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Grapevine infections by Phaeoacremonium aleophilum in association with other pathogenic fungi cause complex and economi-
cally important vascular diseases. Here we present the first draft of the P. aleophilum genome sequence, which comprises 624
scaffolds with a total length of 47.5 Mb (L, 45; N5, 336 kb) and 8,926 predicted protein-coding genes.
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he esca disease complex of grapevines refers to five syndromes:

brown wood-streaking, petri disease, young esca, esca, and
esca proper (1), which are caused by the ascomycetes Phaeoacre-
monium aleophilum W. Gams, P. W. Crous, M. J. Wingfield, and
L. Mugnai (teleomorph, Togninia minima), Phaeomoniella chla-
mydospora, and other fungal species (1-3). Disease symptoms in-
clude, internally, wood discoloration, streaking, and vascular ne-
crosis (3) and, externally, leaf chlorosis and necrotic stripes, berry
black spots, decline in vigor and yield, and in severe cases plant
death (3, 4).

The effective colonization of the host tissues appears to depend
on P. aleophilum competence to produce phytotoxic metabolites
(5, 6), overcome host preformed and inducible barriers (7, 8),
degrade the plant cell wall (CW) (8, 9), and cooperate with other
pathogens during infection (1, 3).

P. aleophilum strain UCR-PA7 was collected from the margin
of a grapevine (Vitis vinifera cv. “Thomson”) wood canker in a
commercial vineyard (Fresno County, CA) in October 2011.
UCR-PA7 was hyphal-tip purified and taxonomically character-
ized using DNA markers (10). DNA was extracted using a modi-
fied cetyltrimethylammonium bromide (CTAB) protocol (11)
and sequenced to an estimated median coverage of 103 X using the
Mlumina HiSeq2000 platform. Using CLC Genomics Workbench-
v6.0, we assembled 99% of the 4.7 X 107 trimmed (Q =30) and
contaminant-filtered reads into 624 scaffolds (N5, 336 kb; Ls, 45;
G+C content, 49.66%; gaps, 83 kb) with a total length of 47.5 Mb.
Assembly parameters were optimized based on the degree of com-
pleteness of the gene space estimated with CEGMA (12). The
UCR-PA7 genome was estimated to be >97% complete based on
the mapping of 248 low-copy and conserved core eukaryotic genes
(CEGs) (12).

The gene finder Augustus (13) was trained using the CEG
structures determined by CEGMA and identified ab initio 8,926
complete protein-coding genes on repeat-masked scaffolds (Re-
peatMasker [14]). A total of 97% of these genes have homologs in
other ascomycetes (BLASTp, E value =10-%). We identified 658
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potentially secreted proteins (SignalP-v4.0 [15]), of which at least
23% consist of putative plant CW-degrading enzymes based on
homology to proteins in the CAZy database (16). Among these, 17
cellulases (GH3s, GH5s, GH6s, GH7s, and GH45s), 12 hemicellu-
lases (GH10s, GH11s, GH31s, GH29s, GH67s, and GH115s), 21
pectin-degrading enzymes (GH28s, GH78s, PL1s, PL3s, PLd4s,
PL9s, CE8s, and CE12s), 12 callose-degrading enzymes (GH55s),
and 1 cutinase (CE5) might play important roles during tissue
colonization and systemic infection.

We also detected 79 cytochrome P450 monooxygenases, 2 lac-
cases, and 2 lignin peroxidases, supporting the ability of P. aleo-
philum to degrade lignocellulose (2, 3, 8). However, the number of
putative lignin-degrading proteins in the P. aleophilum genome is
smaller than that in other wood-decay fungi previously described
(e.g., Neofusicoccum parvum, 212 P450s [17]; Eutypa lata, 205
P450s [18]; and Phanerochaete carnosa, 266 P450s [19]), which
suggests that synergism with other vascular pathogens during
plant infection may favor the effective breakdown of lignified tis-
sues (4, 8).

Nucleotide sequence accession numbers. This Whole-
Genome Shotgun project has been deposited at DDBJ/EMBL/
GenBank under the accession no. AORD00000000. The version
described in this paper is the first version, AORD01000000.

ACKNOWLEDGMENTS

This work was supported by funding to D.C. from the College of Agricul-
tural and Environmental Sciences (UC, Davis) and to P.R. from the Col-
lege of Natural and Agricultural Sciences (UC, Riverside). Support to
B.B.-U. was provided by the Consejo Nacional de Ciencia y Tecnologia
(Ministerio de Ciencia y Tecnologia, Costa Rica).

We thank Henriette O’Geen (UC Davis Genome Center) and Abra-
ham Morales for technical assistance.

REFERENCES

1. Surico G, Mugnai L, Marchi G. 2008. The esca disease complex, p
119-136. In Ciancio A, Mukerji KG (ed), Integrated management of dis-

genomea.asm.org 1


http://creativecommons.org/licenses/by/3.0/
http://www.ncbi.nlm.nih.gov/nuccore?term=AORD00000000
http://www.ncbi.nlm.nih.gov/nuccore?term=AORD01000000
http://genomea.asm.org

Blanco-Ulate et al.

10.

2 genomea.asm.org

eases caused by fungi, phytoplasma and bacteria. Springer Verlag, Dor-
drecht, The Netherlands.

. Mostert L, Groenewald JZ, Summerbell RC, Gams W, Crous PW,

Samson RA. 2006. Taxonomy and pathology of Togninia (Diaporthales)
and its phaeoacremonium anamorphs, vol. 54. Centraalbureau voor
Schimmelcultures, Utrecht, The Netherlands.

. Bertsch C, Ramirez-Suero M, Magnin-Robert M, Larignon P, Chong J,

Abou-Mansour E, Spagnolo A, Clément C, Fontaine F. 2013. Grapevine
trunk diseases: complex and still poorly understood. Plant Pathol. 62:
243-265.

. Mugnai L, Graniti A, Surico G. 1999. Esca (black measles) and brown

wood-streaking: two old and elusive diseases of grapevines. Plant Dis.
83:404-418.

. Luini E, Fleurat-Lessard P, Rousseau L, Roblin G, Berjeaud J-M. 2010.

Inhibitory effects of polypeptides secreted by the grapevine pathogens
Phaeomoniella chlamydospora and Phaeoacremonium aleophilum on plant
cell activities. Physiol. Mol. Plant Pathol. 74:403—411.

. Bruno G, Sparapano L, Graniti A. 2007. Effects of three esca-associated

fungi on Vitis vinifera: IV. Diffusion through the xylem of metabolites
produced by two tracheiphilous fungi in the woody tissue of grapevine
leads to esca-like symptoms on leaves and berries. Physiol. Mol. Plant
Pathol. 71:106—124.

. Bruno G, Sparapano L. 2006. Effects of three esca-associated fungi on

Vitis vinifera: 1. Characterization of biomolecules in xylem sap and leaves
of healthy and diseased vines. Physiol. Mol. Plant Pathol. 69:195-208.

. Bruno G, Sparapano L. 2006. Effects of three esca-associated fungi on

Vitis vinifera: 111. Enzymes produced by the pathogens and their role in
fungus-to-plant or in fungus-to-fungus interactions. Physiol. Mol. Plant
Pathol. 69:182-194.

. Valtaud C, Larignon P, Roblin G, Fleurat-Lessard P. 2009. Develop-

mental and ultrastructural features of Phaeomoniella chlamydospora and
phaeoacremonium aleophilum in relation to xylem degradation in esca
disease of the grapevine. J. Plant Pathol. 91:37-51.

Groenewald M, Kang JC, Crous PW, Gams W. 2001. ITS and beta-

Genome Announcements

tubulin phylogeny of Phaeoacremonium and Phaeomoniella species. My-
col. Res. 105:651-657.

. Moller EM, Bahnweg G, Sandermann H, Geiger HH. 1992. A simple and

efficient protocol for isolation of high molecular weight DNA from fila-
mentous fungi, fruit bodies, and infected plant tissues. Nucleic Acids Res.
20:6115-6116.

. Parra G, Bradnam K, Ning Z, Keane T, Korf I. 2009. Assessing the gene

space in draft genomes. Nucleic Acids Res. 37:289-297.

. Stanke M, Diekhans M, Baertsch R, Haussler D. 2008. Using native and

syntenically mapped cDNA alignments to improve de novo gene finding.
Bioinformatics 24:637—644.

. Smit AFA, Hubley R, Green P. 2003, posting date. RepeatMasker. Insti-

tute for Systems Biology, Seattle, WA. http://repeatmasker.org.

. Petersen TN, Brunak S, von Heijne G, Nielsen H. 2011. SignalP 4.0:

discriminating signal peptides from transmembrane regions. Nat. Meth-
ods 8:785-786.

. Cantarel BL, Coutinho PM, Rancurel C, Bernard T, Lombard V, Hen-

rissat B. 2009. The carbohydrate-active enzymes database (CAZy): an
expert resource for glycogenomics. Nucleic Acids Res. 37:D233-D238.

. Blanco-Ulate B, Rolshausen P, Cantu D. 2013. Draft genome sequence of

Neofusicoccum parvum isolate UCR-NP2, a fungal vascular pathogen as-
sociated with grapevine cankers. Genome Announc. 1(3):e00339-13. doi:
10.1128/genomeA.00339-13.

. Blanco-Ulate B, Rolshausen PE, Cantu D. 2013. Draft genome sequence

of the grapevine dieback fungus Eutypa lata UCR-EL1. Genome Announc.
1(3):€00228-13. doi:10.1128/genomeA.00228-13.

. Suzuki H, MacDonald J, Syed K, Salamov A, Hori C, Aerts A, Henrissat

B, Wiebenga A, vanKuyk P, Barry K, Lindquist E, LaButti K, Lapidus
A, Lucas S, Coutinho P, Gong Y, Samejima M, Mahadevan R, Abou-
Zaid M, de Vries R, Igarashi K, Yadav J, Grigoriev I, Master E. 2012.
Comparative genomics of the white-rot fungi, Phanerochaete carnosa and
P. chrysosporium, to elucidate the genetic basis of the distinct wood types
they colonize. BMC Genomics 13:444.

May/June 2013 Volume 1 Issue 3 e00390-13


http://repeatmasker.org
http://dx.doi.org/10.1128/genomeA.00339-13
http://dx.doi.org/10.1128/genomeA.00228-13
http://genomea.asm.org

	
	Nucleotide sequence accession numbers.
	ACKNOWLEDGMENTS
	REFERENCES


