.‘;’_

&

W UNIVERSITEIT VAN PRETORI
’ UNIVERSITY OF PRETORI
- ORI

A
A
YUNIBESITHI YA PRET A

IDENTIFICATION OF GENES ASSOCIATED WITH

TOLERANCE IN THE CAVENDISH BANANA
SELECTION, GCTCV-218,
AGAINST
FUSARIUM OXYSPORUM F. SP. CUBENSE,

‘SUBTROPICAL’ RACE 4

Noélani van den Berg

Submitted in partial fulfilment of the requirements

for the degree of

Philosophiae Doctor
(Plant Pathology)

In the Faculty of Natural and Agricultural Sciences

University of Pretoria

Pretoria
March 2006
Supervisor: Dr. Altus Viljoen
Co-supervisors: Prof. Dave K. Berger

Prof. Paul R.J. Birch
Prof. Michael J. Wingfield




-

UNIVERSITEIT YAN PRETOR
UNIVERSITY OF PRETOR
PRETOR

1A
E A
Qe YUNIBESITHI YA b

|
1A

DECLARATION

I hereby certify that this research, unless specifically indicated to the contrary in the
text, is the result of my own investigation and that no part of this thesis has been

submitted to any other university.

Noélani van den Berg



_4,_

&

W UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
\ 4

YUNIBESITHI YA PRETORIA TABLE OF CONTENTS

TABLE OF CONTENTS

Acknowledgements 1
Preface il
Abbreviations and symbols \%
CHAPTER 1 Resistance to Fusarium wilt in banana: A Review..........cceeueeeunee 1
INTRODUCTION ..ottt ettt ettt sttt enee s 2
FUSARIUM WILT OF BANANA (PANAMA DISEASE) ...ceecviieiiiieeeiieeeiieeeiee e eeivee s 3
THE HOST: BANANA L....oiiiiiiiiiiiiiiii i 5
RESISTANCE IN PLANTS TO PATHOGENS ......cooiiiiiiiiiiiiiiiiie it 7
TRIMINOLOZY ..eeveeeeiiie ettt et e e e e et e e sate e e s sbeeessbeeessseeesseeesseeenseens 7

The Constitutive Defence ReSponse ...........ceoerveveiviiniiinieniniienieeeeeecseceeens 8

The Induced Defence RESPONSE........cceevuiiiiieiiieiiieiieeieee et 9
RECOGNITION ...etiiiiieiieiieete ettt saeeesbe e saeensees 9
Hypersensitive TESPOMNSE. ... .uuierrirerireeriieesreeesieeesreeesreeessseeessseeessseeensseesnnes 9
OXIdatIVE DUISE....eeiiiiiiiiicciieceee et e e sere e e eabee e 11

TON FTUXES 1.ttt st 12

Cell wall strengthening and vascular occlusion............cceeveeivenieecieenneennnn. 12

| 3T s VUo7 1 2 o) o RS TRUSRRRPRRR 12

Callose dEPOSTHION .....eeuviiuiiriiitieiierit ettt ettt 13

Phenolic COMPOUNAS ........cccvieiiiiiieiieie et 14

Indole acetiC aCTd .....c.ovuieiieiieiieiiee s 15

Other Defence RESPONSES ......ccveiieiiiieiiiieeiieeciee ettt e 16
Pathogenesis-related proteins (PR proteins) .........cccocoevcieiiiiieiniiniieeneen 16
PErOXIAASES ..e.vveiiiniieiieiiieiee ettt 16
PRYtOALEXINS ..ecvviiiiieiieeie ettt ettt e eee 18

Signal TranSAUCHION ......ccviieiiieiiiieeiee ettt e et e e e e e e e aeeeesee e 18
SAlICYIIC ACTA ..ttt 19

JASMONIC ACTA ...ttt e 20

EERYIENE ..ottt et et 20
Interaction between the SA, JA and ET pathways.........cccccoeeeveviiiniiiininnn. 21

SYSLEMIC TESISLANICE ..c..evvienvieiiitieieeiierie ettt ettt ettt sbe et e saeens 21
COMPONENTS OF PLANT DEFENCE MECHANISMS AGAINST FUSARIUM WILT............. 23

SETUCTULAL DIETEIICE e e e e e e e e e e e e e e e ee e e e e e e e e e e e eaaaaaeaeaaeanaaaaans 23



_(’_

&

N UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Qe

" YUNIBESITHI YA PRETORIA TABLE OF CONTENTS

Biochemical DEfencCe.........cocuirieriiiiiniiiiiecieeeee e 25
IMPROVEMENT OF BANANA FOR FUSARIUM WILT RESISTANCE .....cccceevuiienirennineennnn 27
Genes Associated with Resistance to Fusarium Wilt ..........coccooiiiiiiiiiniin, 27
Conventional Breeding ..........ccccocveviiiiiiiniiniieicnicseeecececeeee e 29
Unconventional IMProVemMENt ...........cceevuieiiiierieeiiieiie e esiee e sve e ees 30
Somaclonal Variation ...........oceeeerierieeiieniereee e 30
Induced MULALIONS .....c...eeiiiiiieiie e 30
Protoplast fUSION ......c.eeiiiiiiiiiiieie et 31
Genetic MOAIfICAtION. .....cc.eiiuiiieriiiieiiereee e 31
CONCLUSION ...ttt ettt ettt ettt sttt ettt et sae e et esbeene e aee 32
REFERENCES .....vtiiiiiiiieiiie ettt ettt ettt ettt et s e et s e eneesaneenee 35
CHAPTER 2 Evaluation of the Cavendish banana GCTCV-218 for tolerance
to Fusarium Oxysporum f. sp. cubense ‘subtropical’ race 4 (VCG 0120) ............. 65
INTRODUCTION ...ttt ettt ettt sttt et sttt et 67
MATERIALS AND METHODS ......coiiiiiiiiieiiieieeniee ettt st e e enee 69
Greenhouse TTIALS ...oeciii e e 69
Plant Material .......c..ooouiiieniiiiiieeectee e 69
INOCUIALION ..ottt 69
DiSCASE TALING.....ecvieiiiieiieeiieeieeete et ete et e saeebeeeaeebeeebeebeessseesseeenseenseeans 70

FIeld TT1al ..t 70
Plant material ..........c.ooovviiiiiiiiiie e e 70
DISEASE TALING.....ecuvieiieeiieeiie ettt et ete et este et esteeteesteebeesnseenseeenseeaeeens 70
PRENOLIC ASSAYS ...vvieniiieiiieiieeieeiie ettt ettt ettt e e be e s eesbeesaseesaessaeesseessseenseens 71
Plant material ..........cooiiiiiiiiii e 71
Extraction of phenolics ...........cociiiiiiiiiiiiinieeeee e 71

Total soluble phenolic acids..........cceerieriiieniieiiierieeiee e 72
Non-conjugated phenolic acids (Free acids)......cccoveeeeiierieeciienieeiiesieene, 72
Glycoside-bound phenoliCs...........ccoveeviiieiiiiiiiiecieeee e 72
Ester-bound phenolics.........coueiiiiiiiiiiiieee e 72

Cell wall-bound phenolics ..........ceecueeiiiiriiiiieieeieee et 73
RESULTS L.ttt ettt ettt 73
Greenhouse TTIAlS .....ooouiiiiiiiiie e e 73
FACIA TTIALS c..veeeeeieeeieeeeee ettt et e et e e e e e sabeeeenseeennas 74



@t

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Qe VYUNIBESITHI YA PRETORIA TABLE OF CONTENTS

Total soluble Phenolics .........cceevuiiiiiiiiieiieie e 74
Non-conjugated phenolic acids (Free acids)......cccccveeeevierieeciienieeiienieee, 74
Glycoside-bound phenoliCs..........cccveeriiieiiiiiiiieciece e 74
Ester-bound phenolics.........ccuiiiiiiiiiiiiieee e 74
Cell wall-bound phenolics ........c.ceceuieiiiiriiiiieieeieee e 75
DISCUSSION ..ottt et st 75
REFERENCES .....otiiiiiiiieiiie ettt ettt st ettt et e s e saneeneesaneenee 78

CHAPTER 3 Construction of a cDNA library with genes associated with

tolerance to Fusarium oxysporum f. sp. cubense in Cavendish bananas............... 91
ABSTRACT .ottt ettt ettt ettt ettt st sat e et sae et et sae e e aee 92
INTRODUCTION ..uiiiiiiiiiiiieiieeiee ettt ettt sttt et s esaneenee 93
INTRODUCTION ...uiiiiiiieiiietieeite ettt ettt ettt st e s e et see e eteesaneeneesaneeaneens 93
MATERIALS AND METHODS ......coiiiiiiiiiiiiiieniteie ettt sttt 96

Inoculation of Banana Plants with FOC...........cccoociiiiiiiiiiieee 96
Plant material and growth conditions ...........cccceeeeiiiiniieeniie e, 96
Preparation of in0CUIUML.........c.coiiiiiiiiiiiii e 96
Inoculation and sample cOlleCtion ...........ccccueeriieiiieniieiiieie e 97
Total RNA 1S01atiON ......ceuieiiiieiiiieciieieeeeee e 97
CDNA SYNENESIS ...eeeiviiiiieiieiiecie ettt s ee et eebeeeneas 97
Suppression Subtractive Hybridisation (SSH)........cccceevviieeiiiiniieeiieee. 98
Monitoring SSH efficiency ........coceevueriiniiiiiiiniieeeeeeceeeeee 99
SoUthern analysis .......c.eecieriiiiiieiieeieeie et 100
Subtracted library CONStrUCtION ........c.eeevieriieeieeriieeieeee et 101
Colony PCR and sequencing of selected clones..........cccceevveeevieecveeennenn. 101

RESULTS ettt ettt st ettt st et e s 103
Inoculation of Banana Plants with FOC .........cccccoociiniiiiiiniiiiceeeee 103
RINA TSOIATION ..euiiiiieiieeiieie ettt 103

CDINA SYNERESIS .oeeiiiieiiiieciie ettt ettt e s e e ree e saeesaaeeens 103
Suppression Subtractive Hybridisation (SSH).........cccccoeeiiniininiinicnnnn 103
Southern Blot analysis ........c.ccceeeiieiiiiiiieiiieieeie e 104
Subtracted library CONStrUCtION ........c.eevvieruieeieeiieeieeiee et 104
Colony PCR and SEqUENCING ........cceeeevieeeiieeeiieeeieeeeieeeereeesieeeevee v 105
DISCUSSION ...coiiiiiiiiieenieeeteeett ettt sttt ettt et s e et sen e e neesaneereesanes 105

REFERENCES ....ooettttttieeeeeeeeeteeeeee e e e e e e eeeeeaeeeeeeeeeeeetaaaaeaeeseseeetesasanaasesseeeerananaanesees 109



_(’_

&

N UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
\ 4

YUNIBESITHI YA PRETORIA TABLE OF CONTENTS

CHAPTER 4 High-throughput screening of a Banana ¢cDNA library using

DNA microarray analySiS.....cicieciseicnsnncssnicssnecsssncsssseessssnessssnessssscsssssssssssssases 125
ABSTRACT ...ttt ettt e ettt e s et s e e s e e e sanes 126
INTRODUCTION ...uiiiiiiieiiieitienite ettt ettt sttt ettt ettt e e saneeneesanes 127
MATERIALS AND METHODS ....c.coiiiiiiiiiiiiiieiiiiesiteie ettt sttt s 128

cDNA Microarray Analysis of the SSH Library..........cccocveveiieiieniieniinieeiens 128
Preparation of SSH clones and slide Spotting...........cccceeevvveecieeecveeennnn. 128

Probe preparation............oeceeerieiiieniieeie et 128
Hybridization and Washing .............ccceeiiiiienieniiienieeieeeeeee e 129

cDNA Microarray screening of the SSH library...........ccccocveveviiniinciiennn. 130
Inverse Northern Dot BIOtS.........coouiiiiiiiiiiiiieee e 131
Membrane Preparation ............eeceeeeveerieenieeneeeieeseeeieesee et esee et e seee e 131

Probe preparation, hybridisation and detection ..........c..cccceeveevveneeiennenne. 131
RESULTS AND DISCUSSION......ccutiiuiiiiiniieniieieitentteteeitesie et esre sttt saeesaesanesaeeneas 132
cDNA Microarray Screening of the SSH Library........ccccoccvveeviieeiciieinieeeieeens 132
Inverse Northern Blot Analysis of Selected Transcripts.........cceceeeveveeruericnnene 133
REFERENCES ...ttt ettt ettt ettt sttt st sae et 136

CHAPTER 5 Identification of genes associated with tolerance to Fusarium

oxysporum f.sp cubense in Cavendish bananas ...........coeeeeeecncscsssssosesssssassassasane 141
ABSTRACT ...ttt ettt e et ettt e s et s et san e e e e eanes 142
INTRODUCTION ...uiiiiiiieiieeitieeite ettt ettt ettt ettt ettt e e e e e e sanes 143
MATERIALS AND METHODS ....c.coiiiiiiiiiiiiiieiiiiesiteie ettt sttt 144

Sequencing and Analysis of CDNA ClONes ........ccccccvevieeiienieeiieeniieeieeee e, 144
Real Time Reverse Treanscriptase-PCR...........ccoccvieeiiiiiiiiiciicceeccee e, 145
Template Preparation ...........cceeceereeeriienieeiee ettt see e 145
Primer deSIZN ....cocueeiuiieiieeiieiie ettt ettt 145
RT-PCR OPtImMISAtION......cccvieriieiiieiieeiieniieeieenieeeieesereeseeseseeseessneeseesnneas 146
Quantitative EXPression ASSAYS.....uuieruieerieeerieeenieeesreeesreeesseeessseessssessssseeenns 147
Data ANaly SIS .....eeeiieiieiiieiie e e 148
RESULTS L.ttt 149
Sequencing and Analysis of CDNA ClONes .........cccccvevveeieenieecieeniieeieeree e, 149
Real-Time Reverse Transcriptase PCR .........cccoeeviiieiiiieiiiieeeeeeee e, 151
Primer design and RT-PCR optimisation ...........ccccceceeveerienienienecneennennne. 151

Quantitative EXPression ASSAYS.......cccueriieriierieeniienieeiienreesieeseeeseesveenenesnnees 152



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

QW VYUNIBESITHI YA PRETORIA TABLE OF CONTENTS
DISCUSSION ...ttt ettt e e ettt reeeeeeeeeettaa i raeeseseeetesaaaaseseeeeerannnaaesees 154
REFERENCES ....eeetttttteeeee et eeeeeeeeee e e e e e e et eeeeeeeeeseeaaeeaaeeseseeeasennaaeseeseerannnaaaaaeeeaes 160
SUMMARY ettt e e e et e e e e et e e e e e ee e e e e e e e e e e e e e e raraeeeeeaaeeenannas 200

ANNEXURE: High-throughput screening of suppression subtractive hybridization
cDNA libraries using DNA microarray analysis. Noélani van den Berg, Bridget G.
Crampton, Ingo Hein, Paul R.J. Birch, and Dave K. Berger.



_4,_

&

W UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
\ 4

YUNIBESITHI YA PRETORIA ACKNOWLEDGEMENTS

ACKNOWLEDGEMENTS

I would like to express my appreciation and thanks to the following people and

institutes:

Dr. Altus Viljoen, Prof. Dave Berger, Dr. Paul Birch and Prof. Mike Wingfield.

Thank you for the guidance, advice and patience during the preparation of this thesis.

The National Research Foundation (NRF), the Banana Growers Association of South
Africa (BGASA), the Technology and Human Resources for Industry Programme
(THRIP) and The Mellon Foundation for financial assistance.

My friends and fellow students in the Banana Research Programme for their support

and friendship.

Du Roi Laboratories for providing tissue cultured plants.

Dr. Ingo Hein from the Scottisch Crops Research Institute. Thank you for all the
endless hours of patience in the laboratory and for all your encouragement, mentoring,

and advice.

Anton, you are the love of my life. Thank you for your unconditional love and for

always believing in me.

My mother and Pierre for loving me and giving me the opportunities to achieve my

goals.

My Saviour and friend, Jesus, Christ, for His love and strength to concur the world

and all its challenges.



e
<<

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

People who make their own rules
when they know they’re right...
People who get a special pleasure
out of doing something well (even if
only for themselves)...

People who know there’s more to
this whole living thing than meets
the eye: they’ll be with Jonathan
all the way.

Jonathan Livingstone Seagull

(Richard Bach)

11



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA PREFACE

.@_

d=b

W UNIVERSITEIT VAN PRETORIA
Cuud

PREFACE

Musa acuminata Colla (banana) is one of the most important food crops in the world
and provides a staple food and source of income in many households, especially in
Africa. However, bananas worldwide are under serious threat by Fusarium
oxysporum Schlect. f.sp. cubense (E.F. Smith) Snyder & Hansen (Foc). There exists
no control strategy against the pathogen and control involves the use of resistant
cultivars and cultural practices that prevent the introduction and spread of the disease
into disease-free areas. Natural disease resistance exists in wild-type bananas and a
few hybrids, but these bananas are not acceptable to the Cavendish market and the
search for a new tolerant or resistant Cavendish banana is underway. Conventional
breeding strategies are however hindered by the fact that Cavendish bananas are
sterile and do not produce seed. Therefore, non-conventional strategies such as
transformation are more realistic and could be more successful. Unfortunately, very
few banana genes have been isolated and characterised up to date and the banana-Foc
interaction has not yet been studied extensively, if at all, on the molecular level. This
leads to a lack of knowledge in understanding disease resistance mechanisms in
banana and complicates the matter of transforming susceptible bananas with

resistance genes.

This thesis firstly aims to evaluate the disease tolerance of a Cavendish banana,
GCTCV-218, infected with Foc and secondly to isolate the disease resistance genes
expressed early in the banana-Foc interaction. Fusarium wilt is a root pathogen and
few molecular studies have been done on the plant response in roots to pathogens.
This is, so far, known the first molecular study on the Cavendish banana-Foc

interaction.

Chapter 1 provides the reader with a short review of banana, and the pathogen, Foc.
The chapter then gives a broad overview of disease resistance in plants and further
provides information on Fusarium resistance in banana and other crops with reference
to the type of resistance (i.e. constitutive or actively induced chemical or structural

resistance).

111
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The Cavendish banana, GCTCV-218, is a somaclonal variety selected by researchers
at the Taiwan Banana Research Institute (TBRI) in Taiwan and showed promising
results in disease resistance trials against ‘tropical’ race 4 (VCG 0121). Chapter 2
evaluates the disease tolerance of GCTCV-218, under South African conditions
against Foc ‘subtropical’ race 4 (VCG 0120). Literature has reported that phenolic
compounds may be involved in resistance against FOC and this chapter will also study
the different phenolic compounds in GCTCV-218 compared to the susceptible

Williams at different time intervals after Foc infection.

Chapter 3 describes the construction of a banana cDNA library containing gene
fragments that are differentially expressed in GCTCV-218 in response to FocC
compared to the susceptible Williams cultivar. A highly effective PCR-based
technique, termed Suppression Subtractive Hybridisation (SSH), was applied in this
chapter.

Chapter 4 reports on the development of a high-throughput screening method of the
banana SSH cDNA library using DNA microarray analysis. This is a novel approach
in screening SSH libraries for false positives that have escaped the subtraction process

and has been published in Bio Techniques (2004) 37: 818-824.

Seventy-nine gene fragments were selected for sequencing after screening the library.
In Chapter 5, the selected gene fragments were sequenced and subjected to
BLASTX, BLASTN and DBEST searches. A table containing non-redundant gene
fragments was compiled and some of these gene fragments were subjected to
alignments with known corresponding genes from the NCBI database. The
expression profile of four defence related genes was further investigated by

quantitative Reverse Transcriptase-PCR.

v
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