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Abstract

Infroduction: The FLT3 gene is one of the most important
genes in myeloid cancers and also one of the most
difficult to sequence accurately due to the presence of

internal tfandem duplications (ITDs). Detection of ITDs is
challenging for many next generation sequencing (NGS)
bioinformatics pipelines due to limited read lengths. Here
we developed a novel method to reliably and
accurately detect ITDs and incorporated it into the Pillar
Variant Analysis Toolkit (PIVAT).

Methods: To detect ITDs we utilized several components
within PIVAT including a proprietary paired-end assembly
method, local realignment, and processing of SA tag
InNformation. To assess the performance of PiIVAT, publicly
available data from 208 clinically detected [TDs
identifled in a é664-patient acute myelogenous leukemia
(AML) study was used to simulate paired-end read NGS
data for analysis. The data contained ITDs ranging in
length from 3bp to 201bp with a median length of 36bp.
Data was simulated using multiple read lengths from
150bp to 275bp In 25bp Increments. To verity the
synthetic data results, cell lines and reference samples
with previously characterized ITDs of varying lengths in
the FLT3 gene were sequenced. Libraries were
constructed using Pillar Biosciences’ ONCO/Reveadl
Myeloid Panel and then sequenced on an lllumina MiSeg
instrument. Secondary analysis was conducted using
Pillar Biosciences' PIVAT software. [TDs with lengths of
21bp, 30bp, 33bp, 42bp, and 126bp were present in the
samples and utlized to evaluate the detection
capabillities of the PIVAT software.

Results: The simulation data demonstrated that with @
read length of 150bp, PIVAT was able to detect ITD
engths up to 81bp, which represented >94% of the 208
TDs that were in the cohort. Increasing the read length
to 175bp allowed further detection of ITDs up to 117bp
enabling detection of > 98% of the ITDs present in the
stfudy. Analysis of the experimental sequencing data
from the real samples demonstrated strong agreement
with the synthetic results. PIVAT was able to detect all but
the 126bp ITD at a read length of 150bp and by
iIncreasing the read length to 175bp PIVAT was able to
detect all of the ITDs. This indicated the ability to improve
detection capability by increasing read length for even
larger ITDs If desired.

Conclusions: The results demonstrated that the PIiVAT
software is capable of reliably detecting ITDs of up to
8lbp using a read length of 150bp. In addition, by
sequencing at a longer read length of 175 bp or greater
PIVAT is able to detect ITDs of 126bp or longer.

Simvulated Data Generation:

« Data from Metzeler KH, Herold T, Rothenberg-thurley M,
et al.m” was used to generate simulated reads with the
Insertions as specified.

* This represents 208 clinically detected ITDs in a 664
patient AML study. The distribution of the ITD sizes can
be seen in Figure 1.

« Each ITD described was used to generate synthetic
fastg reads for analysis which would have a VAF of
~20%. The data was first used to create paired end
reads at 275bp long with the desired variant. The
variant was allowed 1o exist in all of the tiled amplicons
that cover the FLT3 exon 14-15 region In question.

« Real data obtained from the Pillar ONCO/Revedl
Myeloid Panel using the genome in a bottle sample,
NA12878, was used as a base background sample in
which each synthefic fastg data was then individually
spiked into to create variants with a random noise
background, mimicking data similar fo a real sample.
This resulted in 208 samples with a PE read length of
2/75bp.

* In order to simulate shorter read lengths the data was

trimmed In 25bp increments down to 150bp.

« Data from all variants and all read lengths was then

analyzed using PIVAT 2019.3.1 to ascertain the

detection capabilities as a function of read length and
also of variant.

Synthetic Data Resulis:

« Overall, iIncluding all variants, at a sequencing depth of
2 x 150bp, PIVAT detected 88% of all variants as seen in
Table 1, and 81bp was the maximum length ITD that
was detected.

* Including all ITDs 8lbp or shorter, at 2 x 150bp
sequencing PIiVAT successfully identified 94% of all
variants.

 Above 150bp read length, there is little improvement
between 175bp and 275bp

« 275bp was able to detect up to 174bp

 The true detection edge for infermediate lengths is
difficult to defermine as the dataset has a large gap
with no ITDs in between 117bp and 174bp

« Examination of the missed ITDs when running 2 x 150bp,
when the insert is too close to the end of the read as to
allow a complete secondary alignment

Called 184 202 202 204 204 205
Missed 24 6 6 4 4 3
Overall 88% 97% 97% 98% 98% 99%
<81 (only) 94% 99% 99% 100% 100% 100%
<21 Q7% 100% 100% 100% 100% 100%
22 — 42 93% 100% 100% 100% 100% 100%
43 - 63 4% 98% 96% 100% 100% 100%
64 — 84 89% 100% 100% 100% 100% 100%
>100 0% 55% 64% 64% 64% 7 3%

Table1: PIVAT detection efficiency of 208 clinically detected
ITDs. Overall values, including only ITDs <81, and organized
by increments
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Results and Conclusions

Expected ITD Variant Call from PiVAT
Detection

Detected at all
sequencing

Seracare Myeloid
Mutation DNA
Mix read lengths

c.1759_1800dup

42bp insertion & 1797 gl

c.1806 _1807insGGGGCTITCA Detected at all
GAGAATATGAATATGATCTC sequencing

Seracare Myeloid

Mutation DNA ITD + Sbp insertion

33bp insertion

Mix AAA read lengths
C.1837+15_1837+16INSTCAAA
ACGGTACAGGIGACCGGC

DSMZ Cell Line  ITD + 7bp inser’rionTCCTCAGATAATGAGTACTTC Not detectable

TACGITGATTTCAGAGAATAT

PL-21 ZCIS MBS e i@ AEieAsAeEEA Bl 24 1ebee
GTTTCCAAGAGAAAATITAG
AGTTTGGTAAGAATGGAATGT
. Detected at all
DSMZCEILNG 91 b5 duplication ¢.1775_1795dup sequencing
MOLM-13
read lengths
. Detected at all
Do <SS 30bp duplication ¢.1772_1801dup sequencing

read lengths

Table 2: Expected ITDs detected in real samples; variant
call for each ITD detected and any known limitations on
the variant call.

Experimental Data Results:

 PIVAT was able to detected all ITDs correctly at all
lengths except for 126bp at 150bp read length (table
2).

 Variant call is consistent and identical across read
lengths as well as reproducible across sequencers.

ITD Detection Method:

* PIVAT has a special built method for detecting ITDs
based on the SA fag information that is generated
using the BWA aligner

* The software examines the data in the tag and is able
to realign quickly based on fthis information by
modifying the cigar

« By employing this cigar realignment method it is
significantly faster than performing an additional
processing step to use another alignment algorithm
such as Smith-Waterman local realignment.

« For shorter ITDs that do not generate a secondary
alignment tag, these can be detected as well by using
the existing local realignment algorithm in PIVAT

Library Generation of Cell Line Data:

* The Seracare Myeloid sample and cell lines MV4, PL21,
and MOLMI13 containing FLT3 ITD of 21bp, 30bp, 33bp,
42bp, and 126bp were used as real test samples in
order to validate the efficacy of the PIVAT detection
methods.

« Data from several cell lines was sequenced using @
MiSeq insfrument at 2 x 275bp. Additional sequencing
at 2 x 1580bp was also performing using a Miseg
INstrument

 The 2 x 275bp data was trimmed in 25bp increments
down to 150bp, and analyzed using PIVAT with the
native 2 x 150bp data.

ITD Detection using PiVAT and the ONCO/Reveal Myeloid

Panel Summary:

« The Pillar Variant Analysis Toolkit, PIVAT uses a specially
defined algorithm to detect ITDs which is able to
detect ITDs up to 8lbp In length when used In
conjunction with 150bp read length in paired end
sequencmg

« The ability to detect longer ITDs Is possible but requires

the use of longer read lengths.

« The experimental results agree with the synthetic
results, and Indicate an ability to detect [TDs up to
174bp when run with a 275bp read length in paired
end seqguencing.

Future Work and Improvements:

« The abllity to detect a given ITD using PIVAT and the
Pillar ONCO/Reveal Myeloid Panel is dependent on 3
main factors: sequencing read length, ITD location
(relative to amplicon positions), and ITD length.

« A current limitation of the algorithm requires the entire
TD to be seen in order to be able to detect it, i.e. at
east 1 full copy of the ITD must be sequenced through
|t is possible In some cases, however that a partial copy
of the ITD can be seen. Currently these cases are nof
handled. Handling these special edge cases would
allow the detection of long ITDs, however they would
not necessarily be able 1o be specifically identified, but
be more used as a way to mark that an ITD is present.
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