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When comparing the requirements of diverse journals to pub-
lish microbial ‘Genome Reports,” we noticed that some mostly
focus on benchmarking universal single-copy orthologs scores
as a quality measure, while the exclusion of possible contaminat-
ing sequences from genomic resources and the possible misiden-
tification of the target microbes receive less attention. To deal
with these quality issues, we suggest that DNA barcodes that
are widely accepted for the identification of the target microbe
species should be extracted from newly reported genome re-
sources and included in phylogenetic analyses to confirm the
identity of the sequenced microorganisms before Genome Re-
ports are published. This approach, applied, for example, by
the journal IMA Fungus, largely prevents the misidentification
of the microbes that are targeted for whole-genome sequencing
(WGS). In addition, contig similarity values, including GC con-
tent, remapping coverage of WGS reads, and BLASTN searches
against the National Center for Biotechnology Information nu-
cleotide database, would also reveal contamination issues. The
values of these two recommendations to improve the publica-
tion criteria for microbial Genome Reports in diverse journals
are demonstrated here through analyses of a draft genome
published in Molecular Plant-Microbe Interactions and then
retracted due to contaminations.
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Genome announcements are in vogue; currently, a number of
prestigious research journals publish such papers, which report
the completion of whole-genome sequencing (WGS) projects on
certain organisms, the availability of the new data generated by
the WGS project, and, sometimes, also a preliminary analysis
of the results, without meeting all criteria of full-length research
articles. Here, we focus on newly determined genomes of mi-
crobes that are regularly reported as ‘Genome Announcements,’
‘Resource Announcements,” ‘Genome Notes,” or in other simi-
lar formats in a number of highly ranked journals. Table 1 lists
examples of such journals in the broad field of microbiology. The
table is a modified and updated version of an inventory provided
by Smith (2017) in his analysis entitled “Goodbye genome pa-
per, hello genome report: the increasing popularity of ‘genome
announcements’ and their impact on science”’—a great summary
of this topic.

The requirements to publish microbial genome reports are
quite different. Journals of The American Phytopathological
Society (APS), for example, have focused on benchmark-
ing universal single-copy orthologs (BUSCO) scores that re-
fer to the completeness of genomic resources in terms of ex-
pected highly conserved genes. Currently, APS journals re-
quire that the sequenced strains are deposited in recognized
herbaria or culture collections, that their identity was con-
firmed by phylogenetic analyses, pathogenicity tests, or other
methods, singly or in combination, and that the genomic re-
sources meet certain quality criteria (https://apsjournals.apsnet.
org/page/authorinformation). Earlier, genomes of diverse plant
pathogens and even genomes of different strains of the same
species were published one after another as Resource An-
nouncements in Molecular Plant-Microbe Interactions (MPMI),
Phytopathology, and Plant Disease it BUSCO scores were sat-
isfactory and the manuscripts met a few other general formal re-
quirements. Since November 2022, these three APS journals do
not accept submissions for Resource Announcements anymore;
currently, PhytoFrontiers is the only APS journal that handles
such submissions.

The journal Genome Biology and Evolution is more selective,
and ‘Genome Reports’ are only published for “species not cur-
rently found in online databases, or where the previous sequence
is of sub-standard quality” (a criterium listed on the journal web-
page). IMA Fungus, a highly ranked journal of the publisher
BioMed Central, produces another type of papers in their ‘Fun-
gal Genomes’ section. Those papers appear twice a year, are
multi-authored, and report several new, high-quality genomes
for fungal species that do not have genomic resources available
in public databases (Duong et al. 2021; Wingfield et al. 2022a
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and b). Most importantly, it is a requirement that Fungal
Genomes papers in IMA Fungus include phylogenetic analyses
of selected genes extracted from the newly reported genomes to
confirm the identity of the sequenced strains.

Quality control of genome reports should be applied as widely
as possible to avoid, for example, misclassification of sequences
in reference databases and contamination of public genome as-
semblies with sequences from other organisms. These are two
common issues in microbial genomics and have been the subject
of many analyses (Breitwieser et al. 2019; Kryukov and Imanishi
2016; Lupo et al. 2021). The genomes of obligate biotrophic
plant pathogens represent a special case because, in most cases,
the sequenced DNA comes from non-axenic sources of the target
microbial colonies. In those cases, in addition to the target plant
pathogens (mostly fungi and oomycetes), the sequenced samples
inevitably contain the DNA of the host plant tissues and also the
DNA of other microbes that thrive inside or on the surface of
the target colonies and their plant hosts (Panstruga and Kuhn
2019). Such contaminations in genome assemblies can lead to
false conclusions; therefore, it is necessary to implement mul-
tiple methods and algorithms to identify and exclude contam-
inant sequences from the draft genomes of obligate biotrophic
plant pathogens before making these public (Cornet et al. 2018;
Kahlke and Ralph 2018; Kusch et al. 2020, 2022; Low et al.
2019; Wood et al. 2019; Zaccaron and Stergiopoulos 2021).

Recently, we analyzed all publicly available genomes of pow-
dery mildew fungi (Erysiphaceae, Ascomycota) and produced
the first comprehensive genome-scale phylogenetic analysis of
this group of important obligate biotrophic plant pathogens
(Vaghefi et al. 2022). Soon after our analysis was completed,
the draft genome of the isolate NAFUI1 of the grape pow-
dery mildew fungus, Erysiphe necator, was published in MPMI
(Zhang et al. 2021) and was subsequently retracted by the
authors on 28 November 2022. As part of a follow-up study,
we analyzed the retracted genome of E. necator isolate NAFU1
by performing sequence similarity searches (BLASTN) of all
scaffolds against the GenBank nucleotide database and remap-
ping the DNA sequencing data of the E. necator isolate
C (GCA_000798715.1), published by Jones et al. (2014), to the
NAFU1 assembly. We used the internal transcribed spacer (ITS)
sequence of the nuclear ribosomal DNA (nrDNA) of Erysiphe
necator specimen MUMH 1835 (GenBank accession number
LC175812) to extract potential nrDNA sequences in the genome

Table 1. Examples of research journals that currently publish genome reports

of NAFUI and, further, conducted BLASTN searches of the
extracted sequences against the National Center for Biotech-
nology Information (NCBI) nonredundant nucleotide database.
This identified the presence of nrDNA sequences of E. necator
within contig 52, while it also detected sequences within con-
tigs 11, 18, 51, and 71 with identity or high similarity (>99.5%)
to published nrDNA sequences of Trichothecium roseum,
Golubevia spp., Exobasidium spp., and Cladosporium spp.,
respectively.

Additionally, to further demonstrate complications arising
from the presence of contaminating sequences in NAFUI1
genome assembly, we conducted phylogenetic analyses of rep-
resentative ascomycetous genomes including E. necator isolate
NAFU1 (Supplementary Table S1) based on 231 single-copy or-
thologous peptide sequences identified using Orthofinder v.2.5.1
(Emms and Kelly 2019) (concatenated alignment of 76,943
amino acids). This additional analysis made use of our previ-
ously established database of 751 single-copy orthologs iden-
tified in 24 powdery mildew genomes (Vaghefi et al. 2022).
The phylogenetic analysis placed NAFU1 as a member of class
Sordariomycetes and not Leotiomycetes, where powdery
mildews belong (Fig. 1A). Similarly, BLASTN of all scaffolds
revealed that only three, accounting for 232,275 bp of the assem-
bly, were similar to powdery mildew sequences. Most of the se-
quences originated from fungi of the families Hypocreaceae and
Ustilaginaceae (Fig. 1B), which belong to class Sordari-
omycetes and division Basidiomycota, respectively. Likewise,
the DNA sequencing reads obtained from E. necator isolate
C (Jones et al. 2014) exhibited low remapping percentage to the
NAFUI1 assembly, and most scaffolds had zero mapping cover-
age (Fig. 1B). Altogether, these data indicated that the retracted
NAFU1 genome assembly mostly consisted of sequences from
fungal contaminants and not E. necator or any other powdery
mildew fungus.

Not surprisingly, our previous genome-scale phylogenetic
analysis of family Erysiphaceae has also revealed that a num-
ber of published powdery mildew genome assemblies were con-
taminated with DNA sequences from non-target organisms; this
was partly attributed to the difficulties of working with obligate
biotrophic plant pathogens (Vaghefi et al. 2022). Highly con-
taminated or otherwise low-quality genome resources were ex-
cluded from our analyses (Vaghefi et al. 2022). Similar contam-
inations have been reported in the published genomes of other

Journal Publisher Article type

Notes

The American
Phytopathological
Society (APS)

PhytoFrontiers

Genome Biology and
Evolution

Oxford University Press Genome Reports

IMA Fungus BioMed Central IMA Genome

Microbiology Resource ~ American Society for
Announcements Microbiology

Genome Sequences

Resource Announcements

Genome assemblies are accepted for any species of plant pathogens,
including those with already published genomes, if the newly reported
genomic resource is of much better quality. Papers are not expected to
contain experimental data or address hypotheses, but a rationale is
needed. Until November 1, 2022, Molecular Plant-Microbe
Interactions, Phytopathology, and Plant Disease also accepted such
submissions. Currently, PhytoFrontiers is the only APS journal that
accepts this type of manuscript.

Only genomes of organisms (not just microbes) that are of interest to the
broad community of evolutionary biologists, and only species not
currently found in online databases or where the previous sequence is of
substandard quality are considered. A concise discussion of the insights
to be gained from the new genome resource is required.

Multi-authored articles that report the first publicly available, high-quality
genomes of fungal species that are of interest to the mycological
community. A phylogenetic analysis of DNA species barcodes extracted
from the newly reported genome assemblies must be included to support
the identity of the sequenced fungal strains.

Announcements of the availability of complete genome sequences or draft
whole-genome sequences of any microbes to the scientific community.
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obligate biotrophs, e.g., Albugo laibachii, an oomycete infecting
Arabidopsis thaliana (Zaccaron and Stergiopoulos 2021).

In our opinion, the examples provided above indicate that
BUSCO values alone are not sufficient to warrant publication
of genomic resources in research journals and public databases.
We propose that genome contaminations should also be assessed
through i) extraction and phylogenetic analyses of DNA barcode
sequences from contigs and ii) contig similarity values, including
GC content, remapping coverage of WGS reads, and BLASTN
searches against the NCBI nucleotide database. Importantly, re-
moval of contaminants should be explicitly listed as part of the
basic criteria for quality assessment of genome assemblies.

Earlier, we recommended that DNA barcodes for the identifi-
cation of species and genera, above all, nrDNA sequences in the

case of fungi, should also be used to assess the quality of genome
assemblies for plant pathogens, in addition to the commonly
used BUSCO values (Vaghefi et al. 2022). DNA barcodes, such
as ITS sequences, that are widely accepted for the identification
of the respective plant-pathogenic species and genera should be
extracted from newly reported genome resources and included
in a single- or multilocus phylogenetic analysis, depending on
the taxonomic position of the sequenced specimen, to confirm
the identity of the sequenced plant pathogens before accepting
Genome Reports for publication. This approach, which is current
practice at IMA Fungus, together with contig similarity scores
detailed above should be used as quality measures of genome as-
semblies to make them more reliable and useful for the scientific
community.

Fig. 1. Analyses of the genome as-
sembly of Erysiphe necator isolate
NAFUL, published by Zhang et al.
(2021) in Molecular Plant-Microbe

Interactions and then retracted by Erysiphe pulchra TENN-F-071826
the authors on 28 November 2022. Leveillula taurica HNHM-MY C-006405
A, Maximum likelihood phyloge- Phyllactinia moricola HMJAU-PM91933
netic tree based on a concatenated Pleochaeta shiraiana HAL3440-F
alignment of 231 orthologous protein Blumeria hordei DH14
sequences derived from E. necator Blumeria graminis f.sp. tritici 70
isolate NAFU1 and 33 representa- Podosphaera leucotrichaPuE-3
tive ascomycetous genomes after Podosphaera xanthii 2086
removal of ambiguously aligned Parauncinula polyspora
regions, using Gblocks v.0.91b Rhyncho‘?pof’um commune UK7
(Castresana 2000; Talavera and Sclerotinia trifoliorum SwB9
Castresana 2007). The tree was Ery. Sip he ne catqr NAFU1
. Fusarium fujikuroi IMI 58289
constructed using RAXML-NG Colletotrichum lupini IMI 504893
v.1.0.1 (Kozlov et al. 2019) with oretotrichurm Iupini
1,000 bootstrap replicates, under the Aspergillus flavus NRRL 3357
LG-+1- G-+ F amino acid subsfitu- Talaromyces rugulosus W13939
- A e Acarospora aff. strigata T1882
tion model identified by ModelTest- Lobaria immixta WerthST12-03b
NGv.0.1.6 (Danlba etal. 2()20). Xylona heveae TC161
Taxon labels include species names 100 Ampelomyces quisqualisBRIP 72107
followed by specimen or strain acces- | Cercospora beticolalCMP 21690
sion numbers. Taphrina pruni CBS Neocamarosporium betae ICMP 22602
358.35 was used as the outgroup. The Macrophomina phaseolinaBRIP 70780a
scale bar represents 0.2 nucleotide 100— Drechslerella stenobrocha248
substitutions per site. Tree and align- Arthrobotrys entomopaga CBS 642.8
ment were submitted to TreeBASE 94 Morchella importuna M04M26
(29834). B, Results of a BLASTN 100 Phymatotrichopsis omnivora NFPo1
search against the National Center ﬁ:Cancﬁda albicansSC5314
for Biotechnology Information Gen- Saccharomyces cerevisiae S288C
Bank nucleotide database accessed Taphrina pruni CBS 358.35
in April 2022. Erysiphe necator J—
strain C genome sequencing data 0.2
(Jones et al. 2014) were remapped
to the E. necator NAFU1 assem- B
bly (GCA_016906895.1; shown as
remapping coverage on the y axis), o Scaffold length [bp]
and the GC content of each con- 1e4 - 10000
tig was calculated (x axis). The dot ® /"‘,[\ 100000
plot was generated via BlobTools " ( ) 1000000
(Laetsch and Blaxter 2017). Dot sizes 2 N
indicate the length of the respective o 1e3 L) 5000000
scaffolds or contigs, and color indi- 3 )
cates the identity of the scaffold at the ;
fungal family level, as shown in the g- 1e2 Scaffold identity
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