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77
78  Abstract
79 The milky mangrove Excoecaria agallocha is a latex-secreting mangrove that are

80 distributed in tropical and subtropical regions. While its poisonous latex is regarded as a
81 potential source of phytochemicals for biomedical applications, the genomic resources of E.
82  agallocha remains limited. Here, we present a chromosomal level genome of E. agallocha,
83 assembled from the combination of PacBio long-read sequencing and Omni-C data. The
84  resulting assembly size is 1,332.45 Mb and has high contiguity and completeness with a
85  scaffold N50 of 58.9 Mb and a BUSCO score of 98.4 %. 73,740 protein-coding genes were
86 aso predicted. The milky mangrove genome provides a useful resource for further
87  understanding the biosynthesis of phytochemical compounds in E. agallocha.
88
89 Introduction
90 The milky mangrove Excoecaria agallocha (Euphorbiaceae)(Figure 1F), also known
91 asblind-your-eye mangrove due to its toxic properties causing blindness when its milky latex
92 in contact with eyes, can be found in the brackish water in tropical mangrove forests. In
93  documented human history, this plant has traditionally been used to treat pains and stings
94  from marine organisms, ulcers, as well as leprosy (Vadlapudi et al 2009; Kaliamurthi &
95 Selvarg 2016); and is also rich in phytoconstituents and potential source of bioactive
96  compounds, such as polyphenols and terpenoids, for biomedical applications (Raghavanpillai
97 Sabu et al., 2022; Sadeer et a., 2023). E. agallocha is dioecious, and contrary to typical
98  mangrove species, it does not exhibit specialized aerial roots for gas exchange (Mondal et al
99 2016; Kader and Sinha 2022). It has a relatively wide distribution globally, including
100 Australia, Bangladesh, India, and Hong Kong. While it has important ecological values in
101  mangroves, such as being the food sources of jewel bugs, genome of this ecologically
102  important speciesis also lacked.

103
104  Context
105 To date, a few molecular and genomic studies have been conducted on E. agallocha.

106  These include a transcriptomic study on the flower sex determination of this dioecious
107  species (Zhou et a., 2022) and the assembly of its chloroplast genome (Shi et al., 2020).
108 However, the genome of this mangrove species remained missing. Previous studies have
109 reported different karyotypes of E. agallocha, including 2n = 108 (Das et al., 1999), 2n = 130
110 (Das et d., 2011) and 2n = 140 (Sidhu, 1961). Its reported chromosome numbers were
111  remarkably different to other species in the same genus, such as Excoecaria acerifolia Didr.
112 2n =24 (Perry, 1943).

113 Here, E. agallocha has been selected as one of the species to be sequenced under the
114  Hong Kong Biodiversity Genomics Consortium (ak.a. EarthBioGenome Project Hong Kong),
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115  formed by researchers from 8 publicly funded universitiesin Hong Kong, in light to provide a
116  useful resource for further understanding of its biology, ecology, evolution, and to set a
117  foundation to carry out any necessary conservation measures .

118

119 Methods

120  Sample collection

121 Leaf tissues of a male individual of E. agallocha were collected a a mangrove sandy

122  shore at Wu Kai Sha, New Territories, Hong Kong in February 2023. The sample was
123 snap-frozen with liquid nitrogen and stored at -80°C until DNA extraction.

124
125  High molecular weight DNA extraction
126 High molecular weight (HMW) genomic DNA isolation was started from grinding 1 g

127  of leaf tissues with liquid nitrogen and performed using NucleoBond HMW DNA kit
128 (Macherey Nagel Item No. 740160.20) with prior CTAB treatment. In brief, around 0.8 g of
129 sample wasdigested in 5 mL CTAB (Doyle & Doyle, 1987) with addition of 1% PVPfor 1 h.
130 After RNAse A treatment, 1/3 volume (~1.6 mL) of 3M potassium acetate was added for
131  contaminant precipitation, followed by two washes of chloroform:IAA (24:1). The resulting
132 supernatant (~4.2 mL) was topped up to 6 ml by adding H1 buffer from NucleoBond HMW
133 DNA kit and continued with the manufacturer’s protocol. The resulting DNA was eluted with
134 80 pL elution buffer (PacBio Ref. No. 101-633-500) and was subject to quality check using
135  the NanoDrop One/OneC Microvolume UV-Vis Spectrophotometer, Qubit® Fluorometer,
136  and overnight pulse-field gel electrophoresis.

137
138  Pacbhio library preparation and sequencing
139 Prior to library preparation, DNA shearing was performed. Briefly, a dilution of 5 ug

140 HMW DNA in 120 pL elution buffer was transferred to a g-tube (Covaris Part No. 520079)
141  for 6 passes of centrifugation with 1,990 x g for 2 min, followed by DNA purification with
142  SMRTbell® cleanup beads (PacBio Ref. No. 102158-300). 2 uL sheared DNA was used to
143  perform overnight pulse-field gel electrophoresis while the remaining sheared DNA was
144  stored in a2 mL DNA LoBind® Tube (Eppendorf Cat. No. 022431048) a 4 °C overnight.
145  Subsequently, a SMRTbell library was constructed using the SMRTbell® prep kit 3.0
146  (PacBio Ref. No. 102-141-700), following the manufacturer’s protocol. In brief, the sheared
147  DNA was processed with DNA repair and then each DNA strand was polished at both ends
148 and tailed with an A-overhang, followed by ligation of T-overhand SMRTbell adapters. The
149  SMRTbell library was purified using SMRTbell® cleanup beads and 2 pL of eluted sample
150  was subject to quantity assessment using Qubit® Fluorometer and fragment size examination
151  with overnight pulse-field gel electrophoresis. After that, a nuclease treatment was processed
152  to eliminate non-SMRTbell structures and a final size-selection step with 35% AMPure PB
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153  beads was performed to remove short fragments in the library.

154 The final library preparation for sequencing was performed with The Sequel® I
155  binding kit 3.2 (PacBio Ref. No. 102-194-100). In brief, the SMRT bell structures were
156  annealed and bound with Sequel 11® primer 3.2 and Sequel 11® DNA polymerase 2.2,
157  respectively. A final cleanup was processed with SMRTbell® cleanup beads, followed by an
158  addition of serial diluted Sequel 11® DNA Internal Control Complex. The library was loaded
159  with the diffusion loading mode at an on-plate concentration of 90 pM. The sequencing was
160 performed on the Pacific Biosciences SEQUEL Ile System running for 30-hour movies with
161 120 min pre-extension to generate HiFi reads. In total, two SMRT cells were used for the
162  sequencing. Details of the resulting sequencing data are listed in Supplementary Information
163 1.

164

165 Omnic-C library preparation and sequencing

166 A nucle isolation procedure was performed from 2 g ground leaf tissues, following
167 the modification of Workman et al. (2018)

168  ((https://www.pach.com/wp-content/uploads/Procedure-checklist-1sol ating-nuclei-from-plant-
169  tissue-using-TissueRuptor-disruption.pdf). The resulting nuclei pellet was used to construct
170  an Omni-C library using the Dovetall® Omni-C® Library Preparation Kit (Dovetail Cat. No.
171  21005) by following the manufacturer’s instructions. In brief, the nuclei pellet was
172 resuspended in 4 mL 1X PBS, followed by crosslinking with formaldehyde and DNA
173  digestion with endonuclease DNase |. The concentration and fragment size of the digested
174  lysate was quantified using Qubit® Fluorometer and TapeStation D5000 HS ScreenTape,
175  respectively. Subsequently, both ends of DNA were polished and ligation of biotinylated
176  bridge adaptors were proceeded at 22°C for 30 min. Proximity ligation between crosslinked
177  DNA fragments was conducted at 22°C for 1 hour, followed by crosslink reversal of DNA
178  and then purification with SPRIselect™ Beads (Beckman Coulter Product No. B23317).

179 End repair and adapter ligation were conducted using the Dovetail™ Library Module
180 for Illumina (Dovetail Cat. No. 21004). In brief, DNA was tailed with an A-overhang and
181 then ligated with Illumina-compatible adapters at 20 °C for 15 min. The Omni-C library was
182  sheared using USER Enzyme Mix and purified with SPRIselect™ Beads. Afterwards, the
183  DNA fragments were isolated using Streptavidin Beads. The DNA library was amplified with
184  Universal and Index PCR Primers from the Dovetail™ Primer Set for Illumina (Dovetail Cat.
185  No. 25005). A final size selection step was done with SPRIselect™ Beads to retain DNA
186  fragments ranging between 350 bp and 1000 bp only. The concentration and fragment size of
187  the library was validated by Qubit® Fluorometer and TapeStation D5000 HS ScreenTape,
188  respectively. The qualified library was eventually sequenced on an Illumina HiSeq-PE150
189  platform. Details of the resulting sequencing data are listed in Supplementary Information 1.
190
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191  Genome assembly and gene model prediction

192 De novo genome assembly was performed using Hifiasm (Cheng et al., 2021), which
193  was then searched against the NT database using BLAST for the input for BlobTools (v1.1.1)
194 (Laetsch & Blaxter, 2017) to identify and remove any possible contaminations
195  (Supplementary Information 2). Haplotypic duplications were removed using “purge_dups’
196  based on the depth of HiFi reads (Guan et a., 2020). Furthermore, proximity ligation data
197  sequenced from the Omni-C library were employed to scaffold the assembly with YaHS
198  (Zhou et a., 2022).

199 Gene model prediction was run by funannotate (Palmer & Stgich, 2020) using the
200 following parameters “--repeats2evm --protein_evidence uniprot_sprot.fasta
201  --genemark_mode ES --optimize_augustus --organism other --max_intronlen 350000”. The
202  predicted gene models from various prediction sources including GeneMark, high-quality
203  Augustus predictions (HiQ), pasa, Augustus, GlimmerHM and snap were combined and
204  processed with Evidence Modeler to produce the annotation files.

205

206  Repeat annotation

207 Annotation of transposable elements (TES) were conducted using the Earl Grey TE
208  annotation workflow pipeline (version 1.2, https://github.com/TobyBaril/EarlGrey) (Baril et
209 4., 2022).

210

211 Macrosynteny analysis

212 The longest gene transcripts of gene models of E. agallocha and four other

213 chromosome-level genomes from the Euphorbiaceae family, namely Hevea brasiliensis
214  (GCF_030052815.1; Cheng et al., 2023), Manihot esculenta (GCA _033783085.1; Landi et al.,
215  2023), Ricinus communis (GCF_019578655.1; Lu et al., 2022) and Euphorbia peplus
216 (GCA_028411795.1; Johnson et al., 2023) were extracted for retrieving orthologous gene
217  pairs through reciprocal BLASTp hits (e-value 1e-5) using diamond (v2.0.13) (Buchfink et
218  d., 2021). Macrosynteny was analysed between E. agallocha and the other four genomes
219 using MCScanX (Wang et a., 2012) with default parameters.

220

221  Resultsand discussion

222 Genome assembly of Excoecaria agallocha

223 A total of 33.20 Gb of HiFi reads from the whole genome of milky mangrove
224  Excoecaria agallocha were generated by PacBio sequencing. After scaffolding with 75 Gb
225  Omni-C data, 86.08% of the sequences were assembled into 18 pseudochromosomes (Figure
226 1C). The assembled genome size was 1,332.45 Mb, with 1,402 scaffolds and a scaffold N50
227  of 58.95 Mb. The complete BUSCO value was estimated to be 98.4 % (viridiplantae_odb10)
228  (Figure 1B; Table 1). The GC content was 32.17%. A total of 73,740 protein-coding genes
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229  were predicted, with a mean coding sequence length of 288 bp and a BUSCO score of 82.1%
230 (Figure 1B).

231 Repeat content analysis revealed that transposable elements (TEs) account for 61.2%
232 of the milky mangrove assembly. While half of which were unclassified TEs (31.94%), the
233 remaining TEs were classified into LTR retransposons (22.47%), DNA transposons (5.86%)
234 and LINE retranspsons (Figure 1D; Table 2). SINE and other TEs (Penelope, Rolling circle,
235  simple repeat, microsatellite) contribute less than 0.01% of the genome respectively.

236

237  Conclusion and futur e perspective

238 The genome assembly of E. agallocha presented in this study is the first genomic
239  resource for this mangrove species, which provides a valuable resource for further
240 investigation in the biosynthesis of phytochemical compounds in its milky latex and for the
241  understanding of biology and evolution in genome architecture in the Euphorbiaceae family.
242

243  Datavalidation and quality control

244 During HMW DNA extraction and Pacbio library preparation, quality control of the
245 sample or library was assessed with the NanoDrop” One/OneC Microvolume UV-Vis
246  Spectrophotometer, Qubit® Fluorometer, and overnight pulse-field gel electrophoresis. The
247 Omni-C library was validated by Qubit® Fluorometer and TapeStation D5000 HS
248  ScreenTape.

249 For the genome assembly, BlobTools (v1.1.1) (Laetsch & Blaxter, 2017) was used to
250 identify and remove any possible contaminations (Supplementary Information 2).
251  Benchmarking Universal Single-Copy Orthologs (BUSCO, v5.5.0) (Manni et al., 2021) was
252  run with a collection of single-copy orthologs dataset for the Viridiplantae (Viridiplantae
253  Odbl0) to validate the completeness of the genome assembly and gene annotation (Table 1;
254  Supplementary Information 3).

255

256  Disclaimer

257 The genomic data generated in this study was not assessed for the potential level of
258  polyploidy.

259

260 Data availability

261  The raw reads generated in this study were deposited in the NCBI database under the SRA
262  accession SRR24631716 and SRR26908863. The genome, genome annotation and repeat

263  annotation files were made publicly available in Figshare
264  (https://figshare.com/s/53162fa238f429c7fdae).
265
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