University of Pretoria etd — Jaftha, J B (2006)

Polyphasic taxonomy of rhizobia associated with

legumes occurring in South Africa

JULIAN BERNARD JAFTHA

Submitted in partial fulfilment of the requirements for the degree of
PHILOSOPHIAE DOCTOR
(MICROBIOLOGY)

in the
Department of Microbiology and Plant Pathology
Faculty of Natural and Agricultural Sciences
University of Pretoria
Pretoria
South Africa

PROMOTER: ProfDrP. L. Steyn

February 2002



University of Pretoria etd — Jaftha, J B (2006)

I certify that the thesis hereby submitted to the University of Pretoria for the degree PhD

(Microbiology) has not previously been submitted by me in respect of a degree at any other

university.

Signature:

Date:




University of Pretoria etd — Jaftha, J B (2006)

Promoter

Prof P. L.Steyn

Department of Microbiology and Plant Pathology
University of Pretoria

Pretoria

0001

South Africa

External Examiners:

15 Prof M. Gillis
Lab. Microbiology
Faculty of Sciences
University Gent
Ledeganckstraat 35,
B-9000 Gent, Belgium

2. Dr Noelle Amarger
Laboratoire de Microbiologie des Sols
INRA
BP 86510
21065 Dijon Cedex, France



University of Pretoria etd — Jaftha, J B (2006)



University of Pretoria etd — Jaftha, J B (2006)

BEDANKINGS

Ek wil graag my opregte dank aan die volgende persone en lnstansies ultspree:

Prof P L Steyw vaw die Departement Mikrobiologie en Plantpatologle, Universitelt
van Pretoria.  Bale dankie vir Prof se waardevolle lelding en ondersteuning
tydens die ultvoering en athawndeling van hievdie studie. Ek waardeer die wanier
waarop Prof my altyd as geluke behandel het asool die vollkome vertroue wat
altyd tn my gestel het.

Die Natlonal Reseaveh Fouwdation en die Unlversitelt vawn Pretorla viv f’mawsiéLe
pndersteuning tydens hievdie studie.

Aawn ol die personeel en studente van die Departement Mikrobiologie en
Plantpatologie viv al jul belangstelling en ondersteuning.

Al my ander favailie en vriende wie vy altyd met gebede en benoedigende woordte
ondersteun het. Baie dawkie dat julle daar was toe ons as familie deur ons
donkerste dae woes gaan. Dollie en Stiewa, julle ondersteuning het vir ons baie
beteken.

Adn Marinda Oosthuizen, dankle v’wjou vriendskap agoo&jou wardevolle Lnsette
gelewer in hierdie studie.

Aan Brigitta Steywn, rMarleen Kock, Alda Bosch en Boet Weyers, bale dankie vi
Julle ondersteuning en vriendskap.

Adn Ruentin, Melanle, qavin, Claudelle, 'P!m',ttgs e, Newta bate danlkele vir ju.LLe

volgehoue onaersteunting en LLS‘ICO{&

Ann iy boetle en sy gesin.  Boetie baie dankie vir jow Liefde en volgehoue
belangstelling bn vy werk. Aan Nicolette, Chadwick en Kayleiah bate dankie vir

Julle Liefdle.

Alwn il ouers, sonder wie se hulp en Liefde ek wooit tot op hierdie vink sou kon
yorder wie. MJJHP vepoy weet dat julle (avelance
~ <
ppoTiering ie ewicheidswanvde verizry het, DRwicie
~ ~t
vir die loataan te waale dat ele velllo tuls icowe en die




University of Pretoria etd — Jaftha, J B (2006)

doavgestel het en ook geleer het hoe omn weet ander te Leef en te deel. Mag die Here
Julle ryRklik seén.

Aan Hom aan wie alles bekend is,die EEN wie daar was toe die fondament van die
anvde gelf is, ann Hom kowm toe al die Lof en prys.

¥
a. b S ————— S— = P e L S
&k e

| _—




University of Pretoria etd — Jaftha, J B (2006)

CONTENTS
SUMMARY ;
OPSOMMING i
LISTOF ABBREVIATIONS v
CHAPTER 1: INTRODUCTION 1

CHAPTER 2: ASPECTS OF BIOLOGICAL NITROGEN FIXATION 4
i Introduction 5
2 Nitrogenase and Biological Nitrogen Fixation 6
B Phylogenetic perspectives on nodulation 6
4. The Rhizobium legume symbiosis 8
5. Molecular basis for nodulation 10
6. Conclusion 12
CHAPTER 3: APPROACHES IN BACTERIAL SYSTEMATICS 13
L Introduction 14
2, Phenotypic Methods 15
3. Genotypic Methods 18
CHAPTER 4: TAXONOMY OF THE RHIZOBIA 32
i Introduction 33
2. The genera of the Rhizobiaceae 34
3, Proposed amendments to the current classification of the family Rhizobiaceae:
the new Rhizobium genus =]

4, Conclusion 56



University of Pretoria etd — Jaftha, J B (2006)

CHAPTER 5: CHARACTERISATION OF THE INDIGENOUS RHIZOBIA BY
PARTIAL 16S RDNA SEQUENCING AND PCR-RESTRICTION FRAGMENT LENGTH
POLYMORPHISM OF THE 16S-23S RDNA INTERGENIC SPACER REGION. 37

CHAPTER 6: PHYLOGENETIC RELATIONSHIPS OF A SELECTION OF
INDIGENOUS SOUTH AFRICAN RHIZOBIA BASED ON PARTIAL NIFH GENE

SEQUENCING AND RFLP OF THE NODC GENE. 81

CHAPTER 7: CHARACTERISATION OF METHYLOTROPHIC BACTERIA WHICH
NODULATE LOTONONIS BAINESII. 95

CHAPTER 8: POLYPHASIC EVALUATION OF A SELECTION OF THE

INDIGENOUS RHIZOBIA 113
CHAPTER 9: CONCLUDING REMARKS 119
CHAPTER 10: REFERENCES 122
APPENDIX A 141
APPENDIX B 142

APPENDIX C 142



University of Pretoria etd — Jaftha, J B (2006)

Polyphasic taxonomy of rhizobia associated with legumes occurring in

South Africa

JULIAN BERNARD JAFTHA

PROMOTER:  ProfDrP. L. Steyn
DEPARTMENT: Microbiology and Plant pathology
DEGREE: PhD (Microbiology)

SUMMARY

The advantageous -association between rhizobia and leguminous plants has motivated
numerous studies into the diversity and identity of the associated bacterial symbionts. This,
as well as developments in molecular microbiology, has led to major revisions of rhizobial
taxonomy. Previous investigations of the rhizobia, associated with various leguminous plants
from South Africa, concluded that most of the indigenous strains were related to the genus
Bradyrhizobium (Dagutat, 1995; Kruger, 1998). The other rhizobial genera represented,
albeit to a lesser extent, were Rhizobium, Sinorhizobium and Mesorhizobium. The major
shortcoming of these investigations was the lack of sufficient genotypic characterisation.
Since the completion of these initial investigations, a new rhizobial genus and several new
species have been described. These developments and the additional isolation of rhizobia,
from previously uninvestigated legumes, necessitated a more detailed analysis of the
indigenous rhizobia. The aim of this study was therefore to study the diversity of the

indigenous strains, focusing particularly on genotypic traits.
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A selection of indigenous rhizobia was characterised by partial 16S rDNA sequencing,
restriction fragment length polymorphism (RFLP) of the 16S-23S intergenic spacer (IGS)
region, partial nifH sequencing and nodC RFLP. Based on 16S rDNA sequencing, most of
the isolates could be assigned to a specific genus, most being related to the genus
Bradyrhizobium. A group of isolates was also related to the genus Methylobacterium. The
IGS-RFLP analyses were sufficiently discriminatory to indicate additional variation among
isolates which showed little or no 16S rDNA sequence variation. The nifH phylogenetic
groupings correlated well with those obtained by 16S rDNA sequencing. However, nodC
RFLP indicated that the indigenous rhizobia carry diverse range nodC genotypes, with only a
few showing host-specific associations. In the absence of sequence data of these nodC
genotypes, their origin and correspondence to known nodC genes of other rhizobial genera,
remain uncertain. Considering the results obtained here and the phenotypic characteristics
determined previously, several novel Bradyrhizobium and Mesorhizobium strains were

identified, however, their specific status should be validated by DNA homology studies.
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OPSOMMING

Op grond van die voordelige assosiasie tussen rhizobiums en peulplante, is talle studies na
die diversiteit en identiteit van die endosimbionte geloods. Om hierdie rede, asook agv
ontwikkelinge in molekulére mikrobiologie, het daar grootskaalse hersienings van die
taksonomie van rhizobiums plaasgevind. Vorige ondersoeke na rhizobiums, geassosieerd
met verskeie peulplantspesies van Suid-Afrika, het aangetoon dat die meeste isolate aan die
genus Bradyrhizobium verwant is (Dagutat, 1995; Kruger, 1998). Die ander rhizobium
genusse, Rhizobium, Sinorhizobium en Mesorhizobium was wel teenwoordig, maar in
mindere mate. Die grootste tekortkoming van hierdie studies was die gebrek aan voldoende
genotipiese karakterisering. Sedert die voltooiing van hierdie ondersoeke is daar 'n nuwe
rhizobiese genus, asook verskeie nuwe spesies beskryf. Hierdie ontwikkelinge en die
isolering van rhizobiums vanuit voorheen onbestudeerde gasheerspesies, het 'n meer
gedetailleerde ondersoek na die inheemse rhizobiums genoodsaak. Gevolglik was die doel
van hierdie studie om die diversiteit van die inheemse rhizobia te bepaal deur spesifiek op

meer genotipiese eienskappe te fokus.




University of Pretoria etd — Jaftha, J B (2006)

iv
'n Geselekteerde groep inheemse rhizobiums is dmv gedeeltelike 16S rDNS volgorde-
bepaling, restriksiefragmentlengte-polimorfismes (RFLP) van die 16S-23S intergeniese
skeier (IGS) gebied, gedeeltelike nifH volgorde-bepaling en 7n0dC-RFLP gekarakteriseer. Op
grond van 16S rDNA volgorde-bepaling, kon meeste van die isolate aan 'n rhizobiese genus
toegewys word. Meeste was egter aan die Bradyrhizobium genus verwant. n Groep 1solate
was ook aan die genus Methylobacterium verwant. Die IGS-RFLP analise het ook 'n goeie
onderskeidingsvermoé getoon en was in staat om addisionele verskille binne isolate, met
geen of baie min 16S rDNS volgordevariasie, aan te toon. Die filogenetiese groeperings, op
grond van nifH- en 16S rRNS-geenvolgordes, het goed ooreengestem. Daarenteen het die
nodC-RFLP aangetoon dat die nodC-genotipe van die inheemse isolate baie divers is. Slegs
by 'n paar isolate is ‘n sterk ooreenkoms tussen nodC genotipe en gasheerspesie aangetoon.
Aangesien DNS volgorde van hierdie genotipes onbekend is, is dit moeilik om hul oorsprong
en ooreenkoms met nodC-genotipes van ander rhizobiese genera te bepaal. Deur die
genotipiese resultate van hierdie studie en fenotipiese eienskappe, soos voorheen bepaal,
gesamentlik te oorweeg is verskeie nuwe Bradyrhzobium en Mesorhizobium rasse
geidentifiseer. Die spesies-status van hierdie rasse moet nog deur DNA-homologie analises

bevestig word.
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