
 
 

 

 
 

 
 

Development of a tissue culture approach for 
analysing Phytophthora host-pathogen 

interactions 
 

Authors: Nari Williams, Cathy Hargreaves and Keiko Gough 
 

 

 
 
 
 

Date: June 2015 

 

File Number:  HTHF-T007 

  



HTHF-T007 Development of a tissue culture approach for analysing Phytophthora host-pathogen interactions report_G11 
- 1 - 

 

REPORT INFORMATION SHEET 
 
REPORT TITLE 
 

DEVELOPMENT OF A TISSUE CULTURE APPROACH FOR ANALYSING 

PHYTOPHTHORA HOST-PATHOGEN INTERACTIONS  
 

AUTHORS 
 

NARI WILLIAMS, CATHY HARGREAVES AND KEIKO GOUGH  

CLIENT 
 

MBIE / FOREST OWNERS ASSOCIATION 

MBIE CONTRACT 

NO: 
 

C04X1305 

SIDNEY OUTPUT 

NUMBER 
 

 

SIGNED OFF BY 
 

NARI WILLIAMS 
 

DATE 
 

JUNE 2015 

CONFIDENTIALITY 

REQUIREMENT 
 

 

INTELLECTUAL 

PROPERTY 
 

© NEW ZEALAND FOREST RESEARCH INSTITUTE LIMITED 
ALL RIGHTS RESERVED. UNLESS PERMITTED BY CONTRACT OR LAW, 
NO PART OF THIS WORK MAY BE REPRODUCED, STORED OR COPIED 

IN ANY FORM OR BY ANY MEANS WITHOUT THE EXPRESS PERMISSION 

OF THE NEW ZEALAND FOREST RESEARCH INSTITUTE 

LIMITED (TRADING AS SCION). 
 
 
 
Disclaimer 
The information and opinions provided in the Report have been prepared for the Client and its specified 
purposes. Accordingly, any person other than the Client uses the information and opinions in this report 
entirely at its own risk. The Report has been provided in good faith and on the basis that reasonable 
endeavours have been made to be accurate and not misleading and to exercise reasonable care, skill 
and judgment in providing such information and opinions. 

Neither Scion, nor any of its employees, officers, contractors, agents or other persons acting on its behalf 

or under its control accepts any responsibility or liability in respect of any information or opinions provided 

in this Report. 



 

 (i) 

EXECUTIVE SUMMARY 

 
Report Title: Development of a tissue culture approach for analysing Phytophthora host-
pathogen interactions  
 
Authors: Nari Williams, Cathy Hargreaves and Keiko Gough  

 
The problem 

One of the key limitations of host‐pathogen challenge studies is analysing sufficient cells which 
are at a uniform stage of infection and thus analysing a consistent state of host‐pathogen 
responses with comparable levels of both host and pathogen gene and metabolite expression 
within the sample. 
 
  

This project  
To assess the potential of using a tissue culture system for host-pathogen interaction studies 
with Phytophthora pluvialis. Also, to assess the benefits of tissue culture over our current 
approach of needle inoculation including the rapid reproduction and uniformity of clonal callus 
culture, strict control of plant cell growth conditions and improved control of infection timing. 
Assessments will also be made on the improved efficiencies in experimental work-flows and the 
potential to compare these across host genotypes and species. 
 
 

Key Results and Further Work 
This work sought to investigate the potential use of P. radiata tissue culture for systems-biology 
comparisons of host-pathogen interactions as needed in the HTHF project. Furthermore, we 
sought to refine the system. From this limited study there are indications that the level of 
necrotrophy align with susceptibility of each genotype in needle assays. 
 
Lawns of callus present as a suitable model for investigating host pathogen interactions. The 
radial growth of Phytophthora across the callus enables direct comparison across an infection 
gradient to study the phases of bio-trophic and necrotrophic host-pathogen interactions. 
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Introduction 

 
One of the key limitations of host‐pathogen challenge studies is analysing sufficient cells 

which are at a uniform stage of infection and thus analysing a consistent state of host‐
pathogen responses with comparable levels of both host and pathogen gene and 
metabolite expression within the sample. Some of these difficulties are overcome in the 
model/ agricultural Phytophthora systems including potato, Arabidopsis, tobacco, 
capsicum and soybean as the plants can be propagated rapidly, produce an abundance of 
succulent tissue and have rapid disease cycles. All of which are critical factors in being 
able to perform comparative studies of host-pathogen interactions and abiotic influences. 
However, even in these model systems, tissue culture has had a role in understanding 
host-pathogen interactions (REFS). 
 
Tissue culture has been long applied in screening and selection programmes for 
resistance to Phytophthora diseases with responses in callus and suspension cultures 
shown to correlate with field susceptibility (Tables 1 & 2). Similarly, several studies have 
investigated compatible and incompatible interactions between plant pathogens and hosts 
in callus and suspension cultures (Bulman, et al., 2011; Wielgoss, et al., 2015). 
 
One of the significant step-change objectives of the HTHF programme is to establish 
research platforms in which host-pathogen interactions can be assessed in tree species 
such that the results of the research can be linked and compared to the foundation of 
research built up over many years in the model Phytophthora patho-systems described 
above. Utilisation of tissue culture thus presents several advantages in developing model 
systems for host-pathogen research across a range of tree-hosts and pathogens. 
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Host Phytophthora 
species 

Tissue 
inoculation, 
culture filtrate, 
metabolite 
screening 

Reference 

    
Avocado (Persea americana) P. cinnamomi Inoculation (Phillips, et al., 

1991) 
Jarrah (Eucalyptus marginata) P. cinnamomi Inoculation (McComb, et al., 

1987) 
Loblolly pine (Pinus taeda), Shortleaf pine 
(Pinus echinata) and Virginia pine (Pinus 
virginiana) 
 

P. cinnamomi Inoculation (Jang, et al., 
1991) 

Alfalfa (Medicago sativa) P. megasperma Inoculated (Miller, et al., 
1984) 

Cowpea (Vigna unguiculata) P. vignae Inoculated (Bateman, et al., 
1989) 

Rough Lemon (Citrus jambhiri Lush.) P. parasitica Filtrate (Virk, et al., 
2011) 

Apple (Malus domestica) P. cactorum Filtrate (Rosati, et al., 
1990) 

Potato (Solanum tuberosum) P. infestans Filtrate (Behnke, 1980) 

    

 
 
 
Table 2: Applications of tissue culture for the investigation of Phytophthora host-pathogen 
interactions 
 

Host Phytophthora species Reference 

   

Tobacco (Nicotiana tabacum) P. nicotianae 

 

(Perrone, et al., 
2000) 

   
Loblolly pine hybrids (P. echinata 
Mill.) & Virginia pine (P.virginiana 
Mill.) 

P. cinnamomi (Jang, et al., 1990) 

   

 
 
Tissue culture is ideal for a systems-biology approach to investigating host‐pathogen 
interactions. Benefits of tissue culture over our current approach of needle inoculation 
include the rapid reproduction and uniformity of clonal callus culture, strict control of plant 
cell growth conditions and improved control of infection timing. There are also the 
improved efficiencies in experimental work-flows and the potential to compare these 
across host genotypes and species. Preliminary work by the Scion team and established 
protocols for callus production in apple, provide confidence that tissue culture will provide 
a system in which host-pathogen interactions in all three host species can be compared in 
parallel. 
 
 
 

Objective 

To assess the potential of using a tissue culture system for host-pathogen interaction 
studies with Phytophthora pluvialis. 
 
 

Table 1: Applications of tissue culture to the selection of resistance to Phytophthora species 
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General Materials and Methods  

 

Plant material - Pinus radiata clones 
Pine needle meristem cultures were initiated from the mother-plants of eight genotypes 
based on the HTHF selection of susceptible and resistant genotypes. Needles were 
harvested from mother plants in October 2014 and meristem cultures initiated.  
 

Inoculum preparation 
Phytophthora pluvialis zoospore inoculum was prepared in accordance with Scion’s 
standard protocol. In brief, isolates of P. pluvialis were grown on carrot agar at 17 oC for 
three days. Plugs of agar and mycelium were taken from the leading edge of the colonies, 
flooded with clarified carrot broth in flat bottom flasks and incubated for three days at 17 
oC (Erwin, et al., 1996). The resulting mycelial mats were rinsed thoroughly for 8 hours 
with deionised water, drained and flooded with 50 ml sterile pond water. These were 
incubated at 17 oC in the dark for a further three days before zoospore release was 
induced with 45 minute intervals at 4 °C in the dark then at room temperature (21-22 oC) 
on a light box. Zoospore concentrations were determined using a haemocytometer and 
standardised to 1 x 104 zoospores per ml with sterile pond water. Zoospore suspensions 
were used within two hours of preparation. 
 
Mycelium cultures were prepared by sub-culturing fresh isolates from the leading edge of 
cultures and incubating for 3 days in the dark at 17 oC prior to inoculation. 
 
 

Identifying the optimal approach to inoculating P. radiata calli 

Two basal media and several approaches were tested to identify a practical and 
reproducible means of inoculating P. radiata callus which would be amenable to host-
pathogen interaction studies. The tissue culture media tested were GLITZ and EDM with 
two plates of each genotype x media prepared, plus non-inoculated controls. From these 
plates the basal media and callus grown on these tested with the following inoculation 
approaches: 
 

1. Inhibition of P. pluvialis mycelial growth on the basal media  
2. Inhibition of zoospore germination on the basal media  
3. Transfer of individual calli to a microtitre plate to be independent of the basal 

media followed by inoculation with 2 ml of zoospore suspension (3 calli per 
genotype) 

4. Transfer of P. radiata calli to mycelial masses of P. pluvialis. 
5. Direct inoculation of the tissue culture plate with a mycelium plug adjacent to P. 

radiata calli. 
6. Inoculation of the tissue culture plate with zoospore suspension 

 
Please note, these studies were observational based and were not fully replicated as the 
intent was to assess the practicality, sterility and host-pathogen interactions achieved with 
each method to quickly narrow down the approaches that have potential going forward. 
 

Observations 
1) Phytophthora pluvialis mycelium grew on both GLITZ and EDM media with few 

indications of inhibition. In the presence of callus, Phytophthora growth was 
observed to be more consistent on GLITZ than EDM.  
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2) Zoospores germinated on both GLITZ and EDM, however bacterial contamination 
and low zoospore titres were observed to be an issue.  

3) Inoculation of P. radiata calli in microtitre plates resulted in few interactions 
between Phytophthora and the pine cell masses. A suspension or finer colonies of 
plant cells might be better. 

4) Cell masses transferred to mycelial mats resulted in a close interaction between the 
Phytophthora and P. radiata cell masses. Haustoria and infection pegs were found 
(Figure 2 and Figure 3) which shows infection potential but this was found to be a 
very fiddly way of handing cells and it would be difficult to quantify a stage of 
infection. A more streamline and quantifiable means of inoculation is required. 

  

Figure 1: Three isolates of Phytophthora pluvialis grown on GLITZ (left) and EDM (right) 
tissue culture media. 
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5) Direct inoculation with mycelial plugs Phytophthora pluvialis resulted in calli being 
overgrown by the Phytophthora and turning necrotic (black) within 6 days. The level 
of necrosis was observed to differ between P. radiata genotypes(Table 3). 

 
  

Figure 2: Phytophthora penetration peg. (Ignore scale bar - 
settings wrong) 

Figure 3: P. pluvialis haustoria penetrating into plant cell 
cytoplasm 
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RNC 
Susceptibility 

Genotype GLITZ EDM 

 P. pluvialis P. radiata P. pluvialis P. radiata 

Resistant 1 High Moderate High low 

2 High High Low moderate 

3 High High High moderate 

4 High Moderate Low moderate 

Susceptible 1 Hgh High High High 

2 High High High Moderate 

3 Hgh Moderate Low Moderate 

4 High High Low Moderate 

 
  

Table 3: Observations of P. pluvialis and P. radiata calli 6 days post inoculation 
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6) Inoculation of the tissue culture plate with a zoospore suspension resulted in the 
plates being overcome with bacterial contamination. This is not greatly surprising 
as non-sterile zoospore production technique was used. However we will have 
difficulty producing zoospores of sufficient titre and timing it to callus formation 
using the sterile protocol which typically produces less zoospores. Inundating the 
calli with zoospores is also limited in that it does not allow the point or direction of 
infection to be controlled which may be a problem if targeting cells at a given point 
of infection and a specified range of infection stages. 

 

Conclusions 
From these preliminary tests the following observations and conclusions were drawn: 
 

1. Phytophthora growth not apparently inhibited on either of the tissue culture medium 
used. 

2. Inoculation of P. radiata callus enables close interaction between plant cells and 
tissue culture cell lines. 

3. Differences in health of cell lines and necrotrophy was observed on two different 
tissue culture media with more 'healthy' growth of plant cells on GLITZ without 
Phytophthora but more necrotrophy with Phytophthora. 

4. Pursuit of zoospore inoculation for this system will require higher zoospore titres 
under strictly sterile conditions. Zoospore inoculation is limited in the approach used 
here as it is difficult to monitor the progression of the infection. 

5. Mycelium inoculation looks promising, but when inoculating individual calli it will be 
more difficult to define inoculation period. 

6. Definitely showing great promise and worth pursuing in establishing a systems 
biology platform for studying host-pathogen interactions across P. radiata clones. 
 

Several attempts were made to establish and inoculate flask cultures of suspended tissue 
cultures as this has been used for Phytophthora infestans-potato interaction studies. 
However, we found that the suspension cultures did not produce healthy P. radiata callus 
so this approach has not been pursued further. 
 

 
 

Next Steps:  
We have decided that many of the limitations in assessing the timing of infection could be 
overcome by establishing a lawn of tissue culture.  
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Establishment and inoculation of callus lawns 

Tissue culture lawns were established for each of the eight P. radiata genotypes and 
inoculated with 5 mm agar plugs from the leading edge of 3 day old cultures of P. 
pluvialis, P. kernoviae, P. multivora and P. cactorum. 
 

Phytophthora pluvialis colonies were observed to radiate from the inoculation plug in 
much the same fashion as regular growth on agar plates. This was associated with 
increased necrotrophy of the tissue culture callus over time with susceptible callus being 
completely necrotrophic 8 days post inoculation (Figure 4). 
 
 
 

 

 
 
 
 
 
Inoculation with three further species of Phytophthora (P. kernoviae, P. multivora and P. 
cactorum) resulted in differential infection of P. radiata callus in association with both 
genotype and Phytophthora species.  
 
 
 

 
 
 

  

 

Figure 4: Stages of infection of P. radiata callus with P. pluvialis: a) Day 0 prior to 
inoculation; b) 2 days post inoculation; c) 4 days post inoculation; d) 8 days post 
inoculation.  

a b c d 
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Discussion 

This work sought to investigate the potential use of P. radiata tissue culture for systems-
biology comparisons of host-pathogen interactions as needed in the HTHF project. 
Furthermore, we sought to refine the system. From this limited study there are indications 
that the level of necrotrophy align with susceptibility of each genotype in needle assays. 
 
Lawns of callus present as a suitable model for investigating host pathogen interactions. 
The radial growth of Phytophthora across the callus enables direct comparison across an 
infection gradient to study the phases of bio-trophic and necrotrophic host-pathogen 
interactions. 
 
This system presents a range of benefits for the HTHF programme: 

- A clean assay system that is predominantly free of endophytes and contaminating 
micro-organisms. 

- Controlled tissue production 
- Ability to accurately control growth and environmental conditions 
- Model system that can be directly compared to other plant systems 
- Good potential for comparing with kauri and apple in directly parallel inoculation 

experiments 
- Greater capacity for comparing between isolates and across genotypes. 
- Not reliant on zoospore production 
- Baseline conditions for metabolite and RNA reference library establishment. 
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