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GENOME ANNOUNCEMENT

Genome Update of Botrytis cinerea Strains B05.10 and T4
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We report here an update of the Botrytis cinerea strains B05.10 and T4 genomes, as well as an automated preliminary gene struc-
ture annotation. High-coverage de novo assemblies and reference-based alignments led to a correction of wrong base calls, elimi-
nation of sequence gaps, and improved joining of contigs. The new assemblies have substantially lower numbers of scaffolds and
a concomitant increase in the N,.The list of protein-coding genes was generated using the evidence-driven gene predictor Au-
gustus, with expressed sequence tag evidence and RNA-Seq data as input.

he fungal pathogen Botrytis cinerea (teleomorph Botryotinia

fuckeliana) causes serious losses in more than 200 crop species
worldwide (2, 14). The development of strategies for its control
are difficult, due to the broad genetic plasticity of the fungus (14).
B. cinerea genome sequences have proven to be essential in dis-
secting the genetic basis of pathogenicity (4, 11). The first genome
assemblies of B05.10 and T4 were sequenced using Sanger tech-
nology atlow coverage (1). The draft assembly of B05.10 consisted
of 588 scaffolds (Nso, 257 kb), and ~8% of the assembly was
comprised of interscaffold gaps. The draft assembly of T4 con-
sisted of 118 scaffolds, with an N, of 562 kb. The sequence gaps
and the large number of (potentially) spurious gene models in the
first assemblies of the B05.10 and T4 genomes (1) seriously ham-
pered comparative genome analyses. Therefore, our aim was to
sequence the B05.10 and T4 genomes de novo and to integrate
scaffolds into superscaffolds by using reference-based alignments.

B. fuckeliana strains B05.10 and T4 were cultivated on micro-
porous membranes (pore diameter, 2.4 nm) overlaying malt ex-
tract medium. The mycelium was harvested, lyophilized, and
ground into a powder. Genomic DNA was extracted using a mod-
ified cetyltrimethylammonium bromide method (3) and treated
with RNase (Qiagen). Paired-end 100-cycle multiplex sequencing
was performed using the Illumina HiSeq2000 technology. For T4,
libraries with average insert sizes of 350 bp and 3.5 kb were se-
quenced by Macrogen Inc. For B05.10, a 150-bp paired-end li-
brary (DNAVision) and a 3.5-kb mate pair library (Macrogen)
were sequenced. The raw sequence reads were end trimmed to a
minimum first-quartile quality score of 28 by using the FASTX
tool kit (http://hannonlab.cshl.edu/fastx_toolkit/index.html).
The quality-trimmed data consisted of 81.1 million sequencing
reads (3.94 Gb) for B05.10 and 114.6 million sequencing reads
(6.38 Gb) for T4.

The following procedure was used to build assembly version 2
of B05.10. First, Velvet (15) was run with a hash length 29 to
generate the primary de novo assembly, using the Illumina reads.
Second, superscaffolds were built by manually merging the set of
de novo scaffolds with the scaffolds derived from the reference
assembly (1). Regions with 99% minimum alignment identity be-
tween both assemblies were identified using MUMmer (8) and
aligned using Geneious (Biomatters Ltd.). In general, the refer-
ence assembly was used to extend or connect the scaffolds gener-
ated by Velvet and, where possible, to fill in regions containing
unresolved characters. Ambiguously aligned regions or regions
containing gaps and unresolved characters (i.e., a stretch of Ns in
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the underlying sequence data) were manually curated. Scaffolds
that were chimeric were identified by mapping the Illumina reads
back to the superscaffolds by using Bowtie (9) and then manually
split. Third, a consensus sequence was generated from the mapped
read alignment data by using Geneious. Scaffolds smaller than 25
kb were not included in the final genome assembly of B05.10 (or of
T4), as these had substantial assembly problems with many nucle-
otide gaps. The final genome assembly of B05.10 consists of 82
superscaffolds (Ns,, 970 kb) with a total size of ~41.2 Mb. The
overall G+C content is 42.75%, and there are 0.427 million ITUB
characters. The same procedure was used to align the Velvet as-
sembly of T4 with the T4 reference genome (1), except that Velvet
was run with a hash length 33. The final genome assembly of T4
consists of 56 superscaffolds (N5, 1.71 Mb) with a total size of
~41.6 Mb. The overall G+C content is 42.44%, and there are
0.277 million TUB characters.

We identified and masked repetitive sequences by using
RepeatMasker (http://www.repeatmasker.org) and the Repbase
fungal repeat database (5). Approximately 1.3% of the B05.10 and
T4 genome was found to be composed of repetitive sequences, and
the remainder was used for gene finding using Augustus (12).
Experimental evidence for gene structures, as provided by 8,954
T4 expressed sequence tag contigs (1) and 1,212 manually curated
T4 proteins, were used to generate hints using BLAT (7) and
Scipio (6). Additional gene hints were generated from 92.1 million
100-bp Mlumina reads for poly(A)-selected RNA from B05.10
grown on glucose, polygalacturonic acid, and tomato leaves (16
and 40 h postinfection) and mixed apothecia and sclerotia of B.
cinerea strains SAS56 and SAS405. The RNA-Seq reads were
mapped with TopHat (13), and transcripts were assembled using
CUFFLINKS (10). For B05.10, 1,255 transcripts with an average
read depth coverage higher than 200 were used as hints. For T4,
1,306 transcripts were used. Minor manual editing of gene hints
was performed to repair any obviously errant gene structures
prior to the search for protein-coding genes. For B05.10, the gene-
finding strategy resulted in 10,427 protein-coding gene structures,
of which 7 (0.07%) included alternatively spliced isoforms and 76
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gene models contained internal stop codons. For T4, 10,467 pro-
tein-coding genes were predicted, of which 10 (0.10%) included
alternatively spliced isoforms and 66 were spurious genes. Spuri-
ous gene calls were considered to be nonreliable and were there-
fore removed from further analyses.

Cuffcompare (10) was used to compare gene structure predic-
tions for B05.10 to those in T4. Overall, 88.6% of the predicted
genes (9,211 0f 10,401) in T4 had a complete match in B05.10. We
found 130 novel genes for B05.10 and 315 novel genes for T4,
compared to one another. Using DNAJiff of the MUMmer pack-
age, 96.5% of the T4 genome and 97.3% of the B05.10 genome
could be aligned. A total of 131,066 insertion/deletion positions
and 187,168 single-nucleotide polymorphisms were identified, in-
dicating that the overall rate of difference was similar to that pre-
viously reported (1). The draft assembly version 2 of the B05.10
and T4 genomes and gene structure predictions will enable better
synteny and orthology analyses and provide a new template for
manual curation that will allow the scientific community to even-
tually close in on a final set of gene annotations and genomic
structures for the B. cinerea genome.

Nucleotide sequence accession numbers. The results of these
whole-genome shotgun projects have been deposited in DDBJ/
EMBL/GenBank under accession numbers AAID00000000 and
ALOC00000000. The version of B05.10 described in this paper
is the second version, AAID02000000. The version of T4 de-
scribed in this paper is the first version, ALOC01000000. The
B05.10 and T4 sequences and predicted gene sets have also been
deposited with the Broad Institute Botrytis cinerea database,
at http://www.broadinstitute.org/annotation/genome/botrytis
_cinerea/MultiHome.html.
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