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Objectives

» Use of CRISPR analysis as tool for strain typing in E. amylovora

> Sequence identity between strains on Maloideae (apple/pear) >99.99%
(i.,e., 1 SNP in 30°000-100'000 bp, based on 5 genomes from Europe and 1 from U.S.)

 Clustering analysis of E. amylovora based on CRISPR data

> Using an international collection of strains obtained from PhytFire partners

» Hypothesis about epidemiology of fire blight in Central Asia

> Fire blight has reached the cradle of domesticated apple, but where does it come from?




CRISPRs

Clustered Regularly Interspaced Short Palindromic Repeats

Semi-repetitive genetic elements that confer acquired heritable immunity
against mobile nucleic acid elements in prokaryotes

> Present in 90% of the Archaea and 40% of the Bacteria
> Protect against phage infection
> Limits horizontal gene transfer of plasmids

Act via an RNA-interference-like mechanism

> In concert with CRISPR associated (Cas) proteins

Hotspots for diversity!!!
> Constantly adapt to the changing plasmid and phage background

Conserved direct DNA repeats interspersed by unique spacers

DR Spacers

Leader (AT-rich) (24 — 47 bp‘)/\ Degenerated DR
o [leste | L PR ] i bl |

S d
i
aw Institute of
Natural Resource Sciences



Three stages model of CRISPR/Cas system functionality

Semi-repetitive CRISPR repeat region

Spacers (~32 bp)
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CRISPRs in E. amylovora
*  Three different CRISPR repeat regions were found in E. amylovora
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E. coli type (repeat, cas genes)
Similar to E. pyrifoliae CRR1 & CRR2

> CRR4 appears to be an inactive locus

E. amylovora
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CRISPRs structure and assembly

* CRISPRs assembly

> New spacers inserted polarily at the 5’ end of the cluster next to the leader
> Older spacers are frequently common whereas newer spacers are unique
> Chronological record of past encounters with foreign DNA
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Identification of ancestral genotype
Strains that display recent incorporation of new spacers at 5’ end
and/or

deletions in the central regions of the array
can not be ancestral
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Clustering of strains
Correlation to geographic origin
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CRISPR Region 1

In worldwide strains

Internal deletions leading to Gr. Il
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Group la genotypes

CRISPR Region 1 in ancestral European strains
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Group la genotypes
CRISPR Region 1 in European strains
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CRR1 genotypes A and D are the ancestral genotypes in Europe
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PCR test of CRISPR1 ancestral genotypes

Allows quick discrimination of A- or D-derived strains
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CRISPR Region 2 provides an additional layer of information

Nireato

a = ancestral European genotype

NIFEat1
O)|K58

t= Kyrgyz genotype displaying a spacer deletion

u= Kazakh genotype displaying a spacer duplication

<—— Spacer duplication

[ <— Spacer deletion

This does not imply that FEa10 derives directly from
K58, but outrules the inverse path!




Conclusions

* CRISPR analysis is suitable for typing E. amylovora at regional or
national level

* First introduction in Europe due to 1-2 genotypes from Eastern U.S.

> Bottleneck leading to high genetic homogeneity, it is not clear if genotype D correspond to
a second introduction from the U.S. or originated in Europe from genotype A

* Recent European strains show increased genetic diversity

 Strains present in Central Asia are derived from genotype A and
correspond to the southern European/Mediterranean genotype

« The Caucasus region lies at the crossroad between the two genotypes




Outlook

We have just scratched the surface, there are still a lot of data
(mainly from WGS) that expect evaluation and can be used to

refine our picture: VNTR, SNPs, plasmid information, etc.
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CRISPR Region 2

What does it tell us?
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Internal deletion leading to Gr. Ib

Divergence point between Gr. I+l and Gr. llI
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AFRS2
I Y H31 Malus (worldwide)

Presence of these spacers suggests that Gr. lll is closer to the ancestor with respect to Gr. I+l

This spacer places south-eastern strains before western strains
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These spacers indicate that IH 3-1 (Louisiana) separated before
segregation of Malus isolates into three groups
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Diversity among Rubus isolates much higher than in Malus isolates
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