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1. Introduction

CHALLENGING

- Hair shafts

- Skeletal remains

REFERENCE

- Buccal swab

- Blood
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1. Introduction

CHALLENGING

- Hair shafts

- Skeletal remains

 Insufficient amount of available DNA template

 High level of DNA fragmentation

→ Small amplicon strategy 

1. Introduction

MPS strategy for challenging sample type

Precision ID mtDNA Panels

- 163 bp average amplicon length

- 81 primer pairs

- 2-pool multiplex assay

- Degraded and compromised sample

Precision ID mtDNA whole Genome Panel

Precision ID mtDNA Control Region Panel

- 153 bp average amplicon length

- 7 primer pairs
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1. Introduction

REFERENCE

- Buccal swab

- Blood

 Often taken directly from a suspect

 Low level of DNA fragmentation

 Impacts of NUMTs (nuclear mitochondrial pseudogene sequences )

→ Long-range amplification strategy

1. Introduction

MPS strategy for forensic sample type

[Hair shafts]

Precision ID mtDNA Whole Genome Panel Long-range amplification

[Reference]

- 163 bp average amplicon length

- 81 primer pairs

- 2-pool multiplex assay

- Degraded and compromised sample

- 8,500 bp average amplicon length 

- 2 primer pairs

- Avoiding impacts of NUMTs

- Intact and high-quality sample
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DNA extraction

 20 Korean males

 ≥ 1 year (R.T.) 

 2nd proximal 2cm

 in duplicate

 QIAamp DNA 

Investigator Kit 

 Precision ID 

mtDNA Whole 

Genome Panel kit

 Ion chef system

 Ion S5 system

 Ion 520 chip

 Converge 2.1 

software

MPS workflow of hair shafts

2. Materials & Methods

Sample collection MPS Library prep. MPS system MPS analysis

DNA extraction

 20 Korean males

 Peripheral Blood

 Buccal swab 

 QIAamp DNA     

Mini Kit 

 Long range PCR 

with 2 fragment

 Nextera XT DNA 

Library Prep Kit

 MiSeq™ system

 MiSeq  Kit v3

 GATK Mutect2

Sample collection MPS Library prep. MPS system MPS analysis

MPS workflow of reference samples

2. Materials & Methods
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3. Results

MPS coverage

2. Materials & Methods

[Circular coverage plot]

- Forward coverage

- Reverse coverage

 Deletion

 Insertion

 Mutation

3. Results

MPS data analysis of hair shafts using Converge software
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[Converge software result]

3. Results

MPS data analysis of hair shafts using Converge software

[Converge software result]

Close haplogroup based on EMPOP

3. Results

MPS data analysis of hair shafts using Converge software
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[Converge software result]

3. Results

MPS data analysis of hair shafts using Converge software

Variant Frequency

2. Material & Methods

[Converge software result]

Point heteroplasmy

3. Results

MPS data analysis of hair shafts using Converge software
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Position Ref Sample Variant Type … Polymorphism

2156 T + A INS … 2156.1A

[Converge 2.1 result]

2. Materials & Methods3. Results

MPS data analysis of hair shafts using Converge software

[IGV image]

#Chrom Position Ref Alt

chrM 2150 T TA

[GATK Mutect2 result]

→ Automatically calling according to forensic nomenclature 
(ISFG guidelines)

np 2156np 2150

Observed point heteroplasmy of whole mtGenomes

2. Materials & Methods3. Results

Sample ID
rCRS rCRS

Hair shaft#1 Hair shaft#2 Blood Buccal swab
Position Nucleotide

Sample 001

152 T C T/C(34.6) T/C(22.0) C/T(33.4)

3834 G A/G(5.4) A A A
8555 T T T/C(25.1) T T

15364 C C/T(10.4) C C C
16266 C T/C(5.6) T T T
16319 G A/G(8.3) A/G(7.8) A A

Sample 004
709 G A/G(41.8) G G G

16320 C C/T(10.1) C C/T(24.9) C/T(16.8)

Sample 006
41 C C/T(20.7) C C C

11847 G G/A(13.6) G G G
Sample 007 16150 C T T T T/C(5.8)

Sample 008
15373 A A A/G(32.2) A A
16362 T C C/T(7.7) C C

Sample 009
8517 G G G G/C(6.4) G

16187 C T T/C(7.5) T T

Sample 012
11969 G A/G(5.7) A A A
16192 C T/C(7.0) T T T

Sample 013 16311 T C C/T(45.2) C C

Sample 014
8473 T C/T(19.2) C/T(14.3) C C

16362 T C/T(6.4) C/T(5.8) C C

Sample 015

204 T T T T/C(13.6) T/C(49.0)

499 G A/G(7.6) A A A
2831 G A/G(5.7) A A A
4820 G A/G(12.3) A/G(8.0) A A

15034 A G/A(5.9) A/G(29.9) A/G(15.6) A/G(9.9)

15236 A G/A(5.7) G G G
Sample 016 14016 G A/G(11.4) A/G(10.3) A A

Sample 017
930 G A/G(23.0) A/G(30.9) A/G(28.3) A/G(23.0)

15279 T T T/C(33.1) T T
16103 A A A/G(33.0) G/A(19.1) G/A(29.7)

Sample 018 15262 T C/T(27.1) C/T(18.4) C C

Sample 019
9947 G G/A(45.6) G G G

10644 G G/A(37.3) G G/A(18.6) G/A(19.3)

Sample 020
1200 G G G/A(40.0) G G

16162 A A/G(13.6) A A A
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• Total 56 PHPs

• 15/20 donors across 4 tissue sets

• PHPs per donor up to 5,3,2,2 in hair shaft #1, 

hair shaft#2, blood, buccal swab

• Control region : Coding region = 24 : 32

Control region
n=24Coding region

n=32

2. Materials & Methods3. Results

 Variant calling threshold >100X

 Point heteroplasmy threshold > 400X

 Minor nucleotides of PHP were observed in > 5% of the total coverage

Observed point heteroplasmy of whole mtGenomes

Observed point heteroplasmy of whole mtGenomes

2. Materials & Methods3. Results

Sample type Total Hair shaft #1 Hair shaft #2 Blood Buccal swab

No. of PHPs 56 23 17 8 8

Proportion range(%) 5.4~49.0 5.4~45.6 5.8~45.2 6.4~28.3 5.8~49.0
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Sample ID rCRS
position

rCRS
nucleotide Hair shaft #1 Hair shaft #2 Blood Buccal swab

Sample 001 152 T C T/C(34.6) T/C(22.0) C/T(33.4)

Sample 004 709 G A/G(41.8) G G G

Sample 015 15034 A G/A(5.9) A/G(29.9) A/G(15.6) A/G(9.9)

Sample 017 16103 A A A/G(33.0) G/A(19.1) G/A(29.7)

*Minor variants are indicated using smaller font size with their proportion stated in parentheses.

2. Materials & Methods4. Discussions

 Inverted major nucleotide according to the tissue type

[Sanger sequencing results of Sample 001]

Hair shaft #1 152C

Hair shaft #2 152T/C(34.6)

Blood 152T/C(22.0)

Buccal swab 152C/T(33.4)

2. Materials & Methods4. Discussions

 Inverted major nucleotide according to the tissue type

Sanger resultMPS result

np 152
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[Sanger sequencing results of Sample 004]

Hair shaft #1 709A/G(41.8)

Hair shaft #2 709G

Blood 709G

Buccal swab 709G

2. Materials & Methods4. Discussions

 Inverted major nucleotide according to the tissue type

Sanger resultMPS result

np 709

[Sanger sequencing results of Sample 017]

Hair shaft #1 16103A

Hair shaft #2 16103A/G(33.0)

Blood 16103G/A(19.1)

Buccal swab 16103G/A(29.7)

2. Materials & Methods4. Discussions

 Inverted major nucleotide according to the tissue type

Sanger resultMPS result

np 16103
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[Sanger sequencing results of Sample 015]

Hair shaft #1 15034G/A(5.9)

Hair shaft #2 15034A/G(29.9)

Blood 15034A/G(15.6)

Buccal swab 15034A/G(9.9)

2. Materials & Methods4. Discussions

 Inverted major nucleotide according to the tissue type

Sanger resultMPS result

np 15034

[Sanger sequencing results of Sample 015]

Hair shaft #1 15034G/A(5.9)

Hair shaft #2 15034A/G(29.9

Blood 15034A/G(15.6)

Buccal swab 15034A/G(9.9)

2. Materials & Methods4. Discussions

 Inverted major nucleotide according to the tissue type

Sanger resultMPS result

np 15034
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What if..?

Sanger sequencing result: 15034G

2. Materials & Methods4. Discussions

At crime scene

[Sanger sequencing results of Sample 015]

Reference 

Sanger sequencing result: 15034A

What if..?

Sanger sequencing result: 15034G

2. Materials & Methods4. Discussions

At crime scene

[Sanger sequencing results of Sample 015]

Reference 

Sanger sequencing result: 15034A

At crime scene Reference 

“Possibility of false exclusion”
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What if..?

Sanger sequencing result: 15034G

2. Materials & Methods4. Discussions

At crime scene

[Sanger sequencing results of Sample 015]

Reference 

Sanger sequencing result: 15034A

PHP threshold: approximately ~20% PHP threshold: approximately ~20%

What if..?

Sanger sequencing result: 15034G

2. Materials & Methods4. Discussions

At crime scene

[Sanger sequencing results of Sample 015]

Reference 

Sanger sequencing result: 15034A

MPS result: 15034G/A(5.9)

PHP threshold: 5%

MPS result: 15034A/G(9.9)

PHP threshold: 5%
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2. Materials & Methods5. Conclusions

• We successfully analyzed the whole mtGenome variants of 4 sets of tissue.

• Although hair shafts had been stored at room temperature > 1 year, their whole
mtGenome variants were successfully obtained using the Precision ID mtDNA
Whole Genome Panel.

• The whole mtGenome variants of blood and buccal swabs with 2 LR-PCR
products were analyzed using the Nextera XT DNA Library Prep Kit.

• In 4 samples, the major nucleotide of PHP was inverted at one nucleotide
position in the hair shaft and reference samples.

• The MPS data which provide a high resolution for PHP, did not result in
exclusion of that both haplotypes were derived from the same donor.

• Accumulation of mtGenome PHP data will facilitate the application of MPS in
the comparative analysis of mtGenome variants containing PHP to forensic
casework.

2. Materials & Methods5. Conclusions

Int J Legal Med. in press
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