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Figure 1 – Strawberry Powdery mildew

2) Samples from 
many plants were 
combined  to 
provide enough 
material for DNA and 
RNA extraction.

4) RNASeq  data has been used to 
guide gene prediction within our newly 
assembled genomes. 

Final Objective:   Identify effector genes in
P. leucotricha and P. aphanis

Final Application:   Facilitate diagnosis by sequencing 
of P. leucotricha and P. aphanis
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Figure 1 – Strawberry Powdery mildew

Introduction

Introduction:
The powdery mildew fungi (Erysiphales) are a group of biotrophic parasites
that infect nearly 10,000 species of angiosperms, amongst these are major
horticultural crops including strawberry and apple. Uncontrolled, powdery
mildew outbreaks can lead to severe yield loss1. Podosphaera leucotricha is
regarded as one of the most serious diseases affecting apple growers2

whilst Podosphaera aphanis has been rated the most important aerial
disease for UK strawberry growers3. Despite the economic importance of
powdery mildew in horticulture, genomic resources for the study of these
pathogens are lacking. Only 68 nucleotide sequences, all shorter than
1,500 bp, are publicly available in the NCBI database for P. aphanis. By
comparison eleven whole genome assemblies are available for Blumeria
graminis (barley powdery mildew).
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Figure 1 – Bioinformatics workflow for mildew genome assemblies with statistics
for P. leucotricha from apple (orange), P. aphanis from strawberry (pale green) and
P. aphanis from raspberry (yellow) at each stage.
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Aims:
We aim to generate the first genomic 
resources for the study of powdery 
mildew pathogens in UK horticulture. This 
includes first genome assemblies for P. 
aphanis affecting strawberry and 
raspberry and the first genome assembly 
of a European P. leucotricha sample. By 
comparing those genes found within each 
species we will identify common effectors 
that confer host specificity to these 
horticultural pathogens. 

Discussion:
Our approach, which maximizes the amount of pathogen initially collected
and relies upon rigorous bioinformatic removal of contaminants, avoids
difficulties in maintaining cultures of obligate biotrophs whilst still yielding
high quality genome assemblies.
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Figure 3 – Assembly statistics for mildew genomes showing P. leucotricha from
apple (top), P. aphanis from strawberry (middle) and P. aphanis from raspberry
(bottom).

• We combined fungal material from many host plants before sequencing to
generate metagenomes for powdery mildew infecting apple, raspberry and
strawberry (Figure 1).

• Filtering for contaminants was performed both pre and post assembly; first
by alignment to host genomes and second by taxonomic classification of
contigs (Figure 2). At both points the majority of reads and contigs were
classified as mildew.

• Final assembly statistics (Figure 3) are comparable to other short read
assemblies of powdery mildew fungi in terms of total genome length, N50
and contig numbers.

Results:

We have 
assembled the 
first genome 
for P. aphanis

strawberry 
mildew

We have 
assembled the 

first genome 
for a European 
apple powdery 
mildew sample

We have 
identified 3,893 

candidate 
effector genes 
in strawberry 

mildew

Our Strawberry 
powdery 
mildew

genome is 56.2 
Mb in size

Our Strawberry 
powdery 
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genome is 56.2 
Mb in size

Our apple 
powdery 
mildew 

genome is 49.4 
Mb in size

All of our genome 
assemblies 

are high quality, 
indicated by 

BUSCO 
representation 

over 90%

We have 
predicted 

17,501 genes 
in strawberry 

mildew

Our raspberry 
powdery 

mildew genome 
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size 

Figure 2 – Taxonomic classification of assembled contigs from an apple orchard broken down by taxonomic rank from domain (left) to
species (right), number of contigs assigned to a following taxon is shown above each node.


