
 
 
 
 
 
 

Further project information for PhD position 
Foliar pathogens of pine: are there common triggers for resistance? 

Overview 
Oomycete and fungal pathogens are two very different types of organism that cause serious foliar 
diseases in pines. They communicate with their hosts to either suppress or trigger host defence 
responses. The latter is known to occur upon recognition of molecular invasion patterns by the host, and 
there is evidence for some common molecular invasion patterns in the apoplastic spaces of plants during 
infection. Using the foliar pine pathogens Phytophthora pluvialis, Cyclaneusma minus and Dothistroma 
septosporum, and a pine assay developed at Massey University, we aim to find common molecular 
invasion patterns that could be exploited to achieve broad spectrum resistance. In particular we expect to 
determine if pathogen invasion patterns that are common to two or more of the species can act as PAMPs 
(pathogen-associated molecular patterns) or induce DAMPs (damage-associated molecular patterns) and 
be recognised by ‘broad spectrum’ pattern recognition receptors (PRRs) in the host.  
 
Background 
Pinus radiata is an important commercial plantation species in New Zealand but its productivity can be 
affected by fungal and oomycete pathogens. Amongst the pathogens that affect pines, the fungal foliar 
pathogen Dothistroma septosporum has been well studied by a global team of scientists 
(https://onlinelibrary.wiley.com/toc/14390329/46/5) and provides an important model system for how a 
gymnosperm pathogen interacts with its host [1,2]. P. radiata plantations in New Zealand are also 
affected by the fungus Cyclaneusma minus and the oomycete Phytophthora pluvialis, and Scion and 
Massey University scientists have been at the forefront of molecular research characterising these 
pathogens [3-5]. P. radiata genotypes with increased resistance to fungal pathogens such as D. 
septosporum have been developed by intensive breeding programmes over many years [6]. However 
these trees do not necessarily have increased resistance to oomycetes, making broad spectrum resistance 
an important goal.  

Understanding how plants and pathogens interact at the molecular level can lead to substantial 
improvements in plant health. In particular, certain molecular invasion patterns produced by the 
pathogen, termed effectors and pathogen- or damage-associated molecular patterns (PAMPs/DAMPs) [7], 
can be recognised either directly or indirectly by plant immune receptors, eliciting a resistance response 
that often includes localised cell death; these can be used as tools to identify individuals of a host species 
that have cognate immune receptors [8].  

Recent work suggests the plant apoplast, where interactions between microbes and plants first 
occur, is an important battleground to look for common resistance processes [9]. The pathogens secrete 
effector molecules to protect themselves from the harsh conditions of the apoplast as well as to degrade 
host cell walls and other components, and some of these effectors can trigger defence responses if they 
are recognised by membrane-associated PRRs. Other molecular invasion patterns derived from pathogens 
are called PAMPs or DAMPs; the former are typically broadly conserved pathogen molecules, while the 
latter include cell wall fragments that are released following pathogen attack with enzymes [9-11]. Both 
PAMPs and DAMPs can trigger immunity following recognition by PRRs. Examples of conserved PAMPs are 
certain carbohydrate active enzymes (CAZymes) (e.g. glycoside hydrolase 12 (GH12)) and protease 
inhibitors (e.g. Avr2/EpiC2B); each of these function as virulence factors for both oomycetes and fungi and 
can trigger defence in their hosts [12-14].  

In previous work, Scion and Massey scientists generated genomic and transcriptomic data for 
Phytophthora pluvialis and D. septosporum [1-3]. Recent and current Massey/Scion PhD students 
identified several pathogen genes in D. septosporum and P. pluvialis that encode putative PAMP and 
DAMP-inducing proteins that are also highly expressed in pine needles. Analysis of existing and new 



PAMPs/DAMPs is expected to lead to identification of P. radiata genes that could be used for broad-
spectrum disease resistance. 

This PhD project presents an opportunity to identify resistance or tolerance traits in P. radiata that 
are effective against two or more foliar pathogens, and potentially even from different kingdoms of life. 
PAMP/DAMP proteins will be identified that are common to at least two foliar pathogens of P. radiata 
(from P. pluvialis, C. minus, D. septosporum) and will provide new knowledge about cross-kingdom 
commonalities in how defence responses are triggered in pines. Further, this work will provide a platform 
to develop and extend a P. radiata tissue culture screening method developed by a Massey/Scion PhD 
student, using proteins identified from the three pathogens. 

 
Objectives 
The main aim of this project is to find common molecular invasion patterns that could be exploited to 
achieve broad spectrum resistance. The specific objectives include:  
• Identification of common invasion patterns/PAMPs/DAMPs by comparative genomics and 

transcriptomics analysis.  
• Screening of these candidates for potential virulence or avirulence functions using both a non-host 

plant system and the pine host.  
• Identification of potential plant immune receptors using gene silencing and co-immunoprecipitation 

assays.  
This work could ultimately lead to development of molecular markers for rapid screening in breeding 
programmes, and will provide detailed insight into the molecular basis of broad spectrum resistance in 
pine. 
 
General Information 
This project is funded by Scion and will be based at Massey University (Palmerston North) in close 
collaboration with Scion scientists. The studentship provides an annual stipend of NZ$29,000 plus fees for 
3.5 years.  
 
Pre-requisite skills and qualifications of a suitable applicant: 
• MSc in molecular plant pathology or similar. 
• Practical experience in molecular plant-microbe interactions or similar. 
• Preference or experience with forest pathogens. 
• Experience or interest in bioinformatics. 
• Ability to communicate well and work well in a team. 
• Highly motivated, able to take initiative and work independently. 
• Excellent organisational skills. 
• Meticulous record keeping skills. 
• Ability to travel between institutions. 
• Ability to meet project deadlines for reporting. 
 
How to Apply 
Applicants should submit the following to Professor Rosie Bradshaw (R.E.Bradshaw@massey.ac.nz) before 
7 September 2018: 

- a Curriculum vitae  
- copies of academic transcripts 
- a covering letter explaining why you are interested in this project and outlining what relevant 

experience you have 
- IELTS certificate (for applicants where English is not their first language) 
- contact details of at least two academic referees  

Please check that you fulfill the Massey University admission requirements for PhD studies prior to 
submitting an application: (http://www.massey.ac.nz/massey/admission/entry-
requirements/eligible_home.cfm). 
Minimum English language requirements for International applicants are detailed at  



http://www.massey.ac.nz/massey/international/study-on-campus/entry-requirements/entry-
requirements_home.cfm 
For general enquiries about international admissions please contact the International Office 
(International@massey.ac.nz). 
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