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Pathotype identification

" Pathotype identification basis of phytosanitary
measures

" More than 30 pathotypes described

" pPathotypes 1, 2, 6 and 18 are most frequently
found in Northwest Europe == 7
2 (pathorype-1({D1,

® Spieckermann and Glynne-Lemmerzahl bioassays

®" Time consuming, costly, results not always
conclusive no standardised differential set of
potato cultivars
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" pPathotype identification based on associated SNPs

® Need for trait associated molecular markers
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Avr and R genes: an ongoing arms race

" Plant immune system is triggered by pathogen associated
molecular patterns (PAMP) (e.g. chitin for fungi): PTI

" pPathogens produce effectors to suppress PTI (Avr): ETS

® Resistant plants respond with ETI (R-gene)
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Determining the genome of an obligate
pathogen

®" Non-culturable fungus

" Winter spores (resting spores) are the “purest” form of the
fungus we can obtain in sufficient amounts for NGS

/ S. endobioticum

/ Potato
m——) S:;robic fungi and bacteria
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Genome assembly and annotation

S. endobioticum " |terative process used to improve:
1(D1) - MB42
Winier Spores ® genome assembly

(Nlumina) (Roche) (Pacific Biosciences) (lumina)

® scaffold selection

Filter potato reads

Celera hybrid
assembly

808 contigs: 21.3 Mb

Pilon: assembly

improvement tool ® N50: 42.7 kb

® 8174 annotated genes

Structural annotation
(BRAKER)

Scaffold selection -

Z00-approach Current state of the assembly and
I annotation provides a reliable
obology
basis for effector prediction
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Genome assembly and ZOO approach

® Several NGS datasets generated
with Sendo 1(D1) strain MB42

e |llumina HiSeq (DNA and
RNAseq), Roche 454,
PacBio

® >2000 scaffolds obtained after
subtraction of potato reads

® Z0OO approach: initial S.
endobioticum contig selection

® Mapping reads of other
pathotypes and healthy
potato to MB42 scaffolds

® Relative read coverage
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Pilon: assembly improvement tool

" N-stretches (gaps) in assembly complicate structural annotation
" Pilon corrected SNPs, fixed mis-assemblies and filled gaps
® Completely closed gaps (45%), and partially filled (55%) gaps

" Incorrect gap sizes in original assembly

post-200 Pos;ii)?]o : < gap length vs filled length
SNP 11714 10686 -1028
MNP 521 468 -53
Insertion 767 317 -450 .
Deletion 660 446 214 :
Replacement 10) 19 -31 =
Total 13662 11917 -1745
Ns 264022 151866  -112156 sap sie

Pilon: Walker et al. (2014) PLoS One; 9(11)
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Structural genome annotation

®" Fungal gene annotation can be problematic for annotation pipelines

® Gene-dense: RNAseq data can support CDS spanning more
than 2 loci due to overlapping UTRs

® Short introns: can be missed (annotation pipeline vs.
contamination with DNA reads in RNAseq)

®" BRAKER successfully used RNAseq data to annotate the gene-dense
intron-rich Synchytrium endobioticum genome

E.I]IIJI] E.EII]IJ :EI,I]II'JI] :EI.E:I]I'J 4.DII]I] 4.E:IJI] E.IJII]I] 5.5|I'JI] E.I]II]IJ E.EII]I]

MAKER pipeline
*’*

gene gene

BRAKER pipeline

MAKER: Cantarel et al. (2008) Genome Res. 18(1)
BRAKER (unpublished)
http://exon.gatech.edu/genemark/brakerl.html
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Validation of scaffold selection

" Blobology was used to visualise and validate scaffold selection
" Combines GC content, read coverage and blastn-I1D

® Blastn identification on large scaffolds not always informative

Before selection Not annotated 539 After selection Not annotated 197
. Eukaryota 1346 . Eukaryota 603
| Bacteria 425 | Bacteria 8
. Below threshold 0 . Below threshold 0
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Blobology: Kumar et al. Front Genet. 2013; 4: 237
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Functional annotation - InterProScan

" Classifying proteins into families, and predict domains and important
sites

® Combines resources from 11 databases

" Enables effector prediction

Protein family membership

@ protein disulphide isomerase (IPRO05792)
@ calsequestrin (IPRO01393)

Detailed signature matches
@ 1prROOS7OZ Protein disulphide isomerase
e —————————————————— O } (<1511 £ B E-1¢
IPRO01393 Calsequestrin
——— i . I ‘» PRO0312 (CALSEQUESTRN)
& IPRO12336 Thioredoxin-like fold
- : : = - P PS51352 (THIOREDOXIN_Z)
e . " - i GIDSA:3.40.30.10
| — | — ‘P SSF52833 (Thioradox...)
E I1PRO13766 Thioredoxin domain
e '» PFOOOSS (Thiorsdosin)
&) 1PrROOS78B8 Disulphide isomerase

‘> TIGRO1126

InterProScan 5: Jones et al. (2014) Bioinformatics; 30 (9)
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We have the genome... What’s next?
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Effector prediction and selection

" There is no single strategy for fungal effector prediction

" However, different traits and criteria can be exploited

Secreted, small and cysteine-rich
Presence/absence Pfam domains

Effector motifs/internal repeats

Clustering into (pathogen associated) gene families
Species/pathotype/strain specific

30 structure and expression
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The HR-inducing ability of putative
effectors using Agroinfiltration

Agrobacterium
tumefaciens

g; Q DNA containing the
gene of interest

E Recom-
binant —

Inrcubhatinn Ti plasmid Intradustinm

Site whe
restrictio
enzyme (

Copyright @ Pearson Educatior
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Du et al. (2014) J. Vis. Exp. (83)
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Conclusions

" We have sequenced and assembled the genome of S. endobiotiucum

" The 21.3 Mb draft genome sequence of comprises 8174 predicted
genes

" Pilon fixed mis-assemblies and closed gaps in the genome sequence

" BRAKER was able to predict genes on the gene-dense and intron-rich
genome

" The structurally annotated assembly provide a reliable gene/protein
set for effector prediction

" There is no straightforward strategy for effector prediction, but
combined traits can be used for prediction and selection of promising
effector candidates
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Further activities

" |dentification and selection of putative effectors for in planta
expression using agroinfiltration

" Agroinfiltration of selected effectors to test their ability to trigger a
hypersensitive response in resistant potato cultivars

" Determine trait associated inter-pathotype variation and develop
molecular pathotype specific identification tools
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