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Introduction 

 

Isolation of jasmonic acid related genes 

qPCR primer design and validation 

Broad mites (Polyphagotarsonemus latus) cause serious economical problems. The Belgian horticultural sector suffers from severe losses as damaged plants can no longer 

be sold. In potazaleas (Rhododendron simsii hybrids), these little mites of approximately 150-200 µm (Fig. 1) cause browning and curling of leaves or flowers (Fig. 2) and can 

even induce leaf drop. Due to recent changes in the Belgian legislation, chemical treatments must occur more thoughtful since only two effective chemicals are still allowed: 

abamectine and milbemectine. As these chemicals act in the same spectrum, the induction of resistance is very plausible. From 2014 onwards, European legislations will 

force growers to implement Integrated Pest Management (IPM) in their cultivation process. The use of broad working chemicals should be avoided by that time. Hence, more 

detailed information on these mites is needed in order to overcome this problem. We will therefore evaluate thoroughly the biological interaction of the mites with R. simsii 

hybrids. We will also screen our breeding gene pool for the presence of natural resistance/tolerance to these mites. Progress is being made in inducing several defense 

mechanisms in plants by the external application of hormones. We want to test the hypothesis that jasmonic acid (JA) can induce defense mechanisms against P. latus in R. 

simsii hybrids. For this purpose, a molecular approach will be taken. Candidate genes of the JA biosynthesis and signaling pathway (Fig. 3) will be isolated in azalea. The 

expression of these genes will be used as a toolbox to quantify the effect of JA treatments on the sensitivity of the plant against the mites. 

In order to develop a toolbox for the quantification of gene expression upon broad mite infection and other stresses, we 

designed (Primer3Plus) qPCR primers in silico for each gene fragment that was isolated. Proper design and correct validation of 

qPCR primers is essential to set up a reliable molecular tool for measuring gene expression. Hence, for each gene different 

primer pairs were compared in silico (CLC Genomics Workbench 5, CLCbio). The qPCR primers were validated on broad mite 

infected and uninfected bud samples from R. simsii hybrids. Samples were harvested in duplicate as biological replicates. RNA 

was extracted using a CTAB-protocol and cDNA synthesis was performed with the SuperScript III First-Strand Synthesis 

SuperMix (Invitrogen). Standard curves exists of purified and linearized plasmid DNA diluted in yeast tRNA (Invitrogen) and were 

constructed as six serial dilutions (1/10).  Measurements occurred in duplicate in a white 384-well plate (Roche) with the use of 

SensiFAST SYBR No-ROX Kit (Bioline) in a LightCycler480 (Roche). Melting curve analysis allowed to conclude on the 

specificity of the primer pairs. Based on these results (Fig. 4) the best  primer pairs were selected while others were optimized 

and tested again in a qPCR run. Finally, we obtained a preliminary toolbox of 4 genes for measuring the gene expression in R. 

simsii hybrids. 

Figure 3: JA biosynthesis and signaling pathways in plants 

Figure 4: Amplification curves of LOX2-2 infected and uninfected 

samples from R. simsii hybrid buds, standard curves and No Template 

Controls (NTCs) 

Perspectives 
Next to JA many different other hormones play a role in plant defense. For this reason we also want to clone genes related to other hormone pathways. This should result in a toolbox with 

at least 30 genes that can be used to monitor hormonal induced gene expression in R. simsii hybrids. Different experiments will be done to elucidate the hormonal network in R. simsii 

hybrids under different mite-induced stress conditions. In these experiments, we will test more specifically how broad mite infection influences the hormonal regulation within plants and 

whether external hormonal applications can interfere with this regulation. Different hormones will be applied, e.g. MeJA as a JA elicitor and BTH as a salicylic acid elicitor. Gene expression 

will be monitored over time to follow up the persistence of the treatment. In the end, different genotypes will be screened on their tolerance to broad mites with the developed molecular 

tools in order to improve future breeding.  

Table 1: Progress in the 

development of a molecular 

gene expression tool of the 

selected genes 
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The effect of JA on plant feeding insects and pathogens has been studied well. Omer et al. (2000) 

observed a significant reduction in the fecundity of the Pacific spider mite (Tetranychus pacificus 

McGregor) on JA treated leaves of V. vinifera L. In 2010, Rohwer and Erwin concluded that the 

female proliferation of spider mites (Tetranychus urticae) on MeJA-treated impatiens, pansy and 

tomato was lower compared to control plants. The proliferation was also inversely related to the 

mite leaving rate from MeJA-treated plants. Therefore we decided to test the effect of JA in R. simsii 

hybrids to overcome the broad mite problem. 
 
Based on literature search, interesting genes concerning JA biosynthesis and signaling were 

selected. Most of the research is conducted on Arabidopsis thaliana and corresponding sequences 

are retrieved from Plaza 2.5 (Van Bel et al., 2012). CLC Genomics Workbench 5 (CLCbio) was 

used to search (blastp and tblastn) for homologous gene fragments from an in-house 454-

transcriptome database of R. simsii hybrids. Primers were developed in Primer3Plus and PCR 

detection was followed by cloning (TOPO TA Cloning Kit, Invitrogen) of the fragments. Sequence 

analysis already confirmed the isolation of homologs of 7 JA related genes. Table 1 gives an 

overview of these genes and their progress of development. 
 
Genes of 4 enzymes related to JA signaling (Fig. 3) were cloned: Basic chitinase (Bchi), Tyrosine 

Aminotransferase 3 (TAT3), Vegetative Storage Proteins (VSP) and Polyphenoloxidase (PPO). 

According to literature, these enzymes are involved in plant defense regulation. Bchi produces 

basic chitinases that protect plants and lead to resistance against pathogens. TAT3 catalyzes the 

transamination from tyrosine to p-hydroxyphenylpyruvate and is the first enzyme leading to the 

production of radical scavengers in the plant. PPO is able to insert an oxygen molecule in the ortho-

position of a phenol, which results first in a diphenol and then quinones. This can lead to further 

bindings with eventually brown coloring of plant tissues. VSP have been detected in numerous 

plants and act as temporary storage reserve in unfavorable conditions. 
 
Three other genes we cloned are coding for enzymes involved in JA biosynthesis (Fig. 3): Allene 

Oxide Synthase (AOS), Lipoxygenase2 (LOX2) and Jasmonate Methyl Transferase (JMT). AOS 

leads a conversion in the chloroplasts and forms 10,11-EHTr or 12,13-EOTr. One step back in the 

biosynthesis cascade, LOX2 is active in the conversion of hexadecatrenoic acid and linolenic acid 

to respectively 11-HPHTrE and 13-HPOTrE. The production of the volatile methyl jasmonate is 

induced by JMT. 
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Figure 1: Female broad mite 
(source: http://en.wikipedia.org/wiki/Broad_mite)  

Figure 2: Browning and leaf curling  

as the first symptoms of broad mite 

infection on a potazalea 
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Bchi X X X 2

TAT3 X X X 2

AOS X X X 2

LOX2 X X X 4

VSP X X

JMT X X

PPO X X
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