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Current State of the Art — DNA Forensics




Current State of the Art — DNA Forensics
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SAP = Single amino acid polymorphism
GVP = Genetically variable peptide




Challenges in Human Forensic Identification
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IARPA Proteos Program

= |ntelligence Advanced Research Projects Activity
(IARPA) Proteos program aimed to:

Develop novel methods for human identification
by sequencing of protein variants in touch
samples

Develop and optimize sample preparation
methods to efficiently co-extract protein and DNA

| AR PA

BE THE FUTURE

in parallel s &
PSS T
Augment DNA forensic identification methods 7 A0
when there is limited or low-quality DNA available PREEQS
/ ¢ (/
'ﬂ;’%

= 3-year program with multiple R&D and T&E
phases focused on challenging developed
methods against difficult sample types

Brass shell casings; post-IED blast material;

elevator buttons; keyboard keys; wood; metal;
currency; mixed contributor samples

https://www.iarpa.gov/index.php/research-programs/proteos
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Human Identification from Fingerprints
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Human Identification from Fingerprints
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Human Identification from Fingerprints
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Human Identification from Fingerprints

~a@ Mutation = Combined
A vy’ Protein Mutation Frequency Probability
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Co-Extraction of Protein and DNA from Fingerprints

Visualize Solubilize
Fingerprint and Collect

Qiagen Buffer ATL
(SDS-based tissue
lysis buffer)

Bind DNA and
Protein with
Qiagen DNA
Investigator

Kit

No ProK!

—0— —0— —0— —0— —O0—

= Protein Preparation

DTT reduction

|IAA alkylation
Transfer to S-Trap to
remove SDS

Trypsin digestion
overnight

Isolate DNA Isolate Protein Elute peptides from
S-Trap
" ‘ Speed-Vac to dryness
DNA Analysis Protein Analysis Reconstitute and
analyze by
(Standard Elute with S-Trap LC-HRAM-MS?2
Protocol) lysis buffer

(contains TEAB,
SDS) and DTT
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Proteomic Analysis Method | LC-HRAM-MS2

= Nano-LC

* Thermo Scientific Ultimate 3000 RSLCNano

= Loading Column: Acclaim PepMap 100 C18,
75 pm X 20 mm

= Nano Column: EasySpray C18,
2.0 um, 75 pm X 250 mm

= Mobile Phase A: 98% H,O, 2% ACN, 0.5% FA
= Mobile Phase B: 2% H,0, 98% ACN, 0.5% FA
= Flow Rate: 300 nL/min
= LC Run Time: 320 min (5 h gradient)
= High Resolution, Accurate MS2
= Thermo Scientific Q Exactive Plus
= Full MS Resolution = 70,000
= Full MS Scan Range = m/z 375-1,575
= Data Dependent MS2 or PRM Resolution = 17,500
= MS2 Isolation Width = 1.6 m/z

= PRM Inclusion List Precursor lons = 629
(including internal standards)
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R
Peptide-Protein Database

= Exomes translated in silico to
proteomes for 50+ donors

= Compiled database of reference and
variant protein sequences

= Performed in silico tryptic digest
= Calculated peptide frequencies
= Predicted peptide RT and MS2

= SQL database contains
Protein sequences
Peptides (frequencies)
Protein-peptide associations

R PEPTIDES_DOMNORS

REC DONOR_ID
123 PEPTIDE_ID

E8 PROTEINS

A PROTEIN_SEQUEMCES

R PEPTIDES_PROTEINS

A PEPTIDES

5 PEPTIDE_MOD_RETENTION_TIME

B PRECURSOR_IONS

apc ENSEMBL_PROTEIM_ID

123 PROTEIN_ID

123 SKIN_PROTEIN_GENE

123 SKIN_PROTEIN_LITERATURE
123 SKIN_PROTEIN_DETECTED
123 SEIN_PROTEIN_COMNSENSUS
ABC EMSEMBL_PROTEIN_ID_VERSION
Apc EMSEMBL_TRANSCRIPT_ID
ABC EMSEMEBL_GEME_ID

ABC GENOMIC_COORDINATES
Apc CHROMOSOME

ABC HGNC_SYMBOL

apc DESCRIPTIONM

ABC GEMOME_ASSEMBLY

123 PROTEIN_|D
aBC AA_SEQUENCE
123 START_INDEX
123 PROTEIN_LEN

123 PEPTIDE_ID
123 PROTEIN_ID

[ PEPTIDE_GENOM_ANNCTATIONS

123 PEPTIDE_ID
123 PROTEIN_ID

123 START

123 END

ABC PRE_AA
AEC POST_AA
123 REF_START
123 REF_END

aec REF_PEPTIDE_SEQ
123 REF_PEPTIDE_ID

REC PEPTIDE_SEC

aec GVP_HASH

123 PEPTIDE_ID

123 INTERNAL_COUNT

123 KGHGDP_COUNT

123 LOGT0CHISOPVAL

123 INTERNAL_FREC

123 KGHGDP_FREQ

123 PEPTIDE_FREQUENCY

123 RETAIN_PEPTIDE

123 LOGT0CHISCPVAL_ORIGINAL
123 PEPTIDE_FREQUEMNCY_CRIGINAL

rec PEPTIDE_SEC_UMNIMOD
REC MODIFICATIONS

123 PEPTIDE_MASS

123 N_VARIABLE_MODS
123 PEPTIDE_MOD_ID

123 PEPTIDE_ID

123 RT_PREDICTED_SSRC
123 RT_PREDICTED_ELUDE
123 RT_PREDICTED_DEEPLC

123 CHARGE

123 PEPTIDE_MOD_ID
123 PRECURSOR_MZ
123 PRECURSOFR_ID

R PEPTIDE_SPECTRAL_LIBRARY

123 INTENSITY

123 MZ

rec |[OMN_TYPE

1237

123 POS

123 FRAG_LOC

Aec [ON

rec PREDICT_METHOD

123 PRECURSOR_ID
123 PEPTIDE_LEN

Peptide-donor associations
(ground truth)

Modified peptides (predicted RT)
Predicted peptide MS2
Genomic annotations

= Qutput FASTA files from database

B SAP_CHANGE

ABEc SNP_CHAMNGE

Aec SAP_PEPTIDE_CHAMNGE
ABC MUTATION

mEt DOMNOR_ID

123 BAD_SAP
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LC-HRAM-MS2 DDA Data Analysis Pipeline for Discovery

MetaMorpheus, MSGF+, X!Tandem, Comet + MS2PIP + Percolator
= |n-house scripts written in R

= External Software Requirements (all open source)
XlITandem = MS-GF+ = MetaMorpheus = Comet = PepQuery

MS2PIP =  Percolator = ProteoWizard = Elude

= Detection Criteria

Good MS2 spectral similarity to
predicted MS2 (> 0.75)

Detection by minimum of 2
search engines

Minimum of 5 b- & y-ions

Reference + Pre-Trained Pre-Trained . . .
Ev Model Model Minimum of 10% of ion current
! l v explained by b- & y-ions
| | XITandem Elude
MSGF + Perform
Raw MS » mzML > e —>  MS2PIP Percolator —)> Simple
*- MetaMorpheus MS2 Spectral LR/RMP CaICS
‘ R T Similarities l
mgf Files . Score , | « Plot MS2 &
- ” Detections =~ EIC Results
Reference T
FASTA —> PepQuery A 4
Manual
: Peptid Review of
Peptide > e|?[ It'e Key (Rare)
Database nnotations GVP Detects
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LC-HRAM-MS2 DDA Data Analysis Pipeline

MetaMorpheus, MSGF+, XITandem, Comet + MS2PIP + Percolator = Detection Criteria

= |n-house scripts written in R -

= External Software Requirements (all open source)
X!Tandem = MS-GF+ = MetaMorpheus = Comet = PepQuery
MS2PIP = Percolator = ProteoWizard = Elude

Reference + Pre-Trained Pre-Trained
GVP FASTA Model Model

l v

Good MS2 spectral similarity to
predicted MS2 (> 0.75)

Detection by minimum of 2
search engines

Minimum of 5 b- & y-ions

Minimum of 10% of ion current
explained by b- & y-ions

M " Hes Require high quality MS2 that could be

‘ === manually interpreted to confirm a (nearly) full

Review of

Bl peptide sequence to verlify the amino acid
e — vartant(s) and reduce false positives
FASTA
DP;{;ES; > AnPneoRctaiS(e)ns

Key (Rare)
GVP Detects
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I =ESEm————
Genetically Variable Peptide (GVP) Panel

| UniProt | Count* | Protein Name

2.5e+08-

2.0e+08 -

1.5e+08 -

1.0e+08 -

5.0e+07 -

Peptlde Start or SAP Chromosome Position

0.0e+00-

Genomic Distribution of SigSci Proteo-ID GVP Panel

Phase 3| 20210706

chr1-

chr2 -

chr3 -

chr4 -

chr5 -

chr6 -

chr7 -

chrg -

chr9 -

chr10-

T oo oo =
E £ E E
[&] [&] [&] [&]
Chromosome

statistic | Value |
472

Total Peptides

Peptides f < 0.7 252
Reference GVPs 281
Variant GVPs 191
Unique to 1 Donort 49
Unique Proteins* 445
Unique Genes* 151

chr15-
chr16 -
chr17 -
chr18 -
chr19-
chr20 -
chr21-
chr22 -

chrx -

chrY -

Q86YZ3
P35908
Q8N1N4
P15924
P02533
Q5D862
P02538
P20930
Q5T749
P14923
P04264

16
15
15
13
13
12
12
12
12
11

Hornerine (expressed in epidermis)
Keratin, type Il cytoskeletal 2 epidermal
Keratin, type Il cytoskeletal 78
Desmoplakin (DP)

Keratin, type | cytoskeletal 14
Filaggrin-2 (FLG-2)

Keratin, type Il cytoskeletal 6A
Filaggrin

Keratinocyte proline-rich protein
Junction plakoglobin (Desmoplakin-3)
Keratin, type Il cytoskeletal 1

Common SAPs

2 < 4 ®™x oo m > H

v 14
13
13
12
11
10
10
10

vV V VvV VvV VvV VvV VvV Vv
n H = O n X -

* Includes any skin protein or gene associated with the peptide (i.e., a peptide may be associated with multiple proteins and/or genes), or total peptides that are associated with the protein
t Within a set of 52 total donors
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OpenSwathWorkflow + MS2PIP + Percolator
= |n-house scripts written in R

= External Software Requirements (all open source)

OpenMS = PyProphet = MS2PIP = PepQuery
Percolator ProteoWizard
Spectral Pre-Trained
Library Model

! !

Trained
Model

!

LC-HRAM-MS2 PRM Data Analysis Pipeline for Targeting

= Detection Criteria

Good MS2 spectral similarity to
predicted MS2

Detect at least 4 (of 6 selected)
MS2 transitions

High MS1 isotope correlation
Low MS1 mass error (8 ppm)

High linear discriminant model
score

y mzML )OpenSwath MS2 Spectral
’ﬂ Workflow > M2PIP > Similarities > Percolator
Reference l Score

A
AU PepQuery " Detections
N
Peptide > Peptide
Database Annotations

\ 4

Perform
Simple
LR/RMP Calcs
Manual
v Plot MS2 & Review of
" EIC Results Key (Rare)
GVP Detects




Results | PRM | Bulk Skin Samples Using Common GVPs

Common GVP Detection Results

GVP_0314af55
GVP_03f24fab
GVP_069586da
GVP_0b81c7f5
GVP_1182c192
GVP_1362a1cd
GVP_16d0bcof
GVP_16f63e68
GVP_173a81f3
GVP_1b47cfd9
GVP_1cd5a%ae
GVP_1fff31cc
GVP_2315d997
GVP_2659d892
GVP_2712911f
GVP_292a03b3
GVP_29cfa54c
GVP_2ac26bdb
GVP_2ccb96d5
GVP_2de2fcbe
GVP_2f4247c5
GVP_2fae08c5
GVP_2fc799b3
GVP_301ea30f
GVP_320ea808
GVP_3406720d
GVP_34089cbd
GVP_3651edic
GVP_374f901a
GVP_37a45fcf
GVP_3c724872
GVP_3d13c3e7
GVP_4064e3b8
GVP_41406540
GVP_415df18c
GVP_430ee6cé
GVP_43540a05
GVP_44e6bb1f
GVP_454352c4
GVP_4578309c
GVP_470cb2c8
GVP_4775cefe
GVP_49de7c18
GVP_4d0bb87b
GVP_4f16f5e8
GVP_4fc8a460
GVP_50b20673
GVP_5239b689
GVP_5aad89%6
GVP_5bbfséda
GVP_5fb16be3
GVP_64429169
GVP_661e523e
GVP_669d74d6
GVP_6a4e938e
GVP_6c1efa20
GVP_6f923503
GVP_703097c0
GVP_7056c926
GVP_70cbelab

2RRRBRBRDBLBDBRBBBBRBE DD
Binary Classification 000000000000000000000000
T R TNE
TP TN 6866688800000 0000080006880
XXX NXYNXXYXXYXXXYXNXYXYXXYXYXYXXYXNXXYXXYXXYXXNXXX
DNV DLONDNODDLOONDOLVOND

e I sample ID

GVP_71ecd043
GVP_781426f5
GVP_78bee894
GVP_78e274ea
GVP_7d446f77
GVP_7f139eb
GVP_80c33c85
GVP_8933951e
GVP_89bd8c65
GVP_8a627480
GVP_8bSeb3at
GVP_8b752b47
GVP_8beadd23
GVP_8c69c1e5
GVP_8c831e04

GVP_8e2f7fbc
GVP_8f80a277
GVP_8faaaael

GVP_8fbf3a2c
GVP_96d75966
GVP_97b87b0e

GVP_99ffd92c
GVP_9eabcdac
GVP_a1323042
GVP_a22dc951
GVP_a36d0bf6
GVP_a467d887
GVP_a65b6ed7
GVP_a851fa7a
GVP_aB63ec08
GVP_a8eb50fb
GVP_a948778b
GVP_a961a8b5
GVP_a979b92c
GVP_aalae493
GVP_ab9263a5
GVP_ad103721
GVP_ade881c4
GVP_aed6eafd
GVP_af053b9d
GVP_b3a95243
GVP_b416bc01
GVP_b73bead1
GVP_b7d138ba
GVP_bcab5f14
GVP_bdoef614
GVP_be4bba3f
GVP_c00edfac
GVP_c07220be
GVP_c10c8c43
GVP_c17fa507
GVP_c66cd9d5
GVP_c898f14a
GVP_c954c36f
GVP_ca196603
GVP_cc0844c8
GVP_ccd0eb92
GVP_cde1bad1
GVP_ceaa907b
GVP_cf55601e

2223222232323 2223232323232333232 3
DOLODDVORNDDNNVDDDVODDODWOWNDY
0000000000000 00000000000
SHNOINENYQSCNRIVONRRO om0
000000000 rrrrrrrrr - NONOONNN
R R
XM M N N NN N XN W N XN N N NN WX NN
nununuunnnununonununnonnuonnuunnannaon
Sample ID

Likelihood Ratio | Suspect vs. Known Donor

Suspected Contributor

SK025 -@_

SK024 -
K023+
K022+
SK021 -
SK020-
SK019-
SK018

SK017

SK016-
SKO15-
SKo14

SK013

SK012-
SKO11 -
SK010 4
SK009 -

PRM

SK008 J{g
K007
SKO006 -
SK005 -
SK004 -
SK003—
SKo024
SK001

osu
[O{VE:
osu

SKO001
SK002
SK003
SK004
SK005
SK006
SK007
SK008
SK009
SK010
SK011

Osu

osu
[e]V]

0osu-+

osu{ |

Oosu

[OS{VE

OSsuU -+

osu
Oosu
OSsuU 4

SK012
K013

<
s
o
¥4
7]

|

n
Sample ID

OoSuU-+

SK015
SK016
SK017
SK018
SK019
SK020

Log2 LR

-20

10

[OS{VE
osu
osu
Oosu

OSuU -+

OSuU 4

SK022
SK023
SK024
SK025

OSuU 4
osu
osu
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Results | PRM | Bulk Skin Samples Using Common GVPs

Common GVP Detection Results

GVP_0314af55 GVP_71ecd043 . . .
GVP_03f24fab GVP_78142615 I_ k I h d R t I S p t K D
S i G ez ikelihood Ratio | Suspect vs. Known Donor
GVP_0b81c7f5 GVP_78e274ea
GVP_1182¢192 GVP_7d446177
GVP_1362a1cd GVP_T7f13f%eb PRM
GVP_16d0bcaf GVP_B0c33c85 2
GVP_16163e68 GVP_8933951e SK025 L
GVP_173a81f3 GVP_89bd8c65 SKO024 -
GVP_1b47cfdo GVP_8a627480
GVP_1cd5adae GVP_8bSeb3al SK023 - Zl
GVP_1fff31cc GVP_8b752047
GVP_2315d997 GVP_8beadd23 SK022 -
GVP_2659d892 GVP_8c69c1es
GVP_2712911f GVP_8c831e04 SK021 -
GVP_292a03b3 GVP_8e2f7fbc f
GVP_29cfaS4c GVP. SK020 -
GVP_2ac26bdb
GVP_2cch96d5
GVP_2de2fcbe
GVP_214247¢5
GVP_2fae08c5 = = ) = . . = @ . ) ) =
GVP_2fc799b3
GVP_301ea30f
GVP_320ea808
GVP_3406720d -
GVP_34089cbd . . . . = ) . . :
GVP_3651ed1c
GVP_3741901a
GVP_37a45fcf
GVP_3c724872 a a a
GVP_3d13c3e7 C . . . C . . ' . .
GVP_4064e3b8
GVP_41406540
GVP_415df18c
GVP_430ee6c6 a
GVP_43540a05 . . . . C . . . C
GVP_44e6bb1f i
GVP_454352c4 =
GVP_4578309c —
GVP_470cb2c8 GVP_b3a95243
GVP_4775cefe GVP_b416bc01 SKO006 =
GVP_49de7c18 GVP_b73bead1
GVP_4d0bb87b GVP_b7d138ba SK005
GVP_4f16f5e8 GVP_bcab5f14 —
GVP_4fc8ad60 GVP_bd9ef614 SKo04
GVP_50b20673 GVP_bedbba3f SK003
GVP_5239b689 GVP_c00edfac
GVP_5aad89e6 GVP_c07220be SK002 -
GVP_5bbf86da GVP_c10cBc43
GVP_5fb16be3 GVP_c17a507 SK001
GVP_64429169 GVP_c66cd9ds = L — L v - —
832_22223?!:2 SJPP_;?S‘:E%‘?:; OO0OO0O0DO0O0OO0DO0DO0D0O0DO0OO0DO0O0OO0OO0OO0OO0OO0OO0OO0OO0O0oOOo
GVP_6c1efa20 GVP_cc0844c8 - N MO T WO O N0 DO~ N® T WO ONNDOOO O T~ NOM T W
GVP_6f923503 GVP_ccd0ebaz 88c8888888ccsccsoccocsceccoccecsges s s
GVP_703097¢0 GVP_cde1bad1 ¥ ¥ ¥ X ¥ X ¥ X X ¥ ¥ ¥ X ¥ ¥ ¥ X ¥ ¥X ¥ X ¥ X ¥ X
GVP_7056c926 GVP_ceaad07h OO LDLDDDDDDDDDDDDDDBDDDDOD
GVP_70cbetab GVP_cf55601e Sample ID
22 2 2222 222323232222 2222 222222222222 222222232022222
. e - DOOVDOLOLDODDOY DOVOODVOVBGD nunan DDDVVVDDVVODDDVVDDVDVNDDVODDY
Binary Classification 000000000000000000000000 00000000000000000CO000O000
SNDE885ERBOrNNIRCr RS SNORS CNONINgEEROrNNTLOrROSnNRSS
w 8883885885555 5525858838 8883885885555 558838 Log2 LR
XXX NXYNXXYXXYXXXYXNXYXYXXYXYXYXXYXNXXYXXYXXYXXNXXX XXX NXXYXXYXXYXYXYXXYXXYXXXYXYXXYXXYXNXXYXXXYXXXXXX g .
DNV DLONDNODDLOONDOLVOND nunuununonunuonnnnononnunnnanounuonnan
FP . FN Sample ID Sample ID -20 -10 0 10
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Unfired Brass Shell Casing | Case Study

= 9mm Brass Shell Casings (Blinded):
= Three replicates
= Question: Who is/are the contributor(s)?
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Unfired Brass Shell Casing | 3 Contributor Mixture | PRM

20210618_Proteos_QE_028 | PR01,PR02,PR14 | commonRareAllObservedLowMz

Total Number of Peptides Detected: 181/518 Mean Abs Ret. Time Diff. (sec): 117.9 AlleleFreq SS LR | Most Likely Donor(s): PRO1 AlleleFreq Mixture LR | Most Likely Donor(s): PRO1;PR14
Total Number of iRT Peptides Detected: 9/11 RMSE Ret. Time Diff (sec): 244.9 AlleleFreq SS LR | Log2 LR Most Likely Donor(s): 3.672e+00 AlleleFreq Mixture LR | Log2 LR Most Likely Donor(s). 6.420e+00
RMP Estimate (All Peptides): 3.082e-11 (173) AlleleFreq SS LR | Log2 LR PR01,PR0O2,PR14: 6.420e+00

Histogram of GVP Detections by Allele Freq 2D Density Plots of GVP Detection Scores

Allele Freq and Binary Classification

8-
Peptide Targets and Identifications
e * Binary Class
% 2 i Number of Peptide Targets = 518 FP
| | " | Peptides Detected = 181 ™
R/ iRTs Detected = 9
oS eeTe &

FP

GVP Count

Score Value

ubiap) adeys woDX ¢ 1onejanod adoos| LSy

1.0~ . ] ' ' ' ¥ . ' ' ' ' [ ' ' ] " [ [ ' e
000 025 050 075 100000 025 050 075 100000 025 050 075 100000 025 050 075 1.00 “‘5’
Weighted Dot Product £
GVP Detection Scores g
15- ’é
§ . “ =
&S 10~ . ]
z .. il o ® % &
o .
g s5- 00, T e . ..‘. ®
2 e s® e, 6 .
o e '-...o.. '.Q‘-‘ .
-
— MS1
i 300
GVP Hash Identifier 1 — MS2
i FN © FP ® TN e TP # of Transiti 1 2 3 4 5 [
Binary Class ® of Transitions Detected ¢ o ® . ‘ ‘ 00400 26400 46409 G108 Bet0:
ovOevedt by paptice frequancy fow 0 MG} o0 x-axis Intensity
Sample A205 = 0.200 MS1 TIC (RT50) = 3.73e+12 MS1 Scans (RT50) = 5,048 MS1 Median S/N = 504 .41 MS1 Median IT =9.79 ms
Sample A280 = 0.122 MS2 TIC (RT50) = 3.70e+10 MS2 Scans (RT50) = 100,976 MS2 Median S/N = 1.54 MS2 Median IT = 50.00 ms

MS2 Median Peak Count = 10
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I =ESEm————
Unfired Brass Shell Casing | Rare/Reference GVPs | PRM

ADLTGISPSPSLYLSK | 2+ ADLTGISPSPNLYLSK | 2+
20210618_Proteos_QE_028.mzML | PRO1,PR02,PR14 20210618_Proteos_QE_028.mzML | PRO1,PR02,PR14 iabl |
m/z 824.9433 | 2+ | abs(ppm error): 0.41 | observed rt (sec): 8506 | delta rt (sec): -158 | num scans: 10 m/z 838.4487 | 2+ | abs(ppm error): 0.32 | observed rt (sec): 8311 | deltart (sec): 5 | num scans: 15 Varlab e Va ue
PEP: 3.33¢-05 | QVALUE: 0.00e+00 | SCORE: 0.89 | num tr detected: 6 PEP: 5.39e-07 | QVALUE: 0.00e+00 | SCORE: 1.83 | num tr detected: 6
s::a?rﬂyFé36?2-11.‘0_",;%2()%(22@[%}?;/2: 0.672 | Pearson R: 0.601 | Spectral Angle: 0.470 sll'ﬁv‘:'all\'llyFSSé?:.OL\E)_h/;?:ZC)E&oE!F;rziR??G: 0.972 | Pearson R: 0.977 | Spectral Angle: 0.850 Peptlde Seq uence AD LTG I S PS PS LYL S K
Accession: ENSP00000269491 | Peptide SAP: 10-11N>S | SNP: 63566806A>G | Peptide Freq: 6.098e-04 Accession: ENSP00000269491 | Peptide SAP: NA | SNP: NA | Peptide Freq: 9.980e-01
Detection: TRUE | Binary Class: TP Detection: TRUE | Binary Class: TP R R
eference Peptide ADLTGISPSPNLYLSK
Retention Time (minutes) Retention Time (minutes) p
N 1375 140.0 1425 145.0 1475 N 1325 135.0 1375 140.0 1425 SAP (P d C d 10-11N>S
'E 824.055- - . € 838.46- ’ i eptide Coords = >
‘8824950- J 533345_ __________________________________ ! | | ST S ( p )
824.945 T mr e e R R T R Tt T St R e e ® op
SR | : : < SNP 63566806A>G
= 8200 8400 8600 8800 = 8100 8300 8500 i
Retention Time (minutes) Retention Time (minutes) Peptl € Freq uency 6098E_04
5 137.5 140.0 1425 145.0 1475 = 2 1325 135.0 1375 140.0 1425 z
£ ! ! " 2 ) ' -1.6e+05 £ . ‘ : t ! —
€ sevos- @ g @ | Internal Count 1(n=52)
= @ € 7.5e+06- ]
E 4es05 -12e+053 = = ~4e406 3
3 2 KN 3 8 | KGHGDP Count 4 (n = 6,560)
£ 3e+05 - £ 5.0e+06- E
S inad” + S -2e+06 8.
€ 2ee05 5 E 250:06- s | Chromosome chr18
2 -40e0048 T o \ g
o le*05- 2 D 00es00- MM sy st e ammccesnsest -0e+00 2. .
B 8200 8400 8600 8800 < = 8100 ! 8500 < Protein ENSP00000269491.1
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Unfired Brass Shell Casing | 3 Contributor Mixture | PRM

GVP Allele Frequency Based Likelihood Ratio Estimate
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Unfired Brass Shell Casing | Case Study

= 9mm Brass Shell Casings (Blinded)
Three replicates
Question: Who is/are the contributor(s)?

= Contradictory Results

Protein
* PRO1 = major contributor
* PR14 = minor contributor
DNA
* PRO2 = major contributor

* Probable mixture, but insufficient data for
comparison to any reference profiles
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Unfired Brass Shell Casing | DNA vs. Protein

Brass Shell Casing Samples )
(Replicates A, B and C) = Ground Truth:

NALR st = Samples provided were mixtures
= Three contributors: PRO1, PRO2, and PR14
2 o = Contradictory results were complementary
§1gg§§§ I = Observed similar trends for other 3-contributor
e = e mixtures on keyboard keys and elevator buttons

Protein LR - Ph3-512

1.00E+03

1.00E+02
1.00E+01 I I
_ []

1.00E+00
S12A 512B 512C

LR to Random Person

1.00E-01

EPRO1 mPRO2 mPR14
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I =ESEm————
DNA vs. Protein Likelihoods for Mixed Contributor Samples

Brass Shell Casing Samples Keyboard Key Samples Elevator Button Samples
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Current Challenges

= Sample collection and extraction methods not in complete alignment with most
forensic labs (cannot use ProK!)

Instrumentation and subject matter experts
= No equivalent to CODIS for protein markers

Protein profiles can be compared to each other or a known exome/whole
genome sequence

= Minimum protein input requirements (~2 pg)

Limited GVP panel size and detectability can limit likelihood ratio values
Even harder considering that some alleles may not be expressed or detectable
May be further complicated by kinship

Rare GVPs
Extremely discriminating or just a false positive?

How do you validate a marker you have never encountered before?
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e
Future Directions

= Collection and extraction method optimization

= Method transfer to operational labs and independent
laboratory evaluation from beginning to end

= Validation on relevant sample types

= Collection of additional data on sample matrices with
known contributor(s)

= Database development (structure, format, hosting,
accessibility, content)

= More Human ID by Proteomics ASMS Presentations
= Hair and skin sample prep. optimization — NIST (ThP 291)
= Proteomics for genotyping to estimate ancestry — G. Parker (ThP 092)
= Skin variant and reference peptide spectral library from Proteos data — NIST (ThP 075)
= Human ID from touch samples using DIA LC-MS/MS — Univ. of Washington & Spectragen (FP 226)
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