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Abstract

Echinochloa colona is an important summer-growing weed species in northern Australian
cropping regions. The intensive use of glyphosate in summer fallow operations has led to the
appearance of glyphosate resistant E. colona populations at a large number of sites. Studies of
the genetic diversity, resistance mechanisms, inheritance and spread of resistance were
undertaken to better understand the evolution of glyphosate resistance in this species. A
survey of 65 barnyard grass populations collected from Queensland and New South Wales
determined 34 populations were resistant to glyphosate with resistance levels ranging from 2
to 11-fold. High genetic diversity within three populations and between 62 populations was
identified by the AFLP technique. A total of 99.2% of alleles identified within populations
were polymorphic with a higher percentage of polymorphic alleles within the two resistant
populations compared to the susceptible population. The level of glyphosate resistance in
populations was dependent on the ambient temperature. Resistant populations showed a
noticeably higher level of resistance at 30°C compared to 20°C whereas there was no effect of
temperature on the response of the susceptible population. Experiments were carried out on
glyphosate absorption and translocation in resistant and susceptible plants to identify the
reason for these differences and the results showed a considerable decrease in glyphosate
absorption into leaves at 30°C. Differences were also identified in glyphosate translocation
between the treated leaves and the other sections of plants at the different temperatures. There
were no differences in glyphosate absorption or translocation between the susceptible
population and the resistant populations suggesting that differences in absorption and
translocation of the herbicide are not the mechanism of resistance in the studied populations.
Studies of EPSPS gene copy number showed gene amplification was not the resistance
mechanism either. A mutation was detected at codon 106 (proline substituted by serine) of the
EPSPS gene of the most resistant population, A533.1, indicating the presence of target-site
resistance in this population. Gene flow by pollen exchange between the glyphosate resistant
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population A533.1 and the susceptible population Echi S occurred at a frequency of 1.38%
when progeny from the susceptible parent was tested at 240 g a.e. ha™ of glyphosate. The
mutation in the EPSPS gene was detected in 24 F; progenies of this population pair.
Segregation of resistance in the gene flow experiment between resistant and susceptible
individuals occurred at a 3:1 resistance : susceptibility ratio in the F, generation indicating the
trait of glyphosate resistance is a single dominant trait of E. colona. Sequencing the EPSPS
cDNA of five parental and F, filial individuals revealed at least two EPSPS genes present in
E. colona. Shikimate accumulation of the F; hybrid and the glyphosate response of F;

progenies were intermediate between the two parental populations.

Xiii



Declaration

I certify that this work contains no material which has been accepted for the award of any
other degree or diploma in any university or other tertiary institution and, to the best of my
knowledge and belief, contains no material previously published or written by another person,
except where due reference has been made in the text. In addition, I certify that no part of this
work will, in the future, be used in a submission for any other degree or diploma in any
university or other tertiary institution without the prior approval of the University of Adelaide

and where applicable, any partner institution responsible for the joint-award of this degree.

I give consent to this copy of my thesis when deposited in the University Library, being made

available for loan and photocopying, subject to the provisions of the Copyright Act 1968.

I acknowledge that copyright of published works contained within this thesis (as listed below)

resides with the copyright holders of those works.

I also give permission for the digital version of my thesis to be made available on the web, via
the University’s digital research repository, the Library catalogue, and also through web
search engines, unless permission has been granted by the University to restrict access for a

period of time.

Thai Hoan Nguyen
March, 2015

Xiv



Tables Published with Consent from Copyright Holders in this Thesis

Table 2.1 Documented herbicide resistance in weed species
in Australia (Heap, 2014) ......ooov et 12

Figures Published with Consent from Copyright Holders in this Thesis

Figure 2.1 Chemical structure of glyphosate (Franz et al., 1997) ......ccccoooiiiiiiinniicc 18

Figure 2.2 Activity of glyphosate on reaction catalysed by enzyme

5-enolpyruvylshikimate-3-phosphate synthase (Amrhein et al., 1980)................. 19

XV



Acknowledgements

I would like to express sincere thanks to my supervisors, Associate Professor Christopher
Preston, Dr Peter Boutsalis and Dr Jenna Malone, for their guidance, help and support
through the whole of my research project. Dr Jenna Malone has guided and provided me with
valuable advice on technical aspects, especially on molecular biotechnology. The materials
and methods section in my thesis and papers was also mostly corrected by Dr Jenna. Dr Peter
Boutsalis gave me technical advice on experiments in shade-house. Particularly, I am greatly
indebted to my principal supervisor Associate Professor Christopher Preston, who has given
me invaluable guidance, advice, comments and encouragement throughout this research. In
addition, he has helped me in improving skills in experimental data analysis and other

scientific aspects.

I am extremely grateful to the staff of the weed science group, Sarah Morran, Mahima
Krishnan, Robin St. John-Sweeting, Patrick Krolikowski, Ruwan Lenorage and Geetha
Velappan. Sarah Morran guided me through the glyphosate absorption and translocation
experiment. Mahima Krishnan made a valuable contribution to the technique of EPSPS
cDNA sequencing. Patrick Krolikowski, Ruwan Lenorage and Geetha Velappan gave me
assistance in giving an eye to experiments in shade-house including watering experimental
plants. My sincere appreciation is also sent to lab mates, Patricia Adu-Yeboah, Mohammed
Hussein Minati Al-Asklah, Rupinder Haur Saini, Lovreet Singh Shergill and Duc The Ngo,
who shared study experience with me, encouraged me in my PhD program and provided me

with priceless discussions.

I would like to express my sincerest gratitude to my external advisor, Dr John Heap, who
gave me the useful advice on experiments on the temperature response of glyphosate resistant
barnyard grass populations. | would like to extend my gratitude to post-graduate coordinators

Associate Professor Gurjeet Gill and Dr Matthew Denton for support and helpful advice. My

XVi



special thanks were also sent to Van Lam Lai, Thanh Dzung Phan, Anh Nghia Nguyen and

my colleagues at the Rubber Research Institute of Vietnam for support and encouragement.

| gratefully acknowledge the Ministry of Education and Training, Vietnam for scholarship
funding, the Rubber Research Institute of Vietnam for permission to leave my duties and

study overseas, and the University of Adelaide for access to study facilities.

After all, my deepest gratefulness is dedicated to the spirits of my dearly beloved mother, who
had brought up me through the last half of her lifetime and has lately passed away. | am
deeply indebted to all members in my big family, my wife and daughters for their constant
love and moral support. The patient wait and encouragement of my wife and daughters
throughout four years of my PhD program have motivated me to work diligently and

accomplish this thesis.

XVil



	TITLE: Evolution and Spread of Glyphosate Resistant Barnyard Grass (Echinochloa colona (L.) Link) from Australia
	Abbreviations
	Table of Contents
	List of Tables
	List of Figures
	Abstract
	Declaration
	Acknowledgements




