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Extended Data Fig. 7 | Strand asymmetry spectra for SNP DNMs. The count classes: maternal C > A (Fisher’s test p-value: 0.039), maternal C > G (Fisher’s test
of phased SNP DNMs within the regions of enriched DNM rate around oNCOs, p-value: 2.3-10°), and maternal C > T (Fisher’s test p-value: 7.0-10°), and paternal
i.e. within 3 kb for paternal DNMs and within 100 kb for maternal DNMs. Strand CpG > TpG (Fisher's test p-value: 4.7-1C°).

asymmetry of DNM variants and their complement is observed in four mutation



Extended Data Table 1| Cohort and recombination data

Paternal Maternal
Number of offspring 5,420 5,420
Total MPPs 4,229,340,533 4,288,524,590
Observed NCOs (oNCOs) 12,948 15,712
Gene-converted sequence variants 17,109 45,653
SNPs 15,955 43,108
Indels 1,154 2,545
Gene conversion rate (per million MPPs) 4.05(3.83-4.32) 10.6 (10.2-11.2

Gene-converted variants per oNCO
oNCOs per offspring
Short oNCOs
Extended oNCOs
# NCOs per offspring
Short NCOs
Extended NCOs
Proportion of NCOs
Short NCOs (%)
Extended NCOs (%)
Proportion of oNCOs
Short oNCOs (%)
Extended oNCOs (%)
Average length of NCOs
Short NCOs (bp)
Extended NCOs (kb)
# COs per offspring
# DSBs per meiocyte
NCO/CO ratio per meiocyte

Allele selection biases - gene-converted variants

SNPs: GC bias (%)

Indels: Insertion bias (%)

Allele selection biases - non-gene-converted variants

SNPs: GC bias (%)
Indels: Insertion bias (%)

1.32 (1.26-1.40)
2.39 (2.33-2.44)
2.05 (1.69-2.14)
0.33(0.27-0.69)

105.0 (95.9, 125.0)

103.8 (94.2, 123.7)

1.2(0.7, 6.4)

98.86 (94.12, 99.38)
1.14 (0.62, 5.88)

86.01 (69.30, 88.85)
13.99 (11.15, 30.70)

123 (94, 135)
7.2(1.8,11.8)
26.8 (26.7, 26.9)
474 (438, 554)
7.84 (7.16, 9.33)

61.9 (60.6-63.3)
44.9 (42.1-47.8)

47.6 (44.2-51.9)
48.8 (40.3-58.6)

2.91(2.79-3.03
2.90 (2.83-2.97
1.21 (1.00-1.31
1.69 (1.60-1.89
81.6(66.7, 103.1
76.0 (61.4, 97.6)
56 (4.7,7.7)

9311 (90.07, 94.90)
6.89 (5.10, 9.93)

41.83 (33.86, 44.98)
58.17 (55.02, 66.14)

102 (71, 125)
9.1 (6.8, 10.8)
41.7 (41.5, 42.0)
410 (350, 496)
3.91(3.20, 4.94)

65.5 (64.7-66.2)
62.5 (60.4-64.4)

68.0 (66.6-69.5)
74.6 (70.9-77.9)

The total number of meioses and MPPs in the study, along with the number of oNCOs and
gene-converted markers. Also shown are the number of oNCOs and NCOs, split into short
and extended events. 95% confidence intervals are shown in parentheses where applicable.
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Extended Data Table 2 | Relative rates of o0NCOs and COs' in
annotated regions of the genome

Paternal Maternal

Annotation oNCOs COs oNCOs COs

deCODE CO hotspots' 22.4(21.9,22.8) 50.03 (49.98,50.08)  13.7 (13.4,14) 43.07 (43.03,43.12)
DMCH1 hotspots 01! 424 (41.6,43.2) 54.62 (54.49,54.74)  19.3 (18.8,20) 38.81(38.73,38.90)
Altemose PRDM9 +500 bp?® 7.47 (7.31,7.64) 7.29(7.27,7.31) 4.95 (4.82,5.09) 7.12(7.11,7.14)
Altemose H3K4me3 +500 bp*® 3.90 (3.83,3.98) 3.93(3.92,3.94) 2.96 (2.89,3.02) 4.00 (3.99,4.00)
C>G enriched regions? 0.96 (0.92,1.01) 1.47 (1.46,1.48) 1.54 (1.48,1.60) 1.16 (1.15,1.16)
Refseq Exons”" 1.69 (1.43,1.97) 0.91(0.90,0.92) 1.62 (1.38,1.89) 0.96 (0.95,0.97)

ChromHMM?° Strongly Transcribed (Tx) 1.52 (1.38,1.67)

0.37 (0.36,0.37)

1.26 (1.17,1.36)

0.51(0.50,0.51)

The CO hotspots used are from sex-specific genetic maps'. The ChromHMM annotation*° for
paternal and maternal meiosis is a consensus annotation (Supplementary note 6.3) for several
samples measured in testis and ovary, respectively.



Extended Data Table 3 | Enrichment of DNMs near NCO and
COs and the estimated contribution of recombination to the
total DNMs rate

Paternal Maternal

All genome All genome In C>G enriched regions

DNMs enrichment near NCOs — full cohort

Enrichment within 0 to 1 kb 142.3 (105.8, 183.2) 125.5 (65.7, 197.0) 119.1(35.4, 228.7)
Enrichment within 1 to 3 kb 10.4 (3.7, 19.1) 48.2 (217, 79.0) 84.8(31.0, 151.3)
Enrichment within 3 to 40 kb 19(1.2,2.7) 37.0(29.3, 44.9) 91.4(72.7,111.8)
Enrichment within 40 to 100 kb 1.3(0.9,1.7) 4.9(3.3,6.8) 12.4 (7.7, 18.0)
DNMs enrichment near NCOs — maternal at age = 20 years (17.5 to 22.5)
Enrichment within 0 to 1 kb 132.4 (5.6, 339.5) 47.5(0.0, 142.9)
Enrichment within 1 to 3 kb 14.7 (0.0, 49.6) 47.9(0.0, 151.0)
Enrichment within 3 to 40 kb 6.2(1.6,13.2) 37.2(6.0,73.8)
Enrichment within 40 to 100 kb 0.6 (0.2,0.7) 1.0 (0.3, 1.6)
DNMs enrichment near NCOs — maternal at age = 40 years (37.5 to 42.5)
Enrichment within 0 to 1 kb 476.8 (128.5, 919.2) 253.1(0.0, 644.0)
Enrichment within 1 to 3 kb 7.3(0.0,184) 9.0(0.0,25.7)
Enrichment within 3 to 40 kb 72.7 (40.6, 111.9) 105.0 (51.4, 166.8)
Enrichment within 40 to 100 kb 12.8 (4.5, 23.6) 21.2(5.1,40.2)
Contribution to DNMs rates — full cohort
From NCOs 1.69% (1.22%-2.15%) 10.95% (8.74%-13.03%) 38.39% (31.12%-45.99%)
From COs 0.11% (0.07%-0.16%)  0.38% (0.24%-0.59%)  0.44% (0.28%-0.67%)
Total due to DSBs 1.80% (1.29%-2.31%) 11.3% (9.0%-13.6%)  38.8% (31.4%-46.7%)
Maternal at age = 20 years 2.0% (0.6%-3.9%) 8.2% (1.9%-15.8%)
Maternal at age = 40 years 31.0% (18.6%-44.8%) 80.4% (45.0%-122.0%)

The contribution to the DNMs rate is computed from the elevation and the estimated numbers
of NCOs and COs per offspring. For COs we use the enrichment estimates from a prior
publication' and the CO count of the current cohort.
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Recombination maps, proband information, gene conversions, oNCOs and DNMs are available at https://doi.org/10.5281/zenodo.14025565.
GRCh38, http://ftp.1000genomes.ebi.ac.uk/voll/ftp/technical/reference/GRCh38_reference_genome/.
GIAB WGS samples https://ftp-trace.ncbi.nim.nih.gov/ReferenceSamples/giab/data/.
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Beyter et al. SV data https://github.com/DecodeGenetics/LRS_SV_sets.

Refseq https://www.ncbi.nlm.nih.gov/refseq/.

Eichler SV calls are shared on dbVar (https://www.ncbi.nlm.nih.gov/dbvar) under accession dbVar:nstd162.
DMC1 hotspots https://www.science.org/doi/suppl/10.1126/science.aaul043/suppl_file/aau1043_datas2.gz

Altemose et. al. PRDM9 data:
https://ftp.nchi.nim.nih.gov/geo/series/GSE99NNn/GSE99407/suppl/GSE99407%5FChIPseq%5FPeaks.YFP%5FHumanPRDM9.antiGFP.protocolN.p10e%
2D5.sep250.Annotated.txt.gz

Altemose et. al. H3K4me3 data:
https://ftp.nchi.nim.nih.gov/geo/series/GSE99NNn/GSE99407/suppl/GSE99407%5FChIPseq%5FPeaks.YFP%5FHumanPRDM9.antiH3K4me3.protocolN.p10e%
2D5.sep250.txt.gz

Gnomad SVs http://gnomad-sg.org/downloads.

CO recombination data https://www.science.org/doi/suppl/10.1126/science.adh2531/suppl_file/science.adh2531_data_s1.zip
https://www.science.org/doi/suppl/10.1126/science.adh2531/suppl_file/science.adh2531_data_s2.zip

The raw sequence data and the Icelandic genealogical database cannot be made publicly available because Icelandic law and the regulations of the Icelandic Data
Protection Authority prohibit the release of individual-level and personally identifying data. Data access for raw data can be granted for scientific purposes only at
the facilities of deCODE genetics in Iceland, subject to Icelandic law regarding data usage. Anyone wishing to gain access to the data should contact B.V.H.
(bjarni.halldorsson@decode.is) or K.S. (kstefans@decode.is). Requests are access are generally considered monthly.

Summary statistics for GWAS studies will be made available prior to publication at https://www.decode.com/summarydata/
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Ethics oversight All participants were Icelanders who signed an informed consent form and donated biological samples for genotyping as part
of various research projects at deCODE genetics approved by the National Bioethics Committee (NBC) in Iceland. Processing
of

data was performed in agreement with the approvals issued by the National Bioethics Committee (NBC) and conditions set by
the Data Protection Authority (DPA) (ref. PV_2017060950pS) on procedures to ensure security in the processing of personal
data for the scientific research within the health sector conducted by deCODE genetics and the Act on Scientific Research in
the Health Sector No. 44/2014.
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