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1. Canthere 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?

Hierarchy of Propositions NAT

1. Can there be added value to a DNA profile?  For example, does the victim’s

social intercourse versus DNA profile on a suspect Pl i
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2. Cellular phenotyping by RNA profiling
Basic Human Transcriptomics ...

« Primary transcription is the major driver of cellular specificity
« the transcriptome is an indicator of cellular phenotype

o Transcriptome « > 85% of the genome is transcribed (not in a single tissue)
o Terminally differentiated cells « mostly ncRNA, only ~2-3% mRNA
have a pattern of gene « Approx. 20,000 human genes

expression that is unique to Vary more across tissues (47% total variance) than individuals (4% total
each cell type variance)
o Presence and relative Only ~1% (200) genes exclusively expressed in single tissue
abundance of specific MRNA 12% of genes enriched in a single tissue ( > 5X compared to other tissues)
~or miRNAs 10% of transcripts in a tissue come from expression-elevated genes (DE in
o Epigenome/Methylome several tissues compared to most)
o Prpteome 50% of genes possess tissue dependent isoforms
o Microbiome Almost half of all genes (44%) expressed in all tissues

" protein

Sources: Human Protein Atlas/Genotype Tissue Expression (GTEx) project ENCODE
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2. Cellular phenotyping by RNA profiling Reported Body Fluid Specific mnRNA Biomarkers
Why is transcriptomics useful in forensic genetics" Blood Semen Saliva Vaginal Secretions  Menstrual Blood skin Housekeeping Genes
) ALAS2* PRM1 HTN3* muca MMP7 LCEIC* B2M*
. . . . . SPTB PRM2* STATH* HBD1 MMP10* LCE1D UBC
» RNA of sufficient quality/quantity for analysis can be recovered from crime HMBS (PBGD) Msp PRE4 ESRL MMP1L LCE2D ie3
Samples D36 TGM4* SPRR3 CYP2B7P1* K19 ccr GAPDH
HBB PSA (KLK3) SPRR1A MYOzZ1 PR IL1F7 G6PDH
+ DNA and RNA can be co-extracted CasP2 SEMGL KRT4 FUT6 LEFTY2* LOR TEF
* RNA converted to DNA (cDNA): same downstream chemistry and analytical AMICAL SEMG2 KRTGA DKKk4 MSKL COSN
|atf0rm C10R1 KRT13 SFTA2 SFRP4 KRT9
P . . . . ALOXSAP Muc? 19* csT6
+ Unlike gDNA (2 copies per autosomal locus/cell) multiple judiciously selected AQPY Leris DSC1
loci are copied 100s to 1000s into RNA species (in certain body fluids/tissues) C5R1 Lgas
. e . . . . s - - NCFS2 L
« Digital gene expression (direct counting of transcripts) facilitates quantitative MNDA e
analysis ARHGAP26
+ Genomic information is directly encoded and faithfully reproduced in RNA ﬁ:f
transcripts HBA
» MPS technology enables genomic encoded RNA sequences to be accessed
+ Coding region SNPs hacteria core loci?
no commercial kits
*Ballantyne lab - most frequently used markers
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T T Current State of
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Vaginal —
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Forensic Science International: Genetics
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2. Cellular phenotyping
by RNA profiling

RNA/DNA co-analysis from human menstrual blood and vaginal
secretion stains: Results of a fourth and fifth collaborative
EDNAP exercise
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Rescarch paper

mRNA profiling of mock casework samples: Results of a FORNAP
collaborative exercise

d . ", Cornel Dorum, Annica Gosch',
‘Thorsten Hadrys", Gavrilo Hadzic, Maxlmllmn Neis', Peter M. Schneider , Titia Sijen,
Margreet van den Berge*, Peter Wiegand ", Cordula Haas

e
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Overall comparison of five body fluid identification methods

A)

(8)
iuncadshs DNA Methylation mRNA

Shotgun Proteomics Targeted Proteomics

Wiue WPartial Wralse Positive WFalse Negative N Not Targeted M lInconclusive

Comparative A

of Emerging for Body Fluid NIJ Award Number 2020-DQ-BX-0015

PI: Mirna Ghemrawi (Frederic Rieders FRF) Co Pls: Jack Ballantyne (UCF), Bruce McCord FIU), Glendon Parker (UG Davis)

CE versus MPS

Targeted RNA-Seq BFID

QOrgan tissue

MPS: BFID/Organ Tissue Assays

« “Off the shelf” lllumina MiSeq BFID 33plex (6 body fluids) (Hanson et al 2018)
« Bespoke Life Technologies lon S5/Chef 36 plex (6 body fluids) (Hanson et al 2023,

+ ORGAN 46plex lllumina MiSeq (10 organ tissues) (Hanson et al 2017)

-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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Blood

Forensic Science International: Genetics

vl

Messenger RNA biomarker signatures for forensic body fluid identification | )
revealed by targeted RNA sequencing e

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

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. Int ple di ial gene exp revealed by

3. Probabilistic model developed that predicts the origin of a stain (PLS-DA) (Derum 2018)
+ 2 &3 use quantitative information (unfiltered MPS read counts) rather than just presence/absence of

Correlation
o.

(o A e o e R

ot

clustering (Hanson 2018)

markers
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for first 4 PLS

Forensic Science International: Genetics

predicting the origin of stains rom next generation sequencing mRNA data | %)

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

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

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

Prediction performance for PLS-DLA
True
Blood Semen Saliva Vaginal Menstrual _Skin

Blood |T0977 000  0.00  0.00 000 000
Semen | 0.00 [1000] 000 0.00 000 000

Saliva | 000 000 100 0.00 000 000

Vaginal | 003 0.00 000 091 009 0.00

& Menstrual | 000 000 000 003 091 000
Skin | 0.00 000 000 006 000 (100

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

ORGAN Tissue ID 46plex (lllumina MiSeq)

2017))

—— SKELETALMUSCLE

e.g. Brain-specific marker
TRACHEA Only in brain samples
LNG
— KIDNEY
SMALLINTESTINE
<— HEART |
BRAIN 2 Blind Study
Samples correctly ID’d
%3 3
— STOMACH — 1
o A T2 (e (R T [ TR
T e o s stowch wne e s o s

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

#DATELINE

21 22
The Problem: how can cell types and DNA donors be & : N @@“ b
associated? N -
G R4
* Need to associate body fluid with a donor DNA profile (needed to
evaluate source versus sub-source level propositions) A iation of
« “If there is uncertainty about the association of the body fluid with the gf % (NNRNN"“ a?):upr:;f":fh'"
E)(;\la profile, then the strength of the evidence is always reduced” (Gill, booJ specific body
) = fluids using
« “Association fallacy” (Gill, 2014) cSNPS in bf-
. Y. . Observed 13, 15 17,18 1200 (Aallele count-650) 800 (Aallele count-10 ~ background noise) f RNA
« “discourage” associating cell types and donors from peak heights (8 allele count-550) (Ballele count-790) specific m
when performing RNA and DNA profiling (Sijen et al 2013) e Z: Z s SoneGenompe: A8 e Senope 88 transcripts
v\m cSNP blood DNA cSNP saliva
Donor 1 13 15 Elond
2 Donor 2 17,18 Saliva
23 24
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BFID-cSNP-BSS BFID-cSNP-GF
BFID NP

Dual Function Targeted S5
RNA Sequencing Assay for

- i1 H ' the Identification and Direct
KLK3 H 2 Association of Common Body
TGM4 . .. .
N s Fluids with DNA Donors in
PRB4 .
PRH2 Mixtures
MuC?
STATH i -
B cveoac Associated gDNA-cSNP
MUC22 assays for reference
CYP2B7P1
TMBTT MMPLO —_— 5 samples..cSNP genotypes
MMP3 1 obtained for all mRNA targets
COL6A3 = o e
COLI12A1 3 ey O T3 025089
LEFTY2 ORIGINAL ARTICLE
SK LCEIC =
COL17A1 1
1L37 2 - - ) | . . .
Total 19 genes (BFID) 23 genes (BFID)  owuron comari esims 1 O S
23 cSNPs (11 genes) 46 cSNPs (20 genes)
cSNP. haps: cSNP. haps:
3 bi-local, 1 tri-local 8 bi-local, 3 tri-local

BFID-cSNP-6F Assay Spe
Percent Reads Attributable to Biomarker Class
Samples SE MB SK
N=10
SE N=11 100

L I
61
58
25
98
100
SK N=4 o
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BFID: two-fluid admixture samples

S _
W siood markers
' Semen markers.
£ o W soivamarkers
o I B vaginal secretion markers
0 = Menstrual blood markers
M 11

A “RECIPROCAL” mixture pair comprises the following two mixtures
(semen/saliva): DNA donor A / body fluid 1 + DNA donor B / bodyfluidi2

DNA donor A / bodyifluidi2+ DNA donor B / body fluid 1 BFID-cSNP-BSS

Semen (71— Sava (4] Y BT I —
i Obsered i Drnr Obsered i
SE [T T T — P52 Goneime Coverms AR
@ AR 0T = 5 3 < AN 08578 = S [
i3 2 o e o AN - o c
b s o o Do - o b
G o & z o &
T N 0 s B o o
& = o G B o &
T - h T - h o
aw I ; 3 o S <
e Ac o we c @ s o
e o T Tt P ™
a M A A Grie Ax
a & 7,26 & a 1507 955 o
ic 6 o] 6 ] 14786 65 A6
cr cr 5416 cr o 4574 Sive cr
bty )] st b % - o 2
cc cc oC 26,302 cC
m cr 2,48 b 25,642 cr
CC cc o 26,068 cc
@ @ @ 620
g Doeems 2 a g ose  a
-All three binary mixture ities of the 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
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cSNP: donor association for 2-person mixtures
BFID-cSNP-6F

Mixture Gene N Donor 1 Obs Donor 2
VS-BD-I ANKI 5504574 G €9
Donor I - VS 57816734
Donor2-BD  CD3G 153753059
SPTB 1741488 _rs1741487
5229
$220586
MuC22 13869098 54248153

£s1419664 153094672
£S12110470 1512110785

1310947121
KIKL3 11573 151135766
Donor I -VS  PRMI 3
Donor2-SE SEMG2 2233896
TGMA 151995640
11995641
MUC22 3869098 154248153

rs1419664_s3094672
512110470 1512110785

VSSAZ HTNG SIR49937 151136515
Donor 1 -V 175067954
Donor2-54  MUCT 152306948

PRB4 11052808
PRH2 10772391
CYP246 8192721
MUC22 F3869098 s4248153

1510947121

and DP analysis

o Discrimination Power (DP)
g 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
o Semen 0.97
. v Saliva 061
) = Vaginal secretions 0.82
LD is only apparent *" Menstrual Blood 0.87

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

Population Studies: LD

-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
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Bespoke (TF) Software Solution for cSNP and BFID calling

c Ballantyne/Body_ Flu._1D_2020/BFID_L4/Eri_PI0_rurs_20201221_3.4_new_3.4_becs_gename/87489_outbam.

C Ballrtyn/ o Fud_ID_2020/BFID_3.4/8FI0_v3.4_hotspts bed
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1000 %2 om
Mentra on £
semen oo n
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1526 1535 511 AL TomC i s
e um e vt s e e se1962
o uy s @6 o s sassse 1n2ss\inass
Bsi se e T8 AGYAIG | 7ei6\6i00  rsirauss 764616100
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oo a1 0 e « »
o 13 o b0 o 17860950
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University of
Zurich™

Zurich Institute of Forensic Medicine

EDNAP mRNA MPS Exercise 4
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1% e s
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Zurich Institute of Forensic Medicine

Summary

+ Overall promising results
+ Some participants did not (fully) follow the recommendations
« Laboratories with limited RNA experience also achieved good results

- Results were quite consistent across different

- The cSNP panels performed well on both sequencing platforms

- Comparison with Cologne cSNP panel (31 body fluid markers, 80 cSNPs)

» Manuscript draft will be circulated among participants soon

» Poster presentation at 30. ISFG congress

7/31/24
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Sum Up and Final Thoughts

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

Cordula Haas
Guro Dgrum (right),
Sabrina Ingold (left)

Erin Hanson
UCF
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C i Methods for Semen Identification

RNA Profiling: A ype Method to
FBI JFB103287/A3C0328700 (UCF 11-64-6021) (2003-2005)

D Assay to Provide Context to a Recovered DNA Profile

Who and How: C ive RNA-based y
Department of the Army W911NF-16-2-0018 (2012-2014)

How it got there: associating individual DNA profiles with specific body fluids in mixtures using targeted
ication National Institute of Justice 2014-DN-BX-K019 (2015 -2017)

digital gene exp ion and RNA-SNP i

Human Organ Tissue Identification by Targeted RNA Deep ing to Aid in the
and Other Traumatic Bodily Injury Incidents National Institute of Justice 2016-DN-BX-0165 (2017-2019)

for Body Fluid Identifi

A of
National Institute of Justice 2020-DQ-BX-0015 (2021-2023)
Transfer, Persistence and DNA Source Attribution of Trace Biological Material in Digital Penetration Assault
Cases National Institute of Justice 15PN1J-21-GG-04147-RESS (2022-2024)
Opinions or points of view expressed in this presentation represent a consensus of the authors and do not necessarily represent the

official position or policies of the U.S. Department of Justice or the Dept. of the Army. Any products and manufacturers discussed are
presented for informational purposes only and do not constitute product approval or endorsement by these Agencies.

Thank you for your attention!

PREPARING FOR CASUAL FRIDAY
AT THE GENOME LAB

Any Questions?
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