Supplementary Information

Developmental RNA-Seq transcriptomics of haploid germ cells and
spermatozoa uncovers novel pathways associated with teleost
spermiogenesis

Julia Castro-Arnau?, Francois Chauvigné?, Jessica Gémez-Garrido®, Anna
Esteve-Codina® Marc Dabad?, Tyler Alioto*4, Roderick Nigel Finn'® and Joan
Cerdal*

Institute of Agrifood Research and Technology (IRTA)-Institute of Biotechnology and
Biomedicine (IBB), Universitat Autobnoma de Barcelona, 08193 Barcelona, Spain;
?Institute of Marine Sciences, Consejo Superior de Investigaciones Cientificas, 08003
Barcelona, Spain; 3Centre Nacional d'Analisi Genomica-Centre for Genomic
Regulation, Barcelona Institute of Science and Technology, 08028 Barcelona, Spain;
“Universitat Pompeu Fabra, 08003 Barcelona, Spain; *Department of Biological
Sciences, Bergen High Technology Centre, University of Bergen, 5020 Bergen,
Norway

Correspondence and requests for materials should be addressed to J.C.
(joan.cerda@irta.cat)



mailto:joan.cerda@irta.cat

Supplementary Figures

a BP level 2

Regulation of biological process

Regulation of cellular process

Organic substance metabolic process

Regulation of metabolic process

Cellular metabolic process

Cellular response to stimulus

Primary metabolic process

Nitrogen compound metabolic process

natomical structure development

Multicellular organism development

Regulation of biological quality

Cell communication

Cellular component organization

Signal transduction

Response to chemical

Regulation of signaling

Regulation of multicellular organismal process

Cellular developmental process

Establishment of localization

Regulation of localization

Response to stress

Regulation of molecular function

Response to external stimulus

Anatomical structure morphogenesis

Biosynthetic process

Regulation of immune system process

Macromolecule localization

Cellular localization

Cellular component biogenesis

Catabolic process

Immune response

Regulation of locomotion

Movement of cell or subcellular component

Response to biotic stimulus

Small molecule metabolic process

Response to endogenous stimulus
Cell motili

Localization of cell

Reproductive process

Cell activation

Response to abiotic stimulus

Cell adhesion

Cell death

Actin filament-based process

Cell-cell signaling

Regulation of growth

Immune effector f)rooess

Developmental growth

Establishment or maintenance of cell polarity

Antigen processing and presentation

Chromosome segregation

ell cycle

Microtubule-based process

ystem process

Multicellular organism reproduction

Cell division

-1500 0 1500

Number of genes

Figure S1. Gene ontology (GO) enrichment analysis of the DEGs during sperm differentiation and
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maturation. GO annotation of DEGs corresponding to biological process level 2 (a) and 5 (b), and
molecular function level 5 (C). The horizontal axis displays the number of significant genes
corresponding to each functional type, whereas the vertical axis displays the second level of GO

annotation.
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CHEMOKINE SIGNALING PATHWAY
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Figure S2. Mapping of DEGs and not regulated transcripts in the chemokine signaling pathway. Schematic diagram of
the chemokine signaling pathway from the KEGG pathway database (https://www.genome.jp/dbget-
bin/www_bget?pathway:map04062) showing the upregulated transcripts in red, downregulated transcripts in green, and
not regulated transcripts in grey. Permission has been obtained from Kanehisa laboratories for using KEGG pathway
database.
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Figure S3. Mapping of DEGs and not regulated transcripts in the PDGF signaling pathway. Schematic diagram of the
PDGF pathway from the WikiPathways database (https://www.wikipathways.org/instance/\WP2526 r121697) showing
the upregulated transcripts in red, downregulated transcripts in green, and not regulated transcripts in grey.
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Figure S4. Mapping of DEGs and not regulated transcripts in the GnRH signaling pathway. Schematic diagram of the
GnRH signaling pathway from the KEGG pathway database (https://www.genome.jp/dbget-

bin/www_bget?pathway:map04912) showing the upregulated transcripts in red, downregulated transcripts in green, and
not regulated transcripts in grey. Permission has been obtained from Kanehisa laboratories for using KEGG pathway

database.



https://www.genome.jp/dbget-bin/www_bget?pathway:map04912
https://www.genome.jp/dbget-bin/www_bget?pathway:map04912

a

Functional category

Expression levels
(FPKM)

Channels, Carbohydrates
exchangers & lons
transporters Nucleosides & nucleotides
(5.5%) Peptides & amino acids
Other molecules

Cytoskeleton Actin binding
(2.5%) Cytoskeletal organization
IFs

Microtubule binding

Metabolism Carbohydrates
(14.0%) Lipids
Nucleosides & nucleotides

Proteins

Other pathways

Protein modification ADP-ribosylation
(5.9%) Dephosphorylation
Glycosylation

Peptidyl-prolyl isomerization

Ubiquitination
Transcription & Chromatin binding
translation DNA binding
(13.1%) DNA polymerase

Histones & histone modification
mRNA catabolism & transport
RNA binding

Transcription factors
Transcription regulation

Receptors
(11.9%)

Catalytic receptors

G protein-coupled receptors
Ligand-gated ion channels
Other receptors

Cell adhesion
(10.2%)

Adherens junctions
Selectin

Gap junctions

Ig superfamily CAMs
Other cell-cell interaction proteins
Cell-matrix interactions

Signaling
(17.4%)

GTPase-activating proteins
GTPases

Kinases

Ligands

RhoGEFs

Signaling molecules

Immunity
(11.4%)

Antimicrobial/antiviral peptides
IgSF-antigen presenting
IgSF-receptors & co-receptors
IgSF-cell surface ligands
IgSF-others

PRR

Other functions Cell cycle
(8.1%) Endomembrane system
Homeostasis

Others

Cda

Cysltr2

Dbnl

Sh3pxd2a

Trim39 Xytt1

( Fbxo40

mik1 (D

Surf4 Pigr Igf2
Ceacami

Fegr2
Art4

0 Ca?* and cAMP signaling pathway
(D PI3K-AKT signaling pathway
(D Vesicle-mediated transport

(D Cell adhesion molecules

Figure S5. In silico functional analysis of transcripts emerging de novo in SPZg;. (a) Plot showing the
expression levels assessed as fragments per kilo base per million mapped reads (FPKM) of the 239 de
novo transcripts classified into ten functional categories. The percentage of mMRNAs in each category is
indicated. PRR, pattern recognition receptors. (b) Interactions of proteins (network nodes) encoded by de
novo mRNAs involved in Ca?*/cAMP and PI3K-AKT signaling, vesicle-mediated transport, cell adhesion
and other functions. The edges represent protein-protein associations predicted with the STRING v11.0b
software with high confidence score (0.9). Interaction plots were generated with Cytoscape v3.8.2

(https://cytoscape.org/).



https://cytoscape.org/

Signaling Pathway

Angiotensin |l-stimulated signaling through G proteins and beta-arrestin -

B cell activation

Endothelin signaling pathway -

Gonadotropin-releasing hormone receptor pathway -

Heterotrimeric G-protein signaling pathway-Gi alpha and Gs alpha mediated pathway -
Heterotrimeric G-protein signaling pathway-Gq alpha and Go alpha mediated pathway
Histamine H1 receptor mediated signaling pathway

Inflammation mediated by chemokine and cytokine signaling pathway

PDGF signaling pathway 4

TGF-beta signaling pathway -

Wht signaling pathway

002 0.04 006 0.08 0.10
Rich Factor

GeneNumber
® 50
® 75
@ o0

Qvalue

0.04
0.03
0.02
0.01

Figure S6. Gene set enrichment analysis among the genes accumulated de novo in SPZg;. Pathway
analysis was carried out using the PANTHER Classification System. The 11 most highly enriched
signaling pathways (FDR < 0.05) are shown. The plot was generated with the ‘ggplot2’ R package

(https://ggplot2.tidyverse.orq).
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