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ABSTRACT

Nitrogen is an essential nutrient which often limits plant growth and productivity. The
extension of symbiotic nitrogen fixation to non-legumes, mostly cereal crops has been a
long outstanding goal. Presently many workers have found that the nitrogen fixing
bacteria are capable of associating endophytically with nonlegumes like rice, wheat and
maize which in turn promotes growth and development of the plant. One such growth
promoting endophyte is Rhizobium leguminosarum bv. trifolii isolated from the
rhizosphere and roots of rice in Egypt.

In our study we have used a strain of R. leguminosarum bv. trifolii (SNIQ) isolated from
the nodules of its host legume Berseem clover (Trifolium alexandrium) from Hissar,
India. Its association with a local rice variety Oryza sativa japonica (Kdulam), strongly
promoted both plant growth and development: shoot and root biomasses were increased
up to 61% and 48%, respectively, when compared to the uninoculated rice. In addition,
root branching was enhanced from 6 to 12 roots per plant while total nitrogen plant
content was augmented to 21%. The bacteria successfully colonized root surfaces of the
rice along the grooves, emerging lateral roots and also between epidermal cell junctions.
Bacteria were even observed within roots. Moreover, seed and root exudates from this
rice variety were capable of inducing an in vitro bacterial chemotactic response in R.
trifolii. However, O. sativa does not release any phenolic signaling molecule which could
play arole in chemotaxis or effectively induce nod genes of the bacteria. On the contrary,
O. sativa japonica seed and root exuddtes were found to contain a coumarin,

umbelliferone, which constituted almost 37% of the total phenolic content of the



exudates. Umbelliferone, which is known to posses antifungal and antibacterial
properties, however had no effects on thé bacterial colonization but inhibited R. trifolii
SN10 nod gene expression. This was confirmed using a construct R. trifolii SN12 where
the inducible nod4 promoter of R. trifolii SN10 was amplified, sequenced and cloned
upstream of E.coli lacZ in pCM132.By using a nodA-lacZ fusion, we showed that both
umbelliferone and rice seed exudates inhibit the nod gene induction confirming that
bacterial nod factors are not implied in rice growth. However, umbelliferone had no
effect on R. trifolii SN10 rice root colonization. Then, the bacterium was found to secrete
plant growth promoting compound, indole acetic acid (IAA). We conclude that the
growth promotion of O. sativa japonica by R. trifolii SN10 are due plant growth

promoting rhizobacterial (PGPR) interactions.

vi



CONTENTS

PAGE NO.
CERTIFICATE i
ACKNOWLEDGEMENT ii
ABSTRACT \
CONTENTS vii
LIST OF FIGURES xiii
LIST OF TABLES Xvii
LIST OF ABBREVIATIONS xvi
1. INTRODUCTION AND OBJECTIVES 1-7
2. REVIEW OF LITERATURE 8-48
21 NECESSITY OF BIOLOGICAL NITROGEN FIXATION (BNF) IN 9
NON LEGUMES
22  NEW NICHE FOR THE NITROGEN FIXING BACTERIA 10
2.2.1 Inducing N fixing nodules in nonlegumes.
2.2.2 Search for putative rice endophytes.
23 IS BNF POSSIBLE IN NON LEGUMES? 16

2.3.1 Mode of bacterial entry into the host.
2.3.2 Nitrogen fixation in nonlegumes.
2.3.2.1 What are nif genes?

2.3.4 Growth promoting activities of Rhizobia

Vil



24

IMPORTANT EVENTS IN Rhizobium - LEGUME INTERACTION
2.4.1 Signaling molecules involved in the pathway
2.4.1.1 Root exudates and flavonoids
2.4.1.2 Nod factors

2.4.1.3 Lectins

2.4.2 Role of chemotaxis in the interaction.

2.4.3 Genetic analysis of the interaction
2.4.3.1 Nod genes

2.4.4.4 ENOD genes

29

3. MATERIALS AND METHODS

3.1

3.2

3.3

ORGANISM AND CULTURE CONDITIONS
3.1.1 Plants, Bacterial strains and Plasmids

3.1.2 Media composition, culture and growth conditions

STERILIZATION AND GERMINATION OF SEEDS
3.2.1 Sterilization and germination of rice seeds
3.2.2  Sterilization and germination of Trifolium, seeds

3.2.3 Inoculation of rice seeds in vitro with Rhizobium

STUDY OF RICE ROOT COLONIZATION BY BACTERIA

3.3.1 Sample preparation for Scanning electron
microscopy

3.3.2 Sample preparation for Transmission Electron

Microscopy

viii

49-75

50

53

54



34

3.5

3.6

3.7

3.3.3 Isolation of bacteria from rice roots

CHEMOTAXIS STUDY 56
IDENTIFICATION OF FLAVONOID IN RICE AND Trifolium 56
EXUDATES
3.5.1 Extraction of flavonoids
3.5.2  Sep Pack Purification of the Extract
3.5.3  Preparation of standard flavonoids
3.54 Analysié of Samples using HPLC
3.5.5  Analysis of Samples by LC-MS.

ISOLATION OF RNA FROM R. trifolii SN10 58
3.6.1 Labelling of oligonucleotide
3.6.2 Dot Blot of RNA
3.6.3 Hybndization
AMPLIFICATION AND SEQUENCING OF nodA PROMOTER AND 62
ADJOINING REGION OF R. trifolii SN10
3.7.1 Extraction of total genomic DNA (Rapid Extraction
Method)

3.7.2  PCR Amplification of nodA promoter of R. trifolii
SN10

3.7.3  Elution of PCR product

3.74  Sequencing of nodA promoter of R. trifolii SN10

3.7.5  Purification of PCR product

3.7.6  Sequencing reaction

3.1.1  Analysis of the Sequence alignment

ix



3.8

3.9

CLONING OF nodA PROMOTER IN pCM132

3.8.1 Amplification of nodA4 promoter region for cloning

3.8.2  Ligation of PCR product with pGEM-T vector

3.8.3  Transformation of the Ligated product to XL2 cell

3.8.4  Extraction of Plasmid

3.8.5 Restriction Digestion

3.8.6  Ligation Reaction

3.8.7 Restriction Digestion of pCM132. ::pr. nodA plasmid

3.8.8 Electroporation

3.8.9  Conjugation of R. trifolii SN10 with E.coli S17 by
biparental mating.

ANALYTICAL METHODS

3.9.1 Fresh and Dry cell weight

3.9.2 Soluble protein estimation

3.9.3

3.9.4

3.9.2.1 OD at 280 nm

3.9.2.2 Lowry’s method (Lowry et al., 1951)

3.9.2.3 Estimation of proline

Estimation of Nitrogen content
Estimation of sugar content
3.9.4.1 Phenol sulphuric acid method for measurement

of total sugar content

66

72



3.9.4.2 Detection and quantification of Glucose by
Glucose Oxidase Peroxidase method
3.9.5 [-galactosidase assay

3.9.6 IAA estimation

4. RESULTS

41

4.2
43
4.4

4.5

4.6

76-121
CHARACTERISTIC OF Rhizobium leguminosarum bv. 77
trifolii SN10
GROWTH PROMOTING ACTIVITY OF R. trifolii SN10 81
COLONIZATION OF RICE ROOT BY R. trifolii SN10 88
RICE ROOT EXUDATES STIMULATE CHEMOTAXIS 94
FLAVONOID IDENTIFICATION IN RICE AND Trifolium 100
EXUDATES
STUDY OF nod GENE EXPRESSION OF R.trifolii SN10 106

461 ByRNA Dot Blot
4.6.2 Cloning of nodA4 promoter of R. trifolii SN10

4.6.2.1 Sequencing of nodA4 promoter of R.trifolii

SN10
4.6.2.2 Cloning of nodA promoter in pCM132

4.6.3 Rice seed exudates inhibits R .zrifolii SN12 nod gene

X1



5. DISCUSSION 122 - 138
6. CONCLUSION 139 - 142
REFERENCES 143 - 164
APPENDIX 165 - 170

BIODATA OF AUTHOR 171-172

Xii



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

