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Peroxisomes are single-membrane organelles vital for the 
development of eukaryotic organisms.1-4 Plant peroxisomes are 
involved in various metabolic functions including photorespiration, 
fatty acid β-oxidation, the glyoxylate cycle, detoxification of 
hydrogen peroxide, biosynthesis of jasmonic acid (JA), metabolism 
of indole-3-butyric acid (IBA) to indole-3-acetic acid (IAA), and 
metabolism of branched amino acids, urate and polyamines.1-3 To 
fully define the proteome of this versatile organelle in plants, we 
performed proteomic analyses of Arabidopsis peroxisomes from 
green leaves and etiolated seedlings, followed by in vivo targeting 
verification of candidate proteins.5-7 After proteomic analysis 
of peroxisomes from etiolated seedlings, we also subjected the 
T-DNA mutants of the newly identified peroxisomal proteins to 
a series of phenotypic assays, including sugar-dependent seedling 
establishment, IBA response, seed germination, and growth under 
low CO

2
, which led us to discover the role of Response to Drought 

21A-like Cysteine Protease1 (RDL1) in seed germination, indole-
3-butyric acid (IBA) β-oxidation, and stress response.6

To develop alternative assays to screen for mutants with 
peroxisomal defects, we focused our attention on JA biosynthesis, 
a pathway with the last steps taken place inside the peroxisome. 
The JA precursor, 12-oxo-phytodienoic acid (OPDA), which is 
produced in chloroplasts, is transported into the peroxisome, 
where it is converted to 3-oxo-2-(2’-[Z]-pentenyl)cyclopentane-
1-octanoic acid (OPC-8:0) before entering 3 rounds of 
β-oxidation to produce JA.8 Given that methyl-JA (MeJA) 

inhibits primary root elongation,9 we reasoned that OPDA, as 
a biologically active precursor of JA,10 may have similar effect 
on root. If so, we could use this root assay to quickly screen for 
mutants deficient in OPDA metabolism or signal transduction.

To test the feasibility of this approach, we first conducted a 
pilot experiment on wild-type plants to determine the optimal 
concentrations of OPDA and MeJA to be applied. As previously 
reported,9 treatment with 10 µM and 20 µM of MeJA resulted 
in a decrease of ~60% to 70% of the primary root length in 
comparison with the untreated plants (Fig. 1A). At 250 nM and 
500 nM, OPDA inhibited primary root elongation in wild type at 
similar degrees, i.e., ~25% (Fig. 1A). Therefore, 250 nM OPDA 
and 10 µM MeJA were subsequently used for the mutant screen.

Mutants analyzed in our previous reverse genetics study6 
were tested with this new assay. The mutants included one 
allele each for Benzoyloxyglucosinolate1 (BZO1) and Glycolate 
Oxidase3 (GOX3), and 2 alleles each for RDL1 and Serine 
carboxypeptidase-like20 (SCPL20). A previously characterized 
mutant of OPC-8:0 CoA Ligase1 (OPCL1), which acts in the 
peroxisomal activation of OPC-8:0,11 served as the positive 
control. On OPDA, the relative primary root length of the 
opcl1–1 mutant was ~15% longer than that of the wild-type 
plants, but on MeJA its relative root length was similar to that 
of the wild-type (Fig. 1B). These results suggested that opcl1–1 
was partially resistant to OPDA, but not to MeJA, which does 
not need the peroxisome for its biological action. We thus 
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Peroxisomes are vital eukaryotic organelles that house a variety of metabolic functions. To fully define the proteome 
of plant peroxisomes, we recently performed a proteomic analysis of peroxisomes from etiolated Arabidopsis seedlings, 
verified the peroxisomal localization of candidate proteins by in vivo targeting analysis of fluorescent proteins, and 
subjected the T-DNA mutants of the newly confirmed proteins to a series of phenotypic analysis. Our reverse genetics 
approach revealed the role of a cysteine protease — Response to Drought 21A-like Cysteine Protease1 (RDL1) — in seed 
germination, indole-3-butyric acid (IBA) β-oxidation and stress response. Here, we developed a quick assay aimed at 
identifying peroxisomal proteins involved in the metabolism of 12-oxo-phytodienoic acid (OPDA), which is converted 
to jasmonic acid in the peroxisome through β-oxidation. We performed a survey of the same mutants analyzed in our 
previous reverse genetics study with this new assay by measuring the response of mutants to OPDA’s inhibitory effect 
on root elongation. Mutants of RDL1 and SERINE CARBOXYPEPTIDASE-LIKE20 (SCPL20) exhibited statistically significant 
hypersensitivity to OPDA, indicating the potential involvement of these proteins in OPDA metabolism. This convenient 
assay may be used in the future to rapidly screen for mutants defective in OPDA metabolism or signaling.
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concluded that this OPDA assay was feasible in identifying 
mutants impaired in OPDA metabolism.

Among the mutants of the newly identified peroxisomal 
proteins, bzo1–4 and gox3–1 showed similar levels of response 
to OPDA and MeJA compared with the wild-type (Fig. 1B). In 
contrast, scpl20 and rdl1 mutants exhibited hypersensitivity to 
OPDA (Fig. 1B, the Student t-test, P < 0.001). The rdl1 mutants 
were also hypersensitive to MeJA, which is consistent with our 
previous finding that RDL1 is involved in multiple aspects of 
growth and development.6 OPDA interacts with abscisic acid 
(ABA) to repress seed germination.10,12 Our data, together with 
our previous finding that rdl1 mutants are hypersensitive to ABA,6 
support the view that RDL1 plays a negative role in both ABA 
and OPDA responses. Given that RDL1 and SCPL20 are both 
highly expressed during germination and post-germination,6 

it is possible that these proteases repress OPDA metabolism in 
seedlings. However, RDL1 promotes IBA metabolism,6 raising 
an interesting possibility that this protease plays opposite roles 
in the metabolism of IBA and OPDA, a hypothesis that will 
need to be tested more rigorously. Nonetheless, this simple 
root assay may be used in future screens to identify additional 
proteins involved in OPDA metabolism or signaling.
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Figure 1. OPDA response assay. (A) Testing the effect of OPDA and MeJA on root elongation in wild-type plants. Y-axis indicates relative root length 
(ratio between root length under treatment and root length with no treatment) of 7-d Col-0 seedlings grown on ½ LS medium supplemented with 
0.5% sucrose and OPDA or MeJA. Data represent means ± se of 3 independent experiments. For each experiment, n ≥ 30. (B) Root response to OPDA 
and MeJA in peroxisomal mutants. Y-axis indicates relative root length (ratio between root length under treatment and root length with no treat-
ment) of 7-d seedlings grown on ½ LS medium supplemented with 0.5% sucrose and 250 nM OPDA or 10 µM MeJA. Data represent means ± se of 3 
independent experiments. For each experiment, n ≥ 30. Asterisks indicate statistically significant changes from the wild type (Col-0 or Col-3). bzo1–4, 
scpl20–2, gox3–1, and rdl1 mutants are in Col-0 background, and scpl20–1 mutant is in Col-3 background. Student t-test, P < 0.001.
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