1 when cultured for 7 days, different between shoots on MS media with kanamycin and
the control was very evident, especially in colour of leaf (Fig. 4.3,a-c).
As shown in (Table. 4.1) when shoots of Eleusine coracana L. inoculated on MS media
supplemented with kanamycin at different concentrations, all shoots were found etiolated within
21 days. In 25.0 mg/L kanamycin showed low percentage of etiolation, at 7 days no etiolation
observed. Etiolation started after 7 days of inoculation in media containing 25.0 mg/L kanamycin,
and was increased to 28% after 14 days and 50% after 21 days (Fig. 4.4,a). Sixty eight percent
etiolation (Fig. 4.4,b) was observed in 50.0 mg/L kanamycin while it was increased to 90% (Fig.
4.4,c) in 75.0 mg/L kanamycin containing MS medium after 21 days of inoculation. In 100.0 mg/L
of kanamycin in medium, the rate of etiolation was found highest. After 7 days of inoculation it
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was 56% increased gradually to 88% after 14 days and a maximum 98% etiolation (Fig.4.4, d) was
observed after 21 days of inoculation on MS medium with 100.0 mg/L of kanamycin. The
etiolated parts of shoots gradually turned black in all concentrations viz. 25.0, 50.0, 75.0 and 100.0
mg/L of kanamycin. However, till7 days no blackening was observed in all the concentrations
Very less about 6% of blackening was observed, after 14 days of inoculation in 25.0 mg/L
of kanamycin. With gradual incensement of kanamycin, the rate of blackening was also increased
to 14% in 50.0 mg/L, 22% in 75.0 mg/L and reached to 54% in 100.0 mg/L of kanamycin. After
21 days the rate of blackening was 32% in 25.0 mg/L (Fig.4.5,a), 54% in 50.0 mg/L (Fig.4.5,b),
68% in 75.0 mg/L (Fig.4.5,c) and reached to its maximum 84% in 100.0 mg/L (Fig.4.5,d) of
kanamycin. During kanamycin sensitivity test, it was observed that after 7 days of blackening
there was no death in any explants. Rate of mortality was observed 4%, 12%, 20% and 52% in
25.0 mg/L, 50.0 mg/L, 75.0 mg/L and 100.0 mg/L of kanamycin containing medium after 14
days. Rate of mortality after 21 days was observed 28%, 54%, 66% and 82% in respective
concentrations of kanamycin (Fig.4.6,a-d).
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Table 4.1: Percentage of explants showing Etiolation during Kanamycin sensitivity test
Concentration of
kanamycin in
culture medium

Percentage of explants showing etiolation
7 days

14 days

21 days

Control

-

-

-

25.0 mg/L

-

28.00±0.02

50.00±0.03

50.0 mg/L

20.00±0.03

46.00±0.04

68.00±0.05

75.0 mg/L

42.00±0.03

66.00±0.04

90.00±0.06

100.0 mg/L

56.00±0.06

88.00±0.05

98.00±0.01

Chapter- 4

RESULTS AND DISCUSSION

Table 4.2: percentage of explants showing blackening during Kanamycin sensitivity test
Concentration
of kanamycin
in culture
medium

Percentage of explants showing blackening
7 days

14 days

21 days

Control

-

-

-

25.0 mg/L

-

6.00±0.03

32.00±0.01

50.0 mg/L

-

14.00±0.02

54.00±0.08

75.0 mg/L

-

22.00±0.04

68.00±0.06

100.0 mg/L

-

54.00±0.04

84.00±0.07

Chapter- 4

RESULTS AND DISCUSSION

Table 4.3: percentage of explants showing death during kanamycin sensitivity test
Concentration of
kanamycin in
culture medium

7 days

14 days

21 days

Control

-

-

-

25.0 mg/L

-

4.00±0.03

28.00±0.04

50.0 mg/L

-

12.00±0.03

54.00±0.08

75.0 mg/L

-

20.00±0.06

66.00±0.05

100.0 mg/L

-

52.00±0.07

82.00±0.06

Percentage of explants showing death
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4.4. Transformation through Agrobacterium tumefaciens
Confirmation of transformation was done through kanamycin tolerance test. The non-transformed
plants are sensitive to kanamycin (mentioned above in kanamycin sensitivity test) while
transformed plants are resistant to kanamycin due to presence of npt II gene.
For transformation through Agrobacterium tumefaciens the explants were wounded
purposely and co-cultured in Agrobacterium tumefaciens containing LB broth for different time
periods viz. 5, 10, 15, 20, 25, 30 min and for 1, 2 and 3 hrs. repectively.
The co-cultured explants were inoculated onto the medium containing 100.0 mg/L
kanamycin. The result observed that after 7 days of inoculation, the number of explants survived
5, 4, 5, 6, 6, 7, 6, 5, 5 (out of 9 explants) in 5, 10, 15, 20, 25, 30 min and for 1, 2 and 3 hrs
respectively. After 14 days, only 1 plant was survived in 5, 20mins and 3 hr each, while 2 plants
were survived in 25 min and 1 hr. However, maximum 3 plants were survived in 30 min of coculture period. After 21 days only 1 plant was survived treated with 30 min of co-culture (Fig.4.7).
All control (untreated) showing etiolation on 100.0 mg/L of kanamycin containing medium after 7
days of inoculation (Fig. 4.8).
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Table 4.4: Confirmation of transformation in 100.0 mg/L kanamycin containing medium
after co-culture for different period.
Duration of coculture

No. of explants
treated

control

No. of explants without showing etiolation
7 days

14 days

21 days

9 (untreated)

-

-

-

5 min

9

5

1

-

10 min

9

4

-

-

15 min

9

5

-

-

20 min

9

6

1

-

25 min

9

6

2

-

30 min

9

7

3

1

1 hrs

9

6

2

-

2 hrs

9

5

-

-

3 hrs

9

5

1

-

Graph 4.4 : Confirmation of transformation in kanamycin containing
MS medium after co-culture for different periods

No. of explants survive

8
7
6
5
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4
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3
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2
1
0
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MICROPROPAGATION

(a)

(b)

Fig 4.1: (a) Callus induction in MS medium containing 2, 4-D 4.0 mg/L after three weeks
And (b) shoot induction started in BAP 2.0 mg/L after five weeks of inoculation.

(a)

(b)

Fig 4.2: (a) Multiplication of shoots after six weeks on MS medium with BAP 2.0 mg/L and
(b) Maximum No. of shoots multiplication was observed after eight weeks of
inoculation.
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(a)

(b)

(c)

Fig. 4.3: Control for kanamycin sensitivity test (a) After 7 days of inoculation. (b) After 14 days
of inoculation. (c) After 21 days of inoculation, in without kanamycin containing MS medium.

(a)

(c)

(b)

(d)

Fig. 4.4: percentage of explants showing etiolation in (a) 25.0 mg/L kanamycin, (b) 50.0 mg/L
kanamycin, (c) 75.0 mg/L kanamycin and (d) 100.0 mg/L kanamycin in MS medium, after 21
days of inoculation.
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(a)

(c)

(b)

(d)

Fig. 4.5: Percentage of explants showing blackening in different concentration (a) 25.0 mg/L
kanamycin, (b) 50.0 mg/L kanamycin, (c) 75.0 mg/L kanamycin and (d) 100.0 mg/L kanamycin in
MS medium after 21 days of inoculation.
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(a)

(c)

(b)

(d)

Fig. 4.6: Percentage of explants showing death in different concentration of kanamycin, (a) 25.0
mg/L kanamycin, (b) 50.0 mg/L kanamycin, (c) 75.0 mg/L kanamycin and (d) 100.0 mg/L
kanamycin in MS medium after 21 days of inoculation.
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Fig. 4.7: After 21 days plant was survived treated with 30 min of co-culture inoculated onto the
medium containing 100.0 mg/L kanamycin.

Fig. 4.8: Control (untreated) showing etiolation on 100.0 mg/L containing kanamycin MS
medium after 7 days of inoculation.
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SUMMARY AND CONCLUSION

The present work entitled “ Transformation of finger millet (Eleusine coracana L. Gaertn);
variety A404, through Agrobacterium tumefaciens” was carried out with a view to standardize
the protocol for Agrobacterium mediated transformation in Eleusine coracana L. Gaertn along
with the confirmation of transformed plants through kanamycin tolerance test .The results
obtained during the present investigation have been summarized and concluded as follows:
 To obtain the aseptic explants for Agrobacterium mediated transformation, 0.1% HgCl2
w/v treatment for 10 min. gave excellent survival percentage of the seeds. Inoculation of
seeds on MS basal media supplemented with 2, 4-D 4.0 mg/L for callus induction. The
callus inoculated on MS medium supplemented with BAP 2.0 mg/L for shoots
multiplication.
 For kanamycin sensitivity test of explants different concentrations of kanamycin was
taken before

transformation. The kanamycin concentrations were 25.0, 50.0, 75.0 and

100.0 mg/L used. Out of different concentrations of kanamycin 100.0 mg/L shows
maximum etiolation (98%), blackening (84%), and death (82%).
 Bacterial strain of Agrobacterium tumefaciens (GV2260) was grown and maintained
properly on the LB medium. 20 hrs old cultured of A. tumefaciens of O.D- 0.6 was found
suitable for infecting the plant tissues. Wounded explants were cultured in liquid LB
media containing bacteria for 5, 10, 15, 20, 25, 30 min and 1 hr, 2 hr, and 3 hr. Out of
different co-culture periods, best results were observed after 30 min treatment with
GV2260 strain. Out of nine explants only one explant was survive in kanamycin tolerance
test after infection.

CONCLUSION
Aseptic

explants

for

Agrobacterium

transformation

were

produced

successfully by

micropropagation. In kanamycin sensitivity test 100.0 mg/L of kanamycin shows maximum
effect on explants such as etiolation (98%), blackening (84%) and death (82%). The percentage
of transformation per explants varied significantiy with infection period of the Agrobacterium
tumefaciens strain GV2260. Among different co-culture time, 30 min was found to be best for
transformation in Eleusine coracana L. Gaertn. In kanamycin tolerance test only one explant was
survive out of nine explants after 21 days of inoculation in MS medium supplemented with 100.0
mg/L of kanamycin.
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Future prospects

Only a limited number of studies have been conducted on transformation of finger millet. In
future Agrobacterium mediated transformation method would be beneficial in transferring many
agronomically valuable traits in finger millet. Millets play huge role in the livelihood of the
population of developing world especially due to their enormous contribution to food security.
Both conventional and modern improvement techniques were not adequately implemented.
Future research needs to develop a robust transformation protocols for each type and ecotype of
millet using Agrobacterium method. Genetic improvement in millets could be achieved not only
by conventional approaches but also through modern techniques such as genetic modification or
transgenics. Agrobacterium-mediated transformation is helpful for inserting fungal-resistant
genes into finger millet in future as it is highly effected by many fungal diseases. Traits that can
be employed in future are those which increase resistance against biotic and abiotic stresses or
those which improve the quality of food through the transformation.
It is imperative that attention is drawn towards this super cereal so that the general
population becomes aware of its advantages. The scientific community should also include
finger millet in their research programmes so that desirable trait changes can be incorporated.
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