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Sample size

Data exclusions

Replication

For the screening of the Ar mutants, we used the Light scanner 96 software v2.0. The statistical analysis for the frequency of reproduction and
the frequency of mating that fish exhibited courtship display was conducted using R version 3.6.2. For the other behavioral data, the statistical
analysis was done using generalized liner mixed models (GLMMs) and linear mixed models (LMMs) in R version 4.1.0 with the package lme4
version 1.1.27.1. For the mate choice test, the statistics was analysed using the chi-squared (2) test of independence in R version 4.1.0. For
RNA-seq, the adapter and quality trimming was done by using Trim Galore 0.6.4_dev with Cutadapt 1.18, and then the transcripts were
quantified using salmon v1.3.0 by mapping the trimmed reads to the transcriptome sequences of Oryzias latipes (Hd-rR; ASM223467v1) with
the Ensembl gene annotation (Release 105; https://www.ensembl.org/). The statistical analysis for the RNA-seq data was performed using the
R package edgeR v3.34.1 and the gene ontology (GO) enrichment analysis was conducted using ShinyGO version 0.75 (http://
bioinformatics.sdstate.edu/go/) using the Ensembl gene IDs of the differentially expressed genes as input. For qPCR primer design, we used
Applied Biosystems Primer Express 2.0.0 (Thermo Fisher Scientific). The statistical analysis of LC/MS data and qPCR data was done with R
version 3.6.2. For the statistical analysis of the fertilization rate, gonad/body weight, spermmotility test fin and tooth morphology, reporter
gene assay, and the female fecundity test, we used Excel 2011 (Microsoft Corp., Redmond, WA) with an add-in software Statcel 3 (Yanai H.
2011. Statcel—the useful add-in software forms on Excel. 3. Tokyo (Japan): OMS.).

RNA-seq data for the whole brain with a pituitary gland are available from DDBJ (Accession No. DRA013672). The transcriptome sequences of Oryzias latipes (Hd-rR;
ASM223467v1)in Ensembl Release 100 (http://dec2021.archive.ensembl.org/) were used for the RNA-seq analysis.

We do not include any human data in our manuscript.
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RNA-seq analysis, we used lab-raised fish with expected small variability and were interested in large differences in expression between wild
type males and Ar mutant males, so we used three individuals for each group as the recommended minimum number of replicate in previous
publications (e.g. Lamarre et al. 2018 Front Plant Sci). For experiments to quantify the gene expression levels, sample sizes were determined
based on the expected variability and the number of fish available according to other studies with similar methodology (e.g.Ogino et al. 2014
Endocrinology). For behavioral experiments, we used as many fish as available.

In the mating experiment of ara KO and arb KO males, the pairs that did not spawn eggs within the 30 min test were excluded from the data
collection regarding the frequency of courtship display, mating latency, total number of wrapping rejection, and duration of wrapping with
spawning, because such female may not have been ready for spawning. In other experiments, no data were excluded.

For the gene expression analysis with RNA-seq and quantitative PCR, each experiment was conducted using multiple sample fish as biological
replicates. All images of the knockout and knock-in fishes were obtained from multiple fishes (n>3 in each group) except micro CT image. The
micro CT-image was obtained from a single specimen in each group. To confirmed the data of tooth morphology taken by micro CT, we
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performed the bone staining of the teeth by using multiple fishshes (n = 9 for each group). Behavioral experiments were conducted with each
fish as a replicate.

In all behavioral experiments, each fish was randomly chosen from one of the families (i.e., family was randomized) and then allocated into
the experimental group. In the behavioral experiments, each compartment was assigned randomly to the wild-type or the knockout fish.

All behavioral experiments were conducted as blinded experiments.

We used the primary antibodies, anti-DDDDK-tag (FLAG) mouse mAb monoclonal antibody (M185-3S, Clone: FLA-1, Lot: 004, MBL,
Nagoya, Japan), anti-GFP D5.1XP rabbit mAb monoclonal antibody having cross-reactivity to the mClover3 (#2956, Clone:D5.1, Lot: 2,
Cell Signaling, Danvers, MA, USA. As the secondary antibodies, we used Alexa 555-conjugated goat anti-mouse IgG(H+L), F(ab’)2
fragment (#4409, Lot: 18, Cell Signaling), and Alexa 488-conjugated anti-rabbit IgG(H+L), F(ab’)2 fragment (#4412, Lot:4, Cell
Signaling).

The GFP (D5.1) XP® Rabbit mAb detects GFP, YFP, and CFP-tagged proteins exogenously expressed in cells, whose antigen is perfectly
conserved with the GFP tag used in this study (mClover3). The manufacturer confirmed that this antibody is available for
immunohistochemistry with paraffin-embedded sections.

The anti-DDDDK-tag (FLAG) mouse mAb reacts with the N-terminal, internal, and C-terminal DDDK-tgged (DYKDDDDK) proteins,
whose availability for immunohistochemistry was validated by the manufacturer.

ATCC

The cell line (COS-7) was obtained from ATCC, and we checked the growth and morphology.

The cell line was not tested by PCR but we checked it by hoechst staining.

Name any commonly misidentified cell lines used in the study and provide a rationale for their use.

The following fishes (Cab strain of Japanese medaka Oryzias latipes) was used for this study: wild type (113 males; 244 females), ara
KO (86 males; 12 females), arb KO (78 males; 12 females), ara/arb double KO (32 males; 12 females). All used fishes were at the
adult stage (> 4 month old after hatching). They were maintained at aquarium under artificial reproductive conditions with 14 and 10
h of light and dark cycles at 26–28C.

No wild animals were used in this study.

Medaka has a male heterogametic (XX/XY) system, in which dmy/dmrt1bY on the Y chromosome determines their sexes. Therefore,
In this study, we analysed the genetic sex by the amplification of dmy from the fin clips of all adult fishes. The males were used for
the behavioral and morphological analyses. The females were used for the morphological analysis and fecundity test.




