


























































 

 

 

Figure S4: MUTEA accurately recovers the underlying stutter model 

STR genotypes were simulated for a variety of sample sizes and mutation models (green 

lines in bottom four rows). Observed reads for each set of genotypes were then simulated 

using various PCR stutter models (dashed black lines in top three rows) and provided as 

input to MUTEA. Across 25 iterators of each scenario, the median inferred stutter 

parameters (red lines) are relatively unbiased. Blue lines indicate the lower and upper 

quartiles of the estimates for each scenario. A, 1, 2, 3, 4, 5 or 6 observed reads were 

generated for 19%, 27%, 21%, 15%, 8% and 10% of the samples using the Simons 

Genome phylogeny, respectively. B, 1,2 or 3 observed reads were generated for 65%, 

25% and 10% of the samples using the 1000 Genomes phylogeny, respectively. 
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Figure S5: MUTEA infers unbiased mutation rates and step size parameters from 

stutter-affected reads using the Simons Genome Diversity Project phylogeny 

STR genotypes were simulated for a variety of sample sizes and mutation models 

(bottom four rows) using the Simons Genome phylogeny. Observed reads for each set of 

genotypes were then simulated using various PCR stutter models and provided as input to 

MUTEA. Across 25 iterations for each scenario, MUTEA inferred unbiased estimates for 

the log mutation rate (top row) and the step size parameter (third row). In contrast, a 

naïve method that computes genotype posteriors based on the fraction of supporting reads 

results in biased mutation rate estimates. For each simulation, 1, 2, 3, 4, 5 or 6 observed 

reads were generated for 19%, 27%, 21%, 15%, 8% and 10% of samples using a stutter 

model with �! = 0.95 and A) � = 0.01 and � = 0.01, B) � = 0.15 and � = 0.01, C) � = 

0.01 and � = 0.15 or D) � = 0.15 and � = 0.15. 
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Figure S6: MUTEA infers unbiased mutation rates and step size parameters from 

stutter-affected reads using the 1000 Genomes Project phylogeny 

STR genotypes were simulated for a variety of sample sizes and mutation models 

(bottom four rows) using the 1000 Genome phylogeny. Observed reads for each set of 

genotypes were then simulated using various PCR stutter models and provided as input to 

MUTEA. Across 25 iterations for each scenario, MUTEA inferred unbiased estimates for 

the log mutation rate (top row) and the step size parameter (third row). In contrast, a 

naïve method that computes genotype posteriors based on the fraction of supporting reads 

results in biased mutation rate estimates. For each simulation, 1, 2, or 3 observed reads 

were generated for 65%, 25%, and 10% of samples using a stutter model with �! = 0.8 

and A) � = 0.01 and � = 0.01, B) � = 0.15 and � = 0.01, C) � = 0.01 and � = 0.15 or D) 

� = 0.15 and � = 0.15. 
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Figure S7: Relationship between stutter probabilities within and across datasets  

For a given Y-STR locus, the probabilities of stutter increasing (u) or decreasing (d) the 

size of the STR in each read were highly correlated (first column). However, the 1000 

Genomes stutter rates largely fell above the diagonal (red line), indicating the higher rates 

of stutter in this dataset. Within each dataset, nearly all loci had a higher rate of 

downward stutter than upward stutter (second column). 
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Figure S8: SGDP estimates replicate Burgarella estimates based on large numbers 

of father-son pairs 

Ten mutation rate estimates generated by Burgarella et al. using more than 5000 father-

son pairs are highly concordant with estimates from the SGDP data and largely fall along 

the diagonal (red line). 
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Figure S9: Sequence determinants of Y-STR mutability for loci with dinucleotide 

repeat units 

Stratified by repeat motif (rows) and major allele length (first column), loci with no 

interruptions to the repeat structure (blue) are generally more mutable than those with one 

interruption (green) or more than one interruption (red). While major allele length is a 

poor predictor of mutability, the length of the longest interrupted tract is a very strong 

predictor of the log mutation rate for each motif length (second column). 
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Figure S10: Sequence-based predictors of Y-STR mutation rates 

For Y-STRs with di-, tri- and tetranucleotide motifs (rows), the mutation rates for 

polymorphic Y-STRs (cyan) and fixed Y-STRs (green) were utilized to fit predictive 

models of the mutation rate (red). In general, the models predict a monotonic increase in 

log mutation rate with increasing uninterrupted tract lengths. Fixed Y-STRs were 

assigned a flat rate of 10
-5

 mpg and are displayed using jittered y-values to facilitate 

visualization.  	
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Figure S11: MUTEA-IMPUTE results in well-calibrated imputation probabilities 

Y-STR genotypes for 1000 Genomes samples and loci in the PowerPlex Y23 panel were 

imputed across 1000 iterations using a reference panel of 500 samples and 70 imputed 

samples. The accuracy for each posterior probability bin (top panel) largely followed the 

diagonal (red line), demonstrating that the imputation probabilities reflect the true 

probability of being correct.  
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Supplemental Tables 
	

	

Table S3. Imputation accuracy for loci in the PowerPlex Y23 Panel 

 

  Posterior > 0% Posterior > 70% 

Marker � (mpg) % Calls % Correct % Calls % Correct 

DYS392 0.0006 100 93.1 96.4 94.5 

DYS438 0.0006 100 93.1 95.4 95.1 

DYS437 0.0007 100 92.7 95.0 94.3 

DYS393 0.0014 100 82.5 76.9 87.8 

DYS448 0.0017 100 81.9 80.2 89.4 

DYS533 0.0017 100 78.1 74.2 85.5 

DYS643 0.0019 100 80.0 78.1 86.3 

DYS391 0.0022 100 73.5 54.8 80.1 

Y-GATA-H4 0.0023 100 72.2 45.3 87.3 

DYS390 0.0025 100 76.4 51.4 84.2 

DYS385a 0.0025 100 74.3 64.5 87.9 

DYS389I 0.0027 100 72.2 28.7 86.5 

DYS19 0.0028 100 70.3 35.0 88.5 

DYS635 0.0032 100 68.6 54.9 81.7 

DYS456 0.0037 100 60.5 20.5 91.6 

DYS549 0.0043 100 55.8 4.9 85.8 

DYS439 0.0050 100 50.0 3.0 83.5 

DYS481 0.0051 100 56.8 24.0 83.0 

DYS385b 0.0052 100 53.7 17.2 87.2 

DYS389II 0.0056 100 49.1 6.6 86.8 

DYS458 0.0079 100 38.3 0.7 34.8 

DYS570 0.0095 100 41.3 0.8 94.3 

DYS576 0.0096 100 33.6 0.5 63.9 

All  100 67.3 38.8 88.5 
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