Supplementary Methods

Experimental validation of TR genotypes

The following loci were amplified using separate PCR conditions than those described in
Methods:

e SCA1 (ATXN1): 95°C for 5 mins, 28 cycles of 95°C for 1 min, 61°C for 1 min, 72°C for 1.5
min; 8 cycles of 95°C for 1 min, 53°C for 1 min, 72° C for 1.5 mins, and a final extension
at 72°C for 10 min.

e ATN1: 95°C for 15 min, 27 cycles at 94°C for 20 s, 65° C for 30 s, 72°C for 1.5 min; 8
cycles of 94°C for 20 s, 53°C for 30 s, 72°C for 1.5 mins and a final extension at 72°C for
10 min.

Several additional loci were initially analyzed by capillary electrophoresis but were filtered from
downstream analysis since we determined they produced unreliable genotypes:

e Known pathogenic repeats at HOXD13
(F:tgtaaaacgacggccagtAAGGAGAGGAGGGAGGAGG,
R:GACATACGGCAGCTGTAGTAGC and PAPBN1
(F:tgtaaaacgacggccagtCCAGTGCCCCGCCTTAGA, R:
ACAAGATGGCGCCGCCGCCCCGGC) were excluded since all samples were called as
homozygous reference by both EnsembleTR and capillary electrophoresis.

e A known pathogenic repeat in FXN was genotyped but excluded from comparisons since
it was not genotyped by EnsembleTR.

e A known pathogenic repeat for SCA2 (F:6FAM-GGGCCCCTCACCATGTCG,
R:CGGGCTTGCGGACATTGG) was excluded since many capillary calls had evidence
of three alleles in a single sample, and we could not determine the correct diploid call.

e A known pathogenic repeat in PHOX2B
(F:tgtaaaacgacggccagtCCAGGTCCCAATCCCAAC, R:GAGCCCAGCCTTGTCCAG)
was excluded since all capillary calls were heterozygous for the same alleles, which is
unlikely to be correct.

e We additionally excluded known pathogenic loci on chrX, since our calls focus on
autosomal TRs. Results for the FMR1 repeat, which is on chrX, are reported from
Asuragen but are not included in the comparison.

Fragment analysis was performed in separate batches for Platinum Genomes (17 samples; “PG”)
and the remaining 31 samples (“Coriell”). Product sizes were converted to repeat differences from
reference to be comparable to our WGS genotypes. In some cases, product sizes were offset by
a constant value from the expected values. We binned product sizes to allele lengths, with binsets
manually set for each locus in each batch. For each locus, we set the minimum (minval) and
maximum (maxval) product size, the repeat unit length (period), and allele assignment of the
minimum product size (start). We then determined the allele for a given product size (psize) using
the following rule:



1. Set allele=start and i=minval
2. While i<maxval: if psize>=i and psize<i+period return allele. Else allele+=1, i+=period
3. If no matching allele was found, return NA

The bin definitions for each locus/batch are provided in Supplementary Data 7.
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Per-locus comparison between WGS-based TR genotypes and capillary electrophoresis
results. Each point gives the percent of genotypes that were concordant (y-axis) between
capillary electrophoresis and WGS (black=EnsembleTR; red=HipSTR; blue=GangSTR) for each
TR (x-axis). TRs are arranged by category (left=non-disease associated TRs; right=disease-
associated TRs). Within each category, TRs are sorted by EnsembleTR concordance. Horizontal
lines denote the % matching corresponding to the different possible numbers of concordant
genotypes (out of a maximum of 31 samples). Full genotype comparison results are provided in
Supplementary Data 6. Note, for HTT, GangSTR does not distinguish between the CAG, and
CCGnrepeats, whereas the Asuragen test used for PCR counts only CAG copies. Similarly, SCA1
consists of an imperfect repeat, and GangSTR only considers the length of perfect repeat
stretches. This likely accounts for lower concordance of GangSTR compared to EnsembleTR and
HipSTR at those loci.
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Comparison of genotypes called by capillary electrophoresis vs. EnsembleTR. The length
of each allele relative to the hg38 reference was computed and lengths of the two alleles were
summed for each call. The x-axis gives the capillary result, and the y-axis gives the result called
by EnsembleTR. Bubble size scales with the number of genotype calls at each coordinate.



Supplementary Fig. 3

H3Aica-1 DSSE1E HaArica-2 TPOX H3ATica'3 CSF1P0 HIAtica-4 075820 HIATica:s DBS1179 HaATica 6 THOL HIAtica 7 0135317 HIATica s D165539 H3Aica-10 D1ESS1 H3Aica-11 Pentad
23
0s | js=0a1 04 =007 | [Tseo0r s [ js=007 o] js=0n - a soiz| g [0 J5-0.05 e =017
. 2
02 02| 02 a2 i P \ o2 /
/| [ ] /
0o ~ oo a0 00l an o0 o0 o a0 :
75 100 25 150 o s ow w1 seT g owe ms 1o s omow o 75 00 ads w0 w7s ¢ & om S Ts w0 1s w0 S0 75 100 ws 20 BB o : 0
AFR1_DSSE18 AFR2_TPOX AFR3_CSFIPO AFR1_D75820 AFR.5 DBS1179 AFR-6_THOL AFR7_D135317 AFR9_D165539 AFR10_ 018551 4y APRILPentaD
| 04 - o 0.4
04 15007 o 04 . =008, [ 1s-00s j5=009 - s=onn |, | =017 15=005 22] 15017 N
b || NN | ¥ N || W il | Al | o b ) L A ] L | -l
i 01 (| | Y st a = . ([ - H
ol [ | | | g | 1] ] { {1117 allHREE
P L AN and » | || | AE ' | . I I
75 100 25 150 e 5 ow w1 e 75 wo uws 1o 75100 a2s 10 178 6 5w S0 75 w00 125 20 S Te s 10 BB wm B : TR
AR Dss818 AMR2_TPOX AMR-3_CSF1PO AMRA_D75820 AR DBS1179 AR5 THOL AMRT 0135317 AMRS DLESS39 AMR10 018551 AVR-LL Perntad
a . 04 0s &
15=008 15006 o0a| J5=0.06 15=0.08 15006 15=012 15=013 03{ 15=0.06 21 1s-000 #37 js=01
041 04 L 2a
i 02 o 02 02 0> 02 02
0z: i [ \ / ) . a - 1
o0 oo o, 0 a0 a0 00 oo w0 20
75 100 125 150 S5 1 oz 1w g 75 wo ms wo Te o ouom 75 100 15 130 15 o R T o 75 100 125 10 S0 75 100 125 10 oo o B : TR
Eas1 Dsse18 eas:2.TP0X €453 Csr1p0 €454 075820 £S5 DES1179 EAS6_THOL eas7 0135317 €459 0165539 £AS-10 018551 EAS11, pentoD
06 a3 o

15=0.06 152007 04 IS=006 041 js=0.1 15=0.06 0a] B0 15=018 04 15019y 37 js=0.1 15=0.21
@ oz i A 1
02 \ \ 0 { 02
P . oz \ A o ik |
/ j

TeoeT E s 100 125 15
Euna oss818 £uR2 TP0X £ur3 csripo eura 075820 euRs Dss117e £uRe THOL £Ur7 D133 eur9 D1ess9 euR10 p18551 EUR1L pentad
o e o .
010 J5=005 j5=008 | 04] js=0.08 J5=0.05 J5=008 04 o019 o 15-0.08 J5=015 e L —
ﬁ 04 h 3 - A A A /*\ f'\ = 0z
' 1Y il | L Alih | L adihy | | Al Y| NI || N || |
e il o il ., d L, oadl 2
T w00 s ae P S I s T per] T % onon YU s o s s mow MU we ms te U Sh 38 e ms e [ T
sas1 ossets sas2 o 553 csFiro sas4 75520 Sass pasiirs sass THot sas7 b33 Sas9 168539 54510 D16ss1 5511 pertad
o 0
o1 Jsm008 o 5004 oa] Ism004 3] Jmo0s NS e oo o Js=01 w]For 03] Js=0a
o2 \ ol .
ol . - \ : ! ’ o2 02 1 0 |
/ \ 0 4 \ =1 a{ o1 \ o 21 1
00 00 o, o o 00 00 00 o o
T P e A T TN Y s o s o5 o "SI w0 s e U Sh 75 e 15 o B e R

Comparison of population-specific allele length distributions called by EnsembleTR vs.
published frequencies at the CODIS forensic loci. Rows represent 1000GP superpopulations
and H3Africa (gray=H3Africa, blue=EUR, green=EAS, orange=AFR, red=AMR, purple=SAS).
Each column represents a different CODIS locus. Colored bars give the frequency (y-axis) of
each allele length (x-axis) observed in EnsembleTR results in terms of the number of repeat units.
EnsembleTR alleles at the THO1 locus, a tetranucleotide repeat with a common 3bp interruption,
were rounded down to the nearest repeat unit. All EnsembleTR alleles at D5S818 were adjusted
down by one repeat unit since the EnsembleTR call contains an extra imperfect repeat unit not
counted in published frequency data. Black dots give the expected frequency of each length
based on previous literature (see Methods). For each locus/population pair, the Jensen-Shannon
(JS) divergence between expected frequencies and EnsembleTR frequencies is annotated at the
top of the plot.



Supplementary Fig. 4

H3Africa-1_PPP2R2B

H3Africa-2_DMPI

K

H3Africa-3_HTT

o3 04 4 JS=0.21 J5=0.16
01 02 02
00 — " - - 00 y - - 00 Lae -
10 20 30 40 20 30 40 10 20 30 40
AFR-1_PPP2R2B AFR-2_DMPK AFR-3_HTT
04 1 Js=018 | %4 15=0.16
02
J 2
4 02 o. ‘
0.0 T T T T 0.0 T T . T 00 -7 ; *
10 20 30 40 10 20 30 40 10 20 30 40
AMR-1_PPP2R2B AMR-2_DMPK AMR-3_HTT
04
04 1 04 4 Js=0.28 J5=0.31
02 | 63 4 02 I
00 Illl' T T T 00 0.0 = ot
10 20 30 40 10 20 30 40 10 20 30 40
EAS-1_PPP2R2B EAS-2_DMPK EAS-3_HTT
04
o =024 | °° 45017
02 04
02 4
0.1 02
0.0 . T T T 00 - 00 - y
10 20 30 40 10 20 30 40 10 20 30 40
EUR-1_PPP2R2B EUR-2_DMPK EUR-3_HTT
0319 04
06 1 J5=0.1 g J5=0.15
02
04
02
- N -ﬁAA
0.0 T T T T 0.0 T T T T 0.0 T T *
10 20 30 40 10 20 30 40 10 20 30 40
SAS-1_PPP2R2B SAS-2_DMPK SAS-3_HTT
03
04 1 06 JS=0.19
02 1 04
02 A
| 01 A 02
00 ' T T v 00 4 00 - ; ’
10 20 30 40 10 20 30 40 10 20 30 40

Comparison of population-specific allele length distributions called by EnsembleTR vs.
published frequencies at disease-associated loci. Rows represent 1000GP superpopulations
and H3Africa (gray=H3Africa, blue=EUR, green=EAS, orange=AFR, red=AMR, purple=SAS).
Each column represents a different locus implicated in a TR expansion disorder. Colored bars
give the frequency (y-axis) of each allele length (x-axis) observed in EnsembleTR results in terms
of the number of repeat units. Black dots give the expected frequency of each length based on
previous literature (see Methods). For each locus/population pair, the Jensen-Shannon (JS)
divergence between expected frequencies and EnsembleTR frequencies is annotated at the top
of the plot. For HTT, we counted only the number of CAG repeats in alleles returned by
EnsembleTR to be consistent with counts obtained in the literature, which do not count the

adjacent CCG repeat.
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Distribution of the fraction of non-reference alleles in individuals by population. Boxplots
summarize the distribution of the fraction of variant alleles in each sample. Horizontal lines show
median values, boxes span from the 25th percentile (Q1) to the 75th percentile (Q3). Whiskers
extend to Q1-1.5*IQR (bottom) and Q3+1.5*IQR (top), where IQR gives the interquartile range

(Q3-Q1). Data is the same as in Fig. 1d except homopolymer TRs are included. Gray denotes
H3Africa. Other colors denote 1000 Genomes superpopulations.
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Cumulative number of TR alleles with each additional sample. The y-axis gives the number
of unique TR alleles discovered with each additional sample. Samples on the x-axis are sorted
by superpopulation. Orange=polymorphic alleles (allele count > 2), purple=doubleton (observed
twice), blue=singleton (observed once). Data is based on chromosome 21.
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Comparison of TR patterns in coding regions vs. genome-wide. a. Comparison of TR
repeat unit length distributions. While homopolymer and tetranucleotides repeats are most
prevalent genome-wide, trinucleotide TRs are over-represented in coding regions. b.
Comparison of the distribution of the number of common alleles at each locus. Common
alleles are defined as having a frequency > 1%. As expected, coding TRs are less polymorphic
and have fewer common alleles per TR compared to genome-wide TRs. In both panels, red bars
denote TRs in coding regions and blue bars denote genome-wide TRs.
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TRs exhibit a range of polymorphism levels across loci. a. shows data for only homopolymer
TRs, and b. shows data for non-homopolymer TRs. Both panels show heterozygosity as a
function of the number of common alleles. The y-axis gives the distribution of heterozygosity
values for TRs with the number of common alleles specified in the x-axis. Boxplots summarize
the distribution of heterozygosity values. Horizontal lines show median values, boxes span from
the 25th percentile (Q1) to the 75th percentile (Q3). Whiskers extend to Q1-1.5*IQR (bottom) and
Q3+1.5*IQR (top), where IQR gives the interquartile range (Q3-Q1). In a-b, top panels show the
number of TRs with each number of common alleles.
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Comparison of TR heterozygosity values across populations. Each scatterplot compares the
heterozygosity of each TR across two superpopulations. The black line denotes the diagonal.
Heatmap shading indicates the number of TRs falling into each bin. The Pearson correlation
comparing heterozygosity values in each pair of superpopulations is annotated above each panel.
Data is shown for non-homopolymer TRs.
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Comparison of TR heterozygosity values across populations. Each scatterplot compares the
heterozygosity of each TR across two superpopulations. The black line denotes the diagonal.
Heatmap shading indicates the number of TRs falling into each bin. The Pearson correlation
comparing heterozygosity values in each pair of superpopulations is annotated above each panel.
Data is shown for homopolymer TRs.
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Example TRs for which the majority of observed alleles show dramatic deviations from the
hg38 reference. In each panel, the TR region is denoted by a black box. Aligned Pacbio HiFi
reads from HPRC for sample HG00438 are visualized using the Integrative Genomics Viewer

(IGV). The maijor allele length (repeat units relative to hg38) and frequency are annotated in each
panel.
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Experimental validation of genotypes at the CAG repeat in an intron of CA70. In a., PCR
was used to amplify the TR region in four 1000GP samples. Sample names and EnsembleTR
calls (expected product size in bp) are annotated below each lane. We identified an expansion in
NA20847, which is validated by PCR. Panel b. Shows results of fragment analysis on the same
PCR products using the GeneMapper software. Samples are annotated with EnsembleTR calls
(bp difference from hg38). Panels c-d show IGV screenshots of Pacbio Hifi reads aligned to the
TRs in CA10 and NEXN for which Africa-specific common repeat expansions were identified.
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Allele sequence visualization with TRviz. We used TRviz to visualize allele sequences for 27
1000Genomes samples. a. Allele sequences for the repeat upstream of NEXN described in the
text are shown. Although it is annotated as a CTT repeat, many observed alleles consist of repeats
of the hexamer sequence CTTCTC. For longer alleles, ExpansionHunter calls were chosen by
EnsembleTR, therefore sequence imperfections are not reported. b. Allele sequences for the
intronic repeat in CA10 described in the text are shown. While the repeat is annotated as CAG,
other motif sequences such as CAT and CAC are frequently seen. Similar to the NEXN repeat,
long alleles are genotyped by ExpansionHunter where the sequence imperfections are not
reported. A “*” next to a haplotype indicates it was obtained from ExpansionHunter, and therefore
no imperfections could be detected. Colors denote motif sequence.
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Heterozygosity is correlated with total TR length. The x-axis denotes the length of each TR in
the reference genome (in total bp of the longest uninterrupted repeat) and the y-axis shows the
mean heterozygosity for TRs with each length. Figures are the same as Fig. 3a but plotted
separately based on heterozygosity values in each superpopulation. Colors denote different
repeat unit lengths. Superpopulation labels are annotated on the top of each panel.



Supplementary Fig. 16
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Significant HOMER results not marked as likely false positives. Motifs enriched in the context
regions for polymorphic vs. stable were identified using HOMER. Results marked as significant
by HOMER are shown. Reverse complements were used such that the AC motif category
includes information from all AC and GT motif STRs on the forward strand. P-values are computed
using cumulative binomial distributions statistics, are one-sided and are not adjusted for multiple
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Supplementary Fig. 17

Top 5 most confident true positives for motif AC
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Integrated Gradients attribution scores for most confidently predicted true positive
(correctly predicted polymorphic) and true negative (correctly predicted stable) STRs by
the CNN model. Each row denotes a different TR. Within each row, the matrix has a row for each
nucleotide (A, C, G, T) and a column for each position (centered on the TR). Color denotes the
attribution score of each base in each position, where green indicates a base positively
contributed towards the model predicting polymorphic and purple indicates contributing towards
the model predicting stable.
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Imputation accuracy decreases with the number of common alleles. The x-axis denotes the
number of common alleles (frequency > 1%) for each TR. The y-axis denotes the mean imputation
concordance for TRs in each bin based on a Leave-One-Out analysis on chromosome 21. Colors
denote super-populations.



