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Abstract 

Agrobacterium mediated transformation of soybean has successfully been 

achieved. However, the efficiency is usually low indicating that Agrobacterium 

mediated transformation of soybean demands optimization of more suitable 

conditions for transfer of T-DNA from plasmid to plant cell; beside these 

constraints; transformation is also dependent upon plant genotype, Agrobacterium 

strain and type of plasmid.  

Present investigation was aimed to find suitable regeneration protocol for two 

soybean cultivars, NARC-4 and NARC-7 and to standardize some transformation 

conditions. Based on optimized regeneration and transformation scheme, LFY 

gene, for early flowering and rol genes (A, B & C) for enhanced rooting were 

introduced in soybean genome. For transfer of LFY gene EHA105 harboring 

pROKIILFYGUSintnptII and for rol gene, LBA4404 harboring pLBR were used.  

Cotyledonary node method was found suitable for direct organogenesis of 

soybean NARC-4 and NARC-7 cultivars. However, presence of different plant 

growth regulators in media resulted in variation in number of shoot produced, 

shoot length and in percentage response. Statistical analysis reveals that BAP 

resulted in higher frequency of shoot regeneration and number of shoots per 

explant while mean shoot length was found higher when ZTR was used in the 

medium. Out of both soybean cultivars, NARC-4 showed better response than 

NARC-7.  

For standardization of transformation conditions, different parameters were 

studied. It was observed that explant cutting in Agro-suspension culture and 

infection for 1hr resulted in the highest GUS expression (48.3% and 55.9%, 

respectively). While 5 days co-cultivation resulted in 55.17% GUS response and 

washing for 2hr in washing medium containing 1g/L cefotaxime was better. It was 

found that 30mg/L kanamycin was sufficient in selection medium. At this 

concentration number of GUS positive shoots were maximum (63.6% response). 

The overall percentage transformation efficiency of both soybean cultivars NARC-

4 and NARC-7 was 24.16% and 15.71% respectively, when tested at best 

conditions. 
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Soybean cultivar NARC-4 was used for transformation of LFY and rol genes. 

EHA 105 containing LFY gene along with GUS as reporter and nptII as selectable 

marker showed transformation efficiency 2.2%. Only 4 plants were recovered and 

confirmed for presence of LFY gene by PCR. These plants were highly dwarfed 

with small leaves and short nodal distance. Early flowering was observed by these 

transforments. The flowers turned brown and died after few days. Few of them 

turned into pods but no seed formation was observed.  

All the rol transforments produced enhanced rooting as compared to control 

plants. However, plants morphology varied depending upon rol gene. RolA 

transforments were small in size and mildly shrubby with ovate to elliptical leaf 

shape while rolC transforments were also dwarf with divided stem at the base with 

ovate to slightly globular leaf shape. Soybean rolB transformed plants showed 

variation in morphology. These plants were dwarf to shrubby with variation in leaf 

shape. The shrubby plants had reduced nodal distance with a little more zigzag 

pattern as compared to non-transformed plants. Rol transforments produced 

flowers in less time period as compared to control plants. These flowers converted 

into pods and set seeds. PCR analysis confirmed presence of respective gene in 

these plants. Southern blot analysis confirmed insertion of T-DNA in soybean 

genome as single copy number to multiple copies in rol gene transforments.  

In this study rol and LFY genes were efficiently introduced in soybean cultivar 

NARC-4 after optimization of regeneration and some transformation conditions.  
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CHAPTER 1CHAPTER 1CHAPTER 1CHAPTER 1    

Introduction and Review of Literature 

 

Of all the plants, cereals are more important than legumes because cereals 

contain carbohydrate that is an excellent source of energy and a large proportion of 

humanity, as dietary protein, consumes legumes. Legumes are richer in protein 

than cereals and some are rich in oil content as soybean and peanuts. Grain 

legumes provide human a significant amount of dietary protein over vegetable 

protein. Lot of funds has been expended on cereals in past years; only soybeans 

and peanuts have received much interest in terms of improvement through 

biotechnology.  

Green legumes are used as a vegetable for humans and as fodder for animals 

and as green manure for soil enrichment. Legumes; member of family Fabaceae or 

Leguminosae; are the third largest flowering plant family following orchids and 

daisies. Leguminnosae includes 727 genra and 19325 species. This family is 

divided into three subfamilies, classified as; Papilionoideae (476 genra and ~14000 

species); Caesalpiniodieae (162 genra and ~3000 species) and Mimodoideae (77 

genra and ~3000 species). Legumes include dietry grain legumes i.e. common 

bean, cowpea, chickpea, faba bean, lentil, mungbean, soybean, peanut etc; forage 

legumes as alfalfa, clover and birdsfoot trefoil while other ornamental, medicinal 

and agroforestry species include guar, fenugreek, grass pea, tamarind etc.  

The genus Glycine Willd. is divided into two subgenera; Glycine and Soja. The 

subgenus Soja includes the cultivated Soybean, G. max (L.) Merrill and the wild 

soybean, G. soja. Glycine soja is the wild ancestor of the soybean while Glycine 

max is cultivated by human. Dry soybean contains 40% of protein and 20% of oil 

by weight. While, carbohydrates account for 35% and about 5% ash.  

The soybean (U.S.) or soya bean (UK) (Glycine max) is a specie of legume 

native to East Asia. It is an annual plant that may vary in growth, habit and height. 

It may grow prostrate, higher than 20 cm (7.8 inches) up to 2 meters (6.5 feet) in 

height. The pods, stems, and leaves are covered with fine brown or gray hairs. The 

http://en.wikipedia.org/wiki/Willd.
http://en.wikipedia.org/wiki/Ash_%28analytical_chemistry%29
http://en.wikipedia.org/wiki/American_English
http://en.wikipedia.org/wiki/British_English
http://en.wikipedia.org/wiki/Legume
http://en.wikipedia.org/wiki/East_Asia
http://en.wikipedia.org/wiki/Annual_plant
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leaves are trifoliolate, having 3 to 4 leaflets per leaf and the leaflets are 6–15 cm 

(2–6 inches) long and 2–7 cm (1–3 inches) broad. The leaves fall before the seeds 

are mature. The big, inconspicuous, self-fertile flowers are borne in the axil of the 

leaf and are white, pink or purple. The fruit is a hairy pod that grows in clusters of 

3–5, each pod 3–8 cm (1–3 inches) long and usually containing 2–4 (rarely more) 

seeds, 5–11 mm in diameter. Soybean is native to East Asia but only 45% is 

cultivated in this region. America, Brazil, Australia, Argentina, China, and India 

produces remaining 55% of soybean.  

Soybean and its by-products as soymeal, soymilk, and tofu, contain high-

quality protein, essential amino acids, vitamins, fiber along with essential fatty 

acids, phytochemicals and lecithin. Soybean consumption reduces cholesterol and 

prevents and administers certain types of cancer, kidney disease, osteoporosis, 

diabetes and obesity. Soymilk and tofu do not contain saturated fat, cholesterol and 

lactose. While rich in protein, soy flour, mixed with cereal flour in a ratio of 1:3, is 

a healthy dietary complement for vegetarian populations. Soybean oil is used as 

lubricant, printing ink, paints, cosmetics and crayons. While Soy diesel is 

environmentally friendly replacement of petroleum. 

Grain legumes including soybean is considered recalcitrant to in vitro 

manipulation than other species. The development of procedures by which plants 

could be regenerated from single cells and specific genes could be transferred to 

plant cells, are the prerequisite for crop improvement. Such techniques provide an 

opportunity to create, characterize and select plant cultivars that could not be 

obtained by traditional breeding methods. Although a number of reports are 

available for organogenesis of soybean through different tissues but variations in 

breeding lines (genotype specificity) make it difficult to apply same technique for 

all. Currently cotyledonary node explants, shoot apices and cotyledon of immature 

seed are considered best explants that somehow give desirable results for all traits. 

After first report on transformation, in late 80’s, now it is feasible to produce 

genetically modified soybean mainly by accelerated gold particles and 

Agrobacterium mediated natural system of DNA transfer. Although genetic 

transformation of soybean by some other means is also reported but still it is 

considered recalcitrant and such practices are limited to few labs in world due to 

low efficiency to be transformed. A number of factors have been studied and still 

http://en.wikipedia.org/wiki/Leaf
http://en.wikipedia.org/wiki/Fruit
http://en.wikipedia.org/wiki/Legume
http://en.wikipedia.org/wiki/Seed
http://en.wikipedia.org/wiki/Brazil
http://en.wikipedia.org/wiki/Australia
http://en.wikipedia.org/wiki/Argentina
http://en.wikipedia.org/wiki/China
http://en.wikipedia.org/wiki/India
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under investigation for improvement in in vitro manipulation methodology and 

genetic transformation technique for soybean.  

Due to lack of useful genes in existing cultivars, the development of new 

breeding systems with biotechnological techniques is required for soybean. To 

establish these techniques in soybean, an efficient regeneration protocol and 

transformation system should be developed.  

1.1 Objectives 

Four objectives were studied and will be discussed here. The first objective was 

to develop an efficient regeneration system for soybean species that could be 

combined with transformation. Secondly, a reliable transformation system using 

Agrobacterium tumefaciens for soybean should be optimized and developed for 

further application. Thirdly, based on an established regeneration and 

transformation system, enhanced rooting by transforming rol genes (rol A, rol B 

and rol C) and early flowering plants by LEAFY gene insertion should be obtained 

and analyzed. Finally, to develop some other methods for Agrobacterium mediated 

transformation that passes tissue culture steps as Agroinjection. 
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1.2 Soybean Tissue Culture Studies: A Review 

Plant regenerates in vitro through two pathways; organogenesis and 

embryogenesis. In organogenesis shoot buds are organized by meristemic activity 

while in embryogenesis a single cell or small cluster of cell undergo differentiation 

to produce somatic embryos. Such morphogenesis or differentiation can be direct 

from explant or indirect through dedifferentiated callus (Chandra and Pental, 

2003). The urgent need of many identical uniform individuals of a selected 

genotype has led to the development of in vitro culture technique as a source of 

vegetative propagation, in contrast to conventional methods, that take a long time 

for multiplication (Nin et al., 1996). 

Plant growth regulators are involved in developmental transitions that include 

flowering, embryogenesis, dormancy, adjustments in growth rates and stomatal 

conductance (Bardford and Trewavas, 1994). Bud growth, shoot and root 

regeneration, root and stem hair formation, vascular tissue differentiation, 

abscission, ripening and flowering are examples of threshold (all or non) 

phenomena that can be regulated by an inducing stimulus in a dose-dependent 

fashion (Trewasa, 1991). Plants often measure environmental time for days, weeks, 

months or years before initiating a change in programme. Plant hormones can 

influence the rates at which physiological processes occur naturally (Cooke and 

Smith, 1990). 

Presently organogenesis of soybean is feasible through a number of explant 

(immature cotyledon and embryo, Cotyledonary node of half seed, hypocotyls, 

epicotyl, protoplast and anther culture) when cultured on appropriate medium but 

soybean till now proved reluctant to organogenesis due to habituation and low 

organogenic response.  

A lot of work has been performed by using immature cotyledon and embryo as 

starting material. Meristemic tissue formation; first time; was observed by 

Lippmann and Lippmann, 1984 from cotyledons from immature embryos of 

Glycine max. They accounted that explant age and concentration of auxin in the 

medium strongly affect on development of somatic embryos. Addition of cytokinin 

along with 2,4-dichloro phenoxy acetic acid (2,4-D) and higher concentration of 

sugar also inhibited embryoid formation. Ranch et al., 1985 reported that genetic 
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variations in soybean influence on embryo initiation from immature cotyledons 

while later on Bailey et al. (1993) reported that genotype also differs weight, 

volume, embryo stage and plant recovery but genotype effect can partially be 

overcome by modifying protocols. Li and co-workers were able to get thousands of 

plantlets and somatic embryoids from single cell culture using young embryo of 

immature seed as explant when cultured on Murashige and Skoog (MS) medium 

containing 6-benzyl amino purine (BAP) and indole acetic acid (IAA) under low 

light conditions (Li et al., 1985). Whereas Ghazi et al., 1986 also successfully 

regenerated plants from callus produced using immature embryos of soybean. 

Lazzeri et al., 1985 presented a reliable system for the regeneration of plants from 

somatic tissues of soybean. They reported that formation of somatic embryos from 

immature cotyledons of soybean looks imitated process that occurs over a range of 

culture conditions and the efficiency of embryogenesis depends upon physiological 

and chemical conditions. While according to Parrott et al., 1988 cotyledonary cells 

can be converted into somatic embryos in the presence of naphthalene acetic acid 

(NAA) at high concentration while germination of soybean somatic embryos 

usually do not require exogenous growth regulators and young immature 

cotyledons have great tendency to give rise somatic embryos (Finer, 1988). 

Lazzeri et al., 1987 stated that embryo initiation in soybean system is 

predominantly multicellular and 2,4-D plays a major role in embryo development 

from immature cotyledons however embryogenic efficiency improved in presence 

of NAA and NAA induced embryos were closely related to zygotic embryos. 

Regeneration was also observed by embryogenesis and organogenesis in many 

soybean cultivars (Barwale et al., 1986; Wright et al., 1986; Feng et al., 1989; 

Bodanese-zanettini et al., 1993). Immature embryos were inoculated on MS 

medium for embryogenesis and addition of nicotinic acid and thiamin HCl 

increased the embryogenesis while addition of BAP and NAA were found essential 

for organogenesis. Desiccation (Hammatt and Davey, 1987), sucrose concentration 

(Komatsuda et al., 1991, 1992), spermidine and alteration in nitrogen source 

(Nadolskaorczyk and Orczyk, 1994) significantly enhanced embryoid formation 

and maturation to plant. Amberger and co-workers (1992) described that some 

phenotypic characters are genetically controlled and tissue cultured plants have 

shown variation in such characters. Although; complete cotyledon was considered 

to produce embryos but Liu et al. (1992) stated that epidermal cells produce 
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somatic embryos without intervening callus phase while Hartweck et al. (1988) 

reported that in presence of NAA embryos were produced from epidermal and sub-

epidermal cells at distal periphery of cotyledon while in presence of 2,4-D embryos 

were produced from geterogeneous embryogenic tissues formed in central region 

of cotyledons. Different developmental stages of somatic embryos from immature 

cotyledons were also studied and found that secondary embryogenesis and 

chimeric embryo development also occurred during development (Gyulai et al., 

1993). The use of ethylene inhibitor (Santos et al., 1997) and low concentration of 

nitrogen and sucrose (Samoyolv et al., 1998a) increased somatic embryo 

formation. Santarem et al. (1997); Bonacin et al. (2000) and Ko and Korban 

(2004) stated that abaxial side of explant facing the medium at pH 7.0 and in the 

presence of silver nitrate and high light intensity resulted in faster production of 

somatic embryos. While Hofmann et al. (2004) did not find significant difference 

among ph 7.0 and 5.7. Samoylov et al., 1998b reported four folds increase in 

embryo histodifferentiation and maturation in liquid medium and the embryos 

matured and germinated into plants; also reported by Finer and Nagasawa, 1988. 

Meurer et al., 2001 and Fermando et al. (2002) worked on soybean somatic 

embryogenesis from immature zygotic cotyledons from three different locations. 

They found that genotype and location strongly effect on soybean primary embryo 

development and one should be able to realize acceptable level of embryo 

initiation. Polyethylene glycol and sorbitol effect as osmotic stabilizer were also 

studied (Walker and Parrott, 2001) and it was found that supplementation of these 

stabilizers improved germination frequencies of somatic embryos but reduced the 

fresh weight of mature embryo while Korbes and Droste (2005) did not find any 

effect of PEG on embryo conversion into plant and 6% sucrose significantly 

enhanced plant formation. Although a number of other studies have been 

undertaken to study the effect of PGRs and genotype effect (Li and Grabau, 1996; 

Tomlin et al., 2002; Wang et al., 2004; dos-Santos et al., 2006) and it has been 

concluded that breeding line, immature embryo age and quality and appropriate 

choice and concentration of hormone is essential for significant results.  

Besides using immature cotyledons and embryos; a lot of work has also been 

carried out using cotyledonary node explants from the plantlets after few days’ 

germination. First report of plant regeneration from soybean cotyledonary node 
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segment of seedlings grown in the presence of BAP was by Cheng et al., 1980. 

They were able to get multiple shoot bud formation on medium containing high 

concentrations of BAP but better bud growth was observed when cultures were 

transferred to low concentration of BAP. A morphogenetically competent 

suspension culture was derived from embryonic axis of G. max and the embryoids 

were completely developed into plantlets when cultured on MS salt-based medium 

containing ammonium citrate (Christianson et al., 1983). Wright and co-workers 

also reported BAP an essential component of media for induction of somatic 

embryos from cotyledonary node explants. They also mentioned that seedlings 

germinated on water agar medium were not so much responsive for embryos 

induction (Wright et al., 1986). Multiple shooting responses were also observed 

from mature embryos when cultured in the presence of BAP (Buising et al., 1994). 

They mentioned that BAP treatment to embryonic axes does not allow the cell to 

remain quiescent and cells are reprogrammed to produce multiple somatic foci. 

While Kaneda et al., 1997 and Shan et al., 2005 reported that Thidiazuron (TDZ) 

induced adventitious shoots more efficiently than BAP and hypocotyls are batter 

than cotyledonary nodes for multiple bud formation while plating method 

(hypocotyls ending in contact to media) and cutting of explant also varies 

adventitious shoot formation from mature soybean seed hypocotyl (Yoshida, 

2002). Sairam et al., 2003 developed an efficient protocol for callogenesis and 

embryogenesis from cotyledonary node explant on MS medium containing 2,4-D 

and BAP. According to them regeneration efficiency was genotype dependent and 

sorbitol for callus induction and maltose for regeneration were the best choice as 

carbon source. However, addition of TDZ (Franklin et al., 2004; Shan et al., 2005) 

or Kin (Ma and Wu, 2008) with BAP has been reported as better combination for 

embroid formation from cotyledonary node explant. Radhakrishnan and 

Ranjithakumari, 2007 produced callus from mature half seed’s nodal segment at 

different combinations of auxin and cytokinin. The callus produced a number of 

plants when cultured on Gamborg B5 (B5) medium supplemented with BAP while 

addition of 2,4-D enhanced somatic embryo production. Paz et al. (2006) also 

reported generation of direct shoots from mature seed nodal segments while 

studying Agrobacterium mediated transformation from nodal segment of mature 

seeds. 
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There are very few reports of soybean regeneration from other explants. In 

1977 Beversdorf and Bingham reported callogenic response from hypocotyls and 

ovaries as explant on semi solid and liquid medium.  But they failed to develop 

shoots, however, they observed structures similar in appearance to embryos in 

liquid medium. Later on small numbers of shoots were developed from hypocotyls 

segments of G. canescens (Kameya and Widholm, 1981; Widholm and Rick, 

1983) but no shooting response was observed from seven other species tested. 

They pointed that shoot regeneration was influenced by age and length of seedling 

and position of section. Wright and his colleagues described an efficient method 

for soybean regeneration from primary leaf tissues (Wright et al., 1987). They 

stated that in modified medium addition of pyroglutamic acid greatly enhanced 

regeneration capability. Droste et al. (1993) cultured primary leaf less meristem on 

organic enriched cultured medium and find microscopic bud like structure within 

two weeks however very few plants were developed from these buds. Kim et al., 

1994 stated that addition of proline in the medium increased the number of shoots 

but decreased the length of generated shoot. They also reported that cobalt and zinc 

also play effective role for induction of shoot from primary leaf nodes. Rajasekaran 

& Pellow (1997) and Reichert et al. (2003) demonstrated that regeneration 

efficiency from hypocotyls, epicotyl and primary leaf explants is also genotype 

maturity group dependent while Dan & Reichert (1998) and Tripathi & Tiwari 

(2003) were able to find a large number of regenerated plants using hypocotyl 

section; working on a number of soybean genotypes. They also concluded that 

explant inoculation medium and appropriate concentration/ combination of growth 

hormone is also essential for batter regeneration efficiency. 

Protoplast culture; isolated from immature cotyledons has also been reported. 

Newell and Luu, 1985 failed to get better shooting response from protoplast 

derived calli. While Dhir et al., 1991 cultured the protoplast in liquid medium in 

the presence of combination of cytokinins (BAP, Kinetin, Zeatin) and observed 

21% multiple shooting response from compact calli. The regeneration efficiency 

increased upto 30% when glutamine, aspragine and Gibberellic acid (GA3) were 

added in the medium. Zhang and Komatsuada (1993) successfully regenerated 

plants from protoplast in medium supplemented with different amino acids and 

their derivatives as nitrogen source. Zhao et al. (1998) reported that TDZ plays an 
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important role in embryo induction and germination during soybean anther culture 

but plant differentiation rate was quite low. Addition of 2,4-D in the medium and 

culturing in light significantly increased the morphogenic response of anther walls 

and connective tissues. No androgenic response was observed in anther culture of 

four soybean genotypes but somatic embryogenesis was observed from the 

epidermis and the middle layer (Rodrigues et al., 2004, 2005) but time of culture 

was found effective for induction of somatic embryos. Frequencies of binucleate 

symmetrical grains and multinucleate / multicellular structure formation was also 

found significant in the day of culture and cultivar interaction (Cardoso et al., 

2007).  

Other than these, there are also some reports that describe condition 

standardization for somatic embryos culture. Sucrose concentration 30g/l to 60g/l 

(Komatsuda et al., 1992) and regeneration in liquid medium (Samoylov et al., 

1998b) were found effective for soybean embryogenic cultures. Air drying method 

for embryos desiccation (Moon and Hildebrand, 2003) and abscisic acid (ABA) 

treatment that increase tolerance to desiccation (Tian and Brown, 2000) has also 

been reported that increased germination capability of soybean somatic embryos.  

1.3 Soybean and Agrobacterium Interaction 

Although soybean transformation has shown significant improvement as 

development of selectable marker-free transgenic soybean lines, multiple gene 

delivery systems, transformation and regeneration of elite cultivars and tissue-

specific and inducible promoters. However, additional advancements are required 

to increase transformation efficiency for functional genomics (De Mello-Farias and 

Chaves, 2008).  

There are number of reports that describe conditions standardization for T-

DNA delivery system (co-culture conditions, inoculation and co-culture medium, 

osmotic treatment, desiccation, use of surfactants and thiol compounds, light, 

temperature, density of Agrobacterium), effect of Agrobacterium strain (binary 

vector, selectable marker gene and promoter/terminator, reporter gene, gene of 

interest) and choice of cultivar and conditions to reproduce high yield of soybean 

transformants (shooting and rooting media). Although dicots are considered good 
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target for Agrobacterium but soybean proved reluctant to transformation and 

regeneration.  

Plant genetic engineering mainly depends upon Agrobacterium tumefaciens 

mediated transformation that accounts so far production of 80% transgenics (Wang 

and Fang, 1998). Agrobacterium tumefaciens is a soil bacterium which, when 

containing the Ti (tumor inducing) plasmid, is able to form crown galls on a 

number of dicotyledonous plant species (Brown, 2001).  Transformation is brought 

about by the transfer of a large segment of the Ti plasmid called T-DNA to the 

nuclear genome of a susceptible plant (Chilton et al., 1977). T-DNA contains 

genes for growth regulator autonomy (Garfinkel et al., 1981) and for the synthesis 

of a wide variety of opines (Murai and Kemp, 1982) which are novel metabolites 

able to be catabolised by the inciting Agrobacterium. On the other hand, 

Agrobacterium rhizogenes is a natural plant pathogen accountable for adventitious 

root development at the site of infection (Hooykaas, 1989). It incites a disease, 

hairy root disease, in dicotyledonous plants in a manner very similar to A. 

tumefaciens (Old and Primrose, 1995). The development of hairy root disease is 

due to transfer of T-DNA of the Ri (root inducing) plasmid in the plant cell 

genome (Willmitzer et al., 1982). The Ri plasmid share little homology with Ti-

plasmid. The main difference between Ri and Ti plasmid is that transfer of the T-

DNA from Ri plasmid to a plant results in hairy root disease, typified by highly 

branched root system (Brown, 2001). 

Susceptibility of Soybean to Agrobacterium 

Soybean genotype susceptibility for tumor induction was studied by Pedersen 

et al., 1983 and Owens & Cress in 1984 on infection with Agrobacterium. 

According to their reports, crown gall formation is dependent upon soybean 

genotype and Agrobacterium strain used as well as on environmental conditions. 

They also mentioned that physiological age of soybean cotyledons exerted great 

influence on tumor initiation and tumor morphology. Whereas Facciotti et al. 

(1985) demonstrated that light induces regulation of gene in transformed calli. 

Owens and Smigocki (1988) indicated that transformed soybean cells could be 

recovered by co-infecting with super-virulent strain and addition of phenolic 

compounds (Acetosyringone or Syringaldehyde) in inoculation medium increase 

transformation efficiency. It is also possible to produce tumorigenic genotype by 
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crossing non-tumorigenic with highly tumorigenic genotype in soybean (Bailey et 

al., 1994; Mauro et al., 1995b) so conventional crossing may help to transform 

non-susceptible genotypes. Luo et al. (1994) observed production of transformed 

calli from mature seed cotyledons working on transformation friendly genotype 

“Peking” with Agrobacterium strain A281 harboring pZA-7 (UidA + nptII). They 

mentioned that production of transformed calli is a simple tool to test constructs 

designed for soybean transformation. Mauro et al., 1995a also observed that strain 

of Agrobacterium (nopaline, agropine, octopine) also play an important role in 

infection and T-DNA inheritance. Acetosyringone may facilitate tumor formation 

significantly but not for all Agrobacterium strains, however, strain/genotype 

difference was observed significant (Donaldson and Simmonds, 2000) and older 

plant parts showed less susceptibility to tumor formation. A new Agrobacterium 

tumefaciens strain KAT23 isolated from peach root also found effective to induce 

callus at soybean tissues (Kukawa et al., 2007). This nopaline type strain can 

transform T-DNA of Ti plasmid and of binary vector efficiently to legumes.  

Soybean Agrobacterium Mediated Transformation 

Hinchee and his colleagues first time reported soybean transformation with 

Agrobacterium strain pTiT37-SE harboring pMON9749 (GUS + nptII) and 

pMON894 (nptII + glyphosate tolerance). They successfully regenerated plants on 

media containing kanamycin or glyphosate (Hinchee et al., 1988). Parrott and co-

workers resulted that modification to regeneration protocol is essential to get high 

level of transformants (Parrott et al., 1989a). They mentioned that EHA101 was 

more potent to transform soybean immature cotyledons and recovery of 

transformed plants over LBA4404. However, McKenzie and Cress (1992) were 

able to get transformed plants from cotyledon and hypocotyl explants from 10 days 

old seedlings working with LBA4404 harboring pBI121. Chang and Chan, 1991 

reported that potato suspension cells increase T-DNA delivery and soybean 

transformation efficiency when added to infection medium. Trick and Finer (1997) 

introduced sonication assisted Agrobacterium mediated transformation (SAAT) 

system. They reported that SAAT permits the efficient delivery of T-DNA to large 

number of plant cell in a variety of different plant tissues. In soybean, GUS 

expressing surface area increased upto 79.9% by SAAT treatment for 10 sec. 

While SAAT treatment was not found effective at post co-cultivation period with 
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decreased shoot proliferation from cotyledonary node of some soybean genotypes 

(Meurer et al., 1998). They also reported that inoculum OD600 1.0 gave better 

transient expression but no interaction was found between SAAT, Agrobacterium 

strain and soybean genotype. Trick and Finer (1998) were not able to find 

hygromycin resistant clones without SAAT treatment working on embryonic 

suspension culture. According to them, maximum GUS expression was observed 

when sonication was applied for 30 sec leading to co-cultivation for 2 days. Finer 

and Finer (2000) reported that micro-wounded plant tissues release compounds 

that facilitate growth and accumulation of bacteria under aerobic conditions so 

facilitate transformation efficiency. Production of micro-wounds by integrated 

bombardment instead of SAAT also facilitates Agrobacterium T-DNA delivery 

system into soybean embryonic cultures (Droste et al., 2000). While Santarem et 

al. (1998) mentioned that sonication time increased transient GUS expression at 

immature cotyledons irrespective to soybean genotype. However, sonication time 

period, way of placement of explant (adaxial side incontact with medium) on 

medium (Ko et al., 2003) and exposure of soybean explants to AgNO3 throughout 

shoot induction and shoot elongation (Olhoft et al., 2004) are important for better 

results.  

Instead of kanamycin resistant plant, glufosinate resistant (bar gene) plants 

were produced by Zhang et al., 1999 and Clemente et al., 2000 using cotyledonary 

node explants of 5 days old seedlings. Glyfosinate selection regime is important to 

get rid of non-transformed plants and to minimize chimerism. Yan et al. (2000) 

analyzed that immature zygotic size 8-10mm and co-cultivation for short period 

increase transient expression while selection by direct replacement at low 

concentration of hygromycin also increase somatic embryo development and plant 

regeneration. Cystine present in co-cultivation medium increased transformation 

efficiency due to presence of thiol group and polyphenol oxidase and peroxidase 

inhibitors (Olhoft and Somers, 2001; Olhoft et al., 2001) and copper and iron 

chelators were also found effective for better expression. Olhoft and his colleagues 

successfully transformed soybean by cot node method (Olhoft et al., 2003). High 

frequency upto 16.4% was observed due to presence of cystine, Dithiothreitol 

(DTT) and thiol compound in infection and co-cultivation medium. Beside this 

addition of Silwet-77 as surfactant; co-cultivation at 22°C also played significant 
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role in transformation (Liu et al., 2007). Donaldson and Simmonds, 2000 

demonstrated that competent cells, in the case of cotyledonary node 

transformation, are few so has low transformation competency therefore using 

cotyledonary nodes as explants present low transformation efficiency. While Chen 

(2004) reported that tight selection procedure (selection of explants on selective 

agent before infection) increases transformation efficiency and occurrence of less 

escape. 

Xing and his colleagues produced marker free plants by introducing two T-

DNA binary systems (Xing et al., 2000). They demonstrated that integration of two 

T-DNA followed by their independent segregation in progeny is a viable mean to 

produce maker free soybean transgenic plants. Transformation efficiency was 

observed upto 15.8% using embryonic tips of soybean pre grown on MS medium 

containing BAP (Liu et al., 2004). They also observed that shoot regeneration and 

transformation efficiency increased using embryonic tips over hypocotyls and 

cotyledons. Embryonic tips were also found sensitive against kanamycin treatment 

at level higher then 10mg/l. Wang and Xu (2008) concluded that addition of 

antioxidant in co-cultivation medium resulted in significant decrease in browning 

and necrosis of hypocotyls and increased GUS expression. Embryogenic tips 

showed better response for hypervirulent strain KYRT1 than EHA105 and 

LBA4404 when infected for 20 hours (Dang and Wei, 2007) while co-cultivation 

for 5 days in dark at 22°C in acidic medium (pH 5.4) also enhanced transformation 

efficiency. Paz et al. (2004) concluded that use of high vigor seed and minimum 

seed sterilization also increased transformation efficiency from cotyledonary node 

of 5-6 days seedling plants. They also reported that cystine and DDT during co-

cultivation increased T-DNA delivery while glyfosinate selection over bialaphos 

during shoot induction and shoot elongation also increased transformation 

efficiency. Effect of thiol compounds (cysteine, DTT and sodium thiosulfate) and 

glyfosinate selection had also been studied by Zeng et al. (2004) and Yi & Yu 

(2006). Ko and Korban (2004) reported that size of immature cotyledon (5-8mm in 

length), concentration of bacterial culture and co-cultivation for 4 days 

significantly increase transformation efficiency while they failed to get 

transformants in the presence of kanamycin during selection. During hygromycin 

selection, genotypic dependency is also important for induction of somatic 
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embryos and transformation from immature cotyledons (Ko et al., 2004). Paz et al. 

(2006) used cotyledonary node of half seeds as an explant. They reported that half 

seed explants ranged transformation efficiency 1.4 to 8.7% and this system is 

simple and does not require deliberate wounding of explants. While Xue et al. 

(2006) used thin 30 fibers needle to wound cotyledonary node cells of half seeds. 

Such wounding method increased transformation efficiency up to 12% confirmed 

by gfp activity and L- Phosphinothricin (PPT) selection. Organogenic callus 

induced from axillary nodal tissue of soybean was also subjected for 

Agrobacterium mediated transformation (Hong et al., 2007). Moderate 

concentration of TDZ was required for induction of organogenic callus while low 

concentration of BAP proved best for organogenic response from callus. They also 

observed that young callus was more competent to T-DNA delivery and multiple 

shoot regeneration. Olhoft et al. (2007) tested two disarmed Agrobacterium strains 

for soybean transformation. They found that regeneration frequency was not 

significantly different when inoculated with A rhizogenes strain SHA17 and A 

tumefaciens strain AGL1 while infection with SHA17 increased transformation 

efficiency 3.5 folds.  

Soybean Transformation with Agrobacterium rhizogenes 

Instead of Agrobacterium tumefaciens, soybean transformation also been 

studied by Agrobacterium rhizogenes to study efficiency of strain, properties of 

roots and resistance against nematodes. Cho et al. (2000) got transformed hairy 

roots by A. rhizogenes strain K599 harboring pBI121 (gus + nptII) and pBINm-

gfp5-ER (nptII and gfp). They observed that cyst nematode may complete their life 

cycle in transformed hairy root cultures containing these genes but concluded that 

such system can be ideal for testing genes that might impart resistance to soybean 

against nematodes. RNAi silencing was also studied by A. rhizogenes mediated 

transformation to cotyledon explants of soybean (Subramanian et al., 2005). More 

than 50% roots were transformed with RNAi construct that exhibited more then 

95% silencing.  Kereszi et al. (2007) reported that infection of A. rhizogenes at 

cotyledonary node of few days seedling might produce 5-7 roots at infection site 

with 70-100% efficiency. These roots fully support the plants, are capable of 

nodulation, have phenotype as determined by genotype of shoot. This can further 

be used for high throughput transformation, to test high number of genes, different 
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biological processes and symbiotic relation etc. Klink et al., 2008 introduced a new 

soybean variety MiniMax with a rapid and short life cycle that produced hairy 

roots under non-axenic conditions when infected with A. rhizogens strains K599 

harboring disarmed vector pKSF3. These transgenic roots were capable of 

compatible reactions with several Heterodera glycines races.  

1.4 In planta Agrobacterium mediated Transformation 

The development of the in planta transformation system (Floral-dip method 

and Vacuum infiltration) radically accelerated research in basic plant molecular 

biology (Clough and Bent, 1998). These methods have been targeted mostly for 

meristems or other tissues that ultimately give rise to gametes (Chee and Slighton, 

1995; Birch, 1997).  

The in planta transformation techniques such as agroinjection to fruits of 

tomato and citrus (Orzaez at al., 2006; Ahmad and Mirza, 2006) give us an idea 

about direct transformation to seeds. Very few reports are available for 

transformation of leguminous crops through in planta methodologies. Trieu et al., 

2000 obtained stable transgenics of Medicago truncatula (a model legume plant) 

by seedling and flower infiltration method using A. tumefaciens. Germinating 

seeds were infected with Agrobacterium strains C58Z707 to transform plomule, 

cotyledonary node and adjacent tissues (Chee et al., 1989). Some plants produced 

by this method showed kanamycin resistance capability but efficiency was quite 

low (0.7%).  

Soybean transformation also has been subjected by infecting partially 

germinated seeds with Agrobacterium to vacuum infiltration with high frequency 

(de Ronde et al., 2001). In planta soybean transformation has also been carried out 

by Lei et al, (1991); Liu et al., (1996) & Hu and Wang (1999). They introduced 

foreign DNA by pollen tube pathway and by ovarian injection. Such procedures 

pass tissue culture steps but for routine transformation physiological conditions of 

recipient plant, type and concentration of DNA, location of ovary etc are critical 

factors. By such methods, they produced new varieties that yield batter protein and 

oil contents. But Li et al. (2002) were not able to produce positive results by pollen 

tube pathway. They reported that DNA was inside the cell but not integrated into 

soybean genome. Shou et al., 2002 also performed pollen tube pathway 
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transformation procedure using different soybean cultivars. They observed that 

only 2% progenies were partially resistant to herbicide. However, no plant was 

confirmed by southern blotting carrying transformed T-DNA as well as by 

histochemical GUS assay. They concluded that pollen tube pathway transformation 

technique is not reproducible in soybean. 

1.5 Rol Genes: History and Transformation 

Insertion and expression of natural T-DNA of Ri plasmid, cause production of 

hairy roots and such plants also able to grow on hormone free medium, is referred 

as “Hairy Root (hr) Phenotype” (Tepfer and Temp, 1981). T-DNA of Ri plasmid 

contain multiple open reading frames (ORFs) but ORF 10, 11, 12 and 15 qualified 

as root loci, respectively also termed as rol A, B, C and D (White et al., 1985; 

Slightom et al., 1986); having characteristic of hr syndrome (Tepfer, 1984). These 

ORFs has gain special attention for triggering root differentiation and 

morphogenesis and termed as “root forming” genes (Barlow, 1994). Rol gene 

expression leads to a succession of events as natural hormonal imbalance and 

sensitivity but primary effects are still unknown (Chriqui et al., 1996). Role of 

each ORF of T-DNA of A. rhizogenes has not been completely described but rolA, 

B and C are considered essential for hairy root initiation based on transposon “loss 

of function” analysis (White et al., 1985). These analyses reveal that activation or 

overexpression of rol genes in stable transgenic lines resulted in variation in plant 

phenotype and morphology.  

There are different reports that describe rapid growth of these roots on nutrient 

medium with exogenously application of plant hormones. But attempts are also 

made to use hairy roots for production of stable transgenic plants (Tepfer, 1984; 

Tepfer and Casse-Delbart, 1987), expression analysis of different genes, 

production of secondary metabolites and to study plant pathogen interaction with 

roots (Christey, 2001).  

 The biotechnological applications of hairy roots for production of secondary 

metabolites have recently been described in detail (Guillon et al. 2006a, 2006b; 

Georgiev et al. 2007; Srivastava and Srivastava, 2007). Now this system also has 

been used to study plant microbial interaction, mycorrhzal association as well as to 

explore nitrogen fixation process (Christey, 2001) but the lack of aerial organs is 
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important limitation of hairy-root cultures. A novel tool relating to A rhizogenes 

transformation is “composite plant system” (Hansen et al., 1989). Such plant 

system consists of wild type non-transformed shoots and transgenic roots. To 

overcome this limitation, rol genes has been isolated and constructed in binary 

vector for A. tumefaciens mediated transformation.  

In different A. rhizogenes strains, sequence length of rolA gene varies from 

279 to 423 bp (Meyer et al., 2000) that encodes for a protein with a basic 

isoelectric point (PI). Presence of rolA gene also causes sensitivity to auxin 

(Maurel et al. 1991) that relates with H+ATPase activity in plasma membrane 

(Vansuyt et al. 1992). RolA tobacco protoplast showed sensitivity against auxins 

analyzed by transmembrane potential difference (Maurel et al., 1991). RolA may 

also be involved in generating a functional imbalance in phytohormone levels 

especially in gibberellins (Dehio et al. 1993; Schmulling et al., 1993; Prinsen et 

al., 1994) and polyamine (Sun et al., 1991; Martin-Tanguy et al., 1996).  

Schmulling et al. (1988) observed that rolA transformation in tobacco under its 

own promoter resulted in wrinkled leaves but normal plant while when driven by 

CaMV35S promoter, plants were of stunted growth with dark wrinkled leaves 

(Dehio et al., 1993). The tobacco plants transformed with RolA have a highly 

unusual phenotype, characterized by wrinkled and intensely green leaves, long 

internodes, dwarfism or semi-dwarfism and delayed senescence (van Altvorst et al. 

1992; Schmülling et al. 1993). Small flowers with altered petals and anthers with 

delayed response were observed on tobacco rolA transformed plants with male and 

female reduced fertility (Sun et al., 1991) and higher response was observed when 

rolA was under the control of CamV35S promoter with shortened styles (Dehio et 

al., 1993). RolA gene induced rooting from tobacco leaves but failed to show 

rooting response in Kalanchoe (Spena et al., 1987). Carneiro and Vilaine, 1993 

reported that rolA promoted induction of adventitious roots but their further growth 

inhibited on hormone free medium. Introduction of rolA and rolB genes in 

Osteosperum ecklonis resulted in professed rooting with erect and shorter 

branching with increased and slighter earlier fertile flowering (Giovannini et al., 

1999).  



 30

Depending on the strain, the rolB gene ranges from 762 to 837 bp in size and 

encodes a protein of 259 to 279 amino acids in length (Meyer et al., 2000) with 

amino acid identity among RolB proteins is ~60%. Plant cells harboring rolB gene 

show an alteration of auxin-induced hyperpolarization of the plasma membrane 

(Maurel et al., 1991) indicating increased sensitivity of the cells to auxin leading to 

increase rooting efficiency. RolB encodes for a β-glucosidase, which may involve 

in release of active auxins through hydrolysis of inactive β-glucosides (Estruch et 

al., 1991c). RolB expression also persuades changes in auxin sensitivity (Meyer et 

al. 2000), although actual auxin content not been altered (Nilsson et al., 1993a; 

Schmülling et al., 1993; Delbarre et al., 1994) so might be important for induction 

of hairy roots at early steps (Bellincampi et al., 1996; Moriuchi et al., 2004). RolB 

is also considered for increased number of auxin binding receptors (Filippini et al., 

1994). Another possibility that RolB expression possesses tyrosine phosphatase 

activity that play leading role during signal transduction of the auxin response 

(Filippini et al., 1996; Kiselev et al., 2007). RolB protein expressed in E. coli has 

tyrosine phosphatase activity while this protein is localized in plasma membrane of 

transformed cells (Filippini et al., 1996) suggesting a direct role of rolB in the 

auxin signal transduction pathway.  

RolB overexpression resulted in suppression of adventitious root induction 

(Spena et al., 1987) and necrosis in callus tissues and leaves of young plants 

(Schmulling et al., 1988). Impaired growth of hairy roots also depends upon level 

of rolB expression (Tanaka et al., 2001). Sedira et al. (2005) observed that 

expression of auxin induced adventitious related oxygenase gene (ARRO-1) 

expressed during rooting at higher level in rolB transformants suggesting 

interaction of ARRO-1 with rolB expression for rooting specificity.  

RolB driven by own promoter or under the control of CaMV35S resulted in 

hyperstylyl in tobacco plants (Schmulling et al., 1988) but when under the control 

of Anthirrhinum anther specific tapl promoter, compact flowers with shriveled 

anthers were observed (Spena et al., 1992a). Change in leaf morphology, branched 

and plagiotropic roots were observed in tobacco plants transformed with rolB gene 

(Cardarelli et al., 1987) while when rolB gene was driven by CaMV35S promoter 

early leaf necrosis, big flowers with protruded pistils were observed (Schmulling et 

al., 1988) with no change in fertility. Tobacco stem (Cardarelli et al., 1987), carrot 
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discs (Capone et al., 1989) and tobacco and kalanchoe leaves (Spena et al., 1987) 

showed rooting response when infected with rolB gene but in some cases 

application of exogenous auxin was required. Transformation of N. tobaccum and 

Lycopersicon esculentum with rolB resulted in thinner and shorter stem but effect 

of rolB on plant shape is not very predictable (Mariotti et al., 1989; Van Altvorst et 

al., 1992). It has also been reported that primary action of rolB, is to promote 

flowering, vegetative shoots and roots (Altamura et al., 1994, 1998). RolB under 

the control of its own promoter also resulted in increased rooting but internodal 

length and apical dominance was reduced with reduction in flower size and pollen 

viability (van Altovrst et al., 1992). RolB transformation in rose caused decrease in 

lateral shoot formation and induction of aplical dominance (van der Salm et al., 

1996, 1997). RolB also has been transformed in many apple rootstocks (Welander 

et al., 1998; Zhu et al., 2001; Sedira et al., 2001, Zhu et al., 2003) showing over 

sensitivity to auxins, enhanced adventitious rooting and dwarfed phenotypes. 

While Sedira et al. (2005) reported that exogenous application of auxin is required 

for optimal rooting of rolB transformed stem discs suggesting that transformed 

tissue shows sensitivity against auxin. Raduchuk and Korkhovoy (2005) observed 

no difference in apple scions rolB transformants phenotypes and in wild type 

except rooting either after two years in in vivo conditions. They also reported that 

short application of high concentration of exogenous auxin to rolB transgenic scion 

significantly promoted rooting suggesting that different rhizogenesis of apple 

rootstocks rely on different level of endogenous auxins.  

RolB insertion in tomato genome also caused parthenocarpy (Carmi et al., 

2003) due to no effect of rolB on auxin metabolism (Delbarre et al., 1994) but rolB 

interacts with protein involving nuclear localization (Moriuchi et al., 2004). 

Shabtai et al. (2007) reported that rolB transformation increased the number of 

tomato fruits per plant and weight of fruit was also higher as compared to parental 

lines under extremely high and low temperature. Feyissa et al. (2007) reported 

better rooting response and percentage in single rolB transformants missing GUS 

gene concluding that position of inserted genome or genotypic response to rooting 

may be important. Localized expression of rolB gene by tissue specific promoter 

has also been studied in relation to rhizogenesis (Bellincampi et al., 1996), 

apomictic embryogenesis (Kolutnow et al., 2001) and parthenocarpy (Carmi et al., 
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2003). Cecchetti et al. (2004) observed reduced stamen elongation and delay the 

timing of anther dehiscence in tobacco rolB transformants under the control of 

DMC1 Arabidopsis anther specific promoter. Later on Cecchetti et al. (2006) also 

observed that rolB also causes over expression of ROX1 gene in tobacco that is 

involved in procambial cell proliferation and xylem differentiation. 

The rolC genes sequence from various Ri plasmid TDNA are similar in size at 

about 540 bp that encode 179- to 181-amino acid proteins that share more than 

65% identity with each other (Meyer et al., 2000). Expression of the rolC gene also 

resulted in formation of shoot meristems (Gorpenchenko et al., 2006) and suggests 

that it has an important role in the formation of pluripotent stem cells. RolC 

expression during pathogenesis and induction of defense-related genes such as β-

1,3-glucanase suggests that its expression/ overexpression can activate plant 

defense responses (Pandolfini et al., 2003; Kiselev et al., 2006).  Cytokinin-β-

glucosidase coded by rolC gene is responsible for increased level of free cytokinins 

that hydrolyze cytokinin from N-glucoside conjugates (Estruch et al., 1991a). 

However, afterworld it was observed that it effects on the balance of free and 

conjugated forms of cytokinins, auxins and gibberellins in plants (Estruch et al., 

1991b; Nilsson et al., 1993b, 1996a, b). RolC expression also resulted in 

endogenous reduction of abscisic acid (ABA), polyamine and ethylene (Nilsson et 

al., 1996a; Martin-Tanguy, 2001; Martin-Tanguy et al., 1996). RolC expression 

coupled with increase in cytokinin activity where 2-5 times higher concentration of 

isopentenyladenosine (iPA) was observed (Estruch et al., 1991a). RolC shows 

phloem-specific expression, higher in the root, lower in the leaf, and no expression 

was observed in the shoot tip (Schmulling et al., 1988; Estruch et al., 1991b) while 

at cellular level in cytosol (Estruch et al., 1991d). The plants transformed with rolC 

gene showed phenotypic characteristics as short growth with reduced apical 

dominance, lanceolate leaves and early inflorescence (Schmulling et al., 1988). 

Populous plants transformed with rolC gene showed levels of ABA of about half of 

the content and early flush as compared with control plants indicating involvement 

of ABA in dormancy (Fladung et al., 1997). RolC expression and embryogenesis 

was also associated with change in calcium dependent protein kinases (CDPKs) 

that are linked with the reversible transfer of a phosphate group from ATP and also 

involved in different signaling pathways by transmitting the Ca2+ signals 
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associated with many functions including embryo development, cell architecture, 

membrane potential and plant somatic embryogenesis (Kiselev et al., 2008).  

Longer in size with more eyes per tuber and increased number of tubers per 

plant were observed when potato were transformed with rolC gene under the 

control of CaMV35S promoter (Fladung et al., 1990) but total tuber yield per pot 

was lower and negatively correlated with rolC expression (Fladung and Ballvora, 

1992). Further experiments described that change in uptake of minerals by 

transformed potato roots diminished chlorophyll content of grafted tomato due to 

change in Fe/P ratio in aerial parts (van de Geijn et al., 1988). Tobacco plants 

transformed with rolC showed reduced height and small pale green leaves but 

photosynthesis rate per unit leaf area not been effected (Scorza et al., 1994). Early 

flowering with more flower buds was observed in tobacco rolC transformed plants 

either under its own promoter control (Oono et al., 1990) or under CaMV35S 

promoter (Scorza et al., 1994). However, male sterility as damaged pollen 

production was also observed in rolC transformed plants (Oono et al., 1993). It 

was observed that rolC was not transmissible from roots to aerial part of scion 

(Ooms et al., 1986c; Fladung, 1990). Rosa hybrida, when transformed with rolC 

gene showed decreased plant height with apical dominance (Souq et al., 1995) 

while Salpiglossis sinuata showed bushy phenotype but not as drastic as in tobacco 

(Rietveld et al., 1995). Gardner et al. (2006) reported that transformation of 

Nicotiana tobaccum with rolC gene under the control of CaMV35S, rbcS and 

native promoter. The plants showed significant reduction in height, internode 

length, leaf width, leaf length, stem diameter while increase in branch number. 

They also reported that rolC causes pleiotropic effects and its expression can be 

controlled by using tissue specific promoter. RolC under the control of CaMV35S 

promoter showed eighteen fold higher rooting response in Carnation as compared 

to control with increased shoot formation (Casanova et al., 2003, 2004). In 

Belladonna and pear tree, increased flowering with normal fertility was observed 

(Nilsson et al., 1996b; Bell et al., 1999).  

Slightly dwarf phenotype without alteration in leaf morphology and enhanced 

rooting was observed in carnation when transformed with rolC under constitutive 

CaMV35S promoter (Ovaids et al., 1999; Zuker et al., 2001). Bushy appearance 

with narrow leaf blade along with shorter internode and dwarf characteristics was 
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observed in Chrysanthemum when transformed with rolC gene under CaMV35S 

promoter (Mitiouchkina and Dolgov, 2000). Presence of rolC in Osteopsermum 

ecklonis genome did not changed plant phenotype except pale green leaves 

(Giovannini et al., 1999b; Allavena et al., 2000) while 35S rolC plants displayed 

early flowering but flower size was reduced. Smaller flower, narrow leaves and 

stunted Salpiglossis sinuata plants were recovered on rolC transformation under 

native promoter (Lee et al., 1996). Dispersed phenotype was observed in Petunia 

when transformed with rolC gene driven by 35S promoter (Winefield et al., 1999). 

Reduction in leaf area or increase in leaf size to leaf number, increased branching, 

decreased apical dominance and reduced pollen viability were recorded. These 

several alterations were due to level of rolC transcript. Super dwarf-to-dwarf 

phenotypes, reduction in leaf size and flower diameter were also observed in rolC 

Pelargonium domesticum (Boase et al., 2004). These plants also showed enhanced 

and early flowering. Reduced height, number of nodes and leaf area was observed 

in Beurre Bosc (Pyrus communis) transformed with rolC gene in combination with 

nptII and GUS genes (Bell et al., 1999).  

Increased rooting ability by rolC was also observed in Carnation (Zuker et al., 

2001) and fruit trees (Kaneyoshi and Kobayashi, 1999, Koshita et al., 2002). 

Zhang et al., 2006 reported that shoots of Malus micromalus, transformed with 

rolC, showed enhanced rooting on hormone free medium with reduced height, 

internode length and leaf area. Reduced root formation and enhanced adventitious 

bud formation was observed in Chrysanthemum morifolium transformed with rolC 

gene (Kubo et al., 2006). Somatic embryo like and shoot like structures were 

observed in rolC transgenic callus instead of root forming capability (Bulgakov et 

al., 2000; Gorpenchenko et al., 2006; Cabrera-Ponce et al., 1996; Ishizaki et al., 

2002). They reported that rolC gene has dual effect; where it causes production of 

somatic embryos and shoot organogenesis; it also causes substantial development 

of abnormalities in shoots and embryos. Fladung (2006) reported non-diffusable 

nature of rolC gene product in potato. He observed significant increase of number 

of tubers per plant in both diploid and tetraploid rolC transformants. 

The rolD gene is found only in Ri T-DNA of agropine type strain; 1,032 bp in 

size and encodes for 344 amino acids (Meyer et al., 2000), which constitute an 

Ornithine cyclodeaminase enzyme that catalyzes ornithine to proline (Trovato et 
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al., 2001). Transgenic expression of rolD also has pleiotropic effects. Pleiotropic 

effect includes early flowering and an increase in the number of flowers. 

Furthermore, proline increased level may accomplish a defense response to biotic 

and abiotic stresses (Mauro et al., 1996; Bettini et al., 2003). Disparate to other rol 

genes, rolD shows poor tissue- or organ-specific expression but shows a 

predominantly developmental expression pattern (Veena and Taylor, 2007). RolD 

also encodes transportable factor that is responsible for early flowering in tobacco 

(Costantino et al., 1994) and these transcripts were found in roots (Leach and 

Aoyagi, 1991). Kalanchoe tissues showed root initiation when infected with rolD 

mutated A. rhizogenes strain suggesting that rolD plays important role in root 

elongation (White et al., 1985). Mauro et al. (1996) observed no rooting response 

from tobacco stems when transformed with rolD gene but early flowering was 

observed with smaller and thinner leaves. Tomato plants transformed with rolD 

showed more and earlier flowering and higher fruit yield (Bettini et al., 2003). 

Extremely dwarfed phenotype was obtained when rolD gene was introduced in 

carrot (Limami et al., 1998). 

Tobacco plants transformed with combination of rolABC genes were of 

stunted growth with reduced apical dominance and smaller internodes and leaves 

(Schimulling et al., 1988; Mariotti et al., 1989). Spano et al. (1988) reported that 

plants transformed with combination of rolABC genes had same morphology as 

plants carrying whole TL-DNA. Kiwi transformed with combination of rol genes 

(rolABC) resulted in increased rooting response 40-100% from micro-cuttings 

(Rugini et al., 1991). Rose rootstocks showed three fold increases in rooting 

efficiency and ten fold increases in auxin sensitivity on transformation with 

rolABC (Van der Salm et al., 1996a, b). The transformed plants showed decrease 

in shoot length and smaller leaves at varying level; somewhat wrinkled (van der 

Salm et al., 1997). It was also observed that transformed roots also increased 

formation of basal shoots from grafted parts of rose rootstocks; transformed with 

rolABC (De-Vries and Dubois, 1989) leading to increase in flower production. 

RolABC produced small roots on tomato plants with small and normal flower 

production but decreased pollen viability (van Altvorst et al., 1992). Typical hairy 

root phenotype with hr syndrome characteristic was observed in Begonia 

tuberhybrida when transformed with rolA, B and C (Kiyokawa et al., 1996). They 
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reported that this characteristic was not due to copy number but due to location of 

inserted gene. Lily transformed with rolABC showed increased rooting ability with 

enhanced branching, bushy structure, multiple shooting response, reduction in 

nodal length and reduced leaf size but not wrinkled (Mercuri et al., 2003). Flowers 

produced were smaller with reduced pollen viability but with an early response. 

Compact and super compact phenotype was observed in Limonium when 

transformed with rolABC (Merucuri et al., 2001). The plants had curly leaves with 

reduced area, reduced apical dominance and high number of roots. Transformation 

of Osteosperum ecklonis with rolABC resulted in ceased plant growth, higher 

number of shorter branches, early and enhanced flowering and enhanced rooting 

(Giovannini et al., 1999). Rol genes transformed silver birch (Betula pendula) 

showed mRNA abundance in phloem/cambium and developing xylem while absent 

in leaves (Piispanen et al., 2003). The plants transformed with rolC and rolD 

showed stunted and bushy growth with smaller leaves. The cross section of these 

plants showed shorter xylem with decreased acid soluble carbohydrates.  

1.6 LEAFY Gene: A Review 

Flower development on shoot meristem is stepwise process and is controlled by 

sets of genes from that floral initiation process (FLIP) also known as floral 

meristem identity genes act earliest (Lee et al., 1997). Beside genetic control, a 

number of environmental factors are also involved in signaling pathway for 

regulation of floral meristem identity genes in Arabidopsis (Mouradov et al., 

2002). However, LEAFY and AP1 were identified as controller of shoot apical 

meristem production. Schultz and Haughn (1991) described that LEAFY (LFY) 

expression is required in different developmental stages of vegetative and 

reproductive growth but LEAFY transcription is necessary for controlling floral 

gene identity. LEAFY gene also stands out because loss of function mutation 

analysis of LEAFY gene showed strongest effect on meristem identity (Mandel et 

al., 1992; Ingram et al., 1995) suggesting that LEAFY is responsible for flowering 

initiation at initial step. Late arising flowers also have partial requirement of 

LEAFY expression due to control by other genes as AP1 and these late flowers 

show combine characteristic of both flowers and shoots (Schultz and Haughn, 

1991; Huala and Sussex, 1992). However, LEAFY is also responsible to maintain 
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meristem identity where LEAFY null mutant heterozygous plants showed high rate 

of floral reversion when grown in short days (Okamuro et al., 1996). 

There are two major pathways in Arabidopsis for flower meristem identity, one 

AP1/CAL and AP2 and the other LEAFY and UFO (Huala and Sussex, 1992; 

Wilkinson and Haughn, 1995; Levin and Meyerowitz, 1995). A weak mutant 

LEAFY allele causes a complete transformation of at least some flowers into 

shoots. The flower of LEAFY mutant mainly develops fewer petal and stamens or 

even absent (Suchultz and Haughn, 1993). In strong LEAFY mutants, absence of 

petals and stamens are due to inactivation of APETALA3 (AP3) and PISTILLATA 

(PI) gene that are petal and stamen specific respectively (Weigel and Meyerowitz, 

1993). These genes are classed in meristem identity genes that establish the fate of 

different types of flower organs. Ectopic expression of these genes in transgenic 

plants causes homeotic transformation among floral organs that expression of 

meristem identity genes is important for normal flowering although petal and 

stamen development restores by constitutive expression of AP3 and PI genes in 

LEAFY mutants (Jack et al., 1994). The organ identity genes interact with flower 

meristem identity genes (LEAFY genes) that expresses uniformly throughout the 

flower primordium (Weigel et al., 1992). In Arabidopsis, LEAFY expresses at low 

level in leaf and its response varies depending upon environmental cues and plant 

age. As LEAFY expression increases, it accelerates flowering describing that 

LEAFY is important for determination of flowering time. However, due to effect of 

environmental conditions, its effect is secondary for control of flower timing 

(Weigel and Nilsson, 1995; Blazquez et al., 1997). 

In Arabidopsis flower stamen and carpel are conferred by MADS box and 

AGAMOUS (AG) that express normally in center of flower (Bowman et al., 1989; 

Drews et al., 1991). LEAFY as floral identity gene function as upstream regulation 

of AG but AG also express in late developmental stages and in stem of LEAFY 

mutants, indicating that LEAFY also regulate AG in negative manner (Weigel and 

Meyerowitz, 1993). Initial results also suggest that LEAFY has primary effect on 

AG activation because LEAFY normally interacts with region specific co-

regulators that restrict AG expression to a subset of LEAFY expressing cells (Parcy 

et al., 1998). LEAFY activation and AG regulation describes synergistic 

enhancement by action of LEAFY independent activator of AG and cryptic 
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regulatory elements that define repression of AG in different regions of flowers 

(Busch et al., 1999). LEAFY binds to AGI and AGII and as well as at AP1 

promoter (Busch et al., 1999; Parcy et al., 1998) but do not bind with AG sites as 

strong as with AP1 (Busch et al., 1999). These findings indicate that binding of 

LEAFY is critical for transcriptional activation mediated by the 3’ AG enhancer 

(Busch et al., 1999). There are also other genes known as integrator, that are 

responsible for upstream regulation of LEAFY and AP1 and mutation in these 

integrators severely delay flowering in different conditions. FLOWERING 

LOCUS T (FT) and SUPPRESSOR OF OVEREXPRESSION OF CO1 (SOC1) are 

basic integrators in flower initiation process (Bernier and Claire, 2005). 

Arabidopsis LEAFY gene overexpression has ability to accelerate flowering 

even in the heterologous plants (Weigel and Nilsson, 1995) and there are variations 

among plants how LEAFY interacts other genes to regulate flowering. LEAFY 

showed strong meristematic expression when transformed in poplar and 

Arabidopsis under the control of CaMV35S promoter. These plants were of bushy 

structure; shorter internodes, smaller and deformed leaves and few of them 

flowered few days earlier than control. The flowers had abnormal structure with 

fused carpels and rudimentary ovules (Rottmann et al., 2000). Overexpression of 

LEAFY in aspens also produced bushy plant, stunted growth and terminal 

flowering with flowering period within a year (Weigel and Nilsson, 1995).  

The LEAFY gene encoding a transcription factor is one of controllers for flower 

initiation in plants. In Arabidopsis, expression of LEAFY gene at threshold level 

was observed due to several internal and environmental factors. This 

overexpression proceeds in the floral meristem (Blazquez et al., 1997). The 

conserved structure of LEAFY suggested that this gene is universal integrator of 

external and internal signals that promote flower induction and maintain 

inflorescence identity (Blazquez and Weigel, 2000; Araki, 2001; Boss et al., 2004). 

Normal phenotype was observed when NEEDLY, the pine homologue of LEAFY, 

was transformed in LEAFY mutant Arabidopsis (Mouradov et al., 1998) while no 

effect on flowering time was observed when NFL1 and RFL (LEAFY homologue 

in tomato) were transformed in Arabidopsis (Ahearn et al., 2001; Kyozuka et al., 

1998). UNIFOLIATA and FALSIFLRA, LEAFY homologues in pea and tomato, 

respectively control compound leaf formation as basic function (Hofer et al., 1997; 
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Molinero-Rosales et al., 1999). In grasses LEAFY homologues expression started 

after initiation of inflorescence suggesting that these homologues are important for 

establishment of inflorescence architecture (Kyozuka et al., 1998; Prasad et al., 

2003; Bomblies et al., 2003; Bomblies and Doebley, 2005). Vorobiev et al. (2005) 

studied variation in LEAFY fragments homologs in Brassica plants describing that 

LEAFY intron 2 is genome specific and LEAFY polymorphism comprising 

Brassica accession genome relates to geographic origin and adaptation to day 

length. 

In Nicotiana, NFL, an ortholog of LEAFY, defines the region of apical 

meristem including emerging leaf primordial (Kelly et al., 1995). It is supposed 

that NFL/ LEAFY plays a leading role in flower initiation as expression of 

Arabidopsis LEAFY gene in Nicotiana induces early flowering (Weigel and 

Nilsson, 1995). Therefore, it can be suggested that there is competence to 

flowering and LEAFY expression in Nicotiana and high level of LEAFY activity 

can compensate for low competence at young age (Blazquez et al., 1997).  

In Antirrhinum, expression of FLORICAULA (FLO); another ortholog of 

LEAFY; has same function as of LEAFY in Arabidopsis (Coen et al., 1990) and 

found tightly correlated with floral induction (Bradley et al., 1996). FLO 

expression was not detected during early vegetative phase but its expression was 

observed after flower induction in newly emerging floral primordia (Bradley et al., 

1996), describing that competence plays minor role in Antirrhinum. 

LEAFY in Arabidopsis and its orthologues from other plants describe the fate 

of plant when and how to bloom (Wada et al., 2002). In most of plants such as 

Arabidopsis, Snapdragon, pea, tomato, petunia and poplar, single copy of LEAFY 

homologues have been determined (Weigel et al., 1992; Hofer et al., 1997; Souer 

et al., 1998; Molinero-Rosales et al., 1999; Rottman et al., 2000). While 

Eucalyptus and apple have three and more then three LEAFY homologues 

respectively, out of that only one gene is functional (Southerton et al., 1998; Wada 

et al., 2002). Basal angiosperm and gentales do not always describe single copy of 

LEAFY family but angiosperm may contain decreased LEAFY copy number then 

ancestral plants (Frohlich and Parker, 2000).  
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LEAFY and its homologue gene express in floral organs, leaf primordia and 

leaves, vegetative and floral meristem. Delay in flowering time has been detected 

in LEAFY (Blazquez et al., 1997) but not in FLO (Coen et al., 1990), UNI (Hofer 

et al., 1997) or ALF (Souer et al., 1998). In tomato, transition to reproductive 

phase is regulated by SELF PRUNIN (SP); orthologue to CENTROADIALIS 

(CEN) and TERMINAL FLOWER 1 (TFL1) and mutation in SP progressively 

reduced in shoot until two consecutive inflorescences. However, in Arabidopsis, 

LEAFY exclude TFL1 expression in floral meristem and TFL1 prevents LEAFY 

expression (Ratcliffe et al., 1999). In Arabidopsis, during vegetative phase level of 

LEAFY expression is critical for flower initiation and its level changes with age of 

plant. Therefore, young meristem would be less competent to respond to LEAFY 

activity as compared to older meristems (Blazquez et al., 1997).  
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CHAPTER 2CHAPTER 2CHAPTER 2CHAPTER 2    

Materials and Methods 

 

The study, organogenesis and Agrobacterium mediated transformation through 

mature soybean cotyledonary node (half seed) method as described by Paz et al. 

(2006) was followed with some modifications. Brief methodology is given below.  

2.1 Direct organogenesis of Soybean by Cotyledonary Node Half 

Seed Method 

Plant Material 

The seeds of two soybean (Glycie max L.) cultivars, NARC-4 and NARC-7 

were collected from National Agriculture Research Center (NARC) Islamabad, 

Pakistan.  

All the chemicals used in the experimental work were of the highest grade of 

purity. Chemicals were purchased from Sigma Chemical Co: USA and E. Merck of 

Germany other wise mentioned. The glassware used was made of borosilicate. 

Seed Sterilization and Explant Preparation 

The healthy seeds were separated and washed under running tap water. Under 

aseptic condition, these seeds were treated with 0.1% (w/v) Mercuric Chloride for 

five min followed by three rinses with distilled autoclaved water. Approximately 

20 seeds were placed in Petri plate and dipped in sterilized water. The Petri plates 

were completed covered with aluminum foil for darkness and kept at room 

temperature (25°C). After 16 hrs, the seeds were vertically bisected along the 

helim to separate the cotyledons. Seed coat was removed and more then half 

embryo was cut along the rooting end. This made the mature seed cotyledonary 

node exposed and each seed produced two explants. 

Culture Media and Plant Growth Regulators 

For direct organogenesis from half seed cotyledonary node, whole procedure 

was divided into four steps: 
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i. Resting Media 

ii. Shoot Induction media 

iii. Shoot elongation media 

iv. Rooting media 

Resting Media 

The explants (bisected soybean seeds) were inoculated on the medium 

containing B5 (Gamborg et al., 1968; Annexure I) salts and iron source, 3% 

Sucrose, 3.9g/l 4-morpholine etanesulfonic acid (MES) and 0.7% Agar. pH was 

adjusted at 5.7. Filter sterilized B5 vitamins were added after autoclaving. In each 

Petri plate (100mm x 15mm), 10-15ml media was poured and six explants were 

placed in each Petri plate (adaxial side touching the media). The explants remained 

on resting media for 5 days.   

Shoot Induction Medium (Stage I, SI & SII) 

Shoot induction medium contained B5 slats and iron source, 3% sucrose, 

0.59g/l MES and 0.8% agar. pH was adjusted at 5.7. Filter sterilized B5 vitamins 

were added after autoclaving. For shoot elongation, a volume of 20ml media was 

poured in each Petri plate and 5-6 explants were placed in each Petri plate as 

abaxial side touching the media. The media was refreshed after 14 days and a fresh 

cut was made at the base of each explant.  

Shoot Elongation Medium (Stage II, SE I-IV) 

Shoot elongation medium consist of MS (Murashige and Skoog, 1962; 

Annexure II) salts and iron source, 3% sucrose, 0.59g/l MES and 0.8% agar. Filter 

sterilized B5 vitamins, asparagines (50mg/l) and L-pyroglutamic acid (100mg/l) 

were added in the medium after autoclaving in laminar flow hood. Approx 30 ml 

media was poured in each magenta jar. The media was changed after 14x4 days 

and a cut was made at the base at each transfer. 

Growth Regulators 

The plant growth regulators were added after filter sterilization. Same 

concentrations were maintained in the all media (resting, induction and 

elongation). Three cytokinins (6-benzylamino purine, BAP; Kinetin, Kin; Zeatin 

roboside, ZTR) with two concentrations each (1.0 mg/l & 2.0 mg/l) were tested for 

soybean plant regeneration capability from mature half seed nodal segment.  
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All in vitro cultures were kept in growth chamber at 23±1°C, illuminated with 

white florescent light (10000 lux) and 16/8 photoperiod. 

Rooting Medium  

When regenerated shoots attained height 3-4 cm, they were separated from the 

base and placed on rooting medium such that at least ½ to 1 cm inserted in the 

medium. Rooting medium consisted of half strength MS salts and iron, 0.59g/l 

MES, 2% sucrose solidified with 0.8% agar at pH 5.7. Three different 

concentrations of Indole 3 butyric acid (IBA) were tested that were 0mg/l, 1 mg/l 

and 5mg/l.  

Acclimatization  

The rooted plants (2-3 roots or 3-4 cm long root) were transferred to plastic 

pots containing sterilized clay and sand (1:1). The pots were completely covered 

with polythene bags to retain high humidity and plants were watered with Hogland 

solution for 10-14 days. After that the polythene bags were gradually removed and 

plants were transferred to clay pots containing soil and manure (2:1) and shifted to 

green house.  

Further Studies 

Depending upon regeneration efficiency and number of shoots per explant, a 

new experiment was designed. NARC-4 soybean bisected explants were cultured 

on the medium containing BAP (1mg/l) at resting and shoot induction medium 

while ZTR (1mg/l) was supplemented into medium during shoot elongation phase. 

GA3 and IAA were also added as mentioned in table 2.1 (Paz et al., 2006). Effect 

of seed imbibition in water for 12, 16 and 20 hr before explant preparation was 

also studied.  

Statistical Analysis 

For each experiment, 50 seeds (100 explants) were inoculated per treatment. 

The percentage response, shoot number and shoot length was recorded after 60-80 

days of first inoculation while rooting efficiency was observed after 30 days of 

shoot inoculation on rooting medium. Each soybean explant (half seed) was 

considered as experimental unit per treatment. Regeneration data was analyzed 
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with LSD or t test at probability level p=0.05 using the Statistical Analysis System 

package (SAS Institute v. 9.1).  

 
 
 

Table: 2.1: List of media components used for soybean plant regeneration 

* Filter sterilized added after autoclaving 

 

 

Components Resting 
medium 

Shoot 
Induction 
Medium I 
(SIM I) 

Shoot 
Induction 
Medium II 
(SIM II) 

Shoot 
Elongation 
Medium 

(SEM I-IV) 

Rooting 
Medium 

MS salt ---- ---- --- 1X 1X 

B5 Salts 1X 1X 1X ---- --- 

MS Iron 1X 1X 1X 1X 1X 

*B5 Vitamins 1X 1X 1X 1X ---- 

MES (g/l) 3.9 0.59 0.59 0.59 ---- 

Sucrose (%) 3 3 3 3 2 

Nobel Agar 
(%) 

0.4 0.7 0.7 0.7 0.7 

pH 5.4 5.7 5.7 5.7 5.7 

*BAP (mg/l) 1.0 1.0 1.0 ----- ---- 

*GA3 (mg/l) 0.25 ---- ---- 0.5 ----- 

*IAA (mg/l) ---- ---- ---- 0.1 ---- 

*Asparagine 
(mg/l) 

---- ----- ---- 50 ---- 

*Pyro 
Glutamic acid  
(mg/l) 

---- ----- ---- 100 ---- 

*ZTR (mg/l) ---- ---- ---- 1.0 ---- 

IBA (mg/l) ---- ---- ---- ---- 1.0 
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2.2 Soybean Agrobacterium Mediated Transformation:  

Conditions Standardization  

Agrobacterium Preparation 

Agrobacterium tumefaciens strain EHA101 stock was made by streaking on LB 

agar medium containing 50mg/l kanamycin and incubated at 25°C until colony 

formation. EHA101 contain p35SGUSint, GUS gene under the control of 35S 

Cauliflower Mosaic Virus (35S) promoter and NOS terminator. While, nptII gene 

was under the control of NOS promote and NOS terminator (Figure 2.1). Single 

colony of EHA101 was re-cultured in 50ml LB medium containing 100mg/l 

Kanamycin for 24 hrs for better selection. A volume of 100µl was suspended in 

50ml LB medium and kept overnight in shaker incubator at 120rpm and 25°C. One 

hr before infection, the culture was centrifuged (Eppendorf 5810R) at 4000rpm and 

at 4°C for 10 min. The pellet was re-suspended in infection medium until the 

OD600 reached 1.0. now termed as Agro-suspension culture. 

 

Figure 2.1: T-DNA region of transformation vector p35SGUSintnptII LB Left 
Border, 35SP 35 S Promoter, GUS beta-Glucuronidase gene, NOST 3-Nopaline 
synthase terminator, NOSP 3-Nopaline synthase Promoter, RB Right Border 

 

Explant Preparation and Inoculation 
 Glycine max L. cultivar NARC-4 was selected due to its better regeneration 

efficiency to analyze transient GUS expression. Healthy seeds were separated and 

washed under running tap water. Under aseptic conditions, the seeds were treated 

with 0.1% Mercuric chloride (w/v) for 5 min followed by 3-4 rinse with autoclaved 

distilled water. In each petri plate, 20 seeds were completely dipped in autoclaved 

distilled water and petri plates were raped with aluminum foil for complete 

darkness and kept at 25°C. After 16 hr, the seeds were vertically bisected along the 

helim to separate the cotyledons. Seed coat was removed and more then half 

embryo was cut towards the rooting end. This made the mature seed cotyledonary 

node exposed and each seed produced two explants. Approximately 100 explants 

GUS LB NOS Ter NOS Ter NPTII NOS pro RB 35 S Pro 
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were inoculated in 100ml of A. tumefaciens suspension culture in infection 

medium (Table 2.2). After specific time, the explants were removed and placed on 

filter paper to remove excess infection medium containing Agrobacterium culture. 

In each Petri plate (100mm diameter x 15mm deep), ~15ml co-cultivation media 

(Table 2.2) was poured and on solidification a Wattman filter paper was placed to 

avoid excessive growth of Agrobacterium. Five explants (adaxial side down) were 

randomly placed in each petri plate. The petri plates were raped with Parafilm and 

kept in growth room at 25°C and 1000 lux light with 16/8 photoperiod. 

Parameter Studied 

• Cutting of explants in water, in infection medium and in Agro-suspension 

culture 

• Infection for 30min, one hr, three hr or five hr 

Selection and Plant Regeneration 

After three-five days on co-cultivation medium, explants were dipped in 

washing medium containing Cefotaxime (1g/l) with occasional shaking to kill 

Agrobacterium. The explants were again rinsed with washing medium containing 

Cefotaxime (500mg/l) and air dried on filter paper. A cut was made at the base of 

explant and transferred to shoot induction medium I (SIM I, Table 2.2) for next 14 

days. After the time the shoots and roots emerged from any part of explant were 

cut and discarded while 5 explants/Petri plate were placed on Shoot Induction 

Medium II (SIM II; Table 2.2) again for 14 days. The explants were then 

transferred on Shoot Elongation Medium (SEM I-IV) for 6-8 weeks. The explants 

were transferred on fresh media after each 14 days and a cut was made at the base 

of each explant at each transfer.  

Parameter Studied 

• Co-cultivation time period, three, four and five days 

• Washing time period, 30 min, 1hr and two hr 

• Kanamycin concentration, 20, 30, 40, 50 mg/l in SIM II and SEM medium 
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Transient GUS expression 

After 14 days on SIM I and after 6-8 weeks on SEMIV complete explant was 

analyzed for transient GUS expression (Figure 2.2). Histochemical staining of 

GUS activity was performed by incubating tissue sections in GUS solution as 

described by Jefferson et al., 1987 (Annexure III). 

Statistical Analysis 

For each experiment to optimize transformation condition, 100 explants were 

infected. For one condition, other parameters were kept constant (described as a 

note below each table). Percentage response was measured from the explants 

survived at SIMI for all parameters studied except kanamycin concentration. For 

kanamycin concentration; percentage response was measured by the shoots 

survived at SEM IV. Each explant was considered as experimental unit. The data 

was analyzed by DMRT at probability level 0.05.  

Further Experiment (Combining all experiments) 

On basis of all previous results, a new experiment was designed for NARC-4 

and NARC-7 with following conditions to check genotype specificity of both 

soybean cultivars. 

• Cutting of explants in Agro-suspension culture 

• Infection time 1 hr 

• Co-cultivation for 5 days 

• Washing time 2 hr 

• Kanamycin concentration was varied in SIM II and SEM I-IV as following 

During SIM II, Kanamycin 30mg/l; for SEM I, 20 mg/l; for SEM II & III, 40 

mg/l while for SEM IV, 20mg/l. if explants were kept on SEM for additional 

14 days (SEM-V), kanamycin was not added 

GUS Expression and Polymerase Chain Reaction 

The plants survived at SEMIV were subjected for GUS assay (leaves and stem 

parts). The plants showing GUS expression were subjected to polymerase chain 

reaction (PCR). Leaf explants were used for extraction of genomic DNA by CTAB 

method previously described by Doyle and Doyle (1990) and modified by Sharma 
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et al., 2003 (Annexure IV). PCR was performed for detection of nptII and GUS 

genes (Annexure V). The primer sequences used for nptII were 5-

AAGATGGATTGCACGCAGGTTC-3 and 5-

GAAGAACTCGTCAAGAAGGCGA-3. While for GUS gene, primers used were 

5-AACTGGACAAGGCACTAGCGG-3 and 5-

TGCGACCTGACCGTACTTGAA-3. Plasmid extracted (Annexure IV) from EHA 

101 was used as positive control and PCR products were run on 1.5% agarose gel 

(Annexure VII). 

 

 

Co-Cultivation
(Days)

Shoot 
Elongation 
medium (I-IV)
(14 x 4 Days)

Shoot 
Induction 
Medium I
(14 days)

Rooting 
medium
(20-30 Days)Acclimatization 

Explant 
Preparation 

Shoot 
Induction 
Medium II
(14 days)

GUS Expression

GUS 
Expression

Infection (hr)

Agro Culture

Wash

S
E
L
E
C
T
I
O
N

M
E
D
I
U
M

Molecular and 
Morphological Analysis

*

* * *

*

 

Figure 2.2: Flow sheet describing different steps for soybean transformation 
 *Describes parameters optimized 
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2.3 LEAFY and Rol gene Transformation in Soybean 

Agrobacterium Strains 

A. tumefaciens strain EHA105 harboring pROKIILEAFYGUSint was provided 

by Dr. Martinez Zapater, Instituto Nacional de Investigacion Y Tecnologia, 

Madraid, Spain. The T-DNA region contain LEAFY gene of Arabidopsis under the 

control of Cauliflower Mosaic Virus 35S promoter (CaMV35S) with GUS gene as 

reporter and nptII as selectable marker driven by Nos promoter (Figure 2.3). 

 

Figure 2.3: T-DNA region of transformation vector pROKIILEAFYGUSint. 

LB Left Border, 35SP 35 S Promoter, GUS beta-Glucuronidase gene, NOST 3-

Nopaline synthase terminator, LEAFY gene, NOSP 3-Nopaline synthase Promoter, 

RB Right Border 

 

LBA4404 harboring pLBR containing rol gene (A, B and C) with nptII used 

for transformation was provided by Dr. David Tepfer, Institut National de la 

Recherche Agronomique, Versailles 78026, France. pLBR T-DNA flanking in 

right and left border, contain rol gene (A, B and C) that was driven by CaMV70S 

promoter and 35S terminator while nptII under CaMV35S promoter and NOS 

terminator (Figure 2.4, 2.5, 2.6). 

 

LB NOST   LEAFY     RB NPTII NOST NOST NOSP 35SP 35SP GUS 



 

 

Figure 2.4: T-DNA region of transformation vector pLBRRolAnptII 

Figure 2.5: T-DNA region of transformation vector pLBRRolBnptII 

 

 Figure 2.6: T-DNA region of transformation vector pLBRRolCnptII 

 
 
LB left border, 35SP 35S promoter, nptII neomycin phosphotransferase, NOST 
nopaline synthase terminator, 35ST 35S terminator, RB right border
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Agrobacterium Culture 

EHA105 or LBA4404 stock vials stored at -80°C were cultured in LB or 

MYA medium (Annexure VIII) respectively. The 100ml flask containing 50ml 

medium was placed in incubator shaker at 100rpm and 25°C. After 48 hrs, the 

cultures were streaked on respective medium containing 100µg/ml Kanamycin and 

2% agar in Petri plates. A single colony was picked and re-cultured in LB or MYA 

medium for 24 hrs. The culture was centrifuged at 4000 rpm (Eppendrof 5810R) 

for 5min at 20°C. The pellet was re-suspended in infection medium. O.D600 was 

adjusted 1.0 by infection medium 

Soybean Cultivar and Transformation 

Soybean cultivar NARC-4 was selected due to better regeneration and 

transformation ability. Transformation procedure was divided into three stages; co-

cultivation stage; shoot induction stage; shoot elongation stage. Flow sheet (Figure 

2.6) describes step-by-step procedure. All the cultures were maintained in growth 

room illuminated by white florescent light (10000 lux) under photoperiod 16/8 

light dark cycle and 25°C. 



 

Sterilized Seed were imbedded in dark in 
sterilized distilled water for 16hr 

Seeds were cut vertically in Agro-suspension culture 
and half embryo were removed at pointed end 

The explants were placed on shoot induction medium (SI) for 14 days 
containing B5 salts with iron source, 30g/l sucrose, 0.7% agar and 0.59g 
MES (pH 5.7). Filter sterilized B5 vitamins, BAP 1mg/l and 500mg/l 
cefotaxime were added after autoclaving. (~20ml/ 100 x 15mm Petri 
plate) A cut was made at the base and explants were placed on the 
medium that adaxial side touching the medium. 

The explants were washed for 2hr in washing medium containing B5 
salts with iron source, 30g/l sucrose, 0.59g/l MES (pH5.7). Filter 
sterilized B5 vitamins, 1mg/l BAP and 1g/l cefotaxime were added after 
autoclaving. The flask was placed on shaker at 50rpm/min and 25°Cfor 
two hrs. The explants were again rinsed with washing medium 
containing 500mg/l cefotaxime 

The explants were co-cultivated for 5 days on co-cultivation medium 
containing B5 salts with iron source, 30g/l sucrose, 3.9g/l MES, 
0.5%agar (pH 5.4). Filter sterilized B5 vitamin, 0.25 mg/lGA3, 1mg/l 
BAP, 400mg/l Cystine, 154mg/l DTT and 40mg/l aceosyringone were 
added after autoclaving. (~10ml/ 100 x 15mm Petri plate) Sterile filter 
paper was overlaid on medium when solidified. The explants were placed 
as abaxial side touching the medium 

The explants were infected with Agrobacterium for 1hr in infection 
medium containing B5 salts with iron source, 30g/l sucrose, 3.9g/l MES 
(pH5.4). Filter sterilized B5 vitamins, 1mg/l BAP, 0.25mg/l GA3 and 
40mg/l acetosyringone were added after autoclaving. The flask was 
placed in shaker at 50rpm and at 25°C. 

Stage I  

Stage II (SI-SII)  



 

 

The explants were placed at shoot elongation medium (SEI) for 14 days 
containing B5 salts with iron source, 30g/l sucrose, 0.7% agar and 0.59g 
MES (pH 5.7). Filter sterilized B5 vitamins, ZTR 1mg/l, 50mg/l 
Aspragine, 100mg/l L-pyroglutamic acid, 250mg/l cefotaxime and 20mg/l 
kanamycin was added after autoclaving. (~30ml / magenta jar) A cut was 
made at the base of each explant. 

The explants were placed at shoot elongation medium (SEII-III) for 14x2 
days containing B5 salts with iron source, 30g/l sucrose, 0.7% agar and 
0.59g MES (pH 5.7). Filter sterilized B5 vitamins, ZTR 1mg/l, 50mg/l 
Aspragine, 100mg/l L-pyroglutamic acid, 250mg/l cefotaxime and 40mg/l 
kanamycin was added after autoclaving. (~30ml / magenta jar) A cut was 
made at the base of each explant. 

The explants were placed at shoot elongation medium (SEIV) for 14 days 
containing B5 salts with iron source, 30g/l sucrose, 0.7% agar and 0.59g 
MES (pH 5.7). Filter sterilized B5 vitamins, ZTR 1mg/l, 50mg/l 
Aspragine, 100mg/l L-pyroglutamic acid, 250mg/l cefotaxime and 
20mg/l kanamycin was added after autoclaving. (~30ml / magenta jar) A 
cut was made at the base of each explant. 

The explants were placed at shoot induction medium (SII) for 14 days 
containing B5 salts with iron source, 30g/l sucrose, 0.7% agar and 0.59g 
MES (pH 5.7). Filter sterilized B5 vitamins, BAP 1mg/l and 250mg/l 
cefotaxime and 30mg/l kanamycin were added after autoclaving. (~20ml/ 
100 x 15mm Petri plate) A cut was made at the base of each explant. 

Stage III (SEI-SEIV/V)  



 

Figure 2.7: Flow sheet of different steps of soybean half seed cotyledonary 

node Agrobacterium mediated transformation 

After emergence of 3-4 roots, the plants were removed out, washed under 
running tap water and planted in plastic pots containing vermiculite. 
Transparent polythene was shed at each pot to retain high humidity and 
pots were kept in growth room. The plants were watered with Hoglad 
solution (Annexure X) when required. 

When the plants attained height 8-10cm, they were transferred to green 
house in pots containing leaf manure and soil (1:3). 

The regenerated shoots when attained height 3-4 cm, they were separated 
from the base and placed on rooting medium such that at least ½ to 1 cm 
inserted inside the medium. Rooting medium consist of half strength MS 
salts and iron, 0.59g/l MES, 2% sucrose and 1mg/l IBA solidified with 
0.7% agar at pH 5.7. 

The explants were placed at shoot elongation medium (SEV) for 
additional 14 days (if required) containing B5 salts with iron source, 
30g/l sucrose, 0.7% agar and 0.59g MES (pH 5.7). Filter sterilized B5 
vitamins, ZTR 1mg/l, 50mg/l Aspragine, 100mg/l L-pyroglutamic acid, 
and 250mg/l cefotaxime were added after autoclaving. (~30ml / magenta 
jar) A cut was made at the base of each explant.  

Rooting and Acclimatization 



 

Molecular and Morphological Analysis 

The regenerated plants were analyzed for presence of LEAFY/rol genes. The 

Primer sequences used for PCR analysis are given below: 

LEAFY  F: 5' -GTTGGTGAACGGTACGGTAT-3' 

  R: 5' -ACTAGAAACGCAAGTCGTCGTCG-3' 

 

rolA  F-5' AGA ATG GAA TTA GCC GGA CTA 3' 

  R- 5' GTATTAATCCCGTAGGTTTGT TT-3' 

 

rol B  F: 5' -GCTCTTGCAGTGCTAGATTT-3' 

  R: 5'-GAAGGTGCAAGCTACCTCTC-3' 

 

rolC  F:  5' -GAAGACGACCTGTGTTCTC-3' 

  R:   5' -CGTTCAAACGTTAGCCGATT-3' 

 

The PCR reagents and conditions are given in Annexure V. LEAFY 

transformants were also analyzed for GUS expression as described by Jefferson, 

1987 (Annexure III). Southern blot analysis was performed for detection of rol A, 

B and C genes by DIG analysis kit (Roche) with some modifications. Detailed 

methodology is given in Annexure IX.  

The transformed plants were also studied for morphological changes as 

compared to control plants. Different parameters were observed and recorded. 

 



 

2.4 Agroinjection to Soybean Pod: An Alternative Method of 

Transformation 

DNA construct 

The construct pROKIILEAFYGUSint in EHA 105 was used for pod injection 

experiment. The T-DNA region contain LEAFY gene of Arabdopsis under the 

control of Cauliflower Mosaic Virus 35S promoter (CaMV35S) with GUS gene as 

reporter and nptII as selectable marker (Figure 2.2). Agrobacterium tumefaciens 

strain was grown overnight in LB medium with 50µg/ml kanamycin at 200 rpm 

and 27°C. The culture was refreshed by taking 100µl in 50ml LB medium. The 

next day these cultures were centrifuged at 4000rpm (Eppendrof 5810R) and the 

pellet was re-suspended in MS medium of pH 5.7. The OD600 was adjusted at 1.0 

by MS medium. 

Plant Material and Transformation 

Soybean varieties NARC-4 and NARC-7 were grown in plots containing leaf 

manure. Transformation procedures were performed at three different stages of 

soybean pod filling with the help of 1-ml syringe with a 0.5 x 16 mm needle. 

Agrobacterium was injected at three different stages (Figure 2.7); first within two 

days of soybean pod formation. Second inoculation was done after 8-10 days of 

soybean pod formation when soybean seeds were 3-4mm in size while third 

inoculation was performed when soybean seeds have been developed but still 

green. Pods injected with Agrobacterium strain were tagged and seeds were 

collected when ripened.  



 

 

       

 

     

 

     

 

Figure 2.8: Injection of Agrobacterium to soybean pods: (a) Agroinjection to stage I of 

soybean (b) Pod at stage I (c) Agroinjection to stage II (d) Pod at stage II (e) Agroinjection 

at stage III (f) Pod at stage III (i) Seed of soybean after repining  

 



 

Selection of Transformants 

After collection, half viable seeds of soybean were socked in distilled water 

for 6 hr and then surface sterilized with 0.1% mercuric chloride solution, rinsed 

thoroughly with distilled autoclaved water. The seeds were placed on ½ MS 

medium containing 100mg/l Kanamycin for germination and the flasks were kept 

in growth room at 25°C and 16 hr photoperiod.  

GUS Histochemistry  

After 21 days of germination, leaves stem and cotyledons of soybean were 

used for histochemical GUS assay. Second half seeds (pre-socked for 12 hr) were 

also assayed for GUS activity (Annexure III).  

Polymerase Chain Reaction 

  The seeds germinated on selection medium and showing GUS expression were 

subjected to polymerase chain reaction. Leaf explants were used for extraction of 

genomic DNA by CTAB method (Annexure IV). PCR was performed for detection 

of NPTII, GUS and LEAFY genes. The primer sequences used for NPTII were 5-

AAGATGGATTGCACGCAGGTTC-3 and 5-

GAAGAACTCGTCAAGAAGGCGA-3. While for GUS gene, primers used were 

5-AACTGGACAAGGCACTAGCGG-3 and 5-

TGCGACCTGACCGTACTTGAA-3. LEAFY gene was polymerased by using 5-

GTTGGTGAACGGTACGGTAT-3 and 5-

ACTAGAAACGCAAGTCGTCGTCG-3 primers. 



 

CHAPTER 3CHAPTER 3CHAPTER 3CHAPTER 3    

Results 

 

 In the present study, soybean cultivars NARC-4 and NARC-7 were analyzed 

for organogenic response from mature half seed’s cotyledonary nodal segment. 

Furthermore, some conditions for Agrobacterium mediated transformation was 

standardized using Agrobacterium tumefaciens strain EHA101 containing GUS as 

reported gene and nptII as selectable marker. Transformation efficiency of both 

soybean cultivars was checked out. Finally LEAFY and rol A, B and C genes were 

transferred in soybean cultivar NARC-4. Morphological dissimilarities were 

studied in comparison with non-transformed plants. Molecular confirmation was 

carried by PCR and Southern blotting analysis. Detailed results are presented in 

different sections. 

3.1 Direct Organogenic Response of Soybean Cultivars 

Effect of different concentrations of cytokinins on shooting 

 Three cytokinins with two concentrations each were tested for direct 

organogenesis from half seed cotyledonary node explants of soybean cultivars 

NARC-4 and NARC-7. It was found that 6-benzyl amino purine (BAP) proved 

best for shoot induction from nodal segments while shoot length was higher in the 

presence of zeatin riboside (ZTR) as compared with other two cytokinins. 

Highest number of shoot regeneration (7.3 shoots/explant) was observed at 

BAP (1.0mg/l) leading to ZTR (7.1 shoots/explant) at same concentration for 

soybean cultivar NARC-4. At these both regulators concentrations, percentage 

response was 88 and 84 respectively while average shoot length was 2.81cm and 

3.08cm respectively. Increasing the concentration from 1.0mg/l to 2.0mg/l of BAP 

or ZTR decreased percentage response and number of shoots per explant. Decrease 

in shoot length was also observed at this concentration (Table 3.1). At 1.0mg/l 

ZTR, in the case of soybean cultivar NARC-7, percentage response was 76 with 

5.8 shoots/explant and average shoot length 2.95cm while at BAP, at same 



 

concentration, percentage response and mean number of shoot/explant was higher 

(82% response and 6.4 shoots/explant) while mean shoot length was low (2.74cm). 

At both concentrations of Kin (1.0mg/l and 2.0mg/l) percentage response from 

both cultivars was 56 to 71%. But at 1mg/l Kin, mean number of shoot per explant 

was higher (4.0) from NARC-7 than NARC-4 (3.4) and for average shoot length 

results were also same (1.89cm for NARC-4 and 5.8 cm for NARC-7).   

 

 

 

 

 

Table 3.1: Effects of different cytokinins on shoot regeneration from cotyledonary 

nodal explants of soybean cv. NARC 4 and NARC 7 

Conc. 
mg/l NARC-4 

Frequency (%) of 
shoot regeneration 

No. of shoots per explant Mean shoot length (cm) 

BAP Kin ZTR BAP Kin ZTR BAP Kin ZTR 
1.0 88aA 71aB 84aA 7.3aA 3.4aB 7.1Aa 2.81aB 1.89aC 3.08Aa 
2.0 68bB 60bB 80aA 2.9bB 1.2bC 3.4bA 2.17bB 1.43bC 2.87Aa 
Conc. 
mg/l NARC-7 

Frequency (%) of 
shoot regeneration 

No. of shoots per explant Mean shoot length (cm) 

1.0 82aA 68aB 76aB 6.4aA 4.0aB 5.8aA 2.74aB 5.8aA 2.95aB 
2.0 54bB 56bB 77aA 1.7bB 1.0bB 3.3bA 2.11bB 3.3bA 2.36bB 

Mean values within a column followed by different small letters are significantly different at the 0.05 
probability level using t test.  

Mean values within a row followed by different capital letters are significantly different at the 0.05 probability 
level using LSD test. 



 

Rooting response of both cultivars 

Three concentration of indole butyric acid (IBA) (0, 1.0 & 5.0mg/l) in 

vitamin less MS medium were tested for rooting response at generated shoots of 

both soybean varieties. IBA at 1.0mg/l was found best for root induction from both 

cultivars. At this concentration NARC-4 responded 76.3% with average root 

number 4.7 / shoot while for NARC-7 the response was 55.3% with mean root 

number 2.2 per shoot. In the presence of only MS salts, NARC-7 responded higher 

(34.2%) than NARC-4 (28.8%) but NARC-4 shoots produced more root than 

NARC-7 shoots at this medium (Table 3.2). Increasing the IBA concentration 

(5.0mg/l), NARC-4 shoots responded 47% higher than NARC-7 that responded 

only 32.5%. At this concentration number of roots at the base of NARC-4 shoots 

was quite high (4.4) than NARC-7 (1.4 roots / shoot).  

Effect of Seed Imbibition and varying BAP and ZTR in medium 

Effect of seed imbibition and changing cytokinin at shoot induction and shoot 

elongation phase positively affected shooting response from cotyledonary node of 

NARC-4. At resting phase and shoot induction phase BAP (1.0mg/l) was added 

while at shoot elongation phase ZTR was supplemented in the medium. Addition 

of GA3 and IAA at resting and shoot elongation phases, respectively, positively 

affected on regeneration of shoots per explant. When seeds were imbibed in water 

for 16hr, maximum response (92%) with average number of shoot per explant 

(8.3shoots / explant) was observed (Table 3.3). These shoots attained average 

height 2.73cm within two months after explant inoculation. The percentage 

response (86 and 74%) and average shoot length (2.41 & 2.38) were observed 

when seeds were imbibed for 12hr and 20hr, respectively while average numbers 

of shoots per explant were 7.6 & 5.4, respectively. 

 



 

 

 

 

Table 3.2: Effect of IBA on root induction of soybean cultivars NARC-4 
and NARC-7 

Conc. 
(mg/l) 

NARC-4 NARC-7 

% response # of roots/shoot % response # of roots/shoot 
0.0 28.8 2.3b 34.2 1.8b 
1.0 76.3 4.7a 55.3 2.2a 
5.0 47.0 4.4a 32.5 1.4c 

Mean values within a column followed by different letters are significantly different at the 0.05 probability 
level using LSD test. 

 

 

 

Table 3.3: Effect of seed imbibition time on shoot induction of soybean cultivars 

 NARC-4  
Time (hr) % Response No of Shoots/ explant Average Shoot length (cm) 
12 86 7.6b 2.41b 
16 92 8.3a 2.73a 
20 74 5.4c 2.38b 

Mean values within a column followed by different letters are significantly different at the 0.05 probability 
level using LSD test. 



 

 

 

   

 

 

    

 

 

 

 

 



 

 

 

  

 

 

  

 

Figure 3.1: Different stages of soybean cultivar NARC-4 organogenesis at different concentrations of PGRs 



 

 

 

 

 

 

Figure 3.2: Acclimatization of Soybean cultivars NARC-4 and NARC-7

NARC-7 



 

3.2 Agrobacterium Mediated Transformation; Some Conditions 

Standardization  

Effect of explant cutting in different media and infection time 

Soybean NARC-4 seeds were used to optimize some transformation 

conditions. For explant preparation, soybean seeds were imbedded in autoclaved 

water for 16 hr and each seed was cut vertically for two explants from one seed. 

The seed cutting in water, in infection medium or in Agrobacterium-suspension 

(Agro-suspension) culture affected on survival of explants as well as on 

transformation efficiency. Seed cutting in Agro-suspension culture leaded 

maximum survival of explants (60%) as well as T-DNA delivery (48.3% out of 

survived explants). A total of 29 explants (out of 60 inoculated) showed blue spots 

after SIM I. When seeds were bisected in water and in infection medium, 40.4 and 

38.7% GUS expression was observed, respectively. In these mediums survival of 

explants were 47% and 62%, respectively (Table 3.4).  

After preparation of explants, they were allowed to be incontact with 

Agrobacterium for T-DNA delivery to plant cell. Infection time also affected on 

survival of explants and percentage GUS expression. Thirty min infection time was 

best for survival of explant (74%) but it showed less GUS expression (24.3%) on 

explants observed after SIM I (Table 3.5). While 1 hr infection time proved best. 

At this infection time, transient GUS expression was maximum (55.9%) with 68% 

explant survival rate. Increasing infection time upto 3hr or 5 hr showed decline in 

both cases. Explant survival was 65 & 59% with % of GUS expression 44.6 and 

22.0% out of survived explants, respectively.  

 

 



 

 

 

 

Table 3.4: Effect of different explant cutting medium* on genetic 

transformation of   soybean cv NARC-4 

Media No. of 
explants 

Explants survived 
at SIMI (%) 

Explant showing GUS 
expression at SIMI 

% GUS 
expression§ 

Water  100 47 (47%) b 19 c 40.4 b 
Infection 100 62 (62%) a 24 b 38.7 b 
Agro-
suspension 100 60 (60%) a 29 a 48.3 a 

* Co-cultivation for 3 days, infection time 1 hr and washing time 1 hr  
Mean values within a column followed by different letters are significantly different at the 0.05 
probability level using LSD test. 
§% GUS expression = [Explant showing GUS expression / Explants survived at 
SIM-I] x 100 

 

 

 

 

Table 3.5: Effect of different infection time* on genetic transformation of 
soybean cv. NARC-4  
 

Media No. of 
explants 

Explants survived 
at SIMI (%) 

Explant showing GUS 
expression at SIMI 

% GUS 
expression§ 

30 min 100 74 (74%) a 18 c 24.3 c 
1 hr 100 68 (68%) b 38 a 55.9 a 
3hr 100 65 (65%) b 29 b 44.6 b 
5hr 100 59 (59%) c 13 d 22.0 d 

* Explant cutting in infection medium, co-cultivation for 3 days and washing time 1 hr 
Mean values within a column followed by different letters are significantly different at the 0.05 
probability level using Duncan’s multiple range test. 
§% GUS expression = [Explant showing GUS expression / Explants survived at 
SIM-I] x 100 

 



 

Effect of co-cultivation and washing time 

For batter T-DNA delivery into plant cell and integration into plant genome, 

co-cultivation time period (3, 4 & 5 days) was studied. It was found that five days 

co-cultivation time was optimum for maximum GUS expression from explants 

survived on SIM I (Table 3.6). After 5 days co-cultivation time, maximum GUS 

expression (55.17%) was observed with minimum survival of explants (58%). 

After 3-days co-cultivation time, 40 explants out of 77 showed GUS expressions 

(51.9% response) while 31 explants out of 64 (48.4%), survived on SIM I, showed 

blue coloration in the case of 4-days co-cultivation.  

After co-cultivation, washing of explants with high concentration of antibiotic 

is essential to completely remove / kill Agrobacterium. Time is important factor 

for survival of explants for next stages. Minimum survival of explants (28%) was 

observed with GUS expression 39.2% (11 out of 28) when explants were washed 

for 30 min in infection medium containing 1g/L cefotaxime. Increasing washing 

time period scored high number of survival of explants and GUS positive response 

(Table 3.7). Thirty four explants out of 61 survived at SIM I (55.7%) showed GUS 

expression when washed for 2 hr. While 1 hr washing endured 57 explants, out of 

those 30 explants (52.6%) showed blue color at explants describing presence and 

expression of GUS gene in plant cell.  

 



 

 

 

 

 

Table 3.6: Effect of different co-cultivation time* on genetic transformation of 
soybean cv. NARC-4  
 

Days No. of 
explants 

Explants survived 
at SIMI (%) 

Explant showing GUS 
expression at SIMI 

% GUS 
expression§ 

3 days 100 77 (77%) a 40 a 51.9 b 
4 days 100 64 (64%) b 31 b 48.4 c 
5 days 100 58 (58%) c 32 b 55.17 a 

* Explant cutting in infection medium, infection time 1hr and washing time 1 hr 
Mean values within a column followed by different letters are significantly different at the 0.05 
probability level using LSD test. 
§% GUS expression = [Explant showing GUS expression / Explants survived at 
SIM-I] x 100 
 
 
 
 
 
 
 
Table 3.7: Effect of different washing time* on genetic transformation of 
soybean cv. NARC-4  
 

Time No. of 
explants 

Explants survived 
at SIMI (%) 

Explant showing GUS 
expression at SIMI 

% GUS 
expression§ 

30min 100 28 (28%) b 11 b 39.2 c 
1hr 100 57(57%) a 30 a 52.6 b 
2hr 100 61 (61%) a 34 a 55.7 a 

* Explant cutting in infection medium, co-cultivation for 3 days and infection time 1 hr 
Mean values within a column followed by different letters are significantly different at the 0.05 
probability level using LSD test 
§% GUS expression = [Explant showing GUS expression / Explants survived at 
SIM-I] x 100 



 

Effect of Kanamycin concentration in selection medium 

Kanamycin concentration in selection medium drastically affected on 

regeneration of shoots emerging from explants. At 20mg/l kanamycin, 54 explants 

showed shooting response or embryo formation. At SEM-IV average 1.6 shoots/ 

explant were counted. Seventeen shoots out of 48 survived on selection medium 

(35.4%) showed GUS expression (Table 3.8). While at selection medium, 

containing 30mg/l kanamycin, 21 regenerated shoots (63.6%) were positive for 

GUS activity out of 33 survived on selection medium. Increasing the kanamycin 

concentration decreased survival of explants as well as regeneration of shoots. 

Only 24 explants responded with 0.8 average numbers of shoots per explant when 

cultured on selection medium containing 40mg/l kanamycin. At this medium 8 

shoots were survived at SEM-IV, out of that 5 shoots (62.5% response) showed 

blue coloration at leaf and stem explants when stained with GUS solution. At 

50mg/l kanamycin, 2 shoots out of 3 showed GUS expression determining 66.6% 

transformation. At this concentration of kanamycin, only 16 explants out of 100 

explants responded.  

 

 

Table 3.8: Effect of Kanamycin concentration* on genetic transformation of 
soybean cv. NARC-4  
 

Conc. 
(mg/l) 

No. of 
explant 

Responding 
explants at 
SEM IV 

Embryo/shoot 
per explant at 
SEM IV 

# of shoot 
survived 
at SEMIV 

GUS positive 
(Stem & 
leaves) 

% GUS 
response§ 

20 100 54 (54%) a 1.6 a 48 a 17 b 35.4 c 

30 100 47 (47%) b 1.1 b 33 b 21 a 63.6 b 

40 100 24 (24%) c 0.8 c  8 c 5 c 62.5 b 

50 100 16 (16%) d 0.2 d 3 c 2 c 66.6 a 
* Explant cutting in infection medium, infection time 1hr, washing time 1hr and co-cultivation for 3 
days 
Mean values within a column followed by different letters are significantly different at the 0.05 
probability level using Duncan’s multiple range test. 
§% GUS expression = [Explant showing GUS expression / Explants survived at 
SEM-IV] x 100 



 

      

    

 

    

 Control      Control 

Figure 3.3: GUS expression of different Soybean NARC-4 explants at different 

stages of transformation 



 

Transformation efficiency of two soybean cultivars NARC-4 & NARC-7 

Combining all best conditions with varying concentration of kanamycin in 

selection medium, response of soybean genotypes NARC-4 and NARC-7 was 

observed. Both cultivar seeds were cut in Agro-suspension culture, infected for 2 

hr, co-cultivated for 5 days and washed for two hr in washing medium containing 

1g/l cefotaxime. Kanamycin concentration was varied in SIM II and SEM I-IV 

with a range 20-40 mg/l. For NARC-4, 120 explants were infected with 

Agrobacterium tumefaciens. At the end of SEM IV, 56 shoots were counted, out of 

that 34 shoots (60.7%) showed blue coloration. Only 21 shoots out of 34 rooted 

showing 17.5% transformation efficiency from total number of explants at the start 

of experiment (Table 3.9) while 10% transformation efficiency was observed from 

soybean cultivar NARC-7. At the end 7 out of 12 plants successfully produced 

roots and showed GUS expression.  

DNA isolated from leaf of GUS positive and non-transformed plants along with 

p35SGUSint plasmid isolated from EHA101 (positive control) were subjected for 

amplification of nptII and GUS genes fragments. Presence of 1100bp fragment for 

nptII and 781bp fragment for GUS gene confirmed integration of T-DNA into 

plant genome. These fragments were not observed in control non-transformed 

plants (Figure 3.5).  

 

 

Table 3.9: Transformation efficiency of two soybean cultivars by A. 

tumefaciens EHA101 harboring GUSint35S 

 

 

 

Cultivar No of 
explants 

No. of shoots 
produced 

No. of GUS 
positive shoots 

% 
response 

GUS+ plant’s 
rooting response 

NARC-4 120 56 34 60.7 21 (17.5%) 

NARC-7 70 29 12 41.3 7 (10%) 



 

 

 

  

 

 

 

Figure 3.4: Acclimatization of Soybean transformed plants 



 

 

 

 

 

 

Figure 3.5: PCR product of soybean NARC-4 transformed plants 

 M= 100bp Marker; P= Plasmid Positive control; C= Negative Control 

untransformed plant; 1-9, 1-6 Transformed plants 

 

GUS 1100bp 



 

3.3 LEAFY and Rol gene Transformation 

Transformation Efficiency and Morphological Characteristics 

Soybean cultivar NARC-4 bisected seeds were infected with EHA105 

harboring pROKIILEAFYGUSint that contain LEAFY gene (for early flowering), 

GUS as reporter and nptII as selectable marker. Mature cotyledonary node seed 

were also infected with A. tumefaciens LBA4404. LBA4404 contained pLBR in 

that rolA, rolB and rolC genes were inserted in separate plasmid along with nptII; 

kanamycin resistant gene as selectable marker.  

The cotyledonary node half seed method opted for soybean transformation 

completed in 4 months starting from explant preparation to acclimatization of 

plants. Molecular analysis for presence of gene of interest in plant genome by PCR 

analysis revealed that plant regenerated on selection medium was mostly 

transformed. Although some escapes were found that did not show presence of 

inserted genes in plant genome.  

 



 

Table 3.10: Soybean Agrobacterium mediated transformation: 

Transformation efficiency of Agrobacterium strains and different plasmids 

*Transformation efficiency = (PCR positive plant / Number of explants) x 100 

 

Experiment 
# 

Construct 
(Strain) 

Number 
of 

explants 

Number 
of plants 
survived 

on 
selection 
medium 

Plants 
rooted 

PCR 
positive 

Transformation 
efficiency 

(%)* 

1 
pROKIILEAFYGUSint 

(EHA 105) 

45 1 0 0 

2.2 2 70 3 2 1 

3 65 5 3 3 

4 
pLBRrolAnptII 

(LBA4404) 

36 4 0 0 

6 5 50 11 9 8 

6 64 9 4 1 

7 

pLBRrolBnptII 

(LBA4404) 

60 3 2 2 

7 
8 52 7 1 1 

9 86 9 7 6 

10 142 21 18 15 

11 pLBRrolCnptII 

(LBA4404) 

34 5 2 1 
5 

12 46 4 3 3 



 

 

Table 3.11 Phenotypic comparison of LEAFY/rol genes transformants and 
untransformed soybean 
Plant part LEAFY rolA rolB rolC untransformed 
*Main root Short, 

few in 
number 

Long, few 
in number 

Very long, 
high in 
number 

Long few in 
 number 

Moderate 

*Adventitious 
roots 

Few  
 

Moderate Few numerous  Few 

*Root Length 
(cm) 

1.5-2.1 
 

4-7 9-11 4-8 3-5 

*Number of 
main roots 

2-4 
 

3-5 4-8 4-5 2-3 

Plant height 
(cm) 

1.5-3.5 
 

10-14 7-30 10-13 16-22 

Plant height 
Character 

Highly 
dwarf 
 

Dwarf, 
branched 
at base 

Dwarf to semi 
dwarf, 
shrubby, 
branched in 
middle 

Dwarf,  
branched at  
base 

Emerging  
herb, branched 
in middle 

Plant color Green  Green Yellowish 
green to green 

Green Green 

Leaf structure Globular  Elliptical Globule to 
oval 

Slightly  
globular 

Elliptical  
but long 

Flowering Very 
much 
early 

Six days 
early but 
few 

Three days 
early, few to 
many 

Six days  
early but few 

Many  

Pod/seed *Yes / 
No 

Yes Yes and in 
some cases 
No 

Yes Yes  

 * Data recorded of in vitro plants 

 

 



 

LEAFY transformation 

A total of 180 explants were infected with EHA105 that contain LEAFY; the 

gene of interest. Only six shoots were produced out of that 4 showed GUS positive 

response as well as presence of LEAFY gene analyzed by PCR (Figure 3.7). This 

showed total transformation efficiency 2.2% (Table 3.10).  

The plants transformed with LEAFY gene were very much dwarf (1.5-3.5cm 

in height) with stunted growth (Table 3.11). Cone like plant morphology with 

small leaves was observed with nodal distance much reduced and high number of 

lateral buds (Figure 3.6 a-b). Due to dwarf character and very short nodal distance, 

the stem looked more in diameter as compared to control plant of the same age. 

The root length was also shorter (1.5-2.1cm) and thick as compared with normal 

roots. Terminal single flower or bunch of flower formation was observed that were 

normal in size. All four plants showed very early flower and pod formation (Figure 

3.6 b-c). Some plants when transferred to in vivo condition, the leaves fall down 

but pod were still green and in contact with plant (Figure 3.6 d). Due to flower 

production and pod formation, the growth of plant did not proceeded either in 

growth room where the plants were watered with hogland solution. No seed 

formation was observed in any pod and the plants died after few days.  

 



 

  

 

   

  

 

Figure 3.6: Soybean LEAFY gene transformants 

(a) Plant at rooting medium, (b & C) rooted plants, (d) Acclimatization of 

transformed plant 
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Figure: 3.7: PCR results of LEAFY transformants (976 bp) 

M= 100 bp Marker, P= Plasmid, 1-4= Transformed lines 



 

Rol gene transformation 

Cotyledonary node methodology was also applied to soybean cultivar 

NARC-4 for rol genes transformation. LBA4404 Agrobacterium strain harboring 

pLBR that contain rolA, rolB and rolC genes separately under the control of 70S 

CaMV promoter along with nptII was used.  

For rolA transformation, 150 explants were infected with LBA4404 harboring 

pLBRRolAnptII (Table 3.10). At the end 13 plants were recovered, out of that only 

9 plants showed presence of 308bp RolA fragments amplified by PCR (Figure 

3.9).  

The rolA transformed roots produced in in vitro conditions were 4-7cm in 

length and 3-5 in number with moderate adventitious roots (Table 3.11). It was 

observed that multiple roots were emerged from the shoot base and they even 

attained the length more then double of the shoot length. The plants were 

successfully transferred to in vivo condition where they produced viable flowers 

and set seeds. However, the plants were small in size (4-7 cm in length) and mildly 

shrubby. The stem was erect as normal and leaves (8-16cm long) were ovate but 

more elliptical in shape (Figure 3.8). Raceme inflorescence as generally found in 

soybean was observed with few number of flowers while pod formation was 

normal.  

Southern blot analysis revealed that soybean rolA transformants contain 

single or two copies of inserted fragment. Four lines (2A, 5A, 6A, 7A) had single 

insertion while three lines (1A, 3A, 4A) had two insertions in soybean genome 

(Figure 3.10). The inserted fragments were in between ~3500bp and ~2700bp 

while one insertion of line 1A was ~4200bp while of 4A, ~1900bp. All 

transformants were same in morphology, leaf structure and flowering. 



 

   

  

 

 

 

 

Figure 3.8: RolA transformation to Soybean 

(a) RolA transformed rooted plant, (b) Acclimatization of transformed plant, (c) 

Flowering of transformed plant, (d) Leaf morphology or normal and transformed 

plant 

Normal Transformed  Transformed 

(d) 



 

 

 

Figure 3.9: PCR results of rolA soybean transformants (308bp) 

M= 100bp Marker, P= Plasmid, C= negative control (untransformed), 1-9 

Transformed plants 

 

 

Figure 3.10: Southern blot analysis of rolA soybean transformants 

Twenty micrograms of genomic DNA were digested with XbaI. The enzyme cuts 

once in the T-DNA region of the corresponding plasmid. A DNA fragment of 

RolA gene amplified by PCR of pLBRRolAnptII was used as a probe. Southern 

blot analysis was performed by DIG non-radioactive Kit (Roche). 
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LBA4404 harboring rolB gene in pLBR was also employed to transfer T-DNA 

to soybean. A total 340 explants were infected. At the end 28 plants were 

recovered, out of that 24 plants showed presence of 540bp rolB fragment while in 

non-transformed plants the fragment was missing (Figure 3.12). The 

transformation efficiency was 7% (Table 3.10). The roots emerged from the base 

of RolB soybean transformants were greater in number (9-11) and the roots grew 

better in length as compared to control. Adventitious roots were also observed at 

main roots and these adventitious roots were fewer but greater in length than 

normal. The plants confirmed for presence of rolB gene were planted in in vivo 

condition. 

A wide variation in morphology was observed among rolB transformants 

(Figure 3.11). But all the plants were unanimously found dwarf to very dwarf and 

shrubby at the base at initial stage however, few plant’s shoots turned thinner and 

longer. The stem of all plants were found with reduced nodal distance and a little 

more zigzag pattern in shape as compared to normal plants. The leaves were small 

to large in size, somewhat ovate in structure with acute/pointed ends but in few 

plants leaves were absolutely oval in structure. Dark green leaves showing high 

chlorophyll content was observed but for the plant specimens in whom branches 

turned thinner the chlorophyll content was observed to be normal. The leaves of 

one plant were found pale green yellowish showing less chlorophyll content. The 

flowers were normal and set seeds in pods in three days less time period then 

control. However, very dwarf plants produced less number of flowers as compared 

to somewhat dwarf, shrubby and non-transformed plants (table 3.11). 

Southern blot analysis confirmed presence of inserted gene in plant genome 

(Fig 3.13). Out of 24 plants showing presence of 540bp RolB fragment, 9 were 

subjected to southern blot analysis. The result shows high copy number insertion in 

plants genome. Only one plant showed integration of single copy (~3000bp) while 

higher copy number (~4500 bp - ~2600bp) upto four was observed in southern blot 

analysis. It was observed that the plant containing only one copy of rolB gene 

(Figure 3.13; 7B) was bushy in structure and dwarf at initial stages of development 

while the plants showing very dwarf morphology contain multiple copies of 

inserted gene. However the plants containing high copy number (line 1B, 2B & 



 

3B) were very dwarf and the leaf morphology was oval as compared to control 

plants. 

 

  

 

 

  



 

 

 

  

 

 

 

Figure 3.11: RolB transformants of Soybean 

(a & b)= Rooting efficiency of rolB gene, (c)= Stem and flowering of RolB 

transformed soybean, (d, e, f)= Morphology of different transformants, (g)= 

Morphology of soybean rolB transformed leaves 

Normal Transformed  Transformed 

(g) 



 

 

Figure 3.12: PCR analysis of rolB soybean transformants (540bp) 

M= 100bp Marker, P= Plasmid, C= negative Control (untransformed), 1-9 

Transformed plants 

 

 

 

Figure 3.13: Southern blot analysis rolB transformants  

Twenty micrograms of genomic DNA were digested with XbaI. The enzyme 

cuts once in the T-DNA region of the corresponding plasmid. A DNA fragment of 

RolB gene amplified by PCR of pLBRRolBnptII was used as a probe. Southern 

blot analysis was performed by DIG non-radioactive Kit (Roche). 
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RolC transformation was carried out with infection of 80 soybean bisected 

seeds with LBA4404 harboring pLBRRolCnptII. Four out of 5 shoots generated on 

selection medium and plasmid isolated from respective strain showed presence of 

RolC gene fragment (540bp) while control plants were deficient (Figure 3.15). 

Only 5% transformation efficiency was observed by rolC gene (Table 3.10).  

Multiple rooting (4-8 in number) responses were observed from soybean rolC 

transformants. The roots were straight and with numerous adventitious roots 

(Table 3.11). The roots were also more in length then length of shoot. The plants 

produced were erect and very much dwarf, divided stem at the base (clustered 

branches) made the plants shrubby with trifoliate leaves, 3-8 cm long (Figure 

3.14), were strictly ovate to slightly globular with whitish hairs. The nodal distance 

was very short. Recemose type inflorescence with 2-4 flowers in each branch was 

observed that were found to be fewer then normal. These flowers were fertile and 

set seeds in six days less time period as by control non-transformed plants.  

Southern blot analysis (Figure 3.16) shows presence inserted fragment in plant 

genome. Out of four plants, three plants had single insertion while only one plant 

(3C) showed presence of two bands in southern blot analysis. Figure 3.16 also 

shows that the T-DNA was inserted at different places in soybean genome. For 

southern blot analysis, digestion with XbaI produced fragments between ~3700 bp 

to 2700bp. 

 

 

 

 



 

 

 

 

 

 

 

Figure 3.14: Soybean RolC Transformed plants 

(a) Rooting efficiency of rolC gene, (b) RolC transformed soybean, (c) Morphology of 

normal and transformed soybean leaf 

Normal Transformed



 

   

  

Figure 3.15: PCR analysis of rolC soybean transformants (540bp) 

M= 100bp Marker, P= Plasmid, 1-4= Transformed plants 

 

 

Figure 3.16: Southern blot analysis of rolC soybean transformants  

Twenty micrograms of genomic DNA were digested with XbaI. The enzyme cuts once 

in the T-DNA region of the corresponding plasmid. A DNA fragment of RolC gene 

amplified by PCR of pLBRRolCnptII was used as a probe. Southern blot analysis was 

performed by DIG non-radioactive Kit (Roche). 
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3.4 Soybean Pod Treatment and Analysis (Agroinjection to 

Pods) 

Agrobacterium tumefaciens strain EHA 105 harboring pROKIILEAFYGUSint 

was injected in soybean developing pods at three different stages. Agrobacterium 

was injected within two days of pod formation (stage I); after 8-10 days of pod 

formation (Stage II) and when soybean seeds were fully matured but still green 

(Stage III). 

At stage I 383, at stage II 499 and at stage III 460 pods of soybean cultivars 

NARC-4 and NARC-7 were treated with Agrobacterium. A total of 817 normal 

seeds were harvested at the end (Fig. 3.17). 

From the seeds collected from the pod of stage I, 17 (32.69%) showed GUS 

expression on embryos as well as on cotyledons. While out of 52 seeds germinated 

on selection medium, 25 survived (Fig. 3.17). Two (6.45%) plants of NARC-4 and 

3 (14.2%) of NARC-7 showed intense GUS expression on leaves and stem (Fig. 

3.18). In few plants other then these five, blue color was also observed in xylem 

and phloem tissues of plants both in stem and leaves. In this case other tissues of 

plants body (mesophylls and parenchyma) were negative for GUS expression. 

A total of 62 seeds from stage II; 38 of NARC-4 and 24 of NARC-7; showed blue 

coloration on cotyledons while blue spots were also observed on seed embryos. 

Only 83 plants survived on selection medium out of 236 seeds inoculated. One 

plant of NARC-4 and 3 plants of NARC-7 showed GUS expression at all plant 

parts (Fig. 3.18). But in some plants blue color was only observed in petioles while 

leaves and stem parts failed to show GUS expression.  

At stage III, 460 pods were injected with Agrobacterium and only 459 seeds were 

harvested at the end. Intense blur color was observed on cotyledons and on 

embryos (78 seeds out of 229; 34.06%). But in some cases there were only spots of 

blue color either on embryos or on cotyledons (Figure 3.20). Only one plant of 

NARC-7 showed complete GUS expression in all parts of plant body (leaves and 

stem). While other plants selected on Kanamycin containing medium when tested 

for GUS expression with X-Gluc, non tissue showed positive response.  



 

PCR analysis and phenotypic expression 

The plants survived on selection medium were subjected to PCR for GUS, nptII 

and LEAFY gene. All the plants showing GUS expression were positive for presence of 

all three genes (Figure 3.19).  

Phenotypically all the plants were of retarded growth. They were of short height and 

no further branches were observed. Soybean leaves were normal as trifoliate but less in 

number. Three soybean plants produced flowers at the margins (Solitary inflorescence). 

That also hindered further growth of plant and these plants did not produced lateral 

branches (Figure 3.21). These flowers started turning black from the pedicel and fall 

down before blooms; producing no pods.  
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Fig 3.17. Summary of soybean seed transformation through pod agroinjection 
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Fig 3.18. Percentage transformation efficiency of soybean seed and plants by 
GUS histochemical assay 
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nptII 781bp 

  
GUS 1100bp 

  
LEAFY 976bp 

Figure 3.19: PCR analysis of Soybean plants to detect presence of nptII, GUS 

and LEAFY genes: Lanes 1-9 transformed plants, P plasmid and M = 100bp M 

marker 



 

 

       

        

   
 Control      Control 

Figure 3.20: GUS staining on soybean after pod Agroinjection (a) Soybean 

cotyledons (b) Complete soybean seed (c) cross section of soybean seed (d) Soybean 

leaf (e) Soybean stem  

 

    

Figure 3.21: In vitro grown soybean plants after thirty days of seed 
germination  



 

CHAPTER 4CHAPTER 4CHAPTER 4CHAPTER 4    

Discussion 

 

Soybean cultivars NARC-4 and NARC-7 were subjected for in vitro culture 

through cotyledonary node of half seeds. After imbibitions of seeds in autoclaved 

distilled water, the seeds were bisected and cultured on B5/MS medium 

supplemented with different concentrations of growth regulators. Further some 

conditions for Agrobacterium mediated transformation were standardized using 

soybean cultivar NARC-4 and Agrobacterium strain EHA101 harboring GUS as 

reporter gene and nptII as selectable marker in T-DNA region. Finally NARC-7 

and NARC-4 both cultivars were tested for genotype dependency for 

Agrobacterium mediated transformation. Soybean cultivar NARC-4 was 

transformed with rol genes (A, B, C) for enhanced rooting and LEAFY gene for 

early flowering. Soybean cultivars developing pods were also injected with 

Agrobacterium for transformation avoiding tissue culture steps.  

4.1 Direct Organogenic Response of Soybean from Cotyledonary Node 

Explants 

A number of plants including leguminous have generally been proved 

recalcitrant to manipulate under aseptic conditions. Discoveries and exploitation of 

embryogenic tissues play an important role in development of efficient procedure 

for in vitro plant regeneration. Although soybean embryogenesis and 

organogenesis has been achieved from many tissues but no methodology could be 

followed for in vitro regeneration of all genotypes.   

The choice of explant containing cells of regeneration capability is important 

for production of somatic embryos. Preliminary studies describe presences of 

capable cells at meristemic tissues (Droste et al., 1993), embryonic cells (Parrott et 

al., 1988; Li and Grabau, 1996), hypocotyls or at nodal segments (Franklin et al., 

2004; Shan et al., 2005; Ma and Wu, 2008). However, other somatic cells can be 



 

turned into somatic embryos (Wright et al., 1987; Tripathi & Tiwari, 2003) by 

culturing on appropriate medium under influence of PGRs.  

The positive influence of 6-benzyl amino purine (BAP) on multiple bud 

development through a number of explants has been reported but conversion of 

buds into plantlets is dependent upon explant type and genotype of cultivar. In 

present report, use of cotyledonary node of mature seeds produced remarkable 

plants when cultured on different cytokinins. Low concentration of cytokinin, 

when used, production of more number of plants and high percentage regeneration 

was observed. Out of three cytokinins tested, zeatin roboside (ZTR) overall proved 

better in response, number of shoot per explants as well as length of regenerated 

plantlets. Use of ZTR is not reported previously for shoot induction but there are 

few reports on use of ZTR for shoot elongation during Agrobacterium mediated 

transformation (Zhang et al., 1999; Liu et al., 2004; Paz et al., 2006, Olhoft et al., 

2007). Exogenous cytokinin application alters axillary meristem development as 

well as promotes proliferation and regeneration of the cell in meristemic tissue and 

increases the number of plantlet formation. This phenomenon has been reported 

previously in cytokinin pretreated seedlings (Shan et al., 2005). In many soybean 

organogenesis procedures, the explants were taken from seedlings pre-germinated 

on water agar medium or medium containing BAP. In all such methodologies 

frequency of regeneration varied while it was common in all reports that wounding 

of axillary buds produced more embryoids and plantlets than other explants. The 

axillary tissues when cultured on cytokinin supplemented medium, the cell start 

development and converts into embryos.  

Soybean organogenesis has been reported by continuous culture on BAP 

containing medium (Wright et al., 1987) or by culturing in alternative cycle of 

BAP and TDZ (Barwale and Widholm, 1990) and also in combination of BAP 

with auxin mainly 2,4-D or NAA (Tripathi and Tiwari, 2003; Radhakrishnan and 

Ranjithakumari, 2007). Continuous culture on same cytokinin (BAP, Kin, ZTR) 

produced maximum seven shoots per explant in average. The number of shoots per 

explant was same in average when cultured on BAP and ZTR supplemented 

medium however in the presence of Kin cotyledonary node was not so much 

responsive for production of embryos. Genotype dependency for somatic 

embryogenesis also exists at cotyledonary node because soybean cultivar NARC-4 



 

produced high number of shoots than NARC-7. It is also notable from the results 

that BAP produced more embryos but at ZTR higher shoot length is also essential 

for batter recovery of regenerated plants. So by combining both cytokinins (BAP 

and ZTR) at alternative manner; BAP for induction of embryos and ZTR during 

shoot elongation; gave better results. In this situation the percent response 

increased upto 92% with more number of plant production per explant. Use of 

ZTR has been reported in many reports for rapid plant regeneration over other 

cytokins (Barik et al., 2007, Kamenicka et al., 1998; Steinitz et al., 2006) either 

through direct organogenesis, passing through callogenesis or via protoplast. 

Seed imbibitions in water also affected in percentage response and induction 

of shoots. Varying the time may result in improvement in seed vigor and ultimately 

to somatic cells present in meristem of mature embryo. This phenomenon may also 

be expressed that imbibition stimulated water content variabilities and differences 

may be due to surface volume ratio of seed embryo and in time. Seed water contact 

may vary seed endogenous hormone that presumably effect on shoot induction. 

Cotyledonary node as target tissue of mature soybean seeds (half seed) has 

been used for genetic transformation (Xue et al., 2006; Paz et al., 2006). Although 

meristemtic cells represent a small portion of explant but higher regeneration 

efficiency may result increase in transformation efficiency. 

4.2 Soybean Agrobacterium Mediated Transformation: Condition 

Standardization  

Agrobacterium tumefaciens mediated transformation to a number of plant 

species is routine work but parameters for improvement in transformation 

efficiency and regeneration of plant from infected explant are important to be 

studied. Although, a number of parameters that affect on T-DNA delivery have 

been studied and found more or less common for many plant species 

transformation including soybean but to analyze appropriate level related to strain, 

genotype and explant type is prerequisite.   

Effect of explant cutting in different media and infection time 

Explant cutting media significantly affected on explants survival rate and 

transformation efficiency. As a routine matter, explants are prepared and then 

infected with Agrobacterium. In this study, survival rate and percentage of GUS 



 

expression was maximum when explants were prepared in Agro-suspension culture 

leading to infection medium and water. The process of Agrobacterium-mediated 

gene transfer initiates by wounding of plant tissue, which leads to the release of 

phenolic compounds and monosaccharides and subsequent triggering of the 

expression of vir-genes in A. tumefaciens (Sheng and Citovsky, 1996). The vir 

region consists of approximately 10 operons that serve different functions (Lee and 

Gelvin, 2008). One vir senses plant phenolic compounds and transducing this 

signal to induce expression of virA and virG genes (Stachel et al., 1986). Because 

wounding is an important phenomenon that affect on plant transformation, 

Agrobacterium senses phenolic compounds released from wounded host. Infection 

medium consisted of acetosyringone, DTT and acidic pH. These factors have 

already been proven to facilitate T-DNA transfer and enhance transformation 

efficiency (Olhoft et al., 2003). Present results suggest that when explants were 

incontact with Agrobacterium just after wounded, showed better results. The 

higher GUS expression can also be due to release of soybean seeds own 

phenolics/monosaccharides that activate vir genes as well as strengthen the cells to 

accommodate foreign DNA. This method of explant preparation not only increased 

GUS expression but high explant survival rate was also observed.  

For better transformation efficiency, along with chemical and physiological 

factors; infection time is also important. The T-DNA delivery time depends upon 

Agrobacterium strain, vector and explant used. For soft and delicate explants, short 

time is enough while infection time is increased as the explant stiff and hard. One 

hr infection of soybean half seeds with Agrobacterium culture (OD 1.0) was found 

significant to get high number of transformants and also for survival of explants. 

Less time period (30 min) increased the survival of explants but GUS expression 

was low. As the infection time increased beyond 1 hr, decrease in transformation 

efficiency was observed. Liu et al. (2004) also found same results while working 

with embryonic tip regeneration system. They reported that long term explant 

suspension in the liquid infection medium inhibit the growth activity of embryonic 

tip. Ko and Korban (2004) find 1 hr infection time for high number of hygromycin 

resistant and GUS positive soybean somatic embryos than those of either 2 or 4hr 

infection period. According to many reports, Agrobacterium induces necrosis of 

explants. The degree of necrotic reaction depends upon several transformation 



 

parameters, including explant age, preculture period, bacterial inoculum density 

and infection duration (Kuta and Tripathi, 2005). Kumria et al. (2001) also 

mentioned that high bacterial density or prolonged infection time adversely 

affected the growth and regeneration of callus of Indica rice during 

Agrobacterium-mediated transformation. 

Effect of co-cultivation and washing time 

Co-cultivation of explants after infection is essential for integration of T-DNA 

in plant genome and to offer the cell a time frame to accommodate foreign DNA. 

This co-cultivation may be from few hr to weeks depending upon a number of 

factors as Agrobacterium density, explant age and texture etc. A short time period 

may lead to less transformation efficiency while more co-cultivation duration may 

damage the explant due to over growth of Agrobacterium. For soybean half seeds 

transformation methodology, 5 days co-cultivation lead to moderate survival of 

explants but with higher transformation efficiency. Paz et al. (2006) and Xue et al. 

(2006) also placed the half seed explants on co-cultivation medium for 5 days for 

better transformation efficiency. While Yan et al. 2000 found non-significant 

difference in induction of somatic embryos from immature cotyledons and survival 

of explants when co-cultivated beyond 3 days. A comparison of co-culture time 

showed that shorter the co-culture period, higher the survival rate of explant. Of 

the surviving explants, those co-cultured for 3 days exhibited the highest 

percentage of explants that survived. The longest co-culture period significantly 

reduced the number of surviving explants but these consequently produced the 

highest percentage of GUS expression. Thus the longest co-culture time with A. 

tumefaciens appears to be disadvantageous.   

After co-cultivation of explants with Agrobacterium, complete elimination of 

bacterial cells is required for induction of embryos and better growth of emerging 

shoots. A broad spectrum antibiotic such as cefotaxime is commonly used to 

wash/kill bacterial cells. Concentration of cefotaxime and time of washing are 

important factors to be considered. Higher the concentration of cefotaxime, lower 

the washing time and vice versa. But presence of high concentration of cefotaxime 

in culture media also effects on induction of somatic embryos and on shoot 

elongation (Shyamkumar et al., 2007; Danilova and Dolgikh, 2004) while longer 

washing time in liquid medium may harm for explant leading to complete necrosis 



 

and death. Present findings showed that 30 min washing did not completely kill the 

Agrobacterium cells so less number of survival rate of explant and low GUS 

expression was observed. Increasing the washing time with constant concentration 

of cefotaxime (1g/L) also led to survival of explants and higher transformation 

efficiency. There is no much difference between 1hr and 2 hr washing time results 

but it was observed that better control at this stage do not cause problems in next 

steps. When explants were washed for 1 hr, Agrobacterium growth was observed 

in few Petri plates that damaged the somatic embryos and hindered the shoot to 

regenerate. Therefore, 2hr initial washing was much better for consistent results 

that not only increased the number of survival of explants but also significantly 

increased the number of transformants.  

Effect of Kanamycin concentration in selection medium 

For selection of transformed cells/shoots, the explants are cultured on antibiotic 

containing medium of that representative gene is present for example for nptII; 

kanamycin. Low concentration of antibiotic in the medium allows untransformed 

shoots to regenerate while higher concentration may negatively effect on growth of 

transformed shoots. Therefore, it is desirable to culture the explants at optimum 

level of antibiotic that may not be harmful for transformed shoots but also hinder 

the growth of untransformed shoots. Present results demonstrate that low 

concentration of kanamycin (20mg/l) in shoot induction and shoot elongation 

medium produced higher number of somatic embryos per explant but percentage of 

GUS expression was low. Increasing the kanamycin concentration (40 or 50 mg/l) 

in selection medium increased transformation efficiency but at these concentrations 

responding explants and generation of shoots was low. Higher concentration of 

kanamycin was also found toxic for regeneration system from embryonic tips, 

cotyledonary node and hypocotyls segments (Liu et al., 2004). While Cho et al. 

(2000) also reported that some transformed roots were failed to grow in kanamycin 

and carbenicillin containing medium. It was found that 30mg/L kanamycin 

concentration throughout shoot induction and shoot elongation medium was 

optimum. At this concentration percentage of GUS expression was highest with 

acceptable number of shoots/explant and also less number of escapes.  



 

Transformation efficiency of two soybean cultivars NARC-4 & NARC-7 

Genotypic response was observed by NARC-4 and NARC-7 soybean cultivars 

with best conditions optimized individually as explants were prepared in Agro-

suspension culture, further, infected for 1hr and co-cultured for 5 days. To remove 

Agrobacterium, the explants were washed in washing medium for 2 hrs containing 

1g/L cefotaxime. The transformed shoots were selected at varying concentration of 

kanamycin in shoot induction and shoot elongation medium. Initially moderate 

concentration was applied to execute untransformed cells, further it was decreased 

to minimize antibiotic shock to transformed cells and for better growth. At the 

middle kanamycin was kept higher (40mg/l) not to allow growing untransformed 

cells/shoots while at the end concentration was 20mg/l to allow the shoots to attain 

maximum height.  

These conditions proved best to generate transformed plants at higher 

efficiency (17.5% for NARC-4). A total number of 56 shoots were produced at the 

end; out of that 34 were GUS positive, showing 60% response. While for NARC-7 

41% response was observed in regenerated shoots while final transformation 

efficiency after rooting was 10%. Many hypervirulent strains has been studied for 

tumorogenic response to soybean as well as for T-DNA delivery by disarmed 

strain but EHA 105 responded well and commonly used for soybean 

transformation (Santerem et al., 1998; Yan et al., 2000; Olhoft et al., 2004; Yi and 

Yu, 2006; Liu et al., 2007). Meurer et al. (1998) reported that KYRT1 was better 

for soybean transformation efficiency over LBA4404 but it significantly decreased 

shooting response as compared to EHA105. Ko et al. (2003) described that 

EHA105 was ineffective in producing transgenic somatic embryos while Yi and 

Yu (2006) concluded that transformation efficiency is associated with 

Agrobacterium strain as well as with soybean cultivar. Interaction of some soybean 

cultivar with Agro strain is compatible while for some combinations, it is 

optimum.  

Half seed methodology has been used by Xue et al. (2006) and Paz et al. 

(2006) successfully; determining final transformation efficiency upto 12%. Present 

findings conclude that by improving T-DNA delivery system (increasing infection 

time) and better selection may increase transformation efficiency in soybean.  



 

4.3 LEAFY and Rol gene Transformation 

Transformation of soybean cultivar NARC-4 was carried out to introduce 

LEAFY and rol (A, B and C) genes. EHA105 harboring pROKIILEAFYGUSint 

and LBA4404 containing rol A, B and C genes separately in pLBR were used for 

this purpose. Both the plasmid contains nptII as selectable marker, however, 

pROKIILEAFYGUSint also contain GUS gene as reporter. The morphological 

characteristics of transgenic plants were recorded and compared to normal plants. 

Low transformation efficiency was observed by EHA105 as compared to 

LBA4404. The efficiency was only 2.2% in response of EHA105 infection while 

5, 6 and 7% transformation efficiency was observed when LBA4404 containing rol 

C, A and B respectively, were used for transformation.  

A number of Agrobacterium strains have been used for soybean transformation 

but soybean genotype dependency and strain specificity has been proven (Pedersen 

et al., 1983; Owens & Cress in 1984; Donaldson and Simmonds, 2000; Yi and Yu, 

2006) for T-DNA transfer from Agrobacterium to soybean. The results show that 

EHA105 harboring pROKIILEAFYGUSint containing LEAFY, GUS and nptII 

genes produced four transformants through mature seed cotyledonary node 

method. This resulted in transformation efficiency 2.2%. According to many other 

reports EHA105 can effectively transfer T-DNA from plasmid to soybean genome. 

Liu et al. (2004) observed efficiency of soybean transformation upto 15.8% by 

using EHA105 harboring pCAMBIA2301 containing GUS and nptII while Yan et 

al. (2000) reported soybean transformation efficiency less then 1% using same 

strain harboring pHIG/Z via immature cotyledons and hygromycin selection. Yi 

and Yu (2006) successfully obtained soybean transformants with efficiency 2.2% 

using EHA105 harboring pB1121 containing GFP as reporter gene. Wang and Xu 

(2008) accounted near about equal percentage of transformation by EHA105 

containing two different constructs.  

The results demonstrate that LBA4404 showed better transformation efficiency 

of soybean ranging from 5 to 7%. Use of LBA4404 for soybean transformation has 

also been reported for different soybean genotypes and using different 

transformation protocols. Multineedle assisted soybean transformation was 

successfully carried by Xue et al (2006). They reported 12% efficiency using 



 

LBA4404 harboring pGB containing bar gene and gfp. While Droste et al. (2000) 

mentioned high level of GUS expression when integrated bombarded soybean 

immature cotyledons were subjected to LBA4404. Dang and Wei (2007) reported 

effectiveness of EHA105 (61.5%) over LBA4404 (43.7%) and KYRT1 (54%) 

while working on different soybean cultivars. However they also reported that 

transformation efficiency also dependent on soybean genotype.  Olhoft et al. 

(2003) reported nearly equal transformation efficiency using LBA4404 and 

EHA105 but containing different constructs. They reported that cotyledonary node 

method for soybean transformation can be applied to different soybean cultivars 

with some modifications in regeneration and transformation protocols.  

Different transformation efficiencies were observed when LBA4404 harboring 

same plasmid (pLBR) but containing different gene of interest. LBA4404 

containing pLBRrolBnptII resulted in 7% transformation efficiency that was higher 

then other experiments when genes of interest were rolA and rolC while in the 

same plasmid. Paz et al. (2004, 2006) and Zeng et al. (2004) reported varying 

transformation efficiency using EHA101 harboring different constructs. They also 

reported that soybean transformation depends upon soybean genotype, construct 

and as well as on the length of T-DNA. 

LEAFY Transformation 

Histochemical and molecular analysis confirmed presence of GUS and LEAFY 

gene in soybean genome. The plants produced were short heightened and canopy 

structured. High number of lateral bud formation turned the plant bushy. Short 

nodal distance and small leaf formation was also observed on transformed plants. 

These properties have been reported by Rottmann et al., 2000; Weigel & Nilsson, 

1995 and Pena et al., 2001 working on poplar, citrus and Arabidopsis. They 

reported that transformation of LEAFY gene under the control of CaMV35S 

promoter resulted in small deformed leaves, bushier growth and shorter nodal 

distance. Soybean plants transformed with LEAFY gene; in the present study; 

produced flowering in in vitro condition and few of them also set pods. But no 

seed formation was observed. According to some reports, LEAFY transformants 

resulted in sterility of flower. Abnormal flower production in LEAFY transformed 

Arabidopsis was reported by Weigel and Nilsson (1995). They observed that these 



 

flowers did not shed pollens and failed to set seeds. He et al. (2000) also reported 

abnormalities in floral reproductive organs in rice LEAFY transformants. 

RolA Transformation 

Infection of soybean mature cotyledonary seed node with LBA4404 harboring 

pLBR containing rolA gene under the control of CaMV70S promoter resulted 

production of shrubby plants that were shorter height than normal. The plants were 

branched at the base and emerging stems were straight as normal with normal 

shape of leaves but the leaves were more elliptical in shape. Aberrant phenotype of 

tobacco plants with stunted growth and dwarf to semi dwarf plant height was 

observed by Schmulling et al. (1988)  and Dehio et al., 1993 when transformed 

with rolA gene under the control of 35S promoter. But they observed intensely 

green leaves but in this study soybean leaves were elliptical in shape with 

increased length of leaflets with normal chlorophyll content. These plants set 

flowers and then pods/seeds in less time period as compared to normal plants. It 

has been reported that RolA is also involved in generating a functional imbalance 

in phytohormone levels especially in gibberellins (Dehio et al. 1993; Schmulling et 

al., 1993; Prinsen et al., 1994). This may be a reason for early flowering in rolA 

transformants. However, rolA expression, how interacts with other genes / 

biochemical processes is unknown. The transformed roots were longer then normal 

and with high number of adventitious roots even the roots length was more then 

shoot. Giovannini et al., 1999 also found profused rooting and shorter branching of 

Ostesperum ecklonis when transformed with rolB gene. While highly aberrant 

phenotype, wrinkled and intensely green leaves, dwarfism or semi-dwarfism, and 

delayed senescence was observed in rolA tobacco transformants (van Altvorst et 

al. 1992; Schmülling et al. 1993).  

RolB Transformation 

Soybean plants transformed with rolB showed wide variation in morphology. 

Phenotypically these plants were dwarf to extremely dwarf, shrubby and some 

plants shoots grew thin and long. Differentiation in leaf size and leaf structure was 

also observed. Variation in leaf color describing varying chlorophyll content was 

also prominent. However all the plants were found with reduced nodal distance and 

zigzag pattern of shoots.  Unpredictable phenotypic variations were observed in N. 



 

tobaccum and Lycopersicon esculentum rolB transformed plants with thinner and 

shorter stem (Mariotti et al., 1989; Van Altvorst et al., 1992). Change in leaf 

morphology, branched and plagiotropic roots were also observed in tobacco plants 

transformed with rolB gene (Cardarelli et al., 1987). In rolB soybean 

transformants, increased root length was observed but emergence of adventitious 

roots was not as high as predicted. The roots attained length many times longer 

than normal root length. Estruch et al. (1991c) reported that RolB encodes for a β-

glucosidase that is involve in release of active auxins through hydrolysis of 

inactive β-glucosides. So enhanced rooting in rolB transformants may be due to 

release of active auxin. While, Spena et al., 1987 reported that RolB 

overexpression resulted in suppression of adventitious root induction but increased 

main root length. Enhanced adventitious rooting with dwarfed phenotype was 

observed in many rolB transformed apple rootstocks (Welander et al., 1998; Zhu et 

al., 2001; Sedira et al., 2001, Zhu et al., 2003). The soybean rolB transformed 

plants; in the present study; normal flower formation that set pods and also 

produced seeds. However, rolB under the control of its own promoter resulted in 

increased rooting but inter-nodal length and apical dominance was reduced with 

reduction in flower size and pollen viability (van Altovrst et al., 1992). While 

Cecchetti et al. (2004) observed reduced stamen elongation and delay in the timing 

of anther dehiscence in tobacco rolB transformants. Southern blot analysis reveals 

that only one plant contained single copy of rolB gene while others have multiple 

copies. The one plant containing single copy number was dwarf but later on the 

shoots turned long and thinner while all other plants were dwarf with short shoots. 

The expression level of rolB gene is questionable that single copy insertion had 

normal shoot and leaf morphology except that nodal distance at the base was quite 

short and further sub-branching was not observed. The plants showing multiple 

copy insertion were quite dwarf and their leaf morphology was different; 

globule/oval in nature. It was also noticeable that the gene of interest; rolB was 

driven by CaMV70S (35S x 2) promoter that is considered constitutive promoter 

especially for dicotyledonous plants but still expression level may show 

discrepancy. 



 

RolC Transformation 

Infection of soybean cotyledonary node with A tumefaciens harboring pLBR 

containing rolC gene resulted in production of dwarf plants with divided stem at 

the base (clustered branches) looked shrubby. The plants with short nodal distance 

and recmose inflorescence were observed. RolC transformants showed dwarfed 

phenotype with reduced apical dominance and early inflorescence in many plant 

species including R. hybrid, Salpiglossis sinuate and tobacco (Souq et al., 1985; 

Rietveld et al., 1995, Oono et al., 1990). Ovaidas et al., 1990 and Zuker et al., 

2001 reported dwarfed phenotype of Carnation plants transformed with rolC genes 

but no alteration in leaf morphology was observed. Decreased apical dominance 

with increased branching and leaf size and leaf number was also observed in 

Petunia and Pelargonium rolC transformed plants (Winefield et al., 1999; Boase et 

al., 2004). Enhanced and early flowering was also observed in Pelargonium, 

Belladonna and Osteospermum ecklonis rolC transformed plants (Nilsson et al., 

1996b; Bell et al., 1999; Allavena et al., 2000). The rolC soybean transformed 

plants also showed early inflorescence and increased rooting ability. A number of 

reports are available that describe imbalance of cytokinin in rolC transformants. 

This imbalance also affects the level of auxins and gibberellins in plants (Estruch 

et al., 1991b; Nilsson et al., 1993b, 1996a). The roots were found more in length 

then normal plants and multiple adventitious roots emerging from main roots were 

also found. These roots also attained length more then the shoots. Increased rooting 

ability of different plants due to presence of rolC gene was also observed in many 

plants including Carnation and fruit tree (Casanova et al., 2003, 2004; Kaneyoshi 

and Kobayashi, 1999; Koshita et al., 2002). Increased rooting ability on hormone 

free medium with reduced height was also observed in Malus micromalus and 

Chrysanthemum morifolium rolC transformants (Zhang et al., 2006; Kubo et al., 

2006). 

4.4 Agroinjection to Soybean Pods 

Present agroinjection method showed successful results for soybean 

transformation. It is easier to infect premature embryo then existing 

methodologies.  



 

In planta transformation by different means as floral dip method (Bent, 2000; 

Trieu et al., 2000; Qing et al., 2000), pollen tube pathway (Li et al., 2002; Hu and 

Wang, 1999) and agroinjection (Orzaez et al., 2006; Ahmad and Mirza, 2006; 

Spolaore et al., 2001) to fruits has been reported. But in these methods exact time 

of incubation is very important because after locule closer, the pollen tube pathway 

blocks that hinders pollen tube carrying T-DNA to reach its destination (ovule) 

(Desfeux et al., 2000). While agroinjection carried in fruit were aimed to analyze 

transient gene expression and in such reports seed or embryo transformation was 

not observed. 

Agroinjection to pods; at initial days; showed higher GUS expression in seeds 

as well as on cotyledons and embryo. If infection is carried out at early or late heart 

shaped embryo, there the cells are differentiated for tissues (for review Jenik et al., 

2007). If transformation occurs in shoot meristemic cells; the regenerated plants 

must be transformed. While at the lateral stage (stage II and stage III) when the 

differentiation has been completed but still if transformation occurs at embryo tip 

the resulting plant should be transformed. In soybean when injection was carried 

out at early stage (within one or two days of pod formation) 20% plants survived 

on selection medium showed GUS expression as well as presence of transformed 

genes. But infection at this stage also damaged the developing embryo, resulting 

less seed formation. At stage II infection (when seed were 3-4mm in diameter) 

more seeds were obtained and high GUS expression was observed at embryo as 

well as on cotyledons but percentage of transformed plants was low. At late stage 

of seed development (when seeds have been matured but still green; stage III) GUS 

expression in plant tissue was least but on seed was highest defining that 

developed cotyledons and embryos are capable to be transformed but shoot 

meristem at this stage were not transformed. There can be one more possibility that 

at early stage the embryo cell are soft and transformation may happen easily while 

at lateral stages hardness of embryo results low efficiency of transformation.  

It also seemed that early flowering in LEAFY soybean extremely affected 

vegetative growth of plant. That did not support the plants for pod formation. 

Higher GUS activity on seeds than on plants showing GUS expression may be due 

to intrinsic GUS like activity. Hu et al., 1990 reported GUS like intrinsic activity 



 

on mature and immature soybean seeds and also on other plant parts but failed to 

observe this false activity at flowering stage.  

The generated plants of soybean that showed GUS expression and presence of 

transformed gene by PCR flowered near about two week early due to insertion of 

extra copy of LEAFY gene (Blazquez et al., 1997) but other plants did not produce 

flowers. It has been reported that LEAFY also repress AGL24, which promote 

inflorescence fate rather then flower formation (Yu et al., 2004) while Bermnier 

and Claire (2005) reported that genetic regulation of flower in shoot apical 

meristem defines floral transition as well as floral architecture. 

Present method is easy then existing methods and produces viable seeds 

because in other reports of agroinjection into fruits, no one found transformation 

into embryos while in floral dip method efficiency of transformation is still low 

especially in leguminous crops. This method produces T0 plants passing tissue 

culturing techniques but still if transformation only occurred to cotyledons that can 

be used as explant which minimize the conditions standardization required for 

Agrobacterium infection and selection. 

Significant findings resulting from the community effort working on such 

techniques include the discoveries that (a) Transformants could be obtained simply 

by treating the protruding inflorescences; (b) inclusion of surfactant and (c) 

different ecotypes are transformable by using different Agrobacterium strains with 

a range of transformation efficiencies (Bent, 2000). Present findings also conclude 

that direct contact of Agrobacterium with developing embryo by agroinjection can 

be an easy and efficient approach to get transformants but time of infection, 

concentration of Agrobacterium, use of surfactants and approaches to remove 

excess Agrobacterium after infection may be important factors to be studied. 

4.5 General Discussion 
Plant genetic transformation was successfully achieved in 1980s and after that 

work carried out in different laboratories brought revolutionary events in plant 

genetic engineering. Since then, plant transformation is routine process for over 

100 different plant species (Primrose et al., 2001). Soybean along with corn, 

canola and cotton is one of representative crop that were subjected for transgenic 

genotyping. For good transgenic practices, efficient, easy and reliable protocol for 



 

plant regeneration is pre-requisite. Selection of suitable tool for gene insertion, 

choice of explant and other parameters that effect on transformation efficiency 

have been dynamically studied. Still a number of plant species including soybean 

seems reluctant to transformation and even regeneration. Although, soybean 

regeneration has been carried out by using different explants but still an authentic 

protocol is far behind that could be used for all soybean genotypes and same is the 

case for genetic transformation. Particle bombardment and Agrobacterium 

mediated transformation are two commonly used techniques for plant genetic 

engineering but each has own limitations and requirements. Soybean genetic 

transformation has successfully been achieved by both of these techniques but still 

efficiencies remained low. Agrobacterium mediated transformation demands more 

suitable condition for transfer of T-DNA from plasmid to plant cell. Although 

many parameters have been standardized for infection, co-cultivation and then 

regeneration of plant from transformed cell but still this way of transformation for 

soybean also depends upon soybean genotype, Agrobacterium strain and type of 

plasmid used beside other constraints.  

Present investigation was aimed to find suitable regeneration protocol for two 

soybean cultivars, NARC-4 and NARC-7 and to standardize some transformation 

conditions and finally genotype dependency was tested by using EHA 101 

harboring p35SGUSintnptII. Based on defined regeneration and transformation 

scheme, LEAFY gene, for early flowering and rol genes (A, B & C) for enhanced 

rooting were inserted in soybean genome. For insertion of LEAFY gene EHA105 

harboring pROKIILEAFYGUSintnptII and for rol gene, LBA4404 Agrobacterium 

strain was used. LBA4404 contains pLBR plasmid inserted with rol genes 

separately along with nptII as selectable marker in individual strains.  

Cotyledonary node method was found suitable for direct organogenesis of 

soybean NARC-4, -7 cultivars. However, presence of different plant growth 

regulators in media resulted in variation in number of shoot produced, shoot length 

and in percent response. Statistical analysis reveals that BAP was better for 

frequency of shoot regeneration and number of shoots per explant than ZTR and 

kin. However, mean shoot length was found better when ZTR was supplemented in 

the medium. Out of both soybean cultivars, NARC-4 showed better response than 

NARC-7. Use of ZTR as shoot inducing and shoot elongating hormone has been 



 

reported for soybean (Olhoft et al., 2007; Liu et al., 2004; Paz et al., 2006; Zhang 

et al., 1999). While some reports are also available on the use of BAP along with 

auxin for organogenic response from different soybean explants (Barwale and 

Widholm, 1990; Tripathi and Tiwari, 2003; Radhakrishnan and Ranjithakumari, 

2007). Present investigation also reveals that the regenerated plants can 

successfully be rooted in vitamin free MS medium supplemented with 1.0mg/l 

IBA. Cotyledonary node of mature soybean seeds as target tissue has been used for 

genetic transformation (Christou et al., 1989; Finer and McMullen, 1991). 

Although, meristemtic cells represent a small portion of explant but higher 

regeneration efficiency may result the increase in transformation efficiency. 

For standardization of transformation conditions, different parameters were 

studied. These include effect of explant cutting in different media (water, infection 

medium and Agro-suspension culture), infection time (30 min, 1, 3 and 5 hr), co-

cultivation time period (3, 4 and 5 days), washing time period (30min, 1 and 2 hrs) 

and concentration of kanamycin (20, 30, 40 and 50 mg/l) in selection medium. It 

was observed that explant cutting in Agro-suspension culture and infection for 1hr 

resulted in the highest percentage of GUS expression (48.3% and 55.9%, 

respectively) also reported by Sheng and Citovsky (1996) and Ko and Korban 

(2004). It has been reported that minimal co-cultivation time period and maximal 

washing time results in higher transformation efficiency. Present investigation 

shows that 5 days co-cultivation resulted in 55.17% GUS response while washing 

for 1hr in washing medium containing 1g/L cefotaxime was better. Even though 

explant survival was low at these conditions but higher transformation was 

desirable (Xue et al., 2006, Paz et al., 2006; Shyamkumar et al., 2007). It was 

found that 30mg/L kanamycin was sufficient in selection medium. At this 

concentration, number of GUS positive shoots was maximum (63.6% response) 

while at higher concentrations number of shoots/explant and survival of shoots was 

low. Literature describes that high kanamycin concentration was found toxic for 

soybean regeneration through different explants (Liu et al., 2004; Cho et al., 2000). 

The overall percentage transformation efficiency of both soybean cultivars NARC-

4 and NARC-7 was 24.16 and 15.71 when tested at best conditions. 

Soybean cultivar NARC-4 was used for transformation of LEAFY and rol 

genes. EHA 105 containing LEAFY gene along with GUS as reporter and nptII as 



 

selectable marker showed transformation efficiency 2.2%. Only 4 plants were 

recovered and confirmed for presence of LEAFY gene by PCR. These plants were 

very much dwarf with small leaves and short internodal distance. Early flowering 

was observed in these transformants. The flowers turned brown and died after few 

days. Few of them turned into pods but no seed formation was observed. It can be 

drawn that stunted vegetative growth did not support the plant to produce seeds.  

All the rol transformants produced protruded roots as compared to control 

plants. Numerous roots with small adventitious roots were observed at the base of 

shoots in in vitro condition which were multiple in number and length. However, 

plants morphology varied depending upon rol gene. RolA transformants were 

small in size and mildly shrubby with ovate to elliptical leaf shape while rolC 

transformants were also dwarf with divided stem at the base with ovate to slightly 

globular leaf shape. However, soybean rolB transformed plants showed variation 

in morphology. These plants were dwarf to shrubby with variation in leaf shape. 

The shrubby plants had reduced nodal distance with a little more zigzag pattern as 

compared to non-transformed plants. All the rol transformants that were dwarf had 

intense green leaves while plants showing shrubby pattern in growth were green 

like normal plants. Only one rolB transformed plant was yellowish in color 

defining less chlorophyll content. Rol transformants produced flowers in less time 

period as compared to control plants. These flowers converted into pods and set 

seeds. PCR analysis confirmed presence of respective gene in these plants while 

amplification was missing in non-transformed plants. Southern blot analysis 

confirmed insertion of T-DNA in different transformants as single copy number to 

multiple copies. 

Agroinjection to soybean pods is first time reported. Preliminary study in this 

work shows that exact time period to inject Agrobacterium in soybean pod, use of 

surfactant and standardization of other parameters, may produce good results. This 

technique may be helpful to produce transformants in easy way that passes 

laborious tissue culture procedure. 

There are three primary means to increase soybean and other crops yield in 

water deficit areas that include increased water uptake from deep rooting or by 

prolific pattern, increased water use efficiency and by improving seed harvest 

index (Passioura, 1994). Some soybean cultivars; specific for drought tolerance 



 

and water deficient regions, have property of enhanced rooting and water 

extraction (Broote et al., 2003). Variation in architecture of soybean rol genes and 

LEAFY transformants was observed. These variations in plant morphology, 

maturity time, early flowering and above all enhanced rooting may positively 

affect yield and quality of soybean; defining rol transformants might have practical 

implication. Furthermore, these variations are permanent and pass to next 

generations, however, further studies are required, for example to overcome 

pleiotropic side effects of rol genes, alternative approaches need to be developed 

i.e. tissue specific promoter leading to defined expression of these genes, 

combination of specific genes; transformed roots with untransformed aerial parts 

(van der Salm et al., 1996) or insertion of other useful gene in rol transformed 

plants. Boote et al. (2003) reported phenotypic variations as outcome of different 

genes in different environment influence life cycle, photosynthesis, vegetative 

growth, rooting and reproductive processes. The rol genes of A. rhizogenes are 

known to affect plant hormone metabolism and/ or sensitivity therefore are suitable 

tools in principle to modify plant development (van der Salm et al., 1996) 

including apical dominance, enhanced rooting, accelerated flowering and short life 

span. Although enhanced rooting in rol transformed plants positively affect plant 

architecture; will this increase in root depth and shift in root profile to absorb more 

nutrients in water deficit regions, work? If root profile establishes; as predicted, 

yield improvement is feasible (Boote et al., 2003). von Schweinichen and Buttner 

(2005) stated that increase in root mass and root surface permit effective 

absorption of nutrients from the medium (soil) resulting in enhanced development. 

Other than rooting, change in apical dominancy and columnar shape plant 

morphology (by LEAFY and somewhat by rol genes in present study) is also 

applied character especially for soybean because these characteristics not only will 

prevent the laborious budding, will also facilitate mechanical harvesting. Early 

flowering either by LEAFY or rol genes is also valuable trait for yield in seasons 

where terminal drought limits resources in late season or cold temperature limits 

seed fills. Early flowering also demands good water supply and warm conditions 

but also shifting life cycle from vegetative to reproductive phase increases final 

seed harvest index. While; increase in grain yield is also dependent upon increased 

root depth progression (Boote et al., 2001). Soybean drought tolerant cultivar 

PI419637 is attributed due to its large fibrous root system and it has clear 



 

advantages in acidic subsoils however lateness and short seed filling duration is 

detrimental to its yield potential (Pantalone et al., 1996; Broote et al., 2003). 

Threshold climatic changes either of soil, air or water; badly affect crop growth 

and grain/fruit yield. Such biotechnological approaches will answer the question 

that whether genetic approaches can keep pace as the global climate changes. It is 

believed, there is a time when genotype and environment interaction will occur.  

This work can further be expended to analyze expression of inserted genes, 

interaction of these genes with other biochemical processes and crossing between 

different transformants. Increase in root length and adventitious roots is helpful in 

nitrogen fixation and how much it affects on plant biomass and yield, is to be 

exploited. Above all, these new traits survival and growth pattern in water deficit 

and cold regions will be beneficial to increase cultivation and product yield.  
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Annexure I 
 

Composition of Gamborg B5 Medium  
 

S. No Constituents Formula Conc. in stock 

solutions g/L 

Volume of stock/L 

of medium (ml) 

Macronutrients 

1 Potassium nitrate KNO3 60 

50 

2 Ammonium sulphate (NH4)2SO4 2.7 

3 Calcium chloride CaCl2.2H2O 3.0 

4 Magnesium sulphate MgSO4.7H2O 10 

5 Potassium di-

Hydrogen Phosphate 

KH2PO4 3.0 

Micronutrients 

6 Manganese sulphate MnSO4. H2O 2.0 

5 

7 Zinc sulphate ZnSO4.H2O 0.4 

8 Boric acid H3BO3 0.6 

9 Potassium iodide KI 0.15 

10 Sodium molybdate Na2MoO4.2H2O 0.05 

11 Copper Sulphate CuSO4.2H2O 0.005 

12 Cobalt chloride CoCl2.6H2O 0.005 

Iron Source 

13 Sodium EDTA Na2EDTA.2H2O 7.46 
5 

14 Ferrous sulphate FeSO4.7H2O 5.56 

Organic Supplements (Vitamins) 

15 Myo-inositol  20 

5 
16 Glycine   

17 Pyridoxine-HCl  0.2 

18 Thiamine-HCl  2 



 

Annexure II 
 

Composition of Murashige and Skoog (MS) medium  

 

S. No Constituents Formula Conc. in stock 

solutions g/L 

Volume of stock/L 

of medium (ml) 

Macronutrients 

1 Potassium nitrate KNO3 38 

50 

2 Ammonium nitrate NH4NO3 33 

3 Calcium chloride CaCl2.2H2O 8.8 

4 Magnesium sulphate MgSO4.7H2O 7.4 

5 Potassium Phosphate KH2PO4 3.4 

Micronutrients 

6 Manganese sulphate MnSO4. H2O 4.4 

5 

7 Zinc sulphate ZnSO4.H2O 1.72 

8 Boric acid H3BO3 1.24 

9 Potassium iodide KI 1.67 

10 Sodium molybdate Na2MoO4.2H2O 0.05 

11 Copper Sulphate CuSO4.2H2O 0.01 

12 Cobalt chloride CoCl2.6H2O 0.005 

Iron Source 

13 Sodium EDTA Na2EDTA.2H2O 7.46 
5 

14 Ferrous sulphate FeSO4.7H2O 5.56 

Organic Supplements (Vitamins) 

15 Myo-inositol  20 

5 

16 Glycine  0.4 

17 Nicotinic acid  0.1 

18 Pyridoxine-HCl  0.1 

19 Thiamine-HCl  0.1 

 
 
 



 

Annexure III 
 
GUS Histochemical Assay 
 

GUS Histochemical Stock 

  
  
 

 

 

pH = 7.0  (adjust with HCl) 

To prepare 1 ml of staining solution:  

• Dissolve 0.5 mg X-Gluc (5-Bromo-4-chloro-3-indoyl-3-D-Glucuronic acid) 

in 0.2 ml Methanol and add to the GUS histochemical stock mixture.  

• GUS Histochemical stock (0.8 ml) + 0.16 mg K4Fe(CN6)  

• Take small piece of tissue and add GUS staining solution until dip.  

• Incubate at 37°C overnight.  

• Add ethanol and incubate the tissue for 1hr 

• Observe blue coloration visually or under microscope 

 
 

100 mM Na2HPO4 - 7H2O  2.681 g/100 ml 

10 mM EDTA  372 mg/100 ml 

Triton X-100  100 µl/100 ml 

DMSO 2 ml/100 ml 



 

Annexure IV 
 
Plant Genomic DNA Extraction (Sharma et al., 2003) 
 
1. Submerge 1 g of tissue in 5 ml of alcohol for 30 min. 

2. Allow alcohol to evaporate. Grind the tissue with a mortar and pestle. 

3. Transfer the homogenized tissue to prewarmed 2 X CTAB DNA extraction 

buffer (100 mM Tris [pH 8], 20 mM EDTA [pH 8], 1.4 M NaCl, 2% CTAB, 2 

µl/ml β-mercaptoethanol). 

4. Incubate for 1 h at 60oC in water bath, occasionally mixing by gentle swirling. 

5. Remove from water bath. Add 0.6 vol of chloroform-isoamylalcohol (24:1). 

6. Mix by inversion for 15 min. 

7. Spin at 14,000 rpm [10,000 g] for 10 min. 

8. Transfer the aqueous phase to another tube. 

9. Add twice the volume of absolute alcohol or 0.6 vol of isopropanol to 

precipitate the DNA. 

10. Spool out or centrifuge briefly to pellet the DNA. 

11. Wash with 70% alcohol. Invert the tubes and drain on a paper towel for 

approximately1 h. Dry overnight (cover with parafilm with tiny holes). 

12. Dissolve the dried DNA in TE buffer (pH 8). 

13. Add 2.5 µl of RNAse to 0.5 ml of crude DNA (2.5 µL of RNAse = 25 µg of 

RNAse, thus treatment is at 50 µg/ml of DNA preparation). 

14. Mix thoroughly but gently and incubate at 37oC for 1 h. 

15. Add 0.3-0.4 ml of chloroform-isoamylalcohol (24:1). Mix thoroughly for 15 min. 

16. Centrifuge for 15 min at 14,000 rpm [10,000 g]. 

17. Remove the supernatant (avoid the whitish interface layer). 

18. Re-precipitate the DNA by using double the quantity of absolute alcohol. 

19. Centrifuge the tube at 14000rpm to pellet the DNA. 

20. Wash the pellet with 70% alcohol. Dry overnight. 

21. Redissolve the DNA in TE buffer. 

22. Dilute the DNA in TE buffer and quantify by taking the optical density (OD) at 

λ260 with a spectrophotometer. Take readings at λ280 to obtain the λ260/λ280 

ratio as an indicator of DNA purity. 

23. For DNA Quantification 

ng/ul = [50 x (absorbance at 260) x (ratio at 260/280) x dilution factor] / 1.8 



 

Annexure V 

Polymerase Chain Reaction (PCR) (Taylor, 1991) 

 

Reagent  Concentration  Con. Required  for 1x 

Genomic DNA -   50ng   1µl (Suppose) 

Primer F  10µM   0.2uM   1µl 

Primer R  10µM   0.2uM   1µl 

MgCl2   2.5mM   2mM   4µl 

dNTPs   10mM   0.2mM   1µl 

Taq Polymerase 5U/µl   1U   0.25µl 

PCR Buffer  10X   1X   5µl 

Water         36.75µl 

Total volume / tube       50µl 

 

PCR Condition  

Step 1 

Denaturation   94°C 5min  1cycle 

Step 2 

Denaturation   94°C 30sec   

Aneeling*   53°C 45sec  35cycle 

Extension   72°C 45sec 

Step 3 

Final Extension  72°C 10min  1 cycle 

 

* For nptII, GUS, LFY and rolA 53°C, for rolB 55°C, For rolC 54°C 

 

 
 



 

Annexure VI 
 
Plasmid DNA Extraction  

Miniprep Plasmid Extraction by alkaline lysis method 

 
Solutions Required 

Solution 1 
Glucose   50mM 
Tris Hcl   25mM (adjust pH at 8.0 by 2M KOH or 
NaOH) 
EDTA   10mM (adjust pH at 8.0) 

 
Solution 2 

SDS   1% 
NaOH   0.2N 

 
Solution 3 

Sodium acetate 3M 
 

1. Grow culture overnight in liquid medium at 27°C and 150rev/min in shaker 

incubator 

2. Pour 1.5ml culture in microfuge tube and centrifuge at 14000rpm for 1min at 

4°C 

3. Resuspend the pellet in 100ul of solution 1, gently mix and leave it at room 

temperature (RT) for 10 min 

4. Add 200µl of solution 2, invert the tube 4-5 times and leave it at RT for 5 min 

5. Add 100µl of solution 3, gently mix and keep the tube on ice for 30 min 

6. Centrifuge at 14000rpm for 10 min 

7. Take the supernatant in fresh tube and add equal volume of chloroform (invert 

the tube many times) 

8. Centrifuge at 14000rpm for 5min 

9. Take the supernatant in fresh tube and add 2 times double volume of chilled 

ethanol 

10. Keep the tube at ice for 1hr 

11. Centrifuge at 14000rpm for 10 min 

12. Wash the pallet twice with 70% ethanol 

13. Dry the pellet and resuspand in 25-30µl of TE buffer 



 

Annexure VII 

Agarose Gel Electrophoresis 

10 X TBE Buffer 
  Tris    0.89M 

  Borate   0.025M 

  EDTA   0.5M 

 

Loading Dye 
Bromophenol blue   25mg 

Sucrose   4g 

H2O    10ml 

 

• Weigh out 1g of agarose into a 100ml conical flask. Add 100ml of 0.5X TBE, 

swirl to mix 

• Microwave for about 1 min to dissolve the agarose. 

• Leave it to cool on the bench for 5 min down to about 60°C 

• Add 1µL of ethidium bromide (10mg/ml) and swirl to mix 

• Pour the gel slowly into the tank. Push any bubbles away to the side using a 

disposable tip.  

• Leave to set for 1 hr to solidify. 

• Pour 0.5x TBE buffer into the gel tank to submerge the gel to 2–5mm depth. 

 

Preparing the samples  
• Transfer an appropriate amount of each sample to a fresh microfuge tube 

• Add an appropriate amount of loading buffer into each tube and leave the tip in 

the tube. 

• Load the samples and Marker in the wells 

• Close the gel tank, switch on the power-source and run the gel at 80V 

 

 
 
 
 

http://www.methodbook.net/dna/#loadingbuff


 

Annexure VIII 
 

MYA Medium composition 

 
Yeast extract     5g/l 

Cas-amino acid    0.5g/l 

Mannitol     8g/l 

NH4(SO4)2     2g/l 

NaCl      5g/l 

pH      6.6 

 
 



 

Annexure IX 
 
Southern Blotting by DIG Non-Radioactive Method  
(Roche Cat. No. 11585614910) 
 
1.1  DNA Digestion  
Buffer Requirement (10X) 

Tris HCl 100mM 

NaCl  500mM 

MgCl2  100mM 

DTT  10mM 

pH   7.9 

For digestion with XbaI Add: (XbaI has single restriction site in T-DNA) 

Nuclease-free water  12 µl 

10X buffer  2 µl 

DNA   2 µl (For genomic DNA 10 µg/µl; For Plasmid 2 µg/µl) 

XbaI (Fermentas) 5 µl 

 

• Mix gently and spin down for a few seconds. 

• Incubate at 37°C for overnight. 

• Precipitate DNA/plasmid by adding 1.5ml chilled Ethanol 

• DNA/plasmid re-suspended in 20µl TB buffer  

• Run the digested DNA/plasmid along with 100bp and 1Kb marker at 0.8% 

agarose gel for 16 hr at 15-20Volt 



 

1.2 DNA Transfer Method  

Reagents Required 
0.25M HCl 

20% SSC 

 NaCl  3M 

 Na Citrate 0.3M 

De-Neutralization Solution 

 NaOH  0.5M 

 NaCl  1.5M 

 

Neutralization Solution 

 Tris HCl 0.5M (pH 7.2) 

 NaCl  1.5M 

   
• Photograph the gel with a ruler laid along side the gel so that band positions 

can later be identified on membrane 

• Rinse the gel in distilled water and place in a clean dish containing ~10gel 

volumes of 0.25M HCl. Shake slowly for 30min at RT. 

• Pour off HCl and rinse the gel with distilled water. Add ~10vol 

denaturalization solution for 20min at RT. 

• Replace the de-naturalization solution and shake again for 20 min. 

• Pour off de-naturalization solution and rinse the gel with distilled water. 

Add ~10vol of neutralization solution and shake for 20min at RT 

• Replace the neutralization solution and shake again for 20min at RT 

• Rinse the gel with 20x SSC 

• Place a sponge in dish and add 20x SSC to leave the sponge half 

submerged 

• Place 3 Whatman filter paper of the size of sponge on sponge and wet them 

with 20x SCC. 



 

• Place the gel on filter paper and avoid any air bubble  

• Place equal size to gel nitrocellulose membrane; negatively charged; on gel 

after wetting it with 20x SSC. Avoid any air bubble under the membrane 

• Place 3-4 sheets of Wattman filter paper on membrane of equal size. 

• Place equal size of tissue paper on the top, avoid touching to gel or sponge 

or even to buffer.  

• Lay a glass plate on the top and place a weight.  

• Leave it over night 

 

Disassemble and Immobilization of DNA 

• Remove all tissue and filter paper and take out the membrane. 

• Mark the membrane at wells side and also at marker side 

• Rinse the gel with 2x SSC and allow to dry 

• Fix the DNA by baking at 120°C for 30min 

Store the membrane at 2-8°C if to work later on 

 

1.3 Labeling of DNA probe 

• Take 1 µg template DNA (PCR product of plasmid) in eppendorf and add 

autoclaved distilled water to bring final volume to 16µl. 

• Denature the DNA by heating in boiling water for 10min and quickly 

chilling in ice cold water 

• Mix DIG high prime (vial 1) thoroughly and add 4µl to denatured DNA, 

mix and centrifuge briefly 

• Incubate overnight at 37°C 

• Stop the reaction by heating at 65°C for 10 mint 

 

1.4 Hybridization 

Preparation of DIG Easy Hyb Solution 

Add 2 x 32 ml sterile distilled water to the DIG Easy Hyb Granules (kit 

component), dissolve by stirring for 5 mint at 37°C 

• Pre-heat DID Easy Hyb to hybridize temperature (For rolA and rolC 47±2; 

For rolB 45±2) 



 

• Pre-hybridize the membrane for 30 min in plastic bag with gentle agitation 

• Denature DIG labeled DNA probe (~25ng/ml DIG Easy Hyb) by boiling 

for 5 min and rapid cooling in ice cold water 

• Add denatured DIG labeled DNA probe to pre-heated DIG Easy Hyb 

(5ml/50cm2 membrane) and mix well but avoid foaming 

• Pour off pre-hybridization solution and add probe / hybridization mixture to 

membrane 

• Incubate over night with gentle agitation 

 

1.5 Immunological Detection 

Reagent Required 

Washing Buffer 

 Maleic acid  0.1M 

 NaCl   0.15M 

 PH   7.5 

 Tween 20  0.3% 

Maleic acid Buffer 
 Maelic acid  0.1M 

 NaCl   0.15M 

 pH   7.5 (by solid NaOH) 

Detection Buffer 
 Tris-HCl  0.1M 

 NaCl   0.1M 

 pH   9.5 

Blocking Working Solution 
 Maleic acid buffer : Blocking Solution (Kit component) 

   10   :    1 

Antibody Solution 
 Centrifuge Anti Digoxigenin-AP (kit component) for 5 min at 

10000rpm in original vial and pipet necessary amount from the surface and 

add in Blocking Solution by 1: 10000 (as 1µl / 10ml) 



 

 

• Wash the membrane two times in ample 2X SSC, 0.1% SDS at 20°C for 

5min under constant agitation in appropriate container 

• Wash the membrane two times in pre-warmed ample 2X SSC, 0.1% SDS at 

65°C for 5min under constant agitation 

• Rinse the membrane in washing buffer (40ml/50cm2) for 5min 

• Incubate for 30min in 100ml blocking solution 

• Incubate for 30 mint in blocking solution (40ml/50cm2) 

• Wash 2 x 15 min in blocking solution (100ml/50cm2) 

• Equilibrate for 5 min in detection buffer (40ml/50cm2) 

• Place the membrane on a plastic sheet and add 1ml CSPD ready-to-use. Cover 

the membrane with second plastic sheet and incubate for 5 min at 20°C 

• Squeeze the membrane with plastic sheets in two glass plates to remove 

excessive CSPD and incubate at 37°C for 10 min. 

• Expose the membrane to X-ray film (Kodak) for 10hrs for better signal 

strength 



 

Annexure X 
 

Composition of Hogland solution  
 

S. No Constituents Formula Conc. in stock 

solutions g/l 

Volume of stock/l 

of medium (ml) 

1 Potassium nitrate KNO3 202 2.5 

2 Ammonium nitrate NH4NO3 80 1.0 

3 Calcium nitrate Ca(NO3)2.4H2O 472 2.5 

4 Magnesium sulphate MgSO4.7H2O 493 1.0 

5 Manganese sulphate MnCl2. 4H2O 1.81 

1.0 

6 Zinc sulphate ZnSO4.7H2O 0.22 

7 Boric acid H3BO3 2.86 

8 Sodium molybdate Na2MoO4.2H2O 0.12 

9 Copper Sulphate CuSO4.2H2O 0.051 

10 Sodium EDTA Na2EDTA.2H2O 7.46 
1.5 

11 Ferrous sulphate FeSO4.7H2O 5.56 

12 Potassium di- 

Hydrogen Phosphate 

KH2PO4 136 
0.5 
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