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Abstract

Background: Hermetia illucens L. (Diptera: Stratiomyidae), the Black Soldier Fly (BSF) is an
increasingly important mass reared entomological resource for bioconversion of organic material into
animal feed. Results: We generated a high-quality chromosome-scale genome assembly of the BSF
using Pacific Bioscience, 10X Genomics linked read and high-throughput chromosome conformation
capture sequencing technology. Scaffolding the final assembly with Hi-C data produced a highly
contiguous 1.01 Gb genome with 99.75% of scaffolds assembled into pseudo-chromosomes
representing seven chromosomes with 16.01 Mb contig and 180.46 Mb scaffold N50 values. The highly
complete genome obtained a BUSCO completeness of 98.6%. We masked 67.32% of the genome as
repetitive sequences and annotated a total of 17,664 protein-coding genes using the BRAKER?2 pipeline.
We analysed an established lab population to investigate the genomic variation and architecture of the
BSF revealing six autosomes and the identification of an X chromosome. Additionally, we estimated
the inbreeding coefficient (1.9%) of a lab population by assessing runs of homozygosity. This revealed
a plethora of inbreeding events including recent long runs of homozygosity on chromosome five.
Conclusions: Release of this novel chromosome-scale BSF genome assembly will provide an improved
platform for further genomic studies and functional characterisation of candidate regions of artificial
selection. This reference sequence will provide an essential tool for future genetic modifications,

functional and population genomics.

Keywords: Hermetia illucens, black soldier fly, genome, Hi-C assembly, PacBio, BRAKERZ2, genome

annotation, inbreeding.
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Data Description
Background

The Black Soldier Fly (BSF; Figure 1), Hermetia illucens, Linnaeus, 1758 (Diptera: Stratiomyidae;
NCBI: txid343691) is a species of growing interest in both entomophagy and bioremediation. Endemic
to tropical and sub-tropical regions of the Americas, BSF are now distributed globally extending to
temperate regions of Europe and Asia through commercialisation and human mediated expansion [1—
3]. The increasing popularity of BSF in insect farming is due to the high feed-to-protein bioconversion
rates of BSF larvae coupled with a generalist diet. Conversion efficiency of BSF larva is higher than
other traditional edible insects such as Tenebrio molitor (Yellow mealworm) [4]. Due to the high protein
(40%) and lipid (35%) content of BSF larvae, they are now a European Union approved feed ingredient
in aquaculture and poultry farms as a replacement to inefficient and unsustainable fish and soybean
meal [5,6]. Additionally, the rich biomass of BSF larvae have led to the resource exploitation of lipids
and chitin for the cosmetic industry, as a source of biofuel production and recently shown promise as a
source of antimicrobials [7—10]. With short generation times, large brood sizes (~900 eggs per clutch)

and voracious feeding behaviour, the BSF is the optimal species for insect mass rearing [11,12].

Global food security and waste management systems are increasingly under threat from a
growing human population. An increase in food production to feed a population of over 9 billion by
2050 will require a demand for protein in excess of 270 million tonnes [13,14]. With one third of this
produce likely to be processed as food waste, a transition to a more sustainable agricultural model is
essential [14]. Shifting to a circular bioeconomy utilising insect biomass can lead to a more sustainable
global food industry [15]. With high nutrient content and the ability to upcycle organic waste streams,
the BSF is the most exploited species in the growing insect farming industry [16]. However, whilst most
research aims to optimise biomass yield, there remains a lack of understanding surrounding the genetics
of the BSF.

Whilst genomic resources within the Diptera order are well established through databases such
as FlyBase, the resources available for BSF are limited [17]. A reference genome of the BSF has
recently been released but is relatively fragmented [18]. The expanding industry of BSF mini-livestock
farming must rapidly match the high genomic standards of other agricultural animals if it is to become
a successful and well -established practice [19]. It is essential to characterise genetic traits and beneficial
phenotypes to provide longevity to this novel agriculture market. Recent advancements in sequencing
technology and high-throughput projects including the Darwin Tree of Life has enabled the assembly
of many non-model reference genomes [20,21]. Arthropod genome assembly projects can be hindered
by limited starting material, ploidy level, repeat rich genomes and high heterozygosity [22]. Resolving
genome heterozygosity remains a major challenge in diploid and polyploid assembly projects [23].

Nonetheless, integrating long read and linked-read sequencing has greatly facilitated de novo
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68  assemblies [24]. Combined with high-throughput chromosome conformation capture (Hi-C)
69  sequencing, the assembly of chromosome-level reference genomes in vertebrates, invertebrates and

70  plants is far more approachable [25-27].

71 Here we present a chromosome-level, 1.01 Gb genome assembly for the economically
72 important insect, H. illucens (BSF). We demonstrate the combination of Pacific Bioscience (PacBio)
73 long read, 10x Genomics Linked read and chromosomal conformation capture sequencing data in
74  assembling a highly contiguous, complete and accurate genome. We identify and mask novel repeat
75  elements to annotate the BSF genome using available transcriptome evidence to provide an essential
76  resource for currently understudied BSF genetics. We also use genome re-sequence data to identify an
77  active sex chromosome, assess the genomic variation and the level of inbreeding in an established lab
78  population. As the first chromosome-scale assembly available for the BSF this resource will enable the
79  genetic characterisation and understanding of unique traits and will further the development of genetic

80  studies including population genetics and genetic manipulation.
81  Insect husbandry and collection

82 A captive population of Hermetia illucens was supplied by Better Origin (Entomics Biosystems
83  Limited) and reared under controlled conditions at the University of Cambridge, Zoology department
84  (Cambridge, UK). A mating pair were isolated, and the offspring reared under conditions of 29 + 0.8
85  °C, 60% relative humidity on a 16:8-hour light: dark cycle. Larval offspring were fed twice weekly ad
86 libitum on Better Origin (Cambridge, UK) ‘BSF Opti-Feed’ mixed 30:70 with non-sterile H,O under
87  the same conditions. Pre-pupae were transferred to medium-grade vermiculite (Sinclair Pro, UK) for
88  pupation and emerged adults moved to a breeding cage (47.5 x 47.5 x 93 cm; 160 um aperture). An
89  adult female and male of the founding population and two offspring pupae were collected and stored at
90  -80°C until processed for sequencing. Additional offspring from the same pair were used to establish a
91  BSF colony line named “EVE” for future analysis. A sample (n=12) of the EVE colony from the eighth-
92  generation post -lab establishment were also collected and stored at -80°C until processed for

93  sequencing.
94  Genome size and Heterozygosity estimates

95  Genomic DNA (gDNA) was extracted from the thorax of the mature adults using the Blood & Cell

96  Culture DNA Midi Kit (Qiagen, Germany) following the manufacturers protocol. Paired-End (PE)

97 libraries were produced and sequenced on the lllumina HiSeq X Ten platform (lllumina, United States)

98 at the Wellcome Sanger Institute (Cambridge, UK). Sequencing of the adult female and male produced

99  150.38 Gb and 162.42 Gb respectively (Table S1). Sequencing data was used to estimate genome size,
100  heterozygosity and genomic repeats using GenomeScope [28]. Distribution of k-mers in both
101  individuals using k = 31 produced a diploid peak set. We estimated a genome size of 1.06 Gb,
102  provisional repeat content of 46.25% and mean heterozygosity of 1.81% (Figure S1 & Table S2).
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103  Genome library construction & sequencing

104  An offspring pupa from the isolated pair was collected to prepare libraries for both Pacific Biosciences
105  (United States) and 10X Genomics Chromium linked-read (10X Genomics, United states) sequencing
106  (Table S1). All de novo genome sequencing was carried out at the Wellcome Sanger Institute
107  (Cambridge, UK). High-molecular weight DNA was extracted from the pupal offspring using a
108  modified MagAttract HMW DNA protocol (Qiagen, Germany) and a PacBio SMRT sequencing library
109  was prepared. Eight Single Molecule Real Time (SMRT) cells (1M v2) using version 2.1 chemistry of
110 the PacBio Sequel platform generated 75.17 Gb subreads with an N50 of 22.71 kb. An additional
111 sequencing library was constructed and sequenced on a single 8M SMRT cell on the Sequel Il platform
112 using version 0.9 sequencing chemistry to produce an additional 105.69 Gb of data with an N50 of
113 14.58 kb from the same individual, giving a total of 180.86 Gbh. A 10X Genomics Chromium linked
114  read 150 bp PE library was also prepared from the gDNA of the same individual. Sequencing of the
115  linked read library on the Illumina HiSeq X Ten platform (Illumina, United States) produced 149.78
116  Gb of raw data. A Hi-C PE library was constructed from the tissue of a sibling pupa and 150 bp PE
117  reads were sequenced on the Illumina HiSeq X Ten platform. Hi-C sequencing produced 144.5 Gb of
118  raw data.

119  Genome assembly

120  Due to the high predicted heterozygosity of the BSF genome we employed FALCON-Unzip, a de novo
121 diploid-aware assembler of PacBio SMRT sequence data prior to scaffolding [29]. The FALCON-
122 Unzip algorithm utilises the hierarchical genome assembly process (HGAP) enabling haplotype
123 resolution. Raw PacBio data containing reads longer than 5 kb were selected for error correction and
124 consensus calling. The intermediate BSF genome assembled into a genome size of 1.09 Gb into 140
125  contigs with an N50 value of 13.7 Mb. The FALCON-Unzip draft assembly was purged of duplicate
126  sequences using purge_dups v0.0.3 [30]. The 10X linked reads were used to scaffold the draft
127  FALCON-Unzip assembly using scaff10x [31]. The assembly was polished with one round of arrow
128  [32] using the error corrected reads of FALCON-Unzip. The Hi-C data was mapped to the intermediate
129  assembly in a second round of scaffolding using BWA [33]. A Hi-C contact map was generated and
130  visualised in HiGlass [34]. This final draft assembly was manually curated to remove contaminants,
131 correct structural integrity and assemble and identify chromosome-level scaffolds using gEVAL
132 [35,36]. Remaining haplotype duplication was purged manually into an alternative haplotype genome.
133 The final Hi-C contact map (Figure 2) was visualised in HiGlass [34]. The resulting chromosome-level
134  assembly deemed “iHerlll” consisted of a total length of 1,001 Mb, contig N50 of 16.01 Mb and a
135  scaffold N50 of 180.36 Mb (Table 1; Table S3). We anchored 99.75% of assembled scaffolds into seven
136  chromosomes leaving 13 unplaced scaffolds (2.53 Mb; 0.25%; Table S4).
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Table 1. Summary statistics of Hermetia illucens and selection of Diptera genomes. Assembly statistics for Diptera genomes generated using assembly-stats script on the

associated reference genome. BUSCO score generated from the 'insecta_odb9' database (n = 1658). BUSCO statistics C: complete, S: single-copy, D: duplicated, F: fragmented,

M: missing. * denotes contig number where the assembly contains no scaffolds.

. Genome Scaffold . BUSCO (%)
Species nhame ) Contig N50 Scaffold N50 Gaps N count GC (%)
size number C S D F M
Hermetia illucens (iHerlll) 1.01 Gb 20 16.01 Mb 180.36 Mb 112 26,439 42.47 98.60  97.80 080 050 090
Hermetia illucens
(GCA_009835165.1) 1.10Gb 2,806 231.07 kb 1.70 Mb 24,796 14,305,322 42.46 98.90 91.10 7.80 0.60 0.50
Drosophila melanogaster
(GCA_000001215.4) 143.73 Mb 1,870 21.49 Mb 25.29 Mb 572 1,152,978 41.67 99.70 99.00 0.70 0.20 0.10
Drosophila virilis
(GCA_000005245.1) 169.7 Mb 13,530 5.10 Mb 31.08 Mb 166 16,600 40.43 99.10 98.10 1.00 0.40 0.50
Musca domestica
(GCA_000371365.1) 750.40 Mb 20,487 11.81 kb 226.57 kb 102,610 58,683,792 32.37 98.60 96.90 1.70 0.40 1.00
Stomoxys calcitrans
(GCA_001015335.1) 971.19 Mb 12,042 11.31kb 504.65 kb 129,113 150,529,258 40.30 98.40 97.70 0.70 1.00 0.60
Glossina morsitans morsitans
(GCA_001077435.1) 363.11 Mb 24,071 49.77 kb NA 0 0 34.12 98.90 96.60 2.30 0.60 0.50
Aedes aegypti
(GCA_002204515.1) 1.28 Gb 2,310 11.76 Mb 409.78 kb 229 22,935 38.18 98.90 94.50 4.40 0.40 0.70
Culex quinquefasciatus
(GCA_000209185.1) 579.04 Mb 3,171 28.55 kb 486.76 kb 45,500 39,082,744 34.89 96.70 91.80 4.90 0.80 2.50

137
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138  Genome quality evaluation

139  To assess the quality of the reported assembly we evaluated both genome completeness and
140  contamination. We used BUSCO v3.0.2 (Benchmarking Universal Single-Copy Orthologs) [37] to
141  identify conserved genes within the ‘insecta_odb9’ and ‘diptera odb9’ databases. The final assembly
142  covered 98.60% and 92.60% of the Insecta and Diptera BUSCO core genes respectively. Within the
143 Insecta BUSCO completeness score of the reported genome 1,622 (97.80%) were single copy with 15
144 (0.9%) missing (Figure 3; Table S5). Contamination was assessed using the BlobToolKit environment
145  v1.0 [38] to screen for contaminant sequence. BlobToolKit identified 99.89% of the raw PacBio data
146  assembled exclusively arthropod sequence (Figure S2). Whilst Arthropoda was the highest abundant
147  identified phyla, 1,137,222 bp (0.11%) obtained no significant taxonomic identification. Therefore, our
148  assembly does not include any significant assembled contaminate sequences providing low likelihood
149  of off-target mapping effects for future studies. Whereas the majority of the genome sequence was
150 identified as Diptera (77.83%), segments of closest sequence similarity to Siphonaptera (11.63%),
151  Hymenoptera (10.29%), Coleoptera (0.09%) and Lepidoptera (0.05%) were also identified.

152  Repeat sequence identification

153  To quantify the repetitive regions within the BSF genome we modelled and masked a de novo library
154  of repetitive sequences using RepeatModeler v2.0.1 and RepeatMasker v4.0.9 [39]. A custom repeat
155  consensus database was built, and repeat elements classified using RepeatModeler “-engine ncbi”. The
156  Dfam_Consensus-20181026 [40] and RepBase-20181026 [41] databases were combined with the
157  custom repeat database. Using the merged database RepeatMasker was used to identify and soft mask
158  repetitive regions using the RMBIlast v2.6.0 sequence search engine. Repeatmasking resulted in a total
159  0of 67.32% (676,593,256 bp) of the genome being identified as repeat regions (Table 2). We identified
160  Long Interspersed Nuclear Elements (LINES; 44.85%) as the most abundant class of repetitive elements
161  followed by a high proportion of unclassified repeats (13.81%). This repeat analysis identifies
162  comparable statistics to the identified repeats of the previously published BSF genome (65.76%).
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Table 2. Genome annotation and repeat statistics of the Hermetia illucens.

) o Hermetia illucens assembly
Genome annotation statistics

#
Protein-coding genes 17,664
BUSCO statistics for protein-coding gene annotation % #
Completeness 98.20 1,627
Complete Single-copy 91.10 1,510

Insecta )
Complete Duplicated 7.10 117

(n:1658)

Fragmented 0.70 12
Missing 1.10 19
Completeness 95.60 2,674
. Complete Single-copy 86.10 2,409

Diptera .
Complete Duplicated 9.50 265

(n:2799)

Fragmented 2.50 70
Missing 1.90 55
Repeat statistics bp % #
DNA Elements 38,102,124 3.79 108,133
LTR 45,335,874 451 72,542
LINES 450,717,046 44.85 946,086
SINES 3,620,717 0.36 16,138
Unclassified 138,817,495 13.81 485,192
Total interspersed repeats 676,593,256 67.32 1,628,091

163
164 Genome annotation

165  Genome annotation of the assembly was produced using the BRAKER2 pipeline v2.1.5 [42—-49]. Raw
166  RNA-seq reads were obtained from whole larva (study accession: PRIEB19091) [50] and a separate
167  study using the full BSF life cycle; egg (12 & 72 hours-old), larva (4, 8 & 12 days-old), pre-pupa and
168  pupa (both early and late stages) including both male and female adults (BioProject ID: PRINA573413)
169  [18]. Arthropod proteins were obtained from OrthoDB [51]. RNA-seq reads were filtered for adapter
170  contamination and low-quality reads using Trimmomatic v0.39 [52] followed by quality control pre and
171 post trimming with fastgc v0.11.8 [53]. RNA-seq reads were mapped to the assembly using STAR
172 (Spliced Transcripts Alignment to a Reference) v2.7.1 [54] in 2-pass mode. Protein hints were prepared
173 as part of the BRAKER?2 pipeline using ProtHint v2.5.0. BRAKER2 ab initio gene predictions were
174  carried out using homologous protein and de novo RNA-seq evidence using Augustus v3.3.3 [42] and
175  GeneMark-ET v4.38 [45]. Genome annotations were assessed for completeness using BUSCO v3.0.2
176  (--m prot) ‘insecta_odb9’ and ‘diptera_odb9’ databases [37]. The BRAKER?2 pipeline annotated 17,664
177  protein-coding genes which provided BUSCO completeness scores of 98.2% and 95.6% for Insecta and
178  Diptera core gene datasets respectively (Table 2).
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179  Comparative genome assembly analysis

180  We evaluated the assembly statistics of the iHerlll genome for completeness, contiguity and correctness
181  with related Diptera species and the only published BSF reference, GCA_009835165.1 [18]. Assembly
182  statistics (Table 1) for publicly available Diptera genomes were generated using assembly-stats [55].
183  To assess the completeness of the iHerlll assembly we employed BUSCO v3.0.2 ‘insecta_odb9’ and
184  ‘diptera_odb9’ core gene sets and compared results to related Diptera. The BUSCO results were
185  comparable between existing high-quality Diptera genomes and iHerlll. In comparison with the
186  previous BSF GCA_009835165.1 assembly there were just 15 BUSCO missing from the iHerlll
187  assembly whereas seven were missing in the GCA_009835165.1 assembly (Table S5). We assemble a
188  high proportion of single copy orthologs (97.8%) with little gene duplication (0.8%) within the iHerlll
189  assembly indicating that many duplicated genes remain in the GCA_009835165.1 assembly (7.8%),
190 likely due to unresolved heterozygous regions. Our iHerlll assembly is one of the highest quality
191  assembled dipteran genomes available, assembled into the smallest number of scaffolds with the largest

192  scaffold N50 value amongst sampled Diptera (Table 1).

193 To measure genome contiguity and correctness we incorporated a quality assessment tool,
194  QUAST v5.1.0 [56]. The GCA_009835165.1 assembly was first filtered to purge highly fragmented
195  contigs < 10 kb, retaining 99.86% of the original sequence and aligned to the reported iHerlll assembly.
196  Genome alignment statistics generated using QUAST (“--large —eukaryote --min-alignment 500 --
197  extensive-mis-size 7000 --min-identity 95 --k-mer-stats --k-mer-size 31 --fragmented”) provided NA50
198  and LA50 metrics based off aligned sequences, enabling comparable results to be drawn between the
199  two assemblies and identify potential misassembly events. We confirm the much higher contiguity of
200  iHerlll compared with GCA_009835165.1 (Figure S3) and identify 787 potentially misassembled
201  contigs in GCA_009835165.1, together with ten contigs that do not align at all to iHerlll (Table S6).
202 We next produced whole genome alignments using mummer v3.23 [57] and visualised alignments using
203  dnanexus [58]. The GCA_009835165.1 assembly showed substantial full-length alignment to iHerlll
204  scaffolds but with several insertions and deletions between the assemblies (Figure S4). To test whether
205  the BSF reference assemblies harboured unique genomic sequence we hard masked both genomes using
206  the custom repeat library for re-alignment. The GCA_009835165.1 assembly contained 302.4 kb of
207  non-repetitive DNA sequence that did not align to the iHerlll assembly. None of the iHerlll genome
208  failed to align to GCA _009835165.1. Severe inbreeding effects, hybridisation and extensive
209  chromosomal rearrangements here may promote high levels of sequence divergence between
210  populations [59]. It is likely that some of the contigs that fail to align properly represent true biological
211 differences rather than misassemblies. Whilst both genomes support complete assemblies, a previous
212 study of the BSF mitochondrial cytochrome c oxidase | (CO1) gene indicates a high level of genetic
213 diversity that is suggestive of a larger species complex than originally thought [60]. Assembly of further
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214  high-quality genomes from additional BSF lines will be essential to reveal the extent of genomic

215  diversity within the BSF species-complex.
216 Genomic variation

217 A sample of 12 individuals from generation eight of the sampled BSF line ‘EVE’ were sequenced on
218  the BGlI-seq platform. DNA from adult whole thorax tissue was extracted using the Blood & Cell
219  Culture DNA Midi Kit (Qiagen, Germany). Sequencing libraries for 12 individuals of 150 bp PE PCR-
220  free BGI-seq Whole Genome Sequencing (WGS) were prepared and sequenced to an average genome
221  coverage of 25x by BGI (BGI, Hong Kong). Sequencing data was quality checked using FastQC v0.11.5
222 [61] pre and post adapter trimming with cutadapt v1.8.1 [62]. Raw data was mapped to the assembled
223 genome using BWA v0.7.17 [33], sorted with samtools v1.9 [63] and duplicates removed using picard
224  v2.9.2 [64]. Variant calling was carried out using bcftools mpileup v1.9 [63] and filtered using vcftools
225  v0.1.15 [65]. To obtain high quality Single Nucleotide Polymorphism (SNP) datasets we removed
226  indels (--remove-indels), applied a minimum and maximum mean depth (--min-mean-DP 12; --minDP
227  12; --max-meanDP 30; --maxDP 30), a minimum quality threshold (--minQ 30) and removed sites
228  missing > 15% of data (--max-missing 0.85). Genome nucleotide diversity (m) and Tajima D were
229  calculated over 20 kb windows using popgenWindows.py (-w 20000 -m 100 -s 20000) [66] and vcftools
230  (--TajimaD 20000) respectively. Further filtering for minor allele frequency (MAF) filter (--maf 0.05)
231  was also applied for runs of homozygosity (ROH) analysis. Runs of homozygosity (ROH) were
232 generated with the detectRUNS v0.98 R package [67] using sliding windows (windowSize=15;
233 threshold=0.05; minSNP=15, minLengthBps = 200000) and default parameters. Inbreeding coefficients

234 were generated using the calculation Froy = ZL% where L is total autosome length.

235 We estimated mean genome wide nucleotide diversity (w) as 0.017 and Tajima D to be 1.58
236 (Table S7). Chromosome five exhibited the only negative Tajima D and the lowest nucleotide diversity.
237  We identified a total of 444 genome wide ROH in the sample population using 3,834,541 high-quality
238  SNPs of which 96.4% were < 1 Mbp in length (Table S7). The remaining 3.6% were deemed long ROH
239  at alength > 1 Mbp. Islands of ROH were consistent across individuals within the population (Figure
240  S6). Mean ROH length in the EVE line was identified as 393,812 bp with 43.5% of the total runs located
241  on chromosome five (Table S7; Figure S5). Half of the identified long ROH were located within a 17.6
242 Mb region on chromosome five containing 239 annotated genes. The genome wide inbreeding
243  coefficient estimated from these ROH was 0.019 (excluding the identified sex chromosome, see below).
244  This established captive EVE line does not appear to be hindered by inbreeding depressions unlike
245  previous inbred populations which have experienced severe colony crash events [68]. However, small
246 sample size (n=12) may provide a bias distribution of allele frequencies for inbreeding calculations.
247  Sequence diversity of this BSF line remains low whilst complimented with a strongly positive Tajima

248 D statistic is consistent with a recent population bottleneck. Reduced nucleotide diversity and Tajima
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249 D on chromosome five are consistent with patterns of extended homozygosity, particularly within the
250  79.9 to 97.5 Mb region of interest (Figure S6). An excess of rare alleles in this region may indicate a
251  potential selective sweep. High proportions of short ROH indicates many recombination events in the
252 life history of this population likely as a product of long-term domestication [69]. However, long ROH
253  indicates recent inbreeding as a result of the founder effect during establishment of the EVE line from
254 an extremely small population [70]. Nonetheless, localised islands of ROH, reduced diversity and
255 Tajima D may also indicate potential candidate regions of adaptation as a product of extensive
256 domestication, with chromosome five of interest for future population genetic investigations.
257  Monitoring strategies using genomic data are essential for conservational genetics and tracking
258  pedigrees in farmed populations [71]. Utilising data such as these will aid in preventing BSF colony
259  collapse in commercial facilities. However, it also introduces the potential for selective breeding

260  programs, enabling the improvement of highly productive life history traits through artificial selection.
261  Sex chromosome identification

262 Further investigation identified a sex chromosome using re-sequence data from both female (n=7) and
263 male (n=5) adults. The final assembly was hard masked of repetitive sequence using the custom repeat
264  library. Sex specific sequence data was mapped using BWA v0.7.17 [33] and merged using samtools
265  v1.9 [63]. Mean depth of coverage was generated over 20 kb genome wide windows in 20 kb steps
266  using samtools v1.9 [63] (depth -aa) including unmapped regions [63], genomics.py and
267  windowscan.py (--writeFailedWindows -w 20000 -s 20000) [66]. Mean depth was plotted as log2 fold
268  change (male/female) and visualised in R v3.3.2 [72] using the ggplot2 package [73]. Chromosome one
269  to six exhibited the coverage of an autosome whilst chromosome seven retained approximately half the
270  autosomal coverage in males, as expected for an X chromosome (Figure 4). Closely related Diptera
271  species are likewise male-heterogametic, supporting an XY sex determination system in BSF. Unlike
272 Drosophila melanogaster, the dot-like (Muller F-element) chromosome of BSF is not a redundant sex

273 chromosome and will provide an interesting candidate for chromosome evolution studies [74].
274  Conclusions

275  We used a combination of PacBio, 10X Genomics linked-reads and Hi-C analysis to assemble the first
276 chromosome-scale BSF genome. A final genome size of 1.01 Gb was produced using 10X and Hi-C
277  scaffolding to obtain contig and scaffold N50 values of 16.01 Mb and 180.46 Mb respectively. We
278  annotated 17,664 protein coding genes using the BRAKER?2 pipeline. This chromosome-level assembly
279  provides a significant increase (>100-fold contiguity) in reference quality compared to the existing
280  reference genome. Genomic characterisation identified a sex chromosome and potential candidate
281  regions for further genomic investigations. We also identify the inbreeding coefficient of the established
282  reference population, providing a potential method for inbreeding monitoring in commercial mass

283  rearing BSF facilities. Availability of this novel chromosomal Stratiomyidae reference assembly will
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284  aid further research to characterise the genetic architecture behind the unique phenotypic and
285  commercially valuable traits of the BSF. The provided tools will also be of benefit for developing
286  biotechnology resources for genetic manipulation to improve the efficient application of this farmed
287  insect.

288  Availability of supporting data

289  The data sets supporting the results of this article are available under the Bioprojects PRIEB23696 and
290 PRJEB37575.

291  Additional files
292  Supplementary Figure 1. GenomeScope profile of Hermetia illucens genome using surveyed adults.
293  Supplementary Figure 2. BlobToolKit Hermetia illucens GC-coverage by taxonomy.

294  Supplementary Figure 3. Cumulative scaffold length comparing Hermetia illucens assembly

295  contiguity.

296  Supplementary Figure 4. Whole genome alignment of Hermetia illucens GCA_009835165.1 and

297 iHerlll assemblies.

298  Supplementary Figure 5. Genome wide diversity, Tajima D and ROH analysis of the sampled
299  Hermetia illucens EVE population.

300 Supplementary Figure 6. Genome wide diversity, Tajima D and ROH analysis of chromosome five

301  of the Hermetia illucens EVE population.

302  Supplementary Table 1. Raw sequencing statistics of Hermetia illucens de novo DNA sequencing.
303  Supplementary Table 2. GenomeScope estimated genome characteristics for Hermetia illucens.
304  Supplementary Table 3. Genome contiguity statistics of the Hermetia illucens genome.

305  Supplementary Table 4. Genome assembly statistics of Hermetia illucens.

306  Supplementary Table 5. Full BUSCO table for assembled Hermetia illucens and Diptera genome
307  assemblies.

308  Supplementary Table 6. Quality assessment of Hermetia illucens assemblies using QUAST.

309  Supplementary Table 7. Genomic diversity and inbreeding of the sampled Hermetia illucens EVE
310  population.

12


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

311 DECLARATIONS
312 List of abbreviations

313 BSF: Black Soldier Fly; BSFL: Black Soldier Fly Larvae; PacBio: Pacific Biosciences; BUSCO:
314  Benchmarking Universal Single-Copy Orthologs; GC: Guaninecytosine; Gb: gigabase; Mb: megabase;
315  kb: kilobase; bp: base pairs; RNA-seq: RNA-sequencing; Hi-C: high-throughput chromosome
316  conformation capture; BWA: Burrows-Wheeler Aligner; PE: paired-end; SMRT: single-molecule
317  realtime; SRA: Sequence Read Archive; LINE: long interspersed nuclear elements; SINE: Short
318  Interspersed Nuclear Elements; LTR: long terminal repeat; STAR: Spliced Transcripts Alignment to a
319  Reference; ROH: Runs Of Homozygosity; SNP: Single Nucleotide Polymorphism.

320 Consent for publication

321  Not applicable.

322  Ethics approval and consent to participate
323  Not applicable.

324  Competing interests

325  This study was supported in kind by Better Origin. MP is CSO at Better Origin. CDJ is a scientific
326  advisor at Better Origin.

327  Funding

328 CDJ and IAW were supported by ERC Speciation Genetics Advanced Grant 339873. TNG was
329  supported by the Biotechnology and Biological Sciences Research Council BB/M011194/1. IMDW,
330 K.H,J.T,Y.S and M.Q were supported by the Wellcome Trust core grant 206194. SAM and RD were
331  supported by Wellcome grant WT207492 to perform genome assembly.

332 Authors contributions

333 C.D.J, M.P and R.D conceived and supervised the study. M.Q provided genome sequencing services.
334 T.N.G and ILA.W performed DNA extractions. S.A.M performed genome assembly. J.T and Y.S
335  performed genome decontamination. J.M.D.W and T.N.G curated the final genome. T.N.G carried out
336 genome annotation and analysis. T.N.G drafted the manuscript. All authors commented on the

337  manuscript. All authors approve of the manuscript.
338  Acknowledgements

339  We thank the Wellcome Sanger Institute (Cambridge, UK) DNA pipelines team for performing all
340  PacBio, 10X linked-read and Hi-C library preparation and sequencing. Gratitude to Richard Challis for

13


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

341  advice with BlobToolKit installation. Also extend thanks to BGI for re-sequencing additional BSF
342 individuals.

343

14


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

344 REFERENCES

345 1. Sheppard DC, Tomberlin JK, Joyce JA, Kiser BC, Sumner SM. Rearing Methods for the Black
346  Soldier Fly (Diptera: Stratiomyidae). J Med Entomol. 2002;39:695-8.

347 2. May BM. The Occurrence in New Zealand and the life-history of the soldier fly Hermetia illucens
348  (L.) (Diptera: Stratiomyidae). N.Z. J. Sci. 1961;55-65.

349 3. Rohacek J, Hora M. A northernmost European record of the alien black soldier fly Hermetia illucens
350 (Linnaeus, 1758) (Diptera: Stratiomyidae). Sci Nat. 2013;62:101-6.

351 4. Oonincx DGAB, Van Broekhoven S, Van Huis A, Van Loon JJA. Feed conversion, survival and
352  development, and composition of four insect species on diets composed of food by-products. PL0S
353  One. 2015;10:1-20.

354 5. St-Hilaire S, Cranfill K, McGuire MA, Mosley EE, Tomberlin JK, Newton L, et al. Fish offal
355  recycling by the black soldier fly produces a foodstuff high in omega-3 fatty acids. J World Aquac Soc.
356  2007;38:309-13.

357 6. Kroeckel S, Harjes AGE, Roth I, Katz H, Wuertz S, Susenbeth A, et al. When a turbot catches a fly:
358  Evaluation of a pre-pupae meal of the Black Soldier Fly (Hermetia illucens) as fish meal substitute -
359  Growth performance and chitin degradation in juvenile turbot (Psetta maxima). Aquaculture.
360 2012;364-365:345-52.

361 7. Purkayastha D, Sarkar S. Physicochemical Structure Analysis of Chitin Extracted from Pupa Exuviae
362  and Dead Imago of Wild Black Soldier Fly (Hermetia illucens). J Polym Environ. 2020;28:445-57.

363 8. Rabani V, Cheatsazan H, Davani S. Proteomics and lipidomics of black soldier fly (Diptera:
364  Stratiomyidae) and blow fly (Diptera: Calliphoridae) larvae. J Insect Sci. 2019;19.

365 9.LiQ, Zheng L, Cai H, Garza E, Yu Z, Zhou S. From organic waste to biodiesel: Black soldier fly,
366 Hermetia illucens, makes it feasible. Fuel. 2011;90:1545-8.

367  10.Park S-I, Kim J-W, Yoe S-M. Purification and characterization of a novel antibacterial peptide from

368  Dblack soldier fly (Hermetia illucens) larvae. Dev Comp Immunol. 2015;52:98-106.

369  11. Shishkov O, Hu M, Johnson C, Hu DL. Black soldier fly larvae feed by forming a fountain around
370 food. J R Soc Interface. 2019;16.

371 12. Booth DC, Sheppard C. Oviposition of the Black Soldier Fly, Hermetia illucens (Diptera:
372 Stratiomyidae): Eggs, Masses, Timing, and Site Characteristics. Environ Entomol. 1984;13:421-3.

373  13. Food and Agriculture Organization of the United Nations. Edible insects. Future prospects for food
374  and feed security. Food Agric Organ United Nations. 2013;171:1-201.

15


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

375 14. Gustavsson J, Cederberg C, Sonesson U, van Otterdijk R, Meybeck A. Food loss and food waste:

376 Causes and solutions. Food Loss Food Waste Causes Solut. 2011.

377  15. Barragan-Fonseca KB, Dicke M, van Loon JJA. Nutritional value of the black soldier fly (Hermetia
378 illucens L.) and its suitability as animal feed — a review. J Insects as Food Feed. 2017;3:105-20.

379  16. Tomberlin JK, van Huis A. Black soldier fly from pest to ‘crown jewel’ of the insects as feed

380 industry: an historical perspective. J Insects as Food Feed. 2020;6:1-4.

381 17. Thurmond J, Goodman JL, Strelets VB, Attrill H, Gramates LS, Marygold SJ, et al. FlyBase 2.0:
382  The next generation. Nucleic Acids Res. Oxford University Press; 2019;47:759-65.

383  18.Zhan S, Fang G, Cai M, Kou Z, Xu J, Cao Y, et al. Genomic landscape and genetic manipulation of
384  the black soldier fly Hermetia illucens , a natural waste recycler. Cell Res. 2019;0:1-11.

385  19.Warr A, Affara N, Aken B, Beiki H, Bickhart DM, Billis K, et al. An improved pig reference genome

386  sequence to enable pig genetics and genomics research. Gigascience. 2020;9:1-14.

387  20.Project DT of L. https://www.sanger.ac.uk/science/collaboration/darwin-tree-life-project. Accessed
388  Mar 2019.

389  21. Amarasinghe SL, Su S, Dong X, Zappia L, Ritchie ME, Gouil Q. Opportunities and challenges in
390 long-read sequencing data analysis. Genome Biol. Genome Biology; 2020;21:1-16.

391  22. Dominguez Del Angel V, Hjerde E, Sterck L, Capella-Gutierrez S, Notredame C, Vinnere
392  Pettersson O, et al. Ten steps to get started in Genome Assembly and Annotation. F1000Research.
393  2018;7:148.

394  23. Michael TP, VanBuren R. Building near-complete plant genomes. Curr Opin Plant Biol.
395  2020;54:26-33.

396  24. Elyanow R, Wu HT, Raphael BJ. Identifying structural variants using linked-read sequencing data.
397  Bioinformatics. 2018;34:353-60.

398 25. Ning D, Wu T, Xiao L, Ma T, Fang W, Dong R, et al. Chromosomal-level assembly of Juglans

399  sigillata genome using Nanopore, BioNano and Hi-C analysis. Gigascience. 2020;1-9.

400 26. Lu S, Yang J, Dai X, Xie F, He J, Dong Z, et al. Chromosomal-level reference genome of Chinese
401  peacock butterfly (Papilio bianor) based on third-generation DNA sequencing and Hi-C analysis.
402  Gigascience. 2019;8:1-10.

403 27. Wang L, Wu J, Liu X, Di D, Liang Y, Feng Y, et al. A high-quality genome assembly for the
404  endangered golden snub-nosed monkey (Rhinopithecus roxellana). Gigascience. 2019;8:1-11.

16


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

405  28.Vurture GW, Sedlazeck FJ, Nattestad M, Underwood CJ, Fang H, Gurtowski J, et al. GenomeScope:

406  Fast reference-free genome profiling from short reads. Bioinformatics. 2017;33:2202-4.

407  29. Chin CS, Peluso P, Sedlazeck FJ, Nattestad M, Concepcion GT, Clum A, et al. Phased diploid
408  genome assembly with single-molecule real-time sequencing. Nat Methods. 2016;13:1050-4.

409  30. Guan D, McCarthy SA, Wood J, Howe K, Wang Y, et al. Identifying and removing haplotypic

410  duplication in primary genome assemblies. Bioinformatics. 2020;36:2896-8.
411  31. Scaff10x. https://github.com/wtsi-hpag/Scaff10X. Accessed Mar 2019.

412  32. GenomicConsensus. https://github.com/PacificBiosciences/GenomicConsensus. Accessed Mar
413 2019.

414  33. Li H, Durbin R. Fast and accurate short read alignment with Burrows-Wheeler transform.
415  Bioinformatics. 2009;25:1754-60.

416 34. Kerpedjiev P, Abdennur N, Lekschas F, McCallum C, Dinkla K, Strobelt H, et al. HiGlass: Web-
417  based visual exploration and analysis of genome interaction maps. Genome Biol. 2018;19:1-12.

418  35. Howe K, Chow W, Collins J, Pelan S, Pointon D-L, Sims Y, et al. Significantly improving the

419  quality of genome assemblies through curation. bioRxiv. 2020.

420  36. Chow W, Brugger K, Caccamo M, Sealy I, Torrance J, Howe K. GEVAL - A web-based browser

421  for evaluating genome assemblies. Bioinformatics. 2016;32:2508-10.

422 37. Siméo FA, Waterhouse RM, loannidis P, Kriventseva E V., Zdobnov EM. BUSCO: Assessing
423  genome assembly and annotation completeness with single-copy orthologs. Bioinformatics.
424  2015;31:3210-2.

425  38. Challis RJ, Richards E, Ragan J, Cochrane G, Blaxter M. BlobToolKit Interactive quality

426  assessment of genome assemblies. bioRxiv. 2019.

427  39.Smit AFA, Hubley R, Green P. RepeatMasker Open-4.0. 2013-2015. http://www.repeatmasker.org.
428  Accessed Mar 2019.

429  40. Hubley R, Finn RD, Clements J, Eddy SR, Jones TA, Bao W, et al. The Dfam database of repetitive
430 DNA families. Nucleic Acids Res. 2016;44:81-9.

431  41. Bao W, Kojima KK, Kohany O. Repbase Update, a database of repetitive elements in eukaryotic
432  genomes. Mob DNA. 2015;6:4-9.

433 42. Hoff KJ, Lange S, Lomsadze A, Borodovsky M, Stanke M. BRAKERL1: Unsupervised RNA-Seg-
434  based genome annotation with GeneMark-ET and AUGUSTUS. Bioinformatics. 2015;32:767-9.

17


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

435  43. Hoff K, Lomsadz A, Borodovsky M, Stanke S. Whole-Genome Annotation with BRAKER.
436 Methods Protoc Methods Mol Biol. 2019;1962:1-29.

437  44. Stanke M, Diekhans M, Baertsch R, Haussler D. Using native and syntenically mapped cDNA
438  alignments to improve de novo gene finding. Bioinformatics. 2008;24:637-44.

439  45. Stanke M, Schoffmann O, Morgenstern B, Waack S. Gene prediction in eukaryotes with a
440  generalized hidden Markov model that uses hints from external sources. BMC Bioinformatics.
441  2006;7:1-11.

442  46. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic local alignment search tool. J Mol
443  Biol. 1990;215:403-10.

444  47. Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K, et al. BLAST+:
445  Architecture and applications. BMC Bioinformatics. 2009;10:1-9.

446  48. Barnett DW, Garrison EK, Quinlan AR, Stimberg MP, Marth GT. Bamtools: A C++ API and toolKkit
447  for analyzing and managing BAM files. Bioinformatics. 2011;27:1691-2.

448  49. Bruna T, Hoff KJ, Lomsadze A, Stanke M, Borodovsky M. BRAKER2: Automatic Eukaryotic
449  Genome Annotation with GeneMark-EP+ and AUGUSTUS Supported by a Protein Database. bioRxiv.
450  2020;1-21.

451  50. Vogel H, Miiller A, Heckel DG, Gutzeit H, Vilcinskas A. Nutritional immunology: Diversification
452  and diet-dependent expression of antimicrobial peptides in the black soldier fly Hermetia illucens. Dev
453  Comp Immunol. 2018;78:141-8.

454 51, Kriventseva E V., Kuznetsov D, Tegenfeldt F, Manni M, Dias R, Siméo FA, et al. OrthoDB v10:
455  Sampling the diversity of animal, plant, fungal, protist, bacterial and viral genomes for evolutionary
456  and functional annotations of orthologs. Nucleic Acids Res. 2019;47:807-11.

457  52. Bolger AM, Lohse M, Usadel B. Trimmomatic: A flexible trimmer for Illumina sequence data.
458  Bioinformatics. 2014;30:2114-20.

459  53. Andrews S. FastQC: A quality control tool for high throughput sequence data. 2010. Accessed Mar
460  2019.

461  54. Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C, Jha S, et al. STAR: Ultrafast universal
462  RNA-seq aligner. Bioinformatics. 2013;29:15-21.

463  55. Assembly stats. https://github.com/sanger-pathogens/assembly-stats. Accessed Mar 2019.

464  56. Gurevich A, Saveliev V, Vyahhi N, Tesler G. QUAST: Quality assessment tool for genome
465  assemblies. Bioinformatics. 2013;29:1072-5.

18


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

466  57. Kurtsz S, Philippy A, Delcher AL, Smoot M, Shumway M, Antonescu C, et al. Versatile and open

467  software for comparing large genomes. Genome Biol. 2004;5:12.
468  58. DNANexus. https://dnanexus.github.io/dot/. Accessed Mar 2019.

469  59. Baack EJ, Rieseberg L. A genomic view of introgression and hybrid speciation. Curr Opin Genet
470 Dev. 2007;17:513-8.

471 60. Stahls G, Meier R, Sandrock C, Hauser M, Sa$i¢ Zori¢ L, Laiho E, et al. The puzzling mitochondrial
472  phylogeography of the black soldier fly (Hermetia illucens), the commercially most important insect
473  protein species. BMC Evol Biol. 2020;20:1-10.

474  61. FastQC. A Quality Control Tool for High Throughput Sequence Data. Accessed Mar 2019.

475  62. Martin M. Cutadapt removes adapter sequences from high-throughput sequencing reads. EMBnet.
476 2011;17:10-12.

477 63. Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, et al. The Sequence Alignment/Map
478  format and SAMtools. Bioinformatics. 2009;25:2078-9.

479  64. Broadlnstitute. Picard http://broadinstitute.github.io/picard. Accessed Mar 2019.

480 65. Danecek P, Auton A, Abecasis G, Albers CA, Banks E, DePristo MA, et al. The variant call format
481 and VCFtools. Bioinformatics. 2011;27:2156-8.

482  66. Martin S. Genomics general https://github.com/simonhmartin/genomics_general. Accessed Mar
483  2019.

484  67.Biscarini F, Cozzi P, Gaspa G, Marras G. detectRUNS: an R package to detect runs of homozygosity
485  and heterozygosity in diploid genomes. 2019.

486  68. Rhode C, Badenhorst R, Hull KL, Greenwood MP, Merwe AEB Der, Andere AA, et al. Genetic
487  and phenotypic consequences of early domestication in black soldier flies (Hermetia illucens). Anim
488 Genet. 2020;

489  69. Gibson J, Morton NE, Collins A. Extended tracts of homozygosity in outbred human populations.
490 Hum Mol Genet. 2006;15:789-95.

491  70. Ceballos FC, Joshi PK, Clark DW, Ramsay M, Wilson JF. Runs of homozygosity: Windows into
492  population history and trait architecture. Nat Rev Genet. 2018;19:220-34.

493 71. Allendorf FW, Hohenlohe PA, Luikart G. Genomics and the future of conservation genetics. Nat
494 Rev Genet. 2010;11:697-709.

495  72. RStudio Team. RStudio: Integrated Development for R. 2019.

19


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

496  73. Wickham H. ggplot2: Elegant Graphics for Data Analysis. 2016.

497  74. Vicoso B, Bachtrog D. Reversal of an ancient sex chromosome to an autosome in Drosophila.
498  Nature. 2013;499:332-5.

499

20


https://doi.org/10.1101/2020.11.13.381889
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.13.381889; this version posted November 15, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

500 Figures

501

Figure 1. Hermetia illucens key life stages. Dorsal view of Hermetia

illucens adult male (upper left), adult female (upper right), larvae (5th
instar; lower left) and pupa (lower right). Adult sex identified by genital

shape and posterior colour. Scale bar =5 mm. Photos: T.N.G.
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502

222.12 Mb 191.14 Mb 180.36 Mb 173.08 Mb 116.82 Mb 103.44 Mb 1544 Mb

Figure 2. Curated Hi-C contact map of chromosomal interactions. Super-scaffold chromosomes (n=7) are
highlighted within black frames and annotated with assembled length at the beginning of each chromosome

(interactive map available on https://higlass-grit.sanger.ac.uk/l/?d=0jQNRJIcmTgKyKfvkk3yODg).
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Figure 3. BlobToolKit snail plot of the Hermetia illucens assembly. Genome
assembly statistics of iHerlll visualised as a snail plot containing BUSCO

‘insecta_odb9’ completeness scores, scaffold assembly statistics and sequence

composition proportions.
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Figure 4. Sex chromosome identification of the Hermetia illucens assembly. Log, coverage (male/female) of mapped male (n=5) and female

s4 S5 S6

s7

(n=7) whole-genome BGI re-sequencing data. Chromosome seven reveals half the coverage expected of an autosome resembling that of an X

sex chromosome in the H. illucens assembly.
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