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1. Can there be added value to a DNA profile?

 
Forensic science helps establish facts that 
may be in question 

Activity and presence produce traces that 
are fundamental vectors of information

DNA profile = Who? but not What/How etc.

Value of the DNA profile depends upon 
context   
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1. Can there be added value to a DNA profile?

 

For example, does the victim’s 
DNA profile on a suspect 
originate 

-from cellular deposits on her 
hands (skin) or from vaginal 
cellular secretions?

-from her peripheral blood or 
from menstrual blood? 

Thus, the identity of the CELLULAR PHENOTYPE responsible for a crime scene DNA profile 
could inform about possible activities that are likely, or not likely, to have occurred during 
the deposition of the crime sample. 
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1. Can there be added value to a DNA profile?

Hierarchy of Propositions

To move up the 
hierarchy towards 
activity shouldn’t 
you need BFID?
(“Source” or even 
“Sub-Activity”) 

S ource : 2024 F orens ic  D N A  In te rpre ta tion  and H um an F actors : Im prov ing  the  P ractice  T hrough a  S ystem s A pproach, N IS T  In te ragency/In te rna l R eport (N IS T IR )
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2. Cellular phenotyping by RNA profiling

 

routine forensic
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2. Cellular phenotyping by RNA profiling

 o Transcriptome 
o Terminally differentiated cells 

have a pattern of gene 
expression that is unique to 
each cell type

o Presence and relative 
abundance of specific mRNA 
or miRNAs

o Epigenome/Methylome
o Proteome
o Microbiome
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Basic Human Transcriptomics
• Primary transcription is the major driver of cellular specificity

• the transcriptome is an indicator of cellular phenotype
• > 85% of the genome is transcribed (not in a single tissue)

• mostly ncRNA, only ~2-3% mRNA
• Approx. 20,000 human genes

• Vary more across tissues (47% total variance) than individuals (4% total 
variance)

• Only ~1% (200) genes exclusively expressed in single tissue 
• 12% of genes enriched in a single tissue ( > 5X compared to other tissues)
• 10% of transcripts in a tissue come from expression-elevated genes (DE in 

several tissues compared to most) 
• 50% of genes possess tissue dependent isoforms 
• Almost half of all genes (44%) expressed in all tissues

Sources: Human Protein Atlas/Genotype Tissue Expression (GTEx) project /ENCODE

2. Cellular phenotyping by RNA profiling
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2. Cellular phenotyping by RNA profiling
Why is transcriptomics useful in forensic genetics?

• RNA of sufficient quality/quantity for analysis can be recovered from crime 
samples

• DNA and RNA can be co-extracted 
• RNA converted to DNA (cDNA): same downstream chemistry and analytical 

platform
• Unlike gDNA (2 copies per autosomal locus/cell) multiple judiciously selected 

loci are copied 100s to 1000s into RNA species (in certain body fluids/tissues)
• Digital gene expression (direct counting of transcripts) facilitates quantitative 

analysis
• Genomic information is directly encoded and faithfully reproduced in RNA 

transcripts
• MPS technology enables genomic encoded RNA sequences to be accessed
• Coding region SNPs
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Reported Body Fluid Specific mRNA Biomarkers

core loci?
no commercial kits 
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Blood

Semen

Saliva

Vaginal

Menstrual

Current State of 
the Art in 
Forensic RNA 
Profiling : CE

CE-based RNA 
profiling used in 
casework in the 
Netherlands, 
Slovenia, Germany 
Australia, Switzerland
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2. Cellular phenotyping 
by RNA profiling

Collaborative studies
• EDNAP
• FoRNAP
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Comparative Assessment of Emerging Technologies for Body Fluid Identification NIJ Award Number 2020-DQ-BX-0015

PI: Mirna Ghemrawi (Frederic Rieders FRF) Co PIs:  Jack Ballantyne (UCF),  Bruce McCord FIU), Glendon Parker (UC Davis)
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MPS: BFID/Organ Tissue Assays

Targeted RNA-Seq BFID
Body fluid
• “Off the shelf” Illumina MiSeq BFID 33plex (6 body fluids) (Hanson et al 2018)
• Bespoke Life Technologies Ion S5/Chef 36 plex (6 body fluids) (Hanson et al 2023)
Organ tissue 
• ORGAN 46plex Illumina MiSeq (10 organ tissues) (Hanson et al 2017)

CE versus MPS

-Limited multiplex capability (some multiplexes in use require three separate amps)
-Quantitative analysis more challenging (rfu versus counting of transcripts)
-No access to complete sequencing information 
-However, CE more sensitive than NGS 
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MiSeq BFID 33plex (2018)
-6 body fluids/tissues: blood, saliva, semen, 
vaginal secretion, menstrual blood, skin
-33 targets: 6 blood, 6 semen, 6 saliva, 4 
vaginal secretions, 5 menstrual blood and 6 
skin markers
-197 samples, including mixtures and mock 
casework samples
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Body Fluid Prediction/Inference

1. Percentage of reads in a sample due to each of the 6 tissues/body fluid categories tested
• Filtered reads (Hanson 2018)

2. Inter-sample differential gene expression revealed by agglomerative hierarchical clustering (Hanson 2018)
3. Probabilistic model developed that predicts the origin of a stain (PLS-DA) (Dørum 2018)

• 2 & 3 use quantitative information (unfiltered MPS read counts) rather than just presence/absence of 
markers 

1. 1.

2.
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Prediction performance for PLS-DLA

Grey = proportion of correctly predicted samples in each category
Overall prediction accuracy is 99.6%

Scoreplots for first 4 PLS components

3. Probabilistic Model 
(PLS-DA) for Prediction of 
Stains

Model developed that predicts the origin 
of a stain (PLS-DA) (Dørum 2018)

• 2 & 3 use quantitative information 
(unfiltered MPS read counts) 
rather than just presence/absence 
of markers 
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ORGAN Tissue ID 46plex (Illumina MiSeq) 
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e.g. Brain-specific marker
Only in brain samples

(Hanson et al 
2017))

Blind Study
Samples correctly ID’d

Javan et al  (2020)-mRNA exposed up to 37 days of autolysis, can be used to validate the putative 
identity of tissue fragments in post-mortem tissues
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3. Assigning body fluids to DNA donors by cSNP typing
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The Problem: how can cell types and DNA donors be 
associated?

• 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) 
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DNA cSNP blood DNA cSNP saliva

Association of 
DNA profiles in 
mixtures with 
specific body 
fluids using
cSNPS in bf- 
specific mRNA 
transcripts
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Dual Function Targeted S5 
RNA Sequencing Assay for 
the Identification and Direct 
Association of Common Body 
Fluids with DNA Donors in 
Mixtures

Associated gDNA-cSNP 
assays for reference 
samples..cSNP genotypes 
obtained for all mRNA targets
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BFID-cSNP-6F Assay Specificity with Single Source Body Fluid Samples 
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A “RECIPROCAL” mixture pair comprises the following two mixtures 
(semen/saliva):   DNA donor A / body fluid 1 + DNA donor B / body fluid 2
  DNA donor A / body fluid 2 + DNA donor B / body fluid 1

-All three binary mixture possibilities of the commonly encountered BL, SE, SA (BL/SA, BL/SE, SE/SA) were tested for 
‘DNA association’ using cSNPs
-cSNP analysis correctly associated one of the body fluids with one donor and the other body fluid with the other donor, 
while at the same time excluding the alternative possibility

BFID-cSNP-BSS
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BFID-cSNP-6F
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LD is only apparent 
between markers on the 
same chromosome

Merge cSNPs that are in 
LD to one polymorphic 
unit, to obtain a set of 
markers that are 
statistically independent

Discrimination Power (DP)

Efficacy of the cSNP-6F panel to differentiate two 
random individuals in a binary mixture
DP for individual body fluids 0.61- 0.99 (with LD 
taken into account)
Blood   0.99
Semen   0.97
Saliva   0.61
Vaginal secretions 0.82
Menstrual Blood  0.87
     
-with common binary mixtures involving blood 
and/or semen and/or saliva only 1 in 85 cases 
(semen/saliva), 1/256 (blood/saliva) and 1 in 3300  
cases (blood/semen) would the cSNPs not be able 
to associate at least one of the body fluids to a 
donor (and exclude the other donor as the body fluid 
contributor)

Population Studies: LD 
and DP analysis

30

31

Bespoke (TF) Software Solution for cSNP and BFID calling 
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• The cell is a bag of RNA (Stephen Quake 2021)
• RNA profiling can identify with a high degree of specificity the cellular 

phenotypes of the biological material yielding crime scene DNA profiles
• Genomic information is directly encoded and faithfully reproduced in mRNA 

transcripts. MPS technology enables this genomic encoded RNA sequences to 
be accessed.

• Direct association of common body fluids with DNA donors in mixtures can be 
accomplished via cSNP sequencing analysis

 -cSNPs represent an additional class of SNPs useful in forensic genetics 
(in addition to Identity, Ancestry, Lineage Marker and PhenotypeSNPs)

 - cSNPs are an addition to the DNA mixture deconvolution toolbox
 - movement towards increasing #RNA-SNPs towards human identification?
• Access to the RNA and DNA cSNP assay primer pools and analysis software 

should be made available in the near future via ThermoFisher Community 
Panels 

Sum Up and Final Thoughts
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Thank you for your attention!

BALLANTYNE

Any Questions? 
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