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Assays

e |bis™ Y-STR Assay format
e |bis” mtDNA Assay format
 |bis™ SNP Assay format
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Y-STR Assay Format
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Y-STR Markers

e Core minimum haplotype markers +
recommended loci DYS437, DYS438 and DYS439

DYS437 DYS439 DYS438
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Additional Y-STR Loci Being Considered

DYS456
DYS458
DYS448 i
DYS635

Y-GATA-H4 .

Included in various tested
assay configurations
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Approach to Y-STR Assay Development

Design multiple primer
pairs for each locus close to
repeat structure

Obtain reference allele
sequences from STRbase +
GenBank

'

Use published repeat structures
(STRbase) to create database of
base compositions/masses for
alleles

Test primers and remove
any primers that do not
work well

:

Develop multiplex assay based
on primer pair performance
and allele/mass separation

Test assay on known and

blinded samples

'

Characterize
polymorphisms in
samples
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Original Y-STR Assay Layout

Primer Tonc
Reaction pair Locus (nM)
4586 | DYS3891 | 160 * 24 samples per plate ] ]
_ 4597 | DYS392 | 160 e 5-plex, 4-plex and 2 single-plex reactions
Multiplex 1 4594 DYS391 160

4602 DYS393 160

4591 DYS390 160
4587 | DYS389II-1 200 Samples 1-22

. 2611 | DYS438 200
Multiplex 2 21 ———C3222 - 1 2 /3\ 4 5 /6\/?\ 8 9 10 11 12
4608 | DYS437 200 A ‘ DYS389I+DYS392+DYS391+DYS393 +DY$390 DQ

Single-plex 1 4579 DYS19 250 AN N N N N N
Al | ity | DNISdiei | i O DYS3891I-1 + DYS438 + DYS439 + DYS437

OO
c QOO0 =2 OO0
> 00000 == 000
E ‘Gv.cfn :T(Sf + 3153i + E\ﬁsgs;ovssgo‘.O
F 'C\ DYS389I-1 + DYS438 + DYS439 + DYS437/)‘O
- 900004 - DOOO®V)
H @O@O@( o= X @O@O
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Reducing the Size of DYS385a/b

« DYS385a/b has a large product size range
« Shortest primer pair in STRbase has range of 241 — 324 bp
e Our system does best at < 200 bp

Forward primer
placed here shortens
products by > 130 bp

' > 5" side of DYS385

1

Forward primer

This pattern, though  Actual GAAA repeat

would normally allA& G, isnotfully  elements start here
start here or repetitive
upstream

* This priming strategy has been tested with 126 samples
and confirmed by standard typing Technology NIJ
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Reducing the Size of DYS385a/b

« Two blood-derived DNAs tested at 1 ng each
072109C SC35495

DYS385a/b DYS385a/b
14: [A93 G46 C5 J13] (157 bp) 14: [A93 G46 C5 T13] (157 bp)
( \ ( A \
DYS385a/b DYS385a/b
13: [A90 GA5 C5 T13] (153 bp) 11: [A84 G43 C5 T13] (145 bp)
( \ 3337 - A
( A\
2497 1 :
1872.8 |
12485 ]
6243 .
000 0.00 |
4518478 2635292 4752106 18689.21 29857.35 51025.49 3557549 36634.12 37602.75 38751.37 39810 40868.63 41927.26 42985.89 44044.51 45103.14 46161.77

Mass (Da) Mass (Da)
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Splitting DYS389I/Il into Separate Products

* DYS389 has a duplicated forward primer binding region
* The duplicated primer target spans one repeat region
* The reverse primer and second forward primer span DYS389I

* Two products are generated with one primer pair

a Repeat DYS389lI (5’ side) a Repeat DYS389! ﬁ
I ovs3soi [ ]
[ ]

I Dvs3saii

|e 255 — 295 bp for NIST primer set
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Splitting DYS389I/Il into Separate Products

* DYS389 has a duplicated forward primer binding region

There is a 4-base difference that can be exploited

Modified upstream primer won’t prime downstream site

Modified downstream primer won’t prime upstream site

A reverse primer can be made to pair with the upstream forward
primer

This region is not
duplicated
* This priming strategy has been tested with 126 samples
and confirmed by standard typing
* DYS389ll = DYS389I + DYS389ll-1
— When AB has DYS3891 = 13 and DYS389Il = 29,
Ibis™ gets DYS389II-1 = 16

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays

11



Splitting DYS389I/Il into Separate Products

DYS3891l = 13+16 = 29

A
4 A

DYS3891 13 DYS389Ii-1 16

4 A B /-/H

24550 - 11915 o

12275 -1 5957.5 9

0.00 0.00
30910.49 31478.14 32045.8 32613.45 33181.11 33748.76 38093.61 38973.25 39852.89 40732.52 41612.16 42491.79

Mass (Da) Mass (Da)
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Y-S TR Assay Testing

95 male population samples from NIST (John Butler) tested
— 13 loci: 92 samples had previous Y-STR truth data

« 36 male samples at Ibis™ — 16 loci — 34 also typed with Y-Filer
« All loci were concordant

Number of
alleles observed | Samples

Locus with SNP(s) tested %

DYS635 14 36 38.9
DYS389I1-1 42 131 32.1

DYS437 28 131 21.4

DYS390 10 131 76
DYS385alb 5 131 3.8

DYS458 1 36 2.8

DYS393 2 131 15

DYS438 2 131 15

DYS391 1 131 0.8

DYS19 0 131 0.0

DYS389I 0 131 0.0

DYS392 0 131 0.0

DYS439 0 131 0.0

DYS448 0 36 0.0

DYS456 0 36 0.0 Technology /NNI-,’
Y-GATA-H4 0 36 0.0 Transition Workshop f’,’f",fj;ggg
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Updated Y-STR Assay Layout

 Still 24 samples per plate
* DYS456 and DYS458 have been added
* 6-plex, 5-plex and 2 single-plex reactions

L Samples 1 —22

Primer
Reaction pair Locus

| 4586 DYS3&91

| 4597 DYS392

. 4594 DYS391

Multiplex 1 ™/c01 | Dvs393

4591 DYS390

4924 pDYS458
4587 | DYS3891l-1

611 DYS438

Multiplex 2 615 DYS439

4608 DYS437

49290 DYS456

| Single-plex 1 4579 DYS19
Single-plex 2 4692 | DYS3853/b

T 6O M m U O W

1 2 3 4 5 6 7 8 9 10 11 12

P e i T

D N S N N\ N N N
DYS389ll-1 + DYS438 + DYS439 + DYS437 + DYS456 :

QOQC = DOOO
OO0 2= XOOOOO

GYS389I+DYS392+DYS391+DYS393+DYS390+DYS458 )@

DYS38911-1 + DYS438 + DYS439 + DYS437 + DYS456 )Q

Q00O = POGOOO
@000 == )O@O®

Negative
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6-plex Reaction 1: Sample N31773

Dveass Locus Genotype
DYS389I 16 DYS389l 13
13 A DYS390 21
DYS391 10
DYS391
11 — DYS393 13 21
Y N DYS458 16—
0.00 | |“""'IL—\
| | | | . Mass(i:)a) . . . . '
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5-plex Reaction 2: Sample N31773

Locus Genotype
| DYS389I 13
[ DYs3s9il-1 | 19(A>6) |
DYS389ll | 32 (A->G) | =
DYS(383I|-)1 DYS390 21
19 (ADG DYS391 10
DYS439 DYS392 11
DYS437 DYS393 13
2069 T 11 DYS456 i i
14,(.5:”,—/% 15 DYS437 | 14 (C->T) DY§41138
‘e DYS438 11
] DYS439 11
DYS456 15
10345 1 DYS458 16
| | | | . Mass(ba)

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays 16



Single Reactions 3 and 4: Sample N31773

DYS19
5489 W
4116.8 1
2744.5 A
1372.3 A
0.00 O Bty T e A Eal SRR ksl T b T
49614.26 50499.32 51384.37 52269.43 53154.48
Mass (Da)

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

DYS385a/b
N
( \
DYS385a/b
13
A
( \
2497 W
1872.8
1248.5 1
624.3 1
| 0.00 | R L TR B ey i ey e B i e R |
54039.54 45184.78 46352.92 47521.06 48689.21 49857.35 51025.49
Mass (Da)

Technology NI.I
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Single Reactions 3 and 4: Sample N31773

Locus Genotype
DYS19 14
DYS385%a/b 13,14 DYS385a/b
DYS389l 13 N
DYS389ll-1 19 (A->G)
"1’ DYS389 | 32 (A->G) [°
— T DYS390 21

] DYS391 10

s - DYS392 11
DYS393 13

I DYS437 14 (C->T)
15723 ] DYS438 11
DYS439 11
Conaz | somm | sw | ame| DY S456 15 D% awn | emsias S0

Mass (Da)

DYS458 16 Mass (Ba) Technology AM!;/’
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Sensitivity
Template 072109C

 Dilutions from 1 ng down to 7.8 pg per reaction
produced full profiles down to 62.5 pg/reaction
(250 pg for four reactions/sample)

Template
Quantity (pg) |DYS19| DYS385a/b| DYS3891| DYS38911-1| DYS390| DYS391|DYS392| DYS393| DYS437|DYS438( DYS439| DYS456 |DYS458
P 14 13, 14 12 17 23 10 11 14 16 10 11 14 16
14 13, 14 12 17 23 10 1 14 16 10 11 14 16
. 14 13, 14 12 17 23 10 1 14 16 10 1 14 16
14 13, 14 12 17 23 10 11 14 16 10 11 14 16
_— 14 13, 14 12 17 23 10 11 14 16 10 11 14 16
14 13, 14 12 17 23 10 1 14 16 10 11 14 16
o 14 13, 14 12 17 23 10 1 14 16 10 1 14 16
14 13, 14 12 17 23 10 11 14 16 10 11 14 16
14 13, 14 12 17 23 10 1 14 16 10 11 14 16
62 5 pg 14 13, 14 12 17 23 10 11 14 16 10 11 14 16
0 14 13, 14 12 17 23 11 12, 14 16 10 11 14 16
14 13, 14 12 17 23 10 11 12, 14 | 14,16 10 11 14 16
A0 14 13, 14 12 17 23 10 11 14 16 10 11 14 16
14 13, 14 12 17 23 10 1 14 16 10 1 13,14, 15| 16
— 14 13, 14 16, 17 23 10 11 14 16 10 11 15 16
14 13, 14 16, 17 23 10 14 10 14 16
Negative — — — — — — — — — — — — —

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Overview of the Ibis Y-STR, mtDNA and SNP Assays
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Species Specificity

« Human blood-derived DNA sample was tested in
triplicate in the presence of a 10-fold excess of
exogenous DNA

« 1 ng of human DNA per reaction

10 ng exogenous DNA
— Dog (male American Eskimo — buccal swab)
— Cat (male long-hair, buccal swab)
— Candida albicans (yeast)
— Aspergillus oryzae (environmental filamentous fungus)
— Escherichia coli (gram negative bacterium)
— Staphylococcus aureus (gram positive bacterium)

« All tests with exogenous DNA gave a full profile

NIJ

Technology ‘
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Species Specificity — 6-plex Reaction 1

1 ng human DNA + 10 ng dog DNA

DYS389I
13 DYS393
3016 - A 13
DYS392 /\
2262 1
A DYS391
1508 11
| ( \
754
0.00
30057.76 32417.18 34776 61 37136.04 30405 46

2262

1508 +

754

0.00 EESIImtas e St e e o o S
T
23054 26863.85 30673.71 34483 .56 38203 .41

10 ng dog DNA

DYS458
18

—

41854.89 44214.32

Mass (Da)

DYS390
24

—

512926 53652.03

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Al
Lo

LI e
42103.27
Mass (Da)

LELELE B UL
45913.12 57342 .68

L
61152.53
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Species Specificity — 5-plex Reaction 2
1 ng human DNA + 10 ng dog DNA
DYS389ll-1

4400 -

DYS437 DYS439

15 12 DYS456
3300 DYS438
( R
2200 -
1100 +
0.00 ,,,,,,\"J,,,,,[,,,,
38387.09 39561.97 4073685 4191173 43036 61 4476149 45436 .37 46611.24 47786.12 43961 50135.88
Mass (Da)
10 ng dog DNA
4400 -
3300 A
2200 -
1100 -
" o dis s dhe bicih - sk JT I 4 i el ainohas Aatara and - - ” A -
D00 P e T r T Ty | [ [ L] LU [ L LU LU L L [ L] LU LU L L] L LU LU L L L] L |
28668 3166179 34655 .50 37649.38 40643 .17 43636.97 46630 76 40624 55 52618.35 55612.14 58605.93
Mass (Da)

Technology N I-I
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Species Specificity — Single Reactions 3 and 4

1 ng human DNA + 10 ng dog DNA

DYS19
R
4 \
3610 -
2707.5
1805 o
902.5
J
0.00
53257.09 5371355 S4170.01 5462647 5508293 55539.4
Mass (Da)
=541 10 ng dog DNA
1805 +
apz.5 -
0.00 (A R R R P A T PP AT T i
46604 50518.32 5434264 58166.06 61991.27 6581550
Mass (Da)

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

170 -

8775

585

2025 4

0.00 |

46363 .49

8775

585

2925

DYS385a/b

DYS385a/b 15

b
( \
47555.72 4874794 4094017 5113239 5232461
Mass (Da)

10 ng dog DNA

35286

Mass (Da)
Technology N I.I
.. National
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Species Specificity

Sample DYS19| DYS385a/b| DYS3891| DYS389Il-1|DYS390(DYS391|DYS392| DYS393| DYS437| DYS438| DYS439| DYS456 | DYS458
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Dog + Human DNA 16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Cat + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Staphylococcus aureus + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Escherichia coli + Human DNA 16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Candida albicans + Human DNA 16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Aspergillus oryzae + Human DNA 16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Human DNA alone 16 14,15 13 18 24 11 11 13 15 10 12 15 18

Exogenous DNAs did not interfere with full profile detection

Cat alone
(10 ng/reaction)

Staphylococcus aureus alone
(10 ng/reaction)

Escherichia coli alone
(10 ng/reaction)

Candida albicans alone
(10 ng/reaction)

Aspergillus oryzae alone
(10 ng/reaction)

Water — — — — — = — — — — — — —

NI

National
Institute
of Justice

Technology
Transition Workshop
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Software and Database in Place for Y-STRs

A TbisTrack

File View Help

Prome  Peoework [ vatabasing  ()impor S

Analysis

==

Register Assays

Register Casework Plates
Register New Plate for Datsbase
Population

Process Repeats for Database
Register Qualty Control Plates
Generate Plate Setup Reports

Manage Inventory
View Plates

mMEDNA Analysis

Analyze miDNA

Move Samples to Populations
Rebuild Unique Products
Build Amplified BC Database
Upload data to main server
Archive case/plate data

STR Analysis

Analyze STRs
Analyze Y-STRs

SNP Analysis

Analyze Autosomal SNPs

<«

» «

Plate  P05014932 + From 2-mer2008 [+ [ Analyze | |

Tasks

Advanced Tasks

In-House Tasks

«

Sample 2 v To os-apr-2000 [F+ =
[l 2 B 0 s B 7] B g o] [0 2

usses

A Dvsas
e
S
s sz

o ovssstt ovsssey
P iy
ovsey Vs

Analysis Plate summary | Profiles | Mass Data | Preferences |
POS014932- NIST-WT51354 (2) POS014932-NIST-WT51386 (3) | P0S014932-NIST-MT94866 (4) | P0S014932-NIST-OT05892 (5) | POS014932-NIST-PT84214 (6) | P0S014932-NIST-PT84227 (7) | POS014932-NIST-PT84240 (8) | P0S014932-NIST-GT37862(9) | POS01493) « [

P05014932. A02 | P .B02 | P05014932. C02

Spectrum viewing mode
aw  © Deconvolved

DYS438 DYS439 DYS385a/b DYS19

12 12

12 14 14

<

Comments for analysis report

002 |

NIST-WT51354

DYS3891

DYS389II-1 DYS390 DYS391

i

DYS392

DYS393

@

<DL

] Well 2 (A02)
4586 + 4591 + 4594 + + 4602

DYS437 I

Locus DYS385a/b

Allele 12

Base count A87 G44 C5 T13
Top strand

|Abundance: 4368.2752
Predicted mass: 47407.9023

Observed mass: 47408 8683

Bottom strand

Well 14 (B02)
4587 + 4608 + 4611 +

I

0] Well 26 (C02)
4579

n

Well 38 (D02)
4692

48025964
Predicted mass: 44844.7343
Observed mass: 44846.1918
Match error: -32.502 ppm

\Well: 38 (D02). PP 4692 (DYS385-A-B_AC022486_29490_2¢ ~

m

< i

Locus Allele Allele
DYS19 14

DYS385a/b 12 14

DYS3891 1

DYS3891I-1 17

DYS39%0 24

DYS391 9

DYS392 13

DYS393 13 14(T>C)

DYS437 15

DYS438 12

DYS439 12

num error exp.mass |obs. mass |mod  ~

Tasks-Analyze Y-STRs

250530 MTDNA MTDNA MTDNA

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Overview of the Ibis Y-STR, mtDNA and SNP Assays
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MmtDNA Assay Format

Technology NI.I
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Outline

Ibis” mtDNA Assay format

« Base composition analysis of mtDNA samples
— Data processing and analysis

e Information content relative to sequencing
« Heteroplasmy detection

e Sensitivity

« Reproducibility

NIJ

Technology ‘
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mtDNA Tiling Assay Format

24 primer pairs cover amplified coordinates HV1 15924..16428 and HV2 31..576

Target most highly-conserved positions on 3° ends of primers
Grouped into eight triplexed sets (colored grouping) by maximum spatial
separation and suitable mass separation of products

HV1 15893..16451 HV2 5..603
(15924..16428 amplified) (31..576 amplified)
A A
L R R R R R R R B T R B <, 8
j-' 16000 léIGOI 1&320' 1é4ac- ' 160 320 sz0 640
29501 .. C~
2899 - @
2898 » @
2897 » @&
2896 = :
=

(middle of mtDNA hidden) Technology {AM,!S/I

Transition Workshop [/7stitute
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mtDNA Tiling Assay Format

[ [ I
[ S [ E—
[ [ E—
[ [ [
I I [E—
I I [
— [ — [
[ [ I

HV1 HV2

e Primers grouped to maximize target site separation

« PCR reactions performed with short extension cycle (five seconds)
« Product masses resolve from each other in triplex groupings

e Product sizes range from 85 to 140 bp; all but three are <150 bp

« Relative primer pair concentrations in triplexes have been adjusted to
favor simultaneous amplification of all products Technology [INI1J

ional
itute

Transition Workshop [/nstitute
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Base Composition Analysis

PCR

Desalting

ESI-TOF mass spectrometry

Raw spectrum processing/deconvolution

oo oY

Base composition assighment/profile
development

NIJ

Technology ‘
e e
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PCR: Three Primer Pairs Per Reaction

Technology N I.I

National

Transition Workshop [/nstitute

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays



Desalting of PCR Reactions

Magnetic bead anion exchange

\\ Remove Remove
5 saltfrom clean

DNA DNA for

bound to analysis

Magnetica

DNA to Bind Magnetic Remove Elute pull out Remove DNA
beads DNA Pull-down buffer DNA beads / Mass Spec
Washes

—=_Z
Technology N I.l

National

Transition Workshop [/nstitute

of Justice
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ESI-TOF Mass Spectromery

« Three primer pairs per reaction

« Complex raw spectrum
Well 1

80891

e Multiple peaks for each mass

e 3 (or more) ds products per
spectrum

5565 4 e 6 DNA strands per spectrum

404455

Technology N I-I
e hastona!
Transition Workshop [/nstitute
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ESI-TOF Mass Spectromery

« Three primer pairs per reaction

« Complex raw spectrum
Well 1

80891

e Multiple peaks for each mass

e 3 (or more) ds products per
spectrum

v 1 e 6 DNA strands per spectrum

60668

404455 -

Technology AL\!,!;/I
Noise baseline Transition Workshop [/7itute
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ESI-TOF Mass Spectromery

« Three primer pairs per reaction
« Complex raw spectrum

Well 1
e Multiple peaks for each mass
e 3 (or more) ds products per
JJJJJJ spectrum

e 6 DNA strands per spectrum

Baseline corrected spectrum used
for deconvolution

25878.8

......

AN |-||||L nlJ I..l‘lul l..Jn S T R R ALR B,
5 29

|
430.44 601.2 72463 858.82 1004.29

Technology N I-I
e hastona!
Transition Workshop [/nstitute
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Raw Spectrum Processing

o Internal mass standards bracket the spectrum for accurate calibration of the
measurements before deconvolution

Well 1
Internal
Internal
m
mass ; Zssd
standar
standard
2 o .|.|1||L .ldl..lh,llL._J...I........ IR LRI LR

miz

Technology N I-I
. National
Transition Workshop [/nstitute

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays 36



Spectral Deconvolution

Well 1, 2892+2901+2906
e Peaks for each mass

8.09+04 | correlated by spacing
through spectrum

7.08E+04

Internal Internal
B.07E+04
mass Mass o |nternal mass

5,06E 404 - stanq ard standard standards ensure
correlation of the

4048404 1 L correct peaks

3.03E+04

2 02E+04 -

1.01E+04 1 i u ﬂ

0.00E+00-m-.¢fl‘J?* “ | MMML X‘WL'*"*‘“’J'ﬁ
49045 60184 72463 G58.82 100439 116135 132970 150945 170058 190311 2117.02

mdz
Technology N I.l

National
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Deconvolution to Masses

« Deconvolution results in one final measurement per

molecular species

6000 [
5000 r
4000

3000

Signal intensity

2000

1000

30,000 32,000 34,000 36,000 38,000 40,000 42,000 44,000

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Mass (Da)

Overview of the Ibis Y-STR, mtDNA and SNP Assays

32855.1 Da
34143.8 Da

42710.3 Da
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DS DNA Strand Association

 Forward and reverse strands of a double stranded DNA
can be associated by mass

n n n 32855.1 Da

34143.8 Da
6000
5000 r
2000 | 42710.3 Da

3000 r

Signal intensity

2000 r

1000 r

30,000 32,000 34,000 36,000 38,000 40,000 42,000 44,000

Mass (Da) Technology AM!%/I
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DS DNA Strand Association

 Forward and reverse strands of a double stranded DNA
can be associated by mass

32855.1 Da
34143.8 Da
6000 | 37058.2 Da
000 | 37254.2 Da
_ > 42162.1 Da
= 42710.3 Da
o
£
— 3000
((°]
[ -
20
v 2000
1000

1 1 1 J

30,000 32,000 34,000 36,000 38,000 40,000 42,000 44,000

Mass (Da) Technology AM!;/I

ite
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Base Composition Assignment
[A40 G9 C40T19] [A47 G18 C25T30] [A49 G17 C31 T40]

32855.1
34143.8

6000 [

5000 r

4000 [

3000 r

Signal intensity

2000 r

1000 r

D

37058
37254

W

42162
42710

32855.1 Da
34143.8 Da
37058.2 Da

37254.2 Da
42162.1 Da
42710.3 Da

30,000 32,000 34,000 36,000 38,000 40,000 42,000 44,000

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

Mass (Da)

Overview of the Ibis Y-STR, mtDNA and SNP Assays
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Base Composition Assignment

[A40 G9 C40 T19] [A47 G18 C25T30] [A49 G17 C31 T40]

NN — o

32855.1
34143.8
37058
37254
42162
42710

Signal intensity

30,000 32,000 34,000 36,000 38000 40,000 42,000 44,000
Mass (Da)
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Final Product Assignment

[A40 G9 C40 T19] [A47 G18 C25T30] [A49 G17 C31 T40]

NN — o

34143.8

-
wn
2}
-]
N
™

37058
37254
42162
42710

Signal intensity

30,000 32,000

34,000 38,000 40,000 42,000 44,000

P20000040, AO1
.
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Final Product Assignment

[A40 G9 C40 T19]

Signal intensity

-
wn
2}
-]
N
™

[A47 G18 C25T30] [A49 G17 C31 T40]

0 Sy 3 5
o o < N O
< v w O —
— O N - N
< NN NN
o o™ < <

30,000

15893..16012
[A47 G18 C25 T30]

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

32,000

34,000 38,000 40,000 42,000 44,000
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.
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Final Product Assignment

[A40 G9 C40 T19] [A47 G18 C25T30] [A49 G17 C31 T40]

un o o < N O
n < L 0 —
-] — O N - N
N < NN NN
o [y} oo™ < <

Signal intensity

32,000 38,000 40,000 42,000 44,000

15893..16012 Technology Ala\t!,!'a/l
[A47 G18 C25 T30]
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Final Product Assignment

[A40 G9

6000~

5000~

Signal intensity

C40T19] [A47 G18 C25T30] [A49 G17 C31 T40]

- 9 NN = 1)
wn o~ o < N O
2} < 0w 0 —
(-] — O N =N
N < NN N N
(3] (3] ™ < <

15893..16012

STR & Mitochondrial DNA Analysis by Mass Spec for Managers
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Final Product Assignment

[A40 G9

6000~

5000~

Signal intensity

C40T19] [A47 G18 C25T30] [A49 G17 C31 T40]

- 9 NN = 1)
wn o~ o < N O
2} < 0w 0 —
(-] — O N =N
N < NN N N
(3] (3] ™ < <

15893..16012
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Final Product Assignment

[A40 G9

6000~

5000~

Signal intensity

C40T19] [A47 G18 C25T30]  [A49 G17 C31 T40]
- (-} NN -
w o <f oo
2] < n v 0 —
(-] — o N — N
N < NN NN
™ ™ M o™m < <

15893..16012

[A47 G18 C25 T30] [A40 G9 C40 T19] [A49 G17 C31 T40]
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Eight Spectra Per Sample

Well 49, 2902+2893+2910

Well 1, 2892+2901+290 Well 13, 2891+2908+292 Well 25, 2890+2899+2907 Well 37, 2898+2889+2923

INENE

0 1 T 0002+00

Well 61, 2897+2916+2903

Well 73, 2904+2896+2913  Well 85, 2912+2895+2905
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Coverage Map Development

Well 1, 2892+2901+290 Well 13, 2891+2908+292 Well 25, 2890+2899+2907 Well 37, 2898+2889+2923  Well 49, 2902+2893+2910  Well 61, 2897+2916+2903  Well 73, 2904+2896+2913  Well 85, 2912+2895+2905

280643
2106403
216E. 1408403
108403 T0Es
000400 . 000+
20437932094 93475201 2 S 7

7 5433 440592 39
Mass (Danons) Mass (Dahons)

2802403

210E+03

301E+G3

Mass (Dahons)
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Base Composition Profile

Well 1, 2892+2901+290 Well 13, 2891+2908+292 Well 25, 2890+2899+2907 Well 37, 2898+2889+2923

Well 49, 2902+2893+2910

Well 61, 2897+2916+2903

1 15893..
1 15937..
1 15985..
1 16025..
: 16055.

16012:
16041:
16073:
16119:

.16155:

A47 G18 C25 T30
A35 G14 C24 132
A26 G15 C21 127
A26 G17 C26 T26
A31 G13 C30 127

Well 73, 2904+2896+2913

Well 85, 2912+2895+2905

:16102..16224: A45 G13 C42 123
e :16130..16224: A36 G7 C33 T19
Base :16154..16268: A44 G7 C46 T18
(g e A Sy cie
(] o o0 o
composition : 16318..16402: A20 G14 C30 121
3097 ATo @4 Coatre o 1A
g :9..97:
prOfl le £ 20..139: A24 G34 C29 T33
: 83..187: A23 G21 C29 132
:113..245: A39 G18 C28 748

1 154..290: A49 G17 C31 T40
:204..330: A42 G16 C35T132

: :204..330: A42 G16 C36 132
:204..330: A42 G16 C37 132
:204..330: A42 G16 C38T132
:239..363: A43 G11 C46 123
:239..363: A43 G11 C47 123
SrC :239..363: A43 G11 C48 123
Base composition :239.:363: A43 G11 C49 123
e N :262..390: A47 G10 C50 120
s a g ..390: A47 G10 C51 120
rCRS coordmates\ 390: A47 G10 €52 120
31-405. A3s G9 C27 128
Primer pair. 6:367..463
o Ve A 40
9131444 4 A44 4 Technology AL\!,!;/I
Transition Workshop [/7stitute
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Multiple Assays Per Plate

e o - - . - - o -
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Multiple Mass Assignments

oo

4(A03)
2906 +2901 + 2892

10
R i

T P R PR P i SV PN o+ PSP 1 PO £ L SNV & i SO .« P S LS S
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“ U | 1} II |
- bt e bl oo sty
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| Wi “ y l | ‘] o possmathlssptns, o0 sl sl o0 PPN ¢ F—F
37 (D01) 38 (D02) 39 (D03) 40 (D04) 41 (D05) 42 (D06) 43 (DO7) 44 (D08) 45 (D09) 46 (D10) 41 (011)
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o
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Multiple Samples Per Plate
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2901: 15893..16012: A47 G18 C25 T30 2901: 15893..16012: Adé G19 C25 130 2901: 15893..16012: A47 G18 C25 T30

2925: 15937..16041: A35 G14 C24 132 2925: 1 ..16041: A35 G14 C24 T32 2925: 15937..16041: A35 G14 C24 132
2899: 15985..16073: A26 G15 C21 127 2393: 12332..12873: Agi gls 221 127 2899: 15985..16073: Agg 315 221 Tg7
2898: 16025..16119: A26 G17 C26 T26 2898: 16025..16119: A26 G17 C28 124 2898: 16025..16119: A26 G17 C27 125
2837y s gt AN GISeS0yr27 2897: 16055..18155: A32 G12 C30 127 2897: 16055..16155: A32 G12 C29 128
gggg: }2}22..}2223; 223 g; ggz HZ %332; }g}ggﬁﬁ}g%ﬁi ﬁéi g;zc%glnT 34 %232; }2?32:}2}32; ﬁﬂ 8}% gi; }%2
2892: 16231.16338: A0 G9 C4O TI9 2892 1623116338, A40 &9 4019 S O, LT A I (A TR
2891: 16256..16366: A37 G9 C41 124 2891: 16256..16366: A37 G9 C41 124 A8 LSle b g (el (o (G2 111
2890: 16318..16402: A20 G14 C30 121 2890: 16318..16402: A20 G14 C30 121 s sl LPA Bl /(e Ol
2889: 16357..16451: A21 G17 C36 T21 2889: 16357..16451- A22 G16 C36 T21 2892: 16231..16338: A39 G10 C40T19
2902: 5..97: A19 G24 C24 126 2902: 5..97: A19 G24 C24 126 2891: 16256..16366: A36 G10 C42 123
2903: 20..139: A24 G34 C29 133 2903: 20..139: A24 G34 C29 133 2890: 16318..16402: A20 G14 C30 121
2904: 83..187: A23 G21 C29 132 2904- 83 187- A23 G21 G30 T31 2889: 16357..16451: A21 G17 C36 121
2905: 113..245: A39 G18 C28 748 2905 113..245: A39 G18 C31 T45 2902: 5..97: A20 G23 C24 126
2906: 154..290: A49 G17 C31 140 2906: 154..290: A48 G18 C35 T34 2903: 20..139: A25 G33 C29 133
g;gg ggzggg 222 g}z 225 ng 2908: 204..330: A42 G16 C40 T30 2904: 83..187: A23 G21 C29 132

g ..330: 6T 2907: 239..363: A43 G11 C49 T2 2905: 113..245: A39 G18 C29 147
2908: 204..330: A42 G16 C37 132 23(2)3: 222..233: A4:7s gw 253 ng 2906: 154..290: A48 G18 C32 139
2908: 204..330: A42 G16 C38 132 2910: 331..425: A33 G9 C27 126 2908: 204..330: A42 G16 C39 132
2907: 239..363: A43 G11 C46 123 2916: 367..463: A27 G8 C32 130 2907: 239..363: A43 G11 C50 T23
2907: 239..363: A43 G11 C48 123 2913: 464..603: A45 G10 C68 123 29923: 262..390: A47 G10 C54 T20
2923: 262..390: A47 G10 C51 120 ToY e
2923: 262..390: A47 G10 C52 T20 2916: 367..463: A27 G8 C32 T30
2923: 262..390: A47 G10 C53 120 2912: 409..521: A32 G7 C48 126
2916: 367..463: A27 G8 C32 130
2912: 409..521: A32 G7 C48 126 .. S IITE 7 National
2913: 464..603: Ad4 G10 C63 T23 Transition Workshop [ siiiute
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Tiling Compared to Sequencing

« 1266 unique tiling region sequences were

selected from GenBank genomes
— Each sequence differed from all others by at least one
base
— C-stretch length differences ignored
e Sequences converted to tiling base compositions
e Cross-compared for minimum differences using

mtDNA search algorithm
— Ignores C-stretch length differences
— Corrects for primer pair overlaps

e 94.2% of unique tiling region sequences were
uniquely discriminated by tiling assay Technology

Transition Workshop

NIJ

Nationa
Institute
of Justice
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Tiling Compared to Sequencing

I1é::c ...................................... ie: ....... é2: ....... éa: ....... J;4; ° Tiling assay

16160 16320 16480

CRS amplifies 15924-

16428 and 31-576

* Minimum HVI
/ +HVII sequences
16024-16365 and

16024 16365 73 340 73-340

For the same set of 1266 unique sequences spanning
mtDNA tiling coordinates:

* 94.2% can be differentiated with the tiling assay
* 90.2% can be differentiated by sequencing
HVI 16024-16365 and HV2 73-340

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays



Length Heteroplasmy Detection

Example = USA.FBI.000009, region 16102..16224 *

70 20 90 100 110 120 130
ACCACCTG TAG TACATAAAAACCCAA TCCACATCAAACCCCCCCCCCCCTNGGOGTT TANAAGNANG TNNGGNANTNANCC

Good sequence up
to C stretch, then
multiple

20 190 200 210 220 230 240 251
GAGGGTTCGATTGC TCGTACTTGC TTGTAAGCATGGGGGGGGOGGOGNTTTAATNGNANTTGNTTTTTNNNNCCCCCC

\ A . | Opposite read
Ny\[\/\v'f llllulll‘ll[\lf | ﬂll |J|_I|‘ | '\I|' ! J\,-’r\' ('Ird\,"ll \ ),' \ .'f U llf\ fr-\‘;"‘,k'g"t\l /\/\,""lvlll ’J\/\A/\/\NV\[\]M\ P

(" naaG13casT23 )
A44 G13 (14 T23
( naaGi3cazT2z \

MS detects multiple products while
sequencing requires a pure sample for
maximum information content

( AaaG13ca2723 )

1400/ ©
1200] 2 * Happened to be same sample
> o . .
G 1000, 2 given as a blinded sample by
2 800 i = s Bruce Budowle in 2003.
o o — a S .
5 600 Solo|o® T ~ e o g This was suggested by our assay
N N o~ o~ o~ o~ . . °
= 400, “ 8 8] "2 | 2| 3 in the FBI validation, then
“—p | —P | «—>
200 clclc G* | G*|\ G* confirmed.
37,000 37,500 38,000 38,500 39,000 39,500 40,000 Technology AN I-,I
Mass (Da) Transition Workshop [ siiiute
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Length Heteroplasmy Example

Well 10
2906 + 2901 + 2892

Well 22 (B10)
2925 + 2391 + 2908

B Well 34
2899 + 2890 + 2907

|

Well 46
2898 + 2889 + 2923

=l Well 58 (E10)
2893 + 2910 + 2902

=l Well 82 (G10)
2896 + 2913 + 2904

|

na

28

0
+ 2903 + 291

| L% /

2901: 15893..16012: A47 G18 C25 T30
2925:15937..16041: A35 G14 C24 T32
2899: 15985..16073: A25 G16 C21 T27
2898: 16025..16119: A25 G18 C27 T25

2895: 16130..16224: A35 G7 €33 T19
2895: 16130..16224: A35 G7 C34 T19
2895: 16130..16224: A35 G7 C35 T19

2893: 16154..16268: A43 G7 C47 T17
2893: 16154..16268: A43 G7 C48 T17
2893:16154..16268: A43 G7 C49 T17

7
WellA4 (H10)

2905

895 + 2912

2892:16231..16338: A40 G9 C39 T20
2891: 16256..16366: A37 G9 C41 T24

2890: 16318..16402: A20 G14 C31 T20
2889: 16357..16451: A21 G17 C36 T21

2902:5..97: A19 G24 C24 T26
2903: 20..139: A24 G34 C29 T33
2904: 83..187: A23 G21 C30 T31
2905: 113..245: A39 G18 C30 T46
2905: 113..245: A39 G18 C29 T47
2906: 154..290: A48 G18 C32 T39

\2906: 154..290: A48 G18 C31 T40

2896: 16102..16224: Ad4 G12 C42 T24
2896: 16102..16224: A44 G12 C43 T24
2896: 16102..16224: Ad4 G12 C44 T24

2908: 204..330: A42 G16 C39 T32

|__2908: 204..330: A42 G16C40T32 |

2907: 239..363: A43 G11 C49T24
2907: 239..363: A43 G11 C50T24

2923: 262..390: A47 G10 C53 T21

2923: 262..390: A47 G10 C54 T21

STR & Mitochondrial DNA Analysis by Mass Spec for Managers

29510:351..425: A35 GY (27 126
2916: 367..463: A27 G8 C32 T30
2912: 409..521: A32 G7 C48 T26

2913: 464..603: A43 G11 C63 T23 Technology
Transition Workshop

Overview of the Ibis Y-STR, mtDNA and SNP Assays
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SNP Heteroplasmy Detection

From sequence profile Observed profile Calculated from truth key
AF-4: 16024-16365c o | 16102..16224: A45 G13 C41T24 €=J16102..16224: A45 G13 C40 T24 N
C16176N_[<_, T B 6102..16224: A45 G13 C40 T25

16130..16224: A36 G7 C33 T19 €P16130..16224: A36 G7 C32 T19 N
6130..16224: A36 G7 C32 T20

A45 G13 C41 T24
~_~A45G13 C40 T25 k

T16362C C/T heteroplasmy

c aa
(aYa] N<
o< S
o & - ™M
2000 B8R &3 %
Y o0 00 °
N5 PP2896: 16102..16224 S From blinded
1500 [
> M sample AF-4
€ 1000
£
500 |
0 mw) Mw
37,600 37,800 38,000 38,200 38,400 38,600 38,800 Technology AN I./I
Mass (Da) Transition Workshop [/7stitute
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Sensitivity
« Analysis of five templates in dilution-to-extinction
« Sensitivity ranged from 0.1 pg to 6.3 pg template/primer pair*

« All templates had full profile at 6.3 pg or below per reaction
« Sensitivity criteria for standard QC plate set at 25 pg/reaction

100pg 50pg 25pg 125pg 63pg 3.2pg 16pg 08pg 04pg 02pg 0.1pg
288 : : , , , , , : |
289 : : : i
289 :
289 : : : : : : f !
2893 . . . . : : : : |

|

|

2895 . ' :
2896 : .
2897 , , , , . j
289 . ' '
289 _ ' : i
g:g ' ' ' ' ' ] ! [ max
290 , , , , , , -
2903 , '
2904 , , . , ,
2904 , , , , :
2906
2907 .
290 : : - :
1

[ min

Primer Pair

* Based upon total
nuclear DNA
qguantification
with Quantifiler®

Technology NIJ
. National
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Reproducibility

e 3,331 trials of one positive
control template run over the
course of 27 months

« 500 pg template/reaction
« Automated data analysis
e 79,944 expected ds assignments
o 3,298 (99%) full, correct profiles

Distribution of mass

measurement deviations for
159,688 DNA strand assignments

50000

40000

30000

20000

10000

Ave. error magnitude
was 10.12 + 8.04 ppm

~ + o+ o+ o+t o

Technology
Transition Workshop
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Summary

« 1051 nucleotide positions covered by 24 primer pairs

e Accurate mass measurements and biochemical strategy
allow mitochondrial base composition profiles to be
developed

« Discrimination power is about 94% that of sequencing same
region

« Discrimination power over tiling region can be greater than
sequencing over minimum HV1 and HV2 ranges

« Base composition profiles can be compared to each other
and to sequence profiles

« Databases can be searched and subjected to same type of
statistics as a sequence database
« Mass spectrometry can resolve rechnology [INILJ

ional
itute

heteroplasmy (mixtures) Transition Workshop /(731
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SNP Assay Format

Technology NI.I

National
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Objective

PCR/ESI-MS-based assay for human autosomal SNP
analysis
Exclude non-contributors to a DNA sample
A random profile match should have very low probability
Minimize population bias
— Multiple markers with about 50% heterozygosity
— Low F (distribution same in all populations)
— Low detectable genetic linkage (low linkage disequilibrium)
— Use product rule for probability estimates
— Use global q or no q correction for population substructure

40 independent markers
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Ideal Bi-allelic Markers

One from One from
father T mother

Each autosomal
chromosome comes
as a pair

A B Any marker
for any individual
can be both ‘A’

'd» Y4
Bi-allelic markers 2 botf:c B h
have one of two orone of eac Technology /NI.I
Transition Workshop [/nstitute

states
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Ideal Bi-allelic Markers

There’s a 50% chance And a 50% chance of

of getting either B A getting either allele
allele on the father’s on the mother’s
chromosome chromosome

Each marker is like a
coin toss

Technology NI-I
. National
Transition Workshop [/nstitute
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Ideal Bi-allelic Markers

There’s a 50% chance And a 50% chance of

"o:‘ getﬁ:hg efitr:r ’ A A getting either allele
alle ehon e rather's on the mother’s
chromosome

chromosome

Each marker is like a

coin toss
That means 50% x 50% = 25% chance of getting two ‘heads’ (A allele)
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Ideal Bi-allelic Markers

There’s a 50% chance And a 50% chance of

of getting either BB getting either allele
allele on the father’s on the mother’s
chromosome chromosome

Each marker is like a

coin toss
And 50% x 50% = 25% chance of getting two ‘tails’ (B allele)
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Ideal Bi-allelic Markers

Each marker is like a

coin toss
And 50% x 50% = 25% chance of getting A + B

Technology

Transition Workshop

Coin images © Microsoft
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Ideal Bi-allelic Markers

Each marker is like a
coin toss
And 50% x 50% = 25% chance of getting A + B
Plus 50% x 50% = 25% chance of getting B + A Technology ﬂ!

National
Institute

Coin images ©Microsoft = 50% chance of being heterozygous T™ensition Werkshop Joiiic
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Ideal Bi-allelic Markers

For any two individuals,
the random odds they will match at any one locus

is

25% x 25% = 6.25%

+ 25% X 25% = 6.25%

+ 25% x 25% = 6.25%

B )(B) +25%x25% =6.25%
+ 25% X 25% = 6.25%

+ 25% x 25% = 6.25%

=37.5%

or probability of

0.375

-
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Ideal Bi-allelic Markers

~\
\ /

)

—r

Random match Random match Random match probability
probability for X probability for = for two-marker profile
one marker another marker 0.141

0.375 0.375
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Ideal Bi-allelic Markers

Random match probability for four-marker profile
=0.375x 0.375 x 0.375 x 0.375

=0.375%
=0.0198

Close to 99% with four perfectly distributed bi-allelic markers

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays

74



Ideal Bi-allelic Markers

« With 40 unlinked and perfectly-distributed SNPs,
the random match probability would ideally be
0.37540, or 9.15 x 1018

Technology

Transition Workshop [/nstitu
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Kidd-40 SNP Panel

Large collection of SNP positions with data for
three major population groups

Subpanel identified with low F_ and high
heterozygosity

Evaluated subpanel over seven populations

73 SNPs with F < 0.02 over seven populations
40 final SNPs with F_ < 0.06 and heterozygosity >

0.4 across 40 populations around the world
— Reference: Pakstis, A., Speed, W., Kidd, J., Kidd, K.
“Candidate SNPs for a Universal Individual
Identification Panel.” Human Genetics 121 (3 — 4)
(May 2007): 305 — 317. technology I\
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The Kidd Approach

90,483 SNPs
from ABI

catalog

Frequency data
for European,
African and
Chinese/Japanese

Technology NI-I
. National
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The Kidd Approach

90,483 SNPs
from ABI

436 SNPs

Informatically ® ®0o0

selected 73 SNPs
accepted for 7
populations

N

436 SNPs with Tested in
low F, and hi-gh TaqgMan® SNP
heterozygosity assays across 7

populations

73 SNPs
° o 40 SNPs

O EE

o‘..
Final
Tested across reduced
40 populations panel

Technology AL\!"I
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Kidd Population Coverage

2070 total individuals
40 total populations
Several major global regions

Global F, < 0.06 all populations
Average heterozygosity > 0.4
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Resolving Power of Kidd SNP Panel

* ‘Perfect’ 40-SNP panel: random match with probability of 9.15 x 1018
» Kidd panel has ave. of about 1 x 101> match probability

* Within populations, ave. match probability ranged from 1012 to 10-1¢

350000 T

300000 T

250000 T

200000 T

150000 -

100000 -

Number of occurrences

50000 1

0 -

Number of matching loci between two individuals

1,568 full profiles

40 populations

All pairwise
profile-to-profile
comparisons
1,228,528
pairwise
comparisons
Most people will

differ at 15 - 16
loci
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Why Use Mass Spectrometry?

« Unified platform for major DNA forensics
applications

— Mitochondrial DNA profiling

— STR analysis

— Autosomal SNP analysis

— SNPs, STRs and/or mtDNA can be analyzed

automatically on one instrument in the same run

« High degree of accuracy

— Potential rare variant will be resolved rather than
missed (could a C&—> T position ever present an ‘A’ or

a ‘G’?) NI.II

Nationa
Institute
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Initial Development: Eight 5-plex Reactions

YT57318 |WT51362 |WA29594 |JT51471 |OT05897 |PT84223 |PT84232 |GT37778 |GT37900 |TT51422 |ZT80786
UT57300 AWT51342 |WT51373 |WA29612 |JT51499 |OT05898 |PT84224 [PT84234 [GT37812 |GT37913 |TT51435 |ZT80815
WT51343 |WT51378 |ZT81387 |OT05888 [OT05899 [PT84225 |PT84236 |GT37828 |JT52076 |TT51483 |ZT80826
WT51345 |WT51381 |MT94859 |OT05890 |OT05901 |PT84226 |PT84239 |ZT80932 |OT07280 |TT51511 |ZT80863
WT51354 |WT51386 |MT94866 |OT05892 |PT84214 |PT84227 |PT84240 |GT37862 |PT85612 |TT51530 |ZT80865
WT51355 |BC11352 |MT94868 |OT05893 |PT84215 |PT84228 |PT84241 |GT37864 |PT85658 |ZT80731 |ZT80869
WT51358 |MT97172 |MT94869 |OT05894 [PT84216 [PT84230 |PT84242 |GT37869 |TT51399 |ZT80737 |ZT80870
WT51359 |WA29584 |MT94875 |OT05896 [PT84222 [PT84231 |PT84243 |GT37888 |TT51407 |ZT80782 |ZT80925

Add 5 |.lL template to each well of a plate and thermocycle

IOTMMmMOO >

wf’

~

EEF
[7)
O

~

o w tb w
g g g g
S 5 8 i Fs S8
) ) ) ) @ Q

1 2 3 4 5 6 7 8 9 10 11 12
RS1058083 + RS13182883 + RS1821380 + RS$214955 + RS7704770

SN2 S ST ST N T SO ST SO N7 ST N7 1

RS10488710 + RS1478829 + RS7205345 + RS985492 + RS987640

Each sample is
RS1410059 + RS1554472 + RS2073383 + RS279844 + RS6444724

e e —— distributed across
RS13134862 + R$1523537 + RS560681 + RS6811238 + RS9951171

RS2272998 + R$321198 + RS3780962 + RS445251 + RS6591147 assay plate
RS1019029 + RS12997453 + R51358856 + R$2503107 + RS740598

S~ S S S S0 S SN S SN S S 1

G RS1109037 + RS2567608 + RS315791 + RS447818 + R$7229946
' Technology NI./I
H RS10092491 + RS13218440 + RS1336071 + RS338882 + R$7520386 Transition Workshop (/)’%;‘;jélﬁll’;r:e

lvvvvvvvvvvvl
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Initial Multiplexing Results
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Initial Multiplexing Results
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Initial Multiplexing Results

N31774 -1 ng SC35495 -1 ng
(o]
2 g 3 2
6408 - N 10715 - o) N o
CI:I O <+ 00 8 - ALY < o (XS
(T, ~N U i e ) 0 - N o - ()] ~
c 4306 ~ ;"“H_ ~NO 80363 | N O i 3
o 4 hONG O ) AOoNG M
B & © mY 4 o LYmY i
O 3204 A (V)] (7, o 53575 - 8 (7,
o £ ‘ .
e 26788 o
0.00 V,M 0.00 ®
14400 35 149746 15530 85 16105.1 1667035 172366 14465 21 15038 87 1661252 16186.17 16759 83 17333.48
Mass (Da) Mass (Da)
0
(<)) (<))
N 8 g 3 N
® & « 2 S @ -y 0)
o)) a 0 (=) XS] (o)}
N g9 "o o0 LN S wm - o
o © o LN =] OV m« —
7066 4 o O - - < 6018 - e O - - Ay
N 4 ~ N A v e
o o0 ) o
o 2 a O & (4
o 52005 ‘: 45135 -
2 7
O 3533 - o 3009
©
[J]
02 17665 - 15045 |
0.00 'JJ 000 [Haies NJ.WWMnﬁ-
14406 83 16015.7 1733457 18753 .44 2017231 21591.18 14300 67 16713 1712533 18537 66 19950 2136233
Mass (Da) Mass (Da)

Technology N I.I

National

Transition Workshop [/nstitute

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays 85



Initial Multiplexing Results
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Initial Intra-locus Strand Balance
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Adjusted Multiplexing Results
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Adjusted Multiplexing Results
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Adjusted Multiplexing Results
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Adjusted

Multiplexing Results
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Improved Intra-locus Strand Balance
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.. ® - Locus 2000 1000 500 250 125 63 31 16 8
RS10092491 C.T C.T [ nodata
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RS13218440 A- | A— | A=
RS1336071 AG | A= | A=
RS1358856 A C no data C, —
RS1410059 C— | c— | c—
Full profile RSTareens A AT
p RS1523537 C.T C.T [ nodata
. RS1554472 cT [ ©T [nodas
obtained at e 6= 1 6
RS2073383 C— | c— [ c—
. RS214955 AG | AG | A=
63 pg/rea ction RS2272998 5.© cCG | Cc—
RS2503107 AC | AC [ C=
RS2567608 A— | AG [ nodaa
RS279844 A— | A— | A—
RS315791 C— | c— [ c—
RS321198 C.T C.T | nodata
RS338882 T—- | T— | T—
. . RS3780962 C.— [nodam | C —
Reaction quality [z S e
RS447818 6= [ 66— AG
RS560681 A- | A- | A
degraded at RS6444723 C = CT o
RS6591147 C, = C.T C.T
12 5 an d RS6811238 T [ T— | T-
pg RS7205345 C,G C,G C,G
RS7229946 6— | 6—- [ G-
be I ow RS740598 A — A — no data
RS7520386 — 1 Ac | AG
RS7704770 G— | 6,— [ G—
RS985492 T~ | T— | T—
RS987640 T—- | T— | T—
RS9951177 A6 A= T Ac

Technology
Transition Workshop

National
Institute
of Justice

STR & Mitochondrial DNA Analysis by Mass Spec for Managers Overview of the Ibis Y-STR, mtDNA and SNP Assays 93



NI

Technology A
Transition Workshop [/nstitute

decreasing template concentration

became highly variable.
Drop-outs occurred after 63 pg/reaction.

Balance was most consistent down to about 125 pg/reaction, then

40

Inter-Locus 5-plex Balance in Dilutions
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Species Specificity
« Human blood-derived DNA sample was tested in

duplicate in the presence of 10-fold excess of exogenous
DNA

« 1 ng of human DNA per reaction

10 ng exogenous DNA

Dog (male American Eskimo — buccal swab)

Cat (male long-hair, buccal swab)

Candida albicans (yeast)

Aspergillus oryzae (environmental filamentous fungus)
Escherichia coli (gram negative bacterium)
Staphylococcus aureus (gram positive bacterium)

o All tests with exogenous DNA gave a full profile Tectnoiogy [NIJ
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Species Specificity

With dog DNA
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With Aspergillus oryzae DNA
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Species Specificity

With dog DNA
<

With Aspergillus oryzae DNA
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Species Specificity

With dog DNA

With Aspergillus oryzae DNA
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Species Specificity

With dog DNA
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With Aspergillus oryzae DNA
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Species Specificity

10-fold excess of
bacterial DNA
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Small Test Panel: 96 Individuals

10 buccal swab DNAs
« 38 blood samples obtained commercially
— 20 samples tested in parallel with 40 individual TagMan® assays

e 50 blinded DNA samples from UNTHSC (John Planz)
— Tested at UNTHSC with AB GenPlex™ Kidd-40 panel

« Buccal swabs run at a set dilution factor (corresponded to
between 300 pg and 1.8 ng per reaction)

« Blood samples were run at 500 pg/reaction

« Samples were run in duplicate

« Each sample gave a consistent profile between duplicates

« 100% concordance between TagMan® and lbis™ assays

e Concordance between lbis™ and GenPlex™ for all loci except

one
— rs2073383 was 100% concordant between lbis™ and TagMan®
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Comparison of 86 Samples Run with
Ibis™ Kit to Distribution from Kidd Paper

Pair-wise comparisons between 86 individuals —
3655 comparisons
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Comparison of 86 Samples Run with
Ibis™ Kit to Distribution from Kidd Paper

Pair-wise comparisons between 86 individuals —

3655 comparisons
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Comparison of 86 Samples Run with
Ibis™ Kit to Distribution from Kidd Paper

Pair-wise comparisons between 86 individuals -
3655 comparisons
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Comparison of 86 Samples Run with
Ibis™ Kit to Distribution from Kidd Paper

Pair-wise comparisons between 86 individuals —

3655 comparisons
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Summary

« Basic 40-Kidd-SNP assay defined and moving into
validation

« Limit of sensitivity down to 63 — 125 pg/reaction

« Addition of mammal, fungal or bacterial DNA does
not appear to interfere with the assay

e 100% concordance with AB TagMan® assays for all
loci

« Small panel of samples showed average locus
differences comparable to Kidd results

« Integrated software developed and in process
Technology IM{:/’
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Questions?
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Contact Information

Thomas Hall
Ibis Biosciences division of Abbott Molecular
760-603-2375

thall@ibisbio.com
Note:
All images and charts courtesy of Tom Hall, Ph.D. unless Technology [INIJ
otherwise noted. Transition Workshop [,I';%ftj’ﬁ,lzfzel
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