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Supplementary results. 

Salmon multi-tissue transcriptome profiling during maturation:
A total of 4.4 billion 150 bp paired-end (PE) reads were obtained from 64 RNA-Seq libraries (~70 million PE reads per library). Hierarchical clustering of expression data revealed agreement among the biological replicates in each tissue and resolve the long photoperiod treatment (T2, T3 and T4) from the control samples at T1, as shown in the pairwise Spearman correlations between samples except for the brain samples that showed inconsistency among replicates, hence excluded from further analyses (Supplementary Fig.S2). The brain samples originated from heterogenous brain tissue of multiple regions and the sampling regions weren’t consistent throughout the experiment. The brain-pituitary-gonad (BPG) axis is a key regulator of sexual development in vertebrates. Activation of neurons in the hypothalamus leads to production of gonadotropin releasing hormones (GnRH), which stimulate the release of gonadotropins from the pituitary gland that induce the production of gonadal steroids, which in turn affect various aspects of sex-related physiology, secondary sexual characteristics and behaviour. In the next sections, the transcriptome results from the three tissues are investigated. 

Pituitary transcriptome profiling revealed few genes (n=10) were differentially expressed, of which 7 and 3 genes were down- or upregulated, respectively in the pituitary gland at T2. However, the response at T3 and T4 involved more genes; 221 DEGs (75 and 146 genes were down- or upregulated) at T3 and 213 DEGs (76 and 236 genes were down- or upregulated) at T4. The range of log2(fold-change) and false discovery rates are summarized (Supplementary Fig.3; Data S1). Upregulated gene cluster showed significant GO enrichment with respect to 23 GO-BP (Biological Process), 13 GO-CC (Cellular Component) and 38 GO-MF (Molecular Function) terms (Supplementary Fig.S4 and Data S5) related to maturation related functions as G protein−coupled receptor signalling and hormone activity. While 32 GO-BP and 10 GO-MF terms related to receptor ligand activity and developmental process involved in later stages of reproduction (derived from the presence of many genes of ZP3 encoding zona pellucida sperm-binding protein 3 that is essential for sperm binding during fertilization) showed significant enrichment among the downregulated gene cluster (Supplementary Fig.S4). 

In ovary, significant transcriptome remodelling occurred during maturation that involved differential expression of ~ 6000 genes after maturation induction (ie: at T2, T3 and T4) compared to the control T1 (adjusted P < 0.05) (Supplementary Fig.S3). 466 ovary genes were differentially expressed at T2 (63 and 403 genes were down- or upregulated). At T3, 1790 were differentially expressed (81 and 1709 genes were down- or upregulated). At T4, the ovarian transcriptome underwent extensive remodelling of 3737 genes (240 and 3497 genes were down- or upregulated) (Data S3). Hierarchical clustering of the ovary DEGs revealed distinctive expression profiles for post-maturation and identified two distinct clusters of upregulated genes (n=3476; 58% of ovary DEGs) and downregulated genes (n=301) (Supplementary Fig.S5). Upregulated gene cluster showed significant GO enrichment with respect to 145 GO-BP, 15 GO-CC and 75 GO-MF terms related to cell adhesion, immune/inflammatory response, development (Supplementary Fig. 5c; Supplementary Table 6). While 16 GO-MF terms related to channel activity were enriched among downregulated cluster (Supplementary Fig.S5; Data S6). Ovary DEGs were grouped based on their functional profile into gene categories that are implicated in onset of sexual maturation (Supplementary Fig.S6). 

4001 genes were differentially expressed in liver at T2 (1821, 2180 genes were down- and upregulated). At T3, 2153 were differentially expressed (957, 1196 genes were down- and upregulated). At T4, the liver transcriptome underwent extensive remodelling of 3387 genes (1301, 2086 genes were down- and upregulated) (Data S4). Hierarchical clustering of the liver DEGs revealed distinctive expression profiles for post-maturation and identified two distinct clusters of upregulated genes (n=3,336) and downregulated genes (n=2,347) (Supplementary Fig.S7). Upregulated gene cluster showed significant GO enrichment with respect to 45 GO-BP, 17 GO-CC and 23 GO-MF terms related to organic acid metabolic processes and mitochondrial transport (Supplementary Fig. 7 and Supplementary Table 7). While less terms were enriched among downregulated cluster; 14 GO-BP, 13 GO-CC and 8 GO-MF terms related to translation and developmental process involved in reproduction mainly sperm-egg recognition during binding of sperm to zona pellucida (Supplementary Fig.S7 and Data S7). 


Salmon multi-tissue DNA methylome profiling based on WGBS data:
Methylome sequencing produced 4.4 billion reads, with average coverage of ~18x for each of the 12 DNA methylome libraries (2 replicates x 2 conditions x 3 tissues) (Data S9). We plotted the average CpG methylation levels in genomic bins to show the methylation levels are within the 0 to 1 range (Supplementary Fig.S8). Clustering analysis of the common CpGs in the 12 DNA methylome libraries revealed three main clades that grouped samples according to tissue type, but also separated the samples according to the maturation status. PCA analysis of common CpGs showed high variation among the ovary samples implying extensive remodelling in the ovarian methylomes (Supplementary Fig.S8).

Chromatin accessibility data (liver): 
We obtained a total of ~750 million individual paired end reads from 12 liver libraries (3 replicates x 4 time points). An average of 93% mappability (duplicates free uniquely mapped reads) and 29 million qualified paired-end reads (sequencing fragments) per library were obtained. On average, ~94,000 high-confidence open chromatin regions (or peaks) were identified across liver and ovary libraries (Data S16). These peaks were enriched around transcription start sites (TSSs) (Supplementary Figure S11). 

Differential accessibility analyses revealed a strong early remodelling in the chromatin state landscape, as most DARs were observed at T2 (n=1,501) before decreasing in stepwise fashion at T3 (n=477) and T4 (n=148; Data S17, S18). We next asked if the early changes in chromatin state persisted throughout the time course using hierarchical clustering. The majority of DARs (n=1,036 or 57%) exhibit reduced accessibility at T2 compared with T1 and subsequently remained unchanged at later time points (Supplementary Figure S14). Similarly, regions that gained accessibility at T2 (n=696 or 38%) also remained unchanged at later timepoints. This left less than 10% of DARs (n=99) that displayed an oscillating pattern following the onset of the maturation. Together, this revealed the ATAC-seq signatures were predominantly stable chromatin state changes, as opposed to pulsatile epigenomic changes. 

We focused on the subset of CREs that underwent significant increase in accessibility during the time course (Supplementary Fig.S15) to evaluate i) the expression behaviour of their closet gene; ii) the biological function of those genes, and iii) any enrichment for transcription factor binding sites. To provide a fine-scale view of this cis-regulation, a 15 kb region of Ssa15 spanning the CRE and exons of a gene that regulates hepatic lipid metabolism (HMGCR) (88) is provided in Supplementary Fig.S15. The final analysis used HOMER to search for TF motifs that bind master regulators driving gene transcription (89). Specifically, we computed the enrichment of TF motifs in CREs that gained chromatin accessibility against a background that remained inaccessible. This revealed significant enrichment of 13 motifs, corresponding to the preferred binding sites of specific transcription factors present in 29 - 58% of targets following the onset of maturation (Supplementary Figure S16). Among these, the most significant motif matched the global transcriptional regulator E3 Ubiquitin-Protein Ligase CNOT4 that regulates essentially every aspect of gene expression, from mRNA synthesis to protein destruction including the degradation of RNAPII (90). The results strongly suggest that chromatin state changes at CREs directly control gene expression in liver and upregulate energy metabolism genes via changes in TF activity.
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Supplementary Figure S1. Schematic view of the bioinformatic workflow for a Analyses of RNA-seq, WGBS and ATAC-seq data. Illumina reads were mapped onto the Atlantic salmon genome and alignment files were processed to extract gene expression counts, CpG methylation, peak counts for downstream analyses of differential analyses using different packages in the R environment. b Inference of master regulators and gene regulatory network (GRN) construction. RIF metrics were used to identify master regulators contributing to differential expression observed at T4 in pituitary, ovary and liver. The unique list of these regulators was integrated with other multi-omics results that included differentially expressed genes from three tissues (DEGs), differentially methylated genes and promoters from three tissues. Differentially accessible chromatin (co-located with gene bodies and promoters regions) from liver. Along with data about genes-harboring SNPs and tissue-specific (TS) genes obtained from previous maturation GWASs and tissue-specific transcriptomes derived from the same samples. Gene networks were used to integrate the previous results the PCIT algorithm.  
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Supplementary Figure S2. Level of agreement among the four biological replicates at the four sampling events (T1, T2, T3 and T4). The heatmaps show the hierarchical clustered Spearman correlation resulting from comparing genome-wide expression values (log2CPM) for all samples against each other in brain a, pituitary b, ovary c, and liver d. The level of correlation is presented by a colour field. Sample clustering reveal grouping of the samples from mature fish specially at T3 and T4 in pituitary, ovary and liver. Brain samples failed to achieve such level of grouping due to inconsistent sampling of the heterogenous brain tissue, hence the brain samples were excluded from further analyses.  
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Supplementary Figure S3. Multi-tissue genome-wide differences in gene expression during onset of salmon maturation. An adjusted P < 0.05 and logFC > 1 was used to identify significant differentially expressed genes (DEGs). The overlap among down- and upregulated genes along with hierarchical clustering are shown for a pituitary, b ovary and c liver. It’s worth noting that GLHA2 (the common subunit present in gonadotropins) was consistently upregulated in the pituitary throughout the experiment. The clustering shown was obtained by comparing normalised expression (FPKM) for samples at T2, T3 and T4 compared to the control at T1. Expression values were log2-transformed and mean centred by gene. The relative expression values are shown in yellow-navy scale. 
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Supplementary Figure S4. Expression level and GO enrichment for the pituitary clusters. a, c Trends in gene expression for the up- and downregulated cluster in pituitary. The Y-axis represents the mean-centred log2(FPKM+1) value, expression of single genes is plotted in grey while the mean expression of the genes is plotted in blue.  b, d Enriched gene ontology (GO) terms (hypergeometric test, Bonferroni-adjusted P < 0.05) among the list of the up- and (N=333) downregulated (N=125) and the gene ratio for the genes that map to each term. 
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Supplementary Figure S5. Expression level and GO enrichment for ovary gene clusters. a, b Trends in gene expression for the up- and downregulated clusters in ovary. The Y-axis represents the mean-centred log2(FPKM+1) value, expression of single genes is plotted in grey while the mean expression of the genes is plotted in blue.  c, d Enriched gene ontology (GO) terms for each cluster (hypergeometric test, Bonferroni-adjusted P < 0.05 and the gene ratio for the genes that map to each term. 
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Supplementary Figure S6. Ovary DEGs implicated in onset of salmon maturation. The multi-panel heat maps show genes implicated in and/ or encoding a, steroidogenesis and hormone receptors. b, growth factors. c, extracellular matrix remodeling. d, follicular development. e, immune- and inflammatory responses. The clustering shown was obtained by comparing normalized expression (FPKM) for samples at T2, T3 and T4 compared to the control at T1. Expression values were log2-transformed and mean centered by gene. The relative expression values are shown in yellow-navy scale.
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Supplementary Figure S7. Expression level and GO enrichment for liver gene clusters. a, b Trends in gene expression for the up- and downregulated clusters in liver. The Y-axis represents the mean-centered log2(FPKM+1) value, expression of single genes is plotted in grey while the mean expression of the genes is plotted in blue.  c, d Enriched gene ontology (GO) terms for each cluster (hypergeometric test, Bonferroni-adjusted P < 0.05 and the gene ratio for the genes that map to each term. 











[image: ]



























Supplementary Figure S8. Characterization of multi-tissue DNA methylomes in Atlantic salmon. a, Global DNA methylation levels at different CG context (CG, CHG and CHH) in liver (L), ovary (O) and pituitary (P) at the two replicates of the control (C) and mature (M) samples. CpG methylation contributes to 99.5% of methylated Cs. b, Violin plot showing average CpG methylation levels in genomics bins across the twelve methylome libraries shows similar profiles for samples of each tissue. c, Correlation matrix of replicates using common CpGs, replicates of the same tissue shows higher correlation and clustered together. d, Principal Component Analysis (PCA) using common CpGs separates samples by tissues along PC1 (explaining 29.8% of the variance) and shows extensive variation among ovary methylomes along PC2. 


[image: ]




















Supplementary Figure S9. Multi-tissue genome-wide differences in CpG methylation during onset of salmon maturation. a, Hierarchical clustering of the common CpGs in the 12 methylome libraries reveals clustering by tissue type and grouping pituitary and ovary in a cluster and liver in the other. This shows variation in methylation is much lower between replicates of the same sample compared with variation among tissues. b, Bar graph showing significant DMRs identified for each tissue and ovary having the highest number of DMRs. A P threshold of 0.001 and delta (difference of the two group means) > 10% were used to identify significant differentially methylated regions (DMRs). c, Circos plot shows significant differentially methylated regions (DMRs) detected in T4 samples compared to the control T1 in pituitary, ovary and liver (from the outer circle inwards). d, Venn diagram shows minimum overlap among DMRs in the three tissues. e, Relative distribution of DMRs across genic, promoters, 5kb downstream and intergenic regions of the salmon genome in pituitary, ovary and liver are shown. DMR genomic distribution reveals on average 70% of DMRs were co-located within 5kb of a gene. 
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Supplementary Figure S10. Weak correlation between changes in DNA methylation and gene expression in ovary. The MA biplots showing lack of correlation between genome-wide differential gene expression in T4-T1 ovary samples in yellow and methylation levelse in blue-red spectrum reflecting hypo-to hypermethylation at both gene bodies (a) and promotor regions (b). Linear regression analyses further confirmed very low R-squared values in both cases. c, Overlap between sets of DMGs and DEGs detected at T4 vs T1 per tissue. 
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Supplementary Figure S11. Evaluation of ATAC-seq libraries using transcription start site enrichment (TSSs). To check that accessibility data, TSS enrichment was used for signal to noise calculation. The plots show density plots and heatmaps for reads 1 kb around TSSs for 12 ATAC-seq liver libraries (4 time points x 3 replicates). 
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Supplementary Figure S12 Positive correlation between gene expression and accessibility at genic regions. 9 MA biplots showing dynamics of genome-wide gene expression and overlain differentially accessible regions at gene bodies in liver at T2, T3 and T4 compared to T1. Chromatin accessibility levels are shown in red-blue spectrum reflecting open-to closed chromatin at gene bodies and the corresponding gene expression in grey colour. Note that R2 values are the highest when using gene expression and accessibility from the same time point.
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Supplementary Figure S13 Positive correlation between gene expression and accessibility at promoters. The 9 MA biplots show genome-wide gene expression and overlain accessibility data for DARs at promoters in liver at T2, T3, T4 compared to T1. The table shows results of a regression analyses conducted on significant DARs located 5 kb upstream of transcription start sites (TSSs) “putative promoters” and gene expression data of the nearest genes. 
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Supplementary Figure S14 Changes in Chromatin accessibility in liver during maturation onset. a, Circos plot shows the genomic distribution of the differentially accessible regions (DARs) (FDR < 0.05 and log2FC > 1) detected in the triplicates of T2, T3, T4 samples (from outer circle inwards) compared to the control T1. b, Hierarchical clustering of unique 1,831 DARs detected at all time points in liver. The clustering shown was obtained by comparing normalised accessibility (CPM data).  for samples at T2, T3 and T4 compared to the control at T1. Accessibility values were log2-transformed and mean centred by peak. The relative accessibility values are shown in yellow-navy scale. c, Co-accessibility analysis reveals stable chromatin states following the onset of the maturation. The majority of DARs exhibited either reduced (n=1036 or 57%) or increased (n=696 or 38%) accessibility at T2 and remained unchanged at later timepoints. Less than 10% of DARs (n=99) displayed an oscillating pattern. The y-axis in each graph represents the mean-centred log2(CPM+1) value across time points on the x-axis. Accessibility of single DAR is plotted in grey, while the mean accessibility of each cluster is plotted in blue.
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Supplementary Figure S15 a, Heatmaps 65 DARs located 5kb upstream of TSSs representing cis-regulatory elements (CREs) that exhibit increased accessibility at T2 along with gene expression of their target (nearest) genes. This showed upregulation of the majority of the associated genes in a tightly coordinated manner (n = 46; 79%, Χ2 p < 8.028-08). b, Enriched gene ontology (GO) terms (hypergeometric test, Bonferroni-adjusted P < 0.05) among the list of the CREs-regulated genes. This list includes genes involved in hepatic lipid metabolism (HMGCR) and energy metabolism (elovl5b and elovl6). c, IGV visualisation of a 15 kb region of Ssa15 spanning the CRE and exons of the HMGCR gene provides fine-scale view of the coordinated gene expression response to increased accessibility.
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Supplementary Figure S16 Known motif enrichment results obtained using Homer (P < 1e-10; at least 25% of targets) by comparing differentially accessible regions at promoters among the accessible cluster to a background of inaccessible regions at promoters. CNOT4 (a E3 Ubiquitin ligase) and Zic (a zinc finger protein) were the matched TFs for the most significantly enriched motifs. This can confirm the importance of zinc finger proteins as key regulators of maturation. 
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Supplementary Figure S17. Heatmap of 1,858 network genes. Genes (rows) and samples (columns) are organized by hierarchical clustering based on Euclidean distances. Samples were clustered by tissue type and the maturation status “pre” (pre-maturation at T1) was resolved from “post” (post-maturation at T2, T3, T4).
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Supplementary Figure S18. Gene regulatory networks constructed using the PCIT algorithm for the pre- and post-maturation samples. a, Networks of the most significant 10% of correlations their respective genes were considered. b, Network statistics show increases in the connections in the pituitary that constituted 45% of the post-maturation network connections. All nodes are represented by ellipses except for genes coding key regulators (TFs) have diamond shape. Nodes with yellow borders are differentially methylated, whereas nodes with white labels are differentially accessible between pre- and post-maturation samples. Node colours are relative to the tissue of maximum expression (blue for the pituitary, red for ovary and green for liver). The size of the nodes is relative to the normalized mean expression values in all samples.
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Supplementary Figure S19. TRIM25-associated network principal components analysis (PCA). The normalised expression (log2FPKM) values of these genes were used to perform this analysis. PCA grouped samples by first by tissue type, but clearly resolved the pre- and post-maturation status across PC1 that explained 85.1% of the variance.
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[Rank [Motif [P-value [log P-pvalue [% of Targets[% of Background [STD(Bg STD) [Best Match/Details

1 géAgAGA?A 137 |8.638e+01 [57.63%  [3.19% 56.30p (30.86p)| 0 o4 (RRM)/Homo.sapiens RNCMPTO0156-PEM/HughesRNA(0.853)
b éTGAlgIQ 1e30 |7.126e+01 [s0.85%  [271% 62.00p (51.5bp) [P0 oL FOXdaspar@T79)

3 lgAggAlg 1029 |-6764c401 [49.15%  |4.07% 155.4bp (0.0bp) ﬁg@;&ﬁﬁx’?éﬁ‘ﬁﬁ:ﬁﬁsEs‘m‘)/H°m“(°‘301)
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13 AQAQQ%CC le-12 |-2964c+01 [2881%  [4.88% l46.6bp (23.7bp) [Ru/dmmpmm(Papatsenko)/fly(0 815)
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106578852



106573310



106584612



106566027



106573061



106583292
106587193
106567962106573733
106589788106576330
106610008



106572254



100196160
106574957



106613009106564042



106610036



106568494106609939



106564480



106588087
106604794



106560744106570212



106563039



100500786106590174106568876
106585128



106612998106570673



106585494106564531
106576235
106600129
106583488



106568017
106607462



106569909
100136355



106610341



106561808



106576693
106582978



106579175
106612610



106570055



106584802



106568058
106608455



106608590



106565592



106572086
106584335
106586158



106600851
106569526



106587857



106577595



106610007106602982
106612138



106580916



106604224 106587217



106586064



106576998



106570297
106560885



106606168



106571368



106583774



106577572



106608613106609963100510783



106611155



106607063



106607256



106609170106576256



106565900



106584557100169856
106582291



106580691106589855



106611981



106612855



106562750106566613
106584893106578218



106560917



106603100
106589480



106564116



106566343



106586229106613377100380718
106613080



106600975



106562832106562091



100500787



106587928



106607551
106585576



106589464



106583964 106572880
106603528106564232 106613669



106576780



106598127



106565476



106567354



100169854



106602382



106584540106562158



106611366
106561766106601833106611587



106602441
106605355106606999



106611999
106562908106561185



106585857106609896
106566126



106607195



106611361106605452106611707106613839106561324
106562044



106565432



106610060
106565700



106602979



106603109106588217



100136440
106602087



106571383



100380834



106584868



106582819



106574331



106569707



106567545



106587425



106604537



106576316



106577857



106583902



106576502106588501



106588182



106561328



106600594



106610502



106582550



106604041
106588200



100136431



106586247



100194896



106581929



106560576



106569575



106570475
106587140



106572186



106566410



100195195



106585070



100380731



106571317



106603011



106567020



106588461



106580837



106567450106586598



106583003
106561397



106584032
106588434



106603552
106585083106582041



106610139



106578476
106587865



106578775
106604642



106566095



106608519



106580184



106610673
100380328106587056106601783



106571054106612568
106585258



100195276
100306837



106582356106598734



106589946106582736
106609308



106609114



106602519



106604726
106602987



106566494 106588411
106568835
106604717106608698106569973 106599706
106580145



106609895



106576739



106566585



106570242
106580092



106568874106587031
106605446



106607468
106611747



106601029
106607392106589094



106584376106576891



106586140



106565100
106610478



106566725



106609348106571373



106588415



106590567106588250106564851
106589326



106565894



106584502



100380732106566587
106610840
106580785



106566192
106602207



100195506
106582723
106588468 106565214



106561176106605627



106605293



106611458
106567176106608443



106583165



106585531



106609242
106611423
106572194
106571749



106600860



106599680



106561905



106570527



106607467
106602459



106581932



106608822



106562627



106573499106573649
106563475



106610795



106587538106569084100196214



106608922



100380637106612029106585543106586448
106609350106565373
106569069



106610110106568554



106565988



106603904



106582011



106582643



106563511
106562306



106612785



106611357
106611011106577668



106604384
106589004



106613922



106609202



106573503



106565558
106590663



106613798
106571823106608843



106609304



100380654



106565124
106568740106570829



106564435



106589940
106571922



106584787
106564571



106606908100196503106579876106586446



100380645



106609977



106584369106609886106613733106577051106571943
106580621



106604502106581855106571556



100286522
106611949



106581700
106609438106586418



106610627
106588334



106569167



106613666106582465106571582



106589061



106580920
106588654106563671106579657



106578449106566795106588385106611779
106612493106568707



100196357
106602198



106611108



106588342



106578332106613594106581868106565665106602856



106608626
106609557



106607297



106570604



106565096



106603491



106579511



100286474
106570981



106591503



106581666
106590177106577897



106590026



106580972
106582383



106583925
106585757106561392



106588506 106578544



106588430106590527



106601675106610734106565394
100136378106585820



106613695



106573317



106565402



106561081106598945
106584012106603982



106610030



106586824
106561134



106603279
106586679 106600628



106602896



106585072
106580750



106575122



106601854



106610207106578268
106568697



106563044



106586723
106579218



106574138
106566397



106607516106587870
106565224



106590371106578378



106577169106589597



106567378
106588653106560548



106605061106580360



106578241
106566777



106561174



106613561106601744
106613854



106606483
100141319106562837



106608796



106565171



106586449 106567125
106569294106587948



106570180106605491106586800



106565299
106612008106571236106564617106561226



106588493106608076



106566350



106604087



106601835



106561875106584429
106590219



106571015
106608773



106591603106610817
106605109



106568506106583703



106570460 106583434106560598



106610773



106568532
106574075
106603085



106607248



106608857
106584645
106585252106613962



106603975106578541



106608986



106563261



106583274
106586786



106561741



106609032
106585847



106608632106610370
106588673
106601962



106578437



106577101



106608623



106573083



106580049106589368



106583247



100136576



106611878



106603740106561627



106582766



106573726



106566354



106567717



106608021



106594001



106573601



106613405



106588771



100526824



100862707



106588402



106609909



106563031



106585194



106581692



106608644



106613052



106600777
106612514



106605234



106597112



106609516



106561252
106581984



100286624



106605129
106563145



106600236



106588858
106612300



106586335
106563940



106599287



106571215



106563289



106578229



106566935



106605689106568443



106565344



106588202



106597294



106571102



106563558



106608356



106588652



106608614



106569638



106587205 106577324106606216106588672



106582687



106606324



106568720



106565970
106600502 106563846



106577135



106565146



106607236106562562



106576286



106580375



106571799



106562138



106562860



106571809



100195371



100196806106585509 106569244



106613081
106607255106586697



106572807



106586666



106588749



100136446



106563153



106611188



106562538



106566890



106580723



100286503



106583134



106587295
106561949106589418106572195106562089



106572352100194939
106610848



106577392



106561737



106611925



100196315
106587202



106578237



106613130
106613392



106566973



106606306



100136587



106567438
106568875
106583009



106576448



106563383



106563420



106583002



106568852



106579906



106607989



106562015



106586179



106570077



106566773



106580875



106604716



106576791



106585483
106573291



106565244



106580942



106578106



106603934



106588990



106586162
106606551



106571242 106564951 106575217
106565469106600547



106590409
106605642



106563762106612711



106608678
106568727



106582974



106599523



106583426106563760



106563251



106584797



106580155



106584628



106583070



106582767



106567400



106573197



106566909
106609294



106566505



106587767



106580888
106573147



106584853



106570920
106576009



106611782



100380498



106563157
106584489



106573180



106565308



106582798106568904
106570480106578486106611807106579276106610767



106566949
106570047106589068



100136477
106571947106565220



100136426



106603571



106574411



106579278



106582092



106601208



100136533



106586712



106598617 106609449106585215
106600453



100286653
106599157



100195642



106613481
106571127



106577510



106613800



106572825



106568499



106565371
106581526



100195087106589612



106600878



106582155106585699
106574327



106575440



106576798



100194902
106576332



106603917



106612385



106561201



106603266
106581871



106583402



106563651



106587309



106568115



106612015



106604057



106601011
106573430



106604753



106583410



106608508



106603160
106600703



106602716



106585169



106586822



106584026106607924
106580974



106574348



106567519



106603524



106565742106601010



106605265



106562827



106610832
106590025



106570261



106612374



106573478
101448051



106599250
106574392



106573705



106578631



106575562



106577766



106613612106613494106603875



106572888



106608858106603924
106605503



106593981



106569144
106566895



106562829106567806



106588656106609431106583745
106562040106605011106603307



106589590
106583532



106563287106569297



106607554
106586613



106571620



106569924
100195065
106574355



106611539
106608825



106580830
106601185106608319



106600431106607413
106575161106571358



106613881



106586206106611730
106579918106609082106573351106589667106582123



106577001106572181



106567266



106590187
106583231106575602
106612647106609588



106560877



106585288



106567524



100136452



106567948



106560776



106561975
106609488



106612958



100380798



106589502
100194499



106575295
106577160



106561061106590374
106573762106608959



106581522
106576037



106601388
106565813



106569975
100136448106582711
106561490



100194849106582768106610776
106585950



106584181



106604535
106606560
106563886 106587417



106574791



106586866



106600859



106573719



106594474106571114



106600572
106609878



106572199



106600634



106564679
106607820



106612547106569413



106600711



100195128



106583111106590251
106613851



106604715
106569981106561823



106569916
106613394



106565448



106582457



106565240 106607758



106608221106564013
106576087



106584006



106568171



106576226
106590493



106596891



106576580106583404106611413



106584200



106605146 106609472



106611864 106606227



106568843



106609185



106560293106613191



106568935



106611319 106561150



106564860



100380757



106608688



106568366106568901



106607666



106588180



106588300
106582131



106565807
106567493



100194751100195422



106583468106581311
106563758106575419106608525



106605997
106564890



100136383106568987



106575601



106571359106610325106572187



106560599106568869
106576954



106571169
106603153106566671
106573122



106583168
106605107



106571739
106572085



106603720



106605124
106564857



106589379
106572588



106583140



106590661



106599387



106585836
106576408106578330



106573921
100194842



106589283106573461
106605032 106565380



106561263



106605471
106612564



106609934106573680



100136464



106565048106611586106580183



106590432106572632
106572438



100195086
106583035



106603079106580080



106577489
106573748106571044106568715



106563989106568977
106589933



106580590106611507



106582073



106609239106577208



106580284



106560396106581381106603113106580061
106571900106606414



106611802100192340
106562962106580907



106571149106568319



106590205106569174106562714



106567883100380685 106577495106590114



106574399106566127



106610167 106586173



100380705



100136560106583428106565103
106574953



106607459
106589256



106584218106578148



106590648
106565974



106566713



106612726



100196589



106600799
106569008106568873106574506106603271106611534106571394



106570498
106578435106602973106584595



106584371



106585552
106577210



106582376
106571244106563759106606878106604487



106590089



106566824
106577245106583684



106568652



106607759



106588604106562039
100196460100196420



106576946



106584671



100196218
100286497



106589306



106571030



106612474



106566835



106580756 106577539



100846958106560927
106566008



106613297



106599208
106583577



106588754
106587336



106564257106571288106580141



106608452 106581345
106610688



106573119
106572538



106575210
106599349 106578623106563447



a



pre- to post-



maturation
GRNs



Pre-maturation Post-maturation 



% connections in networks 



Tissue Pre- Post-
Pituitary 39.66 45.04
Ovary 32.3 32.3
Liver 28.03 22.6



b










106588652

106604715

106590661

106585857

106564571

106610627106570498

106576954

106589061

106568171

106567354

106566613

106562832

106576226

106583111

106612343

106565448

106605146

106586723

106590432

106613839

106565035

106612785

106601838

106602826

106572588

106582601

106582457

106578330

106589379

106611807

106563671

106563167

106611167

106566935

106580920

106581692

106588858

106605355

106563759

106613848

106584489

106581167

106607149

106586421

106588342

106605234

106570920

106598734 106611581

106581855

100196460

106576408

106581235

106603528

106577053

106581984

106567176

106607942

106563289

100195217

106572187

106580092

106596891

106571601

106566949106607255

100136477

106569981

106568319

106611176

106578476106582356

106608623

106611507

106579276

106584893

106589283106575419

106586786

106579218

106587865

106577392

106608644

100380637

106565308

106613666106563031

106611357106565100

106569640

106568835

106609886

106576087

106607195

106575601

106585258

106583468

106608076

106609438

106585847

106570065106576891

106568222

106566671

106609220

106581311

106568961

106608986

106565224 106581868106569646106568554 106605109106567883

106609114106607666

106605129

106603740

106578449

106588211

100500787

106560599

106568977

106583964

106566095

106607821106613377

106589946106586448106573503 106609977

106582465

100306837

106561174

100380328

106613851

106612568

106587507

106605415

106578486

106569413106571054

106563940

106576739

106603113

106580184

106610478

106578437

100194912

106589326 106610767

106570527

106600572106601038

100196806

106581030

106566777

106566494

106572880

106583404

106561627

106580590

106584787

106611864

106565124

106612865

106587031

106561875

106568869

106569244

106567493

106611949

106583070

106583247

106608443

106601744

106583703

106577135

106588180

106610110

106561823

106609472

106604087

106563475

106613052

106605061

106604384

106604502

106609185

106606227

106608221

106568443

106604916

106564435

106613594

106560287

106583140

100169854

106564013

106605997

106609350

106560643

106570829

106610817

106561324

106611413

106611047

106598127106567450

106585543

106564116

106607680

106565988

100380731

106576676

106576580106568351

106566725

106571317106567020

106589294106603085

106589094

106610679

106566350

106568987

106605446

106600975

106602441

106587140

106568876

106609896

106583265

106608843106611361

106573083

106568715

106577668

106565096

106562627

106586866106585049

106608922

100136383

106560598

106561185

106611423

106586446

106573122

106562091

106603153

106587056

106613922

106580621

106566795

106582992

106565894

106608857

106600634

106613798

106611959

106602198

106572186

106608632 106610795

106584032

106611563

106609289

106608268

100380732

106591603

106585191

106562138

106588250

106565214

106580611

106588385

106587870

106585576

106571044

106586697

106587205

106584376

106590043

106561059106577169

106567247

106571799

106602987

106563044106560548

106609348

106588461

106611707

106603904106562562

106588682

106565373

106613080

106608356

106580688

106611747

100195753106580972

106582383

106565346

106599680106572707

106588202

106588653

106590111

100196214

106599529

106606216

106584429

100196303

106590663

106576286

100380654

106601835

106612008

106602459

106587948

106565344

106567378

106565476

106571102 106577489

106609516

106609304106575102

106578332

106607297

106580360

106600860

106571809

100195371106609242

100195506

106604717

106564925

106584369100195276

106607516

106560576

106586502

106607248

106590219

106570180106589004

106582723

106613854

106599706

100196357

106565558

106585083

106580049

106588411

106608698

106561226

106603975106605689

106566587

106566192 106572194

106581932106606999

106578242

106576780

106571749

106571359106569638106561252
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pre-to post-

maturation

GRNs

Pre-maturation 

Post-maturation 

% connections in networks 

Tissue Pre- Post-

Pituitary 39.66 45.04

Ovary 32.3 32.3

Liver 28.03 22.6

b
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Transcriptomic analyses DNA methylome analyses Chromatin accessibility analyses 



read mapping onto salmon 
genome using TopHat2



Trim Galore Q > 30 



quality filtered trimmed fastq files



Counting reads mapped to exons 
using htseq-count within the



Python package HTSeq



exploratory analyses
Correlation and PCA analuses
conducted on count matrix for all 
samples per tissue type using  
TMM normalized log2-
transformed count per million 
(CPM) data



Pituitary, ovary-liver raw 
illumina data



4 tissues x 4 time points x 4 replicates= 64 



NovaSeq 6000; 300 cycle 
(2 x 150 bp)



Matrix of raw counts 



Differentially gene expression 
using edgeR



FDR < 0.05; logFC > ± 1
DEG at T2 vs T1
DEG at T3 vs T1
DEG at T4 vs T1



per tissue



The function analyze_diff_expr.pl
within Trinity was used with 
log2- and mean-centered FPKM 
data for DEGs to identify up- and 
downregulated gene clusters per 
tissue 



GO enrichment 
Enriched BP, CC and MF terms 
among up-and downregulated 
clusters using R clusterProfiler; 
adj. P < 0.05. Enriched GO terms 
plotted using the function dotplot



Functional analysesSamtools
Sort BAM files by read name 
BAM to SAM format



Clustering analyses 



Normalised expression data of 
biological candidates (maturation-
related genes) visualised using the 
R package pheatmap



The function
define_clusters_by_cutting_tree.pl
Trinity was used with 
cut the hierarchically clustered 
gene tree into clusters with similar 
expression using the --Ptree
option. 



read mapping onto salmon 
genome using Bowtie2



Trim Galore Q>30 



quality filtered trimmed fastq
files



MACS2 and HTSeq
Peak calling and read counting 



ATAC-Seq data QC
Number of called peaks  >100k
Enrichment over ± 1kb TSS 
using deepTools



Liver raw illumina data
1 tissue x 4 time points x 3 replicates= 12 



Illumina NextSeq 150 cycle 
(2 x 75 bp)



Peaks in bed format 



Differentially accessible 
chromatin using edgeR
FDR < 0.05; logFC > ± 1 



DAC at T2 vs T1
DAC at T3 vs T1
DAC at T4 vs T1



custom Perl script to assign DARs 
into genomics regions:



5kb upstream “promoter”
5kb downstream of TSS



genic (cds+intronic) “genic”
intergenic



Correlation between genic/promoter 
DARs with genome-wide normalised 



expression at T2, T3 and T4.
Visualised as 9-panel MA-biplot in 



Gnuplot



Motifs discovery
Transcription factor (TF)-binding 



motifs using the function  
findMotifsGenome.pl in Homer



Regression analyses; effect of DARs 
at genic and promoter regions on gene 



expression at T2, T3 and T4 vs T1



Consensus peaks set  
Functional analyses



DARs genomic annotation



exploratory analyses 
PCA of normalised peak counts



ATAC-Seq/RNA-Seq
correspondence



Picard MarkDuplicates
Remove PCR duplicated



SAMTOOLS
filtering and sorting
uniquely mapped reads



log2-, mean-centred CPM data for 
DARs at T2, T3 and T4 vs T1 were 
used to identify co-accessible clusters 
using analyze_diff_expr.pl function 
within Trinity. 
define_clusters_by_cutting_tree.pl
was used to cut the hierarchically 
clustered tree into clusters with similar 
expression using the --Ptree option. 



Co-accessibility analysis



GO enrichment 
Enriched BP, CC and MF terms 
among DACp target genes using R 
clusterProfiler; adj. P < 0.05. 
Enriched GO terms plotted using the 
function dotplot



read mapping onto salmon genome 
using bs_seeker2-align.py within 



BSseeker2/Bowtie2



Trim Galore Q > 30 



quality filtered trimmed fastq files



methylation calling using 
bs_seeker2call_methylation.py



Methylation data QC
different CG context (CG, CHG, CHH)
avg CpG methylation in genomic 
bins using cgmaptools mstat and 
mbin



exploratory analyses 
common CpG min 10x coverage



PCA, Pearson Correlation and 
Clustering analyses



using the prcomp, corrplot, hclust
functions in R



Pituitary, ovary-liver raw illumina
data



3 tissues x 2 time points x 2 replicates= 12 



HiSeq 2500 300 cycle 
(2 x 150 bp)



M calls  in CGmap format 



Differentially methylated regions 
using the R package DSS 



P < 0.001; delta > 0.1 
DMRs at T4 vs T1 per tissue



Visualised as circos plot using 
CIRCOS



custom Perl script to assign 
DMRs into genomic regions



5kb upstream “DMP”
5kb downstream of TSS



Genic (cds+intronic) “DMG”
intergenic



Regression analysis on the list 
of  DMGs/DMPs with their 



corresponding (normalised) 
expression at T4



GO enrichment
Enriched BP, CC and MF 



terms among DMGs using R 
clusterProfiler; adj. P < 0.05. 
Enriched GO terms plotted 
using the function dotplot



DMG visualization 
using the showOneDMR



function within the R package 
DSS



Functional analyses



DMR genomic annotation



DMGs/DEGs
correspondence



Picard MarkDuplicates
Remove PCR duplicates



Overlap between DMGs/DEGs 
using the function intersect in 



bedtools



Plotting genome-wide 
expression data at T4 and 



overlying differential 
methylation levels in T4-T1.  



genes              PT1-T4  OT1-T4  LT1-T4 
4x4       4x4        4x4



gene1
gene2
gene3
.
.
gene37,253 



48 samples 
3 tissues x 4 time points x 4 reps.



Normalized expression
FPKM



113 pituitary TFs 
68 ovary TFs
124 liver TFs



Raw Count Matrix



3 RIF analyses



Co-Expression



DEGs 
T4 vs T1 per tissue



Transcription factors
T4 vs T1 per tissue  



category      DE DMG DAC  DMP TS  SNP  TF
#subcategory    3       3        2         3      3     1        3



gene1           1       0       1       1        0     1      0
gene2           0       1       1       0        0     0      0
gene3
.
gene1,936    1       0        1      0        0      0     0



gene attributes



key regulators 
298 TFs



DEG 
DMG
DAC
DMP
TS
SNP
TF



Total



M
ul



ti-
om



ic
s 



re
su



lts
 



genes          PT1-T4  OT1-T4  LT1-T4
4x4           4x4            4x4



gene1
gene2
gene3
.
.
gene1,858



FPKM expression 



Gene selection for gene regulatory network (GRN) construction 



Inference of master regulators 



gene1-gene2          0.97294   POS
gene1-gene3          0.96860   POS
gene1-gene4         -0.98359  NEG
.
.
.
gene1-gene1,858
gene2-gene1
gene2-gene3
.
gene2-gene1,858



PCIT outputPCIT input matrix 
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