
The presence of Rhodotorula sp. in Ulmus minor plantlets moderates 
the response to Ophiostoma novo-ulmi in roots of tolerant clones
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Background

• Dutch elm disease (DED) has decimated the elm populations in
Europe and North America

• Many advances have been done thanks to the breeding programs.
In Spain, 7 tolerant Ulmus minor (field elm) clones have been
identified

• Some physiological and anatomical features related with the
tolerance to DED have been already described

• However, the molecular basis of the DED-tolerance have no
completely understood yet

• Moreover, recent studies point to some endophytic fungi could
contribute to DED-tolerance in elms.

Objectives
1. Analyse the expression of defense-related genes at local level in elms inoculated with Ophiostoma novo-ulmi

(DED-pathogen)
2. Compare this expression with that elicited by the inoculation of the endophyte: Rhodotorula sp. P5 strain

Plant material
U. minor plantlets grown in vitro

Genotypes:
M-DV2.3 and V-AD2 (Tolerant)
M-DV1 and VA-AP38 (Susceptible)

Treatments: Inoculation with…
Water (Control)
O. novo-ulmi
Rhodotorula-P5.

Period: 7 days

FIRST APPROACH

• phenylalanine ammonia lyase (PAL)
• wrky transcription factor 70 (WRKY70)
• disease resistance protein (DRP)
• enhanced disease susceptibility 1 (EDS1)
• germin-like protein (GLP1.14)
• pathogenesis-related protein 2 (PR2)
• pathogenesis-related protein 4 (PR4)

Gene 
expression

Fungus abundance

No significant 
changes

Tolerant Susceptible

*

*
*

Tolerant Susceptible

*

*

Tolerant Susceptible

*

Tolerant Susceptible

* *

**

Tolerant Susceptible

Quantification of both fungi by the amplification of
their ITS regions using qPCR. The concentration is
expressed in proportion to M-DV2.3. Results showed
no direct relation between the DED-tolerance grade
and the fungus concentration in the roots, neither in
O. novo-ulmi nor in Rhodotorula treatments.

Expression of defense-related genes by qRT-PCR in elm roots (The expression was normalized with 18S rRNA gene and relativized to control samples)

• 3 of the 7 chosen genes showed no differences regarding control treatment (DRP, EDS1 and GLP1.14).
• PAL and PR4 genes were highly overexpressed in O. novo-ulmi inoculated plants. In the case of PR4 the overexpression was more than 150 fold-

times in tolerant clones and around 150 in the susceptible clone M-DV1.
• PAL was also overexpressed in M-DV2.3 and VA-AP38 inoculated with the endophyte.
• Surprisingly, except for PAL gene, VA-AP38 showed no overexpression with the O.novo-ulmi inoculation, while Rhodotorula inoculation induced

significantly the expression of PAL, WRKY70 and PR2.

SECOND APPROACH

Conclusions
1) Apparently, O. novo-ulmi triggered in roots of elm plantlets a classic local defense response in all genotypes. However, in susceptible clones this response seem to be lighter.

2) The inoculation of the endophyte also promoted a defense response in some of the genotypes. Maybe this fungus could be used to promote a defense priming against O. novo-ulmi.

3) The double inoculation Rhodotorula-P5 + O. novo-ulmi had an effect on the pathogen concentration and moderated the defense response in tolerant elm clones.
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The endophyte pre-inoculation produced a reduction in the accumulation of O.
novo-ulmi in all genotypes compared to the single inoculation of the pathogen,
except in M-DV2.3.
The accumulation of Rhodotorula-P5 in these plants was also higher compared
to the P5-inoculated plants, demonstrating the endophyte continued growing
in these plants during the extra week of this treatment.

*

*

* **

**

Tolerant Susceptible

PAL expression was induced in roots of all genotypes inoculated with O.
novo-ulmi. Rhodotorula-P5 also promoted PAL overexpression in all
genotypes except in M-DV1.
The Rhodotorula+Ophiostoma treatment induced PAL overexpression,
however this was significantly reduced in tolerant clones (red arrows).
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