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ABSTRACT

A transformant of the fungal endophyte Acremonium lolii, strain Lp19, containing the
gusA gene under the control of the constitutive Pgpd promoter was generated, and
assigned the name KS1. Analytical digests and Southern hybridisation showed that this
transformant contained a single chromosomally integrated copy of the gusA gene. The
transformation frequency of Lp19 was found to be very low, and attempts to increase

the transformation frequency were unsuccessful.

KS1 was used to artificially infect seedlings of several different genotypes of Lolium
perenne, all of a single cultivar, ‘“Nui’. These seedlings were grown into mature plants,
and the endophytically produced GUS enzyme was extracted from individual plant
tissues. Assays were performed on the enzyme extracts, and the levels determined were
used as a measure of endophyte metabolic activity. Alterations of the gus4 gene in
some plants was detected by Southern hybridisation. One alteration was found to result

in loss of GUS activity, the other did not appear to alter gus4 expression.

Levels of transformed endophyte GUS activity were initially compared between clonal
plant material of a single genotype. Statistical analysis revealed that no significant
differences were detectable for a particular tissue between the different plants. This
showed that plant material of identical genotype could be pooled for analysis without

the pooling of the individual plants having an affect on the outcome of the analysis.

Next, levels of the transformed endophyte GUS activity were compared between
genetically diverse perennial ryegrass plants of cultivar ‘Nui’. Significant differences in
GUS activity were detected in most tissues tested between the different genotypes, with

only the most mature tissue displaying no detectable differences.



Finally, a single plant of each of two individual genotypes was divided into several clonal
plants, and the resulting mature plants were pooled in their genotypes for analysis of GUS,
peramine, ergovaline and lolitrem B levels. The F test was not particularly sensitive in this
experiment, and only one major difference between genotypes could be detected. Despite
this, some trends emerged which were found to be consistent with those found in other
studies. Metabolic activity and peramine levels were shown to be highest in the leaf sheath
tissue, with levels generally decreasing with increasing tissue age. Lolitrem B was found to
be highest in leaf sheath tissue also, but with levels increasing in general with tissue age.
Ergovaline levels were very low in all tissues. The results presented show the potential of
the use of the GUS reporter gene system to study endophyte gene expression in planta,

and pooling of plants can be carried out to allow simultaneous study of toxin expression.



ACKNOWLEDGEMENTS

Firstly I want to sincerely thank my supervisor Professor Barry Scott for his
encouragement and guidance, and for taking me into his lab part way through my degree. |
really appreciate the support which you gave me, especially in the beginning when we had
so many difficulties. Thanks also to my second supervisor Dr Brian Tapper, who agreed to
become involved in my project at a late stage and provided helpful discussion and
assistance. To Mike Christensen, thankyou for all of your help with cultures, ideas,
technical advice, encouragement and more. I am grateful to Associate Professor Stephen
Haslett for all of his help with writing and interpreting the statistical analysis of my data,
and for discussions on planning experiments. Thanks to Dr Geoff Lane and the technicians
at AgResearch Grasslands for your toxin analyses. 1 acknowledge Dr Jan Schmids input at

the beginning of this project.

To the people in the Scott Base, Lisa, Carolyn, Jo, Austen, Christina and Emily, and to
the people from my “old labs”, Tania, Dianne, Paul, Carmel, Frances and Pete, thanks for
your help and advice, and for the distractions and laughs, even if we did a bit too much of

this at times.

To staff and students of the department past and present especially Kirsty, Miranda, Terri,
Laura and Rebecca, thanks for your support, and the trips to the “bank™ (a.k.a. Options)

we have had over the years.

To Peter, thanks heaps for everything! I would have thrown the computer out the window
in frustration without your help. Thankyou to Mum, Dad and Matt for your
encouragement and the constant entertainment. Thanks to Nana and Ginny for the cakes,

letters and the petrol vouchers. To Lorraine and Keith, your encouragement and support



and little Tig. To Miranda & Bodie;, Sandra & Ebony; Rose, Chris & Bianca; thanks for
the dog walks.

My thanks also to those who provided the very important funding and resources - FORST,
Massey University and the Microbiology and Genetics Department. Thanks also to the
Massey University Doctoral Research Committee, especially to Professor Ken Milne, for

all your assistance and support.



TABLE OF CONTENTS

vi

ACKNOWLEDGEMENTS.......c.omnmmsaommmensmmsmsssmmomsneasnss s mas sonsnsssnsnsmssse BV
TABLE OF COINTENTE & o s s s i S s s ao s s Vi
TS OF TABLES... . wie ittt cnm it s ST oo AR Semmy et foms xi
Chaptet T INTRODUCTEON .csiosoususmsesm s i iy ag s s viuss 1
1.1 THE BIOLOGICAL IMPORTANCE OF FUNGI..................... RS 1
12  ACREMONIUM ENDOPHYTES OF GRASSES.......cciswmvasmornsrmmsssaanas 2

12X Taxnomy and EXYONIION sy rma s s o i s s e g 3

1.2.2 Life Cycle and Distribution....................ooiiiiiiiiiiiiin, 4
1.3 ENDORPHYTE-HOST COMPATIBILITY . ... corinsantros ssmo ssmesssmmsmnms oo 7

1.5

1.6

1.3.1 Variation within Acremonium endophyte isolates......................... 7
1.3.2 Variation in the ability of Acremonium endophyte isolates to form

assOCIations With @rasses. .. ............oooiiiiiiiiiiiiiiii i 8

BIOLOGICALLY ACTIVE SECONDARY METABOLITES AND THEIR

L T T 9
TRANSFORMATION OF FILAMENTOUS FUNGI................cooooviiin 12
REPORTER GENE SYSTEMS TO STUDY GENE EXPRESSION........... 15
1.6.1 Use and Characteristics of Reporter Gene Systems....................... 15

1:6.2. ‘The GUS Reporter Gene System......uccanvaniiniiasiviciicnasaii 16



L POTENTIAL APPROACHES TO MANIPULATING THE SYMBIOSES
FOR AGRICULTURALBENEFIT................coovviiiiiiiiieiceeeicenn. 18
1.8 BACKGROUND AND AIMS OF THIS PROJECT ..o sususmmsosmmainmanse ]9

Chapter 2. MATERIALS AND METHODS.................................occ. 21

2 FUNGAL STRAINS AND PLASMIDS ... ... 21
22 GROWER OF-PUINGY . i ot s s o s S O st S s S 21

2.3.1 PotatoDextrose Media. . ... ... 22

232 CoRnpIE e VIS . o oo s s om0 5 S S N N 22
24 COMMONLY USED BUFFERS AND SOLUTIONS.............cccovvvvnnnnn 22
2.4.1 1xTBE Electrophoresis Buffer............................................. 22
24.2 1% TAE Electrophoresis Bufler........ocivnumnmice v s 22
243 SDS Loading Buffer.................oocooiiiiii 22
ZAR OMBEEIEE. o i i s A S A AR 2 22
A G 22
246 BT BUIERL, o e s msssnsissummmsmts sk amsms o s s vt 22
ZAT  TEBUHRE «.oovmuinvmmmmmsmmm oo soimmaan s s s s, 24
248 10x Hybridisation Buffer.............................ooiiii 24
289 DO BRC. . coniimmmmnssmmsmme s s S Fes A s S SO Sa WG wot 24
L D L oo, 24
2.4.11 Tris Equilibrated Phenol.................ccooiiiii i 24
2412 GRS EXUraction BUTPer. ..o oo s i s s s vianisi 24

2.4.13 GUS Assay Buffer.............oooiiii e 24



2.6

2.9

2.0

2.11

212

2.13

2.14

2. 15

viii

DINA ISOLATIOM... ..o couve oo smon v s snn unmsiosinns smpsmn s s s sisnscesss S0
2.5.1 Large Scale Total Fungal DNA Isolation..................................24
2.5.2 Isolation of DNA Fragments from SeaPlaque Agarose Gels.......... .. 25
PURIFICATION OF DNA BY PHENOL/CHLOROFORM
EXTRACTION. ......cooviiiiiiiinn . .26
PRECIPITATION OF DNA WITH ISOPROPANOL OR
DETERMINATION OF DNA CONCENTRATION... ..........................26
2.8.1 Fluorometric Determination of DNA Concentration..................... 26
2.8.2 Mini-gel Method for Determination of DNA Concentration............27
RESTRICTION ENZYME DIGESTIONOFDNA............................. 27
AGARQOSE GEL ELECTROPHORESIS OF DNA....cocovswmmm snssssmavsuss 28
DETERMINATION OF MOLECULAR SIZE.. .. .osnssmsnss ssmpmsimms o 00
PREPARATION OF FUNGAL PROTOPLASTS. ..., 28
TRANSFORMATION OF FUNGAL PROTOPLASTS................ooinn 29
NUCLEAR STAINING OF FUNGAL PROTOPLASTS........................ 30
SOUTHERN BLOTTING AND HYBRIDISATION... ........................ 30
2151 SOuthern BIOWING. ....oo0i vunmvmsssnnvssbonm veisnss e sumsin musossmin 30



2.15.2 Preparation of Labelled Probe with the High Prime DNA
Labelling Kit................. . 31
2.15.3 DNA HYBritSation. ... cocumess swmsmsans cxamssneesanmsmss sevass sassammain 31
-SSR FINBIETOF TOBAIRE . oo casmompah ks sy b R ih S s i

2.16  GROWTH AND ARTIFICIAL INOCULATION OF LOLIUM
PERENNE PLANTS. ... ..oonrrasmmnssn o eonmmmnnns os sm ssssbin sixa sosioncs i sassin sonsnn D2
2.17  EXTRACTION OF THE GUS ENZYME FROM PLANT TISSUE..........33
2.18  B-GLUCURONIDASE ASSAYS. . .. ... .. 033
218 1OuantHative ASSRY .. s oviu coanss tvommme e i s sy sis S8 iy s 455 O3
2 LB LOUANRENE ABBAY. . o5 mbai s S AN AR AR AN s e P YA BV
2.19  ANALYSIS OF TOXINS IN PLANT MATERIAL... .......................... 34
2T N PRranie AOBIVRIE. .. . vunmiinscvmeusionm s ien w5y 34
2. 19 2L otitrem B AnaIySiS: .. v s sssn s s i ossshisis e 35
2 10 SR Al AIRIVEIR - coverm s s e A s S O 36
220  STATISTICAL ANALYSIS OF DATA... ... .ccommimnsrormmissien srasassnscenn 30
Chapter 3. RESULTS ......uiuvunvamumnsenuisive sousisn sunsamssavisins e sgisessuiss 38
3.1 COTRANSFORMATION OF A HAPLOID STRAIN OF 4. LOLII..........38
3.1.1 Transformation of Lp19: Experiments land 2............................ 38
3.1.2 Transformation Of Lpl9  EXpefment 3. ... coossmmavsnns sussinssmn 39
3.2 NUCLEAR DISTRIBUTION...............ccccoennne. R R N R R 44
3.2.1 Nuclear Distribution in Lp19.........cooiiiiiiiiiiiiiiiiiiiiaseeennennnns 44



33 MOLECULAR CHARACTERISATION OF A. LOLII
TRANSFORMANTS . e, 4
34 ARTIFICIAL INFECTION OF PLANTS, AND THE STABILITY
OF KS1ENDOPHYTE INPIANTA ... ..o AT
3.5 DETERMINATION AND COMPARISON OF GUS ACTIVITY IN
PLANTS OF IDENTICAL AND DIFFERENT GENOTYPES............... 51
3.5.1 GUS Activity in Plants of Identical Genotype............................ 51
3.5.2 GUS Activity in Plants of Several Different Genotypes................. 53
3.6 ANALYSIS OF TOXIN AND GUS ACTIVITY DISTRIBUTION.......... 59
Chapter 4o ISCUSSEON ... . oo s s i S S A ety 67
11 COTRANSFORMATION OF ACREMONIUM.......cvuuviiiiinsinssnes i 67
4.1.1 Alteration of the gus4 Gene in KS1.................................. il
12 EFFECTOF PLANT GENOTYPE ON AMNALYSES....coouussmsuvinvnns 72
421 The Effect of Plant Genotype on GUS Activity.................c........ 72
4.2.2 The Effect of Plant Genotype on Toxin Production...................... 73
L3 METABOLIC ACTIVITY AND TOXIN DISTRIBUTION /N PLANTA... 74
-4 SUMMARY AND FUTURE PROSPECTS.........ccoiiiiiiiiiieiene 76
\PPENDIX 1 PLASMID MAPS. ... .. 78
\PPENDIX 2 RAW DATA AND SASPROGRAMS ..., 81
\PPENDIX 3 PAIRWISE COMPARISONS ... scvivinnmmiammimms e veasodais 99
REFERENTIES (..o smmmusassmmmsenssmssss siins s sanassss s wins s s et s s s s sasa st 106



X1

LIST OF TABLES
Table | Funpal stratos and PIASHIEE. .. .. uevmvyssore civsassas svm s ssbian o i s dsming 23
Table 2 Cotransformation of Lp19: Experiments 1and2.............................40
Table 3 Cotransformation of Lpl and Lp19: Experiment 3........................... 42
Table 4 GUS activity measured in extracts from perennial ryegrass plants of
genotype A............... 54
Table 5 Analysis of variance of endophyte GUS activity within plants of
BENOIYREI . - i mma v A TS Fa v e — 56
Table 6 GUS activity measured in extracts from perennial ryegrass plants
of different genotypes........... ... 57
Table 7 Analysis of variance of endophyte GUS activity between different
genotypes of the same cultivar................. ... 60
Table 8 Mean toxin and endophyte GUS levels in two different genotypes
O the SAMmE CUIIVEIT. .....co connivnsmn nunsassonsas vt nensnsmssxsiban srsnssmns 62
Table 9 Analysis of variance of toxin and endophyte GUS levels in two
different genotypes of the same cultivar........................................ 63



X1

LIST OF FIGURES

Figure 1  Life cycle of Epichloé typhina (sexual) and an Acremonium
endophyte (sexual) growing symbiotically with tall fescue
(EESIHEE FRBIRL). ... ..o con comsnmcrwons cvams sxmsnsmsinsmsnm s vas asammssevrswessesi)
Figure 2 Relationship of primary metabolism to the biologically active
secondary metabolites believed to play an important role in

grass-endophtye associations............................................. 13

Figure 3 Structures of biologically active secondary metabolites believed

to play an important role in grass-endophyte associations............ 14

Figure 4  Hoechst dye-stained Lp19 protoplast nuclei visualised by

fluorescence miCrosCoOpPY..........cooovveiiiorineiiiiiiiiienie.. . 45

Figure 5  Distribution of nuclei number in protoplasts released from Lp19... 46

Figure 6  Southern hybridisation of KS1......................................... 48

Figure 7  Hybridisatoin of gusA4 to plant retsolates of KS1, and the original

TOCHII. . v i i ety s TR s S 3 e 50

Figure 8  Hybridisatoin of gusA to plant reisolates of KS1, and the original

T (1 Y R S SR 52

Figure 9a Mean levels of toxins and GUS measured in genotype A............ 65

Figure 9b Mean levels of toxins and GUS measured in genotypeD............ 66



