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Wang, Y., Wu, J., Kim, S.G., Tsuda, K., Gupta, R., Park, S.-Y., Kim, S.T., and Kang, K.Y. 

(2016). Magnaporthe oryzae-Secreted Protein MSP1 Induces Cell Death and Elicits Defense 

Responses in Rice. Mol. Plant Microbe Interact. 

The Magnaporthe oryzae snodprot1 homolog (MSP1), secreted by M. oryzae, is a 

cerato-platanin family protein. msp1-knockout mutants have reduced virulence on barley 

leaves, indicating that MSP1 is required for the pathogenicity of rice blast fungus. To 

investigate the functional roles of MSP1 and its downstream signaling in rice, recombinant 

MSP1 was produced in E. coli and assayed for its functionality. Application of MSP1 triggered 

cell death and elicited defense responses in rice. MSP1 also induced H2O2 production and 

autophagic cell death in both suspension-cultured cells and rice leaves. Protein kinase(s) 

triggered cell death, and jasmonic acid and abscisic acid enhanced cell death, while salicylic 

acid suppressed it. We demonstrated that the secretion of MSP1 into the apoplast is a 

prerequisite for triggering cell death and activating defense-related gene expression. 

Furthermore, pre-treatment of rice with a sub-lethal MSP1 concentration potentiated 

resistance to the pathogen. Taken together, our results showed that MSP1 induces a high 

degree of cell death in plants, which might be essential for its virulence. Moreover, rice can 

recognize MSP1, resulting in the induction of pathogen-associated molecular 

pattern-triggered immunity. 

 

Motahareh Lalezar, Mohammad Reza Moosavi, and and Abdoreza Hesami (2016). Changes in 

zucchini defense responses against Meloidogyne (Rhabditida: Meloidogynidae) induced by 

Pochonia chlamydosporia. Mun. Ent. Zool. 11 

Meloidogyne javanica causes serious damage to many crops and its management is not 

easily achievable. Pochonia chlamydosporia var. chlamydosporia (Pcc) is a potent biocontrol 

agent whose ability in stimulating plant defense has been ambiguous. This study was 

designed to analyze the kinetics of some defense-related enzymes in the roots of zucchini 

plants after inoculation with either one or both of Pcc and M. javanica. Activity of 

phenylalanine ammonia-lyase (PAL), peroxidase (POX), polyphenol oxidase (PPO), and 

catalase (CAT) in root samples were examined in a week with one day interval beginning 

from the next day following inoculation with M. javanica. When the plants were inoculated 

with both Pcc and nematode, the activity of PAL, POX and CAT was significantly improved 

during the experiment compared with other treatments. The PPO activity in such plants was 

more than PPO activity in nematode-infected plants only on the 5th and 7th day after 

inoculation. Individual application of Pcc frequently resulted in enhanced activity of PAL, POX 

and CAT compared with these enzymes activity in control treatment. This is the first report 

on the ability of Pochonia chlamydosporia var. chlamydosporia for inducing or improving the 

plant innate defense. 

 

Hummel, A.W., Wilkins, K.E., Wang, L., Cernadas, R.A., and Bogdanove, A.J. (2016). A 

transcription activator-like effector from Xanthomonas oryzae pv. oryzicola elicits 

dose-dependent resistance in rice. Molecular Plant Pathology 

Xanthomonas spp. reduce crop yields and quality worldwide. During infection of their plant 

hosts, many strains secrete transcription activator-like (TAL) effectors, which enter the host 

cell nucleus and activate specific corresponding host genes at effector binding elements 

(EBEs) in the promoter. TAL effectors may contribute to disease by activating expression of 

susceptibility genes or trigger resistance associated with the hypersensitive reaction (HR) by 

activating an executor resistance (R) gene. The rice bacterial leaf streak pathogen X. oryzae 



pv. oryzicola (Xoc) is known to suppress host resistance, and no host R gene has been 

identified against it, despite considerable effort. To further investigate Xoc suppression of 

host resistance, we conducted a screen of effectors from BLS256 and identified Tal2a as an 

HR elicitor in rice when delivered heterologously by a strain of the closely related rice 

bacterial blight pathogen X. oryzae pv. oryzae (Xoo) or by the soybean pathogen X. 

axonopodis pv. glycines. The HR required the Tal2a activation domain, suggesting an 

executor R gene. Tal2a activity was differentially distributed among geographically diverse 

Xoc isolates, being largely conserved among Asian isolates. We identified four genes induced 

by Tal2a in next generation RNA sequencing experiments and confirmed them with 

quantitative real time RT-PCR. However, neither individual nor collective activation of these 

genes by designer TAL effectors resulted in the HR. A tal2a knockout mutant of BLS256 

showed virulence comparable to wild type, but plasmid-based overexpression of tal2a at 

different levels in the wild type reduced virulence in a directly corresponding way. The 

results overall reveal that host resistance suppression by Xoc plays a critical role in 

pathogenesis. Further, the dose-dependent avirulence activity of Tal2a and the apparent 

lack of a single, canonical target that accounts for the HR point to a novel, 

activation-domain-dependent mode of action, which might involve, for example, a 

non-coding gene or a specific pattern of activation across multiple targets. 

 

Gkizi, D., Lehmann, S., L’Haridon, F., Serrano, M., Paplomatas, E., Metraux, J.-P., and 

Tjamos, S. (2016). The innate immune signaling system as a regulator of disease resistance 

and ISR activity against Verticillium dahliae. Mol. Plant Microbe Interact. 

In the last decades, the plant innate immune responses against pathogens have been 

extensively studied while biocontrol interactions between soilborne fungal pathogens and 

their hosts have received much less attention. Treatment of Arabidopsis thaliana with the 

non-pathogenic bacterium Paenibacillus alvei K165 was shown previously to protect against 

Verticillium dahliae by triggering induced systemic resistance (ISR). In the present study, we 

evaluated the involvement of the innate immune response in the K165-mediated protection 

of Arabidopsis against V. dahliae. Tests with Arabidopsis mutants impaired in several 

regulators of the early steps of the innate immune responses, including fls2, efr-1, bak1-4, 

mpk3, mpk6, wrky22 and wrky29 showed that FLS2 and WRKY22 have a central role in the 

K165-triggered ISR, while EFR1, MPK3 and MPK6 are possible susceptibility factors for V. 

dahliae and bak1 shows a tolerance phenomenon. The resistance induced by strain K165 is 

dependent on both salicylate and jasmonate-dependent defense pathways as evidenced by 

an increased transient accumulation of PR1 and PDF1.2 transcripts in the aerial parts of 

infected plants treated with strain K165. 

 

Coqueiro, D.S.O., de Souza, A.A., Takita, M.A., Rodrigues, C.M., Kishi, L.T., and Machado, 

M.A. (2015). Transcriptional profile of sweet orange in response to chitosan and salicylic 

acid. BMC Genomics 16, 288 

BACKGROUND: Resistance inducers have been used in annual crops as an alternative for 

disease control. Wood perennial fruit trees, such as those of the citrus species, are 

candidates for treatment with resistance inducers, such as salicylic acid (SA) and chitosan 

(CHI). However, the involved mechanisms in resistance induced by elicitors in citrus are 

currently few known. 

RESULTS: In the present manuscript, we report information regarding the transcriptional 

changes observed in sweet orange in response to exogenous applications of SA and CHI 

using RNA-seq technology. More genes were induced by SA treatment than by CHI 

treatment. In total, 1,425 differentially expressed genes (DEGs) were identified following 

treatment with SA, including the important genes WRKY50, PR2, and PR9, which are known 

to participate in the salicylic acid signaling pathway, and genes involved in 



ethylene/Jasmonic acid biosynthesis (ACS12, AP2 domain-containing transcription factor, 

and OPR3). In addition, SA treatment promoted the induction of a subset of genes involved 

in several metabolic processes, such as redox states and secondary metabolism, which are 

associated with biotic stress. For CHI treatment, there were 640 DEGs, many of them 

involved in secondary metabolism. For both SA and CHI treatments, the auxin pathway 

genes were repressed, but SA treatment promoted induction in the ethylene and jasmonate 

acid pathway genes, in addition to repressing the abscisic acid pathway genes. Chitosan 

treatment altered some hormone metabolism pathways. The DEGs were validated by 

quantitative Real-Time PCR (qRT-PCR), and the results were consistent with the RNA-seq 

data, with a high correlation between the two analyses. 

CONCLUSIONS: We expanded the available information regarding induced defense by 

elicitors in a species of Citrus that is susceptible to various diseases and identified the 

molecular mechanisms by which this defense might be mediated. 

 

Abd-El-Haliem, A.M., Vossen, J.H., van Zeijl, A., Dezhsetan, S., Testerink, C., Seidl, M.F., 

Beck, M., Strutt, J., Robatzek, S., and Joosten, M.H.A.J. (2016). Biochemical 

characterization of the tomato phosphatidylinositol-specific phospholipase C (PI-PLC) family 

and its role in plant immunity. Biochim. Biophys. Acta. 

Plants possess effective mechanisms to quickly respond to biotic and abiotic stresses. The 

rapid activation of Phosphatidylinositol-specific Phospholipase C (PLC) enzymes occurs early 

after the stimulation of plant immune-receptors. Genomes of different plant species encode 

multiple PLC homologs belonging to one class, PLCζ. Here we determined whether all tomato 

homologs encode active enzymes and whether they can- generate signals that are distinct 

from one another. We searched the recently completed tomato (Solanum lycopersicum) 

genome sequence and identified a total of seven PLCs. Recombinant proteins were produced 

for all tomato PLCs, except for SlPLC7. The purified proteins showed typical PLC activity, as 

different PLC substrates were hydrolysed to produce diacylglycerol. We studied SlPLC2, 

SlPLC4 and SlPLC5 enzymes in more detail and observed distinct requirements for Ca(2+) 

ions and pH, for both their optimum activity and substrate preference. This indicates that 

each enzyme could be differentially and specifically regulated in vivo, leading to the 

generation of PLC homolog-specific signals in response to different stimuli. PLC 

overexpression and specific inhibition of PLC activity revealed that PLC is required for both 

specific effector- and more general "pattern"-triggered immunity. For the latter, we found 

that both the flagellin-triggered response and the internalization of the corresponding 

receptor, Flagellin Sensing 2 (FLS2) of Arabidopsis thaliana, is supressed by inhibition of PLC 

activity. Altogether, our data support an important role for PLC enzymes in plant defence 

signalling downstream of immune receptors. 

 

Berkowitz, O., De Clercq, I., Van Breusegem, F., and Whelan, J. (2016). Interaction between 

hormonal and mitochondrial signalling during growth, development and in plant defence 

responses. Plant Cell Environ. 

Mitochondria play a central role in plant metabolism as they are a major source of ATP 

through synthesis by the oxidative phosphorylation pathway and harbour key metabolic 

reactions such as the TCA cycle. The energy and building blocks produced by mitochondria 

are essential to drive plant growth and development as well as to provide fuel for responses 

to abiotic and biotic stresses. The majority of mitochondrial proteins are encoded in the 

nuclear genome and have to be imported into the organelle. For the regulation of the 

corresponding genes intricate signalling pathways exist to adjust their expression. Signals 

directly regulate nuclear gene expression (anterograde signalling) to adjust the protein 

composition of the mitochondria to the needs of the cell. In parallel, mitochondria 

communicate back their functional status to the nucleus (retrograde signalling) to prompt 



transcriptional regulation of responsive genes via largely unknown signalling mechanisms. 

Plant hormones are the major signalling components regulating all layers of plant 

development and cellular functions. Increasing evidence is now becoming available that 

plant hormones are also part of signalling networks controlling mitochondrial function and 

their biogenesis. This review summarises recent advances in understanding the interaction 

of mitochondrial and hormonal signalling pathways. 

 

Cameron, R.K., Carella, P., Isaacs, M., Champigny, M., Merl-pham, J., Dey, S., and Vlot, 

A.C. (2016). Using DIR1 to investigate long-distance signal movement during Systemic 

Acquired Resistance. Canadian Journal of Plant Pathology 0 

During Systemic Acquired Resistance (SAR), a SAR-inducing infection in one leaf initiates 

movement of phloem-mobile signals to uninfected distant leaves to prime plants to respond 

in a resistant manner to subsequent infections. Our early work with the dir1-1 (defective in 

induced resistance) mutant in Arabidopsis demonstrated that the DIR1 protein is required 

for SAR and led to the hypothesis that DIR1, a lipid transfer protein (LTP), moves to distant 

leaves to activate SAR. To prove this hypothesis, we monitored DIR1-GFP accumulation in 

phloem exudates using an estrogen-SAR assay. In this assay, estrogen treatment induces 

DIR1-GFP expression in one leaf of dir1-1, followed by SAR-induction in the same leaf. 

DIR1-GFP was detected in exudates collected from local and distant leaves of SAR-induced 

plants using both DIR1 and GFP antibodies. This provides compelling evidence that DIR1 

moves via the phloem to distant leaves to initiate priming. Our work fills a major gap in 

research on SAR as no other putative SAR mobile signal has been shown to move in planta 

to distant leaves. To discover how DIR1 enters the phloem, we took advantage of plant lines 

with compromised cell-to-cell movement caused by overexpression of 

Plasmodesmata-Located Proteins. These lines were defective for SAR, and DIR1 was not 

observed in distant leaf phloem exudates, supporting the idea that cell-to-cell movement of 

DIR1 through plasmodesmata is important for SAR signal movement. To discover new 

phloem proteins that play a role during SAR, we compared phloem exudate proteomes 

collected from mock- and SAR-induced leaves using quantitative LC-MS/MS. Numerous 

proteins were enriched in SAR-induced versus mock-induced phloem exudates and T-DNA 

knock-out lines in some of these genes were SAR-defective, indicating they contribute to 

SAR. Identification of SAR-specific phloem proteins may provide clues as to the protein 

complement of a high molecular weight DIR1-containing complex found in phloem exudates 

only after SAR induction. We will take advantage of DIR1’s proteinaceous nature to identify 

proteins in the high molecular weight mobile signal complex, proteins associated with 

phloem loading of SAR signals and proteins involved in DIR1 perception in distant leaves. 

 

Chang, X., Seo, M., Takebayashi, Y., Kamiya, Y., Riemann, M., and Nick, P. (2016). 

Jasmonates are induced by the PAMP flg22 but not the cell death-inducing elicitor Harpin in 

Vitis rupestris. Protoplasma 

Plants employ two layers of defence that differ with respect to cell death: 

pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI) and 

effector-triggered immunity (ETI). In our previous work, we have comparatively mapped the 

molecular events in a cell system derived from the wild American grape Vitis rupestris, 

where cell death-independent defence can be triggered by PAMP flg22, whereas the elicitor 

Harpin activates a cell death-related ETI-like response. Both defence responses overlapped 

with respect to early events, such as calcium influx, apoplastic alkalinisation, oxidative burst, 

mitogen-activated protein kinase (MAPK) signalling, activation of defence-related genes and 

accumulation of phytoalexins. However, timing and amplitude of early signals differed. In 

the current study, we address the role of jasmonates (JAs) as key signalling compounds in 

hypersensitive cell death. We find, in V. rupestris, that jasmonic acid and its bioactive 



conjugate jasmonoyl-isoleucine (JA-Ile) rapidly accumulate in response to flg22 but not in 

response to Harpin. However, Harpin can induce programmed cell death, whereas 

exogenous methyl jasmonate (MeJA) fails to do so, although both signals induce a similar 

response of defence genes. Also in a second cell line from V. vinifera cv. 'Pinot Noir', where 

Harpin cannot activate cell death and where flg22 fails to induce JA and JA-Ile, defence 

genes are activated in a similar manner. These findings indicate that the signal pathway 

culminating in cell death must act independently from the events culminating in the 

accumulation of toxic stilbenes. 

 

Chiangga, S., Pornkaveerat, W., and Frank, T.D. (2016). On a Fitzhugh-Nagumo type model 

for the pulse-like jasmonate defense response in plants. Math Biosci. 

A mechanistic model of the Fitzhugh-Nagumo type is proposed for the pulse-like jasmonate 

response in plants. The model is composed of a bistable signaling pathway coupled to a 

negative feedback loop. The bistable signaling pathway describes a recently discovered 

positive feedback loop involving jasmonate and the MYC2 transcription factor regulating 

promoter activity during plant defense. The negative feedback loop is assumed to reflect a 

second jasmonate-dependent signaling pathway that is also used for ethylene signaling. The 

impact of the negative feedback loop is to destroy the high-level jasmonate fixed-point of 

the bistable jasmonate/MYC2 module. As a result, the high-level state becomes a ghost 

attractor and the jasmonate defense response becomes pulse-like. 

 

Delteil, A., Gobbato, E., Cayrol, B., Estevan, J., Michel-Romiti, C., Dievart, A., Kroj, T., and 

Morel, J.-B. (2016). Several wall-associated kinases participate positively and negatively in 

basal defense against rice blast fungus. BMC Plant Biol. 16, 17 

BACKGROUND: Receptor-like kinases are well-known to play key roles in disease resistance. 

Among them, the Wall-associated kinases (WAKs) have been shown to be positive regulators 

of fungal disease resistance in several plant species. WAK genes are often transcriptionally 

regulated during infection but the pathways involved in this regulation are not known. In 

rice, the OsWAK gene family is significantly amplified compared to Arabidopsis. The 

possibility that several WAKs participate in different ways to basal defense has not been 

addressed. Moreover, the direct requirement of rice OSWAK genes in regulating defense has 

not been explored. 

RESULTS: Here we show using rice (Oryza sativa) loss-of-function mutants of four selected 

OsWAK genes, that individual OsWAKs are required for quantitative resistance to the rice 

blast fungus, Magnaporthe oryzae. While OsWAK14, OsWAK91 and OsWAK92 positively 

regulate quantitative resistance, OsWAK112d is a negative regulator of blast resistance. In 

addition, we show that the very early transcriptional regulation of the rice OsWAK genes is 

triggered by chitin and is partially under the control of the chitin receptor CEBiP. Finally, we 

show that OsWAK91 is required for H2O2 production and sufficient to enhance defense gene 

expression during infection. 

CONCLUSIONS: We conclude that the rice OsWAK genes studied are part of basal defense 

response, potentially mediated by chitin from fungal cell walls. This work also shows that 

some OsWAKs, like OsWAK112d, may act as negative regulators of disease resistance. 

 

Deng, X.-G., Zhu, T., Zou, L.-J., Han, X.-Y., Zhou, X., Xi, D.-H., Zhang, D.-W., and Lin, 

H.-H. (2016). Orchestration of hydrogen peroxide and nitric oxide in brassinosteroids 

mediated systemic virus resistance in Nicotiana benthamiana. Plant J 

Brassinosteroids (BRs) play essential roles in modulating plant growth, development and 

stress responses. Here, involvement of BRs in plant systemic resistance to virus was 

studied. Treatment of local leaves in Nicotiana benthamiana with BRs induced virus 



resistance in upper untreated leaves, which was accompanied by accumulations of H2O2 and 

NO. Scavenging of H2O2 or NO in upper leaves blocked BR-induced systemic virus 

resistance. BR-induced systemic H2O2 accumulation was blocked by local pharmacological 

inhibition of NADPH oxidase or silencing of NbRBOHB, but not by systemic NADPH oxidase 

inhibition or NbRBOHA silence. Silencing of NbNR or systemic pharmacological inhibition of 

NR compromised, while local inhibition of NR, silencing of NbNOA1 and inhibition of NOS had 

little effects on BR-triggered systemic NO accumulation. Moreover, we provided evidence 

that BR-activated H2O2 was required for NO synthesis. Scavenging or inhibition of H2O2 

generation blocked BR-induced systemic NO production, while BR-induced H2O2 production 

was not sensitive to NO scavenger or silencing NbNR. Systemic applied SNP rescued 

BR-induced systemic virus defense in NbRBOHB-silenced plants, but H2O2 did not reverse 

the defect of NbNR silencing in BR-induced systemic virus resistance. Finally, we 

demonstrated BRI1 was an upstream component in BR-mediated systemic defense signaling, 

as silencing of NbBRI1 compromised BR-induced H2O2 and NO production associated with 

systemic virus resistance. Together, our pharmacological and genetic data established a 

signaling pathway leading to BR-mediated systemic virus resistance that involved local 

RBOHB-dependent H2O2 production and subsequent systemic NR-dependent NO generation. 

 

Doughari JH (2015). An Overview of Plant Immunity. J Plant Pathol Microbiol 6 

The exposure of plants in open land and to various harsh environmental conditions means 

that they are at risk of being attacked by different types of microbial pathogens. For survival 

strategies, the plants interact with microbes in different ways, many of whom result in 

disease conditions. Because plants are sessile, it means that they must continuously 

integrate both biotic and abiotic signals from the environment which also means they must 

be able to distinguish those signals that are harmless from those that are potentially 

harmful. Consequently, plants have evolved a variety of adaptive mechanisms that provides 

them with basal immune natural protective measures to fight against these microbial 

pathogens, pests and other vertebrate diseases. Recognition of these pathogens is made 

possible by certain group of physiological elicitors that activates microbial or pathogen 

recognition proteins (MAMPs or PAMPs) of the basal immunity that enables the plant to 

recognize the invading pathogens. However, because the plant immune system lack 

circulating cells such as antibodies and macrophages of animals, the signal responses are 

partitioned both locally over several cell diameters and systemically in a limited sphere. 

Adequate understanding of the cell signaling mechanisms and the role of hormones in 

disease resistance will assist in developing a very effective control measure against plant 

diseases for more productive agricultural turn over. 

 

Farahani, A.S., and Taghavi, S.M. (2015). Profiling expression of lipoxygenase in cucumber 

during compatible and incompatible plant-pathogen interactions. Physiol Mol Biol Plants 1–3 

We compared lipoxygenase (LOX) expression in cucumber in response to host and non-host 

pathogens. Our results displayed significant difference in expression of LOX between 

compatible and incompatible interaction at 12, 24 and 48 h after inoculation. Moreover, LOX 

expression at 72 h after inoculation was similar in both compatible and incompatible 

interaction. It seems that early induction of LOX plays a crucial role in plant defense against 

pathogens. 

 

Fujimori, N., Enoki, S., Suzuki, A., Naznin, H.A., Shimizu, M., and Suzuki, S. (2016). Grape 

apoplasmic β-1,3-glucanase confers fungal disease resistance in Arabidopsis. Scientia 

Horticulturae 200, 105–110 



To identify apoplasmic proteins in grape cells, we investigated proteins secreted into grape 

cell culture medium and detected β-1,3-glucanase VvGHF17 in the medium. VvGHF17 is 

expressed constitutively in grape leaves and berry pulp and skin. Experiments using 

VvGHF17:GFP fusion protein demonstrated that VvGHF17 is localized at the apoplasmic 

space of cells, suggesting that VvGHF17 is apoplasmic β-1,3-glucanase. To understand how 

VvGHF17 protects grapevine against phytopathogens, we created Arabidopsis transgenic 

plants expressing VvGHF17. VvGHF17-expressing Arabidopsis plants exhibited disease 

resistance to both Botrytis cinerea and Colletotrichum higginsianum, but not to 

Pseudomonas syringae pv. tomato DC3000. The inhibitory effect of VvGHF17 to the infection 

by the fungi was promoted when VvGHF17 protein was expressed in large amounts in the 

plants. In conclusion, apoplasmic VvGHF17 may be a candidate for the transgene to create 

transgenic grapevines that are robust to multiple fungal attacks. 

 

Gimenez-Ibanez, S., Chini, A., and Solano, R. (2016). How Microbes Twist Jasmonate 

Signaling around Their Little Fingers. Plants 5, 9 

Plant immunity relies on a complex network of hormone signaling pathways in which 

jasmonic acid (JA) plays a central role. Successful microbial pathogens or symbionts have 

developed strategies to manipulate plant hormone signaling pathways to cause hormonal 

imbalances for their own benefit. These strategies include the production of plant hormones, 

phytohormone mimics, or effector proteins that target host components to disrupt hormonal 

signaling pathways and enhance virulence. Here, we describe the molecular details of the 

most recent and best-characterized examples of specific JA hormonal manipulation by 

microbes, which exemplify the ingenious ways by which pathogens can take control over the 

plant’s hormone signaling network to suppress host immunity. 

 

Harkenrider, M., Sharma, R., De Vleesschauwer, D., Tsao, L., Zhang, X., Chern, M., Canlas, 

P., Zuo, S., and Ronald, P.C. (2016). Overexpression of Rice Wall-Associated Kinase 25 

(OsWAK25) Alters Resistance to Bacterial and Fungal Pathogens. PLoS ONE 11, e0147310 

Wall-associated kinases comprise a sub-family of receptor-like kinases that function in plant 

growth and stress responses. Previous studies have shown that the rice wall-associated 

kinase, OsWAK25, interacts with a diverse set of proteins associated with both biotic and 

abiotic stress responses. Here, we show that wounding and BTH treatments induce 

OsWAK25 transcript expression in rice. We generated OsWAK25 overexpression lines and 

show that these lines exhibit a lesion mimic phenotype and enhanced expression of rice NH1 

(NPR1 homolog 1), OsPAL2, PBZ1 and PR10. Furthermore, these lines show resistance to the 

hemibiotrophic pathogens, Xanthomonas oryzae pv. oryzae (Xoo) and Magnaporthe oryzae, 

yet display increased susceptibility to necrotrophic fungal pathogens, Rhizoctonia solani and 

Cochliobolus miyabeanus. 

 

Holbein, J., Grundler, F.M.W., and Siddique, S. (2016). Plant basal resistance to nematodes: 

an update. J. Exp. Bot. erw005. 

Most plant-parasitic nematodes are obligate biotrophs feeding on the roots of their hosts. 

Whereas ectoparasites remain on the root surface and feed on the outer cell layers, 

endoparasitic nematodes enter the host to parasitize cells around or within the central 

cylinder. Nematode invasion and feeding causes tissue damage which may, in turn, lead to 

the activation of host basal defence responses. Hitherto, research interests in 

plant–nematode interaction have emphasized effector-triggered immunity rather than basal 

plant defence responses. However, some recent investigations suggest that basal defence 

pathways are not only activated but also play an important role in determining interaction 



outcomes. In this review we discuss the major findings and point out future directions to 

dissect the molecular mechanisms underlying plant basal defence to nematodes further. 

 

Hong, Y., Zhao, J., Guo, L., Kim, S.-C., Deng, X., Wang, G., Zhang, G., Li, M., and Wang, X. 

Plant Phospholipases D and C and Their Diverse Functions in Stress Responses. Progress in 

Lipid Research 

Phospholipases D (PLD) and C (PLC) hydrolyze the phosphodiesteric linkages of the head 

group of membrane phospholipids. PLDs and PLCs in plants occur in different forms: the 

calcium-dependent phospholipid binding domain-containing PLDs (C2-PLDs), the plekstrin 

homology and phox homology domain-containing PLDs (PX/PH-PLDs), 

phosphoinositide-specific PLC (PI-PLC), and non-specific PLC (NPC). They differ in structures, 

substrate selectivities, cofactor requirements, and/or reaction conditions. These enzymes 

and their reaction products, such as phosphatidic acid (PA), diacylglycerol (DAG), and 

inositol polyphosphates, play important, multifaceted roles in plant response to abiotic and 

biotic stresses. Here, we review biochemical properties, cellular effects, and physiological 

functions of PLDs and PLCs, particularly in the context of their roles in stress response along 

with advances made on the role of PA and DAG in cell signaling in plants. The mechanism of 

actions, including those common and distinguishable among different PLDs and PLCs, will 

also be discussed. 

 

Huang, J., Yang, M., and Zhang, X. (2016). The function of small RNAs in plant biotic stress 

response. J. Integr. Plant Biol. 

Small RNAs (sRNAs) play essential roles in plants upon biotic stress. Plants utilize RNA 

silencing machinery to facilitate PAMP-triggered immunity and effector-triggered immunity 

to defend against pathogen attack or to facilitate defense against insect herbivores. 

Pathogens, on the other hand, are also able to generate effectors and sRNAs to counter the 

host immune. The arms race between plants and pathogens/insect herbivores has triggered 

the evolution of sRNAs, RNA silencing machinery, and pathogen effectors. A great number of 

studies have been performed to investigate the roles of sRNAs in plant defense, bringing in 

the opportunity to utilize sRNAs in plant protection. Transgenic plants with pathogen-derived 

resistance ability or transgenerational defense have been generated, which show promising 

potential as solutions for pathogen/insect herbivore problems in the field. Here we 

summarize the recent progress on the function of sRNAs in response to biotic stress, mainly 

in plant-pathogen/insect herbivore interaction, and the application of sRNAs in disease and 

insect herbivore control. 

 

Jiang, Z., Dong, X., and Zhang, Z. (2016). Network-Based Comparative Analysis of 

Arabidopsis Immune Responses to Golovinomyces orontii and Botrytis cinerea Infections. 

Scientific Reports 6, 19149. 

A comprehensive exploration of common and specific plant responses to biotrophs and 

necrotrophs is necessary for a better understanding of plant immunity. Here, we compared 

the Arabidopsis defense responses evoked by the biotrophic fungus Golovinomyces orontii 

and the necrotrophic fungus Botrytis cinerea through integrative network analysis. Two 

time-course transcriptional datasets were integrated with an Arabidopsis protein-protein 

interaction (PPI) network to construct a G. orontii conditional PPI sub-network (gCPIN) and a 

B. cinerea conditional PPI sub-network (bCPIN). We found that hubs in gCPIN and bCPIN 

played important roles in disease resistance. Hubs in bCPIN evolved faster than hubs in 

gCPIN, indicating the different selection pressures imposed on plants by different pathogens. 

By analyzing the common network from gCPIN and bCPIN, we identified two network 

components in which the genes were heavily involved in defense and development, 



respectively. The co-expression relationships between interacting proteins connecting the 

two components were different under G. orontii and B. cinerea infection conditions. Closer 

inspection revealed that auxin-related genes were overrepresented in the interactions 

connecting these two components, suggesting a critical role of auxin signaling in regulating 

the different co-expression relationships. Our work may provide new insights into plant 

defense responses against pathogens with different lifestyles. 

 

Jin, J.-H., Zhang, H.-X., Tan, J.-Y., Yan, M.-J., Li, D.-W., Khan, A., and Gong, Z.-H. (2015). 

A New Ethylene-Responsive Factor CaPTI1 Gene of Pepper (Capsicum annuum L.) Involved 

in the Regulation of Defense Response to Phytophthora capsici. Front Plant Sci 6, 1217. 

Ethylene-responsive factors (ERF) are usually considered to play diverse roles in plant 

response to biotic and abiotic stresses. In this study, an ERF gene CaPTI1 was isolated from 

pepper transcriptome database. CaPTI1 contains an open reading frame (ORF) of 543 bp, 

which encodes a putative polypeptide of 180 amino acids with a theoretical molecular weight 

of 20.30 kDa. Results of expression profile showed that CaPTI1 had a highest expression 

level in roots and this gene could not only response to the infection of Phytophthora capsici 

and the stresses of cold and drought, but also be induced by the signaling molecule (salicylic 

acid, Methyl Jasmonate, Ethephon, and hydogen peroxide). Furthermore, virus-induce gene 

silencing (VIGS) of CaPTI1 in pepper weakened the defense response significantly by 

reducing the expression of defense related genes CaPR1, CaDEF1 and CaSAR82 and also the 

root activity. These results suggested that CaPTI1 is involved in the regulation of defense 

response to P. capsici in pepper. 

 

Künstler, A., Bacsó, R., Gullner, G., Hafez, Y.M., and Király, L. (2016). Staying alive – is cell 

death dispensable for plant disease resistance during the hypersensitive response? 

Physiological and Molecular Plant Pathology 93, 75–84. 

Probably the most known and best studied type of plant resistance to pathogenic infections 

is the hypersensitive response (HR), a form of localized programmed cell death associated 

with restriction or killing of pathogens that often leads to macroscopically visible localized 

tissue necrosis. It is generally assumed that cell death and resistance within the HR are 

physiologically and genetically linked. However, there has been considerable speculation 

about whether cell death is an absolute requirement for resistance conditioned by the HR. 

This review discusses the relation of cell death and resistance in the HR, in particular, the 

importance of cell death in this process. We intend to focus on the increasing amount of 

research evidence showing that in several plant-pathogen interactions, the two main 

components of the HR – resistance and cell death – can be physiologically, genetically and 

temporally uncoupled. In other words, HR should be considered as a combination of 

resistance and cell death responses, where cell death may be dispensable for plant disease 

resistance. The varying contribution of these two components (i.e. cell death and resistance) 

generates an array of defense strategies differing in efficiency. Thus, a very early and rapid 

defense response seems to contribute to the development of macroscopically symptomless 

(extreme) resistance, while a moderately early defense response results in resistance with 

the concomitant development of controlled and limited cell and tissue death (HR). 

Accordingly, a delayed and failed attempt by the host to elicit resistance responses would 

result in massively stressed plant tissues (e.g. “systemic HR”) and a partial or almost 

complete loss of control over pathogen invasion. The dynamic nature of resistance responses 

in plants implies that resistance can be effective with or without cell death but its outcome 

and efficiency may depend primarily on the timing and speed of the host response. 

 



López-Cruz, J., Crespo-Salvador, Ó., Fernández-Crespo, E., García-Agustín, P., and 

González-Bosch, C. (2016). Absence of Cu-Zn-superoxide dismutase BCSOD1 reduces 

Botrytis cinerea virulence in Arabidopsis and in tomato plants, which reveals interplay 

among ROS, callose and signaling pathways. Molecular Plant Pathology 

Plants activate responses against pathogens, including oxidative burst. Necrotrophic 

pathogens can produce ROS that benefits the colonization process. Previously, we 

demonstrated that tomato plants challenged with Botrytis cinerea accumulated reactive 

oxygen species (ROS) and callose, along with the induction of genes involved in defense, 

signaling and oxidative metabolism. Here, we studied the infection phenotype of the 

Δbcsod1 strain in both tomato and Arabidopsis plants. This mutant lacks bcsod1, which 

encodes superoxide dismutase Cu-Zn-SOD. This enzyme catalyzes the conversion of 

superoxide ion (O2-) into hydrogen peroxide (H2O2). These ROS play a protective role and 

act as signals in plants. Δbcsod1 displayed reduced virulence compared to wild-type B05.10 

in both species. Plants infected with Δbcsod1 accumulated less H2O2 and higher O2- than 

those infected with B05.10, which is associated with an increase in defensive polymer 

callose. This supports a major role of fungal SOD in H2O2 production during the 

plant-pathogen interaction. The early induction of callose synthase gene PMR4 suggested 

that changes in ROS altered plant defensive responses at the transcriptional level. The 

metabolites and genes involved in signaling and in response to oxidative stress differentially 

expressed upon Δbcsod1 infection, which supports the notion that plants perceive changes in 

ROS balance and activate defense responses. Higher O2-/H2O2 ratio seems beneficial for 

plant protection against this necrotroph. Our results highlight the relevance of callose and 

oxylipin 12-oxo-phytodienoic acid (OPDA) in the response to changes in the oxidative 

environment, and clarify the mechanisms that underlie responses to Botrytis in Arabidopsis 

and tomato plants. 

 

Matić, S., Pegoraro, M., and Noris, E. The C2 protein of tomato yellow leaf curl Sardinia virus 

acts as a pathogenicity determinant and a 16-amino acid domain is responsible for inducing 

a hypersensitive response in plants. Virus Research. 

The role of the C2 protein in the pathogenicity of tomato yellow leaf curl Sardinia virus 

(TYLCSV) was investigated. Here we report that Agrobacterium-mediated transient 

expression of TYLCSV C2 resulted in a strong hypersensitive response (HR) in Nicotiana 

benthamiana, N. tabacum, and Arabidopsis thaliana, with induction of plant cell death and 

production of H2O2. Since HR is not evident in plants infected by TYLCSV, it is expected that 

TYLCSV encodes a gene (or genes) that counters this response. HR was partially 

counteracted by co-agroinfiltration of TYLCSV V2 and Rep, leading to chlorotic reaction, with 

no HR development. Considering that the corresponding C2 protein of the closely related 

tomato yellow leaf curl virus (TYLCV) did not induce HR, alignment of the C2 proteins of 

TYLCSV and TYLCV were carried out and a hypervariable region of 16 amino acids was 

identified. Its role in the induction of HR was demonstrated using TYLCSV-TYLCV C2 chimeric 

genes, encoding two TYLCSV C2 variants with a complete (16 aa) or a partial (10 aa only) 

swap of the corresponding sequence of TYLCV C2. Furthermore, using NahG transgenic N. 

benthamiana lines compromised in the accumulation of salicylic acid (SA), a key regulator of 

HR, only a chlorotic response occurred in TYLCSV C2-infiltrated tissue, indicating that SA 

participates in such plant defense process. These findings demonstrate that TYLCSV C2 acts 

as a pathogenicity determinant and induces host defense responses controlled by the SA 

pathway. 

 

Mo, H.-J., Sun, Y.-X., Zhu, X.-L., Wang, X.-F., Zhang, Y., Yang, J., Yan, G.-J., and Ma, Z.-Y. 

(2016). Cotton S-adenosylmethionine decarboxylase-mediated spermine biosynthesis is 



required for salicylic acid- and leucine-correlated signaling in the defense response to 

Verticillium dahliae. Planta. 

MAIN CONCLUSION: Cotton S-adenosylmethionine decarboxylase-, rather than spermine 

synthase-, mediated spermine biosynthesis is required for salicylic acid- and 

leucine-correlated signaling in the defense response to Verticillium dahliae. Spermine (Spm) 

signaling is correlated with plant resistance to the fungal pathogen Verticillium dahliae. We 

identified genes for key rate-limiting enzymes in the biosynthesis of Spm, namely 

S-adenosylmethionine decarboxylase (GhSAMDC) and Spm synthase (GhSPMS). These were 

found by screening suppression subtractive hybridization and cDNA libraries of cotton 

(Gossypium) species tolerant to Verticillium wilt. Both were induced early and strongly by 

inoculation with V. dahliae and application of plant hormones. Silencing of GhSPMS or 

GhSAMDC in cotton leaves led to a significant accumulation of upstream substrates and, 

ultimately, enhanced plant susceptibility to Verticillium infection. Exogenous 

supplementation of Spm to the silenced cotton plants improved resistance. When compared 

with the wild type (WT), constitutive expression of GhSAMDC in Arabidopsis thaliana was 

associated with greater Verticillium wilt resistance and higher accumulations of Spm, 

salicylic acid, and leucine during the infection period. By contrast, transgenic Arabidopsis 

plants that over-expressed GhSPMS were unexpectedly more susceptible than the WT to V. 

dahliae and they also had impaired levels of putrescine (Put) and salicylic acid (SA). The 

susceptibility exhibited in GhSPMS-overexpressing Arabidopsis plants was partially reversed 

by the exogenous supply of Put or SA. In addition, the responsiveness of those two 

transgenic Arabidopsis lines to V. dahliae was associated with an alteration in transcripts of 

genes involved in plant resistance to epidermal penetrations and amino acid signaling. 

Together, these results suggest that GhSAMDC-, rather than GhSPMS-, mediated spermine 

biosynthesis contributes to plant resistance against V. dahliae through SA- and 

leucine-correlated signaling. 

 

Moon, J.Y., Lee, J.H., Oh, C.-S., Kang, H.-G., and Park, J.M. (2016). Endoplasmic reticulum 

stress responses function in the HRT-mediated hypersensitive response in Nicotiana 

benthamiana. Molecular Plant Pathology 

HRT is a plant CC-NB-LRR disease resistance protein that triggers the hypersensitive 

response (HR) on recognition of Turnip crinkle virus (TCV) coat protein (CP). The molecular 

mechanism and significance of HR-mediated cell death for TCV resistance are not fully 

elucidated. To identify genes involved in HRT/TCV CP-mediated HR in Nicotiana 

benthamiana, we performed virus-induced gene silencing (VIGS) of 459 expressed sequence 

tags (ESTs) of pathogen-responsive Capsicum annuum genes. VIGS of CaBLP5, which 

encodes an endoplasmic reticulum (ER)-associated immunoglobulin-binding protein (BiP), 

silenced NbBiP4 and NbBiP5 and significantly reduced HRT-mediated HR. Induction of ER 

stress-responsive genes and accumulation of ER-targeted BiPs in response to HRT-mediated 

HR suggest that ER is involved in HR in N. benthamiana. BiP4/5 silencing significantly 

down-regulated HRT at the mRNA and protein levels and affected SGT1 and HSP90 

expression. Co-expression of TCV CP in BiP4/5-silenced plants completely abolished HRT 

induction. Transient expression of TCV CP alone induced selected ER-stress-responsive gene 

transcripts only in TRV-infected plants, and most of these genes were induced by HRT/TCV 

CP, except for bZIP60, which was induced specifically in response to HRT/TCV CP. TCV 

CP-mediated induction of ER-stress-responsive genes still occurred in BiP4/5-silenced plants, 

but HRT/TCV CP-mediated induction of those genes was defective. Tunicamycin, a chemical 

that inhibits protein N-glycosylation, inhibited HRT-mediated HR, suggesting that the ER has 

a role in HR regulation. These results indicate that BiP and ER, which modulate 

pattern-recognition receptors in innate immunity, also regulate R-protein-mediated 

resistance. 

 



Morales, J., Kadota, Y., Zipfel, C., Molina, A., and Torres, M.-A. (2016). The Arabidopsis 

NADPH oxidases RbohD and RbohF display differential expression patterns and contributions 

during plant immunity. J. Exp. Bot. erv558. 

Plant NADPH oxidases, also known as respiratory burst oxidase homologues (RBOHs), 

produce reactive oxygen species (ROS) that perform a wide range of functions. RbohD and 

RbohF, two of the 10 Rboh genes present in Arabidopsis, are pleiotropic and mediate diverse 

physiological processes including the response to pathogens. We hypothesized that the 

spatio-temporal control of RbohD and RbohF gene expression might be critical in 

determining their multiplicity of functions. Transgenic Arabidopsis plants with RbohD and 

RbohF promoter fusions to β-glucuronidase and Luciferase reporter genes were generated. 

Analysis of these plants revealed a differential expression pattern for RbohD and RbohF 

throughout plant development and during immune responses. RbohD and RbohF gene 

expression was differentially modulated by pathogen-associated molecular patterns. 

Histochemical stains and in vivo expression analysis showed a correlation between the level 

of RbohD and RbohF promoter activity, H2O2 accumulation and the amount of cell death in 

response to the pathogenic bacterium Pseudomonas syringae pv. tomato DC3000 and the 

necrotrophic fungus Plectosphaerella cucumerina. A promoter-swap strategy revealed that 

the promoter region of RbohD was required to drive production of ROS by this gene in 

response to pathogens. Moreover, RbohD promoter was activated during Arabidopsis 

interaction with a non-virulent P. cucumerina isolate, and susceptibility tests with the double 

mutant rbohD rbohF uncovered a new function for these oxidases in basal resistance. 

Altogether, our results suggest that differential spatio-temporal expression of the Rboh 

genes contributes to fine-tune RBOH/NADPH oxidase-dependent ROS production and 

signaling in Arabidopsis immunity. 

 

Nagaraj, S., Senthil-Kumar, M., Ramu, V.S., Wang, K., and Mysore, K.S. (2015). Plant 

Ribosomal Proteins, RPL12 and RPL19, Play a Role in Nonhost Disease Resistance against 

Bacterial Pathogens. Front Plant Sci 6, 1192. 

Characterizing the molecular mechanism involved in nonhost disease resistance is important 

to understand the adaptations of plant-pathogen interactions. In this study, virus-induced 

gene silencing (VIGS)-based forward genetics screen was utilized to identify genes involved 

in nonhost resistance in Nicotiana benthamiana. Genes encoding ribosomal proteins, RPL12 

and RPL19, were identified in the screening. These genes when silenced in N. benthamiana 

caused a delay in nonhost bacteria induced hypersensitive response (HR) with concurrent 

increase in nonhost bacterial multiplication. Arabidopsis mutants of AtRPL12 and AtRPL19 

also compromised nonhost resistance. The studies on NbRPL12 and NbRPL19 double silenced 

plants suggested that both RPL12 and RPL19 act in the same pathway to confer nonhost 

resistance. Our work suggests a role for RPL12 and RPL19 in nonhost disease resistance in 

N. benthamiana and Arabidopsis. In addition, we show that these genes also play a minor 

role in basal resistance against virulent pathogens. 

 

Nanda, S., Rout, E., and Joshi, R.K. (2016). Curcuma longa Mitogen-Activated Protein 

Kinase 6 (ClMPK6) Stimulates the Defense Response Pathway and Enhances the Resistance 

to Necrotrophic Fungal Infection. Plant Mol Biol Rep 1–13. 

Mitogen-activated protein kinase (MAPK) cascades are highly conserved signaling modules 

that transduce the externally perceived signals and play crucial role in plant defense against 

pathogen attack. In the present study, a turmeric (Curcuma longa L.) complementary DNA 

(cDNA) encoding a MAPK gene responsive to Pythium aphanidermatum infection was 

isolated using rapid amplification of cDNA ends (RACE)-PCR. It was designated as ClMPK6 

based on its high homology with Arabidopsis AtMPK6. The full-length cDNA of 1484 bp 

length carried an open reading frame (ORF) of 1176 bp encoding a 391 amino acid 



polypeptide. ClMPK6 protein contains Thr-Glu-Tyr (TEY) motif on its activation loop with a 

common docking (CD) domain at the C-terminal end and belong to subgroup A of MAPK 

family. Southern hybridization revealed single copy of ClMPK6 in turmeric genome, and its 

intron-exon composition showed highly conserved nature of these signaling kinases across 

different species. Quantitative RT-PCR showed high expression of ClMPK6 in rhizome tissues 

of mature turmeric plants. Analysis of temporal expression revealed significant induction of 

ClMPK6 transcript in response to defense signaling molecules and pathogen attack at the 

early stages. Ectopic overexpression of ClMPK6 in Arabidopsis plants resulted in enhanced 

resistance to Botrytis cinerea and constitutively high expression of defense responsive genes 

like PDF1.2, PAD3, AOS, ACS2, ACS6, etc. Our results suggest that ClMPK6 substantiate the 

characteristics of AtMPK6 orthologs in defense against necrotrophic infection in plants. 

 

Pérez-Bueno, M.L., Granum, E., Pineda, M., Flors, V., Rodriguez-Palenzuela, P., 

López-Solanilla, E., and Barón, M. (2015). Temporal and Spatial Resolution of Activated 

Plant Defense Responses in Leaves of Nicotiana benthamiana Infected with Dickeya dadantii. 

Front Plant Sci 6, 1209. 

The necrotrophic bacteria Dickeya dadantii is the causal agent of soft-rot disease in a broad 

range of hosts. The model plant Nicotiana benthamiana, commonly used as experimental 

host for a very broad range of plant pathogens, is susceptible to infection by D. dadantii. 

The inoculation with D. dadantii at high dose seems to overcome the plant defense capacity, 

inducing maceration and death of the tissue, although restricted to the infiltrated area. By 

contrast, the output of the defense response to low dose inoculation is inhibition of 

maceration and limitation in the growth, or even eradication, of bacteria. Responses of 

tissue invaded by bacteria (neighboring the infiltrated areas after 2-3 days post-inoculation) 

included: (i) inhibition of photosynthesis in terms of photosystem II efficiency; (ii) activation 

of energy dissipation as non-photochemical quenching in photosystem II, which is related to 

the activation of plant defense mechanisms; and (iii) accumulation of secondary metabolites 

in cell walls of the epidermis (lignins) and the apoplast of the mesophyll (phytoalexins). 

Infiltrated tissues showed an increase in the content of the main hormones regulating stress 

responses, including abscisic acid, jasmonic acid, and salicylic acid. We propose a 

mechanism involving the three hormones by which N. benthamiana could activate an 

efficient defense response against D. dadantii. 

 

Postma, J., Liebrand, T.W.H., Bi, G., Evrard, A., Bye, R.R., Mbengue, M., Kuhn, H., Joosten, 

M.H.A.J., and Robatzek, S. (2016). Avr4 promotes Cf-4 receptor-like protein association with 

the BAK1/SERK3 receptor-like kinase to initiate receptor endocytosis and plant immunity. 

New Phytol. 

The first layer of plant immunity is activated by cell surface receptor-like kinases (RLKs) and 

proteins (RLPs) that detect infectious pathogens. Constitutive interaction with the 

SUPPRESSOR OF BIR1 (SOBIR1) RLK contributes to RLP stability and kinase activity. As RLK 

activation requires transphosphorylation with a second associated RLK, it remains elusive 

how RLPs initiate downstream signaling. We employed live-cell imaging, gene silencing and 

coimmunoprecipitation to investigate the requirement of associated kinases for functioning 

and ligand-induced subcellular trafficking of Cf RLPs that mediate immunity of tomato 

against Cladosporium fulvum. Our research shows that after elicitation with matching 

effector ligands Avr4 and Avr9, BRI1-ASSOCIATED KINASE 1/SOMATIC EMBRYOGENESIS 

RECEPTOR KINASE 3 (BAK1/SERK3) associates with Cf-4 and Cf-9. BAK1/SERK3 is required 

for the effector-triggered hypersensitive response and resistance of tomato against C. 

fulvum. Furthermore, Cf-4 interacts with SOBIR1 at the plasma membrane and is recruited 

to late endosomes upon Avr4 trigger, also depending on BAK1/SERK3. These observations 

indicate that RLP-mediated resistance and endocytosis require ligand-induced recruitment of 



BAK1/SERK3, reminiscent of BAK1/SERK3 interaction and subcellular fate of the FLAGELLIN 

SENSING 2 (FLS2) RLK. This reveals that diverse classes of cell surface immune receptors 

share common requirements for initiation of resistance and endocytosis. 

 

Qian, Y., Hou, H., Shen, Q., Cai, X., Sunter, G., and Zhou, X. (2015). RepA Protein Encoded 

by Oat dwarf virus Elicits a Temperature-Sensitive Hypersensitive Response–Type Cell Death 

That Involves Jasmonic Acid–Dependent Signaling. MPMI 29, 5–21. 

The hypersensitive response (HR) is a component of disease resistance that is often induced 

by pathogen infection, but essentially no information is available for members of the 

destructive mastreviruses. We have investigated an HR-type response elicited in Nicotiana 

species by Oat dwarf virus (ODV) and have found that expression of the ODV RepA protein 

but not other ODV-encoded proteins elicits the HR-type cell death associated with a burst of 

H2O2. Deletion mutagenesis indicates that the first nine amino acids (aa) at the N terminus 

of RepA and the two regions located between aa residues 173 and 195 and between aa 

residues 241 and 260 near the C terminus are essential for HR-type cell-death elicitation. 

Confocal and electron microscopy showed that the RepA protein is localized in the nuclei of 

plant cells and might contain bipartite nuclear localization signals. The HR-like lesions 

mediated by RepA were inhibited by temperatures above 30°C and involvement of jasmonic 

acid (JA) in HR was identified by gain- and loss-of-function experiments. To our knowledge, 

this is the first report of an elicitor of HR-type cell death from mastreviruses. 

 

Quentin, M., Baurès, I., Hoefle, C., Caillaud, M.-C., Allasia, V., Panabières, F., Abad, P., 

Hückelhoven, R., Keller, H., and Favery, B. (2016). The Arabidopsis microtubule-associated 

protein MAP65-3 supports infection by filamentous biotrophic pathogens by down-regulating 

salicylic acid-dependent defenses. J. Exp. Bot. erv564. 

The oomycete Hyaloperonospora arabidopsidis and the ascomycete Erysiphe cruciferarum 

are obligate biotrophic pathogens causing downy mildew and powdery mildew, respectively, 

on Arabidopsis. Upon infection, the filamentous pathogens induce the formation of 

intracellular bulbous structures called haustoria, which are required for the biotrophic 

lifestyle. We previously showed that the microtubule-associated protein AtMAP65-3 plays a 

critical role in organizing cytoskeleton microtubule arrays during mitosis and cytokinesis. 

This renders the protein essential for the development of giant cells, which are the feeding 

sites induced by root knot nematodes. Here, we show that AtMAP65-3 expression is also 

induced in leaves upon infection by the downy mildew oomycete and the powdery mildew 

fungus. Loss of AtMAP65-3 function in the map65-3 mutant dramatically reduced infection 

by both pathogens, predominantly at the stages of leaf penetration. Whole-transcriptome 

analysis showed an over-represented, constitutive activation of genes involved in salicylic 

acid (SA) biosynthesis, signaling, and defense execution in map65-3, whereas jasmonic acid 

(JA)-mediated signaling was down-regulated. Preventing SA synthesis and accumulation in 

map65-3 rescued plant susceptibility to pathogens, but not the developmental phenotype 

caused by cytoskeleton defaults. AtMAP65-3 thus has a dual role. It positively regulates 

cytokinesis, thus plant growth and development, and negatively interferes with plant 

defense against filamentous biotrophs. Our data suggest that downy mildew and powdery 

mildew stimulate AtMAP65-3 expression to down-regulate SA signaling for infection. 

 

Reynolds, G.J., Gordon, T.R., and McRoberts, N. (2016). Quantifying the Impacts of 

Systemic Acquired Resistance to Pitch Canker on Monterey Pine Growth Rate and 

Hyperspectral Reflectance. Forests 7, 20. 

Pitch canker, caused by Fusarium circinatum, is a disease affecting Monterey pine (Pinus 

radiata) and many other pine species throughout the world. The impact of pitch canker on 



Pinus radiata may be limited by systemic acquired resistance (SAR), a phenomenon that 

elevates resistance to a pathogen after initial challenge by that pathogen or another 

microorganism. Allocation of resources to defense, as a consequence of SAR, is presumed to 

reduce resources available to support growth and reproduction, but specific fitness 

consequences associated with SAR in P. radiata have not been measured. To quantify 

impacts of SAR on growth rate, a 2 × 2 factorial experiment was established in which trees 

were either primed for SAR or unprimed, with half the trees in each of those two groups 

being inoculated with the pitch canker pathogen and the other half not inoculated. Priming 

for SAR was accomplished by inoculating one branch with F. circinatum and removing 

inoculated branches prior to subsequent challenge inoculations (= disease treatments). 

Disease treatments included three inoculations that were removed for measurement of 

lesion length, and three additional inoculations that remained on the tree as a 

representation of persistent disease. Control trees were mock inoculated with water. Main 

effects of priming and disease did not result in significant effects on growth rate. Based on 

hyperspectral canopy reflectance data, diseased trees were associated with higher difference 

vegetation index values and biomass. The absence of a negative impact on growth rate 

associated with SAR suggests that induction of resistance may have utility as a tool for 

management of pitch canker in plantations. 

 

Rosas-Díaz, T., Macho, A.P., Beuzón, C.R., Lozano-Durán, R., and Bejarano, E.R. (2016). 

The C2 Protein from the Geminivirus Tomato Yellow Leaf Curl Sardinia Virus Decreases 

Sensitivity to Jasmonates and Suppresses Jasmonate-Mediated Defences. Plants 5, 8. 

An increasing body of evidence points at a role of the plant hormones jasmonates (JAs) in 

determining the outcome of plant-virus interactions. Geminiviruses, small DNA viruses 

infecting a wide range of plant species worldwide, encode a multifunctional protein, C2, 

which is essential for full pathogenicity. The C2 protein has been shown to suppress the JA 

response, although the current view on the extent of this effect and the underlying 

molecular mechanisms is incomplete. In this work, we use a combination of exogenous 

hormone treatments, microarray analysis, and pathogen infections to analyze, in detail, the 

suppression of the JA response exerted by C2. Our results indicate that C2 specifically 

affects certain JA-induced responses, namely defence and secondary metabolism, and show 

that plants expressing C2 are more susceptible to pathogen attack. We propose a model in 

which C2 might interfere with the JA response at several levels. 

 

Shakuntala E Pillai and Ravinayak Patlavath (2015). Touch Induced Plant Defense Response. 

Journal of Plant Biology Research 4, 113–118. 

Plant perception of touch makes them more sensitive to environmental changes. Touch 

induced responses include induction of calcium sensors, reactive oxygen species, nitric 

oxide, jasmonic acid and expression of proteinase inhibitor-2 in trichomes which are 

common to defense response. Thus plants sense touch as a stress stimuli and raise a 

response similar to defense response. Further recent studies show these responses gave 

protection to subsequent pest and fungal attack. The question arises - Is touch triggered 

immunity a basal defense response? Here I have reviewed the molecules which are common 

between touch and defense. 

 

Stahl, E., Bellwon, P., Huber, S., Schlaeppi, K., Bernsdorff, F., Vallat-Michel, A., Mauch, F., 

and Zeier, J. (2016). Regulatory and functional aspects of indolic metabolism in plant 

systemic acquired resistance. Mol Plant. 

Tryptophan-derived, indolic metabolites possess diverse functions in Arabidopsis innate 

immunity to microbial pathogen infection. Here, we investigate the functional role and 



regulatory characteristics of indolic metabolism in Arabidopsis systemic acquired resistance 

(SAR) triggered by the bacterial pathogen Pseudomonas syringae. Indolic metabolism is 

broadly activated in both P. syringae-inoculated and in distant, non-inoculated leaves. At 

inoculation sites, camalexin, indol-3-ylmethylamine (I3A), and indole-3-carboxylic acid (ICA) 

are the major accumulating compounds, along with about 20 other detected indolics. 

Camalexin accumulation is positively affected by the transcription factor MYB122, and by the 

cytochrome P450 genes CYP81F1 and CYP81F2. Local I3A production, by contrast, occurs via 

indole glucosinolate breakdown by pathways dependent and independent of the myrosinase 

PEN2. Moreover, exogenous application of the defense hormone salicylic acid stimulates I3A 

generation at the expense of its precursor indol-3-ylmethylglucosinolate (I3M), and the SAR 

regulator pipecolic acid primes plants for enhanced P. syringae-induced activation of distinct 

branches of indolic metabolism. In uninfected systemic tissue, the metabolic response is 

more specific and associated with enhanced levels of the indolics I3A, ICA, and 

indole-3-carbaldehyde (ICC). Systemic indole accumulation fully depends on functional 

CYP79B2/3, PEN2, and MYB34/51/122, and requires functional SAR signalling. Mutant 

analyses suggest that systemically elevated indoles are dispensable for SAR directed against 

P. syringae and associated systemic increases of salicylic acid. However, soil-grown but not 

hydroponically-cultivated cyp79b2/3 and pen2 plants, both defective in indolic secondary 

metabolism, exhibit pre-induced immunity, which abrogates their intrinsic ability to induce 

SAR. 

 

Vidhyasekaran, P. (2016a). Role of Plant Immune Signals and Signaling Systems in Plant 

Pathogenesis. In Switching on Plant Innate Immunity Signaling Systems, (Springer 

International Publishing), pp. 27–90 

Plants possess innate immune system to resist pathogen attack. Innate immunity is the first 

line of defense against invading microorganisms. Pathogens possess pathogen-associated 

molecular patterns (PAMPs). The PAMPs are primary danger/alarm signal molecules to 

switch on the plant immune systems. PAMPs are evolutionarily conserved building blocks of 

microbial surfaces that directly bind to plant pattern recognition receptors (PRRs). Plants use 

the PRRs to defend themselves from microbial pathogens. The PRRs are localized at the 

plasma membrane and the PAMPs activate expression of the genes encoding various PRRs. 

When activated by the PAMP, the PRR is translocated to endocytic compartments and 

endocytosis of the PRR is important for activation of several downstream signaling events. 

The plant immune system uses several second messengers to encode information generated 

by the PAMPs and deliver the information downstream of PRRs to proteins which decode and 

interpret the signals and initiate defense gene expression. G-proteins act as molecular 

switches in signal transduction system. Calcium ion is an important intracellular second 

messenger and carries the PAMP signal downstream to initiate immune responses. Reactive 

oxygen species (ROS) serve as second messengers transmitting the message. ROS appears 

to interact with various defense signaling systems. It plays a central role in launching the 

defense response. Nitric oxide (NO) is a diffusible molecular messenger that plays an 

important role in plant immune response signal transduction. Mitogen-activated protein 

kinase (MAPK) cascades are major pathways downstream of PAMP/PRR signaling complex 

that transduce extracellular stimuli into intracellular responses in plants. The plant hormones 

salicylic acid (SA), jasmonates (JA), ethylene (ET), abscisic acid (ABA), auxin (AUX), 

cytokinin (CK), gibberellin (GA), and brassinosteroid (BR) play important role in intercellular 

and systemic signaling systems triggering expression of various defense-responsive genes. 

SA signaling is involved in triggering systemic acquired resistance (SAR). SAR is associated 

with priming of defense responses and the priming results in a faster and stronger induction 

of defense responses after pathogen attack. The priming can be inherited epigenetically and 

descendants of primed plants exhibit next-generation systemic acquired resistance. Thus 

when pathogens land on the plant surface, the PAMPs trigger highly complex defense 



responses against the pathogens and suppress disease development. However virulent 

pathogen may modify its PAMP structure during its pathogenesis to reduce its elicitor 

activity. Virulent pathogens may also contain inefficient PAMPs and trigger subdued defense 

responses favoring disease development. The reduced activity of PAMPs might facilitate the 

virulent pathogens to cause disease. Besides PAMP molecules, pathogens produce effectors, 

which play an important role in pathogenesis. Effectors specifically contribute to virulence of 

pathogens by targeting host plant innate immunity. The effectors secreted by various 

pathogens have been shown to suppress the PAMP-triggered immunity. Effectors disrupt 

binding of PAMP with PRR in the PAMP-PRR signaling complex. Effectors may promote 

ubiquitin-proteasome-mediated degradation of PRRs to impede PAMP-triggered plant 

immunity. Effectors have been shown to target the receptor kinase activity of the PRRs and 

inhibit the kinase activity to block PAMP-triggered immunity. Autophosphorylation of PRRs 

results in activation of PRRs and the effectors may inhibit the autophosphorylation of PRRs 

to suppress the PAMP-triggered immune system. Some effectors have been shown to block 

the action of the PRR signal amplifier BAK1. Several receptor-like cytoplasmic kinases 

(RLCK) including BIK1, PBS1, and PBS1-like (PBL) proteins play important role in regulation 

of the signaling pathways downstream of PAMP-PRR-BAK1 signaling complex and the 

effectors have been shown to block the action of these RLCKs. Effectors may also suppress 

the MAPK signaling cascade triggered by PAMPs. Effectors have been shown to suppress SA 

signaling system, which is involved in triggering defense responses against a broad range of 

plant pathogens. Pathogens may induce specific signaling systems, which may favor disease 

development. Pathogen hijacks ABA signaling system to suppress SA-mediated defense 

responses promoting disease development. JA signaling system has been reported to confer 

susceptibility against some pathogens and pathogens may hijack JA signaling system to 

cause disease. Necrotrophic pathogens use SA signaling pathway to promote disease 

development by suppressing JA signaling pathway. Auxin signaling system has been shown 

to be involved in promoting susceptibility to pathogens and inducing disease development. 

Pathogens hijack the host auxin metabolism leading to the accumulation of a conjugated 

form of the hormone, indole-3-acetic acid (IAA) – Asp, to promote disease development. 

Pathogens may hijack BR signaling machinery to interfere with effectual SA- and 

GA-controlled defenses. These studies suggest that various signals and signaling systems in 

plants modulate the pathogenesis inducing susceptibility and disease resistance and precise 

manipulation of these signaling systems will be an ideal tool to manage crop diseases. 

 

Vidhyasekaran, P. (2016b). Switching on Plant Immune Signaling Systems Using 

Microbe-Associated Molecular Patterns. In Switching on Plant Innate Immunity Signaling 

Systems, (Springer International Publishing), pp. 91–190. 

Plants are endowed with innate immune system with ability to confer resistance against 

wide-range of oomycete, fungal, bacterial and viral pathogens. This basal resistance is not 

expressed in healthy unstressed plants. The pathogen associated molecular patterns 

(PAMPs)/microbe associated molecular patterns (MAMPs)/microbe-derived elicitors switch on 

various signaling systems activating the basal resistance. They can induce resistance against 

a wide range of biotrophic, hemibiotrophic, and necrotrophic pathogens. Thus engineering of 

PAMPs/MAMPs/elicitors may offer new opportunities for generating broad-spectrum disease 

resistance in various crops. Genetic engineering using genes encoding PAMPs may be highly 

effective in controlling diseases. Alternatively, formulations of the PAMPs can be developed 

and used as plant defense activators to manage wide-spectrum of diseases. The time of 

induction, intensity of induction, and duration of induction of the defense signals may vary 

depending on PAMPs. Amount of PAMP available in the plant-pathogen interaction site may 

determine the intensity of induced gene expression. Each PAMP may regulate distinctly 

different signaling pathway(s). Sometimes different PAMPs may induce the same signaling 

system, but the intensity of the defense signaling gene expression may differ. The same 



PAMP may behave differently in different plant system. A single PAMP may not be able to 

activate all the defense signaling-related genes and several PAMPs may be required to 

activate the complex signaling systems. PAMPs may act synergistically or antagonistically in 

inducing defense signaling. Some PAMPs have additive effect, while others show antagonistic 

effect between them. Selection of suitable PAMPs to manage different pathogens in different 

host plants is important in exploiting the PAMPs for disease management. Several 

commercial formulations of PAMPs/MAMPs/elicitors have been developed in different 

countries and widely used as foliar spray. The PAMP harpin formulation induces both local 

and systemic resistance in foliage and also induces resistance in fruits. Several factors such 

as environment, genotype, and crop nutrition determine the efficacy of harpin in controlling 

diseases under field conditions. The time of application is very critical in enhancing the 

efficacy of harpin in controlling diseases. Harpin should be applied before the pathogen 

invasion. The concentration of the harpin applied also determines the efficacy of the 

treatment in controlling diseases. Foliar application of harpin not only reduces disease 

incidence but also acts as a growth promoter. Bioengineering the genes encoding 

proteinaceous PAMPs such as harpins, elicitins, and flagellins has been found to be effective 

tool to manage crop diseases. Levels of the PAMP harpin gene expression may vary among 

different transgenic plant lines. The transgenic plants which show high level of expression of 

harpin gene expression show very high level of resistance, while the transgenic plants which 

show low level of expression of the harpin gene show very low level of resistance against 

pathogens, suggesting that the transgenic lines should be carefully selected to generate 

highly useful disease-resistant cultivars. Proper selection of promoters for developing 

transgenic disease-resistant plants using PAMP genes is necessary. Expression of harpin 

genes can be enhanced resulting in higher accumulation of harpin by properly selecting the 

promoter for gene transcription. A promoter of the rice phenylalanine ammonia-lyase (PAL) 

gene was used to regulate the expression of cryptogein (crypt) gene in tobacco. The PAL 

promoter had a low level of constitutive expression and was strongly induced by pathogen 

infection. The transgenic tobacco plants expressing cryptogein with the inducible PAL 

promoter showed significantly enhanced resistance against various pathogens, suggesting 

that low-level constitutive expression of elicitin gene may have potential use in generating 

broad-spectrum disease-resistant plants. The constitutive expression of elicitin gene in 

transgenic plants will be ideal to induce resistance against wide-range of pathogens. 

Continuous recognition of the elicitin signal has been shown to be a prerequisite for 

prolonged activation of signaling events in tobacco cells. However, elicitin is known to induce 

cell necrosis and hence constitutive overexpression of the gene may affect the agronomic 

characters of the transgenic plants. To reduce the phytotoxicity of the elicitin, transgenic 

plants harboring a pathogen-inducible promoter were developed to express the elicitin at low 

level. The gene encoding the proteinaceous elicitor FsphDNase shows DNase activity, which 

can cause damage of DNA within nuclei of plant cells. Constitutive activation of FsphDNase 

within the plant cell may be destructive. However, use of pathogen-inducible promoters 

overcomes the adverse effect and the transgenic tobacco plants expressing the elicitor gene 

showed no detectable morphological differences from the wild-type plants. These transgenic 

plants also showed enhanced resistance against fungal, bacterial, and oomycete pathogens. 

Selection of suitable pathogen-inducible promoter for expressing the elicitor gene appears to 

be a perquisite for developing disease-resistant plants without any reduction in yield 

potential. Collectively these studies suggest that the PAMPs have high potential to engineer 

and manipulate defense signaling systems to intervene in pathogensesis of a wide-range of 

pathogens. Transgenic plants are often considered as poor yielder with adverse agronomic 

characters. The major drawback in developing transgenic plants for management of crop 

diseases is in their adverse effect on crop growth and yield potential. However, the 

transgenic plants expressing harpin gene did not affect crop growth and yield characters. 

Technologies have also been developed to reduce the adverse effect of some PAMPs on plant 



growth characters by using pathogen-inducible promoters instead of using constitutively 

expressing promoters. 

 

Wang, C., Wang, C., Li, H.-W., Wei, T., Wang, Y.-P., and Liu, H.-X. (2015). Overexpression 

of a harpin-encoding gene popW in tobacco enhances resistance against Ralstonia 

solanacearum. Biol Plant 60, 181–189. 

PopW, a harpin protein identified from Ralstonia solanacearum, has multiple beneficial 

effects in plants, promoting plant growth and development, increasing crop yield, and 

inducing resistance to pathogens. Tobacco plants transformed with popW, the 

PopW-encoding gene, exhibited a promoted growth rate and enhanced resistance to Tobacco 

mosaic virus (TMV). Here, it is documented that the transgenic tobacco plants 

overexpressing popW exhibited a higher resistance to R. solanacearum YN10 infection 

compared with that of the wild-type plants. In the popW-expressing tobacco lines, an 

enhanced H2O2 accumulation and hypersensitive reaction (HR) were activated in the 

inoculated site. In addition, the resistance was accompanied with increased transcripts in 

numbers of genes related to defense (including HR), reactive oxygen species (ROS) 

scavenging, and salicylic acid (SA), jasmonic acid (JA), and ethylene (ET) production. These 

results suggest that popW acted as positive regulator in tobacco resistance against R. 

solanacearum via modulation of SA-, JA-, and ET-mediated signaling pathways. We report 

for the first time that the expression of a harpin-encoding gene in vivo improved plant 

resistance to R. solanacearum. 

 

Windram, O., Stoker, C., and Denby, K. (2016). Overview of Plant Defence Systems: 

Lessons from Arabidopsis-Botrytis cinerea Systems Biology. In Botrytis – the Fungus, the 

Pathogen and Its Management in Agricultural Systems, S. Fillinger, and Y. Elad, eds. 

(Springer International Publishing), pp. 335–360. 

Botrytis cinerea is an important model system for studying the necrotrophic plant pathogen 

lifestyle, whilst also representing one of the most economically destructive agricultural 

pathogens. A key challenge to understanding the pathology of this virulent fungus involves 

unraveling host responses. These host responses involve complex regulatory mechanisms 

and multiple downstream defence processes. In addition, the pathogen is capable of 

manipulating cellular processes in the host to favour infection. In this chapter we will 

present recent advances in systems biology approaches, combining high-throughput ‘omics 

technologies and computational/mathematical network inference techniques, which have 

been used to tease apart this complex host-pathogen interaction. We will also highlight 

novel systems approaches from other areas of plant pathology and plant science that can be 

applied to provide a more comprehensive understanding of plant defence against B. cinerea. 

We will conclude with the key challenges of understanding how both plant defence and 

pathogen attack are integrated, and translating knowledge from Arabidopsis to crop plants. 

 

Ziebell, H. (2016). Plant Defence and Viral Interference. In Plant-Virus Interactions, T. 

Kleinow, ed. (Springer International Publishing), pp. 123–159. 

Plants face attack by a number of pathogens, pests and abiotic stresses. Due to their sessile 

nature, they cannot flee but have to fight their attackers. They have developed numerous 

mechanisms to fight off pathogens such as viruses. Some of these are genetically 

determined by resistance genes, coding for factors that might be required for the replication 

of a virus (recessive resistance genes) or that trigger an active defence via the 

hypersensitive response to restrict the invading attacker (such as dominant resistance 

genes). Additionally, adaptive responses such as induced resistance or RNA silencing are 

further obstacles that might prevent successful infection of a host. In return, viruses have 



developed several countermeasure strategies in order to infect plants successfully. Some of 

these strategies are presented in this review. 

 

Wang, Y., Wu, J., Kim, S.G., Tsuda, K., Gupta, R., Park, S.-Y., Kim, S.T., and Kang, K.Y. 

(2016). Magnaporthe oryzae-Secreted Protein MSP1 Induces Cell Death and Elicits Defense 

Responses in Rice. Mol. Plant Microbe Interact. 

The Magnaporthe oryzae snodprot1 homolog (MSP1), secreted by M. oryzae, is a 

cerato-platanin family protein. msp1-knockout mutants have reduced virulence on barley 

leaves, indicating that MSP1 is required for the pathogenicity of rice blast fungus. To 

investigate the functional roles of MSP1 and its downstream signaling in rice, recombinant 

MSP1 was produced in E. coli and assayed for its functionality. Application of MSP1 triggered 

cell death and elicited defense responses in rice. MSP1 also induced H2O2 production and 

autophagic cell death in both suspension-cultured cells and rice leaves. Protein kinase(s) 

triggered cell death, and jasmonic acid and abscisic acid enhanced cell death, while salicylic 

acid suppressed it. We demonstrated that the secretion of MSP1 into the apoplast is a 

prerequisite for triggering cell death and activating defense-related gene expression. 

Furthermore, pre-treatment of rice with a sub-lethal MSP1 concentration potentiated 

resistance to the pathogen. Taken together, our results showed that MSP1 induces a high 

degree of cell death in plants, which might be essential for its virulence. Moreover, rice can 

recognize MSP1, resulting in the induction of pathogen-associated molecular 

pattern-triggered immunity. 

 

Motahareh Lalezar, Mohammad Reza Moosavi, and and Abdoreza Hesami (2016). Changes in 

zucchini defense responses against Meloidogyne (Rhabditida: Meloidogynidae) induced by 

Pochonia chlamydosporia. Mun. Ent. Zool. 11 

Meloidogyne javanica causes serious damage to many crops and its management is not 

easily achievable. Pochonia chlamydosporia var. chlamydosporia (Pcc) is a potent biocontrol 

agent whose ability in stimulating plant defense has been ambiguous. This study was 

designed to analyze the kinetics of some defense-related enzymes in the roots of zucchini 

plants after inoculation with either one or both of Pcc and M. javanica. Activity of 

phenylalanine ammonia-lyase (PAL), peroxidase (POX), polyphenol oxidase (PPO), and 

catalase (CAT) in root samples were examined in a week with one day interval beginning 

from the next day following inoculation with M. javanica. When the plants were inoculated 

with both Pcc and nematode, the activity of PAL, POX and CAT was significantly improved 

during the experiment compared with other treatments. The PPO activity in such plants was 

more than PPO activity in nematode-infected plants only on the 5th and 7th day after 

inoculation. Individual application of Pcc frequently resulted in enhanced activity of PAL, POX 

and CAT compared with these enzymes activity in control treatment. This is the first report 

on the ability of Pochonia chlamydosporia var. chlamydosporia for inducing or improving the 

plant innate defense. 

 

Hummel, A.W., Wilkins, K.E., Wang, L., Cernadas, R.A., and Bogdanove, A.J. (2016). A 

transcription activator-like effector from Xanthomonas oryzae pv. oryzicola elicits 

dose-dependent resistance in rice. Molecular Plant Pathology 

Xanthomonas spp. reduce crop yields and quality worldwide. During infection of their plant 

hosts, many strains secrete transcription activator-like (TAL) effectors, which enter the host 

cell nucleus and activate specific corresponding host genes at effector binding elements 

(EBEs) in the promoter. TAL effectors may contribute to disease by activating expression of 

susceptibility genes or trigger resistance associated with the hypersensitive reaction (HR) by 

activating an executor resistance (R) gene. The rice bacterial leaf streak pathogen X. oryzae 

pv. oryzicola (Xoc) is known to suppress host resistance, and no host R gene has been 



identified against it, despite considerable effort. To further investigate Xoc suppression of 

host resistance, we conducted a screen of effectors from BLS256 and identified Tal2a as an 

HR elicitor in rice when delivered heterologously by a strain of the closely related rice 

bacterial blight pathogen X. oryzae pv. oryzae (Xoo) or by the soybean pathogen X. 

axonopodis pv. glycines. The HR required the Tal2a activation domain, suggesting an 

executor R gene. Tal2a activity was differentially distributed among geographically diverse 

Xoc isolates, being largely conserved among Asian isolates. We identified four genes induced 

by Tal2a in next generation RNA sequencing experiments and confirmed them with 

quantitative real time RT-PCR. However, neither individual nor collective activation of these 

genes by designer TAL effectors resulted in the HR. A tal2a knockout mutant of BLS256 

showed virulence comparable to wild type, but plasmid-based overexpression of tal2a at 

different levels in the wild type reduced virulence in a directly corresponding way. The 

results overall reveal that host resistance suppression by Xoc plays a critical role in 

pathogenesis. Further, the dose-dependent avirulence activity of Tal2a and the apparent 

lack of a single, canonical target that accounts for the HR point to a novel, 

activation-domain-dependent mode of action, which might involve, for example, a 

non-coding gene or a specific pattern of activation across multiple targets. 

 

Gkizi, D., Lehmann, S., L’Haridon, F., Serrano, M., Paplomatas, E., Metraux, J.-P., and 

Tjamos, S. (2016). The innate immune signaling system as a regulator of disease resistance 

and ISR activity against Verticillium dahliae. Mol. Plant Microbe Interact. 

In the last decades, the plant innate immune responses against pathogens have been 

extensively studied while biocontrol interactions between soilborne fungal pathogens and 

their hosts have received much less attention. Treatment of Arabidopsis thaliana with the 

non-pathogenic bacterium Paenibacillus alvei K165 was shown previously to protect against 

Verticillium dahliae by triggering induced systemic resistance (ISR). In the present study, we 

evaluated the involvement of the innate immune response in the K165-mediated protection 

of Arabidopsis against V. dahliae. Tests with Arabidopsis mutants impaired in several 

regulators of the early steps of the innate immune responses, including fls2, efr-1, bak1-4, 

mpk3, mpk6, wrky22 and wrky29 showed that FLS2 and WRKY22 have a central role in the 

K165-triggered ISR, while EFR1, MPK3 and MPK6 are possible susceptibility factors for V. 

dahliae and bak1 shows a tolerance phenomenon. The resistance induced by strain K165 is 

dependent on both salicylate and jasmonate-dependent defense pathways as evidenced by 

an increased transient accumulation of PR1 and PDF1.2 transcripts in the aerial parts of 

infected plants treated with strain K165. 

 

Coqueiro, D.S.O., de Souza, A.A., Takita, M.A., Rodrigues, C.M., Kishi, L.T., and Machado, 

M.A. (2015). Transcriptional profile of sweet orange in response to chitosan and salicylic 

acid. BMC Genomics 16, 288 

BACKGROUND: Resistance inducers have been used in annual crops as an alternative for 

disease control. Wood perennial fruit trees, such as those of the citrus species, are 

candidates for treatment with resistance inducers, such as salicylic acid (SA) and chitosan 

(CHI). However, the involved mechanisms in resistance induced by elicitors in citrus are 

currently few known. 

RESULTS: In the present manuscript, we report information regarding the transcriptional 

changes observed in sweet orange in response to exogenous applications of SA and CHI 

using RNA-seq technology. More genes were induced by SA treatment than by CHI 

treatment. In total, 1,425 differentially expressed genes (DEGs) were identified following 

treatment with SA, including the important genes WRKY50, PR2, and PR9, which are known 

to participate in the salicylic acid signaling pathway, and genes involved in 

ethylene/Jasmonic acid biosynthesis (ACS12, AP2 domain-containing transcription factor, 



and OPR3). In addition, SA treatment promoted the induction of a subset of genes involved 

in several metabolic processes, such as redox states and secondary metabolism, which are 

associated with biotic stress. For CHI treatment, there were 640 DEGs, many of them 

involved in secondary metabolism. For both SA and CHI treatments, the auxin pathway 

genes were repressed, but SA treatment promoted induction in the ethylene and jasmonate 

acid pathway genes, in addition to repressing the abscisic acid pathway genes. Chitosan 

treatment altered some hormone metabolism pathways. The DEGs were validated by 

quantitative Real-Time PCR (qRT-PCR), and the results were consistent with the RNA-seq 

data, with a high correlation between the two analyses. 

CONCLUSIONS: We expanded the available information regarding induced defense by 

elicitors in a species of Citrus that is susceptible to various diseases and identified the 

molecular mechanisms by which this defense might be mediated. 

 

Abd-El-Haliem, A.M., Vossen, J.H., van Zeijl, A., Dezhsetan, S., Testerink, C., Seidl, M.F., 

Beck, M., Strutt, J., Robatzek, S., and Joosten, M.H.A.J. (2016). Biochemical 

characterization of the tomato phosphatidylinositol-specific phospholipase C (PI-PLC) family 

and its role in plant immunity. Biochim. Biophys. Acta. 

Plants possess effective mechanisms to quickly respond to biotic and abiotic stresses. The 

rapid activation of Phosphatidylinositol-specific Phospholipase C (PLC) enzymes occurs early 

after the stimulation of plant immune-receptors. Genomes of different plant species encode 

multiple PLC homologs belonging to one class, PLCζ. Here we determined whether all tomato 

homologs encode active enzymes and whether they can- generate signals that are distinct 

from one another. We searched the recently completed tomato (Solanum lycopersicum) 

genome sequence and identified a total of seven PLCs. Recombinant proteins were produced 

for all tomato PLCs, except for SlPLC7. The purified proteins showed typical PLC activity, as 

different PLC substrates were hydrolysed to produce diacylglycerol. We studied SlPLC2, 

SlPLC4 and SlPLC5 enzymes in more detail and observed distinct requirements for Ca(2+) 

ions and pH, for both their optimum activity and substrate preference. This indicates that 

each enzyme could be differentially and specifically regulated in vivo, leading to the 

generation of PLC homolog-specific signals in response to different stimuli. PLC 

overexpression and specific inhibition of PLC activity revealed that PLC is required for both 

specific effector- and more general "pattern"-triggered immunity. For the latter, we found 

that both the flagellin-triggered response and the internalization of the corresponding 

receptor, Flagellin Sensing 2 (FLS2) of Arabidopsis thaliana, is supressed by inhibition of PLC 

activity. Altogether, our data support an important role for PLC enzymes in plant defence 

signalling downstream of immune receptors. 

 

Berkowitz, O., De Clercq, I., Van Breusegem, F., and Whelan, J. (2016). Interaction between 

hormonal and mitochondrial signalling during growth, development and in plant defence 

responses. Plant Cell Environ. 

Mitochondria play a central role in plant metabolism as they are a major source of ATP 

through synthesis by the oxidative phosphorylation pathway and harbour key metabolic 

reactions such as the TCA cycle. The energy and building blocks produced by mitochondria 

are essential to drive plant growth and development as well as to provide fuel for responses 

to abiotic and biotic stresses. The majority of mitochondrial proteins are encoded in the 

nuclear genome and have to be imported into the organelle. For the regulation of the 

corresponding genes intricate signalling pathways exist to adjust their expression. Signals 

directly regulate nuclear gene expression (anterograde signalling) to adjust the protein 

composition of the mitochondria to the needs of the cell. In parallel, mitochondria 

communicate back their functional status to the nucleus (retrograde signalling) to prompt 

transcriptional regulation of responsive genes via largely unknown signalling mechanisms. 



Plant hormones are the major signalling components regulating all layers of plant 

development and cellular functions. Increasing evidence is now becoming available that 

plant hormones are also part of signalling networks controlling mitochondrial function and 

their biogenesis. This review summarises recent advances in understanding the interaction 

of mitochondrial and hormonal signalling pathways. 

 

Cameron, R.K., Carella, P., Isaacs, M., Champigny, M., Merl-pham, J., Dey, S., and Vlot, 

A.C. (2016). Using DIR1 to investigate long-distance signal movement during Systemic 

Acquired Resistance. Canadian Journal of Plant Pathology 0 

During Systemic Acquired Resistance (SAR), a SAR-inducing infection in one leaf initiates 

movement of phloem-mobile signals to uninfected distant leaves to prime plants to respond 

in a resistant manner to subsequent infections. Our early work with the dir1-1 (defective in 

induced resistance) mutant in Arabidopsis demonstrated that the DIR1 protein is required 

for SAR and led to the hypothesis that DIR1, a lipid transfer protein (LTP), moves to distant 

leaves to activate SAR. To prove this hypothesis, we monitored DIR1-GFP accumulation in 

phloem exudates using an estrogen-SAR assay. In this assay, estrogen treatment induces 

DIR1-GFP expression in one leaf of dir1-1, followed by SAR-induction in the same leaf. 

DIR1-GFP was detected in exudates collected from local and distant leaves of SAR-induced 

plants using both DIR1 and GFP antibodies. This provides compelling evidence that DIR1 

moves via the phloem to distant leaves to initiate priming. Our work fills a major gap in 

research on SAR as no other putative SAR mobile signal has been shown to move in planta 

to distant leaves. To discover how DIR1 enters the phloem, we took advantage of plant lines 

with compromised cell-to-cell movement caused by overexpression of 

Plasmodesmata-Located Proteins. These lines were defective for SAR, and DIR1 was not 

observed in distant leaf phloem exudates, supporting the idea that cell-to-cell movement of 

DIR1 through plasmodesmata is important for SAR signal movement. To discover new 

phloem proteins that play a role during SAR, we compared phloem exudate proteomes 

collected from mock- and SAR-induced leaves using quantitative LC-MS/MS. Numerous 

proteins were enriched in SAR-induced versus mock-induced phloem exudates and T-DNA 

knock-out lines in some of these genes were SAR-defective, indicating they contribute to 

SAR. Identification of SAR-specific phloem proteins may provide clues as to the protein 

complement of a high molecular weight DIR1-containing complex found in phloem exudates 

only after SAR induction. We will take advantage of DIR1’s proteinaceous nature to identify 

proteins in the high molecular weight mobile signal complex, proteins associated with 

phloem loading of SAR signals and proteins involved in DIR1 perception in distant leaves. 

 

Chang, X., Seo, M., Takebayashi, Y., Kamiya, Y., Riemann, M., and Nick, P. (2016). 

Jasmonates are induced by the PAMP flg22 but not the cell death-inducing elicitor Harpin in 

Vitis rupestris. Protoplasma 

Plants employ two layers of defence that differ with respect to cell death: 

pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI) and 

effector-triggered immunity (ETI). In our previous work, we have comparatively mapped the 

molecular events in a cell system derived from the wild American grape Vitis rupestris, 

where cell death-independent defence can be triggered by PAMP flg22, whereas the elicitor 

Harpin activates a cell death-related ETI-like response. Both defence responses overlapped 

with respect to early events, such as calcium influx, apoplastic alkalinisation, oxidative burst, 

mitogen-activated protein kinase (MAPK) signalling, activation of defence-related genes and 

accumulation of phytoalexins. However, timing and amplitude of early signals differed. In 

the current study, we address the role of jasmonates (JAs) as key signalling compounds in 

hypersensitive cell death. We find, in V. rupestris, that jasmonic acid and its bioactive 

conjugate jasmonoyl-isoleucine (JA-Ile) rapidly accumulate in response to flg22 but not in 



response to Harpin. However, Harpin can induce programmed cell death, whereas 

exogenous methyl jasmonate (MeJA) fails to do so, although both signals induce a similar 

response of defence genes. Also in a second cell line from V. vinifera cv. 'Pinot Noir', where 

Harpin cannot activate cell death and where flg22 fails to induce JA and JA-Ile, defence 

genes are activated in a similar manner. These findings indicate that the signal pathway 

culminating in cell death must act independently from the events culminating in the 

accumulation of toxic stilbenes. 

 

Chiangga, S., Pornkaveerat, W., and Frank, T.D. (2016). On a Fitzhugh-Nagumo type model 

for the pulse-like jasmonate defense response in plants. Math Biosci. 

A mechanistic model of the Fitzhugh-Nagumo type is proposed for the pulse-like jasmonate 

response in plants. The model is composed of a bistable signaling pathway coupled to a 

negative feedback loop. The bistable signaling pathway describes a recently discovered 

positive feedback loop involving jasmonate and the MYC2 transcription factor regulating 

promoter activity during plant defense. The negative feedback loop is assumed to reflect a 

second jasmonate-dependent signaling pathway that is also used for ethylene signaling. The 

impact of the negative feedback loop is to destroy the high-level jasmonate fixed-point of 

the bistable jasmonate/MYC2 module. As a result, the high-level state becomes a ghost 

attractor and the jasmonate defense response becomes pulse-like. 

 

Delteil, A., Gobbato, E., Cayrol, B., Estevan, J., Michel-Romiti, C., Dievart, A., Kroj, T., and 

Morel, J.-B. (2016). Several wall-associated kinases participate positively and negatively in 

basal defense against rice blast fungus. BMC Plant Biol. 16, 17 

BACKGROUND: Receptor-like kinases are well-known to play key roles in disease resistance. 

Among them, the Wall-associated kinases (WAKs) have been shown to be positive regulators 

of fungal disease resistance in several plant species. WAK genes are often transcriptionally 

regulated during infection but the pathways involved in this regulation are not known. In 

rice, the OsWAK gene family is significantly amplified compared to Arabidopsis. The 

possibility that several WAKs participate in different ways to basal defense has not been 

addressed. Moreover, the direct requirement of rice OSWAK genes in regulating defense has 

not been explored. 

RESULTS: Here we show using rice (Oryza sativa) loss-of-function mutants of four selected 

OsWAK genes, that individual OsWAKs are required for quantitative resistance to the rice 

blast fungus, Magnaporthe oryzae. While OsWAK14, OsWAK91 and OsWAK92 positively 

regulate quantitative resistance, OsWAK112d is a negative regulator of blast resistance. In 

addition, we show that the very early transcriptional regulation of the rice OsWAK genes is 

triggered by chitin and is partially under the control of the chitin receptor CEBiP. Finally, we 

show that OsWAK91 is required for H2O2 production and sufficient to enhance defense gene 

expression during infection. 

CONCLUSIONS: We conclude that the rice OsWAK genes studied are part of basal defense 

response, potentially mediated by chitin from fungal cell walls. This work also shows that 

some OsWAKs, like OsWAK112d, may act as negative regulators of disease resistance. 

 

Deng, X.-G., Zhu, T., Zou, L.-J., Han, X.-Y., Zhou, X., Xi, D.-H., Zhang, D.-W., and Lin, 

H.-H. (2016). Orchestration of hydrogen peroxide and nitric oxide in brassinosteroids 

mediated systemic virus resistance in Nicotiana benthamiana. Plant J 

Brassinosteroids (BRs) play essential roles in modulating plant growth, development and 

stress responses. Here, involvement of BRs in plant systemic resistance to virus was 

studied. Treatment of local leaves in Nicotiana benthamiana with BRs induced virus 

resistance in upper untreated leaves, which was accompanied by accumulations of H2O2 and 



NO. Scavenging of H2O2 or NO in upper leaves blocked BR-induced systemic virus 

resistance. BR-induced systemic H2O2 accumulation was blocked by local pharmacological 

inhibition of NADPH oxidase or silencing of NbRBOHB, but not by systemic NADPH oxidase 

inhibition or NbRBOHA silence. Silencing of NbNR or systemic pharmacological inhibition of 

NR compromised, while local inhibition of NR, silencing of NbNOA1 and inhibition of NOS had 

little effects on BR-triggered systemic NO accumulation. Moreover, we provided evidence 

that BR-activated H2O2 was required for NO synthesis. Scavenging or inhibition of H2O2 

generation blocked BR-induced systemic NO production, while BR-induced H2O2 production 

was not sensitive to NO scavenger or silencing NbNR. Systemic applied SNP rescued 

BR-induced systemic virus defense in NbRBOHB-silenced plants, but H2O2 did not reverse 

the defect of NbNR silencing in BR-induced systemic virus resistance. Finally, we 

demonstrated BRI1 was an upstream component in BR-mediated systemic defense signaling, 

as silencing of NbBRI1 compromised BR-induced H2O2 and NO production associated with 

systemic virus resistance. Together, our pharmacological and genetic data established a 

signaling pathway leading to BR-mediated systemic virus resistance that involved local 

RBOHB-dependent H2O2 production and subsequent systemic NR-dependent NO generation. 

 

Doughari JH (2015). An Overview of Plant Immunity. J Plant Pathol Microbiol 6 

The exposure of plants in open land and to various harsh environmental conditions means 

that they are at risk of being attacked by different types of microbial pathogens. For survival 

strategies, the plants interact with microbes in different ways, many of whom result in 

disease conditions. Because plants are sessile, it means that they must continuously 

integrate both biotic and abiotic signals from the environment which also means they must 

be able to distinguish those signals that are harmless from those that are potentially 

harmful. Consequently, plants have evolved a variety of adaptive mechanisms that provides 

them with basal immune natural protective measures to fight against these microbial 

pathogens, pests and other vertebrate diseases. Recognition of these pathogens is made 

possible by certain group of physiological elicitors that activates microbial or pathogen 

recognition proteins (MAMPs or PAMPs) of the basal immunity that enables the plant to 

recognize the invading pathogens. However, because the plant immune system lack 

circulating cells such as antibodies and macrophages of animals, the signal responses are 

partitioned both locally over several cell diameters and systemically in a limited sphere. 

Adequate understanding of the cell signaling mechanisms and the role of hormones in 

disease resistance will assist in developing a very effective control measure against plant 

diseases for more productive agricultural turn over. 

 

Farahani, A.S., and Taghavi, S.M. (2015). Profiling expression of lipoxygenase in cucumber 

during compatible and incompatible plant-pathogen interactions. Physiol Mol Biol Plants 1–3 

We compared lipoxygenase (LOX) expression in cucumber in response to host and non-host 

pathogens. Our results displayed significant difference in expression of LOX between 

compatible and incompatible interaction at 12, 24 and 48 h after inoculation. Moreover, LOX 

expression at 72 h after inoculation was similar in both compatible and incompatible 

interaction. It seems that early induction of LOX plays a crucial role in plant defense against 

pathogens. 

 

Fujimori, N., Enoki, S., Suzuki, A., Naznin, H.A., Shimizu, M., and Suzuki, S. (2016). Grape 

apoplasmic β-1,3-glucanase confers fungal disease resistance in Arabidopsis. Scientia 

Horticulturae 200, 105–110 

To identify apoplasmic proteins in grape cells, we investigated proteins secreted into grape 

cell culture medium and detected β-1,3-glucanase VvGHF17 in the medium. VvGHF17 is 



expressed constitutively in grape leaves and berry pulp and skin. Experiments using 

VvGHF17:GFP fusion protein demonstrated that VvGHF17 is localized at the apoplasmic 

space of cells, suggesting that VvGHF17 is apoplasmic β-1,3-glucanase. To understand how 

VvGHF17 protects grapevine against phytopathogens, we created Arabidopsis transgenic 

plants expressing VvGHF17. VvGHF17-expressing Arabidopsis plants exhibited disease 

resistance to both Botrytis cinerea and Colletotrichum higginsianum, but not to 

Pseudomonas syringae pv. tomato DC3000. The inhibitory effect of VvGHF17 to the infection 

by the fungi was promoted when VvGHF17 protein was expressed in large amounts in the 

plants. In conclusion, apoplasmic VvGHF17 may be a candidate for the transgene to create 

transgenic grapevines that are robust to multiple fungal attacks. 

 

Gimenez-Ibanez, S., Chini, A., and Solano, R. (2016). How Microbes Twist Jasmonate 

Signaling around Their Little Fingers. Plants 5, 9 

Plant immunity relies on a complex network of hormone signaling pathways in which 

jasmonic acid (JA) plays a central role. Successful microbial pathogens or symbionts have 

developed strategies to manipulate plant hormone signaling pathways to cause hormonal 

imbalances for their own benefit. These strategies include the production of plant hormones, 

phytohormone mimics, or effector proteins that target host components to disrupt hormonal 

signaling pathways and enhance virulence. Here, we describe the molecular details of the 

most recent and best-characterized examples of specific JA hormonal manipulation by 

microbes, which exemplify the ingenious ways by which pathogens can take control over the 

plant’s hormone signaling network to suppress host immunity. 

 

Harkenrider, M., Sharma, R., De Vleesschauwer, D., Tsao, L., Zhang, X., Chern, M., Canlas, 

P., Zuo, S., and Ronald, P.C. (2016). Overexpression of Rice Wall-Associated Kinase 25 

(OsWAK25) Alters Resistance to Bacterial and Fungal Pathogens. PLoS ONE 11, e0147310 

Wall-associated kinases comprise a sub-family of receptor-like kinases that function in plant 

growth and stress responses. Previous studies have shown that the rice wall-associated 

kinase, OsWAK25, interacts with a diverse set of proteins associated with both biotic and 

abiotic stress responses. Here, we show that wounding and BTH treatments induce 

OsWAK25 transcript expression in rice. We generated OsWAK25 overexpression lines and 

show that these lines exhibit a lesion mimic phenotype and enhanced expression of rice NH1 

(NPR1 homolog 1), OsPAL2, PBZ1 and PR10. Furthermore, these lines show resistance to the 

hemibiotrophic pathogens, Xanthomonas oryzae pv. oryzae (Xoo) and Magnaporthe oryzae, 

yet display increased susceptibility to necrotrophic fungal pathogens, Rhizoctonia solani and 

Cochliobolus miyabeanus. 

 

Holbein, J., Grundler, F.M.W., and Siddique, S. (2016). Plant basal resistance to nematodes: 

an update. J. Exp. Bot. erw005. 

Most plant-parasitic nematodes are obligate biotrophs feeding on the roots of their hosts. 

Whereas ectoparasites remain on the root surface and feed on the outer cell layers, 

endoparasitic nematodes enter the host to parasitize cells around or within the central 

cylinder. Nematode invasion and feeding causes tissue damage which may, in turn, lead to 

the activation of host basal defence responses. Hitherto, research interests in 

plant–nematode interaction have emphasized effector-triggered immunity rather than basal 

plant defence responses. However, some recent investigations suggest that basal defence 

pathways are not only activated but also play an important role in determining interaction 

outcomes. In this review we discuss the major findings and point out future directions to 

dissect the molecular mechanisms underlying plant basal defence to nematodes further. 

 



Hong, Y., Zhao, J., Guo, L., Kim, S.-C., Deng, X., Wang, G., Zhang, G., Li, M., and Wang, X. 

Plant Phospholipases D and C and Their Diverse Functions in Stress Responses. Progress in 

Lipid Research 

Phospholipases D (PLD) and C (PLC) hydrolyze the phosphodiesteric linkages of the head 

group of membrane phospholipids. PLDs and PLCs in plants occur in different forms: the 

calcium-dependent phospholipid binding domain-containing PLDs (C2-PLDs), the plekstrin 

homology and phox homology domain-containing PLDs (PX/PH-PLDs), 

phosphoinositide-specific PLC (PI-PLC), and non-specific PLC (NPC). They differ in structures, 

substrate selectivities, cofactor requirements, and/or reaction conditions. These enzymes 

and their reaction products, such as phosphatidic acid (PA), diacylglycerol (DAG), and 

inositol polyphosphates, play important, multifaceted roles in plant response to abiotic and 

biotic stresses. Here, we review biochemical properties, cellular effects, and physiological 

functions of PLDs and PLCs, particularly in the context of their roles in stress response along 

with advances made on the role of PA and DAG in cell signaling in plants. The mechanism of 

actions, including those common and distinguishable among different PLDs and PLCs, will 

also be discussed. 

 

Huang, J., Yang, M., and Zhang, X. (2016). The function of small RNAs in plant biotic stress 

response. J. Integr. Plant Biol. 

Small RNAs (sRNAs) play essential roles in plants upon biotic stress. Plants utilize RNA 

silencing machinery to facilitate PAMP-triggered immunity and effector-triggered immunity 

to defend against pathogen attack or to facilitate defense against insect herbivores. 

Pathogens, on the other hand, are also able to generate effectors and sRNAs to counter the 

host immune. The arms race between plants and pathogens/insect herbivores has triggered 

the evolution of sRNAs, RNA silencing machinery, and pathogen effectors. A great number of 

studies have been performed to investigate the roles of sRNAs in plant defense, bringing in 

the opportunity to utilize sRNAs in plant protection. Transgenic plants with pathogen-derived 

resistance ability or transgenerational defense have been generated, which show promising 

potential as solutions for pathogen/insect herbivore problems in the field. Here we 

summarize the recent progress on the function of sRNAs in response to biotic stress, mainly 

in plant-pathogen/insect herbivore interaction, and the application of sRNAs in disease and 

insect herbivore control. 

 

Jiang, Z., Dong, X., and Zhang, Z. (2016). Network-Based Comparative Analysis of 

Arabidopsis Immune Responses to Golovinomyces orontii and Botrytis cinerea Infections. 

Scientific Reports 6, 19149. 

A comprehensive exploration of common and specific plant responses to biotrophs and 

necrotrophs is necessary for a better understanding of plant immunity. Here, we compared 

the Arabidopsis defense responses evoked by the biotrophic fungus Golovinomyces orontii 

and the necrotrophic fungus Botrytis cinerea through integrative network analysis. Two 

time-course transcriptional datasets were integrated with an Arabidopsis protein-protein 

interaction (PPI) network to construct a G. orontii conditional PPI sub-network (gCPIN) and a 

B. cinerea conditional PPI sub-network (bCPIN). We found that hubs in gCPIN and bCPIN 

played important roles in disease resistance. Hubs in bCPIN evolved faster than hubs in 

gCPIN, indicating the different selection pressures imposed on plants by different pathogens. 

By analyzing the common network from gCPIN and bCPIN, we identified two network 

components in which the genes were heavily involved in defense and development, 

respectively. The co-expression relationships between interacting proteins connecting the 

two components were different under G. orontii and B. cinerea infection conditions. Closer 

inspection revealed that auxin-related genes were overrepresented in the interactions 

connecting these two components, suggesting a critical role of auxin signaling in regulating 



the different co-expression relationships. Our work may provide new insights into plant 

defense responses against pathogens with different lifestyles. 

 

Jin, J.-H., Zhang, H.-X., Tan, J.-Y., Yan, M.-J., Li, D.-W., Khan, A., and Gong, Z.-H. (2015). 

A New Ethylene-Responsive Factor CaPTI1 Gene of Pepper (Capsicum annuum L.) Involved 

in the Regulation of Defense Response to Phytophthora capsici. Front Plant Sci 6, 1217. 

Ethylene-responsive factors (ERF) are usually considered to play diverse roles in plant 

response to biotic and abiotic stresses. In this study, an ERF gene CaPTI1 was isolated from 

pepper transcriptome database. CaPTI1 contains an open reading frame (ORF) of 543 bp, 

which encodes a putative polypeptide of 180 amino acids with a theoretical molecular weight 

of 20.30 kDa. Results of expression profile showed that CaPTI1 had a highest expression 

level in roots and this gene could not only response to the infection of Phytophthora capsici 

and the stresses of cold and drought, but also be induced by the signaling molecule (salicylic 

acid, Methyl Jasmonate, Ethephon, and hydogen peroxide). Furthermore, virus-induce gene 

silencing (VIGS) of CaPTI1 in pepper weakened the defense response significantly by 

reducing the expression of defense related genes CaPR1, CaDEF1 and CaSAR82 and also the 

root activity. These results suggested that CaPTI1 is involved in the regulation of defense 

response to P. capsici in pepper. 

 

Künstler, A., Bacsó, R., Gullner, G., Hafez, Y.M., and Király, L. (2016). Staying alive – is cell 

death dispensable for plant disease resistance during the hypersensitive response? 

Physiological and Molecular Plant Pathology 93, 75–84. 

Probably the most known and best studied type of plant resistance to pathogenic infections 

is the hypersensitive response (HR), a form of localized programmed cell death associated 

with restriction or killing of pathogens that often leads to macroscopically visible localized 

tissue necrosis. It is generally assumed that cell death and resistance within the HR are 

physiologically and genetically linked. However, there has been considerable speculation 

about whether cell death is an absolute requirement for resistance conditioned by the HR. 

This review discusses the relation of cell death and resistance in the HR, in particular, the 

importance of cell death in this process. We intend to focus on the increasing amount of 

research evidence showing that in several plant-pathogen interactions, the two main 

components of the HR – resistance and cell death – can be physiologically, genetically and 

temporally uncoupled. In other words, HR should be considered as a combination of 

resistance and cell death responses, where cell death may be dispensable for plant disease 

resistance. The varying contribution of these two components (i.e. cell death and resistance) 

generates an array of defense strategies differing in efficiency. Thus, a very early and rapid 

defense response seems to contribute to the development of macroscopically symptomless 

(extreme) resistance, while a moderately early defense response results in resistance with 

the concomitant development of controlled and limited cell and tissue death (HR). 

Accordingly, a delayed and failed attempt by the host to elicit resistance responses would 

result in massively stressed plant tissues (e.g. “systemic HR”) and a partial or almost 

complete loss of control over pathogen invasion. The dynamic nature of resistance responses 

in plants implies that resistance can be effective with or without cell death but its outcome 

and efficiency may depend primarily on the timing and speed of the host response. 

 

López-Cruz, J., Crespo-Salvador, Ó., Fernández-Crespo, E., García-Agustín, P., and 

González-Bosch, C. (2016). Absence of Cu-Zn-superoxide dismutase BCSOD1 reduces 

Botrytis cinerea virulence in Arabidopsis and in tomato plants, which reveals interplay 

among ROS, callose and signaling pathways. Molecular Plant Pathology 



Plants activate responses against pathogens, including oxidative burst. Necrotrophic 

pathogens can produce ROS that benefits the colonization process. Previously, we 

demonstrated that tomato plants challenged with Botrytis cinerea accumulated reactive 

oxygen species (ROS) and callose, along with the induction of genes involved in defense, 

signaling and oxidative metabolism. Here, we studied the infection phenotype of the 

Δbcsod1 strain in both tomato and Arabidopsis plants. This mutant lacks bcsod1, which 

encodes superoxide dismutase Cu-Zn-SOD. This enzyme catalyzes the conversion of 

superoxide ion (O2-) into hydrogen peroxide (H2O2). These ROS play a protective role and 

act as signals in plants. Δbcsod1 displayed reduced virulence compared to wild-type B05.10 

in both species. Plants infected with Δbcsod1 accumulated less H2O2 and higher O2- than 

those infected with B05.10, which is associated with an increase in defensive polymer 

callose. This supports a major role of fungal SOD in H2O2 production during the 

plant-pathogen interaction. The early induction of callose synthase gene PMR4 suggested 

that changes in ROS altered plant defensive responses at the transcriptional level. The 

metabolites and genes involved in signaling and in response to oxidative stress differentially 

expressed upon Δbcsod1 infection, which supports the notion that plants perceive changes in 

ROS balance and activate defense responses. Higher O2-/H2O2 ratio seems beneficial for 

plant protection against this necrotroph. Our results highlight the relevance of callose and 

oxylipin 12-oxo-phytodienoic acid (OPDA) in the response to changes in the oxidative 

environment, and clarify the mechanisms that underlie responses to Botrytis in Arabidopsis 

and tomato plants. 

 

Matić, S., Pegoraro, M., and Noris, E. The C2 protein of tomato yellow leaf curl Sardinia virus 

acts as a pathogenicity determinant and a 16-amino acid domain is responsible for inducing 

a hypersensitive response in plants. Virus Research. 

The role of the C2 protein in the pathogenicity of tomato yellow leaf curl Sardinia virus 

(TYLCSV) was investigated. Here we report that Agrobacterium-mediated transient 

expression of TYLCSV C2 resulted in a strong hypersensitive response (HR) in Nicotiana 

benthamiana, N. tabacum, and Arabidopsis thaliana, with induction of plant cell death and 

production of H2O2. Since HR is not evident in plants infected by TYLCSV, it is expected that 

TYLCSV encodes a gene (or genes) that counters this response. HR was partially 

counteracted by co-agroinfiltration of TYLCSV V2 and Rep, leading to chlorotic reaction, with 

no HR development. Considering that the corresponding C2 protein of the closely related 

tomato yellow leaf curl virus (TYLCV) did not induce HR, alignment of the C2 proteins of 

TYLCSV and TYLCV were carried out and a hypervariable region of 16 amino acids was 

identified. Its role in the induction of HR was demonstrated using TYLCSV-TYLCV C2 chimeric 

genes, encoding two TYLCSV C2 variants with a complete (16 aa) or a partial (10 aa only) 

swap of the corresponding sequence of TYLCV C2. Furthermore, using NahG transgenic N. 

benthamiana lines compromised in the accumulation of salicylic acid (SA), a key regulator of 

HR, only a chlorotic response occurred in TYLCSV C2-infiltrated tissue, indicating that SA 

participates in such plant defense process. These findings demonstrate that TYLCSV C2 acts 

as a pathogenicity determinant and induces host defense responses controlled by the SA 

pathway. 

 

Mo, H.-J., Sun, Y.-X., Zhu, X.-L., Wang, X.-F., Zhang, Y., Yang, J., Yan, G.-J., and Ma, Z.-Y. 

(2016). Cotton S-adenosylmethionine decarboxylase-mediated spermine biosynthesis is 

required for salicylic acid- and leucine-correlated signaling in the defense response to 

Verticillium dahliae. Planta. 

MAIN CONCLUSION: Cotton S-adenosylmethionine decarboxylase-, rather than spermine 

synthase-, mediated spermine biosynthesis is required for salicylic acid- and 

leucine-correlated signaling in the defense response to Verticillium dahliae. Spermine (Spm) 



signaling is correlated with plant resistance to the fungal pathogen Verticillium dahliae. We 

identified genes for key rate-limiting enzymes in the biosynthesis of Spm, namely 

S-adenosylmethionine decarboxylase (GhSAMDC) and Spm synthase (GhSPMS). These were 

found by screening suppression subtractive hybridization and cDNA libraries of cotton 

(Gossypium) species tolerant to Verticillium wilt. Both were induced early and strongly by 

inoculation with V. dahliae and application of plant hormones. Silencing of GhSPMS or 

GhSAMDC in cotton leaves led to a significant accumulation of upstream substrates and, 

ultimately, enhanced plant susceptibility to Verticillium infection. Exogenous 

supplementation of Spm to the silenced cotton plants improved resistance. When compared 

with the wild type (WT), constitutive expression of GhSAMDC in Arabidopsis thaliana was 

associated with greater Verticillium wilt resistance and higher accumulations of Spm, 

salicylic acid, and leucine during the infection period. By contrast, transgenic Arabidopsis 

plants that over-expressed GhSPMS were unexpectedly more susceptible than the WT to V. 

dahliae and they also had impaired levels of putrescine (Put) and salicylic acid (SA). The 

susceptibility exhibited in GhSPMS-overexpressing Arabidopsis plants was partially reversed 

by the exogenous supply of Put or SA. In addition, the responsiveness of those two 

transgenic Arabidopsis lines to V. dahliae was associated with an alteration in transcripts of 

genes involved in plant resistance to epidermal penetrations and amino acid signaling. 

Together, these results suggest that GhSAMDC-, rather than GhSPMS-, mediated spermine 

biosynthesis contributes to plant resistance against V. dahliae through SA- and 

leucine-correlated signaling. 

 

Moon, J.Y., Lee, J.H., Oh, C.-S., Kang, H.-G., and Park, J.M. (2016). Endoplasmic reticulum 

stress responses function in the HRT-mediated hypersensitive response in Nicotiana 

benthamiana. Molecular Plant Pathology 

HRT is a plant CC-NB-LRR disease resistance protein that triggers the hypersensitive 

response (HR) on recognition of Turnip crinkle virus (TCV) coat protein (CP). The molecular 

mechanism and significance of HR-mediated cell death for TCV resistance are not fully 

elucidated. To identify genes involved in HRT/TCV CP-mediated HR in Nicotiana 

benthamiana, we performed virus-induced gene silencing (VIGS) of 459 expressed sequence 

tags (ESTs) of pathogen-responsive Capsicum annuum genes. VIGS of CaBLP5, which 

encodes an endoplasmic reticulum (ER)-associated immunoglobulin-binding protein (BiP), 

silenced NbBiP4 and NbBiP5 and significantly reduced HRT-mediated HR. Induction of ER 

stress-responsive genes and accumulation of ER-targeted BiPs in response to HRT-mediated 

HR suggest that ER is involved in HR in N. benthamiana. BiP4/5 silencing significantly 

down-regulated HRT at the mRNA and protein levels and affected SGT1 and HSP90 

expression. Co-expression of TCV CP in BiP4/5-silenced plants completely abolished HRT 

induction. Transient expression of TCV CP alone induced selected ER-stress-responsive gene 

transcripts only in TRV-infected plants, and most of these genes were induced by HRT/TCV 

CP, except for bZIP60, which was induced specifically in response to HRT/TCV CP. TCV 

CP-mediated induction of ER-stress-responsive genes still occurred in BiP4/5-silenced plants, 

but HRT/TCV CP-mediated induction of those genes was defective. Tunicamycin, a chemical 

that inhibits protein N-glycosylation, inhibited HRT-mediated HR, suggesting that the ER has 

a role in HR regulation. These results indicate that BiP and ER, which modulate 

pattern-recognition receptors in innate immunity, also regulate R-protein-mediated 

resistance. 

 

Morales, J., Kadota, Y., Zipfel, C., Molina, A., and Torres, M.-A. (2016). The Arabidopsis 

NADPH oxidases RbohD and RbohF display differential expression patterns and contributions 

during plant immunity. J. Exp. Bot. erv558. 



Plant NADPH oxidases, also known as respiratory burst oxidase homologues (RBOHs), 

produce reactive oxygen species (ROS) that perform a wide range of functions. RbohD and 

RbohF, two of the 10 Rboh genes present in Arabidopsis, are pleiotropic and mediate diverse 

physiological processes including the response to pathogens. We hypothesized that the 

spatio-temporal control of RbohD and RbohF gene expression might be critical in 

determining their multiplicity of functions. Transgenic Arabidopsis plants with RbohD and 

RbohF promoter fusions to β-glucuronidase and Luciferase reporter genes were generated. 

Analysis of these plants revealed a differential expression pattern for RbohD and RbohF 

throughout plant development and during immune responses. RbohD and RbohF gene 

expression was differentially modulated by pathogen-associated molecular patterns. 

Histochemical stains and in vivo expression analysis showed a correlation between the level 

of RbohD and RbohF promoter activity, H2O2 accumulation and the amount of cell death in 

response to the pathogenic bacterium Pseudomonas syringae pv. tomato DC3000 and the 

necrotrophic fungus Plectosphaerella cucumerina. A promoter-swap strategy revealed that 

the promoter region of RbohD was required to drive production of ROS by this gene in 

response to pathogens. Moreover, RbohD promoter was activated during Arabidopsis 

interaction with a non-virulent P. cucumerina isolate, and susceptibility tests with the double 

mutant rbohD rbohF uncovered a new function for these oxidases in basal resistance. 

Altogether, our results suggest that differential spatio-temporal expression of the Rboh 

genes contributes to fine-tune RBOH/NADPH oxidase-dependent ROS production and 

signaling in Arabidopsis immunity. 

 

Nagaraj, S., Senthil-Kumar, M., Ramu, V.S., Wang, K., and Mysore, K.S. (2015). Plant 

Ribosomal Proteins, RPL12 and RPL19, Play a Role in Nonhost Disease Resistance against 

Bacterial Pathogens. Front Plant Sci 6, 1192. 

Characterizing the molecular mechanism involved in nonhost disease resistance is important 

to understand the adaptations of plant-pathogen interactions. In this study, virus-induced 

gene silencing (VIGS)-based forward genetics screen was utilized to identify genes involved 

in nonhost resistance in Nicotiana benthamiana. Genes encoding ribosomal proteins, RPL12 

and RPL19, were identified in the screening. These genes when silenced in N. benthamiana 

caused a delay in nonhost bacteria induced hypersensitive response (HR) with concurrent 

increase in nonhost bacterial multiplication. Arabidopsis mutants of AtRPL12 and AtRPL19 

also compromised nonhost resistance. The studies on NbRPL12 and NbRPL19 double silenced 

plants suggested that both RPL12 and RPL19 act in the same pathway to confer nonhost 

resistance. Our work suggests a role for RPL12 and RPL19 in nonhost disease resistance in 

N. benthamiana and Arabidopsis. In addition, we show that these genes also play a minor 

role in basal resistance against virulent pathogens. 

 

Nanda, S., Rout, E., and Joshi, R.K. (2016). Curcuma longa Mitogen-Activated Protein 

Kinase 6 (ClMPK6) Stimulates the Defense Response Pathway and Enhances the Resistance 

to Necrotrophic Fungal Infection. Plant Mol Biol Rep 1–13. 

Mitogen-activated protein kinase (MAPK) cascades are highly conserved signaling modules 

that transduce the externally perceived signals and play crucial role in plant defense against 

pathogen attack. In the present study, a turmeric (Curcuma longa L.) complementary DNA 

(cDNA) encoding a MAPK gene responsive to Pythium aphanidermatum infection was 

isolated using rapid amplification of cDNA ends (RACE)-PCR. It was designated as ClMPK6 

based on its high homology with Arabidopsis AtMPK6. The full-length cDNA of 1484 bp 

length carried an open reading frame (ORF) of 1176 bp encoding a 391 amino acid 

polypeptide. ClMPK6 protein contains Thr-Glu-Tyr (TEY) motif on its activation loop with a 

common docking (CD) domain at the C-terminal end and belong to subgroup A of MAPK 

family. Southern hybridization revealed single copy of ClMPK6 in turmeric genome, and its 



intron-exon composition showed highly conserved nature of these signaling kinases across 

different species. Quantitative RT-PCR showed high expression of ClMPK6 in rhizome tissues 

of mature turmeric plants. Analysis of temporal expression revealed significant induction of 

ClMPK6 transcript in response to defense signaling molecules and pathogen attack at the 

early stages. Ectopic overexpression of ClMPK6 in Arabidopsis plants resulted in enhanced 

resistance to Botrytis cinerea and constitutively high expression of defense responsive genes 

like PDF1.2, PAD3, AOS, ACS2, ACS6, etc. Our results suggest that ClMPK6 substantiate the 

characteristics of AtMPK6 orthologs in defense against necrotrophic infection in plants. 

 

Pérez-Bueno, M.L., Granum, E., Pineda, M., Flors, V., Rodriguez-Palenzuela, P., 

López-Solanilla, E., and Barón, M. (2015). Temporal and Spatial Resolution of Activated 

Plant Defense Responses in Leaves of Nicotiana benthamiana Infected with Dickeya dadantii. 

Front Plant Sci 6, 1209. 

The necrotrophic bacteria Dickeya dadantii is the causal agent of soft-rot disease in a broad 

range of hosts. The model plant Nicotiana benthamiana, commonly used as experimental 

host for a very broad range of plant pathogens, is susceptible to infection by D. dadantii. 

The inoculation with D. dadantii at high dose seems to overcome the plant defense capacity, 

inducing maceration and death of the tissue, although restricted to the infiltrated area. By 

contrast, the output of the defense response to low dose inoculation is inhibition of 

maceration and limitation in the growth, or even eradication, of bacteria. Responses of 

tissue invaded by bacteria (neighboring the infiltrated areas after 2-3 days post-inoculation) 

included: (i) inhibition of photosynthesis in terms of photosystem II efficiency; (ii) activation 

of energy dissipation as non-photochemical quenching in photosystem II, which is related to 

the activation of plant defense mechanisms; and (iii) accumulation of secondary metabolites 

in cell walls of the epidermis (lignins) and the apoplast of the mesophyll (phytoalexins). 

Infiltrated tissues showed an increase in the content of the main hormones regulating stress 

responses, including abscisic acid, jasmonic acid, and salicylic acid. We propose a 

mechanism involving the three hormones by which N. benthamiana could activate an 

efficient defense response against D. dadantii. 

 

Postma, J., Liebrand, T.W.H., Bi, G., Evrard, A., Bye, R.R., Mbengue, M., Kuhn, H., Joosten, 

M.H.A.J., and Robatzek, S. (2016). Avr4 promotes Cf-4 receptor-like protein association with 

the BAK1/SERK3 receptor-like kinase to initiate receptor endocytosis and plant immunity. 

New Phytol. 

The first layer of plant immunity is activated by cell surface receptor-like kinases (RLKs) and 

proteins (RLPs) that detect infectious pathogens. Constitutive interaction with the 

SUPPRESSOR OF BIR1 (SOBIR1) RLK contributes to RLP stability and kinase activity. As RLK 

activation requires transphosphorylation with a second associated RLK, it remains elusive 

how RLPs initiate downstream signaling. We employed live-cell imaging, gene silencing and 

coimmunoprecipitation to investigate the requirement of associated kinases for functioning 

and ligand-induced subcellular trafficking of Cf RLPs that mediate immunity of tomato 

against Cladosporium fulvum. Our research shows that after elicitation with matching 

effector ligands Avr4 and Avr9, BRI1-ASSOCIATED KINASE 1/SOMATIC EMBRYOGENESIS 

RECEPTOR KINASE 3 (BAK1/SERK3) associates with Cf-4 and Cf-9. BAK1/SERK3 is required 

for the effector-triggered hypersensitive response and resistance of tomato against C. 

fulvum. Furthermore, Cf-4 interacts with SOBIR1 at the plasma membrane and is recruited 

to late endosomes upon Avr4 trigger, also depending on BAK1/SERK3. These observations 

indicate that RLP-mediated resistance and endocytosis require ligand-induced recruitment of 

BAK1/SERK3, reminiscent of BAK1/SERK3 interaction and subcellular fate of the FLAGELLIN 

SENSING 2 (FLS2) RLK. This reveals that diverse classes of cell surface immune receptors 

share common requirements for initiation of resistance and endocytosis. 



 

Qian, Y., Hou, H., Shen, Q., Cai, X., Sunter, G., and Zhou, X. (2015). RepA Protein Encoded 

by Oat dwarf virus Elicits a Temperature-Sensitive Hypersensitive Response–Type Cell Death 

That Involves Jasmonic Acid–Dependent Signaling. MPMI 29, 5–21. 

The hypersensitive response (HR) is a component of disease resistance that is often induced 

by pathogen infection, but essentially no information is available for members of the 

destructive mastreviruses. We have investigated an HR-type response elicited in Nicotiana 

species by Oat dwarf virus (ODV) and have found that expression of the ODV RepA protein 

but not other ODV-encoded proteins elicits the HR-type cell death associated with a burst of 

H2O2. Deletion mutagenesis indicates that the first nine amino acids (aa) at the N terminus 

of RepA and the two regions located between aa residues 173 and 195 and between aa 

residues 241 and 260 near the C terminus are essential for HR-type cell-death elicitation. 

Confocal and electron microscopy showed that the RepA protein is localized in the nuclei of 

plant cells and might contain bipartite nuclear localization signals. The HR-like lesions 

mediated by RepA were inhibited by temperatures above 30°C and involvement of jasmonic 

acid (JA) in HR was identified by gain- and loss-of-function experiments. To our knowledge, 

this is the first report of an elicitor of HR-type cell death from mastreviruses. 

 

Quentin, M., Baurès, I., Hoefle, C., Caillaud, M.-C., Allasia, V., Panabières, F., Abad, P., 

Hückelhoven, R., Keller, H., and Favery, B. (2016). The Arabidopsis microtubule-associated 

protein MAP65-3 supports infection by filamentous biotrophic pathogens by down-regulating 

salicylic acid-dependent defenses. J. Exp. Bot. erv564. 

The oomycete Hyaloperonospora arabidopsidis and the ascomycete Erysiphe cruciferarum 

are obligate biotrophic pathogens causing downy mildew and powdery mildew, respectively, 

on Arabidopsis. Upon infection, the filamentous pathogens induce the formation of 

intracellular bulbous structures called haustoria, which are required for the biotrophic 

lifestyle. We previously showed that the microtubule-associated protein AtMAP65-3 plays a 

critical role in organizing cytoskeleton microtubule arrays during mitosis and cytokinesis. 

This renders the protein essential for the development of giant cells, which are the feeding 

sites induced by root knot nematodes. Here, we show that AtMAP65-3 expression is also 

induced in leaves upon infection by the downy mildew oomycete and the powdery mildew 

fungus. Loss of AtMAP65-3 function in the map65-3 mutant dramatically reduced infection 

by both pathogens, predominantly at the stages of leaf penetration. Whole-transcriptome 

analysis showed an over-represented, constitutive activation of genes involved in salicylic 

acid (SA) biosynthesis, signaling, and defense execution in map65-3, whereas jasmonic acid 

(JA)-mediated signaling was down-regulated. Preventing SA synthesis and accumulation in 

map65-3 rescued plant susceptibility to pathogens, but not the developmental phenotype 

caused by cytoskeleton defaults. AtMAP65-3 thus has a dual role. It positively regulates 

cytokinesis, thus plant growth and development, and negatively interferes with plant 

defense against filamentous biotrophs. Our data suggest that downy mildew and powdery 

mildew stimulate AtMAP65-3 expression to down-regulate SA signaling for infection. 

 

Reynolds, G.J., Gordon, T.R., and McRoberts, N. (2016). Quantifying the Impacts of 

Systemic Acquired Resistance to Pitch Canker on Monterey Pine Growth Rate and 

Hyperspectral Reflectance. Forests 7, 20. 

Pitch canker, caused by Fusarium circinatum, is a disease affecting Monterey pine (Pinus 

radiata) and many other pine species throughout the world. The impact of pitch canker on 

Pinus radiata may be limited by systemic acquired resistance (SAR), a phenomenon that 

elevates resistance to a pathogen after initial challenge by that pathogen or another 

microorganism. Allocation of resources to defense, as a consequence of SAR, is presumed to 



reduce resources available to support growth and reproduction, but specific fitness 

consequences associated with SAR in P. radiata have not been measured. To quantify 

impacts of SAR on growth rate, a 2 × 2 factorial experiment was established in which trees 

were either primed for SAR or unprimed, with half the trees in each of those two groups 

being inoculated with the pitch canker pathogen and the other half not inoculated. Priming 

for SAR was accomplished by inoculating one branch with F. circinatum and removing 

inoculated branches prior to subsequent challenge inoculations (= disease treatments). 

Disease treatments included three inoculations that were removed for measurement of 

lesion length, and three additional inoculations that remained on the tree as a 

representation of persistent disease. Control trees were mock inoculated with water. Main 

effects of priming and disease did not result in significant effects on growth rate. Based on 

hyperspectral canopy reflectance data, diseased trees were associated with higher difference 

vegetation index values and biomass. The absence of a negative impact on growth rate 

associated with SAR suggests that induction of resistance may have utility as a tool for 

management of pitch canker in plantations. 

 

Rosas-Díaz, T., Macho, A.P., Beuzón, C.R., Lozano-Durán, R., and Bejarano, E.R. (2016). 

The C2 Protein from the Geminivirus Tomato Yellow Leaf Curl Sardinia Virus Decreases 

Sensitivity to Jasmonates and Suppresses Jasmonate-Mediated Defences. Plants 5, 8. 

An increasing body of evidence points at a role of the plant hormones jasmonates (JAs) in 

determining the outcome of plant-virus interactions. Geminiviruses, small DNA viruses 

infecting a wide range of plant species worldwide, encode a multifunctional protein, C2, 

which is essential for full pathogenicity. The C2 protein has been shown to suppress the JA 

response, although the current view on the extent of this effect and the underlying 

molecular mechanisms is incomplete. In this work, we use a combination of exogenous 

hormone treatments, microarray analysis, and pathogen infections to analyze, in detail, the 

suppression of the JA response exerted by C2. Our results indicate that C2 specifically 

affects certain JA-induced responses, namely defence and secondary metabolism, and show 

that plants expressing C2 are more susceptible to pathogen attack. We propose a model in 

which C2 might interfere with the JA response at several levels. 

 

Shakuntala E Pillai and Ravinayak Patlavath (2015). Touch Induced Plant Defense Response. 

Journal of Plant Biology Research 4, 113–118. 

Plant perception of touch makes them more sensitive to environmental changes. Touch 

induced responses include induction of calcium sensors, reactive oxygen species, nitric 

oxide, jasmonic acid and expression of proteinase inhibitor-2 in trichomes which are 

common to defense response. Thus plants sense touch as a stress stimuli and raise a 

response similar to defense response. Further recent studies show these responses gave 

protection to subsequent pest and fungal attack. The question arises - Is touch triggered 

immunity a basal defense response? Here I have reviewed the molecules which are common 

between touch and defense. 

 

Stahl, E., Bellwon, P., Huber, S., Schlaeppi, K., Bernsdorff, F., Vallat-Michel, A., Mauch, F., 

and Zeier, J. (2016). Regulatory and functional aspects of indolic metabolism in plant 

systemic acquired resistance. Mol Plant. 

Tryptophan-derived, indolic metabolites possess diverse functions in Arabidopsis innate 

immunity to microbial pathogen infection. Here, we investigate the functional role and 

regulatory characteristics of indolic metabolism in Arabidopsis systemic acquired resistance 

(SAR) triggered by the bacterial pathogen Pseudomonas syringae. Indolic metabolism is 

broadly activated in both P. syringae-inoculated and in distant, non-inoculated leaves. At 



inoculation sites, camalexin, indol-3-ylmethylamine (I3A), and indole-3-carboxylic acid (ICA) 

are the major accumulating compounds, along with about 20 other detected indolics. 

Camalexin accumulation is positively affected by the transcription factor MYB122, and by the 

cytochrome P450 genes CYP81F1 and CYP81F2. Local I3A production, by contrast, occurs via 

indole glucosinolate breakdown by pathways dependent and independent of the myrosinase 

PEN2. Moreover, exogenous application of the defense hormone salicylic acid stimulates I3A 

generation at the expense of its precursor indol-3-ylmethylglucosinolate (I3M), and the SAR 

regulator pipecolic acid primes plants for enhanced P. syringae-induced activation of distinct 

branches of indolic metabolism. In uninfected systemic tissue, the metabolic response is 

more specific and associated with enhanced levels of the indolics I3A, ICA, and 

indole-3-carbaldehyde (ICC). Systemic indole accumulation fully depends on functional 

CYP79B2/3, PEN2, and MYB34/51/122, and requires functional SAR signalling. Mutant 

analyses suggest that systemically elevated indoles are dispensable for SAR directed against 

P. syringae and associated systemic increases of salicylic acid. However, soil-grown but not 

hydroponically-cultivated cyp79b2/3 and pen2 plants, both defective in indolic secondary 

metabolism, exhibit pre-induced immunity, which abrogates their intrinsic ability to induce 

SAR. 

 

Vidhyasekaran, P. (2016a). Role of Plant Immune Signals and Signaling Systems in Plant 

Pathogenesis. In Switching on Plant Innate Immunity Signaling Systems, (Springer 

International Publishing), pp. 27–90 

Plants possess innate immune system to resist pathogen attack. Innate immunity is the first 

line of defense against invading microorganisms. Pathogens possess pathogen-associated 

molecular patterns (PAMPs). The PAMPs are primary danger/alarm signal molecules to 

switch on the plant immune systems. PAMPs are evolutionarily conserved building blocks of 

microbial surfaces that directly bind to plant pattern recognition receptors (PRRs). Plants use 

the PRRs to defend themselves from microbial pathogens. The PRRs are localized at the 

plasma membrane and the PAMPs activate expression of the genes encoding various PRRs. 

When activated by the PAMP, the PRR is translocated to endocytic compartments and 

endocytosis of the PRR is important for activation of several downstream signaling events. 

The plant immune system uses several second messengers to encode information generated 

by the PAMPs and deliver the information downstream of PRRs to proteins which decode and 

interpret the signals and initiate defense gene expression. G-proteins act as molecular 

switches in signal transduction system. Calcium ion is an important intracellular second 

messenger and carries the PAMP signal downstream to initiate immune responses. Reactive 

oxygen species (ROS) serve as second messengers transmitting the message. ROS appears 

to interact with various defense signaling systems. It plays a central role in launching the 

defense response. Nitric oxide (NO) is a diffusible molecular messenger that plays an 

important role in plant immune response signal transduction. Mitogen-activated protein 

kinase (MAPK) cascades are major pathways downstream of PAMP/PRR signaling complex 

that transduce extracellular stimuli into intracellular responses in plants. The plant hormones 

salicylic acid (SA), jasmonates (JA), ethylene (ET), abscisic acid (ABA), auxin (AUX), 

cytokinin (CK), gibberellin (GA), and brassinosteroid (BR) play important role in intercellular 

and systemic signaling systems triggering expression of various defense-responsive genes. 

SA signaling is involved in triggering systemic acquired resistance (SAR). SAR is associated 

with priming of defense responses and the priming results in a faster and stronger induction 

of defense responses after pathogen attack. The priming can be inherited epigenetically and 

descendants of primed plants exhibit next-generation systemic acquired resistance. Thus 

when pathogens land on the plant surface, the PAMPs trigger highly complex defense 

responses against the pathogens and suppress disease development. However virulent 

pathogen may modify its PAMP structure during its pathogenesis to reduce its elicitor 

activity. Virulent pathogens may also contain inefficient PAMPs and trigger subdued defense 



responses favoring disease development. The reduced activity of PAMPs might facilitate the 

virulent pathogens to cause disease. Besides PAMP molecules, pathogens produce effectors, 

which play an important role in pathogenesis. Effectors specifically contribute to virulence of 

pathogens by targeting host plant innate immunity. The effectors secreted by various 

pathogens have been shown to suppress the PAMP-triggered immunity. Effectors disrupt 

binding of PAMP with PRR in the PAMP-PRR signaling complex. Effectors may promote 

ubiquitin-proteasome-mediated degradation of PRRs to impede PAMP-triggered plant 

immunity. Effectors have been shown to target the receptor kinase activity of the PRRs and 

inhibit the kinase activity to block PAMP-triggered immunity. Autophosphorylation of PRRs 

results in activation of PRRs and the effectors may inhibit the autophosphorylation of PRRs 

to suppress the PAMP-triggered immune system. Some effectors have been shown to block 

the action of the PRR signal amplifier BAK1. Several receptor-like cytoplasmic kinases 

(RLCK) including BIK1, PBS1, and PBS1-like (PBL) proteins play important role in regulation 

of the signaling pathways downstream of PAMP-PRR-BAK1 signaling complex and the 

effectors have been shown to block the action of these RLCKs. Effectors may also suppress 

the MAPK signaling cascade triggered by PAMPs. Effectors have been shown to suppress SA 

signaling system, which is involved in triggering defense responses against a broad range of 

plant pathogens. Pathogens may induce specific signaling systems, which may favor disease 

development. Pathogen hijacks ABA signaling system to suppress SA-mediated defense 

responses promoting disease development. JA signaling system has been reported to confer 

susceptibility against some pathogens and pathogens may hijack JA signaling system to 

cause disease. Necrotrophic pathogens use SA signaling pathway to promote disease 

development by suppressing JA signaling pathway. Auxin signaling system has been shown 

to be involved in promoting susceptibility to pathogens and inducing disease development. 

Pathogens hijack the host auxin metabolism leading to the accumulation of a conjugated 

form of the hormone, indole-3-acetic acid (IAA) – Asp, to promote disease development. 

Pathogens may hijack BR signaling machinery to interfere with effectual SA- and 

GA-controlled defenses. These studies suggest that various signals and signaling systems in 

plants modulate the pathogenesis inducing susceptibility and disease resistance and precise 

manipulation of these signaling systems will be an ideal tool to manage crop diseases. 

 

Vidhyasekaran, P. (2016b). Switching on Plant Immune Signaling Systems Using 

Microbe-Associated Molecular Patterns. In Switching on Plant Innate Immunity Signaling 

Systems, (Springer International Publishing), pp. 91–190. 

Plants are endowed with innate immune system with ability to confer resistance against 

wide-range of oomycete, fungal, bacterial and viral pathogens. This basal resistance is not 

expressed in healthy unstressed plants. The pathogen associated molecular patterns 

(PAMPs)/microbe associated molecular patterns (MAMPs)/microbe-derived elicitors switch on 

various signaling systems activating the basal resistance. They can induce resistance against 

a wide range of biotrophic, hemibiotrophic, and necrotrophic pathogens. Thus engineering of 

PAMPs/MAMPs/elicitors may offer new opportunities for generating broad-spectrum disease 

resistance in various crops. Genetic engineering using genes encoding PAMPs may be highly 

effective in controlling diseases. Alternatively, formulations of the PAMPs can be developed 

and used as plant defense activators to manage wide-spectrum of diseases. The time of 

induction, intensity of induction, and duration of induction of the defense signals may vary 

depending on PAMPs. Amount of PAMP available in the plant-pathogen interaction site may 

determine the intensity of induced gene expression. Each PAMP may regulate distinctly 

different signaling pathway(s). Sometimes different PAMPs may induce the same signaling 

system, but the intensity of the defense signaling gene expression may differ. The same 

PAMP may behave differently in different plant system. A single PAMP may not be able to 

activate all the defense signaling-related genes and several PAMPs may be required to 

activate the complex signaling systems. PAMPs may act synergistically or antagonistically in 



inducing defense signaling. Some PAMPs have additive effect, while others show antagonistic 

effect between them. Selection of suitable PAMPs to manage different pathogens in different 

host plants is important in exploiting the PAMPs for disease management. Several 

commercial formulations of PAMPs/MAMPs/elicitors have been developed in different 

countries and widely used as foliar spray. The PAMP harpin formulation induces both local 

and systemic resistance in foliage and also induces resistance in fruits. Several factors such 

as environment, genotype, and crop nutrition determine the efficacy of harpin in controlling 

diseases under field conditions. The time of application is very critical in enhancing the 

efficacy of harpin in controlling diseases. Harpin should be applied before the pathogen 

invasion. The concentration of the harpin applied also determines the efficacy of the 

treatment in controlling diseases. Foliar application of harpin not only reduces disease 

incidence but also acts as a growth promoter. Bioengineering the genes encoding 

proteinaceous PAMPs such as harpins, elicitins, and flagellins has been found to be effective 

tool to manage crop diseases. Levels of the PAMP harpin gene expression may vary among 

different transgenic plant lines. The transgenic plants which show high level of expression of 

harpin gene expression show very high level of resistance, while the transgenic plants which 

show low level of expression of the harpin gene show very low level of resistance against 

pathogens, suggesting that the transgenic lines should be carefully selected to generate 

highly useful disease-resistant cultivars. Proper selection of promoters for developing 

transgenic disease-resistant plants using PAMP genes is necessary. Expression of harpin 

genes can be enhanced resulting in higher accumulation of harpin by properly selecting the 

promoter for gene transcription. A promoter of the rice phenylalanine ammonia-lyase (PAL) 

gene was used to regulate the expression of cryptogein (crypt) gene in tobacco. The PAL 

promoter had a low level of constitutive expression and was strongly induced by pathogen 

infection. The transgenic tobacco plants expressing cryptogein with the inducible PAL 

promoter showed significantly enhanced resistance against various pathogens, suggesting 

that low-level constitutive expression of elicitin gene may have potential use in generating 

broad-spectrum disease-resistant plants. The constitutive expression of elicitin gene in 

transgenic plants will be ideal to induce resistance against wide-range of pathogens. 

Continuous recognition of the elicitin signal has been shown to be a prerequisite for 

prolonged activation of signaling events in tobacco cells. However, elicitin is known to induce 

cell necrosis and hence constitutive overexpression of the gene may affect the agronomic 

characters of the transgenic plants. To reduce the phytotoxicity of the elicitin, transgenic 

plants harboring a pathogen-inducible promoter were developed to express the elicitin at low 

level. The gene encoding the proteinaceous elicitor FsphDNase shows DNase activity, which 

can cause damage of DNA within nuclei of plant cells. Constitutive activation of FsphDNase 

within the plant cell may be destructive. However, use of pathogen-inducible promoters 

overcomes the adverse effect and the transgenic tobacco plants expressing the elicitor gene 

showed no detectable morphological differences from the wild-type plants. These transgenic 

plants also showed enhanced resistance against fungal, bacterial, and oomycete pathogens. 

Selection of suitable pathogen-inducible promoter for expressing the elicitor gene appears to 

be a perquisite for developing disease-resistant plants without any reduction in yield 

potential. Collectively these studies suggest that the PAMPs have high potential to engineer 

and manipulate defense signaling systems to intervene in pathogensesis of a wide-range of 

pathogens. Transgenic plants are often considered as poor yielder with adverse agronomic 

characters. The major drawback in developing transgenic plants for management of crop 

diseases is in their adverse effect on crop growth and yield potential. However, the 

transgenic plants expressing harpin gene did not affect crop growth and yield characters. 

Technologies have also been developed to reduce the adverse effect of some PAMPs on plant 

growth characters by using pathogen-inducible promoters instead of using constitutively 

expressing promoters. 

 



Wang, C., Wang, C., Li, H.-W., Wei, T., Wang, Y.-P., and Liu, H.-X. (2015). Overexpression 

of a harpin-encoding gene popW in tobacco enhances resistance against Ralstonia 

solanacearum. Biol Plant 60, 181–189. 

PopW, a harpin protein identified from Ralstonia solanacearum, has multiple beneficial 

effects in plants, promoting plant growth and development, increasing crop yield, and 

inducing resistance to pathogens. Tobacco plants transformed with popW, the 

PopW-encoding gene, exhibited a promoted growth rate and enhanced resistance to Tobacco 

mosaic virus (TMV). Here, it is documented that the transgenic tobacco plants 

overexpressing popW exhibited a higher resistance to R. solanacearum YN10 infection 

compared with that of the wild-type plants. In the popW-expressing tobacco lines, an 

enhanced H2O2 accumulation and hypersensitive reaction (HR) were activated in the 

inoculated site. In addition, the resistance was accompanied with increased transcripts in 

numbers of genes related to defense (including HR), reactive oxygen species (ROS) 

scavenging, and salicylic acid (SA), jasmonic acid (JA), and ethylene (ET) production. These 

results suggest that popW acted as positive regulator in tobacco resistance against R. 

solanacearum via modulation of SA-, JA-, and ET-mediated signaling pathways. We report 

for the first time that the expression of a harpin-encoding gene in vivo improved plant 

resistance to R. solanacearum. 

 

Windram, O., Stoker, C., and Denby, K. (2016). Overview of Plant Defence Systems: 

Lessons from Arabidopsis-Botrytis cinerea Systems Biology. In Botrytis – the Fungus, the 

Pathogen and Its Management in Agricultural Systems, S. Fillinger, and Y. Elad, eds. 

(Springer International Publishing), pp. 335–360. 

Botrytis cinerea is an important model system for studying the necrotrophic plant pathogen 

lifestyle, whilst also representing one of the most economically destructive agricultural 

pathogens. A key challenge to understanding the pathology of this virulent fungus involves 

unraveling host responses. These host responses involve complex regulatory mechanisms 

and multiple downstream defence processes. In addition, the pathogen is capable of 

manipulating cellular processes in the host to favour infection. In this chapter we will 

present recent advances in systems biology approaches, combining high-throughput ‘omics 

technologies and computational/mathematical network inference techniques, which have 

been used to tease apart this complex host-pathogen interaction. We will also highlight 

novel systems approaches from other areas of plant pathology and plant science that can be 

applied to provide a more comprehensive understanding of plant defence against B. cinerea. 

We will conclude with the key challenges of understanding how both plant defence and 

pathogen attack are integrated, and translating knowledge from Arabidopsis to crop plants. 

 

Ziebell, H. (2016). Plant Defence and Viral Interference. In Plant-Virus Interactions, T. 

Kleinow, ed. (Springer International Publishing), pp. 123–159. 

Plants face attack by a number of pathogens, pests and abiotic stresses. Due to their sessile 

nature, they cannot flee but have to fight their attackers. They have developed numerous 

mechanisms to fight off pathogens such as viruses. Some of these are genetically 

determined by resistance genes, coding for factors that might be required for the replication 

of a virus (recessive resistance genes) or that trigger an active defence via the 

hypersensitive response to restrict the invading attacker (such as dominant resistance 

genes). Additionally, adaptive responses such as induced resistance or RNA silencing are 

further obstacles that might prevent successful infection of a host. In return, viruses have 

developed several countermeasure strategies in order to infect plants successfully. Some of 

these strategies are presented in this review. 

 



Zhong, Y., Peng, J., Chen, Z., Xie, H., Luo, D., Dai, J., Yan, F., Wang, J., Dong, H., and 

Chen, S. (2015). Dry mycelium of Penicillium chrysogenum activates defense responses and 

restricts the spread of Tobacco Mosaic Virus in tobacco. Physiological and Molecular Plant 

Pathology 92, 28–37 

Microbes and microbial metabolites/molecules-induced resistance is known to protect plants 

from several invaders, including viruses. We studied a water extract of dry mycelium of 

Penicillium chrysogenum (DMP)-induced defense responses and determined whether this 

extract protects tobacco from Tobacco Mosaic Virus (TMV). Transcripts of four genes – PAL, 

4CL, C4H and LPO that are involved in the synthesis of secondary metabolites and the 

contents of phenolic compounds, scopoletin and lignin, were rapidly induced in DMP-treated 

BY-2 cell suspensions that were derived from Nicotiana tabacum L. cv. Bright Yellow-2, 

indicating a DMP-induced resistance in BY-2 cells. Transcripts of the salicylic acid 

(SA)-dependent gene PR-1a were rapidly induced after DMP treatment, indicating the 

activation of SA-dependent signaling pathway. The expression of the jasmonic acid 

(JA)-responsive gene PDF1.2 suggests that DMP might induce distinct signaling pathways 

simultaneously. A 30B vector carrying the green fluorescent protein gene (30B:GFP) was 

used to monitor the replication of the virus vector in BY-2 cells and tobacco plants. The 

spread of the virus vector was impaired both in DMP-pretreated BY-2 cells and tobacco 

plants, indicating that DMP helped protect tobacco against TMV. Our data suggest that the 

DMP activates defense responses in tobacco BY-2 cell suspensions, including the 

accumulation of secondary metabolites and the expression of defense responses genes, and 

protects tobacco from TMV. 

 

Song, G.C., Choi, H.K., and Ryu, C.-M. (2015a). Gaseous 3-pentanol primes plant immunity 

against a bacterial speck pathogen, Pseudomonas syringae pv. tomato via salicylic acid and 

jasmonic acid-dependent signaling pathways in Arabidopsis. Front. Plant Sci. 6, 821 

3-Pentanol is an active organic compound produced by plants and is a component of emitted 

insect sex pheromones. A previous study reported that drench application of 3-pentanol 

elicited plant immunity against microbial pathogens and an insect pest in crop plants. Here, 

we evaluated whether 3-pentanol and the derivatives 1-pentanol and 2-pentanol induced 

plant systemic resistance using the in vitro I-plate system. Exposure of Arabidopsis 

seedlings to 10 µM and 100 nM 3-pentanol evaporate elicited an immune response to 

Pseudomonas syringae pv. tomato DC3000. We performed quantitative real-time PCR to 

investigate the 3-pentanol-mediated Arabidopsis immune responses by determining 

Pathogenesis-Related (PR) gene expression levels associated with defense signaling through 

SA, JA, and ethylene signaling pathways. The results show that exposure to 3-pentanol and 

subsequent pathogen challenge upregulated PDF1.2 and PR1 expression. Selected 

Arabidopsis mutants confirmed that the 3-pentanol-mediated immune response involved 

salicylic acid (SA) and jasmonic acid (JA) signaling pathways and the NPR1 gene. Taken 

together, this study indicates that gaseous 3-pentanol triggers induced resistance in 

Arabidopsis by priming SA and JA signaling pathways. To our knowledge, this is the first 

report that a volatile compound of an insect sex pheromone triggers plant systemic 

resistance against a bacterial pathogen. 

 

Dimlioğlu, G., Daş, Z.A., Bor, M., Özdemir, F., and Türkan, İ. (2015). The impact of GABA in 

harpin-elicited biotic stress responses in Nicotiana tabaccum. J. Plant Physiol. 188, 51–57 

Harpin is a bacterial elicitor protein that was first isolated from Erwinia amylovora. 

Infiltration of this elicitor into the leaves of plants activates systemic acquired resistance 

against a variety of plant pathogens via the salicyclic acid defense pathway. The non-protein 

amino acid, neurotransmission inhibitor molecule of mammals-GABA- is found in all 

organisms and is known to be an important component of stress responses in plants. We 



hypothesized a possible interaction between harpin-induced defense responses and GABA 

shunt. Therefore, we conducted experiments on harpin-infiltrated tobacco and analyzed the 

components of GABA shunt in relation to growth, photosynthesis and H2O2 levels. RGR, 

RWC and photosynthetic efficiency were all affected in harpin-infiltrated tobacco leaves, but 

the rate of decline was more remarkable on RGR. H2O2 levels showed significant difference 

on 7 days after harpin infiltration when the necrotic lesions were also visible. GABA 

accumulation was increased and glutamate levels were decreased parallel to the differences 

in GDH and GAD enzyme activities, especially on days 5 and 7 of harpin infiltration. 

Transcript abundance of GDH and GAD encoding genes were differentially regulated in 

harpin-infiltrated leaves as compared to that of control and mock groups. In the present 

study, for the first time we showed a relationship between harpin-elicited responses and 

GABA in tobacco that was not mediated by H2O2 accumulation. Harpin infiltration 

significantly induced the first components of the GABA shunt such as GDH, GAD, glutamate 

and GABA in tobacco. 

 

Chandra, S., Chakraborty, N., Dasgupta, A., Sarkar, J., Panda, K., and Acharya, K. (2015). 

Chitosan nanoparticles: A positive modulator of innate immune responses in plants. Sci Rep 

5, 15195 

The immunomodulatory role of the natural biopolymer, chitosan, has already been 

demonstrated in plants, whilst its nanoparticles have only been examined for biomedical 

applications. In our present study, we have investigated the possible ability and mechanism 

of chitosan nanoparticles (CNP) to induce and augment immune responses in plants. 

CNP-treatment of leaves produced significant improvement in the plant's innate immune 

response through induction of defense enzyme activity, upregulation of defense related 

genes including that of several antioxidant enzymes as well as elevation of the levels of total 

phenolics. It is also possible that the extracellular localization of CNP may also play a role in 

the observed upregulation of defense response in plants. Nitric oxide (NO), an important 

signaling molecule in plant defense, was also observed to increase following CNP treatment. 

However, such CNP-mediated immuno-stimulation was significantly mitigated when NO 

production was inhibited, indicating a possible role of NO in such immune induction. Taken 

together, our results suggest that CNP may be used as a more effective phytosanitary or 

disease control agent compared to natural chitosan for sustainable organic cultivation. 

 

Li, W., Xu, Y.-P., Yang, J., Chen, G.-Y., and Cai, X.-Z. (2015b). Hydrogen peroxide is 

indispensable to Xanthomonas oryzae pv. oryzae-induced hypersensitive response and 

nonhost resistance in Nicotiana benthamiana. Australasian Plant Pathol. 1–7 

Nonhost resistance is a durable and broad-spectrum resistance in plants that are outside of 

the given pathogens’ host range. Previously, we reported that the important pathogen 

Xanthomonas oryzae pv. oryzae (Xoo), which causes bacterial blight disease in rice, rapidly 

triggers the hypersensitive response (HR) and nonhost resistance in its nonhost plant 

Nicotiana benthamiana. In this study, we optimized the conditions, including the inoculum 

concentration, the leaf positions for inoculation and the plant post-inoculation growth 

temperature, to induce Xoo-triggered HR and nonhost resistance. We demonstrated that 
inoculating with a Xoo concentration of 1 × 108 cfu mL−1 in fully expanded leaves of N. 

benthamiana plants resulted in the strongest induction of HR and nonhost resistance. 

Furthermore, we probed the role of hydrogen peroxide (H2O2) in Xoo-induced HR and 

nonhost resistance. An exogenous supply of H2O2 accelerated Xoo-induced HR, while the 

elimination of H2O2 by the application of a catalase blocked the HR-mediated suppression of 

bacterial growth in N. benthamiana. Moreover, ∆hrpD6 and ∆hrcU Xoo mutants, which are 

deficient in H2O2 production, did not show an induction of HR, while another Xoo mutant, 

∆hpa1, caused a strong H2O2 accumulation prior to its delayed HR induction. Collectively, 



our results reveal that H2O2 is indispensable to Xoo-induced HR and nonhost resistance in 

N. benthamiana. 

 

Kaurilind, E., Xu, E., and Brosché, M. (2015). A genetic framework for H2O2 induced cell 

death in Arabidopsis thaliana. BMC Genomics 16, 837 

BACKGROUND: To survive in a changing environment plants constantly monitor their 

surroundings. In response to several stresses and during photorespiration plants use 

reactive oxygen species as signaling molecules. The Arabidopsis thaliana catalase2 (cat2) 

mutant lacks a peroxisomal catalase and under photorespiratory conditions accumulates 

H2O2, which leads to activation of cell death. 

METHODS: A cat2 double mutant collection was generated through crossing and scored for 

cell death in different assays. Selected double mutants were further analyzed for 

photosynthetic performance and H2O2 accumulation. 

RESULTS: We used a targeted mutant analysis with more than 50 cat2 double mutants to 

investigate the role of stress hormones and other defense regulators in H2O2-mediated cell 

death. Several transcription factors (AS1, MYB30, MYC2, WRKY70), cell death regulators 

(RCD1, DND1) and hormone regulators (AXR1, ERA1, SID2, EDS1, SGT1b) were essential 

for execution of cell death in cat2. Genetic loci required for cell death in cat2 was compared 

with regulators of cell death in spontaneous lesion mimic mutants and led to the 

identification of a core set of plant cell death regulators. Analysis of gene expression data 

from cat2 and plants undergoing cell death revealed similar gene expression profiles, further 

supporting the existence of a common program for regulation of plant cell death. 

CONCLUSIONS: Our results provide a genetic framework for further study on the role of 

H2O2 in regulation of cell death. The hormones salicylic acid, jasmonic acid and auxin, as 

well as their interaction, are crucial determinants of cell death regulation. 

 

Kakkar, A., Nizampatnam, N.R., Kondreddy, A., Pradhan, B.B., and Chatterjee, S. (2015). 

Xanthomonas campestris cell–cell signalling molecule DSF (diffusible signal factor) elicits 

innate immunity in plants and is suppressed by the exopolysaccharide xanthan. J. Exp. Bot. 

66, 6697–6714 

Several secreted and surface-associated conserved microbial molecules are recognized by 

the host to mount the defence response. One such evolutionarily well-conserved bacterial 

process is the production of cell–cell signalling molecules which regulate production of 

multiple virulence functions by a process known as quorum sensing. Here it is shown that a 

bacterial fatty acid cell–cell signalling molecule, DSF (diffusible signal factor), elicits innate 

immunity in plants. The DSF family of signalling molecules are highly conserved among 

many phytopathogenic bacteria belonging to the genus Xanthomonas as well as in 

opportunistic animal pathogens. Using Arabidopsis, Nicotiana benthamiana, and rice as 

model systems, it is shown that DSF induces a hypersensitivity reaction (HR)-like response, 

programmed cell death, the accumulation of autofluorescent compounds, hydrogen peroxide 

production, and the expression of the PATHOGENESIS-RELATED1 (PR-1) gene. Furthermore, 

production of the DSF signalling molecule in Pseudomonas syringae, a non-DSF-producing 

plant pathogen, induces the innate immune response in the N. benthamiana host plant and 

also affects pathogen growth. By pre- and co-inoculation of DSF, it was demonstrated that 

the DSF-induced plant defence reduces disease severity and pathogen growth in the host 

plant. In this study, it was further demonstrated that wild-type Xanthomonas campestris 

suppresses the DSF-induced innate immunity by secreting xanthan, the main component of 

extracellular polysaccharide. The results indicate that plants have evolved to recognize a 

widely conserved bacterial communication system and may have played a role in the 

co-evolution of host recognition of the pathogen and the communication machinery. 

 



Guan, R., Su, J., Meng, X., Li, S., Liu, Y., Xu, J., and Zhang, S. (2015). Multilayered 

Regulation of Ethylene Induction Plays a Positive Role in Arabidopsis Resistance against 

Pseudomonas syringae. Plant Physiol. 169, 299–312 

Ethylene, a key phytohormone involved in plant-pathogen interaction, plays a positive role 

in plant resistance against fungal pathogens. However, its function in plant bacterial 

resistance remains unclear. Here, we report a detailed analysis of ethylene induction in 

Arabidopsis (Arabidopsis thaliana) in response to Pseudomonas syringae pv tomato DC3000 

(Pst). Ethylene biosynthesis is highly induced in both pathogen/microbe-associated 

molecular pattern (PAMP)-triggered immunity and effector-triggered immunity (ETI), and 

the induction is potentiated by salicylic acid (SA) pretreatment. In addition, Pst actively 

suppresses PAMP-triggered ethylene induction in a type III secretion system-dependent 

manner. SA potentiation of ethylene induction is dependent mostly on MITOGEN-ACTIVATED 

PROTEIN KINASE6 (MPK6) and MPK3 and their downstream ACS2 and ACS6, two type I 

isoforms of 1-aminocyclopropane-1-carboxylic acid synthases (ACSs). ACS7, a type III ACS 

whose expression is enhanced by SA pretreatment, is also involved. Pst expressing the 

avrRpt2 effector gene (Pst-avrRpt2), which is capable of triggering ETI, induces a higher 

level of ethylene production, and the elevated portion is dependent on SALICYLIC ACID 

INDUCTION DEFICIENT2 and NONEXPRESSER OF PATHOGENESIS-RELATED GENE1, two key 

players in SA biosynthesis and signaling. High-order ACS mutants with reduced ethylene 

induction are more susceptible to both Pst and Pst-avrRpt2, demonstrating a positive role of 

ethylene in plant bacterial resistance mediated by both PAMP-triggered immunity and ETI. 

 

Fister, A.S., O’Neil, S.T., Shi, Z., Zhang, Y., Tyler, B.M., Guiltinan, M.J., and Maximova, S.N. 

(2015). Two Theobroma cacao genotypes with contrasting pathogen tolerance show 

aberrant transcriptional and ROS responses after salicylic acid treatment. J. Exp. Bot. 66, 

6245–6258 

Understanding the genetic basis of pathogen susceptibility in various crop plants is crucial to 

increasing the stability of food, feed, and fuel production. Varietal differences in defence 

responses provide insights into the mechanisms of resistance and are a key resource for 

plant breeders. To explore the role of salicylic acid in the regulation of defence in cacao, we 

demonstrated that SA treatment decreased susceptibility to a pod rot pathogen, 

Phytophthora tropicalis in two genotypes, Scavina 6 and Imperial College Selection 1, which 

differ in their resistance to several agriculturally important pathogens. Transient 

overexpression of TcNPR1, a major transcriptional regulator of the SA-dependent plant 

immune system, also increased pathogen tolerance in cacao leaves. To explore further the 

genetic basis of resistance in cacao, we used microarrays to measure gene expression 

profiles after salicylic acid (SA) treatment in these two cacao genotypes. The two genotypes 

displayed distinct transcriptional responses to SA. Unexpectedly, the expression profile of 

the susceptible genotype ICS1 included a larger number of pathogenesis-related genes that 

were induced by SA at 24h after treatment, whereas genes encoding many chloroplast and 

mitochondrial proteins implicated in reactive oxygen species production were up-regulated in 

the resistant genotype, Sca6. Sca6 accumulated significantly more superoxide at 24h after 

treatment of leaves with SA. These experiments revealed critical insights regarding the 

molecular differences between cacao varieties, which will allow a better understanding of 

defence mechanisms to help guide breeding programmes. 

 

Adachi, H., Nakano, T., Miyagawa, N., Ishihama, N., Yoshioka, M., Katou, Y., Yaeno, T., 

Shirasu, K., and Yoshioka, H. (2015). WRKY Transcription Factors Phosphorylated by MAPK 

Regulate a Plant Immune NADPH Oxidase in Nicotiana benthamiana. Plant Cell 27, 

2645–2663 



Pathogen attack sequentially confers pattern-triggered immunity (PTI) and effector-triggered 

immunity (ETI) after sensing of pathogen patterns and effectors by plant immune receptors, 

respectively. Reactive oxygen species (ROS) play pivotal roles in PTI and ETI as signaling 

molecules. Nicotiana benthamiana RBOHB, an NADPH oxidase, is responsible for both the 

transient PTI ROS burst and the robust ETI ROS burst. Here, we show that RBOHB 

transactivation mediated by MAPK contributes to R3a/AVR3a-triggered ETI (AVR3a-ETI) ROS 

burst. RBOHB is markedly induced during the ETI and INF1-triggered PTI (INF1-PTI), but not 

flg22-tiggered PTI (flg22-PTI). We found that the RBOHB promoter contains a functional 

W-box in the R3a/AVR3a and INF1 signal-responsive cis-element. Ectopic expression of four 

phospho-mimicking mutants of WRKY transcription factors, which are MAPK substrates, 

induced RBOHB, and yeast one-hybrid analysis indicated that these mutants bind to the 

cis-element. Chromatin immunoprecipitation assays indicated direct binding of the WRKY to 

the cis-element in plants. Silencing of multiple WRKY genes compromised the upregulation 

of RBOHB, resulting in impairment of AVR3a-ETI and INF1-PTI ROS bursts, but not the 

flg22-PTI ROS burst. These results suggest that the MAPK-WRKY pathway is required for 

AVR3a-ETI and INF1-PTI ROS bursts by activation of RBOHB. 

 

Amrine, K.C.H., Blanco-Ulate, B., Riaz, S., Pap, D., Jones, L., Figueroa-Balderas, R., Walker, 

M.A., and Cantu, D. (2015). Comparative transcriptomics of Central Asian Vitis vinifera 

accessions reveals distinct defense strategies against powdery mildew. Hortic Res 2, 15037 

Grape powdery mildew (PM), caused by the biotrophic ascomycete Erysiphe necator, is a 

devastating fungal disease that affects most Vitis vinifera cultivars. We have previously 

identified a panel of V. vinifera accessions from Central Asia with partial resistance to PM 

that possess a Ren1-like local haplotype. In this study, we show that in addition to the 

typical Ren1-associated late post-penetration resistance, these accessions display a range of 

different levels of disease development suggesting that alternative alleles or additional 

genes contribute to determining the outcome of the interaction with the pathogen. To 

identify potential Ren1-dependent transcriptional responses and functions associated with 

the different levels of resistance, we sequenced and analyzed the transcriptomes of these 

Central Asian accessions at two time points of PM infection. Transcriptomes were compared 

to identify constitutive differences and PM-inducible responses that may underlie their 

disease resistant phenotype. Responses to E. necator in all resistant accessions were 

characterized by an early up-regulation of 13 genes, most encoding putative defense 

functions, and a late down-regulation of 32 genes, enriched in transcriptional regulators and 

protein kinases. Potential Ren1-dependent responses included a hotspot of co-regulated 

genes on chromosome 18. We also identified 81 genes whose expression levels and 

dynamics correlated with the phenotypic differences between the most resistant accessions 

'Karadzhandahal', DVIT3351.27, and O34-16 and the other genotypes. This study provides a 

first exploration of the functions associated with varying levels of partial resistance to PM in 

V. vinifera accessions that can be exploited as sources of genetic resistance in grape 

breeding programs. 

 

Arasimowicz-Jelonek, M., Floryszak-Wieczorek, J., Izbiańska, K., Gzyl, J., and Jelonek, T. 

(2015). Implication of peroxynitrite in defense responses of potato to Phytophthora 

infestans. Plant Pathol 

In this study we proposed peroxynitrite (ONOO¯) as an important player of defence 

responses during the interaction of potato (Solanum tuberosum L.) and the oomycete 

pathogen Phytophthora infestans. As we found, the potato-avr P. infestans model system 

exhibited a transient program of boosted ONOO¯ formation correlated in time with the burst 

of nitric oxide (NO) and superoxide during the first 6 h post inoculation (hpi). The early 

ONOO¯ over-accumulation was not accompanied by TPx gene expression. In turn, the 



compatible interaction revealed a 24-h delay of ONOO¯ formation; however, an enhanced 

level of NO and superoxide correlated with TPx up-regulation was recorded within the earlier 

stages of pathogen infection. Peroxynitrite over-accumulation in the susceptible potato 

coincided with an enhanced level of protein tyrosine nitration starting from 24 hpi. 

Surprisingly, the nitroproteome profile of the resistant potato did not show any visible 

difference after inoculation, apart from one band containing subtilisin-like protease-like 

proteins, which appeared 48 h after pathogen attack. An additional pharmacological 

approach showed that treatment of the susceptible genotype with ONOO¯, followed by 

inoculation with P. infestans contributed to slowing down of the colonization of host tissues 

by the pathogen via a faster and stronger up-regulation of the key defence markers, 

including the PR-1 gene. Taken together, obtained results indicate that a precise control of 

emitted NO and superoxide in cooperation with thioredoxin-dependent redox sensors in sites 

of pathogen ingress could generate a sufficient threshold of ONOO¯, triggering defence 

responses. This article is protected by copyright. 

 

Asai, S., and Shirasu, K. (2015). Plant cells under siege: plant immune system versus 

pathogen effectors. Current Opinion in Plant Biology 28, 1–8 

Pathogen-secreted effector proteins enable pathogens to manipulate plant immunity for 

successful infection. To penetrate host apoplastic space, pathogens reopen the stomata. 

Once the invasion into the apoplast occurs, pathogens deceive the host detection system by 

deploying apoplastic effectors. Pathogens also deliver an arsenal of cytosolic effectors into 

the host cells, which undermine host immunity such as salicylic acid (SA)-dependent 

immunity. Here we summarize recent findings that highlight the functions of the effectors 

from fungal, oomycete and bacterial pathogens in the key steps of infection at the stomata, 

in the apoplast, and inside the cell. We also discuss cell type-specific responses in the host 

during infection and the necessity of further investigation of plant–pathogen interactions at 

spatial and temporal resolution. 

 

Asghari, M., and Hasanlooe, A.R. (2015). Methyl jasmonate effectively enhanced some 

defense enzymes activity and Total Antioxidant content in harvested “Sabrosa” strawberry 

fruit. Food Sci Nutr 

The use of chemicals in postharvest technology of horticultural crops is highly restricted and 

it is necessary to introduce safe food preserving methods. Strawberry is very susceptible to 

postharvest losses and more than 50% of harvested fruit is lost in Iran. Effect of postharvest 

treatment with methyl jasmonate (at 0, 8, and 16 μmol L−1) on some quality attributes of 

Sabrosa strawberry fruit during storage at 1 ± 0.5°C with 90–95% RH for 14 days followed 

by 24 h at 20°C was studied. Methyl jasmonate, at both concentrations, decreased weight 

loss and retained marketability of fruits. Catalase activity of treated fruits was decreased 

during the first days, but showed a substantial increase during the second week. Methyl 

jasmonate, in a concentration-dependent manner, enhanced peroxidase activity. Fruit total 

antioxidant capacity was enhanced by methyl jasmonate treatment. The results indicated 

that methyl jasmonate plays a key role in establishing resistance against stresses, 

enhancing fruit defense systems, antioxidant capacity, and storage life leading to decreased 

postharvest losses. This phytochemical has a good potential to be used in postharvest 

technology of Sabrosa strawberry fruit and enhance the fruit postharvest life. 

 

Balmant, K.M., Parker, J., Yoo, M.-J., Zhu, N., Dufresne, C., and Chen, S. (2015). Redox 

proteomics of tomato in response to Pseudomonas syringae infection. Hortic Res 2, 15043 

Unlike mammals with adaptive immunity, plants rely on their innate immunity based on 

pattern-triggered immunity (PTI) and effector-triggered immunity (ETI) for pathogen 



defense. Reactive oxygen species, known to play crucial roles in PTI and ETI, can perturb 

cellular redox homeostasis and lead to changes of redox-sensitive proteins through 

modification of cysteine sulfhydryl groups. Although redox regulation of protein functions has 

emerged as an important mechanism in several biological processes, little is known about 

redox proteins and how they function in PTI and ETI. In this study, cysTMT proteomics 

technology was used to identify similarities and differences of protein redox modifications in 

tomato resistant (PtoR) and susceptible (prf3) genotypes in response to Pseudomonas 

syringae pv tomato (Pst) infection. In addition, the results of the redox changes were 

compared and corrected with the protein level changes. A total of 90 potential 

redox-regulated proteins were identified with functions in carbohydrate and energy 

metabolism, biosynthesis of cysteine, sucrose and brassinosteroid, cell wall biogenesis, 

polysaccharide/starch biosynthesis, cuticle development, lipid metabolism, proteolysis, 

tricarboxylic acid cycle, protein targeting to vacuole, and oxidation–reduction. This inventory 

of previously unknown protein redox switches in tomato pathogen defense lays a foundation 

for future research toward understanding the biological significance of protein redox 

modifications in plant defense responses. 

 

Carella, P., Wilson, D.C., and Cameron, R.K. (2015). Mind the gap: Signal movement 

through plasmodesmata is critical for the manifestation of SAR. Plant Signal Behav 10, 

e1075683 

Systemic acquired resistance (SAR) is a plant defense response in which an initial localized 

infection affords enhanced pathogen resistance to distant, uninfected leaves. SAR requires 

efficient long-distance signaling between the infected leaf, where SAR signals are generated, 

and the distant uninfected leaves that receive them. A growing body of evidence indicates 

that the lipid transfer protein DIR1 (Defective in Induced Resistance) is an important 

mediator of long-distance SAR signaling. In a recent publication, we investigated if 

cell-to-cell movement through plasmodesmata is required for long-distance movement of 

DIR1 during SAR. We determined that overexpression of Plasmodesmata-Located Proteins 

(PDLP1 and 5) negatively impacted long-distance DIR1 movement and SAR competence, 

suggesting that movement through plasmodesmata contributes to long-distance signal 

movement during SAR. 

 

Feechan, A., Turnbull, D., Stevens, L.J., Engelhardt, S., Birch, P.R.J., Hein, I., and Gilroy, 

E.M. (2015). The Hypersensitive Response in PAMP- and Effector-Triggered Immune 

Responses. In Plant Programmed Cell Death, A.N. Gunawardena, and P.F. McCabe, eds. 

(Springer International Publishing), pp. 235–268 

Plants are sessile organisms that cannot move to escape the barrage of attacking pests and 

pathogens that wish to steal the nutrients that they produce from the sun’s energy. Plants 

do not have a specialized circulating inflammatory immune system like animals; instead 

every cell can mount defenses against a range of different potential invaders. Consequently 

plants possess a diverse range of responses, tailored to the challenges each type of assault 

brings, so that a successful infection is the exception. Programmed cell death (PCD) plays an 

important role in several layers of defenses against biotrophic microorganisms in plants. The 

cellular processes triggered by pathogen perception leading to cell death at the site of 

attempted infection are crucial for determining the outcome of a plant–pathogen interaction. 

By rapidly sacrificing tissue as early as possible, the plant intentionally denies invading 

biotrophic pathogens the conditions required for growth, thus preventing further infection 

spread. It is vitally important that there is tight regulation of this PCD to prevent 

inappropriate activation which can tip the balance back in the favor of an attacker. In this 

chapter, we will describe the types of recognition events that trigger PCD, as part of major 

plant resistance responses, such as the hypersensitive response (HR), and describe some of 

the major signaling events that regulate but also can be uncoupled from the PCD itself. 



 

Gravino, M., Savatin, D.V., Macone, A., and De Lorenzo, G. (2015). Ethylene production in 

Botrytis cinerea- and oligogalacturonide-induced immunity requires calcium-dependent 

protein kinases. Plant J. 

Plant immunity against pathogens is achieved through rapid activation of defense responses 

that occur upon sensing of microbe- or damage-associated molecular pattern, respectively 

referred to as MAMPs and DAMPs. Oligogalacturonides (OGs), linear fragments derived from 

homogalacturonan hydrolysis by pathogen-secreted cell wall-degrading enzymes, and flg22, 

a 22-amino acid peptide derived from the bacterial flagellin, represent prototypical DAMPs 

and MAMPs, respectively. Both types of molecules induce protection against infections. In 

plants, like in animals, calcium is a second messenger that mediates responses to biotic 

stresses by activating calcium-binding proteins. Here we show that simultaneous loss of 

calcium-dependent protein kinases (CDPKs) CPK5, CPK6 and CPK11 affects Arabidopsis 

thaliana basal as well as elicitor- induced resistance to the necrotroph Botrytis cinerea, by 

affecting pathogen-induced ethylene production and accumulation of the ethylene 

biosynthetic enzymes 1-aminocyclopropane-1-carboxylic acid (ACC) synthase 2 (ACS2) and 

6 (ACS6). Moreover, ethylene signaling contributes to OG-triggered immunity activation, 

and lack of CPK5, CPK6 and CPK11 affects the duration of OG- and flg22-induced gene 

expression, indicating that these kinases are shared elements of both DAMP and MAMP 

signaling pathways. This article is protected by copyright. 

 

Jiang, C.-H., Huang, Z.-Y., Xie, P., Gu, C., Li, K., Wang, D.-C., Yu, Y.-Y., Fan, Z.-H., Wang, 

C.-J., Wang, Y.-P., et al. (2015). Transcription factors WRKY70 and WRKY11 served as 

regulators in rhizobacterium Bacillus cereus AR156-induced systemic resistance to 

Pseudomonas syringae pv. tomato DC3000 in Arabidopsis. J. Exp. Bot. 

The activation of both the SA and JA/ETsignalling pathways may lead to more efficient 

general and broad resistance to Pst DC3000 by non-pathogenic rhizobacteria. However, the 

mechanisms that govern this simultaneous activation are unclear. Using Arabidopsis as a 

model system, two transcription factors, WRKY11 and WRKY70, were identified as important 

regulators involved in Induced Systemic Resistance (ISR) triggered by Bacillus cereus 

AR156. The results revealed that AR156 treatment significantly stimulated the transcription 

of WRKY70, but suppressed that of WRKY11 in Arabidopsis leaves. Furthermore, they were 

shown to be required for AR156 enhancing the activation of cellular defence responses and 

the transcription level of the plant defence response gene. Overexpression of the two 

transcription factors in Arabidopsis also showed that they were essential for AR156 to elicit 

ISR. AR156-triggered ISR was completely abolished in the double mutant of the two 

transcription factors, but still partially retained in the single mutants, indicating that the 

regulation of the two transcription factors depend on two different pathways. The target 

genes of the two transcription factors and epistasis analysis suggested that WRKY11 

regulated AR156-triggered ISR through activating the JA signalling pathway, and WRKY70 

regulated the ISR through activating the SA signalling pathway. In addition, both WRKY11 

and WRKY70 modulated AR156-triggered ISR in a NPR1-dependent manner. In conclusion, 

WRKY11 and WRKY70 played an important role in regulating the signalling transduction 

pathways involved in AR156-triggered ISR. This study is the first to illustrate the mechanism 

by which a single rhizobacterium elicits ISR by simultaneously activating both the SA and 

JA/ET signalling pathways. 

 

Kovacs, I., Durner, J., and Lindermayr, C. (2015). Crosstalk between nitric oxide and 

glutathione is required for NONEXPRESSOR OF PATHOGENESIS-RELATED GENES 1 

(NPR1)-dependent defense signaling in Arabidopsis thaliana. New Phytol 208, 860–872 



Nitric oxide (NO) is a ubiquitous signaling molecule involved in a wide range of physiological 

and pathophysiological processes in animals and plants. Although its significant influence on 

plant immunity is well known, information about the exact regulatory mechanisms and 

signaling pathways involved in the defense response to pathogens is still limited. 

We used genetic, biochemical, pharmacological approaches in combination with infection 

experiments to investigate the NO-triggered salicylic acid (SA)-dependent defense response 

in Arabidopsis thaliana. 

The NO donor S-nitrosoglutathione (GSNO) promoted the nuclear accumulation of 

NONEXPRESSOR OF PATHOGENESIS-RELATED GENES 1 (NPR1) protein accompanied by an 

elevated SA concentration and the activation of pathogenesis-related (PR) genes, leading to 

induced resistance of A. thaliana against Pseudomonas infection. Moreover, NO induced a 

rapid change in the glutathione status, resulting in increased concentrations of glutathione, 

which is required for SA accumulation and activation of the NPR1-dependent defense 

response. 

Our data imply crosstalk between NO and glutathione, which is integral to the 

NPR1-dependent defense signaling pathway, and further demonstrate that glutathione is not 

only an important cellular redox buffer but also a signaling molecule in the plant defense 

response. 

 

Lemarié, S., Robert-Seilaniantz, A., Lariagon, C., Lemoine, J., Marnet, N., Jubault, M., 

Manzanares-Dauleux, M.J., and Gravot, A. (2015). Both the Jasmonic Acid and the Salicylic 

Acid Pathways Contribute to Resistance to the Biotrophic Clubroot Agent Plasmodiophora 

brassicae in Arabidopsis. Plant Cell Physiol pcv127 

The role of salicylic acid (SA) and jasmonic acid (JA) signalling in resistance to root 

pathogens has been poorly documented. We assessed the contribution of SA and JA to basal 

and partial resistance of Arabidopsis to the biotrophic clubroot agent Plasmodiophora 

brassicae. SA and JA levels as well as the expression of the SA-responsive genes PR2 and 

PR5 and the JA-responsive genes ARGAH2 and THI2.1 were monitored in infected roots of 

the accessions Col-0 (susceptible) and Bur-0 (partially resistant). SA-signalling was 

activated in Bur-0 but not in Col-0. The JA-pathway was weakly activated in Bur-0 but was 

strongly induced in Col-0. The contribution of both pathways to clubroot resistance was then 

assessed using exogenous phytohormone application and mutants affected in SA or JA 

signalling. Exogenous SA treatment decreased clubroot symptoms in the two Arabidopsis 

accessions, whereas JA treatment reduced clubroot symptoms only in Col-0. The cpr5-2 

mutant, in which SA responses are constitutively induced, was more resistant to clubroot 

than the corresponding wild type, and the JA-signalling deficient mutant jar1 was more 

susceptible. Finally, we showed that the JA-mediated induction of NATA1 drove 

N(delta)-acetylornithine biosynthesis in infected Col-0 roots. The 35S::NATA1 and nata1 

lines displayed reduced or enhanced clubroot symptoms respectively, thus suggesting that in 

Col-0 this pathway was involved in the JA-mediated basal clubroot resistance. Overall, our 

data supports the idea that, depending on the Arabidopsis accession, both SA and JA 

signalling can play a role in partial inhibition of clubroot development in compatible 

interactions with P. brassicae. 

 

Lin, Z.-J.D., Liebrand, T.W.H., Yadeta, K.A., and Coaker, G.L. (2015). PBL13 is a 

serine/threonine protein kinase that negatively regulates Arabidopsis immune responses. 

Plant Physiol. pp.01391.2015 

Receptor-like cytoplasmic kinases (RLCKs) are a subset of plant receptor-like kinases lacking 

both extracellular and transmembrane domains. Some of the 46 members in the Arabidopsis 

RLCK subfamily VII have been linked to plant innate immunity, however most remain 

uncharacterized. Thus, multiple subfamily VII members are expected to be involved in plant 



immune signaling. Here, we investigate the role of PBL13, a subfamily VII RLCK with unique 

domain architecture. Unlike other characterized RLCKs, PBL13 T-DNA insertion lines exhibit 

enhanced disease resistance after inoculation with virulent Pseudomonas syringae. The 

pbl13-2 knockout also exhibits elevated basal level expression of the PR1 defense marker 

gene, enhanced ROS burst in response to perception of bacterial microbial patterns, and 

accelerated flagellin-induced activation of MAP kinases. Recombinant PBL13 is an active 

kinase and its primary autophosphorylated sites map to a 15 amino acid repeat motif unique 

to PBL13. Complementation of pbl13-2 with PBL13-3xFLAG converts the enhanced 

resistance and elevated ROS phenotypes back to wild type levels. In contrast, kinase dead 

PBL13K111A-3xFLAG was unable to rescue pbl13-2 disease phenotypes. Consistent with the 

enhanced ROS burst in the pbl13-2 knockout, PBL13 is able to associate with the NADPH 

oxidase RBOHD by split-luciferase complementation assay, and this association is disrupted 

by flagellin treatment. We conclude that the PBL13 kinase negatively regulates plant innate 

immunity to pathogenic bacteria and can associate with RBOHD prior to pathogen 

perception. These data are consistent with the hypothesis that PBL13 acts to prevent 

inappropriate activation of defense responses in the absence of pathogen challenge. 

 

Liu, X., Sun, Y., Kørner, C.J., Du, X., Vollmer, M.E., and Pajerowska-Mukhtar, K.M. (2015). 

Bacterial Leaf Infiltration Assay for Fine Characterization of Plant Defense Responses using 

the Arabidopsis thaliana-Pseudomonas syringae Pathosystem. J Vis Exp. 

In the absence of specialized mobile immune cells, plants utilize their localized programmed 

cell death and Systemic Acquired Resistance to defend themselves against pathogen attack. 

The contribution of a specific Arabidopsis gene to the overall plant immune response can be 

specifically and quantitatively assessed by assaying the pathogen growth within the infected 

tissue. For over three decades, the hemibiotrophic bacterium Pseudomonas syringae pv. 

maculicola ES4326 (Psm ES4326) has been widely applied as the model pathogen to 

investigate the molecular mechanisms underlying the Arabidopsis immune response. To 

deliver pathogens into the leaf tissue, multiple inoculation methods have been established, 

e.g., syringe infiltration, dip inoculation, spray, vacuum infiltration, and flood inoculation. 

The following protocol describes an optimized syringe infiltration method to deliver virulent 

Psm ES4326 into leaves of adult soil-grown Arabidopsis plants and accurately screen for 

enhanced disease susceptibility (EDS) towards this pathogen. In addition, this protocol can 

be supplemented with multiple pre-treatments to further dissect specific immune defects 

within different layers of plant defense, including Salicylic Acid (SA)-Triggered Immunity 

(STI) and MAMP-Triggered Immunity (MTI). 

 

Marcos, R., Izquierdo, Y., Vellosillo, T., Kulasekaran, S., Cascón, T., Hamberg, M., and 

Castresana, C. (2015). 9-Lipoxygenase-derived oxylipins activate brassinosteroid signaling 

to promote cell wall-based defense and limit pathogen infection. Plant Physiol. 

The oxylipins, a large family of oxygenated lipid derivatives, regulate plant development and 

immunity. Two members of the 9-lipoxygenase (9 LOX) oxylipin pathway, 9 

hydroxyoctadecatrienoic acid (9-HOT) and 9 ketooctadecatrienoic acid (9-KOT), control root 

development and plant defense. Studies in Arabidopsis using a series of 9 HOT- and 

9-KOT-insensitive noxy mutants (non-responding to oxylipins) showed the importance of the 

cell wall as a 9-LOX-induced defense component and participation of NOXY proteins in 

signaling cell wall damage. Here we examined 9-LOX signaling using the mutants lox1lox5, 

which lacks 9-LOX activity, and noxy2-2, which shows oxylipin insensitivity and 

mitochondrial dysfunction. Mutants in brassinosteroids (BR), a class of plant hormones 

necessary for normal plant growth and control of cell wall integrity, were also analyzed. 

Several lines of evidence indicated that 9 LOX-derived oxylipins induce BR synthesis and 

signaling to activate cell wall-based responses such as callose deposition, and that 



constitutive activation of BR signaling in bes1-D plants enhances this response. We found 

that constitutive BR signaling in bes1-D and bzr1-1D mutants conferred resistance to 

Pseudomonas syringae. bes1-D and bzr1-1D showed increased resistance to Golovinomyces 

cichoracearum, an obligate biotrophic fungus that penetrates the cell wall for successful 

infection, whereas susceptibility was enhanced in lox1lox5 and noxy2-2. Our results indicate 

sequential action of 9-LOX and BR signaling in activating cell wall-based defense, and that 

this response prevents pathogen penetration and growth. These results show interaction 

between the 9 LOX and BR pathways and help to clarify their role in modulating plant 

defense. 

 

Mozgová, I., Wildhaber, T., Liu, Q., Abou-Mansour, E., L’Haridon, F., Métraux, J.-P., 

Gruissem, W., Hofius, D., and Hennig, L. (2015). Chromatin assembly factor CAF-1 

represses priming of plant defence response genes. Nature Plants 1, 15127 

Plants have evolved efficient defence systems against pathogens that often rely on specific 

transcriptional responses. Priming is part of the defence syndrome, by establishing a 

hypersensitive state of defence genes such as after a first encounter with a pathogen. 

Because activation of defence responses has a fitness cost, priming must be tightly 

controlled to prevent spurious activation of defence. However, mechanisms that repress 

defence gene priming are poorly understood. Here, we show that the histone chaperone 

CAF-1 is required to establish a repressed chromatin state at defence genes. Absence of 

CAF-1 results in spurious activation of a salicylic acid-dependent pathogen defence response 

in plants grown under non-sterile conditions. Chromatin at defence response genes in CAF-1 

mutants under non-inductive (sterile) conditions is marked by low nucleosome occupancy 

and high H3K4me3 at transcription start sites, resembling chromatin in primed wild-type 

plants. We conclude that CAF-1-mediated chromatin assembly prevents the establishment of 

a primed state that may under standard non-sterile growth conditions result in spurious 

activation of SA-dependent defence responses and consequential reduction of plant vigour. 

 

Nie, L., Wang, R., Xia, Y., and Li, G. (2015). CDPK1, an Arabidopsis thaliana 

calcium-dependent protein kinase, is involved in plant defense response. Russ J Plant Physiol 

62, 866–874 

Growing evidences indicate that calcium-dependent protein kinases (CDPKs) are involved in 

many aspects of plant’s growth, development and responses to biotic and abiotic stresses. 

However, the biological roles of most CDPKs remain unclear. Here we report that CDPK1 is 

induced by infection with both virulent and avirulent Pseudomonas syringae strains. To 

understand the biological function of CDPK1, we analyzed phenotypes of the T-DNA insertion 

line (cpk10) which did not express the CDPK1 gene. The cpk10 mutant exhibited deduced 

expression of the defense-related genes PR1, PR2, and AIG1 following inoculation with the 

avirulent pathogen Pst AvrRpt2. In addition, the CDPK1 gene was found to be expressed in 

guard cells and the cpk10 mutant showed alteration in stomata closure after Pst DC3000 

infection. We also found that expression of CDPK1 is induced by plant hormones salicylic 

acid, methyl jasmonate, and abscisic acid. These results indicate that CDPK1 may be 

involved in plant defense response. 

 

Noorbakhsh, Z., and Taheri, P. (2015). Nitric oxide: a signaling molecule which activates cell 

wall-associated defense of tomato against Rhizoctonia solani. Eur J Plant Pathol 1–18 

We investigated the role of sodium nitroprusside (SNP), as a NO donor, in activating cell 

wall-related defense responses of tomato against R. solani. Based on previous knowledge on 

the cross talk of NO with various pathways and its effect on cell wall components, 

experiments were carried out to investigate the function of cell wall-related defense 



responses, octadecanoid and phenylpropanoid pathways (which are associated with cell wall 

modification) not only in SNP-activated defense but also in basal resistance of tomato to the 

pathogen. In detached leaves and intact plants, we observed a considerable decrease in 

disease progress on both partially resistant (CH Falat) and susceptible (Mobil) tomato 

cultivars treated with SNP. The SNP treatment regulated malondialdehyde (MDA), H2O2 and 

O2 −levels in plant cells, whereas SNP primed callose depsition, phenolics and lignification, 

as defense responses related to cell wall modification in the inoculated tomato plants. 

Priming in the activity and expression of lipoxygenase (LOX) and phenylalanine 

ammonia-lyase (PAL) as key markers of octadecanoid and phenylpropanoid pathways, 

respectively, was observed in SNP-treated inoculated plants. Co-application of LOX or PAL 

inhibitors and SNP completely suppressed SNP-activated defense responses. Using 

DEA-NONOate, as an independent NO releaser, supported the data obtained by SNP on 

disease progress and the role of PAL and LOX in NO-related protection of tomato against the 

pathogen. These findings highlight the role of phenylpropanoid and octadecanoid pathways 

and involvement of cell wall modifications in NO-associated induction of defense as novel 

mechanisms of SNP-IR in tomato–R. solani pathosystem. 

 

Ochoa-López, S., Villamil, N., Zedillo-Avelleyra, P., and Boege, K. (2015). Plant defence as a 

complex and changing phenotype throughout ontogeny. Ann Bot 116, 797–806 

Background and Aims Ontogenetic changes in anti-herbivore defences are common and 

result from variation in resource availability and herbivore damage throughout plant 

development. However, little is known about the simultaneous changes of multiple defences 

across the entire development of plants, and how such changes affect plant damage in the 

field. The aim of this study was to assess if changes in the major types of plant resistance 

and tolerance can explain natural herbivore damage throughout plant ontogeny. 

Methods An assessment was made of how six defensive traits, including physical, chemical 

and biotic resistance, simultaneously change across the major transitions of plant 

development, from seedlings to reproductive stages of Turnera velutina growing in the 

greenhouse. In addition, an experiment was performed to assess how plant tolerance to 

artificial damage to leaves changed throughout ontogeny. Finally, leaf damage by herbivores 

was evaluated in a natural population. 

Key Results The observed ontogenetic trajectories of all defences were significantly different, 

sometimes showing opposite directions of change. Whereas trichome density, leaf 

toughness, extrafloral nectary abundance and nectar production increased, hydrogen 

cyanide and compensatory responses decreased throughout plant development, from 

seedlings to reproductive plants. Only water content was higher at the intermediate juvenile 

ontogenetic stages. Surveys in a natural population over 3 years showed that herbivores 

consumed more tissue from juvenile plants than from younger seedlings or older 

reproductive plants. This is consistent with the fact that juvenile plants were the least 

defended stage. 

Conclusions The results suggest that defensive trajectories are a mixed result of predictions 

by the Optimal Defence Theory and the Growth–Differentiation Balance Hypothesis. The 

study emphasizes the importance of incorporating multiple defences and plant ontogeny into 

further studies for a more comprehensive understanding of plant defence evolution. 

 

Qi, J., Li, J., Han, X., Li, R., Wu, J., Yu, H., Hu, L., Xiao, Y., Lu, J., and Lou, Y. (2015). 

Jasmonic acid carboxyl methyltransferase regulates development and herbivory-induced 

defense response in rice. J Integr Plant Biol. 

Jasmonic acid (JA) and related metabolites play a key role in plant defense and growth. JA 

carboxyl methyltransferase (JMT) may be involved in plant defense and development by 

methylating JA to methyl jasmonate (MeJA) and thus influencing the concentrations of JA 



and related metabolites. However, no JMT gene has been well characterized in 

monocotyledon defense and development at the molecular level. After we cloned a rice JMT 

gene, OsJMT1, whose encoding protein was localized in the cytosol, we found that the 

recombinant OsJMT1 protein catalyzed JA to MeJA. OsJMT1 is up-regulated in response to 

infestation with the brown planthopper (BPH; Nilaparvata lugens). Plants in which OsJMT1 

had been overexpressed (oe-JMT plants) showed reduced height and yield. These oe-JMT 

plants also exhibited increased MeJA levels but reduced levels of herbivore-induced JA and 

jasmonoyl-isoleucine (JA-Ile). The oe-JMT plants were more attractive to BPH female adults 

but showed increased resistance to BPH nymphs, probably owing to the different responses 

of BPH female adults and nymphs to the changes in levels of H2 O2 and MeJA in oe-JMT 

plants. These results indicate that OsJMT1, by altering levels of JA and related metabolites, 

plays a role in regulating plant development as well as herbivore-induced defense responses 

in rice. 

 

Ramírez, V., Gonzalez, B., López, A., Castelló, M.J., Gil, M.J., Zheng, B., Chen, P., and Vera, 

P. (2015). Loss of a Conserved tRNA Anticodon Modification Perturbs Plant Immunity. PLoS 

Genet. 11, e1005586 

tRNA is the most highly modified class of RNA species, and modifications are found in tRNAs 

from all organisms that have been examined. Despite their vastly different chemical 

structures and their presence in different tRNAs, occurring in different locations in tRNA, the 

biosynthetic pathways of the majority of tRNA modifications include a methylation step(s). 

Recent discoveries have revealed unprecedented complexity in the modification patterns of 

tRNA, their regulation and function, suggesting that each modified nucleoside in tRNA may 

have its own specific function. However, in plants, our knowledge on the role of individual 

tRNA modifications and how they are regulated is very limited. In a genetic screen designed 

to identify factors regulating disease resistance and activation of defenses in Arabidopsis, we 

identified SUPPRESSOR OF CSB3 9 (SCS9). Our results reveal SCS9 encodes a tRNA 

methyltransferase that mediates the 2´-O-ribose methylation of selected tRNA species in the 

anticodon loop. These SCS9-mediated tRNA modifications enhance during the course of 

infection with the bacterial pathogen Pseudomonas syringae DC3000, and lack of such tRNA 

modification, as observed in scs9 mutants, severely compromise plant immunity against the 

same pathogen without affecting the salicylic acid (SA) signaling pathway which regulates 

plant immune responses. Our results support a model that gives importance to the control of 

certain tRNA modifications for mounting an effective immune response in Arabidopsis, and 

therefore expands the repertoire of molecular components essential for an efficient disease 

resistance response. 

 

Shibuya, N., and Desaki, Y. (2015). Immunity: One receptor, many pathogens. Nature 

Plants 1, 15149. 

Most plant pattern recognition receptors induce immune responses by detecting molecular 

patterns typical to one group of microbes. A newly identified complex, on the other hand, 

monitors effector proteins widely distributed among bacteria, fungi and oomycetes, casting a 

new light on the evolution of pattern recognition in plants. 

 

Sidonskaya, E., Schweighofer, A., Shubchynskyy, V., Kammerhofer, N., Hofmann, J., 

Wieczorek, K., and Meskiene, I. (2015). Plant resistance against the parasitic nematode 

Heterodera schachtii is mediated by MPK3 and MPK6 kinases, which are controlled by the 

MAPK phosphatase AP2C1 in Arabidopsis. J. Exp. Bot. 

Plant-parasitic cyst nematodes infect plants and form highly sophisticated feeding sites in 

roots. It is not known which plant cell signalling mechanisms trigger plant defence during 



the early stages of nematode parasitism. Mitogen-activated protein kinases (MAPKs) are 

central components of protein phosphorylation cascades transducing extracellular signals to 

plant defence responses. MAPK phosphatases control kinase activities and the signalling 

outcome. The involvement and the role of MPK3 and MPK6, as well as the MAPK 

phosphatase AP2C1, is demonstrated during parasitism of the beet cyst nematode 

Heterodera schachtii in Arabidopsis. Our data reveal notable activation patterns of plant 

MAPKs and the induction of AP2C1 suggesting the attenuation of defence signalling in plant 

cells during early nematode infection. It is demonstrated that the ap2c1 mutant that is 

lacking AP2C1 is more attractive but less susceptible to nematodes compared with the 

AP2C1-overexpressing line. This implies that the function of AP2C1 is a negative regulator of 

nematode-induced defence. By contrast, the enhanced susceptibility of mpk3 and mpk6 

plants indicates a positive role of stress-activated MAPKs in plant immunity against 

nematodes. Evidence is provided that phosphatase AP2C1, as well as AP2C1-targeted MPK3 

and MPK6, are important regulators of plant-nematode interaction, where the co-ordinated 

action of these signalling components ensures the timely activation of plant defence. 

 

Su, Q., Mescher, M.C., Wang, S., Chen, G., Xie, W., Wu, Q., Wang, W., and Zhang, Y. 

(2015). Tomato yellow leaf curl virus differentially influences plant defense responses to a 

vector and a non-vector herbivore. Plant, Cell & Environment 

Plants frequently engage in simultaneous interactions with diverse classes of biotic 

antagonists. Differential induction of plant defense pathways by these antagonists, and 

interactions between pathways, can have important ecological implications; however, these 

effects are currently not well understood. We explored how Tomato yellow leaf curl virus 

(TYLCV) influenced the performance of its vector (Bemisia tabaci) and a non-vector 

herbivore (Tetranychus urticae) occurring separately or together on tomato plants (Solanum 

lycopersicum). TYLCV enhanced the performance of B. tabaci, though this effect was 

statistically significant only in the absence of T. urticae, which adversely affected B. tabaci 

performance regardless of infection status. In contrast, the performance of T. urticae was 

enhanced (only) by the combined presence of TYLCV and B. tabaci. Analyses of 

phytohormone levels and defense gene expression in wild-type tomatoes and various 

plant-defense mutants indicate that the enhancement of herbivore performance (for each 

species) entails the disruption of downstream defenses in the jasmonic acid (JA) pathway. 

For T. urticae, this disruption appears to involve antagonistic effects of salicylic acid (SA), 

which is cumulatively induced to high levels by B. tabaci and TYLCV. In contrast, TYLCV was 

found to suppress JA-mediated responses to B. tabaci via mechanisms independent of SA. 

 

De Torres Zabala, M., Zhai, B., Jayaraman, S., Eleftheriadou, G., Winsbury, R., Yang, R., 

Truman, W., Tang, S., Smirnoff, N., and Grant, M. (2015). Novel JAZ co-operativity and 

unexpected JA dynamics underpin Arabidopsis defence responses to Pseudomonas syringae 

infection. New Phytol. 

Pathogens target phytohormone signalling pathways to promote disease. Plants deploy 

salicylic acid (SA)-mediated defences against biotrophs. Pathogens antagonize SA immunity 

by activating jasmonate signalling, for example Pseudomonas syringae pv. tomato DC3000 

produces coronatine (COR), a jasmonic acid (JA) mimic. This study found unexpected 

dynamics between SA, JA and COR and co-operation between JAZ jasmonate repressor 

proteins during DC3000 infection. We used a systems-based approach involving targeted 

hormone profiling, high-temporal-resolution micro-array analysis, reverse genetics and 

mRNA-seq. Unexpectedly, foliar JA did not accumulate until late in the infection process and 

was higher in leaves challenged with COR-deficient P. syringae or in the more resistant JA 

receptor mutant coi1. JAZ regulation was complex and COR alone was insufficient to 

sustainably induce JAZs. JAZs contribute to early basal and subsequent secondary plant 



defence responses. We showed that JAZ5 and JAZ10 specifically co-operate to restrict COR 

cytotoxicity and pathogen growth through a complex transcriptional reprogramming that 

does not involve the basic helix-loop-helix transcription factors MYC2 and related MYC3 and 

MYC4 previously shown to restrict pathogen growth. mRNA-seq predicts compromised SA 

signalling in a jaz5/10 mutant and rapid suppression of JA-related components on bacterial 

infection. 

 

Wiesel, L., Davis, J.L., Milne, L., Redondo Fernandez, V., Herold, M.B., Middlefell Williams, 

J., Morris, J., Hedley, P.E., Harrower, B., Newton, A.C., et al. (2015). A transcriptional 

reference map of defence hormone responses in potato. Sci Rep 5, 15229 

Phytohormones are involved in diverse aspects of plant life including the regulation of plant 

growth, development and reproduction, as well as governing biotic and abiotic stress 

responses. We have generated a comprehensive transcriptional reference map of the early 

potato responses to exogenous application of the defence hormones abscisic acid, 

brassinolides (applied as epibrassinolide), ethylene (applied as the ethylene precursor 

aminocyclopropanecarboxylic acid), salicylic acid and jasmonic acid (applied as methyl 

jasmonate). Of the 39000 predicted genes on the microarray, a total of 2677 and 2473 
genes were significantly differentially expressed at 1 h and 6 h after hormone treatment, 

respectively. Specific marker genes newly identified for the early hormone responses in 

potato include: a homeodomain 20 transcription factor (DMG400000248) for abscisic acid; a 

SAUR gene (DMG400016561) induced in epibrassinolide treated plants; an osmotin gene 

(DMG400003057) specifically enhanced by aminocyclopropanecarboxylic acid; a gene 

weakly similar to AtWRKY40 (DMG402007388) that was induced by salicylic acid; and a 

jasmonate ZIM-domain protein 1 (DMG400002930) which was specifically activated by 

methyl jasmonate. An online database has been set up to query the expression patterns of 

potato genes represented on the microarray that can also incorporate future microarray or 

RNAseq-based expression studies. 

 

Yu, Y., Jiao, L., Fu, S., Yin, L., Zhang, Y., and Lu, J. (2015). Callose Synthase Family Genes 

Involved in the Grapevine Defense Response to Downy Mildew Disease. Phytopathology. 

The deposition of callose is a common plant defense response to intruding pathogens and 

part of the plant's innate immunity. In this study, eight grapevine callose synthase (CalS) 

genes were identified and characterized. To investigate biological function of CalS in 

grapevine against the infection of Plasmopara viticola, expression patterns of grapevine CalS 

family genes were analyzed among resistant/susceptible cultivars. After P. viticola infection, 

expression of CalS1, 3, 7, 8, 9, 10 and 11 were significantly modified among the grapevine 

cultivars. For example, the expression of CalS1 and CalS10 were greatly increased in downy 

mildew immune Muscadinia rotundifolia 'Carlos' and 'Noble'. Transient expression assay with 

promoters of the CalS1 and CalS10 genes confirmed that they were regulated by the 

oomycete pathogen P. viticola. CalS1 promoter activity was also significantly up-regulated 

by ABA in DM immune M. rotundifolia 'Noble', but down-regulated in DM susceptible V. 

vinifera 'Chardonnay'. The CalS1 promoter, however, was also down-regulated by GA in 

'Chardonnay', but not affected in 'Noble'. The promoter activity of CalS10 was significantly 

up-regulated by GA in 'Chardonnay', but not regulated by ABA at all. It is proposed that 

CalS1 and CalS10 were involved in grapevine defense against downy mildew disease. 

 

Zhang, H., Teng, W., Liang, J., Liu, X., Zhang, H., Zhang, Z., and Zheng, X. (2015a). 

MADS1, a novel MADS-box protein, is involved in the response of Nicotiana benthamiana to 

bacterial harpinXoo. J. Exp. Bot. 



MADS-box transcription factor genes are well known for their role in floral organ and seed 

development. In this study, a novel MADS-box-containing gene, designated NbMADS1, was 

isolated from leaves of Nicotiana benthamiana. The full-length cDNA was 666bp and 

encoded a putative polypeptide of 221 aa with a mass of 24.3kDa. To assess the role of 

NbMADS1 in the defence response to bacterial harpinXoo, an elicitor of the hypersensitive 

response, a loss-of-function experiment was performed in N. benthamiana plants using 

virus-induced gene silencing. Analyses of electrolyte leakage revealed more extensive cell 

death in the control plants than in NbMADS1-silenced plants. The NbMADS1-silenced plants 

showed impaired harpinXoo-induced stomatal closure, decreased harpinXoo-induced 

production of hydrogen peroxide (H2O2) and nitric oxide (NO) in guard cells, and reduced 

harpinXoo-induced resistance to Phytophthora nicotianae. The compromised stomatal 

closure observed in the NbMADS1-silenced plants was inhibited by the application of H2O2 

and sodium nitroprusside (an NO donor). Taken together, these results demonstrate that the 

NbMADS1-H2O2-NO pathway mediates multiple harpinXoo-triggered responses, including 

stomatal closure, hypersensitive cell death, and defence-related gene expression, suggesting 

that NbMADS1 plays an important role in regulating the response to harpinXoo in N. 

benthamiana plants. 

 

Zhang, Y., Li, D., Zhang, H., Hong, Y., Huang, L., Liu, S., Li, X., Ouyang, Z., and Song, F. 

(2015b). Tomato histone H2B monoubiquitination enzymes SlHUB1 and SlHUB2 contribute 

to disease resistance against Botrytis cinerea through modulating the balance between SA- 

and JA/ET-mediated signaling pathways. BMC Plant Biol. 15, 252 

Background 

Histone H2B monoubiquitination pathway has been shown to play critical roles in regulating 

growth/development and stress response in Arabidopsis. In the present study, we explored 

the involvement of the tomato histone H2B monoubiquitination pathway in defense response 

against Botrytis cinerea by functional analysis of SlHUB1 and SlHUB2, orthologues of the 

Arabidopsis AtHUB1/AtHUB2. 

Methods 

We used the TRV-based gene silencing system to knockdown the expression levels of 

SlHUB1 or SlHUB2 in tomato plants and compared the phenotype between the silenced and 

the control plants after infection with B. cinerea and Pseudomonas syringae pv. tomato (Pst) 

DC3000. Biochemical and interaction properties of proteins were examined using in vitro 

histone monoubiquitination and yeast two-hybrid assays, respectively. The transcript levels 

of genes were analyzed by quantitative real time PCR (qRT-PCR). 

Results 

The tomato SlHUB1 and SlHUB2 had H2B monoubiquitination E3 ligases activity in vitro and 

expression of SlHUB1 and SlHUB2 was induced by infection of B. cinerea and Pst DC3000 

and by treatment with salicylic acid (SA) and 1-amino cyclopropane-1-carboxylic acid (ACC). 

Silencing of either SlHUB1 or SlHUB2 in tomato plants showed increased susceptibility to B. 

cinerea, whereas silencing of SlHUB1 resulted in increased resistance against Pst DC3000. 

SlMED21, a Mediator complex subunit, interacted with SlHUB1 but silencing of SlMED21 did 

not affect the disease resistance to B. cinerea and Pst DC3000. The SlHUB1- and 

SlHUB2-silenced plants had thinner cell wall but increased accumulation of reactive oxygen 

species (ROS), increased callose deposition and exhibited altered expression of the genes 

involved in phenylpropanoid pathway and in ROS generation and scavenging system. 

Expression of genes in the SA-mediated signaling pathway was significantly upregulated, 

whereas expression of genes in the jasmonic acid (JA)/ethylene (ET)-mediated signaling 

pathway were markedly decreased in SlHUB1- and SlHUB2-silenced plants after infection of 

B. cinerea. 

Conclusion 



VIGS-based functional analyses demonstrate that both SlHUB1 and SlHUB2 contribute to 

resistance against B. cinerea most likely through modulating the balance between the SA- 

and JA/ET-mediated signaling pathways. 

 

Niu, D., Xia, J., Jiang, C., Qi, B., Ling, X., Lin, S., Zhang, W., Guo, J., Jin, H., and Zhao, H. 

(2015). Bacillus cereus AR156 primes induced systemic resistance by suppressing 

miR825/825* and activating defense related genes in Arabidopsis. J. Integr. Plant Biol. 

Small RNAs play an important role in plant immune responses. However, their regulatory 

function in induced systemic resistance (ISR) is nascent. Bacillus cereus AR156 is a plant 

growth-promoting rhizobacterium that induces ISR in Arabidopsis against bacterial infection. 

Here, by comparing small RNA profiles of Pseudomonas syringae pv. tomato (Pst) 

DC3000-infected Arabidopsis with and without AR156 pretreatment, we identified a group of 

Arabidopsis microRNAs (miRNAs) that are differentially regulated by AR156 pretreatment. 

miR825 and miR825* are two miRNA generated from a single miRNA gene. Northern blot 

analysis indicated that they were significantly down-regulated in Pst DC3000-infected plants 

pretreated with AR156, in contrast to the plants without AR156 pretreatment.miR825 

targets two ubiquitin-protein ligases, while miR825* targets toll-interleukin-like receptor 

(TIR)-nucleotide binding site (NBS) and leucine-rich repeat (LRR) type resistance (R) genes. 

The expression of these target genes negatively correlated with the expression of miR825 

and miR825*. Moreover, transgenic plants showing reduced expression of miR825 and 

miR825* displayed enhanced resistance to Pst DC3000 infection, whereas transgenicplants 

overexpressing miR825 and miR825* were more susceptible. Taken together, our data 

indicates that Bacillus cereus AR156 pretreatment primes ISR to Pst infection by suppressing 

miR825 and miR825* and activating the defense related genes they targeted. 

 

Fan, L., Fu, K., Yu, C., Li, Y., Li, Y., and Chen, J. (2015). Thc6 protein, isolated from 

Trichoderma harzianum, can induce maize defense response against Curvularia lunata. J. 

Basic Microbiol. 55, 591–600 

Mutant T66 was isolated from 450 mutants (constructed with Agrobacterium 

tumefaciens-mediated transformation method) of Trichoderma harzianum. Maize seeds 

coated with T66 were more susceptible to Curvularia lunata when compared with those 

coated with wild-type (WT) strain. The disease index of maize treated with T66 and WT were 

62.5 and 42.1%, respectively. Further research showed T-DNA has inserted into the ORF of 

one gene, which resulted in the functional difference between WT and T66. The gene was 

cloned and named Thc6, which encodes a novel 327 amino acid protein. To investigate its 

function, we obtained knockout, complementation, and overexpression mutants of Thc6. 

Challenge inoculation studies suggested that the Thc6 overexpression mutant can reduce the 

disease index of maize inbred line Huangzao 4 against the leaf spot pathogen (C. lunata). 

Meanwhile, The Thc6 mutants were found to affect the resistance of maize inbred line 

Huangzao 4 against C. lunata by enhancing the activation of jasmonate-responsive genes 

expression. Liquid chromatography-mass spectrometry (LC-MS) data further confirmed that 

the concentration of jasmonate in the induced maize exhibits a parallel change tendency 

with the expression level of defense-related genes. Hence, the Thc6 gene could be 

participated in the induced resistance of maize inbred line Huangzao 4 against C. lunata 

infection through a jasmonic acid-dependent pathway. 

 

Floryszak-Wieczorek, J., Arasimowicz-Jelonek, M., and Abramowski, D. (2015). BABA-primed 

defense responses to Phytophthora infestans in the next vegetative progeny of potato. Front 

Plant Sci 6, 844 



The transcript of the PR1 gene accumulation as an informative marker of systemic acquired 

resistance (SAR) was analyzed in β-aminobutyric acid (BABA) primed potato in the 

short-lasting (3 days) and long-lasting (28 days) time periods after induction and in the 

vegetative descendants of primed plants derived from tubers and from in vitro seedlings. 

BABA pretreatment resulted either in minimal or no PR1 gene expression, but sequential 

treatment with BABA followed by virulent Phytophthora infestans provided data on the 

imprint of post-stress information and its duration until fertilization, in the form of an 

enhanced PR1 transcript accumulation and a transient increase of basal resistance to the 

late blight disease. The primed state for defense of the susceptible potato cultivar was 

transmitted to its vegetative progeny as a potentiated PR1 mRNA accumulation following 

challenge inoculation. However, variation was observed between vegetative accessions of 

the BABA-primed potato genotype in responsiveness to disease. In contrast to plants derived 

from tubers, potato propagated through in vitro seedlings largely lost inducible resistance 

traits, although itretained primed PR1 gene expression. 

 

Goel, N., and Paul, P.K. (2015). Polyphenol oxidase and lysozyme mediate induction of 

systemic resistance in tomato, when a bioelicitor is used. Journal of Plant Protection 

Research 0 

Tomato (Solanum lycopersicum L.) is attacked by Pseudomonas syringae pv. tomato causing 

heavy damage to the crops. The present study focused on the application of aqueous fruit 

extracts of neem (Azadirachta indica L.) on a single node of aseptically raised tomato plants. 

Observations were done, and the changes in the activity and isoenzyme profile of polyphenol 

oxidase (PPO) and lysozyme, both at the site of treatment as well as away from it, were 

noted. The results demonstrate that neem extract could significantly induce the activities of 

both the enzymes as well as upregulate the de novo expression of additional PPO 

isoenzymes. Induction of systemic acquired resistance (SAR) by natural plant extracts is a 

potent eco-friendly crop protection method. 

 

Gustavo Gabriel, M., María del Milagro, T., and Juan Carlos, D.R. The defence elicitor AsES 

causes a rapid and transient membrane depolarization, a triphasic oxidative burst and the 

accumulation of nitric oxide. Plant Physiology and Biochemistry 

The newly characterized elicitor AsES obtained from Acremonium strictum induces a strong 

defence response in strawberry plants and confers plants resistance against the fungal 

pathogen Colletotricum acutatum the casual agent of anthracnose disease. Previous studies 

showed that AsES causes the accumulation of reactive oxygen species (ROS) that peaked 4 

hour post treatment (hpt), but due to the experimental approach used it was not clear 

whether the accumulation of ROS observed was intracellular or extracellular or took place as 

a single peak. By using a different experimental setup, a more complex early events 

associated to the activation of the innate immunity were observed. In this paper we report 

that strawberry plant cells treated with AsES exhibits a triphasic production of H2O2 and a 

rapid intracellular accumulation of NO. The first phase consists in a progressive extracellular 

accumulation of H2O2 that starts immediately after the treatment with AsES and is preceded 

by a rapid and transient cell membrane depolarization. During this phase takes place also a 

rapid intracellular accumulation of NO. Microscopic observations of mesophyll cells treated 

with AsES reveals that NO accumulates at the chloroplast. After the first extracellular H2O2 

production phase, two intracellular H2O2 accumulation events occur, the first 2 hpt, and the 

second 7 hpt. Cells treated with AsES also show a transient increase of ion leakage, and a 

progressive alkalinization of the extracellular medium. 

 



Cueto-Ginzo, A.I., Serrano, L., Bostock, R.M., Ferrio, J.P., Rodríguez, R., Arcal, L., Achon, 

M.Á., Falcioni, T., Luzuriaga, W.P., and Medina, V. Salicylic acid mitigates physiological and 

proteomic changes induced by the SPCP1 strain of Potato virus X in tomato plants. 

Physiological and Molecular Plant Pathology 

Induction of resistance by salicylic acid (SA) exogenous treatment is a complementary 

approach to control plant diseases. SA effect on Potato virus X (SPCP1 strain) - infected 

tomato plants was examined by analyzing their physiological parameters and proteomic 

profiling at initial infection. PVX-SPCP1 altered photosynthesis and carbohydrate synthesis 

proteins and elicited stress proteins. SA partially offset reduction in photosynthetic rate 

during infection by increasing mesophyll conductance. SA counteracted these changes 

through stabilization of photosystem II, increased proteins related with thermotolerance and 

stress, and decreased proteins related with stomatal opening. The strongest effects of SA 

occurred at the beginning of the pathogenesis cycle. 

 

Baccelli, I., and Mauch-Mani, B. (2015). Beta-aminobutyric acid priming of plant defense: 

the role of ABA and other hormones. Plant Mol. Biol 

Plants are exposed to recurring biotic and abiotic stresses that can, in extreme situations, 

lead to substantial yield losses. With the changing environment, the stress pressure is likely 

to increase and sustainable measures to alleviate the effect on our crops are sought. Priming 

plants for better stress resistance is one of the sustainable possibilities to reach this goal. 

Here, we report on the effects of beta-aminobutyric acid, a priming agent with an 

exceptionally wide range of action and describe its way of preparing plants to defend 

themselves against various attacks, among others through the modulation of their hormonal 

defense signaling, and highlight the special role of abscisic acid in this process. 

 

Chakraborty, N., Chandra, S., and Acharya, K. (2015). Boosting of Innate Immunity in Chilli. 

Research Journal of Pharmacy and Technology 8, 885 

Chilli (Capsicum annuum L.), an economically important crop, suffers from many field and 

post harvest diseases. Traditional pesticide control is hazardous to the environment, giving 

rise to the search for alternatives. Our objective was to increase the innate defense 

molecules in chilli by an abiotic (calcium chloride) and biotic (chitosan) elicitors. Foliar 

applications of elicitors increased β-1, 3 glucanase, peroxidase, polyphenol oxidase, 

phenylalanine ammonia lyase, catalase and phenolics. Treatment with elicitors elicited 

production of nitric oxide, an important signalling molecule in plant defense. A single 

application of a nitric oxide donor increased all molecules of innate immunity supporting the 

role of nitric oxide as the signalling molecule for elicitor mediated increase of innate 

immunity. 

 

Albert, I., Böhm, H., Albert, M., Feiler, C.E., Imkampe, J., Wallmeroth, N., Brancato, C., 

Raaymakers, T.M., Oome, S., Zhang, H., et al. (2015). An RLP23–SOBIR1–BAK1 complex 

mediates NLP-triggered immunity. Nature Plants 1, 15140 

Plants and animals employ innate immune systems to cope with microbial infection. 

Pattern-triggered immunity relies on the recognition of microbe-derived patterns by pattern 

recognition receptors (PRRs). Necrosis and ethylene-inducing peptide 1-like proteins (NLPs) 

constitute plant immunogenic patterns that are unique, as these proteins are produced by 

multiple prokaryotic (bacterial) and eukaryotic (fungal, oomycete) species. Here we show 

that the leucine-rich repeat receptor protein (LRR-RP) RLP23 binds in vivo to a conserved 

20-amino-acid fragment found in most NLPs (nlp20), thereby mediating immune activation 

in Arabidopsis thaliana. RLP23 forms a constitutive, ligand-independent complex with the 

LRR receptor kinase (LRR-RK) SOBIR1 (Suppressor of Brassinosteroid insensitive 1 



(BRI1)-associated kinase (BAK1)-interacting receptor kinase 1), and recruits a second 

LRR-RK, BAK1, into a tripartite complex upon ligand binding. Stable, ectopic expression of 

RLP23 in potato (Solanum tuberosum) confers nlp20 pattern recognition and enhanced 

immunity to destructive oomycete and fungal plant pathogens, such as Phytophthora 

infestans and Sclerotinia sclerotiorum. PRRs that recognize widespread microbial patterns 

might be particularly suited for engineering immunity in crop plants. 

 

Alkan, N., and Fortes, A.M. (2015). Insights into molecular and metabolic events associated 

with fruit response to post-harvest fungal pathogens. Front Plant Sci 6, 889 

Due to post-harvest losses more than 30% of harvested fruits will not reach the consumers' 

plate. Fungal pathogens play a key role in those losses, as they cause most of the fruit rots 

and the customer complaints. Many of the fungal pathogens are already present in the 

unripe fruit but remain quiescent during fruit growth until a particular phase of fruit ripening 

and senescence. The pathogens sense the developmental change and switch into the 

devastating necrotrophic life style that causes fruit rotting. Colonization of unripe fruit by the 

fungus initiates defensive responses that limit fungal growth and development. However, 

during fruit ripening several physiological processes occur that correlate with increased fruit 

susceptibility. In contrast to plant defenses in unripe fruit, the defense posture of ripe fruit 

entails a different subset of defense responses that will end with fruit rotting and losses. This 

review will focus on several aspects of molecular and metabolic events associated with fleshy 

fruit responses induced by post-harvest fungal pathogens during fruit ripening. 

 

Andolfo, G., and Ercolano, M.R. (2015). Plant Innate Immunity Multicomponent Model. Front 

Plant Sci 6, 987 

Our understanding of plant-pathogen interactions is making rapid advances in order to 

address issues of global importance such as improving agricultural productivity and 

sustainable food security. Innate immunity has evolved in plants, resulting in a wide 

diversity of defense mechanisms adapted to specific threats. The postulated PTI/ETI model 

describes two perception layers of plant innate immune system, which belong to a first 

immunity component of defense response activation. To better describe the sophisticated 

defense system of plants, we propose a new model of plant immunity. This model considers 

the plant's ability to distinguish the feeding behavior of their many foes, such as a second 

component that modulates innate immunity. This hypothesis provides a new viewpoint 

highlighting the relevance of hormone crosstalk and primary metabolism in regulating plant 

defense against the different behaviors of pathogens with the intention to stimulate further 

interest in this research area. 

 

Chiang, Y.-H., and Coaker, G. (2015). Effector Triggered Immunity: NLR Immune Perception 

and Downstream Defense Responses. The Arabidopsis Book e0183 

Plants have evolved sophisticated surveillance systems to recognize conserved microbial 

patterns or secreted pathogen effector proteins. Research in Arabidopsis has significantly 

advanced our understanding of plant immune perception and signaling. Intracellular immune 

receptors possessing central nucleotide binding and C-terminal leucine rich repeat domains 

(NLR) recognize pathogen effector proteins delivered inside host cells during infection. 

Characterized NLRs can either directly or indirectly recognize corresponding pathogen 

effector proteins. Despite the conserved domain architecture of NLRs, no unified model 

exists for induction of downstream signaling. NLRs have diverse subcellular localizations, 

including targeting to the endoplasmic reticulum, plasma membrane, nucleus, and cytosol. 

This review will focus on our current understanding of NLR biology, from signal perception to 

downstream immune outputs. 



 

Collum, T.D., and Culver, J.N. (2016). The impact of phytohormones on virus infection and 

disease. Current Opinion in Virology 17, 25–31 

Phytohormones play a critical role in nearly every aspect of plant biology, including 

development and pathogen defense. During virus infection disruption of the plant's normal 

developmental physiology has often been associated with alterations in phytohormone 

accumulation and signaling. Only recently has evidence emerged describing mechanistically 

how viruses modulate phytohormone levels and the impact these modulations have on plant 

physiology and virus biology. From these studies there is an emerging theme of virus 

directed manipulation of plant hormone responses to disarm defense responses and 

reprogram the cellular environment to enhance replication and spread. In this review we 

examine the impact viruses have on plant hormone systems and the effects of this 

phytohormone manipulation on virus biology. 

 

Fesel, P.H., and Zuccaro, A. (2015). β-glucan: Crucial component of the fungal cell wall and 

elusive MAMP in plants. Fungal Genet. Biol 

Plant innate immunity relies in first place on the detection of invading microbes. Thus, plants 

evolved receptors to sense unique molecules of the microbe, the so called 

microbe-associated molecular patterns or MAMPs. The best studied fungal MAMP is chitin, an 

important structural building block of the fungal cell wall. Over the past years several plant 

receptors for chitin have been characterized as well as different strategies adopted by fungi 

to evade chitin recognition. Despite its strong activity as an elicitor of plant defense chitin 

represents only a small percentage of the cell wall of most fungi compared to other complex 

sugars. β-glucan, the most abundant fungal cell wall polysaccharide, also serves as a MAMP, 

but the mechanisms of β-glucan perception and signaling in plants are largely unknown. In 

contrast to that the β-glucan recognition and signaling machineries are well characterized in 

mammals. The C-type lectin receptor Dectin-1 is a key component of these machineries. In 

this review we describe valuable knowledge about the existence of at least one β-glucan 

receptor in plants and about the hindrances in β-glucan research. Additionally we discuss 

possible future perspectives of glucan research and the possibility to transfer the gathered 

knowledge from mammalian systems to plants. 

 

Ghannam, A., Jacques, A., de Ruffray, P., and Kauffmann, S. (2015). NtRING1, putative 

RING-finger E3 ligase protein, is a positive regulator of the early stages of elicitin-induced 

HR in tobacco. Plant Cell Rep 

KEY MESSAGE: NtRING1 is a RING-finger protein with a putative E3 ligase activity. NtRING1 

regulates HR establishment against different pathogens. Loss-/gain-of-function of NtRING1 

altered early stages of HR phenotype establishment. Plant defence responses against 

pathogens often involve the restriction of pathogens by inducing a hypersensitive response 

(HR). cDNA clones DD11-39, DD38-11 and DD34-26 were previously obtained from a 

differential screen aimed at characterising tobacco genes with an elicitin-induced HR-specific 

pattern of expression. Our precedent observations suggested that DD11-39, DD38-11 and 

DD34-26 might play roles in the HR establishment. Only for DD11-39 a full-length cDNA 

sequence was obtained and the corresponding protein encoded for a type-HC 

RING-finger/putative E3 ligase protein which we termed NtRING1. The expression of 

NtRING1 was upregulated upon HR induction by elicitin, Ralstonia solanacearum, or tobacco 

mosaic virus (TMV) in tobacco. Silencing of NtRING1 remarkably delayed the establishment 

of elicitin-induced HR in tobacco as well as the expression of different early induction genes 

in tissues undergoing HR. Accordingly, transient overexpression of NtRING1 accelerated the 



HR launching upon elicitin treatment. Taking together, our data suggests that NtRING1 plays 

a functional role in the early establishment of HR. 

 

Hamdoun, S., Zhang, C., Gill, M., Kumar, N., Churchman, M.L., Larkin, J.C., Kwon, A., and 

Lu, H. (2015). Differential Roles of Two Homologous Cyclin-Dependent Kinase Inhibitor 

Genes in Regulating Cell Cycle and Innate Immunity in Arabidopsis. Plant Physiol 

Precise cell cycle control is critical for plant development and responses to pathogen 

invasion. Two homologous cyclin-dependent kinase inhibitor (CKI) genes, SIAMESE (SIM) 

and SIM-RELATED 1 (SMR1), were recently shown to regulate Arabidopsis defense. However 

whether these two genes play differential roles in cell cycle and defense control is unknown. 

In this report, we showed that while acting synergistically to promote endoreplication, SIM 

and SMR1 play different roles in affecting the ploidy of trichome and leaf cells. In addition, 

we found that the smr1-1 mutant but not sim-1 was more susceptible to a virulent 

Pseudomonas syringae strain and this susceptibility could be rescued by activating salicylic 

acid (SA)-mediated defense. Consistent with these results, smr1-1 partially suppressed 

dwarfism, high SA levels, and cell death phenotypes in acd6-1, a mutant used to gauge the 

change of defense levels. Thus SMR1 functions partly through SA in defense control. The 

differential roles of SIM and SMR1 are due to differences in temporal and spatial expression 

of these two genes in Arabidopsis tissues and in response to P. syringae infection. In 

addition flow cytometry analysis of plants with altered SA signaling revealed that SA is 

necessary but not sufficient to change cell cycle progression. We further found that a mutant 

with three CYCD3 genes disrupted also compromised disease resistance to P. syringae. 

Together this study reveals differential roles of two homologous CKIs in regulating cell cycle 

progression and innate immunity in Arabidopsis and provides insights into the importance of 

cell cycle control during host-pathogen interactions. 

 

Hou, Y., Wang, L., Wang, L., Liu, L., Li, L., Sun, L., Rao, Q., Zhang, J., and Huang, S. 

(2015). JMJ704 positively regulates rice defense response against Xanthomonas oryzae pv. 

oryzae infection via reducing H3K4me2/3 associated with negative disease resistance 

regulators. BMC Plant Biology 15, 286 

Jumonji C (JmjC) domain-containing proteins are a group of functionally conserved histone 

lysine demethylases in Eukaryotes. Growing evidences have shown that JmjCs epigenetically 

regulate various biological processes in plants. However, their roles in plant biotic stress, 

especially in rice bacterial blight resistance have been barely studied so far. 

 

Huang, P.-Y., Catinot, J., and Zimmerli, L. (2015). Ethylene response factors in Arabidopsis 

immunity. J. Exp. Bot. erv518 

Pathogen attack leads to transcriptional changes and metabolic modifications allowing the 

establishment of appropriate plant defences. Transcription factors (TFs) are key players in 

plant innate immunity. Notably, ethylene response factor (ERF) TFs are integrators of 

hormonal pathways and are directly responsible for the transcriptional regulation of several 

jasmonate (JA)/ethylene (ET)-responsive defence genes. Transcriptional activation or 

repression by ERFs is achieved through the binding to JA/ET-responsive gene promoters. In 

this review, we describe the regulation and mode of action at a molecular level of ERFs 

involved in Arabidopsis thaliana immunity. In particular, we focus on defence activators such 

as ERF1, ORA59, ERF6, and the recently described ERF96. 

 

Jiménez-Góngora, T., Kim, S.-K., Lozano-Durán, R., and Zipfel, C. (2015). Flg22-Triggered 

Immunity Negatively Regulates Key BR Biosynthetic Genes. Front Plant Sci 6, 981 



In plants, activation of growth and activation of immunity are opposing processes that define 

a trade-off. In the past few years, the growth-promoting hormones brassinosteroids (BR) 

have emerged as negative regulators of pathogen-associated molecular pattern 

(PAMP)-triggered immunity (PTI), promoting growth at the expense of defense. The 

crosstalk between BR and PTI signaling was described as negative and unidirectional, since 

activation of PTI does not affect several analyzed steps in the BR signaling pathway. In this 

work, we describe that activation of PTI by the bacterial PAMP flg22 results in the reduced 

expression of BR biosynthetic genes. This effect does not require BR perception or signaling, 

and occurs within 15 min of flg22 treatment. Since the described PTI-induced repression of 

gene expression may result in a reduction in BR biosynthesis, the crosstalk between PTI and 

BR could actually be negative and bidirectional, a possibility that should be taken into 

account when considering the interaction between these two pathways. 

 

Johansson, O.N., Nilsson, A.K., Gustavsson, M.B., Backhaus, T., Andersson, M.X., and 

Ellerström, M. (2015). A quick and robust method for quantification of the hypersensitive 

response in plants. PeerJ 3, e1469 

One of the most studied defense reactions of plants against microbial pathogens is the 

hypersensitive response (HR). The HR is a complex multicellular process that involves 

programmed cell death at the site of infection. A standard method to quantify plant defense 

and the HR is to measure the release of cellular electrolytes into water after infiltration with 

pathogenic bacteria. In this type of experiment, the bacteria are typically delivered into the 

plant tissue through syringe infiltration. Here we report the development of a vacuum 

infiltration protocol that allows multiple plant lines to be infiltrated simultaneously and 

assayed for defense responses. Vacuum infiltration did not induce more wounding response 

in Arabidopsis leaf tissue than syringe inoculation, whereas throughput and reproducibility 

were improved. The method was used to study HR-induced electrolyte loss after treatment 

with the bacterium Pseudomonas syringae pv. tomato DC3000 harboring the effector 

AvrRpm1, AvrRpt2 or AvrRps4. Specifically, the influence of bacterial titer on 

AvrRpm1-induced HR was investigated. Not only the amplitude, but also the timing of the 

maximum rate of the HR reaction was found to be dose-dependent. Finally, using vacuum 

infiltration, we were able quantify induction of phospholipase D activity after AvrRpm1 

recognition in leaves labeled with (33)PO4. 

 

Khong, G.N., Pati, P.K., Richaud, F., Parizot, B., Bidzinski, P., Mai, C.D., Bès, M., Bourrié, I., 

Meynard, D., Beeckman, T., et al. (2015). OsMADS26 Negatively Regulates Resistance to 

Pathogens and Drought Tolerance in Rice. Plant Physiol. 169, 2935–2949 

Functional analyses of MADS-box transcription factors in plants have unraveled their role in 

major developmental programs (e.g. flowering and floral organ identity) as well as 

stress-related developmental processes, such as abscission, fruit ripening, and senescence. 

Overexpression of the rice (Oryza sativa) MADS26 gene in rice has revealed a possible 

function related to stress response. Here, we show that OsMADS26-down-regulated plants 

exhibit enhanced resistance against two major rice pathogens: Magnaporthe oryzae and 

Xanthomonas oryzae. Despite this enhanced resistance to biotic stresses, 

OsMADS26-down-regulated plants also displayed enhanced tolerance to water deficit. These 

phenotypes were observed in both controlled and field conditions. Interestingly, alteration of 

OsMADS26 expression does not have a strong impact on plant development. Gene 

expression profiling revealed that a majority of genes misregulated in overexpresser and 

down-regulated OsMADS26 lines compared with control plants are associated to biotic or 

abiotic stress response. Altogether, our data indicate that OsMADS26 acts as an upstream 

regulator of stress-associated genes and thereby, a hub to modulate the response to various 

stresses in the rice plant. 



 

Kim, N.H., Lee, D.H., Choi, D.S., and Hwang, B.K. (2015). The pepper GNA-related lectin 

and PAN domain protein gene, CaGLP1, is required for plant cell death and defense signaling 

during bacterial infection. Plant Sci. 241, 307–315 

Carbohydrate-binding proteins, commonly referred to as lectins or agglutinins, function in 

defense responses to microbial pathogens. Pepper (Capsicum annuum) GNA-related lectin 

and PAN-domain protein gene CaGLP1 was isolated and functionally characterized from 

pepper leaves infected with Xanthomonas campestris pv. vesicatoria (Xcv). CaGLP1 

contained an amine-terminus prokaryotic membrane lipoprotein lipid attachment site, a 

Galanthus nivalis agglutinin (GNA)-related lectin domain responsible for the recognition of 

high-mannose N-glycans, and a carboxyl-terminus PAN/apple domain. RNA gel blot and 

immunoblot analyses determined that CaGLP1 was strongly induced in pepper by compatible 

and incompatible Xcv infection. CaGLP1 protein localized primarily to the plasma membrane 

and exhibited mannose-binding specificity. CaGLP1-silenced pepper plants were more 

susceptible to compatible or incompatible Xcv infection compared with that of non-silenced 

control plants. CaGLP1 silencing in pepper leaves did not accumulate H2O2 and induce cell 

death during incompatible Xcv infection. Defense-related CaDEF1 (defensin) gene expression 

was significantly reduced in CaGLP1-silenced pepper plants. CaGLP1-overexpression in 

Arabidopsis thaliana enhanced resistance to Pseudomonas syringae pv. tomato. 

Defense-related AtPDF1.2 expression was elevated in CaGLP1-overexpression lines. 

Together, these results suggest that CaGLP1 is required for plant cell death and defense 

responses through the reactive oxygen species burst and downstream defense-related gene 

expression in response to bacterial pathogen challenge. 

 

Kørner, C.J., Du, X., Vollmer, M.E., and Pajerowska-Mukhtar, K.M. (2015). Endoplasmic 

Reticulum Stress Signaling in Plant Immunity-At the Crossroad of Life and Death. Int J Mol 

Sci 16, 26582–26598 

Rapid and complex immune responses are induced in plants upon pathogen recognition. One 

form of plant defense response is a programmed burst in transcription and translation of 

pathogenesis-related proteins, of which many rely on ER processing. Interestingly, several 

ER stress marker genes are up-regulated during early stages of immune responses, 

suggesting that enhanced ER capacity is needed for immunity. Eukaryotic cells respond to 

ER stress through conserved signaling networks initiated by specific ER stress sensors 

tethered to the ER membrane. Depending on the nature of ER stress the cell prioritizes 

either survival or initiates programmed cell death (PCD). At present two plant ER stress 

sensors, bZIP28 and IRE1, have been described. Both sensor proteins are involved in ER 

stress-induced signaling, but only IRE1 has been additionally linked to immunity. A second 

branch of immune responses relies on PCD. In mammals, ER stress sensors are involved in 

activation of PCD, but it is unclear if plant ER stress sensors play a role in PCD. 

Nevertheless, some ER resident proteins have been linked to pathogen-induced cell death in 

plants. In this review, we will discuss the current understanding of plant ER stress signaling 

and its cross-talk with immune signaling. 

 

Lee, H.-J., Park, Y.-J., Seo, P.J., Kim, J.-H., Sim, H.-J., Kim, S.-G., and Park, C.-M. (2015a). 

Systemic Immunity Requires SnRK2.8-Mediated Nuclear Import of NPR1 in Arabidopsis. 

Plant Cell 27, 3425–3438 

In plants, necrotic lesions occur at the site of pathogen infection through the hypersensitive 

response, which is followed by induction of systemic acquired resistance (SAR) in distal 

tissues. Salicylic acid (SA) induces SAR by activating NONEXPRESSER OF 

PATHOGENESIS-RELATED GENES1 (NPR1) through an oligomer-to-monomer reaction. 

However, SA biosynthesis is elevated only slightly in distal tissues during SAR, implying that 



SA-mediated induction of SAR requires additional factors. Here, we demonstrated that 

SA-independent systemic signals induce a gene encoding SNF1-RELATED PROTEIN KINASE 

2.8 (SnRK2.8), which phosphorylates NPR1 during SAR. The SnRK2.8-mediated 

phosphorylation of NPR1 is necessary for its nuclear import. Notably, although SnRK2.8 

transcription and SnRK2.8 activation are independent of SA signaling, the SnRK2.8-mediated 

induction of SAR requires SA. Together with the SA-mediated monomerization of NPR1, 

these observations indicate that SA signals and SnRK2.8-mediated phosphorylation 

coordinately function to activate NPR1 via a dual-step process in developing systemic 

immunity in Arabidopsis thaliana. 

Flattened leaf architecture is not a default state but depends on positional information to 

precisely coordinate patterns of cell division in the growing primordium. This information is 

provided, in part, by the boundary between the adaxial (top) and abaxial (bottom) domains 

of the leaf, which are specified via an intricate gene regulatory network whose precise 

circuitry remains poorly defined. Here, we examined the contribution of the ASYMMETRIC 

LEAVES (AS) pathway to adaxial-abaxial patterning in Arabidopsis thaliana and demonstrate 

that AS1-AS2 affects this process via multiple, distinct regulatory mechanisms. AS1-AS2 

uses Polycomb-dependent and -independent mechanisms to directly repress the abaxial 

determinants MIR166A, YABBY5, and AUXIN RESPONSE FACTOR3 (ARF3), as well as a 

nonrepressive mechanism in the regulation of the adaxial determinant TAS3A. These 

regulatory interactions, together with data from prior studies, lead to a model in which the 

sequential polarization of determinants, including AS1-AS2, explains the establishment and 

maintenance of adaxial-abaxial leaf polarity. Moreover, our analyses show that the shared 

repression of ARF3 by the AS and trans-acting small interfering RNA (ta-siRNA) pathways 

intersects with additional AS1-AS2 targets to affect multiple nodes in leaf development, 

impacting polarity as well as leaf complexity. These data illustrate the surprisingly 

multifaceted contribution of AS1-AS2 to leaf development showing that, in conjunction with 

the ta-siRNA pathway, AS1-AS2 keeps the Arabidopsis leaf both flat and simple. 

 

Lee, J., Manning, A.J., Wolfgeher, D., Jelenska, J., Cavanaugh, K.A., Xu, H., Fernandez, 

S.M., Michelmore, R.W., Kron, S.J., and Greenberg, J.T. (2015b). Acetylation of an NB-LRR 

Plant Immune-Effector Complex Suppresses Immunity. Cell Rep 

Modifications of plant immune complexes by secreted pathogen effectors can trigger strong 

immune responses mediated by the action of nucleotide binding-leucine-rich repeat immune 

receptors. Although some strains of the pathogen Pseudomonas syringae harbor effectors 

that individually can trigger immunity, the plant's response may be suppressed by other 

virulence factors. This work reveals a robust strategy for immune suppression mediated by 

HopZ3, an effector in the YopJ family of acetyltransferases. The suppressing HopZ3 effector 

binds to and can acetylate multiple members of the RPM1 immune complex, as well as two 

P. syringae effectors that together activate the RPM1 complex. These acetylations modify 

serine, threonine, lysine, and/or histidine residues in the targets. Through HopZ3-mediated 

acetylation, it is possible that the whole effector-immune complex is inactivated, leading to 

increased growth of the pathogen. 

 

Lovelock, D.A., Šola, I., Marschollek, S., Donald, C.E., Rusak, G., van Pée, K.-H., 

Ludwig-Müller, J., and Cahill, D.M. (2015). Analysis of salicylic acid-dependent pathways in 

Arabidopsis thaliana following infection with Plasmodiophora brassicae and the influence of 

salicylic acid on disease. Mol. Plant Pathol 

Salicylic acid (SA) biosynthesis, expression of SA-related genes and the effect of SA on the 

Arabidopsis-Plasmodiophora brassicae interaction have been examined. Biochemical 

analyses revealed that in P. brassicae-infected Arabidopsis the majority of SA is synthesised 

from chorismate. Real-time monitored expression of a gene for isochorismate synthase was 



induced upon infection. SA can be modified after accumulation either by methylation, 

improving its mobility, or by glycosylation as one possible reaction for inactivation. qRT-PCR 

confirmed induction of a SA-methyltransferase gene, whereas SA glucosyltransferase 

expression was not changed after infection. Col-0 wild type (wt) did not provide a visible 

phenotypic resistance response, while the Arabidopsis mutant dnd1 that has constitutively 

activated immune system, had reduced gall scores. As dnd1 showed control of the 

pathogen, exogenous SA was applied to Arabidopsis in order to test if it could suppress 

clubroot. In wt, sid2 (SA biosynthesis), NahG (SA-deficient) and npr1 (SA-signaling 

impaired) mutants SA treatment could not alter the gall score, however positively affected 

shoot weightThis suggests that SA alone is not sufficient for Arabidopsis resistance against 

P. brassicae. Semi-quantitative PCR revealed that wt, cpr1, dnd1 and sid2 had elevated PR-1 

expression upon P. brassicae and SA+P. brassicae-inoculation at 2 wpi and 3 wpi, while 

NahG and npr1 showed no expression. This work contributes to the understanding of the SA 

involvement in Arabidopsis-P. brassicae interaction. 

 

Mach, J. (2015). Phosphorylation and Nuclear Localization of NPR1 in Systemic Acquired 

Resistance. Plant Cell 27, 3291–3291 

When plants sense a pathogen attack, they activate defenses in the immediate area and in 

distal tissues; this systemic acquired resistance (SAR) requires salicylic acid (SA), which 

activates NONEXPRESSER OF PATHOGENESIS-RELATED GENES1 (NPR1) in Arabidopsis 

thaliana (reviewed in Fu and Dong, 2013). This activation involves the release of NPR1 

monomers from oligomers, which is also regulated by the cell’s redox state. Monomeric 

NPR1 is imported into the nucleus, interacts with bZIP transcription factors of the TGA 

family, and induces the expression of genes encoding antimicrobial pathogenesis-related 

proteins. Monomeric NPR1 also undergoes proteasome-mediated degradation, mediated by 

the NPR1 paralogs NPR3 (in the presence of SA) and NPR4 (in the absence of SA).  

As if this were not complicated enough, measurements of SA levels during the establishment 

of SAR indicate the existence of other mechanisms regulating NPR1: During SAR, the 

biosynthesis of SA increases only a little in distal tissues, leading to the question of whether 

other factors activate NPR1 in those tissues. Shedding light on this, Lee et al. (2015) identify 

a role for SNF1-RELATED PROTEIN KINASE 2.8 (SnRK2.8), a serine/threonine kinase, in 

plant immunity. Following infection with Pseudomonas syringae pv tomato DC3000/avrRpt2, 

transcript levels of SnRK2.8 rapidly increased in distal tissues, before the induction of PR1, 

but other SnRK2s were suppressed (see figure). Plants overexpressing SnRK2.8 showed 

SA-dependent induction of PR1 expression and increased disease resistance, but SnRK2.8 

activation was independent of SA. Notably, snrk2.8-1 mutants showed no effects on SA 

accumulation, but PR1 expression and SAR were suppressed in the snrk2.8-1 mutant. 

 

Menna, A., Nguyen, D., Guttman, D.S., and Desveaux, D. (2015). Elevated Temperature 

Differentially Influences Effector-Triggered Immunity Outputs in Arabidopsis. Front. Plant 

Sci. 995 

Pseudomonas syringae is a Gram-negative bacterium that infects multiple plant species by 

manipulating cellular processes via injection of type three secreted effectors (T3SEs) into 

host cells. Nucleotide-binding leucine-rich repeat (NLR) resistance (R) proteins recognize 

specific T3SEs and trigger a robust immune response, called effector-triggered immunity 

(ETI), which limits pathogen proliferation and is often associated with localized programmed 

cell death, known as the hypersensitive response (HR). In this study, we examine the 

influence of elevated temperature on two ETI outputs: HR and pathogen virulence 

suppression. We found that in the Arabidopsis thaliana accession Col-0, elevated 

temperatures suppress the HR, but have minimal influence on ETI-associated P. syringae 

virulence suppression, thereby uncoupling these two ETI responses. We also identify 

http://www.plantcell.org/content/27/12/3291.full#ref-1
http://www.plantcell.org/lookup/volpage/27/3425
http://www.plantcell.org/content/27/12/3291.full#F1


accessions of Arabidopsis that exhibit impaired P. syringae virulence suppression at elevated 

temperature, highlighting the natural variation that exists in coping with biotic and abiotic 

stresses. These results not only reinforce the influence of abiotic factors on plant immunity 

but also emphasize the importance of carefully documented environmental conditions in 

studies of plant immunity. 

 

Rosnoblet, C., Bègue, H., Blanchard, C., Pichereaux, C., Besson-Bard, A., Aimé, S., and 

Wendehenne, D. (2015). Functional characterization of the chaperon-like protein Cdc48 in 

cryptogein-induced immune response in tobacco. Plant, Cell & Environment 

Cdc48, a molecular chaperone conserved in different kingdoms, is a member of the AAA+ 

family contributing to numerous processes in mammalian including proteins quality control 

and degradation, vesicular trafficking, autophagy and immunity. The functions of Cdc48 

plant orthologues are less understood. We previously reported that Cdc48 is regulated by 

S-nitrosylation in tobacco cells undergoing an immune response triggered by cryptogein, an 

elicitin produced by the oomycete Phytophthora cryptogea. Here, we investigated the 

function of NtCdc48 in cryptogein signaling and induced hypersensitive-like cell death. 

NtCdc48 was found to accumulate in elicited cells both at the protein and transcript levels. 

Interestingly, only a small proportion of the overall NtCdc48 population appeared to be 

S-nitrosylated. Using gel filtration in native conditions, we confirmed that NtCdc48 was 

present in its hexameric active form. An immunoprecipitation-based strategy followed my 

mass spectrometry analysis led to the identification of about hundred NtCdc48 partners and 

underlined its contribution in cellular processes including targeting of ubiquitylated proteins 

for proteasome-dependent degradation, subcellular trafficking and redox regulation. Finally, 

the analysis of cryptogein-induced-events in overexpressing NtCdc48 cells highlighted a 

correlation between NtCdc48 expression and hypersensitive cell death. Altogether, this study 

identified NtCdc48 as a component of cryptogein signaling and plant immunity. 

 

Sun, T., Zhang, Y., Li, Y., Zhang, Q., Ding, Y., and Zhang, Y. (2015). ChIP-seq reveals broad 

roles of SARD1 and CBP60g in regulating plant immunity. Nat Commun 6, 10159 

Recognition of pathogens by host plants leads to rapid transcriptional reprogramming and 

activation of defence responses. The expression of many defence regulators is induced in 

this process, but the mechanisms of how they are controlled transcriptionally are largely 

unknown. Here we use chromatin immunoprecipitation sequencing to show that the 

transcription factors SARD1 and CBP60g bind to the promoter regions of a large number of 

genes encoding key regulators of plant immunity. Among them are positive regulators of 

systemic immunity and signalling components for effector-triggered immunity and 

PAMP-triggered immunity, which is consistent with the critical roles of SARD1 and CBP60g in 

these processes. In addition, SARD1 and CBP60g target a number of genes encoding 

negative regulators of plant immunity, suggesting that they are also involved in negative 

feedback regulation of defence responses. Based on these findings we propose that SARD1 

and CBP60g function as master regulators of plant immune responses. 

 

Tang, D., and Zhou, J.-M. (2015). PEPRs spice up plant immunity. The EMBO Journal 

Some pattern recognition receptors (PRRs) in plants, such as PEPRs, sense endogenous, 

damage‐associated molecular patterns (DAMPs) that are released during pathogen infection. 

In this issue of The EMBO Journal, Yamada and colleagues show that genetic or 

pathogen‐induced depletion of Arabidopsis BAK1, a co‐receptor for multiple PRRs, primes 

immune activation through PEPRs. The work illustrates a link between pathogen‐induced 

perturbation of BAK1 and DAMP signaling. 

 



Wang, G.-F., He, Y., Strauch, R., Olukolu, B.A., Nielsen, D., Li, X., and Balint-Kurti, P.J. 

(2015). Maize Homologs of Hydroxycinnamoyltransferase, a Key Enzyme in Lignin 

Biosynthesis, Bind the Nucleotide Binding Leucine-Rich Repeat Rp1 Proteins to Modulate the 

Defense Response. Plant Physiol. 169, 2230–2243 

In plants, most disease resistance genes encode nucleotide binding Leu-rich repeat (NLR) 

proteins that trigger a rapid localized cell death called a hypersensitive response (HR) upon 

pathogen recognition. The maize (Zea mays) NLR protein Rp1-D21 derives from an 

intragenic recombination between two NLRs, Rp1-D and Rp1-dp2, and confers an autoactive 

HR in the absence of pathogen infection. From a previous quantitative trait loci and 

genome-wide association study, we identified a single-nucleotide polymorphism locus highly 

associated with variation in the severity of Rp1-D21-induced HR. Two maize genes encoding 

hydroxycinnamoyltransferase (HCT; a key enzyme involved in lignin biosynthesis) homologs, 

termed HCT1806 and HCT4918, were adjacent to this single-nucleotide polymorphism. Here, 

we show that both HCT1806 and HCT4918 physically interact with and suppress the HR 

conferred by Rp1-D21 but not other autoactive NLRs when transiently coexpressed in 

Nicotiana benthamiana. Other maize HCT homologs are unable to confer the same level of 

suppression on Rp1-D21-induced HR. The metabolic activity of HCT1806 and HCT4918 is 

unlikely to be necessary for their role in suppressing HR. We show that the lignin pathway is 

activated by Rp1-D21 at both the transcriptional and metabolic levels. We derive a model to 

explain the roles of HCT1806 and HCT4918 in Rp1-mediated disease resistance. 

 

Wu, C.-H., Belhaj, K., Bozkurt, T.O., Birk, M.S., and Kamoun, S. (2015). Helper NLR 

proteins NRC2a/b and NRC3 but not NRC1 are required for Pto-mediated cell death and 

resistance in Nicotiana benthamiana. New Phytologist 
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Yamada, K., Yamashita-Yamada, M., Hirase, T., Fujiwara, T., Tsuda, K., Hiruma, K., and 

Saijo, Y. (2015). Danger peptide receptor signaling in plants ensures basal immunity upon 

pathogen-induced depletion of BAK1. EMBO J 

Pathogens infect a host by suppressing defense responses induced upon recognition of 

microbe-associated molecular patterns (MAMPs). Despite this suppression, MAMP receptors 

mediate basal resistance to limit host susceptibility, via a process that is poorly understood. 

The Arabidopsis leucine-rich repeat (LRR) receptor kinase BAK1 associates and functions 

with different cell surface LRR receptors for a wide range of ligands, including MAMPs. We 

report that BAK1 depletion is linked to defense activation through the endogenous PROPEP 

peptides (Pep epitopes) and their LRR receptor kinases PEPR1/PEPR2, despite critical defects 

in MAMP signaling. In bak1-knockout plants, PEPR elicitation results in extensive cell death 

and the prioritization of salicylate-based defenses over jasmonate-based defenses, in 

addition to elevated proligand and receptor accumulation. BAK1 disruption stimulates the 

release of PROPEP3, produced in response to Pep application and during pathogen challenge, 

and renders PEPRs necessary for basal resistance. These findings are biologically relevant, 

since specific BAK1 depletion coincides with PEPR-dependent resistance to the fungal 

pathogen Colletotrichum higginsianum. Thus, the PEPR pathway ensures basal resistance 

when MAMP-triggered defenses are compromised by BAK1 depletion. 

 

Yoshitomi, K., Taniguchi, S., Tanaka, K., Uji, Y., Akimitsu, K., and Gomi, K. (2015). Rice 

terpene synthase 24 (OsTPS24) encodes a jasmonate-responsive monoterpene synthase 

that produces an antibacterial γ-terpinene against rice pathogen. J. Plant Physiol. 191, 

120–126 



Rice is one of the most important crops worldwide and is widely used as a model plant for 

molecular studies of monocotyledonous species. The plant hormone jasmonic acid (JA) is 

involved in rice-pathogen interactions. In addition, volatile compounds, including terpenes, 

whose production is induced by JA, are known to be involved in the rice defense system. In 

this study, we analyzed the JA-induced terpene synthase OsTPS24 in rice. We found that 

OsTPS24 was localized in chloroplasts and produced a monoterpene, γ-terpinene. The 

amount of γ-terpinene increased after JA treatment. γ-Terpinene had significant antibacterial 

activity against Xanthomonas oryzae pv. oryzae (Xoo); however, it did not show significant 

antifungal activity against Magnaporthe oryzae. The antibacterial activity of the γ-terpinene 

against Xoo was caused by damage to bacterial cell membranes. These results suggest that 

γ-terpinene plays an important role in JA-induced resistance against Xoo, and that it 

functions as an antibacterial compound in rice. 

 


