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Chapter 6 - General Discussion 

I began this thesis by describing the responses that plants exhibit when infested by 

spider mites, animals that rank among the most problematic pests of field and 
greenhouse crops worldwide. As soon as a spider mite attack is perceived, plants 

respond by mounting anti-mite defenses to protect their tissues against the mite’s 

feeding activities. In tomato these defenses are organized in sequence, for example 

during the first days of infestation tomato plants produce enzymes that generate 

toxins such as polyphenol oxidases, but then shift to the production of anti-digestive 

compounds such as proteinase inhibitors, while entering senescence at the late 
stages of the infestation (Chapter 2). This concert of defense responses is 

coordinated via a sophisticated signaling network in which the plant hormones 

jasmonate (JA) and salicylate (SA) are the main conductors. To subsist on their hosts 

some spider mites evolved the means to reduce inducible JA- and SA-related 

defenses such that the detrimental effects are diminished, thereby maximizing their 

fitness on hostile hosts. In this thesis I have uncovered a mechanism by which spider 
mites accomplish suppression of plant defenses. I showed that spider mites secrete 

salivary proteins which they deliver to their feeding substrate via their stylets 
(Chapter 4). I showed that some of these salivary proteins interfere with plant 

defenses and boost spider mite fitness (Chapter 3), possibly by interacting with one 

or more hubs in the signaling network that orchestrates the plant’s immune system 
(Chapter 5). Hence these protein function as effector proteins. Thereby, spider mites 

join the extensive and expanding group of plant parasites that use effector proteins 

to modulate processes of their hosts. 

How spider mite salivary proteins fit into the mechanics of feeding and the 
induction or suppression of plant defenses 

To feed on the (watery) contents of plant cells, spider mites assemble their stylets 

into a needle-shaped structure which they protract into the leaf tissue. Doing so they 

probably pass by the epidermal layer without feeding from the punctured cells until 

mesophyll cells (parenchyma) are reached. Fluids from these cells are released by 

turgor pressure and this is probably facilitated by the mite’s pharyngeal pump: a 
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muscle attached to the esophagus and the stylophore which moves up and down 

during feeding. Plant fluids then enters the mite’s oral cavity (possibly not via the 

stylet) after which it reaches the digestive system. Mite-injured cells can be entirely 

or partially emptied and collapse, leaving a partially-empty space (basically an 

enlarged apoplast) in which often cell debris such as cell wall fragments or starch 

grains remain (Albrigo et al., 1982). It has been proposed that saliva is conveyed 
into the feeding site via the mite’s stylets (Avery and Lacey 1968; Storms et al. 1971), 

but the evidence comes exclusively from anatomical studies (Alberti & Crooker, 
1985). In Chapter 3 we predicted some spider mite salivary proteins from genome 

and transcriptome data sets and characterized these for their effect on plant 
defenses and mite performance, and in Chapter 4 we validated their occurrence in 

salivary secretions by analysis of artificial diet on which mites had fed. The function 

of this saliva is unknown. Possibly saliva is delivered to mite-injured cells to perform 

pre-oral digestion, that is, to degrade components of plant cells such as the plant cell 

wall, organelles, and proteins, prior to ingestion which was suggested by Mothes and 

Seitz (1982). The presence of putative cell-wall-degrading and proteolytic enzymes 
in salivary secretions support the hypothesis of pre-oral digestion (Chapter 4). 
However, the cells/minute feeding rate of mites can be high (estimated at around 

20+2 according to Jeppson et al., 1975) giving pre-oral digestion only a small window 

of time to take effect. Possibly this feeding rate is determined by the degree in which 

pre-digestion is necessary and differs across plant species or cultivar. Alternatively 

I could also think of a scenario where the mite first injects multiple cells—or their 

apoplasts—at the feeding site with saliva before emptying them quickly one by one. 

Any event that occurs when mites are feeding on mesophyll cells might be 

perceived by the plant as a signal to initiate defenses. Such defense induction 

signals can be: 1) the physical damage provoked by piercing-and-sucking behavior 

of the mite on mesophyll cells which can elicit non-molecular wounds signals such 

as hydrostatic pressure changes (Farmer et al., 2014); 2) host-plant components 

released from damaged or collapsed mesophyll cells such as intracellular 

organelles, cell-wall fragments, or other types of molecules, which might be 

perceived as damage associated molecular patterns (DAMPs) (Heil, 2009) and be 
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recognized by DAMP receptors; and 3) herbivore associated molecular patterns 

(HAMPs) that might originate from the mite’s saliva, and which might be perceived 

by HAMP receptors (Mithöfer & Boland, 2008). These signals then are probably 

perceived by the injured cells themselves or by uninjured cells bordering the injured 

ones at the feeding site after which these cells switch to a an alternative metabolic 
program to mount JA and SA-related defenses (Chapter 2). Presumably, when 

mites then feed on the adjacent induced mesophyll cells, they encounter cells that 

are overall less nutritious and possibly toxic food (defense active cells).  

Figure 6.1. Induction and suppression of plant defenses by spider mite feeding. Model 

of induction and suppression of plant defenses by spider mites. In (A) spider mite feeding 

provoke perturbations in attacked mesophyll cells which might signal to uninjured cells to set 

up defenses against subsequent mite feeding. Also, suppressor defense agents (effectors) 

might be conveyed to the feeding area by spider mites to outcompete elicitor signals. In (B) 

inducer spider mites feed on cells that successfully mounted defenses. In (C), suppressor 

spider mites feed on cells that could not mount defenses. The apoplast in B and C is shown 

enlarged to denote emptied mesophyll cells.  EC: Epidermal cell, M: mesophyll layer, IC: 

Injured cell, A: apoplast. 
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However, I have also shown that Tetranychus evansi mites and some mite 

strains of T. urticae can suppress the plant defenses elicited by feeding downstream 
of the phytohormone accumulation (Chapter 2). We can expect that induction and 

suppression co-occur and hence compete and that suppressor mites use defense 

suppressing agents to interfere with the defenses mounted at the uninjured cells. 

This model of induction and suppression of defenses by mite feeding is illustrated in 
Figure 6.1.The central hypothesis in this thesis is that mite secrete effector proteins 

via their saliva that act as defense suppressor agents. While a T. urticae mite may 

puncture and ingest around 20 mesophyll cells per minute (Jeppson et al., 1975), 

plant defenses can take hours to days to become visible: this suggests that, like pre-

digestion, it is unlikely that spider mites primarily use salivary secretions to suppress 

the defenses of the exact cell on which they are feeding. This is in contrast with 

phloem-feeding insects such as aphids, which can spend hours or even days feeding 

from the same sieve element (SE, a specialized plant cell), during which aphids 

periodically secrete saliva to the same cell to suppress its defenses (Elzinga et al., 

2014, Will et al., 2007) such as SE clogging (Tjallingii, 2006, Furch et al., 2015), 

among other host-defense suppressive functions.  

While I demonstrated the existence of mite salivary effector proteins it 

remains unclear in which plant compartment these might operate. I expect that some 

spider mites effectors function inside plant cells but also others could do their work 

in the plant apoplast. Next I will explore both alternatives. 

If spider mite effectors operate inside host uninjured cells (as we assumed 
in Chapter 3), effectors then must translocate to or into these cells. Translocation 

into uninjured cells could be achieved in a similar way as some plant-pathogenic 

oomycete effectors do, i.e. by exploiting the plant’s endocytic pathway (Kale et al., 

2010), which would require mite effectors to transit through the apoplast. 

Alternatively, after being injected in injured cells, salivary effectors could travel to 

uninjured cells by exploiting the host’s cell-to-cell transport, i.e. plant’s 

plasmodesmata. As example, two effectors of the oomycete pathogen Magnaporthe 

oryzae were shown to move cell-to-cell in rice (Khang et al., 2010). However, the 
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time constraints for these processes to occur relative to the mite’s feeding speed and 

the speed of subsequent cellular collapse are unclear at this stage. 

Some spider mite effectors might instead operate via the plant’s apoplast. 

As earlier mentioned, in plant pathology the apoplastic space of uninjured cells, in 

which DAMPs and MAMPs (microbe-associated molecular patterns) often 

accumulate, is a crowded interface between effectors and elicitors on the one hand 

and cell-surface receptors that can recognize these on the other. Hence, also spider 

mite effectors could be typically targeted to key defensive processes in the host’s 
apoplast in order to prevent early recognition of HAMPs/DAMPs by uninjured cells 

located at the feeding site. For example, filamentous plant pathogens deploy a 

number of apoplastic effectors that avoid chitin fragments or oligosaccharides from 

their cell walls, generated by the plant’s defensive chitinases and glucanases, to 

elicit host-immunity responses. These effectors disrupt the processes that produce 

these elicitors, for instance by directly inhibiting the plant’s chitinases (de Jonge et 

al., 2010). Apoplastic effectors from filamentous plant pathogens often are rich in 

cysteine residues that form disulfide-bonds. This increases their resistance to 

defensive proteases of the host (van den Burg et al., 2003), which are abundant in 
the plant apoplast. Most of the salivary proteins I found in Chapter 4 do not have 

abundant cysteine residues, suggesting that these proteins may function 

intracellularly. Yet, we did found some cysteine-rich protease inhibitors in the mite’s 
salivary secretions that could potentially inhibit such apoplastic proteases to shield 
effectors from getting degraded in the apoplast. Additionally in Chapter 5 I report 

that the spider mite salivary proteins Te84 and Tu84 interact with two plant cysteine 

proteases, RCR3 and RD19, in yeast-two hybrid assays, particularly at the activation 

domains of these proteases. These effectors might prevent the activation of these 

plant proteases, either in the apoplast (like RCR3) or intracellular (like the vacuolar 

RD19). Also some vacuolar proteases might end up in the apoplast after the attacked 

mesophyll cell has collapsed, although this might only occur if mites do not always 

drink up the entire cell fluid. The plant vacuole is rich in antimicrobial compounds 

and proteases, which have been shown to be released to the apoplast to kill invading 

pathogens after plants activate programmed cell death (Hatsugai et al., 2009).  
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In summary, I cannot exclude (nor confirm) any particular localization of 

spider mite salivary effectors in plants. Therefore, in which host cells defense 

suppressor signals operate and how these signals reach those cells remains to be 

investigated. 

Expanding the concept of a spider mite effector 

Effectors molecules have been described in all major groups of plant parasites, 

including viruses, biotrophic and necrotrophic microbial pathogens, nematodes, 

spider mites (this thesis) and insect herbivores. Among such a large diversity of 

parasites we found different host invasion strategies, hence not surprisingly the 

criteria by which researchers define a particular effector repertoire of a given plant 

parasite also greatly varies. In consequence, a variety of “effector” definitions are 
found in the phytopathology literature. To account for this lack of consensus, a 

comprehensive and parasite-oriented effector concept has been proposed: an 

effector is a parasite-born molecule that interact with one or more host components 

to aid the parasite to establish symbiosis with its host (Hogenhout et al., 2009, Cook 

et al., 2015).  

Under that broad effector concept, a number of spider mite salivary proteins 
that we found in Chapter 4 but that did not make into the final list of candidate 

effectors (Chapter 3), likely are or potentially can become effectors. Cell-wall-

degrading enzymes, such as β-galactosidase, which is a constituent of the spider 
mite saliva (Chapter 4), are effectors as they facilitate parasitism by functioning on 

a host component. Furthermore, salivary enzymes not performing a direct function 

on host metabolism, such as proteases that degrade plant proteins for pre-digestion, 

could become effectors by developing a new function (neo-functionalization). For 

example, Glucanase Inhibitor Proteins (GIPs), secreted by species from the 
oomycete genus Phytophthora, are similar to chymotrypsin serine proteases but 

have lost the catalytic triad. Instead, GIPs function evolved from protease to enzyme 

inhibitor, particularly to protect the pathogen by disrupting plant endoglucanases that 

digest pathogen cell walls (Damasceno et al., 2008).  
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Some effector-coding genes, such as GIPs, have been shown to be subject 

of positive selection, a hallmark of genes involved in a co-evolutionary arms race, 

which is a feature that might be common among most effector-encoding genes—

pathogen effectors are under strong selective pressure to evade recognition by host 

receptors while also to maintain virulence activity on a host target. The fact that 

effectors are usually product of fast-evolving genes likely explains why 
experimentally-proven effectors often lack conserved features at the protein level, 

and that comprises functionally studied effectors of most plant parasites, including 

insect herbivores (Pitino & Hogenhout, 2013). Consequently, effector-discovery 

pipelines have been often designed to select for secreted proteins lacking functional 

annotations, a practice that neglects effectors possessing conserved features, such 

as GIPs, to favor unannotated effectors that (seemingly) are much more frequent 
(Sperschneider et al., 2015). I adopted that prevalent practice in Chapter 3, hence 

the effector concept was restricted as to prioritize the characterization of spider mite 

salivary proteins that most likely could explain how these mites achieve host-defense 
suppression. As I mentioned in Chapter 4, more recently, to reveal rapid evolving 

effectors, bioinformatics pipelines now incorporate gene evolution rates as criteria—
i.e. the ratio of nonsynonymous over synonymous nucleotide substitutions (dN/dS

ratio) calculated among a set of homologous genes—instead of using the related but

vague lack of annotation based on homology search. The availability of genome

sequences of other mite species likely will increase in the coming years, which can

provide the data necessary to improve effector predictor pipelines by avoiding or
replacing some of the arbitrary criteria that I used in Chapter 3. Also gene silencing

in mites might be feasible (Khila & Grbić, 2007). This technique should be exploited

to assess the role of the numerous salivary enzymes that were not studied in this

thesis, some of which might be important virulence factors, and as I will explore next,

these might serve as probes to bring anti-mite resistance in plants.

Host proteins interacting with spider mite effectors—an opportunity for plant 
breeding 

Many crops of agricultural relevance are susceptible to spider mites. High mite 

population densities and sustained infestation can lead to leaf chlorosis, defoliation 
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and eventually plant death (Tomczyk & Kropczynska, 1985). Also spider mite feeding 

can affect fruit value by causing cosmetic damage—which in tomato is known as 

“gold fleck” (Meck et al., 2013). Agricultural practices to control spider mite 

populations largely rely on the use of agrochemicals, which often partially or 

completely fail since these mites can quickly develop resistance to a variety of 

acaricides and broad-range insecticides (Van Leeuwen et al., 2010, Van Leeuwen 
et al., 2015). Natural enemies of spider mites, principally predatory mites, are also 

commonly used to control populations of these herbivores, although this form of 

biological control is mostly restricted to greenhouse crops (Gerson et al., 2003). 

Cultivated tomato is particularly susceptible to spider mites such as T. urticae and T. 

evansi, nevertheless natural resistance to spider mites have been shown for a 

number of wild tomato species, such as Solanum pennellii (Saeidi et al. 2007) and 

S. habrochaites (Snyder et al., 2005). In contrast to cultivated tomato, these wild

relatives are notorious for the higher density and diversity of their glandular trichomes

(Saeidi et al., 2007), which also results in a larger array of biochemical compounds

released from these epidermal structures, some of which are toxic (Chatzivasileiadis

& Sabelis, 1997) or repellent (Maluf et al., 2001) to spider mites. However, to
incorporate such defense-related traits into cultivated tomato varieties without

affecting yield or fruit characteristics is a labor-intensive, time-consuming, and

expensive process (Fernandez et al., 2003). Moreover, ideally introgressed

defensive compounds should be mainly produced when the plants need it, i.e. when

mite infestation takes place, but infestation by mites that suppress defenses might
not elicit the production of these allelochemicals (Chapter 2). In this section I will

outline the novel possibilities that the discovery of mite effector proteins and their

host-protein interactors brings to plant breeding for mite resistance.

Plant parasites need to evolve sophisticated strategies to subsist on their 

hosts. Plants do not easily give up resources to invaders, hence parasites must 

possess the skills to manipulate processes and the physiology of their host plants in 

order to obtain their food. Effector proteins are thought to be the main agents that 

parasites employ to manipulate their host plants (Effector Triggered Susceptibility, 

ETS). Conversely, reliance on effector proteins can also give away the parasite, 
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conceding plants a way to specifically recognize and initiate protection against their 

enemies (Effector Triggered Immunity, ETI), or to shut down the weaknesses that 

made them vulnerable (susceptibility (S)-genes). These two forms of plant 

resistance, i.e. ETI- and S-gene mediated resistances, have been applied by 

generations of plant breeders to increase protection of domesticated plants against 

diseases and pests. That spider mites secrete effector proteins raises the chance 
that these types of plant resistance also operate against these herbivores (Figure 
6.2). 

Figure 6.2. Hypothetical scenarios in which spider mite effectors might elicit plant 
resistance or susceptibility. In (A) spider mite elicitors (DAMPs, HAMPs) are perceived by 
plant receptors (such as RLKs) which activate plant defenses (DAMP Triggered Immunity, 
HAMP triggered immunity). In (B) spider mite effectors (e.g. potentially Tu84) disrupt RLK 
function thereby suppressing the activation of plant defenses (Effector Triggered 
Susceptibility). In (C) spider mite effectors are recognized by intracellular NLR proteins (e.g. 
potentially Te28 by an N. tabacum R-gene), which activate plant defenses (Effector Triggered 
Immunity). In (D), spider mite effectors target host components that promote mite performance 
(Susceptibility genes), for example tomato RCR3 that is potentially targeted by Te84. Finally 
in (E), modification of the S-gene disrupt its binding to the mite effector, hence losing 
susceptibility (S-gene mediated resistance). 

ETI underlies the gene-for-gene model that explains compatibility in plant-

pathogen interactions (Flor et al., 1955). According to this model, plant resistance 

(incompatibility) occurs when a pathogen carries an avirulence (Avr) gene that is 

matched by a plant resistance (R) gene which activates plant immunity. In case of 

an absence of one or both of these components (i.e. Avr and/or R genes), the 
pathogen wins as it is not being recognized and plants do not mount defenses 
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(compatibility). The gene-for-gene model improved when the virulence function of 

the proteins encoded by Avr genes was demonstrated, thereafter, when referring to 

these pathogen proteins, the term “effector” instead of “Avr” was preferred. The 

products of plant R genes have been also identified, the majority of which encode 

for intracellular Nucleotide-binding Leucine-Rich Repeat (NLR or NB-LRR) 

receptors. NLR-mediated immunity has been extensively reported in plant-pathogen 
interactions, in which NLRs recognize effectors, either directly or by monitoring 

effector activities, after which the pathogen is defeated often by a form of 

programmed cell death at the site of infection [hypersensitive response (HR)].  

Plants NLRs do not only bring resistance against microbes, but also against 

pests such as nematodes (Lozano-Torres et al., 2012, Rossi et al., 1998), aphids 

(Villada et al., 2009, Li et al., 2006) and gall midges (Harris et al., 2012). R-gene-

mediated HR-like responses were shown to affect the development of gall-midges 

at larvae stages (Stuart et al., 2012) and the feeding behavior of aphids (Villada et 

al., 2009). The discovery of effectors in these pest species expanded the applicability 

of the effector-NLR paradigm to the interaction of plants with non-microbial plant 
parasites. However, as I suggested in Chapter 3, HR-like responses might not be 

effective against herbivores that frequently change their feeding sites such as spider 

mites. Still some NLRs could initiate defenses against herbivores that culminate in 

defensive tactics other than HR, such as premature leaf senescence which was 
shown to protect Arabidopsis plants against aphids (Pegadaraju et al., 2005), which 

might be effective against mites as well. Ectopic expression of the T. evansi effector 

Te28 in leaves of N. benthamiana provoked severe chlorotic symptoms to which we 

associated the lower performance of spider mites on leaf-discs expressing this 
salivary protein (Chapter 3). Interestingly, the expression of Te28 in N. tabacum 

resulted in cell death (Chapter 3), which points to a possible recognition of this mite 

effector in this Nicotiana species, potentially by an R-gene (Figure 6.2C). In 

conclusion, further research on spider mite effectors might reveal plant R-genes that 

mediate ETI against these herbivores, which next can be incorporated into crops to 

increase their protection against mites.  
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A second type of resistance that can be related to effector proteins is that 

mediated by susceptibility (S)-genes. S-genes are defined as host genes that by their 

activities support or promote parasitism (Schie & Takken, 2014). Plant resistance 

occurs when an S-gene is mutated (loss or modified), after which the plant becomes 

a difficult host to a limited or a broad-spectrum of parasites depending on the S-

gene. S-genes are in general different to R-genes in at least three aspects: 1) R-
genes are usually dominantly inherit while most S-genes are recessive; 2) R-genes 

encode typically for NLR proteins, while S-genes do not encode for any specific type 

of protein yet only those that facilitates parasitism; 3) in crop protection, resistance 

mediated by a mutation of an S-gene is thought to be more durable than the 

resistance mediated by the introgression of R-genes (Schie & Takken, 2014). The 

third point is explained by the relative easiness for pathogens to break resistance 

mediated by a single R-gene, which pathogens can avoid triggering by losing or 

modifying the effector that is being recognized. In contrast, pathogens need to evolve 

novel strategies in order to overcome the loss of a host component that was 

supporting parasitism, which can be harder to achieve compared to just modifying 

an effector.  

Some host genes encoding for proteins targeted by effectors can be 

considered as S-genes (Gawehns et al., 2013). For instance, the Pseudomonas 

syringae effector AvrB inactivates plant immunity by phosphorylating RIN4, after 
which RIN4 function as a negative regulator of PTI in Arabidopsis (Chung et al., 

2014). Also the apoplastic PLCP RCR3pimp of Solanum pimpinellifolium is a potential 

S-gene that mediates tomato susceptibility to nematodes carrying the effector VAP1, 

which targets RCR3pimp and inhibits its protease activity (Lozano-Torres et al., 2012). 

Cultivated tomato plants carrying the RCR3pimp allele were more susceptible to 

nematodes than those carrying the RCR3lyc or a null mutant allele (rcr3-3) (Lozano-

Torres et al., 2012), hence RCR3pimp fulfils the S-gene definition. We have shown 
that RCR3lyc is potentially targeted by the T. evansi effector Te84 (Chapter 5). If T. 

evansi mites perform better on tomato RCR3lyc than on rcr3-3 plants then this mutant 

allele can be used in breeding to bring S-gene mediated resistance to T. evansi 

(Figure 6.2E). In the same way, by discovering other plant proteins targeted by 
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spider mite effectors, more potential S-genes could be revealed. However, not all S-

genes can be applied in breeding. For example, if an S-gene encodes for a 

constitutive negative regulator of plant immunity its loss of function can result in 

decreased crop yield and other unwanted effects due to constitutive defenses 

(Lorrain et al., 2003). Also, mutating some S-genes can bring resistance to certain 

pathogens but simultaneously could reduce protection against other parasites 
(Robert-Seilaniantz et al., 2011). Novel technologies in precise genome editing, such 

as the very effective and accessible CRISPR-Cas9 system (Jinek et al., 2012), offer 

powerful tools by which S-gene nucleotide sequences can be careful altered to 

produce proteins that elude effectors while to still function properly. Such a feat was 

recently accomplished on the jasmonate-Ile receptor COI1, which is hijacked by the 

effector coronatine secreted by some strains of P. syringae to diminish harmful SA 

responses by stimulating the antagonistic JA pathway (Brooks et al., 2005). A single 

targeted amino acid substitution was sufficient to diminish COI1 affinity to coronatine 

while to still properly regulate JA-signaling, which resulted in plants showing 

resistance to P. syringae and maintaining COI1-dependent crucial functions, such 

as flowering and anti-herbivore defenses (Zhang et al., 2015).  In conclusion, host 
proteins targeted by spider mite effectors are promising genetic elements which can 

further expand the repertoire of known plant traits that give resistance to these 

herbivores, yet a careful assessment of the pleiotropic effects that might occur after 

mutating an S-gene is required prior to its incorporation into crops.  

Conclusions and perspectives 

In this thesis I have provided multiple evidence for the existence of salivary 

effector proteins in spider mites, yet a comprehensive description of the mechanism 

by which these herbivores achieve suppression of plant defenses remains to be 

elucidated. The array of salivary proteins that spider mite secrete into plants suggest 

that the suppression mechanism likely involves many effectors, which presumably 

operate on many different nodes of the plant defense network. Also some effectors 

of generalist mites, such as T. urticae, might have optimal activity only in certain host 

plant species or families, and this should be always considered when describing 

effectors activities on specific hosts. Instead, specialist spider mites such as T. 
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evansi presumably possess a smaller arsenal of effectors as they colonize a lower 

diversity of host plants. I hypothesize that T. evansi effectors outperform effectors of 

T. urticae in manipulating processes of tomato plants, which would explain why the 

former is a better suppressor of tomato defenses. The work presented in this thesis 

has opened up new lines of research in the study of the interaction between plants 

and phytophagous mites. Several mite species constitute pest of plants that are 
important in agriculture, including many species of spider mites and the microscopic 

mites of the Eriophyoidea, all of which might use effectors to defeat their host plants. 

I expect that future research will reveal more mite effector proteins and also the 

mechanisms by which these proteins manipulate plant processes.  
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