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Overview of the Ibis™ SNP Assay



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 Fst (distribution same in all populations)

Low detectable genetic linkage (low linkage disequilibrium)
Use product rule for probability estimates

Use global g or no g correction for population substructure

40 independent markers
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Ideal Bi-allelic Markers

One from
father

Each autosomal
chromosome comes
as a pair

Bi-allelic markers
have one of two

@ One from
‘ mother

——

(a)

states

Forensic SNP Analysis

(8)(8)

Any marker
for any individual
can be both ‘A’
or both ‘B’
or one Of eaCh Technology NIJ
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Ideal Bi-allelic Markers

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

of getting either , getting either allele
allele on the father’s S e e
chromosome

chromosome

Each marker is like a
coin toss
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Ideal Bi-allelic Markers

There’s a 50% chance
of getting either
allele on the father’s
chromosome

And a 50% chance of
getting either allele
on the mother’s
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 (g etting either allele
allele on the father’s ”'3\?' 8 8 ’
h A 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
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Ideal Bi-allelic Markers

Forensic SNP Analysis

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 technoiogy [INIJ
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Ideal Bi-allelic Markers

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

is

7O TO

25% X 25% = 6.25 %
+ 25% x 25% =6.25 %
+25% X 25% =6.25 %

? . +25%x25%=6.25%

+25% X 25% =6.25 % 0 O
+25% X 25% =6.25 %

=37.5%

or probability of
0.375
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Ideal Bi-allelic Markers

-~ —
)X
O
>
JU
Random match Random match Random match probability
probability for X probabilityfor =  for two-marker profile
one marker another marker 0.141
echnolo NIJ
LLeis BRI TransitionTWorkshgz lﬁ%ﬁsgé’g
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Ideal Bi-allelic Markers

» AL So

=

Random match probability for four-marker profile
=0.375x0.375 x 0.375 x0.375

=0.375%
=0.0198

Close to 99% with four perfectly distributed bi-allelic markers
Technology N’J’
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Forensic SNP Analysis Overview of the Ibis SNP Assay



Ideal Bi-allelic Markers

With 40 unlinked and perfectly-distributed SNPs,
the random match probability would ideally be
0.37540, or 9.15 x 10718,
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Kidd-40 SNP Panel

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

Subpanel identified with low Fst and high
heterozygosity

Evaluated subpanel over seven populations

73 SNPs with Fst < 0.02 over seven populations
40 final SNPs with Fst < 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 [IVLJ
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The Kidd Approach

90,483 SNPs
from ABI
catalog

Frequency data
for European,
African and
Chinese/Japanese
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The Kidd Approach

90,483 SNPs
from ABI
catalog

436 SNPs
73 SNPs
Informatically A ° o 40 SNPs
selected Sec%%,° °09 s
73 SNPs :-.,'.:'.
accepted for 7 >\, oot /
populations ©° 00 .
TYeg 00 0 /' 2 - .
o, 08 *e / Final
°fe 0 g0 | Tested across reduced
436 SNPs with Tested in 40 populations panel
low F; and high TagMan® SNP
heterozygosity assays across 7
0% 0’0 populations
0o %0
Technology NI
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Kidd Population Coverage

2070 total individuals
40 total populations
Several major global regions

Global F,, < 0.06 all populations v J
Average heterozygosity > 0.4 T — (N ]
Median LD = 0.010 (ave = 0-029) Transition Workshop ﬁ%ﬁgé&?
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Resolving Power of Kidd SNP Panel

e ‘Perfect’ 40-SNP panel: random match with probability of 9.15 x 10-18
* Kidd-40 panel has ave of about 1 x 10-*> match probability

e Within populations, ave match probability ranged from 1012 to 1016

350000 A

Number of occurrences

0 -~

LY,
Number of matching loci between two individuals

Forensic SNP Analysis

300000

250000

200000

150000 -

100000 -

50000 -

Overview of the Ibis SNP Assay

1,568 full profiles

40 populations

All pairwise
profile-to-profile
comparisons
2,457,056
pairwise
comparisons
Most people will
differ at 15-16

loci
Technology ﬂlj

i
Transition Workshop mstitite
of lustice

17



Why Use Mass Spectrometry?

« Unified platform for major DNA forensics
applications

— Mitochondrial DNA profiling

— STR analysis

— Autosomal SNP analysis

— SNPs, STRs and / or mtDNA could be analyzed

automatically on one instrument in the same run

e High degree of accuracy

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

(4 l‘)
d G -) Technology N[J
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Forensic SNP Analysis

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

R$1058083 + RS13182883 + RS1821380 + RS$214955 + RS7704770

R$10488710 + RS1478829 + RS7205345 + R$985492 + RS987640

RS1410059 + RS1554472 + RS2073383 + R$279844 + RS6444724

—_—

RS13134862 + RS1523537 + RS560681 + RS6811238 + RS9951171

P T N

RS2272998 + R$321198 + RS3780962 + RS445251 + RS6591147

e e e e ey

RS1019029 + RS12997453 + RS1358856 + R$2503107 + R$740598

RS1109037 + RS2567608 + R$315791 + RS447818 + RS7229946

RS10092491 + RS13218440 + RS1336071 + RS338882 + R$7520386

Overview of the Ibis SNP Assay

Add 5 ml template to each well of a plate and thermocycle

* 0 ©

Each sample is
distributed across
one column of an

assay plate
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Initial Multiplexing Results
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Initial Multiplexing Results
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Initial Multiplexing Results

6408 -

4806 -

RS2272998

3204

Reaction 5

1602 1

0.00
14409.35

7066 -

RS740598
G

5299.5 4

3533 -

Reaction 6

1766.5

0.00
14496.83

Forensic SNP Analysis

CG

14974.6

RS1019029

15915.7

T

N31774 -1 ng
(o] o0
™~ g 10715 8
< o0 O N O
- = (o] - ™~ >
g“_\:I— N O 8036.3 mu
noaNg A n
O m o o
(%) (7, 5357.5
(2’4 (' ‘l
2678.8 o
4,‘%‘141 0.00
15539.85 16105.1 16670.35 17235.6 14465.21 15038.87
Mass (Da)
i
% >
n O 4 3
ﬂ ﬁ 6018 - « O
4 =N 0) A
<3 ('
a 45135 -
[
(%]
o 3009 -
1504.5
J 0.00
17334.57 18753.44 20172.31 21591.18 14300.67 15713
Mass (Da)

Overview of the Ibis SNP Assay

R$1019029
CT
RS1358856

$C35495 - 1 ng

RS3780962
C

RS6591147
CT
RS321198
CT

15612.52 16186.17 17333.48

Mass (Da)

16759.83

AC
R$12997453
G

il

17125.33 18537.66 19950 21362.33

Mass (Da)

Technology
Transition Workshop

22



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

~ N31774 SC35495 ©
|
o O Pe ) <
S o ™ N 0
o N <) g LN o ¥
331 . © <L og < SO -9 o© N O
37 2 2 29 3 5O N
~ ) N O ) ~ O - S R
o 20483 - |OE Ln (-4 o i | &~ (-4
-t N )
=) on < P o )
- n o 7 o
O 19655 o' i
©
()]
('
982.8 1 i
\
0.00 MWM |
14080.35 15650.68 17221.02 18791.36 20361.69 21932.03 80.35 15682.57 17284.79 18887.01 20489.23 22091.46
(=) Mass (Da) Mass (Da)
<
< e )
2o 2.2 g 2 ~o
o < QUYL 3 < o
i LN - o) [CRU) ) o0 b -
7)) <80 m = < N .
3351 ~N SO ~ ) ~ DAy N
o v oo oM < < o
- 2] ~ N
e 9 A - 5 o © O
i I (%] (=N®) =
00 2513.3 o i o (a4 oV o«
c -l L
o 17, (%)
> 16755 - 4 o oc
Q
@
()]
(o' 837.8 J i
0.00 ! L
15983.85 17197.03 18410.21 19623.38 20836.56 22049.74 75.87 17037.58 18299.29 19560.99 20822.7 22084.4
Mass (Da) Mass (Da)
Technology
iti i
Transition Workshop [nstitute
Forensic SNP Analysis Overview of the Ibis SNP Assay 28



Impro
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o. @ s Locus 2000 1000 500 250 125 63 N 16 8
SenSlt'Vlt — RS10097491 C.T C.T C.T C.T C.T C.T C.T C.T no data
y RS1019029 C.T C.T C.T C.T C.T C.T C.T C, - C.T
RS10485710 | G, [ [ [ [ [ [ [ [
RS1058083 A, G A G A, G A, G A, G A, G A G A, G A G
RS1109037 A, G A G A, G A, G A, G A, G A G A, A
- exes RS12997453 | G, — B— B— G, B— B— B G, G,
RS13134862 | A G A G A G A G A G A G A G A, -— | nodaa
RS13187883 | G, — B— B— G, B— B— B A G G,
RS13218440 | A, — A A, - A A, - A, — A, - A, — A
RS1336071 A, G A G A, G A, G A, G A, G A G A, A
RS1358856 A C A, C A C A, C A, C A, C A C | nodaa | C —
- RS14710059 C, - C - C, - C - C C - C C, - C, -
Fu" prof"e RS1478829 AT AT AT AT AT AT A, - T AT
RS1523537 C.T C.T C.T C.T C.T C.T C.T C.T no data
. RS1554472 C.T C.T C.T C.T C.T C.T C.T C.T no data
ObtalnEd at RS1821380 C.G C.G C.G C.G C.G C.G C.G G, C.G
. RS2073383 C, - C - C, - C - C C - C C, - C, -
63 pg / reactlon RS214955 A G A G A G A G A G A G AG A G A,
RS2272998 C.G C.G C.G C.G C.G C.G C.G C.G C, -
RS2505107 A C A, C A C A, C A, C A, C A, C A C C —
RS2567608 A, G A G A, G A, G A, G A, G A, - A G no data
RS279844 A, A A, - A A, - A, A, - A, A
RS315791 C, - C - C, - C - C C - C, C, - C, -
RS321198 C.T C.T C.T C.T C.T C.T C.T C.T no data
RS335882 T, - T, - T - T, - T, - T, - T, - T T, -
. o RS3750962 C,— C — C,— C — C — C — C - | nodaa| C, —
ReaCtlon quallty RS445751 G, G — o — G- G.— | G- G | G . G-
RS447818 A G A G A G A G A G A G G, G, AG
d d d RS560631 A, - A, A, - A, A, - A, - A - A, - A,
egra e at RS6444724 C.T C.T C.T C.T C.T C.T C C.T no data
RSB591147 C.T C.T C.T C.T C.T C.T C — C.T C.T
125 pg and RS6811238 T - T - T, T - T - T - T - T, T -
RS7205345 C.G C.G C.G C.G C.G C.G C.G C.G C.G
RS7229946 B— B— B— G, B— B— G, G, G,
be I oW RS740598 A A A - A A - A A - A — | nodata
RS7520386 A, G A G A, G A, G A, G A, G A, - A, G A G
RS7704770 G, G,— B— G, — B— G, G, B— G,
RS985492 T, T, T - T, T, T, T, T, - T,
RS987640 T, T, T T, T, T, T, T, - T,
RS9951171 A G A G A G A G A G A G A G A A G
Technology ,ﬂi‘,}
.. atlana
Transition Workshop jmstitute

Forensic SNP Analysis Overview of the Ibis SNP Assay



Matianal
Instituyte

of lustice

ogy

31

decreasing template concentration

Inter-Locus 5-plex Balance in Dilutions

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

Balance was most consistent down to about 125 pg/reaction, then
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10-plex Reactions

Reaction 1 1 ng/reaction N31774 DNA
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10-plex Reactions
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Inter-Locus Balance in 10-plex Reactions
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70 1

60 -

50 1

40 1
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10 1

0

Reaction 1 Reaction 2 Reaction 3 Reaction 4
SD= +1.23% SD = +2.05% SD = +1.99% SD= +1.28%
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Sensitivity of 10-plex Reactions
Full profile at 62.5 pg / reaction
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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

e 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
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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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Species Specificity

With dog DNA
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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 Spec:f:c:ty 5-plex
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Species Specificity — 10-plex

10-fold excess of
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Species Specificity — 10-plex

1 ng human DNA + 10 ng Candida albicans (yeast) DNA
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Species Specificity — 10-plex

1 ng human DNA + 10 ng Candida albicans (yeast) DNA
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Profile comparisons

e 86 samples run with Ibis™ Kidd-40 SNP panel
« 50 samples from UNTHSC

« 26 blood samples

10 buccal swab samples

« Cross comparisons of all pairs of samples:

— Samples differ at an average of 24.7 + 3.0 loci

— 3655 pair-wise cross-comparisons

Technology ”’.’l

eg e atiana
Transition Workshop jmstitute

Forensic SNP Analysis Overview of the Ibis SNP Assay 46



Resolving Power of Kidd SNP Panel

e ‘Perfect’ 40-SNP panel: random match with probability of 9.15 x 10-18
* Kidd-40 panel has ave of about 1 x 10-*> match probability

e Within populations, ave match probability ranged from 1012 to 1016
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1,568 full profiles

40 populations

All pairwise
profile-to-profile
comparisons
2,457,056
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differ at 15-16
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Cross-Comparisons of Ibis™ Profiles

All pair-wise comparisons between
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Cross-Comparisons of Ibis™ Profiles

All pair-wise comparisons between
1568 individuals
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Reducing Spectral Complexity

e Multiple PCR products congest an ESI mass
spectrum

« Multiplexing capacity is limited both by PCR and
mass spectrometry

« Multiplexing capacity may be able to be
increased by removing one PCR product strand

— Removing one DNA strand from each product would
cut spectral complexity in half

— It may be possible to effectively double multiplexing
capacity
Technology ﬂ!:"
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orensic

Reducing Spectral Complexity

By using one biotin-tagged And an excess of non-

forward primer in each tagged reverse primer
primer pair ...

biotin

1 L1
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Reducing Spectral Complexity

PCR products can be generated with an over-abundance of
non-tagged reverse strands
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biotin —
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Reducing Spectral Complexity

After running PCR ...
Streptavidin-coated magnetic beads are added

e . Te

e

I
Commm 0
I
I
I
I

1

I
om0

Technology

ooooo ic SNP Analysis Overview of the Ibis SNP Assay

Transition Workshop /st

Matianal
Ttute

53



Reducing Spectral Complexity

Biotin tags bind streptavidin beads after a short incubation
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Reducing Spectral Complexity

Magnetic beads are pulled to bottom of wells with a magnet
Single DNA strands are left to be analyzed by MS

N
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Single-stranded Multiplex Products, Rxn 1
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Single-stranded Multiplex Profiles
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Summary

e Basic 5-plex and 10-plex, 40-Kidd-SNP assays
defined and moving into validation

 Limit of sensitivity down to 63 — 125 pg / reaction

« Mammal, fungal or bacterial DNA does not
appear to interfere with the assay

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

« Integrated software developed and in process
Technology ﬂ!:"
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Funded by FBI contract #J-FBI-08-257

Questions?
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Contact Information

Thomas Hall
Ibis Biosciences division of Abbott Molecular

760-603-2375
thall@ibisbio.com
Technology
Note: All images and charts courtesy of Tom Hall, Ph.D. Transition Workshop
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