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Tables and Figures

Table 1: Summary of the long-read genome guided de novo transcriptome assembly generated.
The assembly was generated from full-length Canu[15] consensus corrected and Lordec[44] short-
read corrected reads using Cupcake ToFU* tool. The full-length reads used included embryo and
adult male and female heads. The transcriptome assembly was analyzed using SQANTI[18].

Gene Classification

Total
Genes 11,883 Annotated 8,330
Total
Isoforms 79,810 Novel Genes 3,553
Genic Genic
FSM ISM NIC NNC Genomic Antisense Fusion Intergenic intron
No.
Isoforms 25,680 13,569 7,547 18,146 6,236 671 662 6,004 1,295

Isoform categories FSM; full splice match, ISM; incomplete splice match, NIC; novel in catalogue, NNC;
novel not in catalogue (see Supplementary Table 6 for explanation).
*(https://github.com/Magdoll/cDNA Cupcake/wiki/Cupcake-ToFU%3A-supporting-scripts-for-
Iso-Seq-after-clustering-step)
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Figure 1: Exploration of the transcriptome assembly. A) Schematic of cDNA library generation
and sequencing. Embryos were collected at hourly point post oviposition (hpo), counted and total
RNA extracted using the Trizol method. At cDNA synthesis step, external RNA standards (ERCC)
were added to each sample commensurate to the number of embryos that were used. The Smart-
Seq2 protocol was used to generate full length cDNA, followed by PCR amplification of the
cDNA. The Oxford Nanopore Technologies (ONT) SQK-LSK108 protocol for library preparation
was then followed, albeit with some custom changes. The library was then sequenced on the ONT
MinlON, followed by basecalling using ONT Albacore basecaller. B) Distribution of top blastp
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hits to Uniprot-Swiss prot database. C) Distribution of isoform among NCBI annotated genes and
Novel genes D) Gene expression levels of annotated and novel genes using long-read counts. C)
Transcript length distribution by structural classification. E) Distribution of transcripts among
structural categories (SQANTI[18]). FSM; full splice match, ISM; incomplete splice match, NIC;
novel in catalogue, NNC; novel not in catalogue (see Supplementary Table 6 for explanation).
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Figure 2: Comparison of relative and absolute normalization. A) Relative gene expression of
ERCC 00130 (blue) and gene8461 (red) as obtained from Mandalorion software[8]. For each gene
Mandalorion reports its quantification as reads per gene per 10000 mapped reads (RPG10K). B)
Same as ‘A’ but showing absolute gene expression levels per embryo. C) Summed RPG10K for
each timepoint D) Same as C but showing total number of transcripts per embryo across the six
timepoints following absolute normalization.
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Figure 3: Validation of absolute normalisation. A) Total mMRNA (ng) of the embryo across
timepoints derived from conversion of transcript molecules to nanograms. B) Absolute gene
expression of 3 genes proposed by Sagri et al.[20] as candidate housekeeping genes (14.3.3.zeta,
GAPDH, RPL19). C) Absolute expression (blue) and gPCR expression (red) of HID. gPCR
expression values were multiplied by a scaling factor. D) Same as C but for SRY.
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Figure 4: Principal component analysis (PCA) analysis of early embryo development of B.
oleae (red), D. melanogaster (green), and C. capitata (blue). PCA was performed using the 100
most variable genes. For each organism the individual points are labelled with the corresponding
scientific name initials and the hours post oviposition (Bo_1h for example refers to B. oleae 1 hour
post oviposition). Data for D. melanogaster was downloaded from the FlyBase.
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Figure 5: Hierarchical clustering of B. oleae embryo timepoints. Clustering was done based on
the 100 most variable genes from the 6 different experimental time points. For comparison the
gene expression data from the C. capitata at 5 hpo and 6 hpo developmental time points were also
included in the hierarchical clustering analysis.
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Figure 6: Gene set enrichment analysis of B. oleae gene in 3 categories. Gfold[24] was used to
perform differential gene expression across the 6 timepoints. A Gfold value of 0.5 was used to
identify 2 categories: Maternal degraded (Gfold >0.5 for 1 hpo versus 2 hpo) and Maternal stable
(-0.5<Gfold>0.5 for all timepoints). For Zygotic, we identified genes whose expression was
detectable at any other timepoint except 1 hpo hpo: hours post oviposition. A) Schematic
representation of expression profiles for each of the categories. B) Clustering of gene-set
enrichment categories based on the most p-value.
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Figure 7: Clustered trajectories of expressed genes across the early embryonic development
of B. oleae. We used DPGP software[45] to cluster genes according to their temporal expression
profile. Out of the 87 clusters returned by DPGP we identified 3 groups of general profiles; early
expressed genes (A), stably expressed genes (B and C), and late expressed genes (D). The figures
shown here are only samples to show the pattern of expression among the categories we identified.

See Supplementary materials for all the clusters.
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Figure 8: IGV screenshot showing either read alignments to double sex (DSX) gene or
isoform models for the DSX gene. Panel A: Short-read Illumina coverage of the 5-hour time
point. Panel B - D: ONT sequencing of bulk embryos at 1, 5, 6 hours post oviposition, respectively.
Panel E and F: ONT sequencing of female and male adult heads, respectively. Panel G: Male and
female specific DSX cDNA as generated by Lagos et al.[30], showing uniform splicing between
male and female. H: NCBI predicted gene model for DSX.
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