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Genome Announcement
The bacterial species Xanthomonas translucens is responsible for bacterial leaf streak and

black chaff of small grains and bacterial wilt of forage grasses (Egli et al. 1975; Jones et al.
1917; Sapkota et al. 2020; Vauterin et al. 1995). In particular, bacterial leaf streak of wheat rep-
resents the most limiting bacterial disease in wheat production worldwide (Duveiller et al.
1997). The X. translucens pathovar most commonly associated with wheat is pathovar
undulosa (Smith et al. 1919).

Until recently, genome sequences of 61 strains were available for this species at NCBI
GenBank, 16 of which are complete genomes. Only one X. translucens genome sequence
from a South American strain, UPB787, is currently available, which was isolated from barley in
Paraguay in 1990. To enlarge the geographic coverage of the pathogen’s genomic resources,
we present the first complete genome sequence of a South American strain of X. translucens,
which reveals a surprising conservation of its repertoire of transcription activator-like effectors
(TALEs) across continents.

Strain MAI5034 was isolated in October 2018 from symptomatic wheat leaf tissue obtained
in Soriano, Uruguay (Clavijo et al. 2022). Pathogenicity on wheat was confirmed in greenhouse
assays. The strain was identified as X. translucens pv. undulosa by multilocus sequence analy-
sis of the concatenated partial sequences of four housekeeping genes (dnaK, fyuA, gyrB, and
rpoD) and, through multilocus sequence typing, it was assigned to novel sequence type ST3
(Clavijo et al. 2022).

Strain MAI5034 was grown at 28�C on peptone-sucrose-agar medium (0.5% peptone, 2%
sucrose, and 1.5% agar) for 24 h. Bacteria were then resuspended in 10 mM MgCl2 and diluted
to an optical density at 600 nm of 1.0. Cells from 2 ml were harvested by centrifugation and
washed once with 10 mM MgCl2, and genomic DNA was isolated using Qiagen Genomic tip
100/G (Qiagen, Hilden, Germany) according to the manufacturer’s instructions.
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For library construction and DNA sequencing, performed by ohmX.bio (Gent, Belgium),
1 lg of DNA was mechanically fragmented with g-Tubes (Covaris) at approximately 13 kb.
A sequencing library was prepared with the Ligation Sequencing kit (SQK-LSK110; Oxford
Nanopore Technologies [ONT]) and the Native Barcode Expansion (PCR-free) (EXP-NBD114;
ONT) based on the manufacturer’s protocol. For multiplexing with other samples, a unique bar-
code (barcode ID NB19, GTTCCTCGTGCAGTGTCAAGAGAT) was ligated to the sample type
using the ONT direct-DNA (SQK-LSK109) library preparation kit in combination with the Native
barcoding expansion (EXP-NBD104). Upon pooling of eight libraries, samples were sequenced
on a GridION, R9.4 flow cell, and sequence reads were demultiplexed by ohmX.bio and pro-
vided as FASTQ files.

Sequence reads were trimmed with Porechop (v0.2.4) and assembled using three different
algorithms: Flye (version 2.8.1-b1676), Shasta, and Miniasm (Kolmogorov et al. 2020; Li 2016;
Shafin et al. 2020; Wick 2017). In addition, the Flye and Miniasm assemblies were polished
using Racon (Vaser et al. 2017). A comparison of these assemblies revealed the superior per-
formance of the Racon-polished Flye assembly, as indicated by its better contiguity, complete-
ness, and quality (Supplementary Table). However, manual inspection revealed significant
issues with homopolymeric nucleotide runs, resulting in four frame shifts per TALE gene.
Therefore, we applied Homopolish (version 0.0.1) on the Racon-polished Flye assembly
(Huang et al. 2021), which resolved all of the problems at the TALE genes and reduced the
number of predicted pseudogenes from 315 to 202 (see below).

This procedure yielded one circular chromosome of 4,625,916 bp with a typical G+C
content of 64.7%, corresponding to 139× sequencing coverage. The chromosome was anno-
tated with GeneMarkS-2+ (Lomsadze et al. 2018), as implemented in the NCBI Prokaryotic
Genome Annotation Pipeline (https://www.ncbi.nlm.nih.gov/genome/annotation_prok/), which
predicted a total of 4,001 genes, including 3,736 coding genes, 202 pseudogenes, 53 transfer
RNA genes, 4 noncoding RNAs, and 2 rRNA operons (5S, 16S, and 23S).

Table 1. Repeat-variable diresidue (RVD) sequences of completely sequenced Xanthomonas translucens pv. undulosa strainsa

TALE class Strains RVD pattern

TalCT ICMP11055 HN HD HD HD NI NI NI HN HD HD NH NN NI NN HD
LW16, XtFa1 NN HD HD HD NI NI NI HN HD HD NN NN NI NN HD
MAI5034, P3, XtKm12, XtKm15, XtLr8,

Xtu4699
HN HD HD HD NI NI NI HN HD HD NN NN NI NN HD

TalCZ ICMP11055, LW16, MAI5034, P3, XtFa1,
XtKm12, Xtu4699

NH NN HD NN HD NH HD YK NG NH Y* HD NN NI NG QD

TalDA ICMP11055, MAI5034, P3, XtFa1, XtKm12,
XtKm15, XtLr8, Xtu4699

HD YD NI NG NG NN YK NG HD NG NG ND NG QD NH HD

LW16 HD YD NI NG NG NN YK NG HD NG NG ND NG QD NH QD
TalDB LW16 NN HD KG HD HD HN NF NI NN HD HD HD HN HN HD

P3 NN HD NG HD HD HN NF NI NN NN HD HD HN HN HD
XtKm15,b XtLr8 NN HD NG HD HD HN NF NI NF HD HD HD HN HN HD
Xtu4699 NN HD NG HD HD HN NF NI NH HD HD HD HN HN HD

TalDC MAI5034, P3, XtFa1, XtLr8, Xtu4699 NN NG HD HD HD KG NN Y* NG HD HD QD HN
TalDD ICMP11055 NN HD NG NN HN KG NI HD NI HN HD HN HD Y* NG HD HD HN

LW16 NN HD NG NN HN KG NI HD NI HN HD HN HD HD NI HN HN HD
MAI5034 NN HD NG NN HN KG NI HD NI HN HD HN HD HD NI HN HD QD
P3, XtFa1, XtKm12, XtKm15, XtLr8, Xtu4699 NN HD NG NN HN KG NI HD NI NN HD HN HD HD NI HN HD QD
LW16, XtKm12 NN HD NG NN HN NG NI HD NI NN HD HD NN NN NI HN HD

TalDE LW16, MAI5034 NN HD NG NN HN HN NN NI NI NH NN HD NN NH HD HD
P3, XtFa1, XtKm15,b Xtu4699 NN HD NG NN HN HN NI NI NI NH NN HD NN NH HD HD
XtKm12 NN HD NG NN HN HN NI NI NI NH NN HD HN NH HD HD

TalDF ICMP11055, LW16, MAI5034, P3, XtKm12,
XtKm15, XtLr8, Xtu4699

HD HN HN HD NH NH HG HD KG NN Y* NG HD HD HN

XtFa1 HD HN HN HD NH NH HG HD KG NN Y* NG HD NI NH NG HD HN
TalHM ICMP11055 NN HD NG HD HD HG HD KG NN Y* NG NG HD HD QD HN

XtKm15b NN HD NG HD HD HG HD KG
TalHN ICMP11055 NN HD NG HD NG HD HD HG HD KG NN KG HD HN QD HN
TalJD XtLr8 NN HD NG NN Y* NG HD HD NN NH HD HD
a Alignment of RVDs of transcription activator-like effectors (TALEs) of X. translucens pv. undulosa strains. RVDs that differ between otherwise
highly conserved TALEs are underlined. An asterisk (*) indicates that the second amino acid of the RVD is missing.

b Three TALE genes of strain XtKm15(talDB, talDE, and talHM) are recorded as pseudogenes due to in-frame stop codons or frameshift
mutations (http://www.jstacs.de/downloads/List_of_classes.txt) (Grau et al. 2016).
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Type 3 effectors and, in particular, TALEs, are of specific interest when trying to under-
stand the pathogenicity of xanthomonads and their host adaptation (Boch and Bonas 2010;
Jacques et al. 2016; White et al. 2009). For this reason, TALEs were predicted and classified
using the AnnoTale suite (Grau et al. 2016). In total, seven TALE genes were found, belonging to
the classes TalCT, TalCZ, TalDA, TalDC, TalDD, TalDE, and TalDF, all of which are widely con-
served in strains of X. translucens pv. undulosa (Table 1; Fig. 1) (Falahi Charkhabi et al. 2017;
Peng et al. 2016; Shah et al. 2021), arguing for a recent worldwide expansion of this pathovar
(Khojasteh et al. 2019). Notably, a homolog of the tal8 gene in strain Xtu4699, which elevates
expression of a 9-cis-epoxycarotenoid dioxygenase gene (TaNCED-5BS) in wheat, that encodes
the rate-limiting step in the biosynthesis of the phytohormone abscisic acid for disease suscepti-
bility (Peng et al. 2019), is present in strain MAI5034 (talDC). Two additional genes that contrib-
ute to virulence of strain ICMP 11055 are less conserved (Falahi Charkhabi et al. 2017).
Whereas tal4b (talHM) is absent in strain MAI5034 and other strains of X. translucens pv. undu-
losa (Peng et al. 2016; Shah et al. 2021), strain MAI5034 encodes a novel allele of tal2, talDD.

The lower diversity of TALE repertoires in the pathovar undulosa as compared with the path-
ovar translucens is also mirrored by their lower genetic diversity, which was observed in a cohort
of 178 strains of small-grain-infecting xanthomonads (Khojasteh et al. 2019) and may support the
hypothesis that the pathovar undulosa emerged or originated from the pathovar translucens.
Such a scenario is also supported by the observation that the cbsA gene, a genetic switch
between vascular and nonvascular plant pathogenesis (Gluck-Thaler et al. 2020), is disrupted by
an IS1595-family transposase in strain MAI5034 and other strains of X. translucens pv. undulosa,
ultimately resulting in nonsystemic infection.

Data Availability
Raw reads and the complete genome were uploaded to the NCBI Sequence Read Archive

and GenBank under BioProject accession PRJNA786744.
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Fig. 1. Phylogenetic tree of Xanthomonas translucens pv. undulosa strains and repertoire of transcription activator-like (TAL) effector genes. Genome
sequences were retrieved from GenBank (Sayers et al. 2022): ICMP 11055 (CP009750), XtKm15 (CP063997, CP063998, CP063999), XtLr8
(CP063993, CP063994, CP063995), Xtu4699 (CP008714), MAI5034 (CP089584), XtFa1 (CP063996), XtKm12 (CP064000), LW16 (CP043540), and
P3 (CP043500). Calculation of genome-wide pairwise average nucleotide identities and phylogenetic analysis were performed on the enve-omics plat-
form (http://enve-omics.ce.gatech.edu) (Rodriguez-R and Konstantinidis 2016). The unweighted pair-group method with arithmetic mean was used to
build the phylogenetic tree (Sokal and Michener 1958). The interactive Tree Of Life suite was used for better visualization of the tree (https://itol.embl.de;
Letunic and Bork 2019). Open rectangles symbolize the chromosomes of the X. translucens strains. For better comparability, genome sequences were
rotated so that they start with the translation initiation codon of the dnaA gene. Position and orientation of TAL effector genes, as classified by the Anno-
Tale suite (Grau et al. 2016), are indicated by colored arrows. TAL effector genes are not drawn to scale. Genes encoding TalCZ in strains XtKm15 and
XtLr8 are interrupted by the insertion of an IS element.
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