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Supplementary Fig. 1. Genome assembly metrics. BlobToolKit snailplot showing N50 metrics and BUSCO gene
completeness of the maternal genome assembly. The main plot is divided into 1,000 size-ordered bins around the
circumference with each bin representing 0.1% of the assembly. The distribution of scaffold lengths is shown in dark
grey with the plot radius scaled to the longest scaffold present in the assembly (shown in red). Orange and
pale-orange arcs show the N50 and N90 scaffold lengths, respectively. The pale gray spiral shows the cumulative
scaffold count on a log scale with white scale lines showing successive orders of magnitude. The blue and pale-blue
area around the outside of the plot shows the distribution of GC, AT and N percentages in the same bins as the inner
plot. A summary of complete, fragmented, duplicated and missing BUSCO genes in the vertebrata odb9 set is

shown in the top right.
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Supplementary Fig. 2. Parental origin of mutation on scaffold_8 mat. The de novo mutation identified on
scaffold 8 mat (position: 66018494bp) can be determined to be of paternal origin based on the presence of a
downstream SNP that is segregating in parental samples. In the focal offspring (ind1983) reads spanning both sites
that contain a mutated allele (C) always contain the paternal allele (C) at the segregating site.
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Supplementary Table 1. Directly estimated vertebrate de novo mutation rates with PCR confirmation used to generate Fig. 8.

Class Order Species Common Name Reference | No. trios | Rate (u x 10e7") 95% CI (10e71%)
Actinopterygii | Cichliformes Astatotilapia calliptera Eastern river bream 1 9 35 16 - 46
Aulonocara stuartgranti Flavescent peacock |1 9 35 16 - 46
Lethrinops lethrinus Scarlet Fin Lethrinus 1 9 35 16 - 46
Clupeiformes Clupea harengus Atlantic herring 2 12 20 11-29
Aves Passeriformes Ficedula albicollis Collared flycatcher 3 7 46 34-59
Chondrichthyes| Orectolobiformes | Hemiscyllium ocellatum Epaulette shark This work |9 7 14-141
Mammalia Artiodactyla Bos taurus Cattle 4 5 117 Not reported
Artiodactyla Sus scrofa Wild boar 5 5 36 28-44
Carnivora Canis lupus Wolf 6 4 45 26-71
Felis catus Domestic cat 7 11 86 75-97
Monotremata Ornithorhynchus anatinus | Platypus 8 2 70 41-120
Primates Aotus nancymaae Owl monkey 9 14 81 Not reported
Callithrix jacchus Marmoset 10 1 43 Not reported
Chlorocebus sabaeus Green monkey 11 3 94 Not reported
Gorilla gorilla Gorilla 12 2 113 75-160
Homo sapiens Human 13 1 117 88 - 162
13 1 97 67 - 134
14 78 120 Not reported
15 269 120 Not reported
16 13 128 113 - 143
17 719 105 Not reported
18 1550 129 Not reported
19 150 128 Not reported
20 516 130 Not reported




21 593 110 Not reported
22 1449 122 108 - 131
Macaca mulatta Rhesus macaque 23 14 58 Not reported
24 19 77 69 -85
Microcebus murinus Grey mouse lemur 25 152 128 - 178
Pan troglodytes Chimpanzee 26 6 120 Not reported
27 1 148 Not reported
12 7 126 95-170
Papio anubis Baboon 28 12 57 51-64
Pongo abelii Orangutan 12 1 166 130 - 220
Rodentia Mus musculus House mouse 29 8 57 Not reported
30 15 39 Not reported




Supplementary Table 2. Summary of the pedigree and the sequencing depth used for estimation of the de novo
mutation rate. Sequencing depth was estimated using the samtools ‘depth’ command.

Sample ID Pedigree |Sequencing depth Callable ‘informative’ sites per trio | Accession no.

sHemOce2 |Mother 113 - SAMN36403480
sHemOce3 |Father 135.6 - SAMN36403481
ind1722 Offspring |82 415,534,410 SAMN35791144
ind1835 Offspring |74.7 431,947,407 SAMN35791145
ind1895 Offspring |49.9 426,853,267 SAMN35791146
ind1923 Offspring 195.9 333,716,129 SAMN35791147
ind1925 Offspring |61.9 457,044,582 SAMN35791148
ind1983 Offspring |60.4 426,022,109 SAMN35791149
ind2023 Offspring  |70.1 382,847,039 SAMN35791150
ind2024 Offspring |75.9 386,355,463 SAMN35791151
ind2046 Offspring 160.8 431,490,538 SAMN35791152




Supplementary Table 3. Primer pairs used to amplify genomic regions containing candidate de novo mutations from the parents and offspring.

Supplementary table 3a: Primers for offspring

Target candidate mutation Primer set Fragment size | Primer name Tm |Sequence5'-3'
Scaffold_4 mat: 48132425 PCR primer set 615 bp 1861_HemOce-sc4-3-F 60.07 | AAT TCG AAG GAC CGC AGA TGT
1862_HemOce-sc4-3-R 58.86 | AAG GCA GAA CAG AAG TCC CA
Sequencing primer 1861_HemOce-sc4-3-F - AAT TCG AAG GAC CGC AGATGT
Scaffold_4 mat: 13524629 PCR primer set 1 638 bp 1920 HemOce-sc4-5-F 59.67 | CTG CTG CTG CTG AGA TTT ACG
1921_HemOce-sc4-5-R 59.79 [ TCT TAT CTG TCA GCC AAG GGC
Sequencing primer 1 1920 HemOce-sc4-5-F CTG CTG CTG CTG AGA TTT ACG
Scaffold_8 mat: 66018494 PCR primer set 541 bp 1867 _HemOce-sc8-3-F 59.05|GCC TCA ACC ACA ACT TCA GG
1868_HemOce-sc8-3-R 60.03 | GCC CAG CTG TTA TCA ACC CT
Sequencing primer 1867_HemOce-sc8-3-F - GCC TCA ACC ACA ACT TCA GG
Scaffold_14_mat: 4777531 PCR primer set 1 560 bp 1922_HemOce-sc14-1-F 57.71 | TGT CCA TGG TGA ACA GCA AT
1923_HemOce-sc14-1-R  [59.38 | ACG TAG TTG TGG ACA GAT GCT
Sequencing primer 1 1923 HemOce-sc14-1-R - ACG TAG TTG TGG ACA GAT GCT
PCR primer set 2 507 bp 1924 HemOce-sc14-2-F 59.45|CAAGTGTGAGCAGCTTGATTG A
1925_HemOce-sc14-2-R  [59.96 | AGT TGT GGA CAG ATG CTC CAT T
Sequencing primer 2 1925 HemOce-sc14-2-R - AGT TGT GGA CAGATGCTCCATT
Scaffold_19_mat: 62722441 PCR primer set 603 bp 1873_HemOce-sc19-3-F 60.04 [ TTC CTG AAG CGT GCT GCA TA
1874_HemOce-sc19-3-R [ 60.18 | CAT TAC ACA AAC GGT CGC GG
Sequencing primer 1869 HemOce-sc19-1-F - ACT GGA CGC TTC TGC AAT CA
Scaffold_24 mat: 38442575 PCR primer set 558 bp 1877_HemOce-sc24-2-F 59.18 [ TGG CAA GAT CAC GGA GGT AG
1878_HemOce-sc24-2-R  [59.6 | TCT ACA AAC ACT GCC CCA GG
Sequencing primer 1877_HemOce-sc24-2-F - TGG CAA GAT CAC GGA GGT AG
Scaffold 28 mat: 17411576 PCR primer set + 281 bp 1881_HemOce-sc28-1-F 60.07 | ACA GAA TTA CCC CCG GTA GG
Sequencing primer set 1 1882_HemOce-sc28-1-R  |60.04 | CTT TCC AAC CAT CCA GAG GA




PCR primer set + 640 bp 1883_HemOce-sc28-2-F 60.18 | TAC CCC CGG TAG GGA AAC AA
Sequencing primer set 2 1884_HemOce-sc28-2-R  |59.97 | CAG CTC GGG TGT AGT TTG GT
PCR primer set + 536 bp 1885_HemOce-sc28-3-F 59.89 | AGA GGA GGG CAA AAA GGT GG
Sequencing primer set 3 1886_HemOce-sc28-3-R  [60.11 | TAG GCC ATG GGT ACC TCT CC
PCR primer set 576 bp 1889_HemOce-sc36-2-F 59.5 [AAAGCA GAAAACCTTGTGCAGT
1890_HemOce-sc36-2-R  [60.39 | TGG GCC ACG ATC AAT GTC TG
Scaffold_36_mat: 8326154 Sequencing primer 1889 HemOce-sc36-2-F - AAA GCA GAAAAC CTT GTGCAGT
Scaffiold_51_mat: 8719242 PCR primer set 642 bp 1926_HemOce-sc51-1-F 60.88 | CTC GGC GAA CAG AAC CAC AA
1927_HemOce-sc51-1-R ~ [59.08 | TGG TCC TCT ATC TGT CGG GA
Sequencing primer 1927_HemOce-sc51-1-R - TGG TCC TCT ATC TGT CGG GA
Scaffold_158 mat: 387249 PCR primer set 734 bp 1930 _HemOce-sc158-1-F | 59.75| GGT CAG GGA AGC TGA ACG AT
1931_HemOce-sc158-1-R | 60.18 | TGA TGA AGG GCT TTT GCC CA
Sequencing primer 1930_HemOce-sc158-1-F |- GGT CAG GGA AGC TGA ACG AT
Supplementary table 3b: Primers for parents
Target candidate mutation Primer set Fragment size | Primer name Tm |Sequence5'-3'
Scaffold_4 mat: 48132425 Primer set 1 278 bp 1857 _HemOce-sc4-1-F 59.96 | GCA CCA CCA CCT CCATTA CA
1858_HemOce-sc4-1-R 57.9 [TGG TCC AGT CAT GTT TGT TGT
Primer set 2 578 bp 1859_HemOce-sc4-2-F 60.11| TTC GAA GGA CCG CAG ATG TC
1860_HemOce-sc4-2-R 60.03 | CCT CCT GCA GGG GCA TTA AA
Primer set 3 615 bp 1861_HemOce-sc4-3-F 60.07 | AAT TCG AAG GAC CGC AGA TGT
1862_HemOce-sc4-3-R 58.86 | AAG GCA GAA CAG AAG TCC CA
Scaffold_4 mat: 13524629 Primer set 1 544 bp 1918_HemOce-sc4-4-F 60.14 [ GGT GAA AAC GTG TTG CTG GTT
1919_HemOce-sc4-4-R 59.38 | TTC CCA CAC TGA TCC AGC TC
Primer set 2 638 bp 1920 HemOce-sc4-5-F 59.67 | CTG CTG CTG CTG AGA TTT ACG
1921_HemOce-sc4-5-R 59.79 [ TCT TAT CTG TCA GCC AAG GGC




Primer set 3 681 bp 1920 HemOce-sc4-5-F 59.67 | CTG CTG CTG CTG AGA TTT ACG
1920A_HemOce-sc4-6-R |59 CAG AGG CTG CTC TTG GAG TG
Scaffold_8 mat: 66018494 Primer set 1 329 bp 1863_HemOce-sc8-1-F 60.67 | GGC ACG ACC ACAGCATCT T
1864_HemOce-sc8-1-R 60.18 | CGC ATT TTA GCC TGT GGC TTT AT
Primer set 2 532 bp 1865_HemOce-sc8-2-F 59.68 | TAC TTC AGA CAC CAG GCA CG
1866_HemOce-sc8-2-R 59.68 [ GCC TTC TGT CTC TTG CCT CA
Primer set 3 541 bp 1867_HemOce-sc8-3-F 59.05| GCC TCA ACC ACA ACT TCA GG
1868_HemOce-sc8-3-R 60.03 [ GCC CAG CTG TTA TCA ACC CT
Scaffold_14_mat: 4777531 Primer set 1 560 bp 1922_HemOce-sc14-1-F 57.71 | TGT CCA TGG TGA ACA GCA AT
1923_HemOce-sc14-1-R | 59.38 | ACG TAG TTG TGG ACA GAT GCT
Primer set 2 507 bp 1924 HemOce-sc14-2-F 59.45|CAAGTGTGAGCAGCTTGATTG A
1925_HemOce-sc14-2-R | 59.96 | AGT TGT GGA CAG ATG CTC CAT T
Primer set 3 596 bp 1924 HemOce-sc14-2-F 59.45|CAAGTGTGAGCAGCTTGATTG A
1924A_HemOce-sc 14-3-R |58 GAA AGA TGC TTT GAT TTA CAT GCA CC
Scaffold_19 mat: 62722441 Primer set 1 279 bp 1869 HemOce-sc19-1-F 59.96 | ACT GGA CGC TTC TGC AAT CA
1870_HemOce-sc19-1-R | 59.32| GCT GAC CAC AAA AGA AGC AGT
Primer set 2 748 bp 1871_HemOce-sc19-2-F 60.03 | TGC ATG CCA CGG TCC TATTT
1872_HemOce-sc19-2-R | 59.96 | TCC ATT GAA CAC AGC CCT CC
Primer set 3 603 bp 1873_HemOce-sc19-3-F 60.04 | TTC CTG AAG CGT GCT GCA TA
1874_HemOce-sc19-3-R | 60.18 | CAT TAC ACA AAC GGT CGC GG
Scaffold 24 mat: 38442575 Primer set 1 303 bp 1875_HemOce-sc24-1-F 60.09 | TCT GGC TGT TCC TTT TTGAGG T
1876_HemOce-sc24-1-R | 59.96 | CTT CGC CCA ACA GTT CCT CT
Primer set 2 558 bp 1877_HemOce-sc24-2-F 59.18 [ TGG CAA GAT CAC GGA GGT AG
1878_HemOce-sc24-2-R | 59.6 |TCT ACA AAC ACT GCC CCA GG
Primer set 3 545 bp 1879_HemOce-sc24-3-F 59.39 | CTG GTC ACA GAC CTC CAG TC
1880_HemOce-sc24-3-R | 60.25 | ACT TCG CCC AAC AGT TCC TC
Scaffold 28 mat: 17411576 Primer set 1 281 bp 1881_HemOce-sc28-1-F 60.07 | ACA GAA TTA CCC CCG GTA GG




1882_HemOce-sc28-1-R | 60.04 | CTT TCC AAC CAT CCA GAG GA
Primer set 2 640 bp 1883_HemOce-sc28-2-F 60.18 [ TAC CCC CGG TAG GGA AAC AA
1884_HemOce-sc28-2-R | 59.97 | CAG CTC GGG TGT AGT TTG GT
Primer set 3 536 bp 1885_HemOce-sc28-3-F 59.89 | AGA GGA GGG CAA AAA GGT GG
1886_HemOce-sc28-3-R | 60.11 | TAG GCC ATG GGT ACC TCT CC
Scaffold_36_mat: 8326154 Primer set 1 331bp 1887_HemOce-sc36-1-F 57.94 | GCA AAA GTATGA GTT GAATGC CT
1888_HemOce-sc36-1-R | 58.6 |TTC CCT CCT CTT CCT CTC CT
Primer set 2 576 bp 1889_HemOce-sc36-2-F 59.5 [AAA GCA GAAAACCTTGTGCAGT
1890_HemOce-sc36-2-R | 60.39 | TGG GCC ACG ATC AAT GTC TG
Primer set 3 677 bp 1891_HemOce-sc36-3-F 58.23 [ AGC AGA AAA CCT TGT GCA GT
1892_HemOce-sc36-3-R | 59.76 | GCT CAC TAG CGT GAG GAA CA
Scaffiold_51_mat: 8719242 Primer set 1 642 bp 1926_HemOce-sc51-1-F 60.88 [ CTC GGC GAA CAG AAC CAC AA
1927_HemOce-sc51-1-R | 59.08 | TGG TCC TCT ATC TGT CGG GA
Primer set 2 626 bp 1928_HemOce-sc51-2-F 60.33 [ ACA GCC CTC CAATCT CCG TA
1929_HemOce-sc51-2-R | 59.96 | AAA GGG AGC ATT CAG CGT CA
Scaffold_158 mat: 387249 Primer set 1 734 bp 1930 _HemOce-sc158-1-F | 59.75| GGT CAG GGA AGC TGA ACG AT
1931_HemOce-sc158-1-R | 60.18 | TGA TGA AGG GCT TTT GCC CA
Primer set 2 608 bp 1932_HemOce-sc158-2-F | 58.92 | TTG GTA AAG CAT TTC TGT CTC CC

1933_HemOce-sc158-2-R

60.6

GAC CTG CTT TGC TTT TCC AGC
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