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ABSTRACT Here, we present an updated genome assembly of the diploid chytrid
fungus Batrachochytrium dendrobatidis strain RTP6. This strain is part of the global
panzootic lineage (BdGPL) and was isolated in Dunedin, New Zealand. The assembly
was generated using PacBio long-read and Illumina short-read data, allowing for the
accurate phasing of heterozygosities.

Batrachochytrium dendrobatidis is a diploid chytrid fungus that causes amphibian
chytridiomycosis, a skin disease resulting in the decline and extinction of amphibian

species globally (1–3). Previous genome assemblies of Batrachochytrium dendrobatidis
global panzootic lineage (BdGPL) isolates (4) used Sanger sequencing (GenBank assembly
accession numbers GCA_000149865 and GCF_000203795). Heterozygous sites in these
assemblies were randomly assigned, resulting in “pseudohaploid” genome assemblies
representing partial chromosomes.

This study describes a single-phase genome assembly of B. dendrobatidis strain RTP6
that used PacBio long-read technology (5). RTP6 was isolated from a Litoria ewingii tadpole
(Dunedin, New Zealand) by swabbing its keratinized mouthparts and was cultured on
modified tryptone gelatin hydrosylate lactose (mTGhL) agar (6). DNA isolation was per-
formed using a modified chloroform extraction protocol with 10% SDS as a surfactant and
avoiding mechanical shearing to preserve DNA length. SMRTbell library preparation
was performed by Macrogen, Inc. (files.pacb.com/Training/IntroductiontoSMRTbell
TemplatePreparation/story_content/external_files/Introduction%20to%20SMRTbell%E2
%84%A2%20Template%20Preparation.pdf). Macrogen also performed the PacBio RS II
sequencing and read quality control and processing using standard procedures (pacb
.com/training/PostRunQCAnalysis/story_content/external_files/Post%20Run%20QC%20
Analysis.pdf). A total of 161,546 subreads (average length, 7,516 bp) were obtained and
then de novo assembled using Canu version 1.5 (7), producing 106 contigs with a total
length of 24.656 Mb (N50, 653 kb). Subsequent analyses were performed using Ge-
neious software version 10.2.3. A number of methods were used to gain evidence for
manual fusion or extension of contigs. These included comparison to previous assem-
blies, remapping of strain RTP6 PacBio long reads, analysis of Sanger reads of a 40-kb
insert library (strain JEL423), and comparison of chromosome copy numbers and loss of
heterozygosity (LOH) (8–10). Contigs were only fused/extended if the RTP6 PacBio reads
mapped uniquely to the newly fused contig. Following manual curation of the genome
structure, Illumina paired-end (PE) reads from B. dendrobatidis strain RTP5 (Dunedin,
New Zealand) were mapped to each contig. RTP5 appears to be identical to strain RTP6
based on single nucleotide polymorphisms (SNPs) and LOH patterns. Regions with
�1.5� the basal coverage of each contig (i.e., nonrepetitive regions) were error
corrected using the Illumina reads. The final assembly consisted of 63 contigs (59
nuclear, 4 mitochondrial) with a total length of 24.102 Mb (N50, 1,511 kb).

Telomeric repeat structures, identical to a canonical telomeric sequence (TTAGGG)n,
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were identified at the termini of 7 contigs (11). Immediately adjacent to each telomere
was a region of 20 to 80 kb containing numerous highly repetitive sequences resem-
bling subtelomeric domains. The highly repetitious sequences meant that it was
impossible to accurately link these subtelomeric regions to other contigs.

The entirety of the nuclear genome in the assembly was phased using LOH regions
of 56 global B. dendrobatidis strains. The genomes of B. dendrobatidis isolates com-
monly exhibit LOH as a consequence of mitotic recombination (8). This results in large
chromosome regions becoming homozygous. Illumina reads for 56 strains of B. den-
drobatidis were mapped to all contigs, and nonrepetitive variant frequencies were
graphed against their positions in each contig. LOH regions were detected as areas of
homozygosity where other strains were heterozygous, allowing the phasing of entire
chromosome blocks. Although B. dendrobatidis is generally described as diploid, many
isolates show trisomy for particular chromosomes. Trisomic regions display 2:1 SNP
frequencies; this phenomenon was used to confirm and complete the phasing.

Data availability. This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number QUAD00000000. The version de-
scribed in this paper is version QUAD01000000. PacBio read data for B. dendroba-
tidis strain RTP6 and Illumina read data for the 10 B. dendrobatidis strains sequenced
in this study were deposited in the NCBI SRA under BioProject accession number
PRJNA483086.
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