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1. Introduction

CHALLENGING

- Hair shafts

- Skeletal remains

> Insufficient amount of available DN weses: a2
Improved MtDNA sequence analysis of forensic remains using a "mini-primer set" amplification

» High level of DNA fragmentation  strategy.

© Author infol Tnt J Legal Med (2008) 122:385-388

- Small amplicon strategy  ;*.7. v i

ORIGINAL ARTICLE

‘Mitominis’: multiplex PCR analysis of reduced size
amplicons for compound sequence analysis of the entire
mtDNA control region in highly degraded samples

Cordula Eichmann - Walther Parson
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1. Introduction

» MPS strategy for challenging sample type

Precision ID mtDNA Panels
Precision ID mtDNA whole Genome Panel
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1. Introduction

» MPS strategy for forensic sample type

[Hair shafts] [Reference]

Origin
16,569 3 1
o 7%

46§

Human mtDNA
16,569 nts

Precision ID mtDNA Whole Genome Panel Long-range amplification

- 163 bp average amplicon length - 8,500 bp average amplicon length
- 81 primer pairs - 2 primer pairs

- 2-pool multiplex assay - Avoiding impacts of NUMTs

- Degraded and compromised sample - Intact and high-quality sample
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2. Materials & Methods

» MPS workflow of hair shafts

= 20 Korean males = QlAamp DNA

= >1year(RT) Investigator Kit
= 2nd proximal 2cm

= in duplicate
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HE

=

- Precision ID
~ mtDNA Whole

Genome Panel kit

= |on chef system
= Jon S5 system

= |on 520 chip

Sample collection d MPS Library prep. lf  MPSsystem WM  MPS analysis

= Converge 2.1

software

2. Materials & Methods

= 20 Korean males = QlAamp DNA

= Peripheral Blood Mini Kit

= Buccal swab
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» MPS workflow of reference samples

= Long range PCR

with 2 fragment

| = Nextera XT DNA

Library Prep Kit

= MiSeq™ system

= MiSeq Kitv3

-

Sample collection DNA extraction B MPS Library prep. § MPS system | MPS analysis

-

= GATK Mutect2
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» MPS coverage

[Blood]

[Buccal swab]
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16,569

» MPS data analysis of hair shafts using Converge software

[Circular coverage plot]

- Forward coverage

- Reverse cove rage

=  Deletion
= |nsertion

=  Mutation
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» MPS data analysis of hair shafts using Converge software

[Converge software result]

Sample  5001_HionXpress_085
lose haplogroup Y1
Regions  |-16569
Position Ref i Var Freq Type. rage Coveragtllele Coverag| age 6% A% Th % N ins% del% Regi State Frequency Artefact far Strand Biazad Strand Bi  EMPOP
73 A G G 98 SNP 3616 2865 6466 3607 2859/ 998] 02 0 0 0 01 0 736 736 confirmed 998 True variant 05 06 unchecked
146 Tlc|c| . SNP. 1885 1378 3218 1858 1360 0 | 0 01 986 0 06 13 146C  146C  confirmed 986 True variant 05 06 unchecked
152 T T [Y | SNP 1883 1393 132 649 483 | 0 0 654 346 0 12 0 15 15 possible 346 Point Heteroplasmy 05 06 unchecked
263 A G G 99 SN 433 438 870 432 4899 0 0 0 0 06 01 2636 263G confirmed 999 True variant 05 05 unchecked
309 T+ c| 45 NS 35 798 494 w1 38| 0 0 0 0 0 549 0 3001 | 3001C | likely 425 Length Heteroplasmy 05 07 confirmed
315 G +|C 756 NS 357 802 876 25 (61| 0 0 0 0 0 87 0 3151C  3151C | likely 756 True variant 06 07 confirmed
709 G A A %86 SNP 3087 2871 5874 3040 283 13 (986 0 0 0 14 01 7094 confirmed 986 True variant 05 05 unchecked
750 A G G| 94 SN 791 1842 2618 789 1829/994 0 0 0 0 07 05 7506 confirmed 994 True variant 05 07 unchecked
1438 A G G w5 SNP 1186 709 1885 1n85 700 (99505 0 0 0 04 O 14386 confirmed 995 True variant 05 06 unchecked
2706 A G G 986 SNP. 1684 1486 3086 1617 1469/ 98614 0 0 0 06 0 27066 confirmed  98.6 True variant 05 05 unchecked
384 G A A 10 SNP 303 69 999 303 69| 0 (200 0 0 0 0 0 38UA confirmed 100 True variant 05 07 unchecked
4562 A G G w3 SNP m 1386 3071 1710 136187322 0 0 0 03 05 45626 confirmed 973 True variant 05 06 unexpecte
4769 A G G £ SNP 1013 1136 1z 011 16 9| 0 0 0 0 05 1 47696 confirmed 99 True variant 05 05 unchecked
5417 G A A 98 SNP. 176 a1 616 175 41]02 998 0 0 0 13 0 S417A confirmed 9.8 True variant 05 07 unchecked
7028 c| T[T | o8 SNP 217 1001 3149 N70 979 0 | 0 978 21 | 0 01 0 70267 confirmed 979 True variant 05 07 unchecked
7325 A G G 96 SN 1764 1952 3701 1762 1939996/ 01 0 0 0 02 03 73256 confirmed 9.6 True variant 05 05 unexpecte
8302 G A A 991 SNP 167 338 550 164 38|09 891 0 0 0 02 0 83024 confirmed 9.1 True variant 05 07 unchecked
8555 AEIFAE T SNP 791 552 337 08 10| 0 0 749 251 0 03 0 8555V unclear 251 Point Heteroplasmy 05 06 unexpecte
8360 A G G 99 SNP. 429 848 1276 428 843999101 0 0 0 02 0 8360G confirmed ~ 99.9 True variant 05 07 unchecked
10379 A G G o7 SNP 953 1527 2406 909 M7/ 67 (20 0 0 0 03 01 | 103796 confirmed 97 True variant 05 06 unchecked
10398 A G G % SNP 1073 1746 279 060 172, 8|1 0 0 0 0 0 103986 confirmed 99 True variant 05 06 unchecked
1719 G A A %91 SNP. 3040 1028 4032 3019 1013 09 91 0 0 0 03 0 17194 confirmed 9.1 True variant 05 07 unchecked
12705 ¢ | T | T | s SNP 1985 564 2500 1947 53 0 | 0 [881 19 0 02 0 127057 confirmed  98.1 True variant 05 08 unchecked
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» MPS data analysis of hair shafts using Converge software

[Converge software result]

[ close haplogroup  v1 | €—close haplogroup based on EMPOP
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» MPS data analysis of hair shafts using Converge software

[Converge software result]

Var Freg
99.8
98.6
346
999
425
756
98.6
99.4
sos | € —Variant Frequency
98.6
100
97.3

99
99.8
979
99.6
99.1
251
99.9

97

99
99.1
98.1
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» MPS data analysis of hair shafts using Converge software

[Converge software result]

152] 71 TI X I 346 SNP 1883 1393 1132 649 483 0 0 654346 0 12 0 15V 15 possible 346  Point Heteroplasmy

T

Point heteroplasmy
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» MPS data analysis of hair shafts using Converge software

2,150 bp
|

[IGV image] |

[Converge 2.1 result]

-||—||—||—||—||—||—||—||—||—||—||—||—|>J

Position Ref Sample Variant Type ... Polymorphism

2156 T + A INS .. 2156.1A
—> Automatically calling according to forensic nomenclature

(ISFG guidelines)

[GATK Mutect2 result]
#Chrom Position Ref Alt

chrM 2150 T TA

t

np 2150

G TAAAAAAT

t

np 2156

.
» Observed point heteroplasmy of whole mtGenomes
rCRS rCRS . .
Sample ID ", . Hair shaft#1 Hair shaft#2 Blood Buccal swab
Position Nucleotide
152 T C T/czas) T/c@2.0) C/rissa)
3834 G Ale(s.a) A A A
8555 T T T/cesa) T T
Sample 001 15364 C C/r(10.9) C C C
16266 C T/cis.6) T T T
16319 G Aloe3) Alsis) A A
709 G Alstars) G G G
Sample 004
P 16320 C C/t01) C C/r(24.9) C/rues)
4 [« C/rz07) c c C
Sample 006 11847 G G/ass) G G G
Sample 007 16150 C T T T T/css)
15373 A A Als(322) A A
S le 008
ample 16362 T c Clron C C
8517 G G G G/cea) G
Sample 009 16187 C T T/ews) T T
11969 G Ales7) A A A
Sample 012 16192 c T/ezo) T T T
Sample 013 16311 T C C/rus.2) C c
8473 T C/ra92) C/r1a.3) C c
Sample 014
3 16362 T C/16.) Clrsa), C C
204 T T T T/caze) T/cuas.0)
499 G Alcr.6) A A A
2831 G Alas7) A A A
Sample 015
P 4820 G Alc23) Alsgo) A A
15034 A G/as.9) Als(9.9) Alsias.e) Al
15236 A G/ns7) G G G
Sample 016 14016 G Alsira) Ale(103) A A
930 G Alszo) Als(z0.9) Alss3) Alsaz0)
Sample 017 15279 T T T/eean) T T
16103 A A Alsiz30) G/ano) G/apa7)
Sample 018 15262 T Clrar) C/rus.4) C C
9947 G G/aus6) G G G
Sample 019
P 10644 G G/ap73) G G/auss) G/a1.3)
1200 G G G/a0.0) G G
Sample 020 16162 A Aoz A A A
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» Observed point heteroplasmy of whole mtGenomes

v’ Variant calling threshold >100X
v’ Point heteroplasmy threshold > 400X

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

* Total 56 PHPs

e 15/20 donors across 4 tissue sets

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

| Coding region
hair shaft#2, blood, buccal swab n=32

* Control region : Coding region = 24 : 32 \
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Control region

n=24

» Observed point heteroplasmy of whole mtGenomes

Hair shaft #1 Hair shaft #2 Blood Buccal swab

YONSEI UNIVERSITY
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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

25
& 20 4%
T ~45.6%
-9
s 15 5.8%
5 ~45.2%
2 10
£
25 6.4% 5.8%

~28.3% ~49.0%
0
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4. Discussions

» Inverted major nucleotide according to the tissue type

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/rz3.4)

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

Sample 015 15034 A G/a(s.9) A/c(20.9) A/g(15.6) A/g(9.9)

Sample 017 16103 A A A/g(33.0) G/na(19.1) G/n(290.7)

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

» Inverted major nucleotide according to the tissue type

[Sanger sequencing results of Sample 001]

TGCCCCATCC|ICATTATTTATC

' Hair shaft #1  152C mlﬁbmﬂ'ﬂf VAAVAA

TGCCCCATCCWATTATTTATEC

'&P Hair shaft #2  152T/cisa6) /JMW'M 'I.I['J'ﬂ'lJﬁL'lﬂl"fﬂ'.J'nl)r VAR

TGCCCCATCC|TIATTATTTATEC

‘g /___Blood 152T/c220) ﬁ]\j\ﬂﬁfﬁ\"“‘n n'u!n'. "Pl'u'n'u"ﬂ'u'llI"u-'"'nﬂ.;'n'\l"."m'-.f'&

TECCCCATCCCATTATTTATLE

w\v ? Buccal swab  152C/7(s3.9) f\]\ﬂﬂf‘lﬂ'u f "n’ﬂ"’ﬂ flllyll]"ﬁﬂ-'lﬂl'u'ﬂ UnL"n'd'nl'l."ﬁ".Jnﬁ

np 152
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4. Discussions

>

Inverted major nucleotide according to the tissue type

[Sanger sequencing results of Sample 004]

HAGCATCCCCR|TTCCAGTGEAG

A Hair shaft #1  709A/cu1s AP AN A A

SAGBCATCCCCGITTCCAGTGAG

W Hair shaft #2 709G A AN AAA A M i

HAAGECATCCCCGITTCCAGTGE AG

‘5 Blood 7096 an AP A AR AR A

AAGECATCCCCGTTCCAGTGEAG

Buccalswab 709G e A Al A A

np 709

4. Discussions

>

Inverted major nucleotide according to the tissue type
[Sanger sequencing results of Sample 017]

TTCGETACATT[A[CTGCCAGLC A

&»« Hair shaft #1  16103A M\M'”ﬁﬂﬂ f [\ﬂj\ﬂnﬁﬂﬂi'

TTCGTACATTIRICTGCC AGLCLCA

éﬁ”ai”haﬂ#z ,,,,,, 16103A/6(330) W!\J{\J“lﬁ!{\ﬁ"ﬂf FAN\/W\'N\)”\"

TTCGTACATT|IGICTGCCAGLCLCA

‘&)Blood ,,,,,,,,,,,,,,,,,, 16103G/x101) Wﬂﬂ"q"ﬂr"hm WA

TTCGTACATT|IGICTGCCAGLCC A

¢?Buccalswab ,,,,,, 16103G/(2s.7) Wnﬂ.’"ﬂ.f\.ﬂ"u.ﬂﬂf Wﬂ""‘uﬂmﬂ\“ﬂ'

np 16103

2019-12-02

11



4. Discussions

>

Inverted major nucleotide according to the tissue type

[Sanger sequencing results of Sample 015]

GCCTCTTCCT[GCACATCGGEGEEC

/ Hair shaft #1  15034G/x(s.0) PU\N'W\W ﬂﬂﬂﬂﬂﬂf\f\

GCCTCTTCCTIRICACATCGEGGEGC

/ Hair shaft #2  15034A/g(20.9) MWP ﬂﬂdﬂu\m’\m

GCCTCTTCCT|AICACATCGEGEGEC

‘$,B|ood ,,,,,,,,,,,,,,,,,, 1503887059 IMAMAAASAAL A AAA A
GCCTCTTCCT|IAICACATCGGGEELE
3/
W s 1503n/en  AAMAAAAAA DA AR
np 15034

4. Discussions

>

Inverted major nucleotide according to the tissue type

[Sanger sequencing results of Sample 015]

{ GCCTCTTCCT|GICACATCGEGGEE
P i)

V’r GCCTCTTLCLCT|IAICACATLCGEGGEELE
55
,,,,,,,, Buccal swab  15034A/g00) "N ANAMAA N A A allA
np 15034

2019-12-02
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4. Discussions

What if..?

[Sanger sequencing results of Sample 015]

At crime scene Reference
y
—~
i
GCCTCTTCCT|GICACATCREGEGEC GCCTCTTCCT[ACACATLCEGGEE

T T N T

Sanger sequencing result: 15034G Sanger sequencing result: 15034A

4. Discussions

What if..?

[Sanger sequencing results of Sample 015]

At crime scene Reference
y

-

5

“Possibility of false exclusion”

2019-12-02
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4. Discussions

What if..?

[Sanger sequencing results of Sample 015]

At crime scene

Sanger sequencing result: 15034G
PHP threshold: approximately ~20%

Reference
y

-

Sanger sequencing result: 15034A
PHP threshold: approximately ~20%

4. Discussions

What if..?

[Sanger sequencing results of Sample 015]

At crime scene

Sanger sequencing result: 15034G

l

MPS result: 15034G/A(5__9)
PHP threshold: 5%

Reference
|

.

Sanger sequencing result: 15034A

l

MPS result: 15034A/G(ﬁ)
PHP threshold: 5%

2019-12-02
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5. 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.

5. Conclusions

International Journal of Legal Medicine
hittps/dolora/10.1007/500414-019-02205-y

ORIGINAL ARTICLE i @ ]
|

Check for
Comparison of whole mitochondrial genome variants |ciRckted.
between hair shafts and reference samples using massively parallel
sequencing
Bo Min Kim ' . Sae Rom Hong ' + Hein Chun®? - Sangwoo Kim*? - Kyoung-Jin Shin "2
Receted: ber 2019 /A o 7 N ber 20 i
I:ec_:ptlng:rﬁ::gmebSEetm‘;fmﬂof :::;er ;a::re 2me Int 'l Lega’ Med' In press
Int J Legal Med

donor. Accumulation of mtGenome PHP data will facilitate 9. King JL, LaRueBL, Novroski NM, Stoljarova M, Seo SB, Zeng X,

the application of MPS in the comparative analysis of Warshaver DI Dayis CP, Parson W, Sejntita, Budowle B

z TR i (2014) High-quality and high-throughput massively parallel se-

mtGenome variants containing PHP to forensic casework. quencing of the human mitochondrial genome using the Ilhmina
MiSeq. Forensic Sci Int Genet 12:128-135
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