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Fig. S9. The most important motifs detected in different species and sexes.
(A)The top 3 detected motifs from the Mouse(11) and Yeast(6) datasets. (B)The top 3 detected
motifs from the paternal and maternal genetic maps, respectively.
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Recombination Rate Differences Across Sexes
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Fig. S10. Recombination rate comparison between paternal and maternal motifs.
Statistical comparison of the recombination rate between the detected paternal and maternal motifs.
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Fig. S11. Detailed motif embedding results across species.
Embedding vectors in 2D space across different species. The central region is bounded by a red
bounding box, and the outliers are defined by comparing the local density of a sample to the local
densities of its 50 neighbors. The top 5 ranked motifs are visualized for both central and outlier

motifs.
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1192 Fig. S12. Detailed motif embedding results across sexes.

1193  Embedding vectors in 2D space across different sexes. The central region is bounded by a red
1194  bounding box, and the outliers are defined by comparing the local density of a sample to the local
1195  densities of its 50 neighbors. The top 5 ranked motifs are also visualized for both central and outlier

1196  motifs.
1197
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Fig. S13. 2-mer heatmap visualization of the entire genome.

Heatmaps of 2-mer distributions over the entire genome. Each grid represents the 2-mer appearance
frequency (AA, AC, AG, AT, CA, CC, CG, CT, GA, GC, GG, GT, TA, TC, TG, TT) across
GRCh38 human reference genome, GRCm38/mm10 reference genome, and S288C Yeast reference
genome.
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1207

1208  Fig. S14. Linearly regressed embedding results across populations.

1209  The embedding results with regression models for five different populations.
1210
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1214  Fig. S15. Embedding results across populations.
1215  The overall embedding results within the same 2D space for five different populations.
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5-fold Cross-validation Imbalanced Testing

Hotspots Coldspots Hotspots Coldspots
Icelandic 20,000 20,000 5,467 95,733
2019(53)

51.07cM/Mb 1.78e10-10 43.18cM/Mb 0.07 cM/Mb

cM/Mb

17,552 17,547 —
HapMap 1 ' !
2008(54) 10.5cM/Mb 0.5cM/Mb

5,000 5,000 —

Sperm 2020(/3) 19.96cM/Mb 1e10-20 cM/Mb

Table S1. Statistics of recombination hotspot dataset across different studies.

Statistical comparison of our hotspots/coldspots construction across different studies on the human
genome, with an imbalanced testing dataset on Icelandic 2019 dataset. The average recombination
rate of each study is attached under each row.
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Hotspots Coldspots
Icelandic Paternal @ 15,000 15,000
44.13cM/Mb 1.2e10-14cM/Mb
Icelandic Maternal 20,000 20,000
48.28cM/Mb 1.8e10-11cM/Mb
Mouse(/ /) 9,620 9,620
Yeast 468 468

1226
1227  Table S2. Statistics of recombination hotspot dataset across different species and sexes.
1228  Statistical comparison of dataset construction across different sexes and different species. The

1229  average recombination rate of each study is attached under each row.
1230
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Population Code  Population Hotspots Coldspots
AFR African ggigggwa g%g?ch/Mb
AMR Admixed American %géggM Mb ésoég(Z)CM /Mb
EAS East Asian g;igng/Mb S?dgigw Mb
EUR European géigggM/Mb g.ldgggclvl/wlb
SAS South Asian ggigigM/Mb g.zdggch/Mb

Table S3. Statistics of recombination hotspot dataset across different populations.
Statistical comparison of the 1000 Genome(18) dataset construction across five populations with
corresponding recombination rate over each population.
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1239

Data Method F1 Score % Accuracy % MCC %
RHSNet 63.61 (£1.94) 66.47 (£0.62) 33.45 (£1.41)
Icelandic(53) Equivariant CNN(52) 62.66 (+2.09)  65.93(+0.51)  32.54 (+1.35)
CNN 60.30 (+2.51) 62.96 (+0.99) 26.29 (+2.09)
RHSNet-chip 64.49 (+1.85) 66.23 (+0.87) 32.71 (+£1.83)
Paternal Map & RHSNet 63.17 (+158)  66.11(+0.72)  32.70 (+1.84)
Icelandic(53) Equivariant CNN(52) 63.08 (+1.58)  65.79(+£0.92)  31.99 (+2.01)
CNN 60.31 (+2.62) 61.80 (+1.57) 23.80 (+3.18)
RHSNet-chip 64.05 (+£2.06) 65.57 (£0.78) 31.56 (+£1.49)
Maternal Map @ RHSNet 63.17 (£2.11) 65.47 (+0.75) 31.34 (+1.48)
Icelandic(53) Equivariant CNN(52) 61.99 (x2.46)  64.74 (£0.66)  29.98 (+1.42)
CNN 60.55 (+1.80) 62.35 (+0.98) 24.95 (+2.11)
RHSNet 61.49 (£1.72) 64.02 (£0.44) 29.39 (£1.08)
HapMap 11(54) Equivariant CNN(52) 60.07 (+2.09)  63.81 (+0.64)  28.25 (+1.54)
CNN 57.89 (+2.68) 60.28 (+1.37) 20.84 (+2.88)
RHSNet 68.92 (+3.51) 67.95 (£1.55) 36.55 (+3.0)
Sperm(54) Equivariant CNN(52) 67.87 (+x2.41) 67.15 (+0.93) 34.62 (+1.71)
CNN 68.33 (+2.43) 66.32 (+1.12) 33.21 (+2.43)
RHSNet 87.31 (£0.78) 86.32 (£0.72) 73.59 (£1.54)
Mouse(11) Equivariant CNN(52) 73.93 (+4.48) 75.41 (+£3.32) 51.32 (+6.52)
CNN 76.77 (+1.71) 76.25 (+£0.94) 52.07 (£1.94)

1240  Table S4. Detailed overall classification performance statistics on different datasets.

1241  Detailed classification performance of the proposed RHSNet-chip and RHSNet, compared with the
1242 baseline CNN model and the existing Equivariant CNN(52). RHSNet shows outstanding prediction
1243  performance on multiple benchmark datasets: Icelandic(53), HapMap 11(54), Sperm(13), and
1244  Mouse(11), which are across different studies, sexes, and species.
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Method lambda weight Overall Accuracy%o
RHSNet -- -- 64.02
Equivariant CNN - - 63.55
Baseline -- -- 60.28
PseAAC + SVM 3 0.05 54.24
PseAAC + SVM 5 0.05 53.96
PseAAC + SVM 10 0.05 54.61
PseAAC + SVM 20 0.05 54.92

Table S5. Comparison of RHSNet against shallow learning methods.

Statistical results on the HapMap 11(54) dataset, comparing the proposed RHSNet with another
bassline method: PseAAC(55) + Support Vector Machine (SVM(56)) classifier. Multiple
experiments with different sets of parameter lambda for pseudo-feature extraction are conducted.
The deep learning-based methods show a significant edge over the SVM-based classifier.
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Study PRDMO allele hit@20 hit@50 hit@100
PRDM9-A 9 35 83
Icelandic
PRDM9-C 0 6 10
PRDM9-A 5 16 49
HapMap Il
PRDM9-C 3 7 18
PRDM9-A 19 35 69
Sperm
PRDM9-C 1 5 6

1253

1254  Table S6. PRDM9 alleles identification across different studies.

1255  The hit@?20/50/100 results of the RHSNet’s identification across different studies.
1256

1257

1258
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Population PRDMZ9 allele hit@20 hit@50 hit@100

PRDM9-A 20 58 124
African

PRDM9-C 0 0 8

PRDM9-A 19 25 44
American

PRDM9-C 0 4 12

PRDM9-A 0 2 7
East Asian

PRDM9-C 0 2 3

PRDM9-A 14 24 48
European

PRDM9-C 0 3 4

PRDM9-A 30 71 90
South Asian

PRDM9-C 0 2 2

1260
1261  Table S7. PRDMB9 alleles identification across different populations.
1262 The hit@20/50/100 results of the RHSNet’s identification across different populations.
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