NanoMnT: A STR analysis tool for Oxford Nanopore sequencing data driven
by comprehensive analysis of error profile in STR regions.
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ABSTRACT

Nanopore sequencing Is a third-generation sequencing technology that offers cost-effective long-read sequencing. Although Nanopore sequencing offers exciting opportunities
to research various areas of biology, Its elevated sequencing error rate in low-complexity regions hampers its applications Iin short tandem repeat (STR) related research. To
address this issue, we comprehensively analyzed publicly available Nanopore sequencing datasets.>? We show that the sequencing error rate is not only STR length-dependent
but also dependent on repeat unit and flanking sequence of STR regions. In particular, some flanking sequences were associated with good sequencing accuracy of STR, implying
that certain STR loci are more viable for Nanopore sequencing compared to other loci. Moreover, while the base quality scores of substitution errors within STR regions were
markedly lower than correctly sequenced bases, such discerning patterns could not be observed in indel errors. Furthermore, we show that choosing the most up to date
basecaller version as well as using the SUP configuration confers significant improvements in STR seguencing accuracy. Finally, we present NanoMnT, a lightweight Python-based
tool that corrects STR sequencing errors in ONT data and estimates STR allele sizes. Using NanoMnT, we present the utility of our findings by identifying MSI/MSS status In
cancer sequencing data. 3 NanoMnT is available in https://github.com/18parkky/NanoMnT.
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Indel errors (deletions in particular) are the most prominent error types in STR regions.

STR composed of certain repeat units are better sequenced than other types of STR.
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Using the most up-to-date basecaller makes a night-and-day difference when it comes to
STR analysis.

STR-flanking sequences profoundly influence STR sequencing accuracy.

While the R10.4.1 flowcell considerably improves STR sequencing accuracy, the overall
characteristics of STR error profile is overall similar to that of R9.4.1.

MSI detection is possible from ONT data of tumor samples by strategic bioinformatic
approaches that takes ONT error profile into account.
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Fig 2. Sequencing accuracy of STR based on its repeat unit.

Sequencing accuracy (assessed by calculating the percentage of errorless reads) of varying
lengths of 1bp-repeat STR (left) and 2bp-repeat STR (right) based on its repeat unit.
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Fig 5. MSI identification results of bulk RNA sequencing data (SG-NEX)

(a) Distribution of STR allele size relative to CHM13 in 4 cancer cell lines, visualized by box plots
and strip plots. 4 analysis approaches are compared; Naive (Guppy v3.2.10), Naive, read
selection approach, and read + loci selection approach. (b) Comparison of STR allele size
distribution between MSS cell lines and MSI cell line when employing the 4 different analysis
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Fig 3. Identification of flankings associated with good/bad sequencing accuracy of A-
repeat STR

Flanking sequences of (2 nucleotides In each direction, 4 nucleotides total) A-repeat STR
associated with good and bad sequencing accuracy. 2 nucleotides in each direction are separated
by slash (e.g., CT/CG motif indicates CT-(A)n-CG).
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