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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 Fst (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

Forensic SNP Analysis Overview of the Ibis SNP Assay 2
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Ideal Bi‐allelic Markers
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B

A A

A

Each autosomal
chromosome comes 

as a pair

One from 
father

One from 
mother

Bi‐allelic markers 
have one of two 

states

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

or one of each

B B
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Ideal Bi‐allelic Markers
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A

Each marker is like a 
coin toss

B A

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
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Each marker is like a 
coin toss

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

That means 50% x 50% = 25% chance of getting two ‘heads’ (A allele) 

AA
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Each marker is like a 
coin toss

B

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

B

And 50% x 50% = 25% chance of getting two ‘tails’ (B allele) 
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Each marker is like a 
coin toss

B

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

A
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Plus 50% x 50% = 25% chance of getting B + A

Each marker is like a 
coin toss

B

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

A B A

= 50% chance of being heterozygous
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For any two individuals, 
the random odds they will match at any one locus

A A A A

25% x 25% = 6.25 %

is

+ 25% x 25% = 6.25 %

B BB B

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

= 37.5 %
or probability of 

0.375
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Random match probability 
for two‐marker profile

0.141 

Random match 
probability for 
one marker

0.375

Random match 
probability for 
another marker

0.375

X =
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= 0.0198

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

= 0.3754

Close to 99% with four perfectly distributed bi‐allelic markers
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Ideal Bi‐allelic Markers

With 40 unlinked and perfectly‐distributed SNPs, 
the random match probability would ideally be 
0.37540, or 9.15 x 10‐18.

Forensic SNP Analysis Overview of the Ibis SNP Assay 12
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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.

Forensic SNP Analysis Overview of the Ibis SNP Assay 13
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90,483 SNPs 
from ABI 
catalog

Frequency data 
for European, 
African and 

Chinese/Japanese
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The Kidd Approach
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90,483 SNPs 
from ABI 
catalog

436 SNPs with 
low Fst and high 
heterozygosity

436 SNPs 

Tested in 
TaqMan® SNP
assays across 7 
populations

Final 
reduced 
panel

73 SNPs 
accepted for 7 
populations

Tested across 
40 populations

73 SNPs 
40 SNPs Informatically 

selected
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Kidd Population Coverage
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459
211

558
90

51

345

60

105

191

2070 total individuals
40 total populations

Several major global regions

Global Fst < 0.06 all populations
Average heterozygosity > 0.4
Median LD = 0.010 (ave = 0.029)
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Resolving Power of Kidd SNP Panel

Forensic SNP Analysis Overview of the Ibis SNP Assay 17

N
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Number of matching loci between two individuals

• ‘Perfect’ 40‐SNP panel:  random match with probability of 9.15 x 10‐18

• Kidd‐40 panel has ave of about 1 x 10‐15 match probability
• Within populations, ave match probability ranged from 10‐12 to 10‐16

• 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
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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 could 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’?)

Forensic SNP Analysis Overview of the Ibis SNP Assay 18
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Initial Development: Eight 5‐plex Reactions

Forensic SNP Analysis Overview of the Ibis SNP Assay 19

Each sample is 
distributed across 
one column of an 

assay plate

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

RS1058083 + RS13182883 + RS1821380 + RS214955 + RS7704770

RS10488710 + RS1478829 + RS7205345 + RS985492 + RS987640

RS1410059 + RS1554472 + RS2073383 + RS279844 + RS6444724

RS13134862 + RS1523537 + RS560681 + RS6811238 + RS9951171

RS2272998 + RS321198 + RS3780962 + RS445251 + RS6591147

RS1019029 + RS12997453 + RS1358856 + RS2503107 + RS740598

RS1109037 + RS2567608 + RS315791 + RS447818 + RS7229946

RS10092491 + RS13218440 + RS1336071 + RS338882 + RS7520386
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Initial Multiplexing Results
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Well 3 (A03)
4541 + 4678 + 4548 + 4564 + 4574

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\3\acqus

13887.11 14592.84 15298.58 16004.31 16710.04 17415.78

Mass (Da)

0.00

2743.8

5487.5

8231.3

10975

Well 1 (A01)
4541 + 4678 + 4548 + 4564 + 4574

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\1\acqus

13905.26 14549.34 15193.42 15837.49 16481.57 17125.65

Mass (Da)

0.00

2008.3

4016.5

6024.8

8033

Well 15 (B03)
4538 + 4559 + 4567 + 4577 + 4561

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\15\acqus

15168.58 15898.22 16627.87 17357.51 18087.16 18816.8

Mass (Da)

0.00

2883.8

5767.5

8651.3

11535

Well 13 (B01)
4538 + 4559 + 4567 + 4577 + 4561

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\13\acqus

15386.02 16014.19 16642.37 17270.54 17898.71 18526.88

Mass (Da)

0.00

2070.8

4141.5

6212.3

8283

N31774  – 1 ng SC35495 – 1 ng
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Initial Multiplexing Results
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Well 25 (C01)
4566 + 4570 + 4698 + 4539 + 4553

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\25\acqus

16291.09 16936.61 17582.14 18227.66 18873.19 19518.71

Mass (Da)

0.00

6558.5

13117

Well 37 (D01)
4565 + 4680 + 4618 + 4540 + 4683

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\37\acqus

16034.26 16899.25 17764.24 18629.23 19494.22 20359.21

Mass (Da)

0.00

2471.5

4943

Well 27 (C03)
4566 + 4570 + 4698 + 4539 + 4553

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\27\acqus

16160.72 16810.46 17460.2 18109.95 18759.69 19409.43

Mass (Da)

0.00

3929

7858

Well 39 (D03)
4565 + 4680 + 4618 + 4540 + 4683

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\39\acqus

16005.62 16899.25 17792.88 18686.52 19580.15 20473.78

Mass (Da)

0.00

4763.5

9527
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Initial Multiplexing Results

Forensic SNP Analysis Overview of the Ibis SNP Assay 22

Well 49 (E01)
4560 + 4568 + 4563 + 4546 + 4576

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\49\acqus

14409.35 14974.6 15539.85 16105.1 16670.35 17235.6

Mass (Da)

0.00

1602

3204

4806

6408

Well 51 (E03)
4560 + 4568 + 4563 + 4546 + 4576

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\51\acqus

14465.21 15038.87 15612.52 16186.17 16759.83 17333.48

Mass (Da)

0.00

2678.8

5357.5

8036.3

10715

Well 61 (F01)
4556 + 4562 + 4547 + 4572 + 4545

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\61\acqus

14496.83 15915.7 17334.57 18753.44 20172.31 21591.18

Mass (Da)

0.00

1766.5

3533

5299.5

7066

Well 63 (F03)
4556 + 4562 + 4547 + 4572 + 4545

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\63\acqus

14300.67 15713 17125.33 18537.66 19950 21362.33

Mass (Da)

0.00

1504.5

3009

4513.5

6018
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Initial Multiplexing Results

Forensic SNP Analysis Overview of the Ibis SNP Assay 23

Well 73 (G01)
4571 + 4682 + 4627 + 4573 + 4550

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\73\acqus

13724.18 15442.96 17161.75 18880.53 20599.31 22318.09

Mass (Da)

0.00

2545.3

5090.5

7635.8

10181

Well 75 (G03)
4571 + 4682 + 4627 + 4573 + 4550

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\75\acqus

13797.95 15494.6 17191.25 18887.9 20584.55 22281.2

Mass (Da)

0.00

2729.8

5459.5

8189.3

10919

Well 85 (H01)
4544 + 4687 + 4554 + 4569 + 4713

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\85\acqus

15699.49 17027.49 18355.49 19683.49 21011.48 22339.48

Mass (Da)

0.00

931.8

1863.5

2795.3

3727

Well 87 (H03)
4544 + 4687 + 4554 + 4569 + 4713

\\ibisfs.ibisbio.com\mtdnadata\data\P05015423\87\acqus

15731.57 17072.4 18413.23 19754.06 21094.88 22435.71

Mass (Da)

0.00
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4653
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9306
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Initial Intra‐locus Strand Balance

Forensic SNP Analysis Overview of the Ibis SNP Assay 24
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Adjusted Multiplexing Results

Forensic SNP Analysis Overview of the Ibis SNP Assay 25

Well 1 (A01)
4541 + 4678 + 4548 + 4564 + 4574

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\1\acqus

13885.46 14592.71 15299.97 16007.22 16714.47 17421.72

Mass (Da)

0.00

858.8

1717.5

2576.3

3435

Well 3 (A03)
4541 + 4678 + 4548 + 4564 + 4574

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\3\acqus

13747.89 14443.46 15139.03 15834.6 16530.17 17225.74

Mass (Da)

0.00

1037.5

2075

3112.5

4150

Well 13 (B01)
4538 + 4559 + 4567 + 4577 + 4561

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\13\acqus

15417.45 16078.02 16738.59 17399.16 18059.72 18720.29

Mass (Da)

0.00

1076.5

2153

3229.5

4306

Well 15 (B03)
4538 + 4559 + 4567 + 4577 + 4561

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\15\acqus

15355.01 15984.84 16614.67 17244.5 17874.33 18504.16

Mass (Da)

0.00

969.5
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Adjusted Multiplexing Results

Forensic SNP Analysis Overview of the Ibis SNP Assay 26

Well 25 (C01)
4566 + 4570 + 4698 + 4539 + 4553

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\25\acqus

16285.83 16906.28 17526.73 18147.18 18767.63 19388.08

Mass (Da)

0.00

1056.8

2113.5

3170.3

4227

Well 27 (C03)
4566 + 4570 + 4698 + 4539 + 4553

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\27\acqus

16227.11 16881.96 17536.81 18191.66 18846.51 19501.36

Mass (Da)

0.00

1137

2274

3411

4548

Well 37 (D01)
4565 + 4680 + 4618 + 4540 + 4683

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\37\acqus

16060.59 16899.34 17738.08 18576.82 19415.57 20254.31

Mass (Da)

0.00

712

1424

2136

2848

Well 39 (D03)
4565 + 4680 + 4618 + 4540 + 4683

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\39\acqus

16172.43 16977.62 17782.81 18588.01 19393.2 20198.39

Mass (Da)

0.00
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4166.3
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Adjusted Multiplexing Results

Forensic SNP Analysis Overview of the Ibis SNP Assay 27

Well 49 (E01)
4560 + 4568 + 4563 + 4546 + 4576

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\49\acqus

14363.61 14924.75 15485.9 16047.05 16608.2 17169.35

Mass (Da)

0.00

1203.8

2407.5

3611.3

4815

Well 51 (E03)
4560 + 4568 + 4563 + 4546 + 4576

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\51\acqus

14388.43 14964.48 15540.53 16116.57 16692.62 17268.66

Mass (Da)

0.00

1234.3

2468.5

3702.8

4937

Well 61 (F01)
4556 + 4562 + 4547 + 4572 + 4545

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\61\acqus

14675.42 15989.61 17303.81 18618 19932.19 21246.39

Mass (Da)

0.00

1271.8

2543.5

3815.3

5087

Well 63 (F03)
4556 + 4562 + 4547 + 4572 + 4545

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\63\acqus

14604.76 15975.48 17346.2 18716.92 20087.64 21458.36

Mass (Da)

0.00

1360.3

2720.5

4080.8
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Adjusted Multiplexing Results

Forensic SNP Analysis Overview of the Ibis SNP Assay 28

Well 87 (H03)
4544 + 4687 + 4554 + 4569 + 4713

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\87\acqus

15775.87 17037.58 18299.29 19560.99 20822.7 22084.4

Mass (Da)

0.00

1482.5

2965

4447.5

5930

Well 75 (G03)
4634 + 4682 + 4627 + 4573 + 4550

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\75\acqus

14080.35 15682.57 17284.79 18887.01 20489.23 22091.46

Mass (Da)

0.00

728

1456

2184

2912

Well 73 (G01)
4634 + 4682 + 4627 + 4573 + 4550

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\73\acqus

14080.35 15650.68 17221.02 18791.36 20361.69 21932.03

Mass (Da)

0.00

982.8

1965.5

2948.3

3931

Well 85 (H01)
4544 + 4687 + 4554 + 4569 + 4713

\\ibisfs.ibisbio.com\mtdnadata\data\P05015930\85\acqus

15983.85 17197.03 18410.21 19623.38 20836.56 22049.74

Mass (Da)

0.00

837.8

1675.5

2513.3

3351

N31774 SC35495
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Sensitivity –
5‐plexes

Forensic SNP Analysis Overview of the Ibis SNP Assay 30

Full profile 
obtained at 

63 pg / reaction

Reaction quality 
degraded at 
125 pg and 
below
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Inter‐Locus 5‐plex Balance in Dilutions 
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Balance was most consistent down to about 125 pg/reaction, then 
became highly variable.

Drop‐outs occurred after 63 pg/reaction.

= decreasing template concentration

Forensic SNP Analysis Overview of the Ibis SNP Assay 31
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10‐plex Reactions

Forensic SNP Analysis Overview of the Ibis SNP Assay 32

Well 15 (B03)
4565 + 4566 + 4680 + 4570 + 4698 + 4539 + 4618 + 4553 + 4540 + 4683

C:\MitoProject\Human_SNPS\Reports\data\P05028151\15\acqus

16264.12 16645.16 17026.19 17407.23 17788.26 18169.3 18550.33 18931.37 19312.4 19693.44 20074.47

Mass (Da)

0.00

926.5
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Well 3 (A03)
4538 + 4932 + 4678 + 4559 + 4548 + 4564 + 4567 + 4574 + 4577 + 4561

C:\MitoProject\Human_SNPS\Reports\data\P05028151\3\acqus

14596.66 15022.45 15448.23 15874.02 16299.8 16725.59 17151.38 17577.16 18002.95 18428.73 18854.52

Mass (Da)
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1 ng/reaction N31774 DNAReaction 1

Reaction 2
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10‐plex Reactions

Forensic SNP Analysis Overview of the Ibis SNP Assay 33

1 ng/reaction N31774 DNAReaction 3

Well 27 (C03)
4556 + 4562 + 4547 + 4560 + 4572 + 4568 + 4563 + 4546 + 4576 + 4545

C:\MitoProject\Human_SNPS\Reports\data\P05028151\27\acqus

14507.46 15168.52 15829.57 16490.63 17151.68 17812.74 18473.79 19134.84 19795.9 20456.95 21118.01

Mass (Da)

0.00

864.5

1729

Well 39 (D03)
4544 + 4634 + 4687 + 4554 + 4682 + 4627 + 4569 + 4937 + 4550 + 4713

C:\MitoProject\Human_SNPS\Reports\data\P05028151\39\acqus

14181.7 15177.03 16172.37 17167.7 18163.03 19158.37 20153.7 21149.03 22144.37 23139.7 24135.03

Mass (Da)
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Reaction 4
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Reaction 1 Reaction 2 Reaction 3 Reaction 4
SD =  + 1.23% SD =  + 2.05% SD =  + 1.99% SD =  + 1.28%
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Forensic SNP Analysis Overview of the Ibis SNP Assay 34
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Sensitivity of 10‐plex Reactions

Forensic SNP Analysis Overview of the Ibis SNP Assay 35

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

• 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

Forensic SNP Analysis Overview of the Ibis SNP Assay 36
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Species Specificity

Forensic SNP Analysis Overview of the Ibis SNP Assay 37

Well 1 (A01)
4541 + 4678 + 4548 + 4564 + 4574

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\1\acqus

13795.96 14523.12 15250.27 15977.42 16704.57 17431.72

Mass (Da)

0.00

2403

4806

Well 3 (A03)
4541 + 4678 + 4548 + 4564 + 4574

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\3\acqus

13959.49 14670 15380.5 16091.01 16801.52 17512.03

Mass (Da)

0.00

6105

12210

Well 13 (B01)
4538 + 4559 + 4567 + 4577 + 4561

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\13\acqus

15057.33 15802.74 16548.15 17293.55 18038.96 18784.36

Mass (Da)

0.00

5104

10208

Well 15 (B03)
4538 + 4559 + 4567 + 4577 + 4561

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\15\acqus

15309.49 15952.64 16595.78 17238.93 17882.07 18525.22

Mass (Da)

0.00
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With dog DNA With Aspergillus oryzae DNA
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Species Specificity

Forensic SNP Analysis Overview of the Ibis SNP Assay 38

Well 25 (C01)
4566 + 4570 + 4698 + 4539 + 4553

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\25\acqus

16071.7 16769.38 17467.06 18164.74 18862.42 19560.11

Mass (Da)

0.00

5354.5

10709

Well 27 (C03)
4566 + 4570 + 4698 + 4539 + 4553

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\27\acqus

16191.99 16846.37 17500.74 18155.12 18809.5 19463.87

Mass (Da)

0.00

5112.5

10225

Well 37 (D01)
4565 + 4680 + 4618 + 4540 + 4683

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\37\acqus

15976.02 16842.17 17708.33 18574.49 19440.64 20306.8

Mass (Da)

0.00

3473.5

6947

Well 39 (D03)
4565 + 4680 + 4618 + 4540 + 4683

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\39\acqus

16274.99 17063.18 17851.38 18639.57 19427.76 20215.96

Mass (Da)

0.00

4324.5
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Species Specificity

Forensic SNP Analysis Overview of the Ibis SNP Assay 39

Well 49 (E01)
4560 + 4568 + 4563 + 4546 + 4576

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\49\acqus

14562.33 15069.9 15577.48 16085.05 16592.63 17100.2

Mass (Da)

0.00

4796.5

9593

Well 51 (E03)
4560 + 4568 + 4563 + 4546 + 4576

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\51\acqus

14371.14 14941.12 15511.09 16081.06 16651.04 17221.01

Mass (Da)

0.00

6461

12922

Well 61 (F01)
4556 + 4562 + 4547 + 4572 + 4545

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\61\acqus

14625.23 15937.28 17249.33 18561.38 19873.43 21185.47

Mass (Da)

0.00

3710

7420

Well 63 (F03)
4556 + 4562 + 4547 + 4572 + 4545

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\63\acqus

14295.57 15739.48 17183.4 18627.31 20071.22 21515.14

Mass (Da)

0.00

3234
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With dog DNA With Aspergillus oryzae DNA
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Species Specificity

Forensic SNP Analysis Overview of the Ibis SNP Assay 40

Well 73 (G01)
4634 + 4682 + 4627 + 4573 + 4550

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\73\acqus

13790.04 15485.99 17181.94 18877.9 20573.85 22269.8

Mass (Da)

0.00

8432.5

16865

Well 75 (G03)
4634 + 4682 + 4627 + 4573 + 4550

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\75\acqus

13864.42 15515.75 17167.07 18818.39 20469.71 22121.03

Mass (Da)

0.00

10462.5

20925

Well 85 (H01)
4544 + 4687 + 4554 + 4569 + 4713

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\85\acqus

15631.95 16977.51 18323.07 19668.64 21014.2 22359.76

Mass (Da)

0.00

8306

16612

Well 87 (H03)
4544 + 4687 + 4554 + 4569 + 4713

\\ibisfs.ibisbio.com\mtdnadata\data\P05015573\87\acqus

15826.02 17106.89 18387.76 19668.64 20949.51 22230.38

Mass (Da)

0.00

5913.5

11827
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Species Specificity – 5‐plex

Forensic SNP Analysis Overview of the Ibis SNP Assay 41

10‐fold excess of 
bacterial DNA

1 (A01)
4932 + 4678 + 4548 + 4564 + 4574

14401.32 16717.49 19033.66

Mass (Da)

0.00

617.5

1235

13 (B01)
4538 + 4559 + 4567 + 4577 + 4561

15357.05 16975.32 18593.59

Mass (Da)

0.00

944.5

1889

25 (C01)
4566 + 4570 + 4698 + 4539 + 4553

16173.78 17824.05 19474.31

Mass (Da)

0.00

1406

2812

37 (D01)
4565 + 4680 + 4618 + 4540 + 4683

16214.31 18226.97 20239.62

Mass (Da)

0.00

1092

2184

49 (E01)
4560 + 4568 + 4563 + 4546 + 4576

14394.59 15838 17281.41

Mass (Da)

0.00

1485.5

2971

61 (F01)
4556 + 4562 + 4547 + 4572 + 4545

14722.06 17928.98 21135.91

Mass (Da)

0.00

1233.5

2467

73 (G01)
4634 + 4682 + 4627 + 4937 + 4550

14053.27 19162.54 24271.81

Mass (Da)

0.00

1350

2700

85 (H01)
4544 + 4687 + 4554 + 4958 + 4713

14464.29 18308.33 22152.38

0.00

695

1390

2 (A02)
4932 + 4678 + 4548 + 4564 + 4574

14401.32 16717.49 19033.66

Mass (Da)

0.00

869.5

1739

14 (B02)
4538 + 4559 + 4567 + 4577 + 4561

15357.05 16975.32 18593.59

Mass (Da)

0.00

1188

2376

26 (C02)
4566 + 4570 + 4698 + 4539 + 4553

16173.78 17824.05 19474.31

Mass (Da)

0.00

1225

2450

38 (D02)
4565 + 4680 + 4618 + 4540 + 4683

16214.31 18226.97 20239.62

Mass (Da)

0.00

984

1968

50 (E02)
4560 + 4568 + 4563 + 4546 + 4576

14394.09 15837.75 17281.41

Mass (Da)

0.00

2998.5

5997

62 (F02)
4556 + 4562 + 4547 + 4572 + 4545

14722.06 17928.98 21135.91

Mass (Da)

0.00

1998.5

3997

74 (G02)
4634 + 4682 + 4627 + 4937 + 4550

14053.27 19162.54 24271.81

Mass (Da)

0.00

1212.5

2425

86 (H02)
4544 + 4687 + 4554 + 4958 + 4713

14464.29 18308.33 22152.38

0.00

1072.5

2145

3 (A03)
4932 + 4678 + 4548 + 4564 + 4574

11111 16642.99 22174.97

Mass (Da)

0.00

149.5

299

15 (B03)
4538 + 4559 + 4567 + 4577 + 4561

12067 16905.94 21744.89

Mass (Da)

0.00

198

396

27 (C03)
4566 + 4570 + 4698 + 4539 + 4553

12914 17781.92 22649.84

Mass (Da)

0.00

105

210

39 (D03)
4565 + 4680 + 4618 + 4540 + 4683

12905 18137.96 23370.93

Mass (Da)

0.00

1880

3760

51 (E03)
4560 + 4568 + 4563 + 4546 + 4576

11115 15823.5 20532

Mass (Da)

0.00

151

302

63 (F03)
4556 + 4562 + 4547 + 4572 + 4545

11417 17884.48 24351.97

Mass (Da)

0.00

233.5

467

75 (G03)
4634 + 4682 + 4627 + 4937 + 4550

10744 19088.41 27432.83

Mass (Da)

0.00

187.5

375

87 (H03)
4544 + 4687 + 4554 + 4958 + 4713

11135 18233.96 25332.92
0.00

211

422

4 (A04)
4932 + 4678 + 4548 + 4564 + 4574

11111 16642.99 22174.97

Mass (Da)

0.00

149

298

16 (B04)
4538 + 4559 + 4567 + 4577 + 4561

12067 16905.94 21744.89

Mass (Da)

0.00

180

360

28 (C04)
4566 + 4570 + 4698 + 4539 + 4553

12914 17781.92 22649.84

Mass (Da)

0.00

103.5

207

40 (D04)
4565 + 4680 + 4618 + 4540 + 4683

12905 18137.96 23370.93

Mass (Da)

0.00

1217

2434

52 (E04)
4560 + 4568 + 4563 + 4546 + 4576

11115 15823.5 20532

Mass (Da)

0.00

242.5

485

64 (F04)
4556 + 4562 + 4547 + 4572 + 4545

11417 17884.48 24351.97

Mass (Da)

0.00

196.5

393

76 (G04)
4634 + 4682 + 4627 + 4937 + 4550

10744 19088.41 27432.83

Mass (Da)

0.00

162

324

88 (H04)
4544 + 4687 + 4554 + 4958 + 4713

11135 18233.96 25332.92
0.00

156.5

313

5 (A05)
4932 + 4678 + 4548 + 4564 + 4574

14401.32 16717.49 19033.66

Mass (Da)

0.00

1267

2534

17 (B05)
4538 + 4559 + 4567 + 4577 + 4561

15356.55 16975.07 18593.59

Mass (Da)

0.00

2179

4358

29 (C05)
4566 + 4570 + 4698 + 4539 + 4553

16173.78 17824.05 19474.31

Mass (Da)

0.00

1583

3166

41 (D05)
4565 + 4680 + 4618 + 4540 + 4683

16214.31 18226.97 20239.62

Mass (Da)

0.00

1311

2622

53 (E05)
4560 + 4568 + 4563 + 4546 + 4576

14394.09 15837.75 17281.41

Mass (Da)

0.00

1786

3572

65 (F05)
4556 + 4562 + 4547 + 4572 + 4545

14722.06 17928.98 21135.91

Mass (Da)

0.00

2622

5244

77 (G05)
4634 + 4682 + 4627 + 4937 + 4550

14053.27 19162.54 24271.81

Mass (Da)

0.00

1518.5

3037

89 (H05)
4544 + 4687 + 4554 + 4958 + 4713

14464.79 18308.58 22152.38

0.00

733

1466

6 (A06)
4932 + 4678 + 4548 + 4564 + 4574

14401.32 16717.49 19033.66

Mass (Da)

0.00

928

1856

18 (B06)
4538 + 4559 + 4567 + 4577 + 4561

15356.55 16975.07 18593.59

Mass (Da)

0.00

1265.5

2531

30 (C06)
4566 + 4570 + 4698 + 4539 + 4553

16173.78 17824.05 19474.31

Mass (Da)

0.00

1562.5

3125

42 (D06)
4565 + 4680 + 4618 + 4540 + 4683

16214.31 18226.97 20239.62

Mass (Da)

0.00

1155

2310

54 (E06)
4560 + 4568 + 4563 + 4546 + 4576

14394.09 15838 17281.91

Mass (Da)

0.00

1858.5

3717

66 (F06)
4556 + 4562 + 4547 + 4572 + 4545

14722.06 17928.98 21135.91

Mass (Da)

0.00

1707.5

3415

78 (G06)
4634 + 4682 + 4627 + 4937 + 4550

14053.27 19162.54 24271.81

Mass (Da)

0.00

1645.5

3291

90 (H06)
4544 + 4687 + 4554 + 4958 + 4713

14464.79 18308.58 22152.38

0.00

640

1280

7 (A07)
4932 + 4678 + 4548 + 4564 + 4574

11111 16642.99 22174.97

Mass (Da)

0.00

308

616

19 (B07)
4538 + 4559 + 4567 + 4577 + 4561

12067 16905.94 21744.89

Mass (Da)

0.00

213

426

31 (C07)
4566 + 4570 + 4698 + 4539 + 4553

12914 17781.92 22649.84

Mass (Da)

0.00

94

188

43 (D07)
4565 + 4680 + 4618 + 4540 + 4683

12905 18137.96 23370.93

Mass (Da)

0.00

2199.5

4399

55 (E07)
4560 + 4568 + 4563 + 4546 + 4576

11115 15823.5 20532

Mass (Da)

0.00

172

344

67 (F07)
4556 + 4562 + 4547 + 4572 + 4545

11417 17884.48 24351.97

Mass (Da)

0.00

220

440

79 (G07)
4634 + 4682 + 4627 + 4937 + 4550

10744 19088.41 27432.83

Mass (Da)

0.00

169.5

339

91 (H07)
4544 + 4687 + 4554 + 4958 + 4713

11135 18233.96 25332.92
0.00

151.5

303

8 (A08)
4932 + 4678 + 4548 + 4564 + 4574

11111 16642.99 22174.97

Mass (Da)

0.00

222

444

20 (B08)
4538 + 4559 + 4567 + 4577 + 4561

12067 16905.94 21744.89

Mass (Da)

0.00

195

390

32 (C08)
4566 + 4570 + 4698 + 4539 + 4553

12914 17781.92 22649.84

Mass (Da)

0.00

103

206

44 (D08)
4565 + 4680 + 4618 + 4540 + 4683

12905 18137.96 23370.93

Mass (Da)

0.00

1910.5

3821

56 (E08)
4560 + 4568 + 4563 + 4546 + 4576
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Species Specificity – 10‐plex
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10‐fold excess of 
fungal DNA
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Species Specificity – 10‐plex
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Well 5 (A05)
4538 + 4932 + 4678 + 4559 + 4548 + 4564 + 4567 + 4574 + 4577 + 4561

\\ibisna2.ibisbio.com\mtdnadata\data\P05031725\5\acqus
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Well 17 (B05)
4565 + 4566 + 4680 + 4570 + 4698 + 4539 + 4618 + 4553 + 4540 + 4683

\\ibisna2.ibisbio.com\mtdnadata\data\P05031725\17\acqus
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1 ng human DNA + 10 ng Candida albicans (yeast) DNA
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Species Specificity – 10‐plex
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Well 41 (D05)
4544 + 4634 + 4687 + 4554 + 4682 + 4627 + 4958 + 4937 + 4550 + 4713

\\ibisna2.ibisbio.com\mtdnadata\data\P05031725\41\acqus
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Well 29 (C05)
4556 + 4562 + 4547 + 4560 + 4572 + 4568 + 4563 + 4546 + 4576 + 4545

\\ibisna2.ibisbio.com\mtdnadata\data\P05031725\29\acqus
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1 ng human DNA + 10 ng Candida albicans (yeast) DNA
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Species 
Specificity

Forensic SNP Analysis Overview of the Ibis SNP Assay 45

Full profiles were 
obtained for all 
replicates in the 

presence of 10‐fold 
excess of 

exogenous DNA 
from six different 

sources
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• 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

Profile comparisons

Forensic SNP Analysis Overview of the Ibis SNP Assay 46
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Resolving Power of Kidd SNP Panel

Forensic SNP Analysis Overview of the Ibis SNP Assay 47

N
um
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r 
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 o
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ur
re
nc
es

Number of matching loci between two individuals

• ‘Perfect’ 40‐SNP panel:  random match with probability of 9.15 x 10‐18

• Kidd‐40 panel has ave of about 1 x 10‐15 match probability
• Within populations, ave match probability ranged from 10‐12 to 10‐16

• 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
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Cross‐Comparisons of Ibis™ Profiles
N
um

be
r 
of
 o
cc
ur
re
nc
es

Number of matching loci between 2 individuals

All pair‐wise comparisons between 
86 individuals  Distribution of 

comparisons for 
small set of 86 
unrelated 
samples is 
virtually identical 
to 1568 samples 
taken from 40 
global 
population 
groups

Forensic SNP Analysis Overview of the Ibis SNP Assay 48
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Reducing Spectral Complexity
• 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

Forensic SNP Analysis Overview of the Ibis SNP Assay 50
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Reducing Spectral Complexity

Forensic SNP Analysis Overview of the Ibis SNP Assay 51

biotin

By using one biotin‐tagged 
forward primer in each 
primer pair …

And an excess of non‐
tagged reverse primer

Template



Technology
Transition Workshop

biotin

PCR products can be generated with an over‐abundance of 
non‐tagged reverse strands

Reducing Spectral Complexity

Forensic SNP Analysis Overview of the Ibis SNP Assay 52
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Reducing Spectral Complexity

Forensic SNP Analysis Overview of the Ibis SNP Assay 53

After running PCR …
Streptavidin‐coated magnetic beads are added
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Reducing Spectral Complexity

Forensic SNP Analysis Overview of the Ibis SNP Assay 54

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

Forensic SNP Analysis Overview of the Ibis SNP Assay 55

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

Forensic SNP Analysis Overview of the Ibis SNP Assay 57

Double‐stranded 
products produced

Single‐stranded 
products produced
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Summary

• 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

Forensic SNP Analysis Overview of the Ibis SNP Assay 58
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Funded by FBI contract #J‐FBI‐08‐257

Questions?

Forensic SNP Analysis Overview of the Ibis SNP Assay 59
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Contact Information

Thomas Hall

Ibis Biosciences division of Abbott Molecular

760‐603‐2375

thall@ibisbio.com

Forensic SNP Analysis 60Overview of the Ibis SNP Assay

Note: All images and charts courtesy of Tom Hall, Ph.D. 
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