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Abstract

Grasses form the basis for the meat, dairy, wool and deer industries, which
contribute to nearly 50% of New Zealand exports, and are also an important
component of natural ecosystems. Worldwide >100 plant viruses infect grass
species and even mild and symptomless infections can adversely effect plant
populations through reduced reproductive rates and greater susceptibility to
environmental extremes. The only previously published study on viruses in New
Zealand’s natural grasslands found that cereal viruses have invaded the native grass
flora of the South Island.

This research provided an extensive survey of New Zealand native grasses,
showing that barley yellow dwarf virus diseases (BYDV, Luteoviridae) and Cocksfoot
mottle virus (CoMV, Sobemovirus) are widespread in the North and South islands of
New Zealand. Significant findings include seven new virus hosts amongst the New
Zealand native flora, the first report of BYDV-PAS in New Zealand, detection in
Hierochloe redolens of a novel virus in the Luteoviridae family (proposed name
BYDV-To), and in Festuca novae-zelandiae a novel dsRNA virus possibly belonging
to the Partitiviridae family. New virus host reports in New Zealand include CoMV in
Poa anceps, P. cita, F. novae-zelandiae, and Chionochloa rubra; BYDV-PAV and
BYDV-PAS in Microlaena stipoides and Dichelacne crinita; BYDV-MAYV in P. cita, F.
novae-zelandiae and H. redolens; and CYDV-RPV in P. cita and M. stipoides.
Molecular techniques for virus detection and identification were developed or
improved during this study. Phylogenetic analyses of viral coat protein sequences
from native and exotic grass species indicate either frequent or recent virus
movement into native ecosystems, and multiple virus introduction events in New
Zealand. The likely origins of the virus species are discussed. Two CoMV variants
were identified, one of which caused severe necrosis in susceptible cocksfoot
cultivars. Reciprocal aphid transmission of BYDV-PAV using cereals and native
grasses showed that although transmission to natives was low, the efficiency of
transmission from natives to cereals was comparable to that between cereal
species, suggesting virus adaptation to the cereal host species.

The findings from this study are discussed in respect to disease management and

bio-security in New Zealand, and recommendations are made for future research.



Acknowledgments

First of all | wish to thank Ass. Prof. Michael N. Pearson (SBS, The University of
Auckland) for supervising this work with interest, providing helpful advice and being
always encouraging and available for discussions. | consider myself very lucky to
have had Mike as my PhD supervisor and | consider him a brilliant supervisor and

mentor! Thank you Mike!

This study would not have been possible without the assistance of a large number of
people and organisations, and I'm truly grateful to anyone that has been involved
(even by just forwarding my e-mails to the right people) at any stage of my research.

| apologise in advance for not being able to name everybody.

This research, and the presentation of my work at conferences and workshops,
would not have been possible without the financial support of several organizations. |
would like to thank The University of Auckland and the Agricultural and Marketing
Research and Development Trust (AGMARDT) for granting me doctoral
scholarships covering a 3-year stipend and annual fees. I'm very grateful to
AGMARDT also for covering part of the research costs, and costs related to
presenting my work at the Plant Pathology Conference in Australia and at the
AGMARD annual seminars. Thanks to The University of Auckland also for lab space,
equipment and consumables. | am very grateful also to the Miss E. L. Hellaby
Indigenous Grasslands Research Trust for believing in this project, funding the
majority of the associated research and field-work costs, and the presentation of the
work at their biannual seminars. Without their financial support this work would have
remained just a ‘nice idea’. | am also very grateful for having received the following
grants providing financial assistance to attend conferences and virology workshops:
The University of Auckland Graduate Research Fund; School of Biological Sciences
Contestable Travel Grant; and the New Zealand Microbiological Society student

travel grant.

| would like to express my gratitude to the many people in the School of Biological
Sciences for their help during my PhD study. Particularly, to lan MacDonald and
Adrian Turner for their priceless help with photography and microscopy; to Prof.
Allan Rodrigo for his valuable time and help in understanding statistical and



phylogenetic analyses (and for lending me books which after my extensive use no
longer look new); and to Ass. Prof. Brian Murray for helpful discussions. Huge
‘special thanks’ to Nga Tama for his extensive help with the maintenance of plants in
the glasshouses, and assistance with virus inoculations. | am also immensively
grateful to all the plant pathology lab members and particularly to Kieren Arthur,
Sarah Jane Cowell and Scott Harper who helped in many ways including providing
moral support, essential laughter, friendship, and unpaid hard labour. Crushing
samples or washing roots till late at night was certainly not fun but they never
refused to give a hand, and they continue to offer their help whenever it was needed!
Thank you also to Anton Russell for looking after my experimental plants while | was
in Italy at my dad’s funeral, | truly appreciated your support in that hard time. A big
‘thank you’ to Dr Jimmy Hatier and Dr Cortwa Hooijmaijers for their wonderful
friendship, assistance, and company during the field-work. Although sometimes it
was hard work with long hours we certainly had lots of fun..... | will cheer those
happy memories for the rest of my life! A huge THANK YOU to Cortwa and Dr Karin
Farreyrol also for critically reading early drafts of my thesis, | truly appreciated your
comments and encouragement through the writing process (especially considering

you are thousands of miles away).

Many Thanks to Ewen Cameron and Mei Nee Lee (Auckland Museum), Rhys
Gardner, Colin Ogle, Dr Peter de Lange, and the Auckland Botanical Society
members for their assistance with the herbarium work, grass identification, useful
information, comments, and discussions. | am also grateful to many staff members
of crown research institutes such as Landcare Research, Crop & Food Research,
and AgResearch for their assistance; to the Department of Conservation and
Auckland Regional Council for permits to access sites and the data from the National
Vegetation Survey Database; and to the New Zealand Army for access to their
training areas and assistance in finding accommodation in Waiouru. In particular, |
wish to express my gratitude to Dr John Fletcher, Ros Lister and Dr Paul L. Guy for
provision of virus isolates, useful information and discussions, and warm hospitality
and assistance during the field sampling in the South Island. Many thanks to Dr
David Teulon and his team for provision of aphids, useful comments on collected
aphids, and the best aphid identification keys! Thanks to Dr Barbara Barratt & Colin
Ferguson for access and transport to sampling sites; to Nick Singers for helping me

find suitable sampling sites and taking me there even though he was really sick and



it was the most horrible and freezing weather; to Dr Richard Leschen and his team
for invaluable help with the New Zealand Arthropod Collection, with Coleoptera
identification, and helpful discussions; to Jake Overton for helping me find my first
sampling sites; and to Dr Nigel Bell, Lee Davis, Dr Kelvin Lloyd, Kevin Sinclair,
Moore Kenyon, Dr David Orlovich and Dr Carolyn Malmstrom for taking the time to
respond to my numerous questions. Many thanks to all the Department of
Conservation staff that collected samples for me or gave me assistance in the field

especially in the Northland, Wanganui & Tongariro Conservancies.

| wish to thank also Dr Jacqueline Beggs for letting me join her student’s field-trip to
Northland, and for her support. Although we got lost in the bush and had to go
through steep hills of thick hakea, gorse and sedges (and later discovered that there
is ‘soft-sand’ in New Zealand), | had great fun and feel really privileged to have had
the opportunity to know her better and visit such a beautiful and remote part of New

Zealand.

Last, but not the least important, are the many landowners which granted me access
into their land and showed me genuine ‘kiwi hospitality’. A special ‘thank you’ to you
all; and particularly to the Nielsen family, Sim family, Stewards family, John

Edwards, and ‘Jhonti’ for their warm hospitality and interest in my work.

My deepest feelings go to my husband Nick Petraska, all the ‘family’ (including my
dog, Tori), and all my friends for always being there for me, and for all their
understanding, support and encouragement over the years (even from 20,000 miles

away!!!). Vi adoro e avete un posto nel mio cuore per I eternita!



Quotes
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Abbreviations

S| (Systéme International) abbreviations are used for chemicals, elements and

formulae. Other abbreviations used in the text are listed below.

e approximately

E plus-minus

D greater than

S less than

e greater or equal to

S, less or equal to

R R degrees Celcius

71 (PSR micrometer(s)

VLo PSR UURRRRRRRRRRR microgram(s)

L, microlitre(s)

= - amino acid

ACP.. antigen coated plate

AlC. .. Akaike Information Criterion

ANOVA. ..., analysis of variance

AP alkaline phosphatase

ATG. Army training group

BLAST ..., Basic Local Alignment Tool

o] o RPN base pairs

BSA. . Bovine Serum Albumin

BSMV...o Barley stripe mosaic virus

BYDV...oiiiiii Barley yellow dwarf virus

BYDVS...ooiiiiii Barley and cereal yellow dwarf virus
diseases

CONA. ... Complementary deoxyribonucleic acid

CP.iiiiiiiieieeeevieeeeee. COALt protein

CMV... e, Cucumber mosaic virus

CNMOV....ooiiiiii, Cynosurus mottle virus

COMV..oiiiii Cocksfoot mottle virus

CV ettt cultivar

CYDV..ii e, Cereal yellow dwarf virus

DAS. ..o double antibody sandwich

DNA. deoxyribonucleic acid

ANTPS...oo 2’-deoxynucleotide 5'-triphosphate

DoC..e Department of Conservation

DSMV....o Dasheen mosaic virus

E.COli.oe e Escherichia coli

EDTA. .o ethylene diamine tetra-acetic acid

ELISA. ..o Enzyme-linked immuno-sorbent assay
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grams

general linear model

Geographical Positioning System
hour(s)

Hierarchical Likelihood Ratio Tests

International Committee on Taxonomy of
Viruses

identification

immuno-sorbent electron microscopy
kilobase(s)

litre(s)

Land Information New Zealand
meter(s)

molar (moles/litre)

Ministry of Agriculture and Forestry
minute(s)

millilitre

Maximum Likelihood

millimolar (millimoles/litre)
millimeter

not applicable

National Centre for Biotechnology
Information

nanograms
North Island

Neighbour Joining

nanometer

Nucleotide

National Vegetation Survey

New Zealand

New Zealand Map Grid

optical density

Polymerase Chain Reaction

Pea enation mosaic virus

picomoles

Recombination Detection Programme
Ryegrass cryptic virus

Ryegrass mosaic virus

ribonucleic acid

revolutions per minute

reverse transcription

Rice yellow mottle virus

second(s)

School of Biological Sciences (The University

of Auckland)
South Island



species (singular)

species (plural)

Single Strand Conformation Profile
Tris-Borate-EDTA

Transmission Electron Microscope
Tobacco necrosis virus
Tris(hydroxymethyl)-aminomethane
ultraviolet

volume/volume

Watts

Waiouru Military Training Area
Watermelon mosaic virus

Wheat streak mosaic virus
weight/volume

Zucchini yellow mosaic virus
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