Supplementary Figure 1. Distribution of domain sizes. Distributions for (A) TADs and (B)
nested hierarchy of all domains called, including both TADs and subTADs.

Supplementary Figure 2. Disease-associated STRs (daSTRs) are positioned at TAD
boundaries in human ES cells. Heatmaps of 40-kilobase binned Hi-C data in human embryonic
stem cells for daSTR loci co-localized with TAD boundaries called using the DI-HMM method
(blue). Genes (green) containing the daSTR (red) are shown in the tracks below heatmaps.
Domain boundaries at the daSTR are demarcated with a green arrow.

Supplementary Figure 3. Disease-associated STRs (daSTRs) not positioned at TAD
boundaries are positioned at subTAD boundaries in human ES cells. Heatmaps of 40kilobase binned Hi-C data in human embryonic stem cells for daSTR loci not co-localized with
TAD boundaries (blue) but co-localized with subTAD boundaries (yellow). Genes (green)
containing the daSTR (red) are shown in the tracks below heatmaps. Domain boundaries at the
daSTR are demarcated with a green arrow.

Supplementary Figure 4. Disease-associated STRs (daSTRs) not positioned at TAD or
subTAD boundaries still co-localize with qualitatively apparent domain boundaries in
human ES cells. Heatmaps of 40 kilobase binned Hi-C data in human embryonic stem cells for
daSTR loci not co-localized with (>100 kb distal to) a TAD (blue) or subTAD (yellow) boundary
but is proximal to a qualitative boundary demarcated with arrow (green). Genes (green)
containing the daSTR (red) are shown in the tracks below heatmaps. Domain boundaries at the
daSTR are demarcated with a green arrow.

Supplementary Figure 5. Two disease-associated STRs (daSTRS) are not positioned at a
called or qualitatively apparent domain boundary in human ES cells. Heatmaps of 40kilobase binned Hi-C data in human embryonic stem cells for daSTR loci not co-localized with
(>100 kb distal to) a TAD (blue), subTAD (yellow), or qualitative boundary. Genes (green)
containing the daSTR (red) are shown in the tracks below heatmaps.

Supplementary Figure 6. Nearly all disease-associated STRs (daSTRs) are located at
chromatin domain boundaries in human ES cells. Stacked bar plot showing number of
daSTRs located at TAD, subTAD, or qualitative domain boundaries in human ES cells.
TAD/subTAD calls were determined using the DI-HMM.

Supplementary Figure 7. Disease-associated STRs (daSTRs) are positioned at TAD
boundaries across multiple lineages during early human development. (A) For daSTRs at
boundaries in H1 human embryonic stem cells, the location of that boundary at four embryonic
stem cell-derived lineages, including: mesendoderm (MES), mesenchymal stem cells (MSC),
neural progenitor cells (NPC), and trophoblast-like cells (TRO) is shown. A window 100kb from
the repeat start and end is shaded in green. (B) Number of cell types for which the boundary is
conserved for daSTR loci at TAD boundaries in human embryonic stem cells. TAD calls used
for this analysis were reported in Schmitt et al 2016.

Supplementary Figure 8. Nearly all disease-associated STRs (daSTRs) located at TAD
boundaries in human ES cells are also positioned at boundaries in mouse ES cells.
Heatmaps of 40-kilobase binned Hi-C data in mouse ESC in which daSTR is (A) located at a
domain boundary and (B) not located at a domain boundary. Genes (green) containing the
daSTR (red) are shown in the tracks below heatmaps. Domain boundaries at the daSTR are
demarcated with a green arrow. In some loci (FXN, ATXN3, CSTB, 3110043O21Rik, NOP45),
the repeat location was unable to be identified in the mm9 reference genome.

Supplementary Figure 9. Nearly all disease-associated STRs (daSTRs) are positioned at
boundaries in mouse sperm for loci in which origin of instability is paternal. Heatmaps of
40-kilobase binned Hi-C data in mouse germline cells and across early murine development in
which daSTR is (A) located and (B) not located at a domain boundary in sperm. Genes (green)
containing the daSTR (red) are shown in the tracks left of the sperm heatmaps. Domain
boundaries at the daSTR in mouse sperm are demarcated with a green arrow. Neon blue line is
drawn to indicate genomic location of repeat across heatmaps. For ATXN3 and ATXN10, line is
drawn from midpoint of gene since repeat location was unable to be identified in the mm9
reference genome.

Supplementary Figure 10. Disease-associated STRs (daSTRs) linked to neuromuscular
disorders are positioned at TAD boundaries in human fetal cortical plate tissue. Hi-C
heatmaps in cortical plate neurons from human fetal brain tissue for selected genomic loci in
which the daSTR is localized at a TAD boundary (blue). Genes (green) containing the daSTR
(red) are shown in the tracks below heatmaps. Domain boundaries at the daSTR are demarcated
with a green arrow.

Supplementary Figure 11. Disease-associated STRs (daSTRs) linked to neuromuscular
disorders not positioned at TAD boundaries are positioned at subTAD boundaries in
human fetal cortical plate tissue. Hi-C heatmaps in cortical plate neurons from human fetal
brain tissue for selected genomic loci in which the daSTR is not located at a TAD boundary but
is localized at a subTAD boundary (yellow). Genes (green) containing the daSTR (red) are
shown in the tracks below heatmaps. Domain boundaries at the daSTR are demarcated with a
green arrow.

Supplementary Figure 12. Disease-associated STRs (daSTRs) linked to neuromuscular
disorders not positioned at called TAD or subTAD domain boundaries still exhibit
adjacency to qualitative domain boundaries in human fetal cortical plate tissue. Hi-C
heatmaps in cortical plate neurons from human fetal brain tissue for selected genomic loci for
which the daSTR is not localized to a TAD (blue) or subTAD (yellow) boundary but is proximal
to a qualitative boundary demarcated with arrow (green). Genes (green) containing the daSTR
(red) are shown in the tracks below heatmaps. Domain boundaries at the daSTR are demarcated
with a green arrow.

Supplementary Figure 13. Two disease-associated STR (daSTR) loci linked to
neuromuscular disorders are not positioned at a called or qualitatively apparent domain
boundary in human fetal cortical plate tissue. Hi-C heatmaps in cortical plate neurons from
human fetal brain tissue of selected genomic loci for which the daSTR is not localized to a TAD
(blue), subTAD (yellow), or qualitative boundary. Genes (green) containing the daSTR (red) are
shown in the tracks below heatmaps.

Supplementary Figure 14. Nearly all disease-associated STRs (daSTRs) associated with
neurological dysfunction are located at chromatin domain boundaries in human fetal
cortical plate tissue. Stacked bar plot showing number of daSTRs located at TAD, subTAD, or
qualitative domain boundaries in human cortical neurons. TAD/subTAD calls were determined
using the DI-HMM method as detailed in the Supplementary Methods.

Supplementary Figure 15. Disease-associated STRs (daSTRs) are significantly more likely
to be found at domain boundaries when compared to normal-length repeats genome-wide
matched by repeat sequence and genomic location. Percent of daSTRs overlapping boundaries
compared to an empirical null distribution consisting of the percent normal-length repeats
stratified by four major repeat classes (detailed in Supplementary Table 2 and Supplementary
Methods).

Supplementary Figure 16. Domain boundaries exhibit high CpG island density. (A)
Distribution of the number of CTCF sites, CpG islands, and H3K9me3 sites in 200 kilobase (kb)
bins that are either boundaries (n=5,768) or internal to domains (n=3,128) across the human
genome. (B) Pileups of average number of CTCF sites and CpG islands present in domain
boundaries genome-wide. Plots are centered on the midpoint of domain boundaries. (C) CpG
island density stratifications as a function of the number of CTCF sites in 200 kb bins
representing domain boundaries versus loci internal to domains across the genome. (D) Contour
density plot depicting number of CTCF sites versus number of CpG islands per 200kb bin, where
bins represent boundaries or loci internal to domains. Points are colored according to their
density.

Supplementary Figure 17. Boundaries containing disease-associated STRs (daSTRs) are
characterized by ultra-high density of CpG islands. Contour density plots depicting number
of CTCF sites versus CpG islands in boundaries containing specific daSTR classes (Table 2).
daSTRs are marked in blue. ** Denotes daSTRs that overlap two boundaries.

Figure 18: Mutation-length repeat expansion in Huntington’s disease is associated with
altered gene expression of genes normally separated by a TAD boundary. (A) Heatmap
depicting boundary localization of HTT in cortical neurons, with zoom-in depicting spatial
arrangement of MFSD10, GRK4 and HTT. (B) Scatterplot comparing HTT and GRK4 expression
in diseased versus control pre-frontal cortex samples. HTT and GRK4 are located on opposite
sides of a TAD boundary. (C) Scatterplot comparing MFDS10 and GRK4 expression in diseased
versus control frontal cortex samples. MFDS10 and GRK4 are located on the same side of a TAD
boundary. Data are analyzed from GEO accession number GSE58261.

Supplementary Figure 19. HTT repeat expansion is associated with altered gene expression
of genes normally separated by a TAD boundary in an additional independent dataset. (A)
Scatterplot comparing MFSD10 and GRK4 expression in diseased vs control frontal cortex
samples. MFSD10 and GRK4 are located on the same side of a TAD boundary (see Figure 18A).
(B) Scatterplot comparing HTT and GRK4 expression in diseased vs control frontal cortex
samples. HTT and GRK4 are located on opposite sides of a TAD boundary (see Figure 18A).
Gene expression data was obtained from GEO Accession GSE64810, (Labadorf et. al PLoS One,
2015).

Supplementary Figure 20. Strategy underlying boundary identification when combining
boundaries called at multiple length scales. Schematic demonstrating strategy for identifying
boundaries when combining domain calls of multiple length. The DI method is first run using
multiple parameters, where each parameter corresponds to a different length scale. All domains
called from these parameters are then combined. From a list of domains, boundaries were
obtained by first taking the edge coordinate of each domain and adding 40kb to either side. All
boundaries that overlapped were then merged. The midpoint of each merged boundary was
determined, and final boundaries were generated from this list by adding 100kb to either side of
the midpoints. The final size of all boundaries is 200kb.

Supplementary Figure 21. Disease-associated STR (daSTR) selection for analyses presented
herein. Flow chart illustrating the numbers of daSTRs included and accompanying figures for
each daSTR-related analysis. Exclusion criteria and genes removed are shown to the right at each
stage of analysis. First, daSTRs were identified from the literature. TBP and BEAN1 were
excluded on the basis of low-quality reads and absence of reported STR from hg19, respectively.
CSTB was removed prior to statistical analysis in Figure 1 due to inability to find matched
repeats genome-wide. COMP was excluded from groups in Supplementary Figure 12 due to its
unique sequence (GAC) and location (exon). Figure 3 is a boundary analysis which includes two
overlapping boundaries at the DMPK and ATXN7 loci.

Supplementary Figure 22. Strategy underlying ‘non-boundary’ bin identification.
Schematic demonstrating strategy for identifying regions of the genome not at boundaries. The
entire hg19 genome was first partitioned into sequential 200kb bins using bedtools
makewindows. Then, any bin that overlapped with a TAD/subTAD boundary was removed. Bins
overlapping centromeres, telomeres, gene deserts (areas of the genome > 2 Mb with no genes)
and regions not queried by Hi-C were also removed.

