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MH-UMiseq system,

unique molecular identifier-based NGS of microhaplotypes,

can improve signal-to-noise ratio
even for sub-nanogram quantities of DNA
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* High heterozygosity ( = STRs, > SNPs)
* Low mutation rate (< STRs)

* No stutter artifacts (<> STRs)
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Microhaplotypes for forensic applications
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In a crime scene scenario,
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Unique molecular identifiers (UMis)
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DNA molecule UMI grouping Consensus reads calling
— - UMI family #1
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Two methods attaching UMlIs to DNA molecules
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Cleanplex (Paragon Genomics) TruSight (lllumina)

- Pros : Large-scale multiplexing

(> 100 kb)

- Pros : High sensitivity (= 1 ng)

- Cons: Small number of targets

(Difficult to design primer) Cons : Low sensitivity (>10 ng)
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e.g. QlAseq Targeted DNA Panel (Qiagen)
@ Allele- / locus- drop out, < 2 ng DNA
Suitable for forensic DNA Truelsen (2021) Sci. Rep.
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Research objectives
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Construct UMI-based amplicon sequencing system for microhaplotype, MH-UMlIseq system,

and investigate false-positive proportion of MH-UMlIseq according to the amount of input DNA

¢ Specific objectives
1. Development of MH-UMIseq panel
2. Construction of MH-UMI data analysis pipeline

3. Evaluating performance of MH-UMlIseq

Development of MH-UMiseq panel

«* Marker selection

= Among 130 microhaplotypes

b "‘i Forensic Science International: Genetics
£ 50 Volume 29, July 2017, Pages 29-37

Evaluating 130 microhaplotypes across a global
set of 83 populations

Kenneth K Kidd * 2, tis ®, Daniele S_Podini ®

Robert Lagacé ©, Joseph Chang %, Sharon W

Usha Soundararajan ®

Kidd (2017) FSIG

“46 Microhaplotypes”

- Consist of 155 SNPs
- Target size: 124 ~ 249 bp

# of Markers
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Development of MH-UMiIseq panel
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** NGS Library preparation of MH-UMIseq
1. Barcoding PCR (x3 cycles)
- * Target-specific UMI primer
w*:':
e * UMI barcode
w
H:AorTorC - Consists of Poly (H: A, T, or C)
2. Nuclease reaction - Poly (Hg) x Poly (Hg) = Poly (H,,) =312=531K
N i
: i i * Remove PCR artifacts by Nuclease
| Digest one-side PCR products
"""""""""" by CleanPlex (Paragon Genomics)
3. Boosting PCR
— * UMI-attached target amplification
by Boosting PCR
4. Indexing PCR
Read sequence === Unique dual index + platform sequence
Development of MH-UMlIseq panel
IAFS 2023

¢ NGS Library preparation of MH-UMlIseq

1. Barcoding PCR (x3 cycles)

+_To mitigate PCR and NGS error

i)
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e ———
L e
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H:AorTorC

2. Nuclease reaction

+

3. Boosting PCR

e —
e —
4. Indexing PCR
— — —
————————————
Read sequence === Unique dual index + platform sequence

* High-fidelity enzyme (> x 300)

* Unique dual index (UDI)

< Combinatorial dual index (CDI)
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B1 m_—

C1 —-
D1 —a-—

ubI
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Construction of MH-UMI data analysis pipeline
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= Linux-based pipeline + “ STRait Razor + Visual Microhap ”

Pre-processing >> UMI grouping >> Variant Discovery
Merging Fastq
— FLASH
Grouping UMI
1 .grouped.bam
Extracting Target Sequence «
STRait Razor
CaliMolecular

ConsensusReads (fgbio) l
_seq.txt

Calling Consensus Reads

consensus
unmopped.bam

unmapped.bam 1

Genotype calling «
N Visual Microha
Filtering Consensus Reads "
FilterConsensusReads (fgbic)
l _MH.oxt

Sastq

unmapped.bam

BAM to Fastq
Samtools fastq -T

1 Sitered

UMLmopped.bam

consensus_Rr,

Construction of MH-UMI data analysis pipeline
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= Linux-based pipeline + “ STRait Razor + Visual Microhap ”

mp Visual Microhap (v1.1) for MPS Data by STRait Razor 3.0

Marker Information Sequence-based Data
File MHS6_Ref_Info.txt File MH56-2800M_Seq txt
56 markers: Loading completed! 56 markers: Analysis completed!
Analysis Option ¢ [ Marker:No  Chr:Pos Reference Obs.  Cryptic Var. Read Valid Gross AP
mhO1KK_001:1 chr1:3826568 1546483447~ CAG  3826587G>A 3128 515 (283)
- Minimum read count 100 1$6663840G>
rs58111155:G
- Background noise level  |0.05
mhO1KK_001:2 chr1:3826568 154648344T> CAG 2950 485 (26.6)
1s6663840:G>
- Homopolymer (> 7) error (015
rsS8111155:G
(lindel] followed by '@ in Cryptic Var)
mhO1KK_002:1 chr1:216461086 rs4528199.G 1s6604596:A GA 2967 559 (47.6)
- Allele Proportion (AP) 025 z
o } - e i mhO1KK_002:2 ¢chr1:216461086 rs4528199:G> AA 2338 441 (375)
< in column Exclude in result 1566045064
Download demo-file (Microhaplotype panel v2.0) mhO1KK_106:1 chr1:4167404  rs12123330.C CAGA 5208 100.0 (70.0)
Marker Information fol 1516840876:A
Microhap Sequenc 18562126016
rs4468133:G>
Download Quick Start Guide

mhO1KK 117:1 chr1:204664212 rs17413714.A> CACC 6671 1000 (61.7) o

Yownload Result

Copyright 2021 Dept. of Forensic Medicine, Yonsei Univeristy College of Medicine, Seoul, Korea

Kwon (2022) FSIG
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Evaluating performance of MH-UMiIseq
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¢ Material and Method
- 31 Korean blood samples (20 Male + 11 Female) > Real-time PCR quantification
IRB approval) 4-2022-1534
- 31samples x 3 levels of input DNA = 93 samples
3 batches of
NGS Lib. Prep. Nextseq 550 run
with MH-UMiseq Mid Output kit
+
1 batch of
5ng 1ng 200 pg MiniSeq run
High Output kit
Evaluating performance of MH-UMiIseq
IAFS 2023
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(Manuscript in preparation)
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Evaluating performance of MH-UMiIseq
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«* UMI family distribution
a b.
10000 4 15009 ' size cutoff = 20 1 Sng
Expected # of 1000 1
UMI family/marker 5001
-E_ 1000 g 3004 1ng
= £ 2001
5 2 100 & 'MI
s 5 .
5 100 s 0 : .
- . 200pg
404 .. # of UMI family
: 204
10+ ’ o L o« Amount of input DNA
5ng  1ng  200pg 0 100 200 300
UMI family size
(Manuscript in preparation)

Evaluating performance of MH-UMiIseq
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*»* False-positive proportion
= Based on Minimum analytical options
1e-011
c Min. )
o UMI type Read cov. noise cutoff
%’ UMI family size
S 1e-021 Non-UMI x 20 0.001
s (1% | uml X 20 0.000
[
2 E
é 1e-03 1 |
& .". False-positive proportion: non-UMI > UMI
)
K
16-041 .. Amount of input DNA
dhg g S0ipg sng  1ng 200pg o< Resolution of UMI system

Non-UMI uMi

(Manuscript in preparation)
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Conclusions

IAFS 2023

€ The UMlI-based 46-plex amplicon sequencing system and UMI data analysis pipeline for

microhaplotypes were successfully established.

€ The noise level of MH-UMIseq is mainly affected by the number of molecules (= amount of
input DNA).

€ The false-positive proportion was significantly reduced in UMI system, especially for higher
amounts of input DNA.

MH-UMlseq is expected to have higher resolution

for large amounts of input DNA in mixture analysis.
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