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Fig. S1 Distribution of neutral tree size (expected number of nucleotide substitutions under a neutral 

model) by category of DNA bases. Neutral tree size was calculated as previously described [14]. 

Monomorphic sites: sites with no observed polymorphism within maize. SNPs: observed polymorphisms 

in Hapmap 3.2.1, a representative panel of inbred lines in maize [15]. SNPs in hybrid panels: subset of 

SNPs observed in Hapmap 3.2.1, which are also observed in two panels of hybrid crosses between inbred 

lines and testers [16]. 
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Fig. S2 Classification accuracy for different hyperparameters of the probability random forest in PICNC. 

Accuracy: percentage of correct calls, i.e., the percentage of sites in chromosome 8 for which predicted 

PNC (rounded) equaled observed PNC, over three replicates. Accuracy was weighted to account for 

imbalance with respect to PNC (see Methods). Hyperparameters in the probability random forest were the 

number of trees in the probability random forest (x-axis) and the number of sampled variables per tree (y-

axis).  
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Fig. S3 Prediction accuracy of regression random forests for experimental gene annotations, by UniRep 

variables. UniRep variables are generated by the 256-unit UniRep model. Prediction accuracy is the 

Pearson correlation coefficient between predicted values and observed values. Expression is quantified by 

RNA abundance (over 23 tissues) and protein abundance (over 32 tissues) based on the gene expression 

atlas of [94]: median expression, and number of tissues with non-zero expression level. SNP density: 

percentage of segregating SNP sites in genes (MAF ≥ 0.01 in Hapmap 3.2.1). Nonsyn.-to-syn. SNP ratio: 

ratio of nonsynonymous-to-synonymous SNPs (Pn/Ps) within each gene. Proportion of nonsyn. SNPs: 

fraction of nonsynonymous SNPs over the total number of SNPs (Pn/(Pn+Ps)) within each gene.  
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Fig. S4 Concordance between importance of protein features (UniRep variables) for phylogenetic 

nucleotide conservation (PNC) across species and measures of gene variability within species. Importance 

of protein features was inferred from the full PICNC model (y-axis) and from random forest models 

regressing measures of gene variability on protein features (x-axis). SNP density: percentage of 

segregating SNP sites in genes (MAF ≥ 0.01 in Hapmap 3.2.1). Nonsyn.-to-synonymous SNP ratio: ratio 

of nonsynonymous-to-synonymous SNPs (Pn/Ps) within each gene. Proportion of nonsynonymous SNPs: 

fraction of nonsynonymous SNPs over the total number of SNPs (Pn/(Pn+Ps)) within each gene. ρ: 

Spearman correlation coefficient. 

  



 

 

5 

 

 

Fig. S5 Classification accuracy for PNC for different categories of DNA sites. Accuracy: percentage of 

correct calls, i.e., the percentage of sites in chromosome 8 for which predicted PNC (rounded) equaled 

observed PNC, over three replicates. Accuracy was weighted to account for imbalance with respect to 

PNC (see Methods). CDS (Non-Syn.): nonsynonymous mutations in protein coding regions. UTR+Intron: 

mutations in non-coding parts of the transcribed region: 3’ untranslated region (UTR), 5’ UTR, and 

introns. Intergenic: mutations within 1 kb of transcribed regions. Mutation type & SIFT score: Mutation 

type (missense, STOP gain or STOP loss), SIFT score (with missing values set to 1) and SIFT class 

(“constrained” if SIFT score ≤ 0.05, “tolerated” otherwise). Genomic structure: GC content, k-mer 

frequency, transposon insertion. Mutagenesis scores: in silico mutagenesis scores for UniRep variables. 

Protein features: UniRep variables, generated by the 256-unit UniRep model; intergenic mutations were 

described by the protein features of the nearest gene. Distance to the nearest gene: distance between the 

mutation and the boundary of the nearest gene.  
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Fig. S6 Difference in SNP variability at genes prioritized by SIFT score or phylogenetic nucleotide 

conservation (PNC), in maize or sorghum. Maize SNPs: observed polymorphisms in the Hapmap 3.2.1 

panel [15]; Sorghum SNPs: observed polymorphisms in the sorghum haplotype panel of Lozano et al. 

(2021) [21]. Difference in gene annotations between prioritized genes and all genes (y-axis); SNP density: 

percentage of segregating SNP sites in genes (MAF ≥ 0.01 in Hapmap 3.2.1); Proportion of 

nonsynonymous SNPs: fraction of nonsynonymous SNPs over the total number of SNPs (Pn/(Pn+Ps)) 

within each gene; Nonsyn.-to-synonymous SNP ratio: ratio of nonsynonymous-to-synonymous SNPs 

(Pn/Ps) within each gene. Genes were prioritized by selecting SNPs with SIFT conservation (1 – SIFT 

score) or predicted PNC above the 50%, 90%, 99%, or 99.9% percentile, or observed PNC equal to 1 

(tree size > 5, substitution rate < 0.05). Error bars and dotted lines represent 95% confidence intervals in 

two-sample t-tests, for SIFT score or predicted PNC, and observed PNC, respectively.  



 

 

7 

 

 



 

 

8 

 

 



 

 

9 

 

 



 

 

10 

 

Fig. S7 Enrichment of genes prioritized by SIFT conservation (1 – SIFT score) or phylogenetic nucleotide 

conservation (PNC), for gene ontology (GO) classes. Enrichment: effect of maximum conservation score 

(observed PNC, predicted PNC or SIFT conservation) in each protein coding sequence on the odds ratio 

for GO annotations [Pr(GO annotation)/(1 – Pr(GO annotation)], based on logistic regression. Estimated 

enrichments are shown on a log scale: point estimates (dot) and 95%-confidence intervals (segment). 

Gray symbols: effects of gene prioritizations are not adjusted (simple logistic regression of GO annotation 

on maximum PNC or SIFT conservation). Black symbols: effects of gene prioritizations are adjusted by 

gene expression (logistic regression including gene expression variables as covariates). Gene expression 

variables are RNA abundance (FPKM over 23 tissues) and protein abundance (dNSAF over 32 tissues) 

based on the gene expression atlas of [94]: median expression [median of log(1+FPKM) or 

log(1+dNSAF)], and number of tissues with non-zero expression level. GO classes belong to the plant 

GO slim subset. Ontology: CC, cellular component; BP, biological process; MF: molecular function.  
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Fig. S8 Prioritization of nonsynonymous SNPs in genomic prediction for agronomic traits in hybrid 

panels. Agronomic traits: days to silking (DTS), plant height (PH) and grain yield (GY); hybrid panels: 

Nested Association Mapping hybrid panel (NAM-H), diverse hybrid panel (Ames-H) [16]. Genomic 

prediction accuracy was estimated within NAM-H (in leave-one-family-out prediction), from NAM-H to 

Ames-H, and from Ames-H to NAM-H. Genomic prediction models included effects of population 

structure variables (top three principal components from the Hapmap 3.2.1 reference panel in maize), 
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effects of genome-wide SNPs, and effects of nonsynonymous SNPs. Diamonds: nonsynonymous SNPs 

were weighted by SIFT conservation (1 − SIFT score) or predicted PNC, and prioritized by truncating 

weights to zero if they were under the 0%, 50%, 90%, 99%, or 99.9% percentile. Open circles: 

nonsynonymous SNPs were weighted and prioritized by 20 random permutations of SIFT conservation or 

predicted PNC, to determine whether the prediction accuracy by SNP weights was significantly different 

from the accuracy by random SNP weights. 

 


