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40
41  Abstract
42 The edible jelly fungus Dacryopinax spathularia (Dacrymycetaceae) is

43  wood-decaying and can be commonly found worldwide. It has also been used in food
44  additives given its ability to synthesize long-chain glycolipids. In this study, we present the
45  genome assembly of D. spathularia using a combination of PacBio HiFi reads and Omni-C
46  data. The genome size of D. spathularia is 29.2 Mb and in high sequence contiguity and
47  completeness, including scaffold N50 of 1.925 Mb and 92.0% BUSCO score, respectively. A
48  total of 11,510 protein-coding genes, and 474.7 kb repeats accounting for 1.62% of the
49  genome, were aso predicted. The D. spathularia genome assembly generated in this study
50 provides a valuable resource for understanding their ecology such as wood decaying
51  capability, evolutionary relationships with other fungus, as well as their unique biology and
52  applicationsin the food industry.

53
54  Introduction
55 Dacryopinax spathularia (Dacrymycetaceae) (Figure 1A) is a brown-rot fungus

56  commonly found on rotting coniferous and broadleaf wood around the world; and can be
57 easily distinguished by the spathulate shape of its gelatinous fruiting body (McNabb, 1965;
58 Worrdl et al., 1997). Owing to its production of carotenoid pigments for protection against
59  photodynamic injury, its externa appearance is generally orange to yellow (Vail & Lily,
60  1968). In addition to its ecological role in nutrients recycling, this species is aso edible and
61  commonly known as “sweet osmanthus ear” mushroom in China (Bitzer et al., 2018). Given
62 its ability to synthesise long-chain glycolipids under fermentation, this species has also been
63 cultivated in food industry as natural preservatives in soft drinks (EFSA Panel on Food
64  Additivesand Havourings (FAF) et a., 2021).

65
66  Context
67 Edible jelly fungus Dacryopinax spathularia (Dacrymycetaceae), which was first

68  described as Merulius spathularius, is a macrofungus basidiomycete and can be commonly
69  found on rotting coniferous and broadleaf wood in tropics and subtropics. Its wood-decaying
70  ability facilitates nutrient recycling in forest ecosystem (Seifert, 1983). This species is edible
71  and frequently cultivated in industry as food additive such as natural preservative in soft
72 drinks (Bitzer et al., 2018; Bitzer et al., 2019). In addition, isolated fungal extract can also
73  display anti-bacterial properties (Hyde et a., 2019). D. spathularia can be naturally found in
74  Asia, Africa, America, Australia and Pacific, and the genomic resource of this species with
75 trandlationa valuesisnot available.

76 In Hong Kong, D. spathularia can aso be commonly found (Agriculture, Fisheries
77 and Conservation Department, 2013) and has been selected as one of the species to be
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78  sequenced by the Hong Kong Biodiversity Genomics Consortium (a.k.a. EarthBioGenome
79  Project Hong Kong) formed by investigators from eight publicly funded universities. Here,
80  we present the genome assembly of D. spathularia, which was assembled from PacBio long
81 reads and Omni-C sequencing data. The provision of the D. spathularia genome resource is
82  useful for the better understanding of wood decaying capability, phylogenetic relationshipsin
83 thisfamily, aswell as the biosynthesis of the long-chain glycolipids that are applied as natural
84  preservativesin food industry.

85

86 Methods

87  Sample collection and culture of fungal isolates

88 The fruit bodies of D. spathularia was collected in Luk Keng, Hong Kong on 20 June,

89  2022. The fungal isolate was transferred from the edge of fruit bodies to potato dextrose agar
90 (BD Difco™) plates using a pair of sterilized forceps. The remaining collected fruit bodies
91  were snap-frozen with liquid nitrogen and stored in -80°C refrigerator. Grown hyphae from
92  >2-week-old was then transferred to new plates for purification for at least three rounds. The
93 identity of isolate, termed “F14”, was validated with the DNA barcode of Translation
94  elongation factor 1 alpha (TEF-1a) gene using primer pairs EF1-1018F and EF1-1620R
95 (Stielow et al., 2015) (Supplementary Information 1).

96
97  High molecular weight DNA extraction
98 ~1.5 g of mycelia of D. spathularia isolate was collected from the upper layer of agar

99  culture and was ground in a mortar with liquid nitrogen. High molecular weight (HMW)
100 genomic DNA was isolated with a CTAB treatment, followed by using NucleoBond HMW
101  DNA kit (Macherey Nagel Item No. 740160.20). Briefly, the ground tissue was transferred to
102 5 mL CTAB buffer (Doyle & Doyle, 1987) with an addition of 1% PVP for 1 h digestion at
103  55°C. After RNAse A treatment, 1.6 mL 3M potassium acetate was added to the lysate,
104  followed by two rounds of chloroform:1AA (24:1) wash. The supernatant was added with H1
105  buffer from NucleoBond HMW DNA kit for afinal volume of 6 mL and processed according
106  to the manufacturer’s protocol. The DNA sample was eluted in 80 pL elution buffer (PacBio
107  Ref. No. 101-633-500) and its quantity and quality was assessed with NanoDrop™ One/OneC
108  Microvolume UV-Vis Spectrophotometer, Qubit® Fluorometer, and overnight pulse-field gel
109  electrophoresis.

110
111 Pacbhio library preparation and sequencing
112 DNA shearing was first performed from 5 pg HMW DNA in 120 uL elution buffer

113 using a g-tube (Covaris Part No. 520079) with 6 passes of centrifugation at 1,990 x g for 2
114  min. The sheared DNA sample was purified using SMRTbell® cleanup beads (PacBio Ref.
115  No. 102158-300), from which 2 pL of sample was taken for quality check through overnight
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116  pulsefield gel electrophoresis and Qubit® Fluorometer quantification. A SMRThbell library
117  was then prepared by following the protocol of the SMRTbell® prep kit 3.0 (PacBio Ref. No.
118  102-141-700). Briefly, the sheared DNA was repaired and polished at both ends, followed by
119  A-tailing and ligation of T-overhand SMRTbell adapters. A subsequent purification step was
120  processed with SMIRTbell® cleanup beads and 2 pL of sample was taken and subject to
121  quality check as mentioned above. Nuclease treatment was then proceeded to remove
122 non-SMRT bell structures. A final size-selection step using 35% AMPure PB beads was
123 processed to eliminate short fragments.

124 A final library preparation was performed with The Sequel® 11 binding kit 3.2 (PacBio
125 Ref. No. 102-194-100) before sequencing. The SMRTbell library was proceeded with
126  annealing and binding with Sequel 11® primer 3.2 and Sequel 11° DNA polymerase 2.2,
127  respectively. SMRTbell® cleanup beads were used for further cleanup the library, to which
128  diluted Sequel 11®° DNA Internal Control Complex was added. The final library was loaded at
129 an on-plate concentration of 90 pM with the diffusion loading mode. Sequencing was
130 performed on the Pacific Biosciences SEQUEL Ile System for a run of 30-hour movies with
131 120 min pre-extension to output HiFi reads with one SMRT cell. Details of the resulting
132 sequencing dataare listed in Supplementary Information 2.

133
134  Omnic-C library preparation and sequencing
135 ~0.5 g of stored fruit body was ground into powder with liquid nitrogen and used for

136  the construction of an Omni-C library by following the plant tissue protocol of the Dovetal®
137 Omni-C® Library Preparation Kit (Dovetail Cat. No. 21005). The ground tissue was
138 transferred to 4 mL 1X PBS and was proceeded to crosslinking with formaldehyde and
139  digestion with endonuclease DNase |. The quantity and fragment size of the lysate was
140  assessed with Qubit® Fluorometer and TapeStation D5000 HS ScreenTape, respectively. The
141 qudified lysate was polished at DNA ends and ligated with biotinylated bridge adaptors,
142  followed by proximity ligation, crosslink reversal of DNA and purification with SPRIselect™
143  Beads (Beckman Coulter Product No. B23317). The end repair and adapter ligation were
144  performed with the Dovetail™ Library Module for Illumina (Dovetail Cat. No. 21004). The
145  library was then sheared with USER Enzyme Mix and purified with SPRIselect™ Beads. The
146  DNA fragments were isolated in Streptavidin Beads, from which the library was amplified
147  with Universal and Index PCR Primers from the Dovetail™ Primer Set for Illumina (Dovetail
148  Cat. No. 25005). Size selection targeting fragment size between 350 bp and 1000 bp was
149  performed with SPRIselect™ Beads. The quantity and fragment size of the library was
150  assessed by Qubit® Fluorometer and TapeStation D5000 HS ScreenTape, respectively. The
151  resulting library was sequenced on an Illumina HiSeg-PE150 platform. Details of the
152  resulting sequencing data are listed in Supplementary Information 2.

153
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154  RNA extraction and transcriptome sequencing

155 ~1 g of mycelia of D. spathularia isolate was ground in a mortar with liquid nitrogen.
156  Total RNA was isolated from the ground tissue using the mirVana miRNA Isolation Kit
157  (Ambion), following the manufacturer's instructions. The RNA sample was subjected to
158  quality control with NanoDrop™ One/OneC Microvolume UV-Vis Spectrophotometer and
159 1% agarose gel electrophoresis. The qualified sample was sent to Novogene Co. Ltd (Hong
160  Kong, China) for 150 bp paired-end sequencing. Details of the resulting sequencing data are
161  listed in Supplementary Information 2.

162
163  Genome assembly and gene model prediction
164 A de novo genome assembly was conducted with Hifiasm (Cheng et al., 2021), which

165  was screened with BlobTools (v1.1.1) (Laetsch & Blaxter, 2017) by searching against the NT
166  database using BLAST to identify and remove any possible contaminations (Supplementary
167  Information 3). Haplotypic duplications were discarded using “purge_dups’ according to the
168  depth of HiF reads (Guan et a., 2020). The Omni-C data were used to scaffold the assembly
169  using YaHS (Zhou et al., 2022).

170 Gene model prediction was performed using funannotate (Palmer & Sagjich, 2020).
171 RNA sequencing data were first processed using Trimmomatic (v0.39) and kraken2 (v2.0.8
172 with kraken2 database k2_standard_20210517) to remove the low quality and contaminated
173 reads. The processed reads were then aligned to the soft-masked repeat genome using Hisat2
174  to run the genome-guided Trinity (Grabherr et al., 2011) with parameters "--stranded RF
175  -jaccard_clip", from which 44,384 transcripts were derived. Gene models were then
176  predicted together with the protein evidence from Dacryopinax primogenitus
177  (GCF_000292625.1; Floudas et al., 2012) using funannotate with the following parameters
178  “--protein_evidence GCF_000292625.1 Dacryopinax_sp. DIM_731 SSP1 v1.0.proteins.faa
179  --genemark_mode ET --optimize augustus --busco db dikarya --organism fungus -d
180  --max_intronlen 3000". The Trinity transcript alignments were converted to GFF3 format and
181  were input to PASA alignment in the Launch PASA pipeline.pl process to generate the
182  PASA models trained by TransDecoder, followed by selection of the PASA gene models
183  using the Kallisto TPM data. The PASA gene models were then used for training Augustus in
184  the funannotate-predict step. The gene models from several prediction sources, with atotal of
185 54,275 genes from Augustus (4967), HiQ (4624), CodingQuarry (11762), GlimmerHMM
186  (10843), pasa (11217), snap (10862), were passed to Evidence Modeler to generate the gene
187 model annotation files. UTRs were then captured in the funannotate-update step using PASA
188  to generate the final genome annotation files.

189

190 Repeat annotation

191 Transposable element (TE) annotation was performed by following the Earl Grey TE
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192  annotation workflow pipeline (version 1.2, https://github.com/TobyBaril/EarlGrey) (Baril et
193  d., 2022).

194

195 Resultsand discussion

196  Genome assembly

197 A total of 9.34 Gb HiF reads were generated from PacBio sequencing
198  (Supplementary Information 2). After scaffolding with 3.46 Gb Omni-C data, the D.
199  gspathularia genome assembly has a size of 29.2 Mb, scaffold N50 of 1.925 Mb and 92.0%
200 BUSCO score (Figure 1B; Table 1), and 19 out of 24 scaffolds are >100 kb in length (Figure
201 and 1C; Table 2). The genome size is similar to Dacryopinax primogenitus (29.5 Mb)
202 (Floudas et a., 2012) and GenomeScope estimated heterozygosity of 5.09% (Figure 1D;
203  Table 3). Gene model prediction generated a total of 11,510 protein-coding genes with an
204  average protein length of 451 bp and a BUSCO score of 91.9%.

205
206  Repeat content
207 Repeat content analysis showed that transposable elements (TES) account for 1.62%

208 of the D. spathularia genome (Figure 1E; Table 4). The mgor classified TE was LTR
209  retransposons (0.95%) and DNA transposons (0.12%) (Table 4).

210
211 Conclusion and futur e perspective
212 The study presents the genome assembly of D. spathularia, which is a useful resource

213 for further phylogenomic studies in the family Dacrymycetaceae and investigations on the
214  biosynthesis of glycolipids via the fermentation process with applications in the food

215 industry.

216

217  Datavalidation and quality control

218 The identity of fungal isolate of D. spathularia was validated with DNA barcoding of

219  Trandation elongation factor 1 alpha (TEF-1a) gene, which was compared with sequences
220  from phylogenetic studies of Dacrymycetaceae (Zaroma & Ekman, 2020) and its sister family
221 Cerinomycetaceae (Savchenko et a., 2021), the Dacryopinax primogenitus genome
222 (Accession: NW_024467206.1:736197-736766), and D. spathularia (Accession:
223 AY881020.1). The sequences were aligned with MAFFT v7.271 (Katoh and Standley, 2013).
224 A phylogenetic tree was constructed with FastTree (Price et al., 2010) with 1,000 bootstraps
225 and visualized in Evolview v3 (Subramanian et al., 2019). The D. spathularia isolate in this
226 study was clustered with other two D. spathularia accessions with a bootstrap support of
227  92/100 (Supplementary Information 1).

228 For HMW DNA extraction and Pachio library preparation, the samples were subject
229  to quality control with NanoDrop” One/OneC Microvolume UV-Vis Spectrophotometer,
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230  Qubit® Fluorometer, and overnight pulse-field gel electrophoresis. The quality of Omni-C
231 library was inspected with Qubit® Fluorometer and TapeStation D5000 HS ScreenTape.

232 During the genome assembly, BlobTools (v1.1.1) (Laetsch & Blaxter, 2017) was
233 employed to identify and remove any possible contaminations (Supplementary Information 3).
234  The assembled genome and gene model prediction were assessed with Benchmarking
235  Universal Single-Copy Orthologs (BUSCO, v5.5.0) (Manni et al., 2021) using the fungi
236  dataset (fungi_odbl0). GenomeScope2 (Vurture et al., 2017) was used to estimate the
237  genome size and heterozygosity of the assembly.

238

239

240 Dataavailability

241 The raw reads generated in this study were deposited in the NCBI database under the

242  SRA accessions SRR24631918, SRR27412332 and SRR27412333. The GenomeScope report,
243 genome, genome annotation and repeat annotation files were made publicly available in
244 Figshare (https:/figshare.com/s/9d7dd8509b902306bd5h).
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Table 3. Summary of GenomeScope statistics.
Table 4. Summary of transposable element annotation.

Figure 1. Genomic information of Dacryopinax spathularia. A) Picture of Dacryopinax
gpathularia; B) Genome gatistics; C) Omni-C contact map of the assembly; D)
GenomeScope report summary; E) Pie chart and repeat landscape plot of repetitive elements
in the assembled genome.

Supplementary Information 1. Phylogenetic analysis of Translation elongation factor 1
alpha (TEF-1a) gene region Dacryopinax spathularia fungal isolate “F14” in this study.
Supplementary Information 2. Summary of genomic sequencing data.

Supplementary Information 3. Genome assembly QC and contaminant/cobiont detection.
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