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Natural

 Heteroplasmy
— Point / sequence

— Length

What Is a Mixture?

Situational

e Multiple contributors
— Average number of

nucleotide differences
between individuals:

e 8 US Caucasians
e 14 African Americans
e 13 Hispanics

Budowle et al. Forensic Science
International 1999:103:23-35.

L.D. McCurdy
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Current Interpretations

 Heteroplasmy
— Common base at each position?
— Common length variants detected?
— Concordant mtDNA types

e Multiple contributors
— Uninterpretable

L.D. McCurdy
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Challenges

* Heteroplasmy vs. multiple contributors?
« Common mtDNA types
« Mitochondrial DNA is a single locus
— Bases are not independent
e Sensitivity

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

e Sequencing chemistry is not quantitative

L.D. McCurdy
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Approaches to mtDNA Mixtures

e Sequencing

* Denaturing High-Performance Liquid Chromatography
(DHPLC)

— Elution & collection of homo- and heteroduplex fractions
* Pyrosequencing

— Linear relationship between incorporated nucleotides and
amount of released light

 Mass Spectrometry

L.D. McCurdy
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lonized fragments are detected independently
Multiple mtDNA types will generate multiple signals

Signal intensities reflect relative amounts within mixed
sample

Quantitation & resolution of components

Components must possess different molecular masses
to be distinguished
— Compensatory changes are undetectable

L.D. McCurdy
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Compensatory Changes

b4y 1.

AGCCGATCGGCTTAGATCGATCGTAAGTCGGAT

A8 G10 C/7 T8

AGCTGACCAGCTTAGATCGATCGTGAGCTGGAT

t 11 [asciocrms] T 1

GRAPHIC COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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Natural mtDNA Mixtures

Heteroplasmy

e Use known heteroplasmic mtDNA types
— Point
— Length
e« HV1, HV2, HV3

e Perform Ibis mtDNA Assay

* Observe sensitivity and reproducibility
— Tissue types and within tissue/sample

L.D. McCurdy
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P00050092-USA.FBI

2902:
2903:
2904:

.000066.Q composite

31..76: A5 G16 C10 T15
41..114: A12 G25 C19 T18
103..162: A10 G10C18 122

2905:
2905:

138..217: A23 G9 C19 T29
138..217: A23 G9 C18 T30

2906:
2906:

178..267: A32 G15C15T28
178..267: A32 G15C14 T29

2908:

234..313: A30 G6 C29 T16

e

N[J Technology Transition Workshop

195Y
heteroplasmy

Well 7 (AODT)
2906 + 2901 + 2392

Well 55 (EO7)
2893 + 2910 + 2902

Well 19 (BOT)
2925 + 2891 + 2908

Well 67 (FO7)
2897 + 2903 + 2916

Well 31(C07)
2899 + 2890 + 2907

Well 79 (GO7)
2896 + 2913 + 2904

Well 43 (DO7)
2898 + 2889 + 2923

Well 91 (HO7)
2905 + 2895 + 2912

I

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D.
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- 2905: 138..217: A23 G9|C19 T29
- | 2905: 138..217: A23 G9|C18 T30
. Well 91 49%

- 51%

_ | W 2906: 178..267: A32 G15[C15 T28
. 2906: 178..267: A32 G15|C14 T29
- Well 7 49%

51%

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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HV1 Length Heteroplasmy

Baze
ATACTTGACCACCTGT AGTAEATAAAAAEEEAATEEAEATEAAAEEEEEEEEEEE

MWMMWM HAHMI* AN A AL«LMHAWM A

ment base #16,129. Base 30 o
AT AS A MCCCAATCC AC AT CAA AECEEEEEEEEE

MMWW y| 1\ ‘hl I ml‘ l‘\m; H‘ AA UJMN

_ EEEEEEEEEEEATG ETTA CAAG CAAGT A CAGCAAT CAACCCT CAACTAT CACAC

ittt U

i CCCCCCECCCCATG CTTACAAG CAAGTACAGCAATCAACCCTCAACTATCACACATC

b

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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P00050091-USA.FBI.000009.Q composite

2896:
2896:
2896:
2896:

16124..
16124..
16124..
16124..
: 16157..
: 16157..
:16182..
:16182..
:16182..
:16182..
1 16254..

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

A26 G7 C28 T16
A26 G7 C29 T16
A26 G7 C30 T16
A26 G7 C31 T16
A16 G1C21T7

A16 G1C22 T7

A23 G5 C20 T11
A23 G5 C30 T11
A23 G5 C31 T11
A23 G5 C32 T11
A18 G4 C22 T8

heteroplasmy

Well 3 (A03) Well 51 (E03)
2906 + 2901 + 2892 2893 + 2910 + 2902
|I|| ||||
Well 15 (B03) Well 63 (F03)
2025 + 2891 + 2908 2897 + 2903 + 2916
Well 27 (C03) Well 75 (G03)
2899 + 2890 + 2907 2896 + 2913 + 2904
_H | il ‘ ‘
Well 39 (DO03) Well 87 (H03)
2898 + 2889 + 2923 2905 + 2895 + 2912
i“ ‘ nll 1
IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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1 2896: 16124..16201: A26 G7 C28 T16  10%

—12896:16124..16201: A26 G7 C29T16 31%
~-12896: 16124..16201: A26 G7|C30 T16  42%
.| 2896: 16124..16201: A26 G7|C31T16 17%

1” J U,.U,w' (h i j- o Jf"* ,é WL M ‘RW}J&.}:H‘J‘ W, I'l, i | J.}‘J“ﬂww /ll ‘:ﬂ"u"'J"“J‘rr]J‘_:l] !'w’v'-,""." » . ‘*.,.&ajlﬂa:-'l‘-h-"l WA r"u*lfli.b“r‘:_,\falﬂ‘p Jr;-t_*‘-a‘h:u}\ J.J.;“ J |
2893 16182..16250: A23 G5 C29 T11  11%
N 2893: 16182..16250: A23 G5 C30|T11 28%
] 2893: 16182..16250: A23 G5 C31|T11 43%
2893: 16182..16250: A23 G5 C32|T11 18%

P
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HVZ2 Length Heteroplasmy

ke C1_CO2_006 0447 Fragment baze #309.2. Base 263 of 435

G CCGCTTTCCACACAGACATCATAACAAAAAATTTCCACCAAACCCCCCCEMT CCCECCARETTCTGGOCANAGCACTTAAACACATCTCTGCCAAACCCCAL

I

=

z)

I

o,

Al {ﬁ. - I" i Mhlu

k4 D1_GO2 014 0443 Fragment base #308.2. Base 263 of 363

CCRCTTTCCACACAGACATCATAACAALAAATTTCCACCAAACCCCCCCCRTCCCCCCGETTCTRGE CACAGCAC TTAAACACATCTCTGC CAAACCC CAAA

A I Mm A ,.\ \

| f
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2906:
2908:
2908:

2923:

N N
©O O
NN
w w

NDNNDN
© © © ©
R R R R
wWN OO

2907:

263..

289..
1 289..
1 289..
. 355..
1 389..
1 431..
1 493..

P00050091-USA.FBI.000022.Q composite

178..
234..
234..

267:
313:
313:

(6]
~
»

jik
i
i -
||||

A32 G15 C14 T29

A30 G6 C29T16
A30 G6 C30T16

:A25G6 C34T14
340:
. A25 G6 C36 T14
367:
367:
367:
401:
437:
501:
: A27 G6 C46 TS5

A25 G6 C35T14

A27 G6 C35T12
A27 G6 C36 T12
A27 G6 C37 T12
A21 G3C14T9

Al11 G7 C12T19
A20 G1 C34T16

HV2 length

heterop

asmy

Well 4 (AD4)
2906 + 2901 + 2392

Well 52 (E04)
2893 + 2910 + 2902

Well 16 (B04)
2925 + 2891 + 2908

Well 64 (F04)
2897 + 2903 + 2916

Well 28 (C04)
2899 + 2890 + 2907

Well 76 (G04)
2896 + 2913 + 2904

III I|I
Well 40 (D04)
2898 + 2889 + 2923

by

Well 88 (H04)
2905 + 2895 + 2912

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D.
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Well 28 (C04)
2899 + 2090 + 2907

\\\\\\\\\ surtbedrive'data\PO0050001 B8 anqus

2907: 263..340: A25 G6 C34 T14
2907: 263..340: A25 G6 C35T14
2907: 263..340: A25 G6 C36 T14

T T L e L e e o e LN B e o e s e
38485.12 3881487 a

15%
60%
25%

IMAGE COURTESY OF LESLIE D. MCCURDY, PH.D.

L.D. McCurdy
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HV3 CA Repeat
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Dverview || Sumnmary §f Cut bap Find | Show Chromatograms || Help Insert ¥ Help Reposition

WITRERUNATO  |CCACTCCCATACTACTAATCTCATCAATACAACCCTCGCCCATCCTACCCAGCACACACACACACACACCGCTGCTAACCCCATACCCCGAACCAACCARACCCCARAGACACCCCCCAC 4]
337040003 001 07 |CCACTCCCATACTACTAATCTCATCAATACALCCCTORECCATCCTACECAGCACACACACACACACACCGCTEETAACCECATACCECGAACCAALCARACCCCARRBACACCCCEEACE

§ REF CCACTCCCATACTMTAATCTCATCAATACAACCCCI:GCCCATCCTMECAC—CACACMACAC::::::EGCTC—CTAACCI:CATACCCCGAACCAACCAAAEECCAAAGACMECCCCACA|j
ot Nt Ambiguous Base = | lazo lago laso ls00 ls10 lszo szl Isan lsa0 Iss0 T lso0
shar CCACTCCCATACTACTAATCTCATCAATACAACCCTCGCCCATCCTACCCAGCACACACACACACACACCGCTGCTAACCCCATACCCCGAACCARCCARACCCCARAGACACCCCCCACA |
...............................................................................

L

hromatograms from -10)»

1_13617RERUN_A07_01
ACTAATC TCATC AAMT ACAACCCTCGCCCATCCTACC CAGCACACACACACACACACCGC IGCTAACCCCATACCCCRAACCAACCAAACCLE CAAAGACACCCCl

l i

713317043003 _001_07
A TAATCT CATCAATACAACCCTCGCCCATCCT ACCCAGCACACACACACACACACCG CTGCTAACCCCAT ACCCCG AMCCAACCAAAMCCCCAAAGACACCC

M&MW\MWW | Lt Pttt
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P00050092-USA.FBI.000061.Q composite
p— HV3 CA repeat
I |
—— 2908: 234..313: A31 G5 C30 T16
= 2908: 234..313: A31 G5 C31 T16
Cozs 2907: 263..340: A25 G6 C35 T14 Well 5 (A05) Well 53 (505)
o] 2907: 263..340: A25 G6 C36 T14 2906 + 2901 + 2892 2893 + 2910 + 2902
- 2923: 289..367: A27 G6 C36 T12
e 2923: 289..367: A27 G6 C37 T12
Cam 2910: 355..401: A21 G3 C14 T9
= 2916: 389..437: A11 G7 C12 T19
Emmmw 2912- 431 .501: A20 G1 C33T17
“Emm  [2913:493.576: A29 G6 C47 T6
i mm | 2913: 493..576: A30 G6 C48 T6 Well 17 (B05) Well 65 (F05)
| 2925 + 2891 + 2908 2897 + 2903 + 2916
ez ]
=]
[amr ]
L ]
e |
|
= I Jo L
[ oo ]
[ Well 29 (C05) Well 77 (GO5)
__ 2899 + 2890 + 2907 2896 + 2913 + 2904
[ =® ]
e
7 |
L arr ]
i | |
== ol . |
|
= Well 41 (DO5) Well 89 (HO5)
] 2898 + 2689 + 2923 2905 + 2895 + 2912
[Cotes ]
[
[fzes |
‘
N |
I — |I Il | 1
[ onéms ]
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Well 77 (GO5)
2896 + 2913 + 2004

62 ibiz-fhi-zuriedriveldata\POO0SODIINT Tacqus

30581
28543

26504

= 2913: 493..576: A29 G6 C47T6 17/%
2913: 493..576: A30 G6 C48 T6  83%

0338
13349
1631
14271
12233 4
1019.4
8165
6116
7.3

o WM
000 \mms \mms —T T T T T T ™ T

— — T L I e L L B e e e i — T
4312013 43527 3 4393457 434179 749,02 45155.2: 45503 40 45970 63 403779 735,13 4719235
Mazs (Da)
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ritd Concordance Within & Across
Tissue Types
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Engineered Mixtures

Extract known mtDNA types
Quantify mtDNA copies/uL

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

Perform Ibis mtDNA Assay

L.D. McCurdy
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FO0050112-USA FEI.ODD0ES_USA FEIODDD70.BUCCAL composite

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 G25C19T18
2903: 41..114: A12 G24 C21 T18
2904: 103..162: A10 G10C19T21
2904: 103..162: A9 G11 C18 T22
29065: 138..217: A22 G10 C19 T29
2906: 178..267: A32 G15C15T28

N[J Technology Transition Workshop

50/50
mixture

Well 2 (AD2Z)
2906 + 2901 + 2892

Well 50 (ED2)
2893 + 2910 + 2902

|1l

Well 14 (B02)
2925 + 2891 + 2908

Well 62 (FO2)
289T + 2903 + 2916

il

Well 26 (CD2)
2899 + 2890 + 2907

Well 74 (G02)

2896 + 2913 + 2904

|

Well 38 (DD2)
2898 + 2889 + 2923

Well 86 (HO2)
2905 + 2595 + 2912

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D.

L.D. McCurdy
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,,,, 2003: 41..114: A13° G55 C10 T18 53%
2003: 41..114: A12 G24 C21 T18 47%
NPUAVY SN N LV
- 2004: 103..162: A10 G10 C19 T21  52% |
§ ﬂ 2004: 103..162: A9 G11 C18 T22  48%
are |.,|"||I|I |
IIIIII Il\'---..,- e I____A_nf'*’“--f"’\ P 1, Vi ST, BV Ces WP k } \\."ﬂ\ s
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PO0050140-USA FBLO000ES _USA FBLODD070.BUCCAL composite

75/25 mixture

2902: 31..76: A5 G16 C10T15
2902: 31..76: A5 G15 C12 T15
2903 41114 A2 GZ5 CIO TT8 ||| st ro®, AN EOD
2903: 41..114: A12 G24 C21T18

2904: 103..162: A10 G10C19T21
2904: 103..162: A9 G11 C18 T22

2905: 138..217: A22 G10 C19T29 "I_“l
2906: 178..267: A32 G15 C15T28
2906: 178..267: A31 G16 C14 T29

Well 13 (BO1) Well 61 (FO1)
== 2925 + 2891 + 2908 2897 + 2903 + 2916
T
=
|
[
s
s
Tl
[ |
Cerm—
[
=]
|| || ‘ |I|| I |
Well 37 (DO1) Well 73 (GO1)
2898 + 2889 + 2923 2896 + 2913 + 2904

|

| 1 il |

Well 25 (CD1) VWell 85 (HO1)
2899 + 2890 + 2907 2905 + 2895 + 2912
w il

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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2003: 41..114: A12 G25 C19 T18  26%
2003: 41..114: A12 G24 C21 T18 74%
- 2904: 103..162: A10 G10 C19 T21
2904: 103..162: A9 G11 C18 T22

IMAGES COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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100%

80%

60%

40%

20%

0%

N[J Technology Transition Workshop

2901
2925
2897
2891
2890
2889
2902
2903
2904
2906
2908

GRAPHIC COURTESY OF THOMAS A HALL, PH.D.

2910

2913

B FBI-70

B FBI-65

L.D. McCurdy



National
Institute
of Justice 100% -

80% T

60% -

40% A

20% 1

0% -

2901

N[J Technology Transition Workshop

26.2 * 4.6%

2925
2897
2896
2895
2893
2891
2890
2889
2902
2903
2904
2906
2908

GRAPHIC COURTESY OF THOMAS A HALL, PH.D.

2907

2923
2910

2916

2913

B FBI-70

B FBI-65

L.D. McCurdy
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P00050140-USA.FBI.000065_USA.FBI.000070.BUCCAL composite

2890: 16342..16381: AB G5 C17 T10
2889: 16377..16428: A12 G9 C20 T11
2902: 31..76: A5 G15C12 T15

2903: 41..114: A12 G24 C21 T18

2905: 138..217: A22 G10C19T29
2906: 178..267: A32 G15C15T28

N[J Technology Transition Workshop

90/10 mixture

Well 5 (A05)
2906 + 2901 + 2§92

Well 53 (E05)
2893 + 2910 + 2902

‘ s

Well 17 (B05)
2925 + 2891 + 2908

Well 65 (FO5)
2897 + 2903 + 2916

T
CEz
=]
|
== I I |
Lo
Cioeez ]
s
=== Well 41 (D05) Well 77 (G05)
e 2898 + 2839 + 2923 2896 + 2013 + 2904
=]
|
Car
(|
Casr
|
i —
CE l l 1
[——
Coear
= Well 29 (C05) Well 89 (HO5)
[ | 2899 + 2890 + 2907 2905 + 2895 + 2912
s
=
CoE ]
]
C e
Tz 1
[ - a—
i w— |
(| il I
[
L.D. McCurdy
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Well 77 (G05)
2896 + 2013 + 2904
Wibiz-fhi-svrtedrivetdata\PO00S0 14007 Tiacqus

618 -

n N

49155 4

s | 2904: 103..162: A10 G10 C19T21 9%
2904: 103..162: A9 G11 C18T22 91%

3624

3113 A

31601

309

4479 4

068

1755.6

1404.5

1062.4

.| ST

L L B L L T e T e N s o o
32210 46 I2ITE.3 32346 26 3141415 324320 32540.94 3261784 3268574
Meass (Da)

L e B ™
3276363 31521483 32539 .42

IMAGE COURTESY OF LESLIE D. MCCURDY, PH.D. L.D. McCurdy
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86.3 = 3.0%

100% 7

80% 1

60% T

40% T

20% T

B FBI-70

B FBI-65

0% -

GRAPHIC COURTESY OF THOMAS A HALL, PH.D.

2901
2925
2897
2896
2895
2891
2890
2889
2902
2903
2904
2906
2907
2910
2916
2913

L.D. McCurdy
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20%

0%

2901
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2925

2896
2895

M +H4 O O N M < ©
O O O M O O O O O
0 O ©® W & 6 6 O O
N N N N N N N N N

GRAPHIC COURTESY OF THOMAS A HALL, PH.D.

14.1 £ 5.

2907
2923
2910
2916

1%

2913

® FBI-70

H FBI-65
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Interpretation
Heteroplasmy Engineered
e Point heteroplasmy e Subtract out major/minor
— Concordant base components
composition profiles e Reconstruct mtDNA
— Cannot exclude profiles based on
* Length heteroplasmy relative abundances

— Absence of common base , parform comparisons
composition profiles

should not be used for and database searches

exclusionary purposes as appropriate

— Ignore differences due to
indels within pp 2896,
2895, 2893, 2908, 2907,
2923, 2913 L.D. McCurdy



National
Institute
of Justice

{Nlj Technology Transition Workshop
Advantages

o Detection of low-level species
— Sequencing: 15-20%
— Mass spec: approx 10%

o Resolution of mixed mtDNA components
— Single technical/analytical procedure

* Multiplex assay

— Adjacent primer pairs may provide “confirmation” of
observations

— No need for additional procedures

L.D. McCurdy
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* Length heteroplasmy regions
— Signal splitting may result in artificial inflation of components

* Point heteroplasmy vs. multiple contributors
— Avg. # of differences between people

« Amplicons not displaying differences
— Assume concordant types or treat as wildcard?

o Current experiments used 2 component mixture
— Need to assess more than 2 contributors

{Nlj Technology Transition Workshop

L.D. McCurdy
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Summary

e Sensitive and reproducible
— Heteroplasmy
— Engineered
— 10% minor component
e Quantitation varied by:
— 5% for 75/25 mixtures
— 3.5% for 90/10 mixtures

e Subtraction and quantitation of multiple contributors

L.D. McCurdy
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Collaborators

FBI Ibis BioSciences
 Bruce Budowle e Steve Hofstadler
e Connie Fisher e Tom Hall

« Alice Isenberg » Kristin Lowery

 Thuy Pennella
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Contact information:

Leslie D. McCurdy, Ph.D.
Federal Bureau of Investigation
DNA Analysis Unit |l
leslie.mccurdy@ic.fbi.gov
703-632-7801
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