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Main challenges in forensic DNA profiling

- Main topics of our research group
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Microhaplotypes

Next generation sequencing (NGS)

* High throughput multiplexing

< 300 nucleotides

\

&

Genotype: TGG/C

{ * Phase-known haplotyping

* Low mutation rate
* High heterozygosity

* No stutter artifacts
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Microhaplotypes

S Forensic Science International: Genetics :
oSk Volume 49, November 2020, 102367 x
Forensic Science International: Genetics

Volume 40, May 2019, Pages 140-149

A microhaplotypes panel for massively
parallel sequencing analysis of DNA
mixtures

A sequence-based 74plex mig
assay for analysis of forensic

Eabio Oldoni®* 2 &&=, Drew Bader °, Chiara Fantinato ®, Shard

Kenneth K. Kidd *, Daniele Podini® 2 &

Original Article | Published: 27 January 20| peng Chen ®* 2 &, Chuwei Deng®*, Zheng Li°*, Yan Pu ®, Jiawen Yang °, Yanfang Yu °, Kai L

Ding Li °, Weibo Liang €, L ng‘, Feng Chen®? 2 =

Identification and Se(UeTIcnTg OT 59 BTy PUTy ITUT PIITC
microhaplotypes for analysis of DNA mixtures

Riga Wu, Haixia Li, Ran Li, Dan Peng, Nana Wang, Xuefeng Shen & Hongyu Sun™

International Journal of Legal Medicine 135, 1137-1149 (2021) | Cite this article
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Minor contributor or Noise in Mixture?

> In a crime scene scenario,

22

mhO01KK-001: TGG /CGG CAG / TAG

Analytical threshold Mitigating
----------------------- —— noise level

in NGS !!

TGG CGG CAG TAG
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Unique molecular identifiers (UMlIs)

DNA molecule UM grouping
—— UM family #1
——— ]» family size : 2
e ——
———
UMI family #2
e — — ——
UMI attaching l .
=0 * family size : 4
e — T ———
| —— e — — ——
C ———
UMI family 3
—— —— ——
— —— ]» family size : 3
PCR and NGS l — ———

Consensus reads calling

i
[

@ True variants © PCRerror @ NGS error
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Attaching UMIs to DNA molecules

1. PCR-based method 2. Adapter ligation method
" A’ End Repair and A-tailing
—v‘ v

A UM s—
A — TUM| s—

UMI-containing
adapter ligation

1. Multiplex PCR

- Pros: High sensitivity (= 1 ng) - Pros : Large-scale multiplexing
(> 100 kb)
- Cons: Small number of targets
(Difficult to design primer) - Cons : Low sensitivity (> 10 ng)
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

I General objective

Construct UMI-based amplicon sequencing system for microhaplotype

and investigate false-positive rate of UMI data according to the amount

of input DNA.

I Specific objectives
1. Development of MH-UMiseq Panel
2. Construction of MH-UMI data analysis pipeline

3. Evaluating performance of MH-UMlIseq
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1. Development of MH-UMiseq Panel

I Marker selection

= 130 Microhaplotypes

-
: .'uL Forensic Szfxence \nterna!lonal Genetics l = 46 Microhaplotypes
- Consist of 155 SNPs

Evaluating 130 microhaplotypes across a global
set of 83 populations - Target size: 124 ~ 249 bp

Kennel

Kidd (2017) FSIG

o

# of Markers

@

| .-
2 3 4 5 6

(= Heterozygosity)
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1. Development of MH-UMiseq Panel

| MH-UMIseq

1. Barcoding PCR (x 3 cycles)

" * UMl barcode
_‘% - Poly (Hg) x Poly (Hg) = Poly (H,)
e =312=531K

2. Nuclease reaction

= S * Remove PCR artifacts by Nuclease

,,,,,,,,,,,,,,,,,,, : by CleanPlex (Paragon Genomics)

3. Boosting PCR

¢ UMl-attached target amplification
by Boosting PCR

4. Indexing PCR

Reod sequence == Unigue dual index + platform sequence
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1. Development of MH-UMiseq Panel
| MH-uMiseq
. dii (x 3 cycles) .
g s > To mitigate PCR and NGS error
ity
e ———— —‘W * High-fidelity enzyme (> x 300)
2. Nuclease reaction M Unique dual index (UDI)
—_— <> Combinatorial dual index (CDI)
Al m——a A1 —
3. Boosting PCR B1 m——m B1 m_—
C1 —— c1 —-
— D1 mm——— D1 ——-—
CcDI ubi
4. Indexing PCR
Read sequence = Unique dual index + platform sequence
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2. Construction of MH-UMI data analysis pipeline

- Linux-based pipeline + STRait Razor + Visual Microhap

Pre-processing >> UMI grouping >> Variant Discovery
Non-UMi
Merging Fastg
— FLASH
- Grouping UMI
§l — GroupReadsByUMI (fgbio) l e
l R l.gruuacd.bum
Extracting Target Sequence
STRait Razor
(Calling Consensus Reads
allmolecular
ConsensusReads [fghia) l it
mapped.sam .consensus
.unmapped.bam
R Genotype calling
Itering Consensus Reads Visual Microhap
3 Fil 5 (fgbio) £
g g
H £
3 2
.mapped bam 2 Sfiltered w l MMt
g .unmapped bam 2
] i
Mergi 2 BAM 1o Fasty g
MergeBamalignment (picard) > Samtools fasta -
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Visual Microhap (v1.1) for MPS Data by STRait Razor 3.0

Marker Information Sequence-based Data
File MHSG_Ref.Info.tit File MH56-2800M _Seq.txt
56 markers: Loading completed! 56 markers: Analysis completed
Analysis Option G|l b Marker:Ne  Chr:Pos Reference Obs.  Cryptic Var. Read Valid Gross AP
N mhO1KK_001:1 chr1:3826568 S4B4B344 T cas 3826587G=A 3128 515 (283)
- Minimum read count [100 ~6653840.G>
581111556
- Background noize level |00
MAOTKK 0012 chr1 3826568  rs4648344T5 caG 2950 485 (266
6683840:G>

- = T) error Al
Homopolymer (> 7) eror [0.15 s
(lindel] followed by '@ in Cryptic Var)

MAOTKK 0021 chr:216461086 r34528199.G 1366045964 GA 2967 559
- Allele Propertion () [0.25
o o) ‘ MhOTKK 0022 chr1:216461086 rs4528199.G> A 2338 44
< in column vclude in result sl
Download demo-file (Microhaplotype panel v20) mAOTKK 1061 chr1:4167404  rs12123330C caca 5208 1000 (700,
Marker Information for 56 Microhaps 5168408764
Microhap Sequence Data by STRait Razor 30 5562126016
24468133:G>
Download Quick Start Guide
mAOTKK 1171 chr1:204664212 1517413714 cacc 6671 1000 6170

ine, Seoul, Korea

Copyright 2021 Dept. of Ferensic Medicine, Yonssi Univ

sty College of M

Kwon (2022) FSIG
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3. Evaluating performance of MH-UMiseq
I Material and Method

- 31 Korean blood samples (20 Male + 11 Female) - Real-time PCR quantification

Severance IRB. 4-2022-1534

- 31samples x 3 types of input DNA = 93 samples

3 batches of

NextSeq 550 run
NGS Lib. Prep. ARy SR
with MH-UMiseq Mid Output kit
+
1 batch of
5ng 1ng 200 pg MiniSeq run

High Output kit
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3. Evaluating performance of MH-UMiIseq
I Marker coverage
e.g. Ing of DNA
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(Manuscript in preparation)
ICGSK 2023



2023-10-24

3. Evaluating performance of MH-UMiseq

I umi family distribution

a b.
15009 cutofr=
10000 Cutoff = 20 l S5ng
Expected # of 1000 1
UMI family/marker 500
. 0 R
¥
& 1000 A _E 300 1n
= 8 200
£ =
£ 2 100 & |"MI|
=3 ! 5 0 S
?_ 1004 a*®
o
3 60 200 pg
404
201
104
—_— 0- T T T — — T
5ng ing 200pg 0 100 200 300
UMI family size
.. # of UMI family o< amount of input DNA
(Manuscript in preparation)
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3. Evaluating performance of MH-UMiIseq
| False-positive rate
» Based on Minimum analytical options
Min.

1e-01 UMI type read cov. noise cutoff
" | / UMI family size
© Non-UMI X 20 0.001
g Te02 uml X 20 0.000
3 L
o -
Qo .
8 1e03 EF
& 4 .. False-positive rate: non-UMI > UMI

1e-04 . .

e g 200p0 e 1o 20000 . amount of input DNA
- i o« efficiency of UMI system
(Manuscript in preparation)
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3. Evaluating performance of MH-UMiseq

I Max noise level of MH-UMiseq

-+ 5ng —+ 1ng — 200pg [ ] % 1SD
00124 , 0.012

e
0.008 0.009

0.006
0.004

0.003

Max noise level

0.000
0.000

o 500 1000 1500 2000
# of UMI
family/marker

> Expected resolution of MH-UMlIseq

5ng 1ng 200pg
Minor component ratio 1:231 1:64 1:13

(Manuscript in preparation)
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Summary

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

pipeline for microhaplotypes were well established.

€ The false-positive rate was significantly reduced in UMI system, especially

for higher amounts of input DNA.

€ The noise of MH-UMiIseq is mainly affected by the number of molecules (=

amount of input DNA).

- The noise level decreases as the input increases.

€ To obtain a resolution of 1:50 or higher, 2 1 ng of DNA must be used.
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Future application of UMI system

@ It is expected to achieve high accuracy and sensitivity (resolution) in mixed

DNA analysis, especially for high amount of DNA.

+ DNA Methylation analysis

@ It is expected to improve the accuracy and sensitivity of age, body fluid

prediction by DNA methylation analysis.

@ It enables simultaneous human identification and methylation analysis of

mixed samples.

ICGSK 2023

Acknowledgements

> Yonsei DNA profiling group

A AT

!
| ®

Kyoung-Jin Shin Ye-Lim Kwon Sumin Joo Jiwon Kim
Professor Post-doc Research assistant  M.Sc. student

This work was supported by the Korean National Police Agency
(Project Number: 0411-20230029)

ICGSK 2023

11



