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Supplementary Tables

Table S1: Genome assemblies used for training

Assembly Accession Assembly Name — Organism Name

GCF_000001735.4 TAIR10.1 Arabidopsis thaliana
GCF_000309985.2 CAAS Brap_v3.01 DBrassica rapa
GCF_000633955.1 Cs Camelina sativa
GCF_000375325.1 Caprubl_0 Capsella rubella
GCF_000150535.2 Papayal.O Carica papaya
GCF_000478725.1 Eutsalgl 0 Eutrema salsugineum
GCF_000801105.1 Rs1.0 Raphanus sativus
GCF_000463585.1 ASM46358v1 Tarenaya hassleriana

Table S2: Test perplexity. Perplexity, defined as the exponentiation of the cross-entropy loss, is
equivalent to 1 over the probability given to the correct nucleotide. Arabidopsis thaliana chromo-
somes 4 and 5 were used for validation and testing, respectively. Note that reducing the repeat
weight leads to improved test perplexity in non-repetitive regions, which are often of greater inter-
est. Compared to full down-weighting, moderate down-weighting results in a similar improvement
in perplexity for non-repetitive regions without sacrificing genome-wide perplexity as much.

Model Chromosome-wide Non-repeat regions
Repeat weight 1 2.88 2.99
Repeat weight 0.1 2.90 2.92
Repeat weight 0 3.03 2.92

Table S3: Training hyperparameters

Window size (L) 512

Repeat weight 0.1

Embedding dimension (D) 512

Convolutional blocks 25

Convolutional kernel size 9

Convolutional dilation schedule 1,2,4,8,16,32,1,2,4,8,16,32,...

Optimizer AdamW

Weight decay 0.01

Batch size 2048

Learning rate 1073 for 120 K steps +
decaying (cosine) for 30 K steps

Learning rate warmup 1 K steps




Supplementary Figures
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Figure S1: UMAP visualization of k-mer spectrum of different windows, as in Fig. 2,
annotated with gene region. (a,b) k=3. (¢,d) kK =6.
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Figure S2: UMAP visualization of GPN embeddings, as in Fig. 2, annotated by repeat
family.
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Figure S3: Additional GPN sequence logos.
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Figure S5: Promoter motifs predicted by GPN and matching motifs in Plant TFDB.
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Figure S5: (Continued)
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Figure S5: (Continued)
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Figure S6: Comparison of GPN models trained with different loss weights on repeats.
(a) Cumulative distribution function of GPN scores for simulated variants in specific categories, as
described in Fig. 4. (b) Percentage of simulated repeat variants scored lower than the first decile of
simulated missense variants. (c¢) Odds ratios for rare (AC = 1) vs. common (AF > 5%) variants,
as described in Fig. 5c. AC: allele count. AF: allele frequency. (d) Odds ratios for GWAS hits, as
described in Fig. 6c.
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Figure S7: Cumulative distribution function of allele frequency (AF) for variants in
different GPN score bins, as described in Fig. 5b.
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Figure S8: Rare vs. common odds ratios for different thresholds for defining rare and
common variants. Odds ratios (OR) were calculated as described in Fig. 5c.
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Figure S9: Rare vs. common odds ratios for specific variant categories and different
thresholds for defining functional scores. Odds ratios (OR) were calculated as described in
Fig. 5c. Only significant odds ratios are shown. The most stringent threshold in 5> UTR was
excluded due to certain models having less than 10 counts in an entry of the contingency table.
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Figure S10: Comparison of GPN models trained on a different number of species.
(a) Odds ratios for rare (AC = 1) vs. common (AF > 5%), as described in Fig. 5c. AC: allele
count. AF: allele frequency. (b) Odds ratios for GWAS hits, as described in Fig. 6c.
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Figure S11: GWAS hit odds ratios for different thresholds for defining functional-
tagged scores. Odds ratios (OR) were calculated as described in Fig. 6c.
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Figure S12: Odds ratios for GWAS hits, using the Bonferroni correction instead of
permutation-based significance threshold, as described in Fig. 6¢c. Only significant odds
ratios are shown.
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