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Figure S1. De novo DNM calling and validation workflow.
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Figure S2. Distribution of Genotype Quality (GQ) of different approaches. The red line represents the filtering threshold (details are provided in the methods).
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Figure S3. Callable genome (CG) and fFNR obtained using different approaches at 30x (left) or under different mapping depths (right). Boxes represent interquartile ranges (IQR), horizontal lines denote medians, whiskers extend to 1.5×IQR, and dots indicate outliers. Letters above each box indicate results of Tukey HSD post-hoc tests (α = 0.05), where identical letters denote no significant difference between groups (p > 0.05), and distinct letters indicate significant differences (p < 0.05).
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Figure S4. The pedigree-based DNM rate per generation for different fish species. The 95% CIs are shown except for those that are not available. For more details and references, see Table S7.
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IGV checking
A true de novo mutation must meet trio segregation (present in offspring and absent in parents) and the allele frequency of the mutation of the offspring must be between 0.3 and 0.7. Two situations were found in IGV (Figure 1): a) Parents were homozygous and the offspring was heterozygous; b) parents were homozygous and the offspring was heterozygous, but so many mutations within 100bp and all the mutations were located on the same read. Given that mutation is a rare event, situation 2 could reflect mismapping of similar reads rather than a DNM event. Therefore, only situation 1 was considered as a DNM candidate.
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Figure 1. Identify DNM candidates via IGV.

Sanger sequencing
Before Sanger sequencing, PCR amplification was performed on the sampled trio. The total PCR volume was 30 μl, comprising 50 ng DNA template, 0.4 μM primers, 15 μl of 2× Taq PCR StarMix with loading dye, and 8 μl of deionized water. The PCR program was as follows: initial denaturation at 95°C for 5 min, followed by 30 cycles of denaturation at 95°C for 30 s, annealing at 57°C for 30 s, and extension at 72°C for 45 s, with a final extension at 72°C for 5 min. 

After receiving the pair-end sequencing data, the traces were analyzed using Geneious v2025.0.3 (Kearse et al. 2012). There were three situations (Figure 2): 1) Parents were homozygous and the offspring was heterozygous - true DNM; 2) parents and offspring were homozygous which indicated a false positive signal; 3) one of the parents was heterozygous (richness too low to be detected by IGV) so the heterozygosity of the offspring was inherited - also a false positive signal.
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Figure 2. Validate DNMs via Sanger sequencing.

ANOVA for callable genome (CG) and filtering false negative rate (fFNR)
To dissect the factors underlying this discrepancy, one-way ANOVA was performed on CG and fFNR obtained under different mapping depths or using different approaches at 30x. ANOVA was conducted with mapping depth / different approaches (Table S6) as fixed factors and CG/fFNR as the dependent variable, with statistical significance set at p < 0.05. Post-hoc multiple comparisons were further carried out using Tukey’s honest significant difference (HSD) test to identify pairwise differences in CG and fFNR values across the tested groups, and Benjamini-Hochberg correction was applied to adjust for multiple testing errors. 

Literature search
To better understand methods for minimizing false positives (FPs), we conducted a literature search of de novo mutation studies using the parent-offspring (PO) method. According to Wang & Obbard (2023), 32 papers estimated the de novo mutation rate in non-human species using the PO method. In addition, using Google Scholar, we searched for publications containing the terms "de novo/germline, mutation rate" and limited the search to years after 2023 (including preprint studies). In total, 38 studies were retained for discussion (Table S1, References), of which eight were related to fish species (Table S1 & S6). 

DNM detection in the other family
DNM calling for the other family (including 13 trios, 30x) was performed using the SRS_DeepVariant method, following the standard pipeline described in the main text, with the same filtration criteria. The remaining candidate DNMs were manually inspected in IGV, with only high-confidence DNMs retained for Sanger sequencing. After Sanger sequencing, 44 (out of 55) DNMs were detected, with 21 transitions and 23 transversions (Ts/Tv = 0.913).
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