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Genome Sequence and Annotation of Colletotrichum higginsianum, a Causal Agent of Crucifer Anthracnose Disease

Colletotrichum higginsianum is an ascomycete fungus causing anthracnose disease on numerous cultivated plants in the family Brassicaceae, as well as the model plant Arabidopsis thaliana. We report an assembly of the nuclear genome and gene annotation of this pathogen, which was obtained using a combination of PacBio long-read sequencing and optical mapping.

C olletotrichum is a large genus of plant-pathogenic fungi that cause economically important anthracnose diseases on leaves and fruits of numerous monocot and dicot crops worldwide [START_REF] Crouch | The genomics of Colletotrichum[END_REF], although some species can grow as endophytes in symptomless plants [START_REF] Hacquard | Survival tradeoffs in plant roots during colonization by closely related beneficial and pathogenic fungi[END_REF]. C. higginsianum attacks cultivated Brassicaceae and also Arabidopsis thaliana, providing a tractable model for analyzing fungal pathogenicity and plant responses [START_REF] O'connell | A novel Arabidopsis-Colletotrichum pathosystem for the molecular dissection of plant-fungal interactions[END_REF]. We previously sequenced the C. higginsianum genome using a combination of short reads from 454 FLX (350 bp) and Illumina (36 bp and 100 bp) platforms. This produced a highly fragmented assembly (GenBank accession number CACQ02000000) containing 10,269 contigs (N 50 length ϭ 6,150 bp) with a total length of 49.08 Mbp (4). In the resulting annotation of 16,172 protein-coding genes, many genes were truncated (~9%) or split between contigs (~7%), producing multiple gene calls. Here, we report a nearcomplete assembly of the nuclear genome of this fungus, which was obtained by combining long PacBio reads with the Optical Mapping System [START_REF] Dimalanta | A microfluidic system for large DNA molecule arrays[END_REF].

C. higginsianum strain IMI 349063 was originally isolated from leaves of Brassica campestris (3). High-molecular-weight genomic DNA was purified from mycelium using AXG100 columns (Macherey-Nagel) according to the manufacturer's instructions. A size-selected library (~20 kb) was prepared and sequenced using the PacBio RSII sequencer and 15 single-molecule real-time (SMRT) cells with the P5-C3 polymerase-chemistry combination and 240-min movie time. The filtered sequence reads (7.06 Gbp, ~132.13ϫ average coverage) were assembled de novo using HGAP version 3.0 and SMRT analysis version 2.3.0 software with default settings. Assembled sequences were aligned to the previously reported chromosome optical maps (4) for manual ordering and orientation of the contigs. Overlapping contigs were merged using Minimus2 [START_REF] Sommer | Minimus: a fast, lightweight genome assembler[END_REF]. The assembled nuclear genome comprises 25 contigs (N 50 contig length ϭ 5.20 Mbp, maximum contig length ϭ 6.04 Mbp), with a total length of 50.72 Mbp and a 51.86% GϩC content. The 12 largest contigs (the predicted number of chromo-somes) represent 99.3% of the assembly, and 11 chromosomes are completely sequenced from telomere to telomere. An additional 13 contigs, containing the rDNA repeats, were too small for alignment to the optical map. Based on consensus-calling results, the accuracy of the assembly is high (Ն99.9%). Using the MAKER2 pipeline [START_REF] Holt | MAKER2: an annotation pipeline and genomedatabase management tool for second-generation genome projects[END_REF] to annotate the nuclear genome, a total of 14,651 protein-coding gene models were predicted.

By combining the long reads obtained from SMRT sequencing with optical mapping, we obtained a near-complete assembly of the nuclear genome of C. higginsianum, allowing a more accurate gene annotation that will facilitate future studies on the infection biology of this important model pathogen. The large contiguous genomic regions will be especially valuable for studying structural rearrangements, large secondary metabolism gene clusters, and the chromosome distribution of repetitive elements, pathogenicity-related genes, and epigenetic marks.

Accession number(s). This whole-genome shotgun project has been deposited at DDBJ/ENA/GenBank under the accession number LTAN00000000. The version described in this paper is version LTAN01000000.
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