Current Biology, Volume 35

Supplemental Information

Evolution of a vascular plant pathogen is associated
with the loss of CRISPR-Cas and an increase

in genome plasticity and virulence genes

Misha Paauw, Willem E.W. Schravesande, Nanne W. Taks, Martijn Rep, Sebastian
Pfeilmeier, and Harrold A. van den Burg



69 01 08 14 25 34 41 81

Sample

A

94 read sets

Genome assembly:

Flye

l

Contiguous
chromosome
93/94

Plasmid
7/94

100 200 300 400 500 600 700

R
o 0e® 5
x o
L] [
" LI I
" er * X
A :
.
O O O O O O O 9o 9o o
©O O O O O O O o o
O O O O O O O o o
n o 1 o 1v o .1vu o v
<t~ + O O N N-
yibus) peas

0

Coverage (x genome)

T T T T

o o o o

o o o o

< () Al —

< < < <
o saouanbas buipo)

—I+

-

A —
0 ro} © <
w (dqn) azis swousn)

T

111

T
o
0

65.0 1

T
0
©
w ?\% Jusjuod OBH

65.3 1

flye

(sausb 0D SNg 219|dwod %)
o ssaud)a|dwod swousn

Xcr
Pathovar

Xce

Xer

Xcc

Xcer

Xce

medaka homopolish

Pathovar

Pathovar

Assembly/polishing stage

D not pathogenic I:I X.c. pv. raphani

Xcc str. 0419
Xcc str. LMG 07460

Xcc str. LMG 00572
Xcc str. CFBP 8242 CNO7
Xcc str. LMG 08006
Xcc str. LMG 08007
Xcc str. CFBP 4956
Xcc str. CFBP 1124

Xcc str. Xc02

Xcc str. CFBP 1712
Xcc str. CFBP 1713
Xcc str. CFBP 4954
Xcc str. LMG 08106
Xcc str. CFBP 1121
Xcc str. DAPP-PG 308
Xce str. CFBP 5127
Xcc str. #689

Xcc str. MBG-63.1
Xcc str. LMG 08001

Xcc str. LMG 08005
Xcc str. LMG 00569

Xcc str. MBG-107.1
Xcc str. "race 4"

Xci str. 5057

Xci str. 18048

Xci str. CFBP1606
Xci str. CFBP1371
Xer str. NBC743
Xer str. NBC567
Xer str. 0516

Xcr str. 0539

Xer str. 0609

Xer str. NBC271

3 00860
Xer str. BXC#143
Xcr str. B288

Xer str. P5082

Xer str. P5056

Xer str. P5034

Xcr str. CFBP 6579

Xcr str. 0915
Xer str. P5155

Figure S1. Extraction of genomic DNA, Oxford Nanopore Technologies sequencing, and genome

assembly of 94 Xanthomonas campestris isolates. Related to Figure 1.

(A) Pulse Field Gel Electrophoresis of gDNA from 8 samples. (B) N50 read length and coverage for all

94 Nanopore read sets. Different colors indicate different pathovars (orange: Xcc, blue: Xcr). The non-

pathogenic isolate is here indicated as a black point annotated as Xc. (C) Flowchart of genome

assembly strategy and summary. (D) Genome completeness measured as ‘% of complete BUSCO



Number of predicted IS

genes’ present in the 94 genome assemblies. Dashed line represents the genome assembly of the

reference strain Xcc8004. (E) GC content, (F) genome size, and (G) number of predicted open reading

frames for all 94 genome assemblies. For panel E, F, and G: Note that the Y-axis does not start at 0.

Asterisk indicates Wilcoxon test p-value < 0.0001. (H) Phylogenetic tree similar to Fig 1C, but includes

7 genomes of X. campestris pv. incanae (highlighted in pink).
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Figure S2. Xcc genomes encode a higher number of insertion sequences than Xcr genomes.

Related to Figure 3.

Number of insertion sequences per genome, by pathovar and by insertion sequence family. One

potentially new family of IS was detected. Np = non-pathogenic isolate. ISs were detected using

ISEScan.
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Figure S3. In Xcc, genome inversions happen more often than in Xcr. Related to Figure 3.

(A) Number of genome inversions between all pairwise genome alignments in our Xanthomonas panel.
Highlighted in orange: Xcc-Xcc combinations. Highlighted in blue: Xcr-Xcr combinations. (B) Number
of inversion breakpoints per genome. Asterisk indicates Wilcoxon test p-value < 0.0001.
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Figure S4. Xcc accessory T3E occur in dynamic regions of recombination. Related to Figure 4.
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Arrows represent open reading frames. Links between arrows represent a sequence similarity higher
than 0.4. (A) Genomic neighborhoods of type Il effector gene xopAL2 in 7 Xcc genomes. Note the
absence of links between the flanking genes in different isolates. This indicates that xopAL2 is located

in a different genomic neighborhood in these different isolates. (B) Hotspot of recombination around the



locus containing T3E genes xopAH, avrBs1, xopH1, and xopE3. Note the light blue genes flanking the

hotspot of recombination: they are conserved core genes in the Xcc/Xcr pangenome.
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Figure S5. Xcr-targeted plasmids encode Xcc-accessory type lll effectors, and a high density of
insertion sequences. Related to Figure 5.
(A) Presence/absence of genes on plasmids from different Xanthomonas species targeted by Xcr
spacers. Plasmid related genes (top panel), plasmid-encoded putative type Il effector homologs
(middle panel), and Xcc/Xcr core effectors (bottom panel) as control. In total, 182 Xcr-targeted plasmid

sequences were analysed (X-axis). Orange: presence, grey: absence. (B) Number of insertion



sequences per 10,000 bp on the same plasmids as panel A. Orange and blue dashed line represent

the Xcc8004 and Xcr756¢ genome, respectively, as baseline level of IS per 10,000 bp.
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Figure S6. Presence/absence of anti-viral defense systems among the Xcc/Xcr genomes from

this study. Related to Figure 5.

For each defense system, presence (opaque part of bars) or absence (lighter shaded part of bars) is

shown for Xcc and Xcr as proportion of the number of inspected genomes.
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