Phenotypic Variation between P. ramorum isolates from Washington and British Columbia Nurseries
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Introduction Results Conclusions
Phytophthora ramorum is an invasive plant pathogen found : :
across North American and European nurseries known to cause Aggressiveness Assay: « Within WA Isolates, the NA1 lineage showed
Sudden Oak Death as well as many other ramorum-blight B e e R the most variance In lesion area Compared to
related diseases on a W|de VariEty of hosts (USDAAPH'S the other |ineages Studied, indicating that this
§%23)- Tgrlgalcovn\]/r'?r?n II\IIne?P?ZS of P. r?\lr"l\ol”_”“tr']n‘j“dg NAL t lineage displays the widest range of
, an . Within North America, IS the predominan : ST

lineage found in nurseries (Grunwald et al. 2012), however, NA2 ' , | i aggressiveness of the studied lineages
and EU1 are also found Iin the region. Additionally, a sexual ' . . . .
hybrid of the EU1-NAZ2 lineages has recently been discovered In . | * Five of the isolates used in this study showea
North America (Hamelin et al. 2022). Common treatment of P. t" - ‘ i an EC50 value greater or equal to 0.1 ppm as
ramorum includes the use of fungicides, such as Metalaxyl-M. : 5 ‘ ﬁ | = opposed to the 0.01 ppm standard. No
Previous research found the standard EC50 (effective ’ ‘ ‘ \ significant differences in EC50 values were
concentration resulting ins 50% mortality) for P. ramorum against found across the different lineages of P.
Metalaxyl-M to be around 0.01 ppm (Elliott et al. 2015), however, ramorum, likely due to high variability within
this study also noted that many isolates appeared to show each lineage. This preliminary data suggests
resistance to the fungicide. In this study, we aim to investigate that P. ramorum is developing a resistance to
and compare fungicide resistance and aggressiveness Metalaxyl-M, however, clonal lineage is not a
phenotypes of NA1, NA2, EU1, and hybrid P. ramorum clonal N ) N S N A O A determining factor in this resistance
lineages using isolates from Washington (WA) and British | o ” S el ” - - development.
Columbia. (BC) nurseries. Figure 3: Boxplot (_)fANOVA r_esults on WA aggressiveness assay results. Each boxplot repres_entsthe Iesu_)n area range of each isolate. Isolate

IDs are on the x-axis, and lesionarea in cm?is on the y-axis. Isolate IDs are grouped by associated clonal lineage: Red boxes representEUL1,

Green boxes represent NA1, Blue boxes represent NA2, and purple boxes represent EU1-NAZ2 hybrids. Graph generated in R version 4.3.0 (R e Both isolates with the highest aggressiveness

Core Team. 2023). Significant differenceswere found in the lesion area by isolates (p=0) and lineage (p=0). Additionally, Significant differences

were found in lesion area between NA1 and EU1 (p=0.0003), NA1 and NA2 (p=0.0002), and NA1 and EU1-NA2 hybrids (p=0.006) and MetalaxyI-M resistance originated from the

same nursery location (table 2).

Methods Fungicide Resistance:
Aggressiveness Assay: | N | N | .
Clonal Lineage Origin IsolatelD  EC50  Clonal Lineage Origin Isolate ID ECS50 Clonal Lineage Origin Isolate ID EC50
EU1 WA 107-0053 0.0002 EU1 BC 122-0042  0.0034 NA2 WA 119-0017 0.0305 Futu re Directions
EU1 WA  108-0028 0.0023 EU1 BC 122-0043  <0.01 NA2 WA  119-0159 0.0064 -
EU1 WA 108-0040 0.7062 EU1 BC 122-0047  0.0060 NAZ BC 122-0035 0.0034
EU1 WA  109-0059 0.0016 EU1 BC  122-0045 0.0052 NA2 BC  122-0044 0.0046 » Further analysis into isolates with EC50s too
EU1 WA 112-0042  0.5689 NA1 WA 107-0093 0.0126 NAZ BC 122-0048  0.0095 low to calculate is needed in order to generate
EU1 WA 113-0019  0.0043 NA1 WA 108-0021  0.0037 EU1-NA2 WA 109-0096  0.0090 :
EU1 WA 113-0020 <0.01 NA1 WA  108-0026  0.7062 EU1-NA2 WA 109-0097 0.0057 accurate ECS0 values. Havmg accurate ECS0
Figure 1: Aggressiveness assay experimental overview. For Each WA solate, five EU1 BC 122-0032 0.0029 NA1 WA 112-0002  0.0153 EU1-NAZ BC 122-0033  0.4605 calculations will allow for more accurate teSting
Rhodqdendron_ leaves were wounded before being inoculated with actively growing EU1 BC 127-0026  <0.01 NAZ VWA 111-0005 0.0074 EU1-NA?2 BC 127-0034 0.2186 Of Variance between ClOn aI Iineag es.
mycelium and incubated for 10 days. EU1 BC  122-0038 0.0019 NA2 WA 112-0040 0.0111  EU1-UK3 BC  122-0037  <0.01
' ' EU1 BC 122-0040  0.0044 NAZ WA 114-0022  0.0121 EU1-UK3 BC 122-0039  <0.01 . : :
For WA isolates, rhododendron leaves were inoculated = e s e WA 1022 | 200 . Fungicide resistance tests using

with P. ramorum and incubated (figure 1). Post incubation, the

Dimethomorph, Mandipropamid, and Fosetyl-Al
fungicides to further test for fungicide resistance
within clonal lineages

lesion area was measured using ASSESS software (Elliott
2015), and statistical analysis was done via R version 4.3.0 (R
Core Team. 2023).

Fungicide Resistance Testing:

Table 1: EC50 values for WA and BC isolates against Metalaxyl-M. EC50 values of “<0.01" indicate that the EC50 values were too low to calculate
effectively. Where EC50 values are indicated as "N/A" EC50 values could not be estimated. Five isolates showed EC50 values exceeding 0.1 ppm
against Metalaxyl-M. No significant differences were found between EC50 values by clonal lineage.

* Once EC50 values for all isolates against all

I Cluster analysis: fungicides have been determined, further

, , ) cluster analysis can be performed to compare
i Sample ID Clonal Lineage Nursery Lesion areacm” EC50  Cluster Cluster plot .. i i
: = 107-0053 FU1 N35 10237 2604 1 1120042 fungicide resistance and aggression of
— 108-0028 EU1 N40 9.977 0.002 1 P. ramorum clonal |ineages_
4/1\ 109-0059 EU1 N43 9.304 0.002 1 1
_ y | e = a 107-0093 NAl N35 11.073 0.013 1 .
| | | | 111-0005 NA2 N39 10.207 0.007 1 ) .
) | | * A108-0026 +
R — — 112-0040 NA2 N26 10.272 0.011 1 108-0040
g o I 114-0022 NA2 NA47 8.554 0.012 1 cluster
lO 115-0001 NA2 N47 9.484 0.011 1 o ' 1 References
— 119-0017 NA2 N54 9.815 0.031 1 3 1 4|2 -
| | | 119-0159 NA2 N32 9.164 0.006 1 w3
7 K 109-0096 NA2/EU1 N45 9.21 0.009 1 a4
R 109-0097  NA2/EU1 N45 10.443 0.006 1
108-0026 NA1 N44 3.852 0.706 2
i 2 Fungicid - _ al _ Activel _ i ¢ 113-0019 EU1 N1 6.265 0.004 3 o
igure 2: Fungicide resistance experimental overview. Actively growing mycelium from e B e e A R - ]
each isolate was subcultured onto V8A containing 0, 0.01, 0.1, 1, and 10 ppm 112-0002 NAL A 7217 0.013 3 . mao 1140022 _ o 1070003
Metalaxyl-M. Radial growth of mycelium was measured after 5 and 10 days of 108-0040 U1 TFa1 10.591 0.706 4 | -Uu | |
incubation. 112-0042 EU1 N41 10.509 0.969 4 3 v _ . 1
: .. ! | esion.cm?2
P. ramourm isolates were plated onto fung|C|de-amended media Table 2: Table of preliminary cluster analysis results. Only WA isolates
and radial growth was measured (figure 2)_ Statistical analysis with definitive lesion area and fungicide resistance data were used. Figure 4: Preliminary cluster analysis comparing Metalaxyl-M EC50
_ _ Lesion area and EC50 data were standardized in R version 4.3.0 (R values and lesion area data for WA. Plot generated used data from table
was done using R version 4.3.0 (R Core Team 2023) R Core Team. 2023) prior to running cluster analysis. “TF41” indicates 2. Graph created using R version 4.3.0 (R Core Team. 2023).
package "ec50estimator" ( Alves 2020) was used for EC50 that the sample came from a landscaping site that had plants from
. ' N41.
calculations
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