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The Problem: can cell types and DNA 
donors be associated?

• ID of body fluids can be crucial to an investigation
– Presumptive, biochemical, RNA, epigenetic, protein

– Need specific body fluid markers and simultaneous analysis

• Need to associate body fluid with a donor DNA profile 
(needed to evaluate source versus sub-source level 
propositions)

• “If there is uncertainty about the association of the 
body fluid with the DNA profile, then the strength of the 
evidence is always reduced” (Gill, 2014)

• “Association fallacy” (Gill, 2014)

• “discourage” associating cell types and donors from  
peak heights when performing RNA and DNA profiling 
(Sijen et al 2013)  

2



	
3



Early Work – 35plex cSNP panel
• off-the-shelf assays (MiSeq™ System)

• 35 cSNPs

– 11 blood, 8 semen, 3 saliva, 3 vaginal, 3 menstrual and 7 skin

Manuscript submitted for publication
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• donor 1 (saliva but not semen); donor 2 (semen but not saliva)
• proof-of-concept support for  ‘association assay’ that uses cSNPs to 

associate DNA donor with body fluid
• Didn’t include all of our best target genes (e.g. HTN3 , PRM1)
• Some cSNPs reduced DP (poor inherent PD, LD)



Ion S5™ System 
Assay Development

• Previous assay based on off the 
shelf markers

• Custom primer design available 
for Ion S5 assay

(thanks Rob!!)

• Now includes more cSNPs and 
also possibly more 
discriminating ones

• Some overlap with previous 
assay
• 16 of the 55 cSNPs
• Could check concordance

• Several iterations after this first 
design
• v1.4.2 – 45 plex

Original S5 assay = 55 plex
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High degree of specificity
(body fluid ID)

All unique genotypes
(body fluid to donor association)

6 donors  6 unique genotypes

v1.4.2
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Semen

8 donors  8 unique genotypes

Saliva

8 donors  7 unique genotypes

Vaginal

10 donors  10 unique genotypes

Menstrual

6 donors  5 unique genotypesv1.4.2
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cSNP v. 2.1 (combined BFID/DNA association assay)
• 25ng total RNA
• Ion Chef™ System

– Library prep/ 24 cycles
– Templating/50 pmol

library
• Ion S5 sequencing

– 510-520-530 kit
– 520 chip/200 bp reads

• 19 BFID genes (5 BF + skin)
• 11 DNA association genes

– 21 RNA cSNPs
– Blood – 3 genes, 7 cSNPs
– Semen – 4 genes, 8 cSNPs
– Saliva – 4 genes, 6 cSNPs

• 4 MHs
• Primers mainly in different 

exons
– 20 of 24 primer sets
– 4 across exon-exon

• PD (blood) > 0.99 (Cauc/Afr)
• PD (semen) > 0.99 (Cauc/Afr)
• PD (saliva) > 0.95 (Cauc/Afr)

Focus on association for blood, semen saliva (most 
relevant). Reduced cSNPs due to specificity issues, PD etc
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Genotyping – v 2.1
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Blood-Semen Mixtures – body fluid ID
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Donor set 1
Donor set 2 Donor set 3

50ng BD
25ng SE

25ng BD
25ng SE

25ng BD
25ng SE

25ng BD
25ng SE
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Blood-Semen Mixtures – association

Mixture Sample

Ref type –
donor 1

Ref type –
donor 2

cSNP genotype for blood – matches reference of donor 1  donor 1 contributed the blood RNA

cSNP genotype for semen– matches reference of donor 2  donor 2 contributed the semen RNA

Donor set 1 
(99% semen, 1% blood)
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Semen-Saliva Mixtures – association

Mixture Sample

Ref type –
donor 1

Ref type –
donor 2

cSNP genotype for semen – matches reference of donor 1  donor 1 contributed the semen RNA

cSNP genotype for saliva– matches reference of donor 2  donor 2 contributed the saliva RNA

Donor set 2 
(68% semen, 32% saliva)
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Blood-Saliva Mixtures – association

Mixture Sample

Ref type –
donor 1

Ref type –
donor 2

cSNP genotype for blood – matches reference of donor 1  donor 1 contributed the blood RNA

cSNP genotype for saliva– matches reference of donor 2  donor 2 contributed the saliva RNA

Donor set 1 
(70% saliva, 25% blood)
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Disclaimer
• When used for purposes other than Human Identification or 

Paternity Testing the instruments and software modules cited 
are for Research Use Only. Not for use in diagnostic procedures.

• Thermo Fisher Scientific and its affiliates are not endorsing, 
recommending, or promoting any use or application of Thermo
Fisher Scientific products presented by third parties during this 
seminar.

• Information and materials presented or provided by third parties 
are provided as-is and without warranty of any kind, including 
regarding intellectual property rights and reported results.

• Parties presenting images, text and material represent they have 
the rights

• Speaker was provided travel and hotel support, and free product 
and services by Thermo Fisher Scientific for this presentation.
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