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nitrogen using a sterile mortar and pestle. DNA was 
extracted using the Qiagen DNeasy plant kit, following 
the manufacturer’s instruction for lyophilized fungal cul-
tures (Griffin et al. 2002). Gel electrophoresis and a nano-
drop spectrophotometer (Desjardins and Conklin 2010) 
were then employed to assess the quality and the quantity 
of the genomic DNA. Short reads sequencing was per-
formed with the Illumina MiSeq platform (Caporaso et al. 
2012) by Genartis SRL (Verona, Italy). The KAPA Hyper 
Prep kit with a PCR-free protocol was employed for the 
preparation of DNA libraries (Whitehorn et al. 2018). 
DNA fragmentation was achieved by sonication of 500 
ng of DNA, using a Covaris S220 focused-ultrasonica-
tor (Covaris, Woburn, MA). Before conducting Whole 
Genome Sequencing, a preparatory step involved treat-
ing the DNA with a 0.7X volume of AMPureXP beads 
(Jackson 2016), in accordance with the manufacturer’s 
instructions (Roche). Agilent 4200 Tape stations (Agi-
lent technologies) were used to assess the quality and 
size of WGS libraries. The Qubit dsDNA assay kit (Ther-
mofisher) and Real-Time PCR (Kapa Biosystems) were 
used for preliminary DNA quantification. DNA libraries 
were pooled at equimolar concentrations and were then 
sequenced on a NovaSeq 6000 Illumina platform. Quality 
checks of short reads were performed with fastQC v0.11.7 
(Andrews 2010). Raw short-reads were then polished 
by removing the adapters using Cutadapt v2.4 (Martin 
2011). SPAdes v3.15.5 (Bankevich et al. 2012) was used 
to assemble the Illumina short-reads. The first genomic 
assembly draft for BM-138-000494 gave a total number 
of 257 contigs with a size > = 500 bp (N50 = 532,845 and 
N90 = 137,466). A total of 252 contigs 500  bp or more 
in size (N50 = 483,201, N90 = 168,572) were assembled 
instead for isolate BM-138-000479. A quality assessment 
of the assembled genomes was performed with BUSCO 
v.3.0.2, using the Sordariomycetes odb10 model data-
set (Manni et al. 2021). QUAST v5.2.0 (Gurevich et al. 
2013) produced the assembly statistics for both isolates 

Cypress Canker Disease (CDD) is a pandemic affect-
ing plants in the family Cupressaceae (Danti and Della 
Rocca 2017). CCD is caused by at least seven fungal spe-
cies belonging to the genus Seiridium (Bonthond et al. 
2018). Among these species, S. cardinale (Wag.) Sutt. et 
Gibs., (Ascomycota, Sordariomycetes, Sporocadaceae), 
has been the most studied (Graniti 1998) and has proven 
to be the most virulent both in California (USA), where 
the pathogen is likely to be native, and in the Mediterra-
nean region, where the pathogen was introduced and has 
become invasive (Della Rocca et al. 2013). The two iso-
lates of S. cardinale here described, BM-138-000479 and 
BM-138-000494, were originally isolated in California 
from symptomatic tissues of two xCupressocyparis leylan-
dii trees. Isolate BM-138-000479 was isolated in San Joa-
quin County, while isolate BM-138-000494 was isolated in 
Marin county (California, US). Isolates BM-138-000479 
and BM-138-000494 are representative of the β-tubulin 
haplotype A and B groups of the pathogen, respectively 
(Della Rocca et al. 2011). These two groups are clearly dif-
ferentiated at the genomic level, as shown by AFLP analy-
sis (Della Rocca et al. 2013).

Sequencing and bioinformatics analyses were con-
ducted as described in two previous genome announce-
ments (Scali et al. 2023, 2024 in press) to produce a first 
draft of genome assembly for both isolates. In brief, fun-
gal cultures were grown on a cellophane layer on top of 
Potato Dextrose Agar (PDA) for 14 days at 20 °C. Myce-
lia were then collected, lyophilized, and ground in liquid 
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and results are reported in Table 1. Annotation of fungal 
genomes and prediction of protein coding genes were per-
formed with Maker v3.01.03 (Cantarel et al. 2008). A total 
number of 14,281 protein coding genes were predicted 
for S. cardinale isolate BM-138-000494, while 14,050 
protein coding genes were predicted for isolate BM-138-
000479. Predicted proteins were further annotated with 
SignalP v6.0 (Teufel et al. 2022). A total of 1536 and 1520 
secreted proteins were predicted for isolates BM-138-
000494 and BM-138-000479, respectively. Analyses of 
effectors were performed with EffectorP-fungi v3.0 (Sper-
schneider and Dodds 2022) and resulted in the prediction 
of 3398 effectors, 2883 cytoplasmic effectors and 515 
apoplastic effectors for isolate BM-138-000494. For iso-
late BM-138-000479, 3323 effectors, 2821 cytoplasmic 
effectors, and 502 apoplastic effectors were predicted. 
Phylogenetic analyses were performed by clustering the 
proteomes of these two species with the publicly available 
proteomes of other Seiridium species (Scali et al. 2023, 
2024 in press) and of other fungi in the order Xylariales. 
The proteomes of Botrytis cinerea and Diplodia corticola 

were selected as outgroups. Results of this analysis are 
shown in Fig. 1. The cluster of the three Seiridium spp., 
highlighted in red, appears to be monophyletic and inclu-
sive of two distinct subclades: one contains S. cardinale, 
and the other includes both S. unicorne and S. cupressi, 
which thus appear to be sister taxa, more distantly related 
to S. cardinale than to each other.

GenBank accession number

Both assembled genomic drafts have been deposited in 
GenBank. Genomic sequence for the isolate BM-138-
000494 has been deposited under accession number 
JARVKK000000000 (BioProject: PRJNA953536, Bio-
Sample: SAMN34119418). Genomic sequence for isolate 
BM-138-000479 has been deposited under accession num-
ber JARVKM000000000 (BioProject: PRJNA953536, Bio-
Sample: SAMN34119416). For both isolates, GeneBank 
submission has been accompanied with the submission of 
the genome annotation.

Table 1  Summary statistics for Seiridium cardinale, isolates BM-138-000494 and BM-138-000479
Assembly variables BM-138-000494 BM-138-000479
Assembly length (bp) 46,140,912 46,205,179
Number of contigs > = 500 bp 257 252
Largest contig size (bp) 1,425,233 2,139,086
N50 532,845 483,201
N90 137,466 168,572
L50 29 30
L90 93 92
GC content 50.27% 50.2%
BUSCO completeness 98.3% 98.2%
Complete and single-copy 98.2% 98.1%
Complete and duplicate 0.1% 0.1%
Fragmented 0.4% 0.4%
Missing 1.3% 1.4%
Protein coding genes
Number of predicted genes 14,281 14,050
Number of predicted secreted proteins 1536 1520
Number of predicted effector proteins 3398 3323
Number of predicted cytoplasmic effector 2883 2821
Number of predicted apoplastic effector 515 502
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