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Outline

« Mitochondrial DNA mixtures

— Heteroplasmy — Length and SNP
— Mixed templates

« STR mixtures
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Mitochondrial DNA Mixtures
What Is a Mixture?

e Natural  Situational
— Heteroplasmy — Multiple contributors
* Pomt/sequence Avg. Number of Nucleotide
o Length Differences Between Individuals
US Caucasians 8
African Americans 14
Hispanic 13
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Mitochondrial DNA Mixtures
Current Interpretations

« Heteroplasmy — when comparing two profiles
with one or more mixed bases
— Common base at each position?
— Common length variants detected?
— Concordant mtDNA types?

« Multiple contributors

— Not readily interpretable using current CGE
sequencing
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Mitochondrial DNA Mixtures
Challenges

« Heteroplasmy vs. multiple contributors

Common mtDNA types

Mitochondrial DNA is a single locus
— Bases are not independent

Sensitivity
— Typically require minimum 20% minor component for
detection by sequencing

Sequencing chemistry is not quantitative
Technology M!:/I
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Mitochondrial DNA Mixtures
Approaches to mtDNA Mixtures

Sequencing

Denaturing high-performance liquid
chromatography (DHPLC)

— Elution and collection of homo- and heteroduplex
fractions

Pyrosequencing

— Linear relationship between incorporated nucleotides
and amount of released light

Mass spectrometry N
Technology Nationa!
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Mitochondrial DNA Mixtures
Mass Spectrometry

lonized fragments are detected independently

Multiple mtDNA types will generate multiple
signals

Signal intensities reflect relative amounts within
mixed sample

Quantitation and resolution of components
Components must possess different molecular
masses to be distinguished

— Compensatory changes are undetectable Technology [INIJ
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Mitochondrial DNA Mixtures
Compensatory Changes

v V4 v ¥

AGCCGATCGGCTTAGATCGATCGTAAGTCGGAT
A8 G10 C7 T8

AGCTGACCAGCTTAGATCGATCGTGAGCTGGAT

4 44 [AsGoczTte] ¢ 1
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Mitochondrial DNA Mixtures
Natural mtDNA Mixtures

e Heteroplasmy

e Use known heteroplasmic mtDNA types
— Point
— Length
. HV1, HV2, HV3
e Perform lbis™ mtDNA Assay

« Observe sensitivity and reproducibility
— Tissue types and within tissue/sample
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Mitochondrial Point Heteroplasmy

Technology

Images courtesy of Leslie D. McCurdy, Ph.D. Transition Workshop
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mtDNA Point Heteroplasmy at 195 Y

2902:
2903:
2904:
2905:
2905:
2906:
2906:
2908:

31..76: A5 G16 C10 T15
41..114: A12 G25 C19T18
103..162: A10 G10 C18 T22
138..217: A23 G9 C19T29
138..217: A23 G9 C18 T30
178..267: A32 G15 C15T28
178..267: A32 G15 C14 T29
234..313: A30 G6 C29 T16

Images courtesy of Leslie D. McCurdy, Ph.D.

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Well 7 (A07)
2906 + 2901 + 2892

Well 55 (E07)
2893 + 2910 + 2902

Well 19 (B07)
2925 + 2891 + 2908

Well 67 (FO7)
2897 + 2903 + 2916

Well 31 (C07)
2899 + 2890 + 2907

Well 79 (G07)
2896 + 2913 + 2904

Well 43 (D07)
2898 + 2889 + 2923

Well 91 (H07)
2905 + 2895 + 2912
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mtDNA Point Heteroplasmy at 195 Y

Images courtesy of Leslie D. McCurdy, Ph.D.
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2905: 138..217: A23 G9 C19T29
2905: 138..217: A23 G9 C18 T30
Well 91 49%

51%

2906: 178..267: A32 G15 C15T28
2906: 178..267: A32 G15 C14T29
Well 7 49%

51%
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mtDNA HV1 Length Heteroplasmy

Mixed sequence after length variation

Mixed sequence after length variation
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mtDNA HV1 Length Heteroplasmy

2896:
2896:
2896:
2896:
2895:
2895:
2893:
2893:
2893:
2893:
2892:

16124..
16124..
16124..
16124..
16157..
16157..
16182..
16182..
16182..
16182..
16254..

16201:
16201:
16201:
16201:
16201:
16201:
16250:
16250:
16250:
16250:
16305:

A26 G7 C28 T16
A26 G7 C29T16
A26 G7 C30T16
A26 G7 C31T16
Al16 G1 C21T7
Al16 G1 C22T7
A23 G5 C29T11
A23 G5 C30T11
A23 G5 C31T11
A23 G5C32T11
A18 G4 C22 T8

Images courtesy of Leslie D. McCurdy, Ph.D.
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Well 3 (A03) Well 51 (E03)

2906 + 2901 + 2892 2893 + 2910 + 2902
‘ |I|I ||I|

Well 15 (B03) Well 63 (FO3)
2925 + 2891 + 2908 [337 + 2903 + 2916

Well 27 (C03) Well 75 (G03)
2899 + 2890 + 2907 2896 + 2913 + 2904

Well 39 (D03) Well 87 (HO3)

2898 + 2889 + 2923

2905 + 2895 + 2912
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tDNA HV1 Length Heteroplasmy

||||||||||

- 2896: 16124..16201: A26 G7 C28 16  10%
- 2896: 16124..16201: A26 G7 C29T16 31%
- 2896: 16124..16201: A26 G7/C30 T16  42%
- 2896: 16124..16201: A26 G7/C31T16 17%

i
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. 2893: 16182..16250: A23 G5C29T11 11%
2893:16182..16250: A23 G5 C30T11 28%
2893:16182..16250: A23 G5 C31T11 43%
2893:16182..16250: A23 G5C32T11 18%

»’UWMWMN it sk | MwwWWWMMW by 4** MMl bl
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mtDNA HV2 Length Heteroplasmy

Mixed sequence after length variation

Institute
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Images courtesy of Leslie D. McCurdy, Ph.D. Transition Workshop. ¢7i.ic
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mtDNA HV2 Length Heteroplasmy

2906:
2908:
2908:
2908:
2907:
2907:
2907:
2923:
2923:
2923:
2910:
2916:
2912:
2913:

178..
234..
234..
234..
263..
263..
263..
289..
289..
289..
355..
389..
431..
493..

267:
313:
313:
313:
340:
340:
340:
367:
367:
367:
401:
437:
501:
576:

Images courtesy of Leslie D. McCurdy, Ph.D.
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A32 G15 C14 129
A30 G6 C29T16
A30 G6 C30 T16
A30 G6 C31T16
A25G6 C34T14
A25 G6 C35T14
A25 G6 C36 T14
A27 G6 C35T12
A27 G6 C36 T12
A27 G6 C37 T12
A21G3C14T9
All1 G7 C12T19
A20 G1C34T16
A27 G6 C46 TS5

DNA Mixture Detection, Analysis & Interpretation

Well 4 (A04)
2906 + 2901 + 2892

Well 52 (E04)
2893 + 2910 + 2902

Well 16 (B04)
2925 + 2891 + 2908

Well 64 (F04)
2897 + 2903 + 2916

Well 28 (C04)
2899 + 2890 + 2907

J

Well 76 (G04)
2896 + 2913 + 2904

Well 40 (D04)
2898 + 2889 + 2923

by

Well 88 (H04)
2905 + 2895 + 2912
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mtDNA HV2 Length Heteroplasmy

Well 28 (C04)
2899 2890 + 2907

. ibis-fbi-sur fedrive'data\PO0DS00318\acqus

2907: 263..340: A25G6C34T14 15%
2907: 263..340: A25G6C35T14 60%
2907: 263..340: A25G6 C36T14 25%

. WWWM W W-,« J" . ﬂk i «‘«Wwww M’w‘ *’W«W M ¥, {, M«J

.....................................................
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Image courtesy of Leslie D. McCurdy, Ph.D.
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mtDNA HV3 CA Repeat Heteroplasmy

CA repeat
I

Mixed sequence after
length variation

Mixed sequence after
length variation
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mtDNA HV3 CA Repeat Heteroplasmy

2908:
2908:
2907:
2907:
2923:
2923:
2910:
2916:
2912:
2913:
2913:

234.
234,
263.
263.
289.
289.
355.
389.
431.
493.
493.

.313:
.313:
.340:
.340:
.367:
.367:
.401:
.437:
.501:
.576:
.576:

A31G5C30T16
A31G5C31T16
A25 G6 C35T14
A25 G6 C36 T14
A27 G6 C36 T12
A27 G6 C37 T12
A21 G3C14T9

Al11 G7 C12T19
A20 G1 C33T17
A29 G6 C47 T6

A30 G6 C48 T6

Images courtesy of Leslie D. McCurdy, Ph.D.

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

DNA Mixture Detection, Analysis & Interpretation

Well 5 (A05) Well 53 (E05)
2906 + 2901 + 2892 2893 + 2910 + 2902
Well 17 (B05) Well 65 (FO5)
2925 + 2891 + 2908 2897 + 2903 + 2916
| | ‘I J,_L. ‘
Well 29 (C05) Well 77 (G05)
2899 + 2890 + 2907 2896 + 2913 + 2904
‘ I. |I || ]
Well 41 (D05) Well 89 (H05)
2898 + 2889 + 2923 2905 + 2895 + 2912
| |1 Iy | ‘
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mtDNA HV3 CA Repeat Heteroplasmy

Well 77 (G05)
2896 + 2913 + 2904

82 Vibis-fbi-svritedrive'data\PO00S0092Y7 Tacqus

2913: 493..576: A29 G6 C47T6  17%
2913:493..576: A30G6 C48T6 83%

m:g. \ A/} - } \,‘

" Phcassito, M‘*M’M bWt W, o, i, P s p i

43120.13 43527 .35 43934.57 44341.79 44740.02 45156.24 45563.46 4697068 46377.9 46785.13 47192.35
Mass (Da)
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Engineered mtDNA Mixtures

Known mtDNA types extracted
mtDNA quantified as copies/mL

mtDNA combined at predetermined ratios:
- 50/50
— 75/25
- 90/10

Ibis™ mtDNA Assay was performed

Technology
Transition Workshop
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50:50 Ratio Mixture of mtDNA

2889: 16377..16428: A12 G9 C20 T11
2902: 31..76: A5 G16 C10 T15

2902: 31..76: A5 G15 C12 T15
2903:41..114: A12 G25 C19 T18
2903:41..114: A12 G24 C21 T18
2904: 103..162: A10 G10 C19 T21
2904:103..162: A9 G11 C18 T22
2905: 138..217: A22 G10 C19 T29
2906: 178..267: A32 G15 C15 T28

Images courtesy of Leslie D. McCurdy, Ph.D.

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Well 2 (A02)
2906 + 2901 + 2892

Well 14 (B02)
2925 + 2891 + 2908

il

Well 50 (E02)
2893 + 2910 + 2902

.l

Well 62 (FO2)
2897 + 2903 + 2916

Well 26 (C02)
2899 + 2890 + 2907

Well 74 (G02)

2896 + 2913 + 2904

Well 38 (D02)
2898 + 2889 + 2923

Well 86 (HO2)
2905 + 2895 + 2912

DNA Mixture Detection, Analysis & Interpretation
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50:50 Ratio Mixture of mtDNA

JWel 62 (Foz)

2903:41..114: A12 G25 C19 T18 53%
2903:41..114: A12,G24 C21 T18 47%

T
7777777

=
WWell 74 (GO2)
896 + 2915 + 2904

] ﬂ 2904:103..162: A10 G10C19T21 52% ﬂ
2904:103..162: A9 G11 C18T22 48%
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75:25 Ratio Mixture of mtDNA

2902:
2902:
2903:
2903:
2904:
2904:
2905:
2906:
2906:

31..76: A5 G16 C10 T15
31..76: A5 G15 C12 T15
41..114: A12 G25 C19T18
41..114: A12 G24 C21 T18
103..162: A10 G10 C19T21
103..162: A9 G11 C18 T22
138..217: A22 G10 C19 T29
178..267: A32 G15 C15 T28
178..267: A31 G16 C14 T29

Images courtesy of Leslie D. McCurdy, Ph.D.

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Well 1 (AO01)
2906 + 2901 + 2892

e

Well 13 (BO1)
2925 + 2891 + 2908

il

Well 49 (E01)
2893 + 2910 + 2902

D,

Well 61 (FO1)
2897 + 2903 + 2916

[

Well 37 (D01)
2898 + 2889 + 2923

Well 73 (G01)
2896 + 2913 + 2904

ull

Well 25 (C01)
2899 + 2390 + 2907

I 1

Well 85 (HO1)
2905 + 2895 + 2912

nil

DNA Mixture Detection, Analysis & Interpretation
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75:25 Ratio Mixture of mtDNA

Well 61 (FO1)
897 + 2903 + 2916
o e dri et PODOS0 140 e aus

2903:41..114: A12 G25C19T18 26%
2903:41..114: A12 G24 C21T18 74%

2904: 103..162: A10 G10 C19T21
2904: 103..162: A9 G11 C18 T22

28%
72%

Images courtesy of Leslie D. McCurdy, Ph.D.
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75:25 Ratio Mixture of mtDNA

100%

80%

60%

40%

20%

0%

Graphic courtesy of Thomas A. Hall, Ph.D.

2901 |

Assays run in triplicate
A AR RRRER
Quantifications averaged over primer

pairs with differing base counts and

‘ “‘[712"’31'! “‘
EEEE .

without intra-sample variation
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25:75 Ratio Mixture of mtDNA

100%
80% ® FBI-70
¥ FBI-65
60%
40%
20%
26.2 £ 4.6%
HE
N © 1 o © v m
QD O o o
0 6 N o o o
N N N N N

0% HEEB
° « In - O O N MM I O W0 N M
© A O 00 O O © O © O
(o] (o] N N N N N N N N N N Technology
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Graphic courtesy of Thomas A. Hall, Ph.D. P [oflu
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90:10 Ratio Mixture of mtDNA

Well 5 (A05) Well 53 (E05)
2890: 16342..16381: A8 G5 C17 T10 2906 + 2901 + 2892 2893 + 2910 + 2902
2889: 16377..16428: A12 G9 C20 T11
2902: 31..76: A5 G15 C12 T15
2903: 41..114: A12 G24 C21 T18 L
2904: 103..162: A10 G10 C19 T21 o
2904: 103..162: A9 G11 C18 T22 well 17 (305) Well 65 (F05)
2905: 138..217: A22 G10 C19 T29 2925 + 2891 + 2908 2897 + 2903 + 2916
2906: 178..267: A32 G15 C15 T28
” | ] | ‘ |
Well 41 (D05) Well 77 (G05)
2898 + 2889 + 2923 2896 + 2913 + 2904
| | | .||.||| .’ .|

Well 29 (C05) Well 89 (H05)
2899 + 2890 + 2907 2905 + 2895 + 2912

H | | udl HA
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Images courtesy of Leslie D. McCurdy, Ph.D.
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90:10 Ratio Mixture of mtDNA

5618

5266.9

40158

46646

42135

3862.4 o

35113 A

3160.1

2809

24679

21068

17556

1404.5

1053.4 o

7023 A

351.1

000 [

Well 77 (G05)
2896 + 2913 + 2904
Wibis-fbi-svriledrive\data\PO0050140'7 T'acqus

2904: 103..162: A10 G10C19T21 9%
2904: 103..162: A9 G11 C18T22 91%

A

| AL
beony, AN RARY
! a s A s P S N

A Y | N

3221046

T T T T T T T T T
32346.26 32414.15 32482.05 32540.94 3261784 32685.74 3275363

Mass (Da)

Image courtesy of Leslie D. McCurdy, Ph.D.
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90:10 Ratio Mixture of mtDNA

100% .

® FBI-70
80% " FBI-65
60% 86.3 * 3.0%

40%
Detections of 10% contributor are not robust

20 Quantifications based on known products

0,
0% = I N VO N =H O O N M g VW N O OV m
©O A O O O 0O 0O ®® O O © O O «W «H w
O O 0O 0 0 0 0 00 & O O & & & & O
N AN N N N N N N N N N N N N N N
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Graphic courtesy of Thomas A. Hall, Ph.D. P [oflu
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10:90 Ratio Mixture of mtDNA

100%
" FBI-70

80%
“ FBI-65

60%

Quantifications based on known products

40%
20%
1%

14.1 * 5
00/ I I IS S S .-
° A4 1n © N M H O O N M T OV WO N M O O M
O NN O O O O 6O ® ©O © © 06 © O AN o o «
A O 0 O 0 0 0 W 6 6 & 6 & O O A & O
N N N & N N N NG NNN AN NG SNGSNG-AN N
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Graphic courtesy of Thomas A. Hall, Ph.D. P [oflu
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Interpretation of mtDNA Mixtures

Heteroplasmy Two-contributor mixtures
e Point heteroplasmy « Subtract out major/minor
— Concordant base composition components
profiles

e Reconstruct mtDNA profiles

based on relative
abundances

— Cannot exclude

e Length heteroplasmy

— Absence of common base
composition profiles should Perform comparisons and

not be used for exclusionary database searches as
purposes .
appropriate

— lIgnore differences due to indels
within pp 2896, 2895, 2893
(HV1), 2908, 2907, 2923 (HV2),
2913 (HV3)

STR & Mitochondrial DNA Analysis by Mass Spec for Managers DNA Mixture Detection, Analysis & Interpretation 34



Caveats to mtDNA Mixture Interpretation

« Heteroplasmy in one or both contributors to a mixture
can cause ambiguity in profile deconvolution

— Heteroplasmic products at a locus should be considered
possible for both profiles

— Products divergent from ratios observed for other products
may represent common base count with heteroplasmy in
one individual and should be considered ambiguous

« Multiple contributors should be considered non-
interpretable

— No attempt to deconvolve profiles for 3+ contributors

STR & Mitochondrial DNA Analysis by Mass Spec for Managers DNA Mixture Detection, Analysis & Interpretation



STR Mixtures

« AB Identifiler® kit reported robust at 1:10 template input
ratios and detectable at 1:20 ratios

« |lbis™ STR Assay currently not able to detect 1:10 mixtures

Continuing development — current data is preliminary
Mixture detection requires ~1:5 ratio
Profile deconvolution requires a known profile hypothesis

Limitation is biochemical noise baseline and intra-locus balance of
multiplexed PCR output, not quantitative ability of instrument

Quantification should be as good or better than CGE in future

« Advantage of Ibis™ system for mixtures is ability to
resolve mixed alleles of the same length that differ by a

polymorphism

STR & Mitochondrial DNA Analysis by Mass Spec for Managers DNA Mixture Detection, Analysis & Interpretation 36



STR Mixtures

Table courtesy of Thomas A. Hall, Ph.D.

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

DNA Mixture Detection, Analysis & Interpretation
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STR Mixtures

3 loci in reaction:

=
0 _ N
D165539 5 <
THO1 o 0 o 5
— v N - ___ N -
D13S317 5 M4 ~ oS
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34796.58 35804.23 36991.88 38089.53

Image courtesy of Thomas A. Hall, Ph.D.
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776 -
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1:2.5 Ratio of 55-25578 to
55-24622 (two blood samples)

. 'I-I‘ " r‘l’"l
39187.18 40284.83 41382 .48 42480.13 43577.78 44675 43 45773.08

Mass (Da)
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S TR Mixtures

DNA templates mixed together in defined ratios
« DNA quantities estimated by Quantifiler®
« Major contributor concentration set at 2 ng/reaction

o Output signals averaged over all primer pairs

Input Ratio

1:2.5
1:2
1:1.5
1:1
1.5:1
2:1
25:1

Table courtesy of Thomas A. Hall, Ph.D.

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Output Signal Ratio
1:2.54%0.70
1:2.06%0.52
1:1.58*0.31
1:1.09%0.3
1.50%0.25:1
1.89%0.47:1
2.22%0.47:1

DNA Mixture Detection, Analysis & Interpretation
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Summary
o |bis™ mtDNA Assay is reproducibly quantitative

— Length heteroplasmy has little negative impact on profile
detection

« Length heteroplasmy is quantifiable, but impacts deconvolution of
mixed profiles at heteroplasmic products

— Two-contributor profiles can be deconvolved
— 10% minor component can be quantified

— With 15% or higher minor component, two unknown profiles can
be deconvolved and non-heteroplasmic products assigned

« |bis™ STR Assay is quantitative over narrow range
— Ratios beyond 2.5 are currently sub-optimal
— Assay will improve in the future

STR & Mitochondrial DNA Analysis by Mass Spec for Managers DNA Mixture Detection, Analysis & Interpretation 40



Questions?
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Contact Information

Thomas Hall
Ibis Biosciences division of Abbott Molecular
760-476-3375
thall@ibisbio.com
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