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Supplementary Text S1. Water sampling methods. 
 
To evaluate the magnitude of natural diel CO2 fluctuations and the ecological relevance of our 
experimental CO2 treatment levels, water samples were taken from the same location where 
two-toned pygmy squid (Idiosepius pygmaeus) were collected. I. pygmaeus were collected from 
August - October 2019, and water samples from August - September 2021, from coastal waters 
around the Townsville breakwater complex. All water samples were collected with 250 mL 
borosilicate glass bottles. Bottles were dipped into the water upside down and at 
approximately 25 cm deep the bottle was inverted several times to allow water to enter and 
remove all air bubbles, and the lid was screwed on underwater. Each sample was taken in pairs; 
one was placed directly in the dark for storage until lab measurements, and the other was used 
immediately for measurements of water temperature (Comark C26, Norfolk, UK) and pHNBS 
(Seven2Go™ pro Conductivity Meter with an InLab Expert Go-ISM pH electrode, Metler Toledo). 
Three pairs of water samples were taken in immediate succession at each location and 
sampling time. All lab measurements were taken within 2.13 ± 1 hour (mean ± SD) of water 
sample collection. Total alkalinity was measured by Gran titration (888 Titrando, Metrohm AG, 
Switzerland) and salinity was measured with a conductivity sensor (HQ40d, Hach, Loveland, CO, 
USA). CO2 values were calculated in CO2SYS v.2.1 (https://cdiac.ess-
dive.lbl.gov/ftp/co2sys/CO2SYS_calc_XLS_ v2.1/) using the constants K1, K2 from Mehrbach et 
al. (1973) and refit by Dickson and Millero (1987) Dickson and KHSO4 from Dickson et al. (2007). 
 
To determine any spatial variation within the breakwater marina complex, three pairs of water 
samples were taken from each of three different locations (19°15'06.3"S 146°49'22.4"E; 
19°15'08.1"S 146°49'27.6"E; 19°15'11.8"S 146°49'21.6"E), both before first light (approximately 
5:30) and mid-afternoon (approximately 13:30). CO2 levels were consistent across these three 
locations, therefore all subsequent sampling was done from one location (19°15'06.3"S 
146°49'22.4"E). To determine the best time for afternoon sampling to capture maximum 
change in CO2 levels, three pairs of water samples were collected at each of three time points; 
12:30, 13:30 and 14:30. These time points were chosen based on previous research that found 
minimum CO2 was reached between 12:30 and 14:20 at Lizard Island, Great Barrier Reef 
(Hannan et al., 2020). CO2 levels were consistent across these three time points, therefore all 
subsequent sampling was done at 13:30. After these initial checks were completed, water 
sampling was carried out to determine any diel CO2 variation. Three pairs of water samples 
were taken before first light (approximately 5:00) and at 13:30 across five days of differing tidal 
heights, all from the same location. Figure S1 shows the diel CO2 variation. All raw data from 
water sampling can be found at DOI 10.25903/ha66-mm11 (this DOI is embargoed until peer-
reviewed publication). 
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Supplementary Text S2. de novo transcriptome assembly 
 
ISO-sequencing 
 
Library preparation and sequencing was carried out by the Sequencing Section, Okinawa Institute 
of Science and Technology Graduate University, Japan on four samples that were also used for 
RNA-seq, one of each tissue type and CO2 level. RNA from the eyes was purified with oligo d(T) 
beads due to carry over of pigmentation (NEBNext® Poly(A) mRNA Magnetic Isolation Module, 
New England BioLabs Inc.). RNA was quantified by Qubit 4 Fluorometer (Qubit RNA HS Assay Kit, 
Life Technologies). One library was prepared for each sample following the ISO-Seq™ Express 
Template Preparation for Sequel® and Sequel II Systems protocol with standard size selection (86 
µL ProNex® Beads). Libraries were sequenced on one SMRTcell of a PacBio Sequel II.  
 
De novo transcriptome assembly 
 
The ISO-seq data was processed using the PacBio isoseq3 pipeline. The raw subreads were 
compiled into circular consensus sequence (ccs) reads by ccs (v4.2.0) with the minimum number 
of full passes set at three and the minimum predicted accuracy of a read at 0.9. Lima (v1.11.0) 
was used to classify the ccs reads as full-length (FL) (by the presence of both 5’ and 3’ primers) 
and remove index sequences with ‘--peek-guess’. The resulting FL reads from each 
tissue/barcode were combined and isoseq3 refine (v3.3.0) was used to remove concatemers and 
polyA tails, producing full-length non-concatemer (FLNC) reads. The FLNC reads were then 
clustered by isoform using isoseq3 cluster (v3.3.0), using the ccs quality values (‘--use-qvs’) to 
obtain a consensus sequence for each isoform. Redundancy removal was performed using CD-
HIT-EST (v4.6) (Fu et al., 2012; Li and Godzik, 2006) to collapse contigs with at least 99% identity. 
TransDecoder (v5.5.0) (Brian and Papanicolaou, n.d.) was used to identify candidate coding 
regions/open reading frames (ORFs). The single best ORF per contig was chosen based on blast 
homology to known proteins in the NCBI nr database subset for mollusca (nr_mollusca, 
downloaded 01/2021) using BLASTp from BLAST+ (v2.10.0+) with max_target_seqs 1 and an e-
value cut-off of 1-5, and then based on ORF length (minimum 100 amino acids). The entire 
transcript was retained for each identified ORF.  
 
The quality and completeness of the transcriptome was assessed before and after redundancy 
removal, and for the final transcriptome assembly (after ORF identification by TransDecoder). 
Quality was assessed using Transrate (v1.0.3) (Smith-Unna et al., 2016) and completeness using 
Benchmarking Universal Single-Copy Orthologs (BUSCO v4.1.2) (Manni et al., 2021), using the 
lineage mollusca_odb10.2019-11-20. Quality and completeness were also assessed by blasting 
the transcriptome against nr_mollusca (e-value cut-off = 1-5, ‘-max_target_seqs 1’, BLASTx from 
BLAST+ (v2.10.0+) (Camacho et al., 2009)), and mapping the trimmed, decontaminated RNA-seq 
reads to the transcriptome assembly (local alignment, Bowtie2 (v2.4.1) (Langmead and Salzberg, 
2012)). 
 
Transcriptome annotation 



5 
 
 

 
The transcriptome was blasted against the entire NCBI nr database (downloaded 01/2021) 
using BLASTx from BLAST+ (v2.10.0+) (Camacho et al., 2009) with an e-value cut-off of 1-5, 
outfmt 14, and ‘-num-alignments’ and ‘-max_hsps’ both set at 20. Functional annotation was 
carried out in OmicsBox (v1.4.12) (BioBam Bioinformatics, 2019) using BLAST2GO mapping (Goa 
version 2020.10, all default settings) (Götz et al., 2008), followed by BLAST2GO annotation (all 
default settings) (Götz et al., 2008) and InterProScan (v5.50-84.0, all default settings) (Jones et 
al., 2014). The InterProScan GOs were then merged with the annotations.  
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Supplementary Text S3. Correlating gene expression profiles with CO2 treatment and OA-
affected behaviours. 
 
Gene co-expression network construction and module detection 
To analyse the correlation between gene expression and behavioural traits of squid across CO2 
treatments, we employed weighted gene co-expression network analysis (WGCNA) followed by 
canonical correlation analysis (CCA) on the CNS and eyes, separately (Figure 1). The gene-level 
counts for all 20 samples from each tissue were normalised, transcripts with low read counts 
were removed (≤10 counts in ≥ 90% samples) and the remaining count data was variance 
stabilised in DESeq2 (v1.30.1) (Love et al., 2014). This count data was then used in the WGCNA 
package (v1.70-3) (Langfelder and Horvath, 2008) for co-expression network construction and 
module detection. No genes were identified as outliers, using ‘goodSamplesGenes’. To detect 
any outliers among the samples themselves, a sample dendrogram was created using hierarchical 
clustering with the ‘average’ method. Three and two obvious sample outliers were identified and 
removed from the analysis in the CNS and eyes, respectively (Figure S3). Soft thresholding power 
was evaluated and powers of 14 and 13 were chosen for the CNS and eyes, respectively, to 
approximate a scale free topology (Figures S4 and S5). The following co-expression network 
construction and module detection steps were carried out on a high-performance computing 
cluster at Okinawa Institute of Science and Technology, Japan to allow multiple threads for a full 
network analysis occurring in one block. A signed correlation network adjacency was calculated 
using Pearson correlation and the chosen soft thresholding power. The adjacency was 
transformed into a signed topological overlap matrix (TOM) and the corresponding dissimilarity 
was calculated (1-TOM). A cluster dendrogram of genes was created using hierarchical clustering 
with the ‘average’ method and the dissimilarity TOM. Modules were detected using dynamic tree 
cut with the hybrid method, a minimum cluster size of 30, an intermediate sensitivity to cluster 
splitting (deepSplit = 2) and the Partitioning Around Medoids (PAM)-like step set to not respect 
the dendrogram (pamRespectsDendro = FALSE). Modules with a correlation of ≥ 0.70 were then 
merged (Figure S6, Tables S1 and S2). Eigengenes were calculated for each final module, which is 
the first principal component in the corresponding module used to represent the gene expression 
profiles of that module. These module eigengenes (MEs) allow gene modules to be correlated 
with external traits (Langfelder and Horvath, 2008).  
 
Module eigengene correlation with behavioural traits 
Canonical correlation analysis (CCA) using package CCA (v1.2.1) (González et al., 2008) was used 
to explore the correlations between the two sets of variables from the same individual squid: ME 
set = MEs from each module; traits set = CO2 level (current-day or elevated) and behavioural 
traits (active time (s), distance (cm), speed (cm/s), time in Zone A (s), whether the squid displayed 
an exploratory/aggressive interaction (yes/no), number of exploratory/aggressive interactions). 
The canonical loadings and cross-loadings were calculated for the first four canonical functions 
(CF) in the CNS and eyes, separately. The first four CFs were chosen for interpretation as they 
explained a substantial amount of variance between the traits set and MEs set (canonical 
correlation > 0.6) (Sherry and Henson, 2005). Heatmaps of all canonical loadings and cross-
loadings for all variables of each set were created for each of the four CFs (Figures S7 and S8). If 
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the canonical loading and cross-loading of a given variable from both the ME set and traits set 
were ≥ 0.3 for the same CF, this ME and trait were considered correlated. A cut-off value of 0.3 
is commonly used (Kabir et al., 2014; Lambert and Durand, 1975) and was a clear cut-off for this 
dataset (Figures S7 and S8). Biplots were created for each two-way combination of the four CFs 
(Figures S9 – S20). MEs and traits within the same or opposite quarters of the biplot, and sitting 
on or outside the biplot inner ring with a radius of 0.5, were considered positively or negatively 
correlated, respectively. If MEs and traits were considered correlated by both the canonical 
loadings/cross-loadings heatmap and biplots they were identified as modules of interest for the 
given trait(s). 
 
Module membership vs gene significance 
The Pearson correlation of module membership (MM, higher value indicates the gene is more 
highly connected to the given module) and gene significance (GS, higher value indicates a more 
biologically relevant gene) was used to check the modules of interest identified by CCA 
(Langfelder and Horvath, 2008). A correlation of GS and MM imply that genes more highly 
connected with a given module also tend to be more highly correlated with the given trait, 
providing another measure for the importance of this module with the given trait (Langfelder 
and Horvath, 2008). All modules of interest initially identified by CCA that had a MM vs GS 
correlation (R-value) > 0.2, a commonly used threshold for evidence of a weak correlation (Evans, 
1996), were chosen as the final modules of interest (Figure S21). 
 
Identification of hub genes 
Within the final modules of interest, the MM and GS values of each gene were used as a screening 
method to identify biologically relevant, highly interconnected hub genes (Fuller et al., 2007; 
Horvath and Dong, 2008; Langfelder and Horvath, 2008), i.e. to find genes correlated with CO2 
treatment and each behavioural trait. Hub genes were defined as those genes within the final 
modules of interest with a very strong correlation with the module (MM > 0.8) and a moderate 
correlation with the given trait (GS > 0.4). As a final check of these identified hub genes, the 
Pearson correlation (R-value) between the normalised expression of each hub gene and the given 
trait was calculated and genes with a very weak correlation (R < 0.2) were excluded. This resulted 
in the final list of hub genes. All hub genes for CO2 treatment were compared across tissues to 
identify hub genes for CO2 treatment that are CNS-specific, eyes-specific or found in both tissues. 
Hub genes for CO2 treatment that were also a hub gene for one or more behavioural traits were 
identified as genes correlated with the associated OA-induced behavioural change. 
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Figure S1. Diel CO2 variation at the site I. pygmaeus were collected. Water samples were taken 
to measure CO2 levels before first light at approximately 5:00 (morning) and at approximately 
13:30 (afternoon) across five days. Points represent the mean ± standard deviation. 
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Figure S2. Detailed workflow from tissue sampling to bioinformatics analyses and statistical 
analyses. ccs = circular consensus sequence, DE = differentially expressed, FL = full length, FLNC 
= full-length non-concatemer, GSEA = gene set enrichment analysis, ISO-seq = PacBio long read 
ISO-sequencing, ORF = open reading frame, RNA-seq = RNA sequencing, seqs = sequences. 
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Figure S3. Sample dendrograms to detect sample outliers. Created using hierarchical clustering 
with the ‘average’ method. Three and two outliers were detected in the A) CNS and B) eyes, 
respectively. PS510_CNS, PS506_CNS, PS518_CNS, PS510_eyes and PS506_eyes were removed 
as they were sample outliers. 
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Figure S4. Choosing and checking the soft threshold power for network construction using the 
CNS samples. A) Scale-free topology fit index as a function of the soft-threshold power shows the 
network reaches approximately a scale free topology (R2 > 0.9) when the soft threshold power is 
7, however B) mean connectivity as a function of the soft threshold power shows mean 
connectivity remains high and mean connectivity only drops below 100 at a soft threshold power 
of 14. C) and D) were used to check the chosen soft threshold power of 14 approximates a scale 
free topology.  
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Figure S5. Choosing and checking the soft threshold power for network construction using the 
eyes samples. A) Scale-free topology fit index as a function of the soft-threshold power shows 
the network reaches approximately a scale free topology (R2 > 0.9) when the soft threshold 
power is 7, however B) mean connectivity as a function of the soft threshold power shows mean 
connectivity remains high and mean connectivity only drops below 100 at a soft threshold power 
of 13. C) and D) were used to check the chosen soft threshold power of 13 approximates a scale 
free topology. 
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Figure S6. Cluster dendrogram with assigned co-expression network modules before and after 
merging modules. In the A) CNS and B) eyes. Each line in the cluster dendrogram is a gene and 
each module is represented by a different colour. 
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Figure S7. Canonical loadings and cross loadings for each canonical function (CF) of each variable in the CNS. In the A) traits set and B) module 
eigengenes (MEs) set. Canonical loadings are shown above canonical cross-loadings, which are in brackets. Colouration depicts canonical 
loadings.
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Figure S8. Canonical loadings and cross loadings for each canonical function (CF) of each variable in the eyes. In the A) traits set and B) module 
eigengenes (MEs) set. Canonical loadings are shown above canonical cross-loadings, which are in brackets. Colouration depicts canonical 
loadings.  
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Figure S9. Canonical correlation analysis biplot for the CNS canonical functions 1 and 2. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the CNS, 
for canonical functions (dimensions) 1 and 2. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S10. Canonical correlation analysis biplot for the CNS canonical functions 1 and 3. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the CNS, 
for canonical functions (dimensions) 1 and 3. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S11. Canonical correlation analysis biplot for the CNS canonical functions 2 and 3. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the CNS, 
for canonical functions (dimensions) 2 and 3. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S12. Canonical correlation analysis biplot for the CNS canonical functions 1 and 4. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the CNS, 
for canonical functions (dimensions) 1 and 4. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S13. Canonical correlation analysis biplot for the CNS canonical functions 2 and 4. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the CNS, 
for canonical functions (dimensions) 2 and 4. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S14. Canonical correlation analysis biplot for the CNS canonical functions 3 and 4. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the CNS, 
for canonical functions (dimensions) 3 and 4. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
  



24 
 
 

 
Figure S15. Canonical correlation analysis biplot for the eyes canonical functions 1 and 2. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the eyes, 
for canonical functions (dimensions) 1 and 2. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S16. Canonical correlation analysis biplot for the eyes canonical functions 1 and 3. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the eyes, 
for canonical functions (dimensions) 1 and 3. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S17. Canonical correlation analysis biplot for the eyes canonical functions 2 and 3. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the eyes, 
for canonical functions (dimensions) 2 and 3. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S18. Canonical correlation analysis biplot for the eyes canonical functions 1 and 4. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the eyes, 
for canonical functions (dimensions) 1 and 4. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S19. Canonical correlation analysis biplot for the eyes canonical functions 2 and 4. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the eyes, 
for canonical functions (dimensions) 2 and 4. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S20. Canonical correlation analysis biplot for the eyes canonical functions 3 and 4. 
Depicting where the module eigengenes (MEs) lie in space in relation to the traits for the eyes, 
for canonical functions (dimensions) 3 and 4. Variables from the MEs set and the traits set are in 
blue and red, respectively. The inner ring is set at a radius of 0.5. 
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Figure S21. Final modules of interest in the A) CNS and B) eyes. Red = positive correlation 

between the trait and module eigengene, blue = negative correlation between the trait and 

module eigengene. 
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Figure S22. Species distribution for the top blast hits of the annotated transcriptome assembly. 
The top 29 species are shown. Others = the remaining 936 species grouped together. 
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See separate file for figure. 
 
Figure S23. Dotplot showing the results from gene set enrichment analysis (GSEA) using GO 
terms/functional categories in the CNS and eyes. CNS = central nervous system, padj = adjusted 
p-value, count = number of core enrichment genes in the GO term/functional category. 
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Supplementary Tables 
 
See separate excel file for tables 
 
Table S1. Table of 27 modules detected in the CNS, with the number of genes within each 
module. 
 
Table S2. Table of 38 modules detected in the eyes, with the number of genes within each 
module. 
 
Table S3. Quality and completeness measures of the transcriptome assembly. The PacBio 
Sequel II produced a total of 138.6 million subreads which were used to assemble the de novo 
transcriptome. Before redundancy removal = ISO-seq data processed with the isoseq3 pipeline. 
After redundancy removal = ISO-seq data processed with the isoseq3 pipeline followed by 
redundancy removal with CD-HIT-EST. Final transcriptome assembly = ISO-seq data processed 
with the isoseq3 pipeline, followed by redundancy removal with CD-HIT-EST and only the 
transcripts containing an ORF, as identified by TransDecoder, were retained. bp = base pairs. 
 
Table S4. Annotation measures of the transcriptome assembly. 
 
Table S5. RNA-sequencing information for each sample. CNS = central nervous system, eyes = 
both eyes combined from the same individual, % mapping rate is mapping of the trimmed and 
decontaminated RNA-seq reads against the final transcriptome assembly. 
 
Table S6. Table of DEGs and their putative function in the CNS and eyes, ordered by LFC. Genes 
in red and blue are upregulated and downregulated at elevated CO2, respectively. DEGs in both 
tissues are in bold. padj = adjusted p-value, LFC = log2 fold change. 
 
Table S7. Eyes-specific CO2 treatment hub genes. For each of these CO2 treatment hub genes, 
those genes also identified as a hub gene for one or more behavioural traits in the eyes are 
indicated in the columns on the right (active time, distance, speed, no. exploratory interactions). 
The numbers in each column are the gene significance (GS) for the corresponding trait (-1 to 1). 
Positive GS = positive correlation between gene expression and trait (in red), negative GS = 
negative correlation between gene expression and trait (in blue). The larger the GS absolute value 
the more biologically relevant the gene is. Dist. = distance, No. EI = number of exploratory 
interactions. 
 
Table S8. Hub genes identified for CO2 treatment in both the CNS and eyes. For each of these 
CO2 treatment hub genes, those genes also identified as a hub gene for a behavioural trait in the 
CNS or eyes are indicated in the columns on the right (active time, distance, speed, no. 
exploratory interactions). The numbers in each column are the gene significance (GS) for the 
corresponding trait (-1 to 1). Positive GS = positive correlation between gene expression and trait 
(in red), negative GS = negative correlation between gene expression and trait (in blue). The 
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larger the GS absolute value the more biologically relevant the gene is. Dist. = distance, No. EI = 
number of exploratory interactions. 
 
Table S9. CNS-specific CO2 treatment hub genes. For each of these CO2 treatment hub genes, 
those genes also identified as a hub gene for one or more behavioural traits in the CNS are 
indicated in the columns on the right (active time, distance, speed, no. exploratory interactions, 
exploratory interaction?). The numbers in each column are the gene significance (GS) for the 
corresponding trait (-1 to 1). Positive GS = positive correlation between gene expression and trait 
(in red), negative GS = negative correlation between gene expression and trait (in blue). The 
larger the GS absolute value the more biologically relevant the gene is. Dist. = distance, No. EI = 
number of exploratory interactions, Exploratory interaction? = whether any exploratory 
interactions occurred (yes/no). 
 
Table S10. List of function groups and related CNS-specific hub genes shared by CO2 treatment 
and one or more activity traits. 
 
Table S11. All core enrichment genes from the cluster of GO terms/functional categories 
related to ligand-gated ion channels that were found significant with gene set enrichment 
analysis in both the CNS and eyes. The ion channel cluster includes the GO terms 'ionotropic 
glutamate receptor signaling pathway', 'ionotropic glutamate receptor activity', 'postsynaptic 
membrane', 'excitatory postsynaptic potential', 'ion transmembrane transport', 'acetylcholine-
gated cation-selective channel activity', 'transmembrane signaling receptor activity', 
'extracellular ligand-gated ion channel activity', 'synapse', and 'ion channel activity'. Gene = gene 
ID in the transcriptome, annotation = annotation of the corresponding gene, ordered 
alphabetically. 
 
Table S12. All core enrichment genes from the cluster of GO terms/functional categories 
related to GPCR (G-protein coupled receptors) that were found significant with gene set 
enrichment analysis in the CNS (no GPCR GO terms found significant in the eyes). The GPCR 
cluster includes the GO terms 'G protein-coupled receptor activity' and 'G protein-coupled 
receptor signaling pathway'. Gene = gene ID in the transcriptome, annotation = annotation of the 
corresponding gene, ordered alphabetically. 
 
Table S13. All core enrichment genes from the cluster of GO terms/functional categories 
related to ion transport that were found significant with gene set enrichment analysis in the 
CNS (no ion transport GO terms found significant in the eyes). The ion transport cluster includes 
the GO terms 'potassium channel activity', 'potassium ion transmembrane transport', 'voltage-
gated potassium channel activity', 'regulation of ion transmembrane transport', 'voltage-gated 
calcium channel complex', and 'calcium ion transmembrane transport'. Gene = gene ID in the 
transcriptome, annotation = annotation of the corresponding gene, ordered alphabetically. 
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File S1. TapeStation electropherograms for each of the 40 RNA samples used for RNA-
sequencing. Each sample is labelled by its individual ID and the tissue type. RNA integrity of all 
40 samples was measured on an Agilent 2200 TapeStation (High Sensitivity RNA ScreenTape, 
Agilent), without the sample denaturation step due to denaturation removing the 28S peak, likely 
due to a ‘hidden break’ as reported in some other animals (Winnebeck et al., 2010). All central 
nervous system (CNS) RNA had an equivalent RNA integrity (RINe) ≥ 8.5 (mean 9.3, SD 0.3). For 
the eye samples, a RINe value could not be obtained due to the TapeStation being unable to 
detect the lower marker, likely due to carry over of pigment into the eye RNA samples. A Femto 
Pulse system (Ultra Sensitivity RNA Kit, Agilent) did obtain RNA Quality Scores (RQN): eye RQN ≥ 
4.8 (mean 6.5, SD 1.3). The four samples also used for ISO-sequencing are outlined in thick black. 
CNS samples used for ISO-seq had RINe values of 9.4 and 9.5. Before ISO-seq, RNA from the eyes 
was purified with oligo d(T) beads due to carry over of pigmentation (NEBNext® Poly(A) mRNA 
Magnetic Isolation Module, New England BioLabs Inc.), followed by integrity assessment on a 
Femto Pulse system (Ultra Sensitivity RNA Kit, Agilent). After purification, eyes samples had an 
RQN of 6.1 and 8.6. 
 
See separate file. 
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