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Abstract
Background: FMS-like tyrosine kinase 3 receptor-internal tandem duplication (FLT3-ITD) commonly occurs in one-quarter of 
patients with acute myeloid leukemia (AML). AML has a poor prognosis, mainly due to relapse. Single-cell DNA sequencing 
technologies such as Mission Bio Tapestri Platform enables us to understand the clonal heterogeneity of AML patient samples. 
Large indel calling is prone to errors from library preparation, sequencing biases, and algorithm artifacts. These errors contribute 
to false positives often in the form of multiple representations of the same variant.  Here we present an improved algorithm to 
identify these large indels and reduce false positives to accurately measure the clonal heterogeneity and enable precision 
diagnostics.  

Methods: The Tapestri Pipeline analytical workflow involves obtaining raw reads from the sequencer, removing adapters, aligning 
and mapping the reads, calling individual cells and identifying genetic variants within each cell. 

We use a soft-clip based approach to detect the internal tandem duplications found in the FLT3 gene. The targeted panel has two 
amplicons targeting exons 14 and 15 in the FLT3 gene. The soft-clipped reads from these 2 amplicons are scanned for possible 
insertion events. We then estimate a soft-clip confidence score by mapping the soft-clips again using a threshold. We error 
correct all the soft-clips which are of low score. The observed insertion event is qualified as an ITD variant if the total number of 
reads at the loci is greater than 10 and at least 20% of the reads support the insertion. The ITD variant is called homozygous if the 
allele frequency is greater than 0.9 and heterozygous otherwise. On the 2D space of insert length and position we then apply a 
generalized median string in Levenshtein space to collapse the different indel variants. The generalized median string is defined 
as a string that has the smallest sum of distances to the elements of a given set of strings. To do this, we first identify the 
candidate ITD size bins from the frequency peaks of all the called ITD variants and group the individual variants that are within 
20bp boundaries of the frequency peaks into their respective bins. We project the ITD sequence strings within a bin on to 
Levenshtein vector space domain and calculate the median distance between all strings. We then use the string with the median 
distance to collapse the ITDs to the consensus sequence and report it in the vcf file.

Results and Conclusions 

● We processed AML samples with known FLT3 ITDs through Tapestri platform. We analyzed the raw data via Tapestri 
analytical workflow including our large indel and ITD detection algorithm with error correction. Using this method, we 
were able to accurately identify the ITDs and reproduce the true positive clones 

● High Sensitivity of previous method maintained.
● Error correction removed the false positive clones and significantly improves specificity.
● Low level LOD truth also maintained
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Each cell is scanned for soft-clips and insertions; all insertions and clippings are considered as 
possible insertions. If the total number of reads is greater than a cutoff (10), and the number and the 
ratio of non-REF reads are greater than a cutoff (4 and 0.1 respectively), the cell is considered to 
have a non-REF allele. If the ratio of non-REF reads to REF reads is greater than a cutoff (0.9), a 
homozygous event is called; otherwise it is considered a heterozygous event. If the cell has enough 
total reads but not enough ALT reads, it is considered a homozygous reference. Otherwise, it is 
reported as “no call.”
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Truth: 3 FLT3. All Matches

Error Correction

Error Correction

a) For a sample with known truth we show how our algorithm 
improves sensitivity and specificity. Known FLT3 of 0.6 allele 
ratio, high sensitivity maintained as seen from the probability 
distribution. In the insert length vs position space we then 
collapse the ITDs close enough using Levenshtein median 
string.

b) Low level of ITD as truth. Sensitivity maintained. 
c) High noise sample. The high allele ratio ITD and 2 low level 

ITDs retained.
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Understand Disease at a Single-Cell Level
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Improved algorithm uses error correction based on a soft-clip score. The soft-clip score is 
estimated as an independent score from BWA which will penalize a mismatch. 
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Improved Algorithm

a) For a sample we show here 2 
exons, exon 14 and exon 15. For 
each exon we show the length of 
alternative allele vs position on the 
genome. Density is overlaid. 

b) We only show the probability 
density of each cell 

c) We calculate the length of soft clip 
reads for exon 15

d) Soft clip length for exon 14

a) b)

c) d)

This shows that the current 
algorithm needs improvement as 
we would see many false positive 
FLT3-ITD clones

a)

c)

b)


