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1. Variation in abundance of predicted resistance genes in the
Brassica oleracea pangenome (H¥AZ ZH At EFEEHRER)
A iR M EERREY, B8 T H03. 1B, T2 PR B IEEN £
FhEESEAEYD, SR H IR S 2 BRI . R . HB0H AR BN 2 R EH
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1. Leptosphaeria maculans Effector Protein AvrLml Modulates
Plant Immunity by Enhancing MAP Kinase 9 Phosphorylation (J#H3&
R B RS YA ) e )

/1. Leptosphaeria maculans, the causal agent of blackleg disease in canola (Brassica
napus), secretes an array of effectors into the host to overcome host defense. Here we present
evidence that the L. maculans effector protein AvrLm1l functions as a virulence factor by
interacting with the B. napus mitogen-activated protein (MAP) kinase 9 (BhMPK9), resulting
in increased accumulation and enhanced phosphorylation of the host protein. Transient
expression of BhMPK9 in Nicotiana benthamiana induces cell death, and this phenotype is
enhanced in the presence of AvrLm1, suggesting that induction of cell death due to enhanced
accumulation and phosphorylation of BnMPK9 by AvrLml supports the initiation of
necrotrophic phase of L. maculans infection. Stable expression of BnMPK9 in B. napus
perturbs hormone signaling, notably salicylic acid response genes, to facilitate L. maculans
infection. Our findings provide evidence that a MAP kinase is directly targeted by a fungal
effector to modulate plant immunity.
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2. ldentification and expression pattern analysis of the glucosinolate
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biosynthetic gene BoCYP83B1 from broccoli (T2 fERE LY & R
F[FIBCYP83B1 4 2 K RIEME A 74T)

fi4: Glucosinolates are a branch of amino acid-derived metabolites, which are specifically
found in Brassicales. In Arabidopsis, tryptophan derived indolic glucosinolates are required
for plant defense against a wide range of pathogens and herbivores due to their strong
antimicrobial activity and potential signaling function. An important enzyme in indolic
glucosinolate biosynthesis pathway is CYP83B1, which oxidizes indole-3-acetaldoxime, a
precursor of indole-3-acetic acid (IAA). In this study, we reported isolation and expression
characterization of a CYP83B1 gene from Brassica oleracea L. var. italica Plenck, which we
termed BoCYP83B1. Overexpression of BoCYP83BL1 in Arabidopsis resulted in an altered
glucosinolate profile and early flowering phenotype. By expressing the reporter gene
B-glucuronidase under the control of the BoCYP83B1 promoter in Arabidopsis, we analyzed
the spatial expression pattern of BoCYP83B1 under normal growth conditions as well as in
response to several hormones and stresses. The BoCYP83B1 was primarily expressed in
vascular tissue through the almost whole plant. It was strongly induced by methyl jasmonate,
1-amino-1-cyclopropanecarboxylic acid, salicylic acid (SA), gibberellin, and IAA, suggesting
its involvement in complex signaling pathways. Mannitol, NaCl, UV, and Flagelin 22
significantly up-regulated BoCYP83B1 expression, indicating its possible role in stress
response. Interestingly, the response of BoCYP83B1 to SA and NaCl showed tissue
specificity. Thus, BoCYP83B1 might have different functions in different tissues.

S¥E: Biologia Plantarum
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3. Expression of rice OsMyb4 transcription factor improves
tolerance to copper or zinc in canola plants (ZKfg0sMYB4%4 5% K F )
R IE TR TR TR SR B F i 32 4%k )

4. The effects of copper and zinc salts on transgenic canola plants expressing rice
transcription factor (TF) OsMY B4 were investigated. Transgenic plants (TPs), which showed
a high OsMyb4 expression in response to either Cu or to Zn excess, were used for the current
study. In leaves of TPs, the content of Cu was equal and the content of Zn was significantly
higher than in non-transformed plants (NTPs). The TPs grown on an extremely high
concentration of heavy metals (HMs; 150 UM CuSO, or 5 000 UM ZnSO,) were able to
survive for more than 15 d, while NTPs died after 7 - 9 d of incubation. This indicates that
expression of OsMyb4 in canola plants improved their HM tolerance. The TPs tolerance to
HMs was confirmed by a higher shoot biomass than that in NTPs. Excess of HMs caused
oxidative stress (indicated by increase in malondialdehyde content) especially in leaves of
NTPs. This data suggests a protective role of the OsMyb4 TF in oxidative stress. The HMs
caused a lower decrease in activities of superoxide dismutase and guaiacol peroxidase in TPs
than in NTPs. Higher tolerance of TPs to HMs was also suggested by a considerable increase
in the content of low-molecular phenolic compounds, including flavonoids and anthocyanins,
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as well as proline (a potential antioxidant and chaperone). These data suggest that OsMY B4
may play a role as a positive regulator of phenylpropanoid pathway and proline synthesis.
The created canola OsMyb4 TPs may be useful for future applications in phytoremediation of
HM-polluted soils.
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4. Effectiveness of RIm7 resistance against Leptosphaeria maculans
(phoma stem canker) in UK winter oilseed rape cultivars (3<E 4y

SE A FHRLM7 i SE 22 E B0 I Dt BB 90)

%i4T: The RIm7 gene in Brassica napus is an important source of resistance for control of
phoma stem canker on oilseed rape caused by the fungus Leptosphaeria maculans. This study
shows the first report of L. maculans isolates virulent against RIm7 in the UK. Leptosphaeria
maculans isolates virulent against RIm7 represented 3% of the pathogen population when
cultivars with the RIm7 gene represented 5% of the UK oilseed rape area in 2012/13.
However, the RIm7 gene has been widely used since then, representing >15% of the UK
oilseed rape area in 2015/16. Winter oilseed rape field experiments included cultivars with
the RIm7 gene, with the RIm4 gene or without RIm genes and took place at five sites in the
UK over four cropping seasons. An increase in phoma leaf spotting severity on RIm7
cultivars in successive seasons was observed. Major resistance genes played a role in
preventing severe phoma leaf spotting at the beginning of the cropping season and, in
addition, quantitative resistance (QR) in the cultivars examined made an important
contribution to control of phoma stem canker development at the end of the cropping season.
Deployment of the RIm7 resistance gene against L. maculans in cultivars with QR in
combination with sustainable disease management practices will prolong the use of this gene
for effective control of phoma stem canker epidemics.
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