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disease (Möller and Stukenbrock 2017). The production 
of reliable and high quality genomic data is the starting 
point to achieve this objective. Here, we present the first 
genomic draft of S. unicorne isolate CBS 538.82. This 
fungal strain was isolated in New Zealand from Cryp-
tomeria japonica. The fungus was grown in Petri dishes 
on cellophane placed on top of Potato Dextrose Agar 
(PDA). Petri dishes were kept at a constant temperature 
of 20 °C for 14 days before harvesting the mycelia for 
DNA extraction performed as follows. First, the myce-
lium was lyophilized and then, the lyophilized fungal 
mycelium was manually ground using a mortar and pes-
tle in the presence of liquid nitrogen in the mortar. DNA 
extraction was performed with the Qiagen DNeasy plant 
kit, according to manufacturer instructions for genomic 
fungal DNA (Griffin et al. 2002). DNA fragment integrity 
was assessed using the Tape Station 4150 (Desjardins and 
Conklin 2010). Whole Genome Sequencing (WGS) was 
carried out using the Illumina MiSeq platform (Caporaso 
et al. 2012) at Genartis SRL (Verona, Italy). The KAPA 
Hyper Prep kit with a PCR-free protocol was followed 
for the preparation of the DNA library, according to man-
ufacturer instructions (Whitehorn et al. 2018). A Covaris 
S220 focused-ultrasonicator (Covaris, Woburn, MA) was 
used for the fragmentation of 500 ng of DNA. An AMPur-
eXP beads volume of 0.7X (Jackson 2016) was used to 
generate a WGS DNA library, according to manufacturer 
instructions (Whitehorn et al. 2018). A capillary electro-
phoretic analysis on Agilent 4200 Tape station (Walker 
et al. 2023) was used to assess the quality of the library. 
The preliminary quantification of the DNA library was 
performed using the Qubit BR dsDNA assay kit (Thermo 
Fisher Scientific). A further quantification was performed 
with the Real-Time PCR KAPA Library Quantification 
Kit (Kapa Biosystems). DNA Sequencing was performed 

According to the most recent taxonomy, Cypress Can-
ker Disease (CCD) is caused by seven Ascomycete 
fungi belonging to the genus Seiridium: S. cardinale 
(W. Wagener) B. Sutton & I.A.S. Gibson, S. cupressi 
(Guba) Boesew., S. unicorne (Cooke & Ellis) B. Sutton, 
S. neocupressi (Bonthond, Sandoval-Denis & Crous), 
S. cancrinum (Bonthond, Sandoval-Denis & Crous), 
S. pseudocardinale (Wijayaw., Camporesi, McKenzie 
& K.D. Hyde) and S. kenyanum (Bonthond, Sandoval-
Denis & Crous) (Bonthond et al. 2018). Differently from 
other Seiridium species which appear to be associated 
mostly with hosts in the Cupressaceae family, S. unicorne 
has been isolated from a wider range of plant families, 
including the Anacardiaceae, Caprifoliaceae, Cornaceae, 
Cupressaceae, Hamamelidaceae, Rosaceae and Vitaceae 
(Guba 1961; Boesewinkel 1983; Cho and Shin 2004).

Presently, CCD is found in all continents, therefore it 
is regarded as a remarkable example of a true pandemic 
caused by a tree disease, but there are differences depend-
ing on the number of Seiridium species involved in local 
outbreaks (Danti and Della Rocca 2017). Understanding 
the evolutionary relationships among the various Sei-
ridium species responsible for CCD may provide knowl-
edge necessary for the improved management of the 

  Roberto Danti
roberto.danti@ipsp.cnr.it

1 Department of Environmental Science, Policy and 
Management (ESPM), University of California, Berkeley, 
Berkeley, California, USA

2 Institute for Sustainable Plant Protection (IPSP), National 
Research Council (CNR), Sesto Fiorentino, Italy

3 Department of Agricultural and Food Sciences (DISTAL), 
University of Bologna, Bologna, Italy

Keywords Fungal genomics · Pandemic disease · Plant pathogens

Received: 6 December 2023 / Accepted: 17 March 2024
© The Author(s) 2024

Sequence and assembly of the genome of Seiridium unicorne, isolate 
CBS 538.82, causal agent of cypress canker disease

Edoardo Scali1 · Gianni Della Rocca2 · Roberto Danti2  · Matteo Garbelotto1 · Sara Barberini2 · Riccardo Baroncelli3 · 
Giovanni Emiliani2

1 3

http://orcid.org/0000-0002-2866-3688
http://crossmark.crossref.org/dialog/?doi=10.1007/s42161-024-01633-z&domain=pdf&date_stamp=2024-4-4


Journal of Plant Pathology

with the NovaSeq 6000 Illumina platform from libraries 
pooled at equimolar concentrations. The quality of raw 
reads was determined with FastQC v0.11.7 (Andrews 

2010). Finally, the genome was assembled using SPAdes 
v3.15.5 (Bankevich et al. 2012).

The assembled genomic draft consisted of 581 con-
tigs (N50 = 390,618, N90 = 136,290). The integrity 
of the genome assembly was evaluated with BUSCO 
v3.0.2, using the Sordariomycetes odb10 model dataset 
(Manni et al. 2021). Assembly statistics were produced 
using QUAST v5.2.0 (Gurevich et al. 2013) and results 
are reported in Table 1. Gene prediction was performed 
with MAKER v3.01.03 (Cantarel et al. 2008), using both 
Augustus (Stanke and Morgenstern 2005) and Genemark-
ES (Lukashin 1998). Augustus gene prediction was per-
formed using the Fusarium spp. model. A total of 13,576 
protein-coding genes were predicted. The presence of 
eukaryotic amino acid signal peptides was assessed using 
SignalP v5.0 (Almagro Armenteros et al. 2019). A total 
number of 1,550 secreted proteins was predicted. Fungal 
effector prediction was performed with EffectorP-fungi 
3.0 (Sperschneider and Dodds 2022). The total number of 
predicted effector proteins was 3,155 and, among these, 
2,678 were classified as cytoplasm predicted effectors 
and 477 were classified as apoplastic predicted effec-
tors. A phylogenetic inference of orthologs was made 
with OrthoFinder (Emms and Kelly 2019) by comparing 

Table 1 Summary statistics of Seiridium unicorne isolate CBS 538.82 
genome assembly
Assembly Variables Statistics
Assembly length (Mbp) 45.55
Number of contigs 581
Largest scaffold size (bp) 1,097,952
N50 390,618
N90 136,290
L50 36
L90 105
GC (%) 50.25
BUSCO completeness 3,799 (99.6%)
Complete and single-copy 3,793 (99.4%)
Complete and duplicated 6 (0.2%)
Fragmented 1 (0.0%)
Missing 17 (0.4%)
Protein coding genes
Number of predicted genes 13,576
Number of predicted secreted proteins 1,550
Number of predicted effector proteins 3,155
Number of predicted cytoplasmic effectors 2,678
Number of predicted apoplastic effectors 477

Fig. 1 A phylogenetic tree 
obtained using OrthoFinder. Pre-
dicted protein-coding genes from 
the genome draft of S. unicorne 
CBS 538.82 were compared with 
published predicted proteins 
from fungi belonging to the order 
Xylariales and to the Sporocada-
ceae family. Botrytis cinerea and 
Diplodia corticola were selected 
as outgroups. S. unicorne CBS 
538.82 is identified by the bold 
text and the asterisk at the end. 
The Seiridium species cluster is 
highlighted in red
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proteins from available Xylariales, Sporocadaceae and 
from two isolates of Seiridium cupressi published in a 
previous genome announcement (Scali et al. 2023).

Phylogenomic relationship among select fungal spe-
cies (Fig. 1), including S. unicorne and its known close 
relatives, has been constructed inferred with STAG 
(Emms and Kelly 2018).

A comparison of gene prediction results between S. 
unicorne CBS 538.82 and S. cupressi (Scali et al. 2023), 
indicates that the number of predicted effector proteins is 
significantly greater in the first species. Predicted effec-
tors for S. unicorne CBS 538.82 represent 23.24% of the 
total predicted protein coding genes, while the percent-
ages of predicted effectors were 3.95% and 3.92% for S. 
cupressi isolate BM-138-000515 and S. cupressi isolate 
BM-138-000234, respectively. This result is interesting 
and may be explained by the wider host range of Sei-
ridium unicorne, compared to that of S. cardinale and 
S. cupressi (Guba 1961; Boesewinkel 1983; Cho and 
Shin 2004). Further investigations will allow us to better 
understand the co-evolutionary dynamics underlying this 
difference in the number of effectors (Zhao et al. 2022).

Nucleotide sequence accession number This whole-genome shotgun 
project has been deposited in GenBank. Genomic sequences of S. uni-
corne isolate CBS 538.82 have been deposited under the accession 
number JARVKF000000000 (BioProject: PRJNA953536; BioSample: 
SAMN34119423).
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