entific Solutions for Complex DNA C

What did he just

say

Forensic Science

science in the investigation of legal matte orensic cases — criminal, civil

edge and technology are used to sery tage testing — identifying father, ni
/il matters , immigration, inheritance




What are Complex Cases? Addressing Complex Cases

*  Technology
Information analysi

Crime Scene Collection

DNA DNA P
Serolog | =
ek it

Comparison of Sample
Genotype to Other Sample Case Report
Results
Inclusion/Exclusion/Inconelusive
Statistical Calculations




Diversity of Swabs 4N6FLOQSwabs™

(Swabs for Crime Scene Collection)

Cotton-Tip Swab

Physical Structure Increased DNA Yield

[P -
internal core like cotton e of conon o o e
DNA not trapped Sompy comon and flocked puabs
A paper traps DNA




Enhancing Sensitivity/Workflow:
microFLOQ®

microFLOQ® Direct Amp
1:19 Saliva

2 2 9
16135 18225 14562
255.62] 307.20) 354,43
3 12 12
13804 18225 13067
[259.67) 307.20) 366.63)

*higher signal (RFU) than neat saliva
and 10% saliva

14




Sampling Stains on Cloth Center/Edge Results

blood collected in EDTA (purple top) tubes
ition prepared in physiological saline i
blood pipetted directly onto cotto

Mixture Sampling Strategies Finding Invisible DNA — Touch DN
to Improve Data Interpretation

ficult to collect
own if swab contains DNA after collectior

analyico ey

Férster Resonance Energy Transfer-Enhanced Detection of Minute
Amounts of DNA

Luss Coress. o Chaves. Msglena M. . e Waboud, Emms Knshace, e Kamball
frovei ooty




Fluorescence Detection Fluorescence Detection

luorescence methods have been reported to swabs
isualize DNA on swabs and other substrate: illuminated by 535 nm laser

P. Kanokwongnuwaut, et al Forensic Sci. Int.: Genet. minated by 535 nm laser as seen
95 and Forensic Sci. Int., 2018, 291:115 m long pass filter
vab deposited DNA

hing); right swabs EtBr
s seen by

nd fluorescence reduces sw

Capillary Electrophoresis Technology Solutions

netic Analyzer eed, the success of PCR/CE has
ated . t these new challenges
only used Worldw1de | quantity/low quality
ation




Cost per Human Genome

How Will Genetics Change Our Lives
Over the Next 50 Years ?

Massively Parallel Sequencing

* Increasingly user-friendly
* Highly automated workflow
» Compatible with numerous
genetic marker types
Available data analysis options
urate, reliable data

Sequencing and Forensic Applications

* Human ID
+ mtDNA
* STRs
* SNPs
« Direct and Indirect
* Mixtures
* Ancestry
+ Phenotype

» Pharmacogenetics
* Molecular autopsy




Huge Amounts of Sequence Date Bioinformatics

ted access to biological data

ical databanks with numerous

Objectives Mitochondrial DNA

ample to answer
implicity




ariation Across the mtGenom Length Heteroplasmy

mtDNA Mixtures




PS and miniSTR Primer Design

Population Studies

s of STR variation for 59 loci
duals in four major population groups
panic, Caucasian, Chinese and M

Primer

Primer

Primer

Primer

STR Sequence Variation

ides nucleotide level data for high resolution genotyping

Flank

Flank

Flank

Flank

Primer

Primer

Primer

Primer

Population Study Results

10



D21S11 Allele Variation

CTG] Repeat Motif

earch for More Resolving STR

nomes Project (raw sequences, unsorted)

D21S11 Allele Variation

] Repeat Motif

fisvik [ —

e
Expanding beyond the current coe STR loc: An exploration of 73 STR

e M Mo Pk . e, At Wour g M. s, M o,
sy

D352406
D251360
D753048
D8s1132
D1152368
D158822
D2N2
DIN1O
D12N15
DIN16
D1N19
DIN21
D8N23
D15N26
D14NS6
D3NB1
DaN7O
D1INS2
D17N32
D2ZN43

D352406
D251360
D753048
D8s1132
D1152368
D15%822
D2M2
DIN1O
D12N1S
D1IN19
D1N21
D8N23
D1SN26
D14NS6
D3N61

DanN70

DI11NS2

11



In silico Mixtures linor and Major Contributor Alle
Top 20 Performance i)

representing three LS. populations (n=140 African American; n=155 Caucasian; and =148 Hispani

Stutter from allele 12 of the

20000

W B 20 50 I5 P
Number of Fully Resolved Harkers.

Binary v Continuous

How to Interpret DNA Mixtures

D251338 D251338

12



49

Binary Methods

sign 1 for combination of genotypes tha
in the profile )

for poor explanation
se explanations are n

Major Minor | p(0lS)

13,15 12,14 1
12,13 14,15 0

new 12,15 13,14 0
E 13,14 12,15 0
14,15 12,13 0

12,14 13,15 0

Continuous Methods

he probabilities are continuous
ge between 0 and 1

p(0]s)
0.79
0.05
0.05
0.05
0.05

0.01

MCMC Process

CMC moves
small fraction of all

13



Casework Interpretation Example
Interpret More Data

C1/C2~6000 ~97% C1 ~2400,
€3 ~200~3%

C1~3000,~6(
€2 ~1800,~34
, ~4%

53

CODIS

CODIS blends forensic science and computer technology
nto an effective tool for solving violent crimes and iden

electronically, thereby linking crimes to e

ted offenders

DNA Databases

Direct Match

Marker
D3S1358

Evidence

15,16
17,18
19.22
13,15
29,30
14,15
11,11

Suspect
15,16
17,18
19,22
13,15
29,30
14,15

14



enetic Genealogy Approaches

direct hit in database:
nd investigative lead through indirec
ions (some use term “hits”

Familial Searching

arching is an attempt to detect potential rel
e in any specified database

CRIME SCENE

Familial Searching

etherlands - Vaatstra Case

15



Real Case

tDNA profile was generated

Improve Kinship Resolutio

ormative analyses B

relatives — limited
NA — sample dependent
alternate technologie

Kinship Testing
iy

Joseph James DeAngelo

ive 1974 — 1986

16



East Area Rapist (1976-1979)

East Area Rapist / Golden State Killer
Activity Map (1976 - 1986)

California Counties

Sacramento [

Sacramento

San Francisco * ‘

San Joaquin [
Stanislaus [
Yolo W

Los Angeles

Original Night Stalker (1979 — 1986)

SANTA 3
BARBARA |

VENTURA
GOONTY | TR

.
Irvine

THE ORIGINAL NIGHT
STALKER RAMP,
(OCTOBER 1979 TO MAY m\m

Dana Point

DNA testing in 2001
connects EAR to ONS
“Golden State Killer”

120+ Burglaries
50+ Sexual Assaults
12+ Homicides

65

66

To find alleged Golden State Killer,
investigators first found his great-great-
great-grandparents

[DNA expert Paul] Holes used DNA recovered from a crime scene to find the
killer’s great-great-great grandparents, who lived in the early 1800s.

Branch by painstaking branch, he and a team created about 25 family trees
containing thousands of relatives down to the present day.

Sharing of the DNA in this case was to the level of 3™ cousins (10-20 total)

Genetic Genealogy

¢ %DNA shared
* Enhances options of family reference samples

ISOGG wiki statistics:

Chromosome sharing -

Parent/child: 3539-3748 cMs

Ist cousins: 548-1034 cMs

1st cousins 1R: 248-638 cMs

2nd cousins: 101-378 cMs

2nd cousins 2R: 43-191 cMs

3rd cousins: 43-ca 150 cMs

3rd cousins 1R: 11.5-99 cMs
More distant cousins: 5-ca 50 cMs

greatgreat |

grandfather

T“L"i/
brother/sister| | S@If

first H
rstcousin | | second cousin | [ third cousin
(B e il [t

67

68
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Genome Wide DNA Samples

‘Family Trec DNA'S Aunsestry.com's
pAmTY ‘Fanaly Finder text AucestryDNAlest
$199 for the ifetime of the

e
Price (s of 1 Jamuary 2018) plaoam in the U S 7 forthe lfeime of he plafoem 869 in the US.
NP chip s o esting Customized (hunins GSA chip. lumina Ousifspress Customized Hhuminn chip

‘aboat 690,000 63763

ForenSeq® Kintelligence Kit

ip analysis and relatedness inference can be broadly
ome-wide relatedness methods , and (2) identity by

sed to segment based

libraries for “long-range” ki

Table 1 Kit speciications

Elood, bone. buctal ywat,
N teeth, and semees
1 PR EONA per sample
i po

ot aniguraton 2 e

Narer of P 10z

Mesasmghionie  <10tp

Totallbrary poprivn  Bhours

Mards o Moary pragme. | hows and 53wt

sequeneg tine hows

GEDmatch

n-source personal genomics database and g

med by Verogen

<Hlancestry il

Ry R

- 7z

ForenSeq ® Kintelligence Kit

oo
= T SN a9 Tt sy 300 PN Coupgres 350 1

[
"
%
o
128
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Performance of Windowed Kinship
with Call Rates Between 20-100%

Genetics of Death

isposition to Sudden Unexpect D
' Genetic variants -

Benefits

nd beyond traditional search

Jffirst order relatives

Forensic Example

norphine overdose at

19



Morphine Poisonin% in
a Breastfed Neonate
etics
- CYP2D6*2A / *2x2 (UM)
er, father, son: CYP2D6*1/*2 (EM)

Training Challenges

ing use of molecular genomics in the forensic
ducation and training for current employee:
d trainin in f . B
ive, time consuming and

Enhancing Training

rt and resources are dedicated to d

Virtual Reality

20



Programs

ndamentals of DNA « Consistent trainin

Questions?

OWLEDGME

> of Health and Welfare
K1
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