
Supplementary Figures

Supplementary Figure 1. Photographs and sex identification of experimental specimens.

(A) Scatophagus argus. (B) Scatophagus tetracanthus. (C) Selenotoca multifasciata. (D), (E)

and (F), genetic sexing of Sc. argus, Sc. tetracanthus and Se. multifasciata, respectively. (G)

and (H), histological sections of ovary and testis of Sc. tetracanthus.



Supplementary Figure 2. Hi-C interactions among chromosomes in Sc. tetracanthus

genome. (A) Hi-C interactions among 24 chromosomes in female genomes. (B) Hi-C interactions

among 23 chromosomes in male genomes. Strong interactions are indicated in dark red and weak

interactions are indicated in yellow.



Supplementary Figure 3. Length distribution comparison on total gene, CDS, exon, and

intron of annotated gene models of three Scatophagidae species with other closely related

teleost fish species. Length distribution of total gene, CDS, exon, and intron were compared of Sc.

argus (A), Sc. tetracanthus (B) and Se. multifasciata (C), respectively.



Supplementary Figure 4. Features of male Sc. tetracanthus genome (HapY). (a)

Chromosome length; (b) GC content; (c) Gene density; (d) Repeat sequence; (e) Long terminal

repeated (LTR); (f) Long interspersed nuclear elements (LINE); (g) Simple sequence repeat

(SSR).



Supplementary Figure 5. Karyotypes of Sc. tetracanthus. (A) Karyotypes result statistics

of female Sc. tetracanthus. (B) Karyotypes result statistics of male Sc. tetracanthus. (C)

Single cell chromosome number statistics in female Sc. tetracanthus. (D) Single cell

chromosome number statistics in male Sc. tetracanthus.



Supplementary Figure 6. Manhattan plot of Sc. argus for sex trait association analysis. (A)

Genome-wide association study for a sex determining locus based on 30 females and 30 males,

where the genome-wide significant cutoff value after Bonferroni corrections is shown (red

horizontal line), using the male genome (hapY) as a reference genome. (B) Z-transformed FST

scan for sex determining locus on Chr4. (C) FST scan for sex determining locus on Chr4, using the

female genome as a reference genome.



Supplementary Figure 7. Manhattan plot of Sc. tetracanthus for sex trait association

analysis. (A) Genome-wide association study for a sex determining locus based on 30 females and

30 males, where the genome-wide significant cutoff value after Bonferroni corrections is shown

(red horizontal line), using the male genome (hapY) as a reference genome. (B) Z-transformed FST

scan for sex determining locus on Chr1. (C) Genome-wide association study for a sex determining

locus based on 30 females and 30 males, where the genome-wide significant cutoff value after

Bonferroni corrections is shown (red horizontal line), using the female genome as a reference

genome.



Supplementary Figure 8.Manhattan plot of female Se. multifasciata for sex trait association

analysis. The genome-wide significant cutoff value after Bonferroni corrections is shown (yellow

horizontal line), using the female genome as a reference genome.



Supplementary Figure 9. Quantitative trait locus (QTL) mapping of sex trait based on

the high-resolution genetic map of Sc. argus. (A) The location of sex-related QTLs on LG7

and their respective SNP markers. The X-axis represents the genetic length of linkage groups,

and the Y-axis represents the corresponding LOD values. (B) Identification of sex-specific



genomic region on Chr4 of the female (XX) and male (HapY) genomes using sex-linked SNPs

within the highly significant QTLs. Shaded area indicates X and Y chromosome SDR overlap with

corresponding QTL region.



Supplementary Figure 10. Analysis of sex chromosome in Scatophagidae species. (A)

HiFi sequencing coverage from a male and a female over the X and Y (using chromosome 12



as auto-chromosomes). (B) The SNP density of sex-linked region on sex chromosome.

Sequencing coverage was calculated per 10-kb window (dot). (C) Contents of TE of

sex-linked region on sex chromosome.



Supplementary Figure 11. Syntenic analyses of core sex-determining region in Se.

multifasciata.



Supplementary Figure 12. Circos plots showing the syntenic relation�ships between the

male-specific region and other parts of the genome in Se. multifasciata. The male-specific

regions (MSY) shown in the lower part of plot are scaled in kilobases.



Supplementary Figure 13. Analysis and validation of structural variation (SV) between

X and Y chromosomes in sex determining region of Se. multifasciata. (A) Schematic

diagram showed two SVs including an inversion and an InDel between X and Y

chromosomes. (B) Validation of the inversion by PCR in 7 XX and 7 XY individuals. (C)

Validation of the X specific sequence by qPCR in 7 XX and 7 XY individuals. **: Significant

at the 0.01 level.



Supplementary Figure 14. Expression patterns of sex determining region genes in

gonads.



Supplementary Figure 15. Expression patterns of sex determining region genes in

different tissues.







Supplementary Figure 16. Comparative analysis of promoter sequences (about -1k bp) of

dmrt1a/dmrt1ΔX and dmrt1Y. The start codon of each gene is positioned at 0 kb. TSS,

transcriptional start site.



Supplementary Figure 17. Chromosome conserved synteny in Scatophagidae species.



Supplementary Figure 18. Reconstruction of the ancestral chromosomes for the

Scatophagidae species. Different colored bars represent 13 ancestral chromosomes. Gene

sequences from the same ancestral chromosomes were presented in the same color. Green

arrows mark some translocation, fusion, and fission events.



Supplementary Figure 19. Geographical distribution of the three Scatophagidae species

in this study.


