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Introduction

A tandem repeat (TR) is a DNA sequence
consisting of repetitions of some motif:
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TRs are implicated in Mendelian disease,
cancer, and complex traits, and are a
major source of structural variants.
Standard approaches have limitations in
effectively analyzing these regions.
Utilizing PacBio HiFi sequencing data,
TRGT' and TRVZ" were developed to:

- Estimate repeat lengths and mosaicism
- Analyze sequence composition

- Measure CpG methylation in repeats

= Support repeats up to 10Kb

= Visualize tandem repeats

Figure 1. Allele phasing. TRGT can phase (near)-
homozygous tandem repeat alleles using flanking
information obtained from HiFi data.

Figure 3. Confidence of de novo TR calls. High-
confidence calls are supported by multiple reads in all
family members; weaker calls have few reads in the child
for the de novo allele; instances of parental allele dropout
are a major source of false positives.

The TRGT, TRVZ, and TRGT-denovo
source code and binaries are available at:

github.com/PacificBiosciences/trgt
github.com/PacificBiosciences/trgt-denovo

Validation of putative de novo calls

In a genome-wide analysis of
approximately 1 million TR loci across
eight rare-disease trios, TRGT-denovo:

- Reclassified all previously mislabeled
false-positive putative de novo TR calls
as true negatives?.

= 19 out of 20 putative de novo TR calls
were confirmed through targeted
sequencing (Table 1).
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Table 2. De novo calls ranked by size. The top 10
putative de novo TR mutations in the two trios, sorted by
the mean absolute magnitude of their size difference
relative to the corresponding parental allele.

Multi-generational de novo TR calling

The four-generation CEPH K1463
pedigree* offers the unique opportunity to
not only characterize genome-wide de
novo TR mutation patterns (Fig. 5) but
also validate detected de novo candidates
through their observed transmission
across generations (Fig 6.).
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TRGT achieves over 99% Mendelian
consistency when genotyping repeats in
family trios, making it highly reliable for
most applications. However, when
analyzing millions of tandem repeats
across the genome in family trios, there is
still a potential for many false positive de
novo calls. TRGT-denovo is designed to
account for and eliminate these false
positives. It detects de novo TR
mutations—both expansions (Fig. 2) and
contractions—that are frequently
associated with rare diseases and genetic
anticipation.

Figure 2. TR de novo expansion. TRVZ plot highlighting
a de novo expansion in the short allele inherited from the
father.
By working in tandem with TRGT, and by
using familial data and pedigree-aware
realignment, TRGT-denovo enhances the
detection of de novo TR mutations,
ranging from small (~2 bp) to large (>1000
bp) events.

Table 1. Validation results. Targeted sequencing results
of 20 putative de novo TR calls detected by TRGT-
denovo in eight trios. Calls are categorized by their size
(large or small) or their genomic location, specifically in
genes associated with neurodevelopmental disorders
(NDD).

A pathogenic de novo TR In AFF3

Expansions of a GCC motif within AFF3
were found to have a strong negative
effect on educational attainment and
cognitive function in large cohortss. In two
trios with HiFi data available, TRGT and
TRGT-denovo were used to characterize,
detect, and rank de novo TR mutations

(Fig 4.).

Figure 4. AFF3 genotyping with TRGT?3. Two trios (A,D)
with per-allele motif counts and TRVZ plots. The de novo
TR mutations are highlighted in the probands (B,E),
derived from the parental long alleles (C,F).
The largest de novo TR in both trios
occurred in AFF3, far exceeding

other events in size (Table 2).

Figure 5. Distribution of de novo calls. The genome-wide

distribution of putative de novo calls within the pedigree.

Figure 6. Highly mutable TR. Tracking the transmission of
a TR site (chr8:2,623,322-2,623,462) through generations
G1 to G4, showing its tendency to expand or contract.
Colored blocks above IDs mark inheritance blocks?.

Conclusion

We developed TRGT-denovo, a tool for
genome-wide detection of de novo TR
mutations.
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