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Preface

Examples of How New Experimental Technologies Have Enabled Landmark 
Advances in Understanding of Plant Immunity Over the Last Half-Century

This volume of Methods in Molecular Biology was designed to emphasize emerging 
technologies that can be applied to outstanding questions in plant immunity. The content 
is complementary to another recent, excellent volume in the series with a similar focus (1). 
Below, I provide a brief historical overview highlighting major conceptual advances in 
molecular plant–microbe interactions that would not have been possible without exploita-
tion of new technologies. Additionally, I outline current conceptual challenges in our field 
that can be addressed with methods described in this volume. Finally, I speculate on tech-
nological advances in the near term that enable deeper understanding of plant immunity 
and support rational strategies for durable disease control.

As all readers of this volume know, much effort has been invested in understanding 
the molecular mechanisms through which plants and microbes interact. Much of the 
progress in this field has been fueled by timely, thoughtful exploitation of new methodolo-
gies. For example, H.H. Flor’s use of classical genetics clearly demonstrated that the out-
come of encounters between flax and flax rust can be dictated by single genes on both 
sides of the interaction (2). Equally important, his methodology revealed striking specific-
ity in these interactions, which led to formulation of the seminal “gene-for-gene” model. 
This genetics-driven model provided a conceptual framework for the plant immunity that 
proved generally applicable and remains relevant today (3, 4).

Subsequent emergence of molecular biology tools enabled the gene-for-gene model 
to be elaborated in molecular terms. For example, gene cloning technologies were used to 
isolate avirulence (avr) genes, resistance (R) genes, and additional components of patho-
genicity and immunity. Molecular approaches, along with judicious biochemistry, pro-
vided for critical examination of “receptor-ligand” models that predicted direct interaction 
between the products of R and avr genes (e.g., (5)). Three important themes emerged 
from these efforts: First, the majority of plant resistance genes encode proteins from a 
single superfamily, defined by a nucleotide-binding site and leucine-rich repeats (NB-LRR) 
(6). Second, pathogen Avr proteins are, in many cases, translocated into plant cells where 
they act as effectors to reprogram plant cells for susceptibility (7). Third, NB-LRR pro-
teins often do not interact directly with corresponding Avr proteins but instead monitor 
guardees or decoys that are modified by the Avr protein (8–10). In addition, experiments 
with pathogen “elicitor” molecules revealed a second branch of the plant immune system, 
which directly recognizes pathogen-associated molecular patterns (PAMPs) that are evo-
lutionarily conserved among diverse pathogens (11). The two branches of the plant 
immune system have been connected by recent models predicting that pathogen effectors 
may have evolved to interfere with PAMP-triggered immunity (12). NB-LRR receptors 
thereby provide a second line of defense by recognizing the molecular signatures of 
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effector activity. In sum, the adoption of molecular biology methods led to major advances 
in understanding of plant immunity that could not have been anticipated by models based 
(however logically) on genetic data alone.

At present, “omics” tools are being used to build on molecular advances and provide 
new insights. For example, it is now possible to survey a plant genome and identify all of 
the potential immune receptors using queries based on conserved motifs (e.g., (13)). 
From this, it has become clear that plants maintain hundreds of probable immune recep-
tors, which in many cases appear to be evolving dynamically to cope with ever-changing 
pathogen populations (14). From an applied perspective, these inventories can greatly 
accelerate the process of resistance gene identification (e.g., for cloning and/or marker-
assisted breeding of R genes from wild relatives into crops).

Similar advances are underway in pathogen genomics. For example, molecular signa-
tures are being developed for pathogen effector proteins that enable comprehensive effec-
tor gene inventories to be predicted in silico. Genome level comparisons have revealed that 
pathogen genomes contain dozens (in prokaryotes) to hundreds (in eukaryotes) of effec-
tor genes (15, 16). Like the cognate surveillance genes in plants, these genes are often 
variable and subject to rapid turnover. Large-scale characterization of effector functions is 
a major focus of effort in the field of plant immunity that is discussed further below.

Transcript profiling is also impacting understanding of plant immunity. For example, 
early experiments with microarrays revealed massive transcriptional changes that accom-
pany the activation of the immune system and illuminated molecular distinctions between 
different resistance mechanisms (e.g., (17)). Subsequent studies that combine transcript 
profiling with immune response mutants have provided insight into the structure of the 
defense hierarchy and have identified previously unknown components of the network 
(e.g., (18)). Analyses of transcript profiles have also provided important insights into the 
molecular mechanisms through which pathogens manipulate the environment inside plant 
tissue (e.g., (19)).

At present, it is inarguable that our current, exciting level of understanding of plant 
immunity (and pathogen evasion thereof) owes much to the timely adoption of new meth-
odologies in genetics and molecular biology, as well as genomics. However, we remain far 
from a complete understanding of how the plant immune system functions, or how its 
functionality is perturbed by adapted pathogens. Many questions remain that will require 
new methodologies to be developed, optimized, and widely adopted. This volume of 
Methods in Molecular Biology was designed to emphasize emerging technologies that can 
be applied to outstanding questions in plant immunity.

For example, although NB-LRR immune surveillance proteins have now been known 
of for 1.5 decades, we still do not understand exactly how they function, and it is not 
clear whether all NB-LRR proteins function in a similar manner (20, 21). Moreover, we 
still lack a complete inventory of downstream signaling components, and we do not 
understand how these components interact. Methods that can be applied for new insights 
into molecular functionality of NB-LRR proteins and other immune signaling compo-
nents are described in Chaps. 1–4. Chapter 1 addresses the understudied question of 
exactly where in the cell NB-LRR proteins exercise their functions of surveillance and 
downstream activation. In particular, the approaches therein can be applied to study 
dynamic relocalization of NB-LRRs in response to pathogen invasion (e.g., (22)). 
Chapter 2 describes a very innovative “fragment complementation” approach for under-
standing the functions of intramolecular interactions between different NB-LRR func-
tional domains (e.g., (23)). Chapters 3 and 4 provide new protocols for the oft-vexing 
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process of purifying low-abundance protein complexes. These protocols were developed with 
the immediate goal of identifying the components within immune surveillance complexes 
(e.g., (24, 25)), but are also potentially applicable to any protein expressed in planta.

Chapters 5–7 have similarly broad applicability. Chapter 5 describes chromatin immu-
noprecipitation, which is being widely used to characterize protein–DNA interactions 
in vivo and identify targets of transcription factors in a variety of organisms (e.g., (26)). 
This chapter was written in reference to WRKY transcription factors, which are ubiquitous 
in plants and are key regulators of immunity and other plant processes. The procedures 
could be adapted for other plant proteins (e.g., NB-LRR proteins that function inside the 
nucleus) or for pathogen effector proteins that mimic plant transcription factors. Chapter 6 
provides new information on an inducible system for plant transgene expression that is 
frequently used in studies of plant immunity (e.g., for expressing effector proteins in 
planta (27)). This chapter helps researchers maximize the versatility of this system and 
clearly understand its limitations. Chapter 7 describes a creative method for detection and 
quantification of alternatively spliced transcripts (28). Alternative splicing is important for 
the regulation of some NB-LRR resistance gene regulation and is currently understudied 
with respect to immune system function (29).

Chapters 8–17 describe methods used to identify and functionally characterize patho-
gen effector proteins. As mentioned above, pathogen genomics have revealed a plethora 
of candidate effectors. Understanding how they function is one of the most active areas in 
plant–pathogen research at present (15, 16). One emergent generality is that almost all 
types of pathogens deploy moderate to large batallions of secreted effectors, many of 
which operate inside plant cells. Chapters 9 and 10 provide approaches to isolate plant 
cells that are in intimate contact with fungi and nematodes, respectively. These cells can 
serve as sources for cDNA libraries that are enriched for transcripts encoding effectors 
(e.g., (30, 31)). This is a proven approach toward effector gene discovery for pathogens 
with no reference genome sequence.

The bacterium Pseudomonas syringae has been at the forefront of effector characteriza-
tion, and Chap. 10 describes methods whereby single or multiple gene knockouts can be 
constructed. This approach is vital to establish loss-of-function phenotypes, deconvolute the 
redundancy in effector repertoires, and evaluate the contribution of effectors to bacterial 
host range (e.g., (32)). In the eukaryotic kingdom, oomycetes from the Phytophthora genus 
have been at the forefront of effector identification; however, transformation of Phytophthora 
is often challenging even for experienced labs (33). Chapter 11 provides procedures for 
transformation of P. capcisi, which appears more amenable to genetic manipulation and can 
infect N. benthamiana and defense-compromised Arabidopsis mutants. Chapter 12 describes 
procedures pertaining to a second oomycete, Hyaloperonsopora arabidopsidis, that has long 
been used as a model pathogen of Arabidopsis and is becoming even more widely used for 
oomycete comparative genomes and investigation of oomycete effector proteins (34).

Bacteria deploy dozens of effectors, and oomycetes, fungi, and nematodes likely 
produce many-fold more (15, 16). To facilitate functional characterization of large col-
lections of effectors, several high-throughput assays have been recently developed. Two 
such assays, presented in Chaps. 13 and 14, can be used to estimate immune-suppres-
sive capacity of effectors from almost any pathogen (e.g., (35–37)). Chapter 15 
describes a transient expression system optimized for protein complex purification, 
similar to Chaps. 3 and 4, that can be applied at medium-throughput to identify plant 
proteins which interact with pathogen effectors (or other types of protein interactions 
in planta). Chapters 16 and 17 describe approaches for visualizing subcellular localization 
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of effectors in plant cells, which is of key importance for understanding effector function 
(e.g., (38)).

In the final chapters, the focus returns to the plant at a fine spatial scale. One aspect of 
plant–pathogen interactions that has not been adequately addressed relates to spatial dif-
ferences in the molecular responses of plant cells in different locations of the infected 
organ, relative to pathogen infection structures. Chapters 18–20 provide information on 
laser microdissection, which is one of the most promising technologies for addressing 
questions relating to spatio-temporal differences in different cell types in infected organs 
(e.g., (39)). Finally, Chap. 21 zooms in even further (completing a spatial circle with 
Chap. 1) to describe exciting approaches to visualize subcellular dynamics in infected cells 
(e.g., (40)). This is undoubtedly one of the major emerging areas in plant–microbe inter-
actions in the upcoming years (41).

The authors of these chapters sincerely hope that our contributions are of use, and we 
wish readers the best of success in applying these methods to their favorite pathosystems. We 
also look forward to the next volume(s) in this series that address plant–microbe interac-
tions. Perhaps the next volume describes new technologies for structural studies of immune 
receptor complexes, along with advanced proteomic and metabolomic surveys of infected 
tissue at fine spatial scales. A major challenge will be to integrate data from disparate 
approaches, with the potential payoff being holistic models of infected cells, tissues, and 
organs. It would be particularly valuable to understand regulatory connections between 
immunity and other plant processes that might predict undesirable side effects of engineered 
resistance strategies (e.g., yield loss, reduced resistance to abiotic stress). It is exciting to 
imagine that such depth of understanding might even prompt a subsequent Methods vol-
ume focusing on “translational” approaches; for example, bioinformatic approaches to effi-
ciently identify durable resistance genes for breeding or transgenics, or even surveillance 
genes that are custom-designed to detect PAMPs or indispensable pathogen effectors. Is this 
far-fetched? Perhaps…but if we were plant breeders in the 1950s could we have anticipated 
the depth of understanding that has already been achieved in only five short decades?

Blackburg, VA� John M. McDowell

References

	 1.	 Ronald, P. (Ed.) (2007) Plant–Pathogen 
Interactions, Springer, New York.

	 2.	 Flor, H. H. (1956) The complementary 
genetic systems in flax and flax rust, Adv Genet 
8, 29–54.

	 3.	 Flor, H. H. (1971) Current status of the 
gene-for-gene concept, Annu Rev Phytopathol 
9, 275–96.

	 4.	 Dangl, J. L., and McDowell, J. M. (2006) 
Two modes of pathogen recognition by 
plants, Proc Natl Acad Sci U S A 103, 
8575–6.

	 5.	 Keen, N. T. (1990) Gene-for-gene comple-
mentarity in plant–pathogen interactions, 
Annu Rev Genet 24, 447–63.

	 6.	 Baker, B., Zambryski, P., Staskawicz, B., and 
Dinesh-Kumar, S. P. (1997) Signaling in 

plant–microbe interactions, Science 276, 
726–33.

	 7.	 da Cunha, L., Sreerekha, M. V., and Mackey, 
D. (2007) Defense suppression by virulence 
effectors of bacterial phytopathogens, Curr 
Opin Plant Biol 10, 349–57.

	 8.	 Dangl, J. L., and Jones, J. D. (2001) Plant 
pathogens and integrated defence responses 
to infection, Nature 411, 826–33.

	 9.	 Jones, J. D., and Dangl, J. L. (2006) The 
plant immune system, Nature 444, 323–9.

	10.	 van der Hoorn, R. A., and Kamoun, S. (2008) 
From Guard to Decoy: a new model for per-
ception of plant pathogen effectors, Plant 
Cell 20, 2009–17.

	11.	 Boller, T., and Felix, G. (2009) A renaissance 
of elicitors: perception of microbe-associated 



ixPreface

molecular patterns and danger signals by pat-
tern-recognition receptors, Annu Rev Plant 
Biol 60, 379–406.

	12.	 Chisholm, S. T., Coaker, G., Day, B., and 
Staskawicz, B. J. (2006) Host–microbe inter-
actions: shaping the evolution of the plant 
immune response, Cell 124, 803–14.

	13.	 Meyers, B. C., Kozik, A., Griego, A., et  al. 
(2003) Genome-wide analysis of NBS-LRR-
encoding genes in Arabidopsis, Plant Cell 15, 
809–34.

	14.	 McDowell, J., and Simon, S. (2006) Recent 
insights into R gene evolution, Mol Plant 
Pathol 7, 437–48.

	15.	 Hogenhout, S. A., Van der Hoorn, R. A., 
Terauchi, R., and Kamoun, S. (2009) 
Emerging concepts in effector biology of 
plant-associated organisms, Mol Plant Microbe 
Interact 22, 115–22.

	16.	 Collmer, A., Schneider, D. J., and Lindeberg, 
M. (2009) Lifestyles of the effector rich: 
genome-enabled characterization of bacterial 
plant pathogens, Plant Physiol 150, 
1623–30.

	17.	 Tao, Y., Xie, Z., Chen, W., et  al. (2003) 
Quantitative nature of Arabidopsis responses 
during compatible and incompatible interac-
tions with the bacterial pathogen Pseudomonas 
syringae, Plant Cell 15, 317–30.

	18.	 Wang, L., Tsuda, K., Sato, M., et al. (2009) 
Arabidopsis CaM binding protein CBP60g 
contributes to MAMP-induced SA accumula-
tion and is involved in disease resistance 
against Pseudomonas syringae, PLoS Pathog 5, 
e1000301.

	19.	 de Torres-Zabala, M., Truman, W., Bennett, 
M. H., et al. (2007) Pseudomonas syringae pv. 
tomato hijacks the Arabidopsis abscisic acid 
signalling pathway to cause disease, EMBO J 
26, 1434–43.

	20.	 Caplan, J., Padmanabhan, M., and Dinesh-
Kumar, S. P. (2008) Plant NB-LRR immune 
receptors: from recognition to transcriptional 
reprogramming, Cell Host Microbe 3, 
126–35.

	21.	 Collier, S. M., and Moffett, P. (2009) 
NB-LRRs work a “bait and switch” on patho-
gens, Trends Plant Sci 14, 521–9.

	22.	 Burch-Smith, T. M., Schiff, M., Caplan, J. L., 
et al. (2007) A novel role for the TIR domain 
in association with pathogen-derived elicitors, 
PLoS Biol 5, e68.

	23.	 Rairdan, G. J., Collier, S. M., Sacco, M. A., 
et  al. (2008) The coiled-coil and nucleotide 
binding domains of the Potato Rx disease 
resistance protein function in pathogen rec-
ognition and signaling, Plant Cell 20, 
739–51.

	24.	 Liu, J., Elmore, J., Fuglsang, A., et al. (2009) 
RIN4 functions with plasma membrane 
H-ATPases to regulate stomatal apertures 
during pathogen attack, PLoS Biol 7, 
e1000139.

	25.	 Qi, Y., and Katagiri, F. (2009) Purification of 
low-abundance Arabidopsis plasma-mem-
brane protein complexes and identification of 
candidate components, Plant J 57, 932–44.

	26.	 Turck, F., Zhou, A., and Somssich, I. E. 
(2004) Stimulus-dependent, promoter-spe-
cific binding of transcription factor WRKY1 
to Its native promoter and the defense-related 
gene PcPR1-1 in Parsley, Plant Cell 16, 
2573–85.

	27.	 Kim, M. G., da Cunha, L., McFall, A. J., et al. 
(2005) Two Pseudomonas syringae type III 
effectors inhibit RIN4-regulated basal defense 
in Arabidopsis, Cell 121, 749–59.

	28.	 Zhang, X., and Gassmann, W. (2007) 
Alternative splicing and mRNA levels of the 
disease resistance gene RPS4 are induced dur-
ing defense responses, Plant Physiol 145, 
1577–87.

	29.	 Gassmann, W. (2008) Alternative splicing in 
plant defense, Curr Top Microbiol Immunol 
326, 219–34.

	30.	 Catanzariti, A.-M., Dodds, P. N., Lawrence, 
G. J., et  al. (2006) Haustorially expressed 
secreted proteins from flax rust are highly 
enriched for avirulence elicitors, Plant Cell 
18, 243–56.

	31.	 Gao, B., Allen, R., Maier, T., et  al. (2003) 
The parasitome of the phytonematode 
Heterodera glycines, Mol Plant Microbe 
Interact 16, 720–26.

	32.	 Kvitko, B. H., Park, D. H., Velasquez, A. C., 
et  al. (2009) Deletions in the repertoire of 
Pseudomonas syringae pv. tomato DC3000 
type III secretion effector genes reveal func-
tional overlap among effectors, PLoS Pathog 
5, e1000388.

	33.	 Fry, W. (2008) Phytophthora infestans: the 
plant (and R gene) destroyer, Mol Plant Pathol 
9, 385–402.

	34.	 Holub, E. B. (2008) Natural history of 
Arabidopsis thaliana and oomycete symbio-
ses, Eur J Plant Pathol 122, 91–109.

	35.	 Abramovitch, R. B., Kim, Y. J., Chen, S., et al. 
(2003) Pseudomonas type III effector 
AvrPtoB induces plant disease susceptibility 
by inhibition of host programmed cell death, 
EMBO J 22, 60–9.

	36.	 Dou, D., Kale, S. D., Wang, X., et al. (2008) 
Conserved C-terminal motifs required for 
avirulence and suppression of cell death by 
Phytophthora sojae effector Avr1b, Plant Cell 
20, 1118–33.



x Preface

	37.	 Jamir, Y., Guo, M., Oh, H. S., et al. (2004) 
Identification of Pseudomonas syringae type III 
effectors that can suppress programmed cell 
death in plants and yeast, Plant J 37, 554–65.

	38.	 Whisson, S. C., Boevink, P. C., Moleleki, L., 
et al. (2007) A translocation signal for deliv-
ery of oomycete effector proteins into host 
plant cells, Nature 450, 115–8.

	39.	 Ithal, N., Recknor, J., Nettleton, D., et  al. 
(2007) Parallel genome-wide expression 

profiling of host and pathogen during soy-
bean cyst nematode infection of soybean, Mol 
Plant Microbe Interact 20, 293–305.

	40.	 Koh, S., Andre, A., Edwards, H., et al. (2005) 
Arabidopsis thaliana subcellular responses to 
compatible Erysiphe cichoracearum infections, 
Plant J 44, 516–29.

	41.	 Koh, S., and Somerville, S. (2006) Show and 
tell: cell biology of pathogen invasion, Curr 
Opin Plant Biol 9, 406–13.



xi

Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                  	 v
Contributors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                             	 xiii

  1	 Studying NB-LRR Immune Receptor Localization by Agroinfiltration  
Transient Expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                              	 1
Patrick Cournoyer and S.P. Dinesh-Kumar

  2	 Fragment Complementation and Co-immunoprecipitation Assays  
for Understanding R Protein Structure and Function . . . . . . . . . . . . . . . . . . . . . .                      	 9
Peter Moffett

  3	 Purification of Resistance Protein Complexes Using a Biotinylated  
Affinity (HPB) Tag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                               	 21
Yiping Qi and Fumiaki Katagiri

  4	 Biochemical Purification of Native Immune Protein Complexes . . . . . . . . . . . . . .              	 31
James M. Elmore and Gitta Coaker

  5	 Chromatin Immunoprecipitation to Identify Global Targets of WRKY  
Transcription Factor Family Members Involved in Plant Immunity . . . . . . . . . . . .            	 45
Mario Roccaro and Imre E. Somssich

  6	 Dose–Response to and Systemic Movement of Dexamethasone  
in the GVG-Inducible Transgene System in Arabidopsis . . . . . . . . . . . . . . . . . . . .                    	 59
Xueqing Geng and David Mackey

  7	 Quantifying Alternatively Spliced mRNA via Capillary Electrophoresis . . . . . . . . .         	 69
Xue-Cheng Zhang and Walter Gassmann

  8	 Constructing Haustorium-Specific cDNA Libraries from Rust Fungi . . . . . . . . . .          	 79
Ann-Maree Catanzariti, Rohit Mago, Jeff Ellis, and Peter Dodds

  9	 Microaspiration of Esophageal Gland Cells and cDNA Library Construction  
for Identifying Parasitism Genes of Plant-Parasitic Nematodes . . . . . . . . . . . . . . .               	 89
Richard S. Hussey, Guozhong Huang, and Rex Allen

10	 Construction of Pseudomonas syringae pv. tomato DC3000 Mutant  
and Polymutant Strains  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                            	 109
Brian H. Kvitko and Alan Collmer

11	 A Straightforward Protocol for Electro-transformation of Phytophthora  
capsici Zoospores . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                 	 129
Edgar Huitema, Matthew Smoker, and Sophien Kamoun

12	 Propagation, Storage, and Assays with Hyaloperonospora arabidopsidis:  
A Model Oomycete Pathogen of Arabidopsis . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            	 137
John M. McDowell, Troy Hoff, Ryan G. Anderson, and Daniel Deegan

13	 Assaying Effector Function in Planta Using Double-Barreled  
Particle Bombardment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                             	 153
Shiv D. Kale and Brett M. Tyler



xii Contents

14	 Assays for Effector-Mediated Suppression of Programmed Cell Death in Yeast . . .   	 173
Yuanchao Wang and Qian Huang

15	 Purification of Effector–Target Protein Complexes via Transient Expression 
in Nicotiana benthamiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                          	 181
Joe Win, Sophien Kamoun, and Alexandra M. E. Jones

16	 Imaging Fluorescently Tagged Phytophthora Effector Proteins  
Inside Infected Plant Tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                         	 195
Petra C. Boevink, Paul R.J. Birch, and Stephen C. Whisson

17	 Immunolocalization of Pathogen Effectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             	 211
Eric Kemen, Kurt Mendgen, and Ralf T. Voegele

18	 Laser Capture Microdissection of Nematode Feeding Cells  . . . . . . . . . . . . . . . . .                 	 227
Nagabhushana Ithal and Melissa G. Mitchum

19	 Laser Microdissection of Plant–Fungus Interaction Sites and Isolation  
of RNA for Downstream Expression Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . .                           	 241
Divya Chandran, Noriko Inada, and Mary C. Wildermuth

20	 Global Expression Profiling of RNA from Laser Microdissected Cells  
at Fungal–Plant Interaction Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                     	 263
Divya Chandran, Greg Hather, and Mary C. Wildermuth

21	 Visualizing Cellular Dynamics in Plant–Microbe Interactions  
Using Fluorescent-Tagged Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   	 283
William Underwood, Serry Koh, and Shauna C. Somerville

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                   	 293



xiii

Contributors

Rex Allen  •  Department of Plant Pathology, University of Georgia, Athens, GA, USA
Ryan G. Anderson  •  Department of Plant Pathology, Physiology, and Weed Science, 

Virginia Tech, Blacksburg, VA, USA
Paul R. J. Birch  •  Division of Plant Sciences, College of Life Sciences, University  

of Dundee at SCRI, Invergowrie, Dundee, UK
Petra C. Boevink  •  Plant Pathology Programme, Scottish Crop Research Institute, 

Invergowrie, Dundee, UK
Ann-Maree Catanzariti  •  Department of Plant and Microbial Biology, University  

of California, Berkeley, CA, USA
Divya Chandran  •  Department of Plant and Microbial Biology, University  

of California, Berkeley, CA, USA
Gitta Coaker  •  Department of Plant Pathology, University of California, Davis, CA, 

USA
Alan Collmer  •  Department of Plant Pathology and Plant-Microbe Biology,  

Cornell University, Ithaca, NY, USA
Patrick Cournoyer  •  Department of Molecular, Cellular, and Developmental 

Biology, Yale University, New Haven, CT, USA
Daniel Deegan  •  Department of Plant Pathology, Physiology, and Weed Science, 

Virginia Tech, Blacksburg, VA, USA
S. P. Dinesh-Kumar  •  Department of Molecular, Cellular, and Developmental 

Biology, Yale University, New Haven, CT, USA
Peter Dodds  •  Division of Plant Industry, Commonwealth Scientific and Industrial 

Research Organisation, Canberra, ACT, Australia
Jeff Ellis  •  Division of Plant Industry, Commonwealth Scientific and Industrial 

Research Organisation, Canberra, ACT, Australia
James M. Elmore  •  Department of Plant Pathology, University of California,  

Davis, CA, USA
Walter Gassmann  •  Division of Plant Sciences, Christopher S. Bond Life Sciences 

Center, University of Missouri, Columbia, MO, USA
Xueqing Geng  •  Department of Horticulture and Crop Science,  

The Ohio State University, Columbus, OH, USA; 
Department of Plant Cellular and Molecular Biology, The Ohio State University, 
Columbus, OH, USA

Greg Hather  •  Department of Plant and Microbial Biology,  
University of California, Berkeley, CA, USA; 
Department of Statistics, University of California, Berkeley, CA, USA

Troy Hoff  •  Department of Plant Pathology, Physiology, and Weed Science,  
Virginia Tech, Blacksburg, VA, USA



xiv Contributors

Guozhong Huang  •  Department of Plant Pathology, University of Georgia,  
Athens, GA, USA

Qian Huang  •  Plant Pathology Department, Nanjing Agricultural University, 
Nanjing, China

Edgar Huitema  •  The Sainsbury Laboratory, John Innes Centre, Norwich, UK
Richard S. Hussey  •  Department of Plant Pathology, University of Georgia,  

Athens, GA, USA
Noriko Inada  •  Department of Plant and Microbial Biology, University  

of California, Berkeley, CA, USA
Nagabhushana Ithal  •  Division of Plant Sciences, Bond Life Sciences Center, 

University of Missouri, Columbia, MO, USA
Alexandra M. E. Jones  •  The Sainsbury Laboratory, John Innes Centre,  

Norwich, UK
Shiv D. Kale  •  Virginia Bioinformatics Institute, Virginia Tech, Blacksburg, VA, USA
Sophien Kamoun  •  The Sainsbury Laboratory, John Innes Centre, Norwich, UK
Fumiaki Katagiri  •  Department of Plant Biology, University of Minnesota,  

St. Paul, MN, USA
Eric Kemen  •  The Sainsbury Laboratory, John Innes Centre, Norwich, UK
Serry Koh  •  Plant Systems Engineering Research Center, Korea Research Institute  

of Bioscience and Biotechnology, Daejeon, Republic of Korea
Brian H. Kvitko  •  Department of Plant Pathology and Plant-Microbe Biology, 

Cornell University, Ithaca, NY, USA
David Mackey  •  Department of Horticulture and Crop Science,  

The Ohio State University, Columbus, OH, USA 
Department of Plant Cellular and Molecular Biology, The Ohio State University, 
Columbus, OH, USA

Rohit Mago  •  Division of Plant Industry, Commonwealth Scientific and Industrial 
Research Organisation, Canberra, ACT, Australia

John M. McDowell  •  Department of Plant Pathology, Physiology, and Weed Science, 
Virginia Tech, Blacksburg, VA, USA

Kurt Mendgen  •  Phytopathologie, Fachbereich Biologie, Universität Konstanz, 
Konstanz, Germany

Melissa G. Mitchum  •  Division of Plant Sciences, Bond Life Sciences Center, 
University of Missouri, Columbia, MO, USA

Peter Moffett  •  Boyce Thompson Institute for Plant Research, Ithaca, NY, USA
Yiping Qi  •  Department of Plant Biology, University of Minnesota, St. Paul, MN, USA
Mario Roccaro  •  Department of Plant Microbe Interaction, Max Planck Institute 

for Plant Breeding, Cologne, Germany
Matthew Smoker  •  The Sainsbury Laboratory, John Innes Centre, Norwich, UK
Shauna C. Somerville  •  Department of Plant and Microbial Biology, Energy 

Biosciences Institute, University of California, Berkeley, CA, USA
Imre E. Somssich  •  Department of Plant Microbe Interaction, Max Planck Institute 

for Plant Breeding, Cologne, Germany
Brett M. Tyler  •  Virginia Bioinformatics Institute, Virginia Tech, Blacksburg,  

VA, USA



xvContributors

William Underwood  •  Energy Biosciences Institute, University of California, 
Berkeley, CA, USA

Ralf T. Voegele  •  Phytopathologie, Fachbereich Biologie, Universität Konstanz, 
Konstanz, Germany

Yuanchao Wang  •  Plant Pathology Department, Nanjing Agricultural University, 
Nanjing, China

Stephen C. Whisson  •  Plant Pathology Programme, Scottish Crop Research Institute, 
Invergowrie, Dundee, UK

Mary C. Wildermuth  •  Department of Plant and Microbial Biology, University  
of California, Berkeley, CA, USA

Joe Win  •  The Sainsbury Laboratory, John Innes Centre, Norwich, UK
Xue-Cheng Zhang  •  Division of Plant Sciences, Christopher S. Bond Life Sciences 

Center, University of Missouri, Columbia, MO, USA


	Plant Immunity
	Preface
	Contents
	Contributors




