05/31/2018

Research Activities in the
Applied Genetics group

Peter M. Vallone, Ph.D.
Leader, Applied Genetics Group NIST
May 31, 2018
University of Copenhagen

§\PPLIED _—
ST
b G NAENIAL

NN

Applied Genetics Group — Forensic & Clinical Genetics

S 0GNBERAREEA

Peter Becky Erica  Katherive  Kevin  Margaret Lisa sarah David  Megan
Vallone Steffen  Romsos  Gettings  Kiesler Kine Borsuk Riman Duewer  Cleveland
Group Leader

* NIST Standard Reference Materials (SRMs)
¢ 2372a (Human DNA Quantitation), 2391d (PCR-based Profiling)

* STRBase 2.0
* Rapid DNA Interlaboratory Study
* Ongoing Sequencing Projects
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The National Institute of Standards and
Technology (NIST) was founded in 1901 and is
now part of the U.S. Department of Commerce. \
NIST is one of the nation's oldest physical

science laboratories. D&

Congress established the agency to remove a

major challenge to U.S. industrial 4

competitiveness at the time—a second-rate

measurement infrastructure that lagged behind -
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SRM 2372a - Human DNA Quantitation Standard

* On sale March 26, 2018

st jiew_detail,

* Certified by digital PCR measurements

Compoacat Copy Number™ oA

iperal) inglul)
Afred cap) 498 £ 40
B (hine cap) g + 84
© (bl cap) 479 + 48

Male | Female | 1:3 M/F

To be used as a gPCR calibrant
OR to assign a value to in house or commercial DNAs

Digital PCR Platforms at NIST

Bio-Rad QX100 (2012)
upgraded to QX200 (2014)

Fluidigm BioMark (2010)

Droplet digital

Chamber digital

io-Rad AutoDG
(2015)

RainDance (2015)

Digital PCR

Partitioning of DNA targets into individual chambers or droplets

No need for a standard curve

.

! Positives
—— (1 copy of the target)

Negatives

4—— (0 copies of the target)

dPCR is counting accessible amplifiable targets
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Factors that affect quantification

* Thermal cycler

¢ PCR assays — multiple targets
* Partition volume

* Treatment of artifacts

* Pipettes/balance

* Pre-treatment of DNA

* PCR master mix

* Primers/probes

¢ Lambda range

A= -In(Npeg/Nir)

C=M(FV)

A = number of targets per partition
V = mean partition volume

F = volume fraction of sample in the
reaction mixture

C = target concentration in a sample

Not an exhaustive list

Quantification by dPCR

a method to count DNA copies

Component A

BIO-RAD
ax200

Values assigned by 10 human custom genomic assays

Single Source Male
Probing single copy targets in the human genome

. . 4

T Component C
g ‘ Male:Female Mixture
Assays
Component B ‘ |
f LA
|t ‘; }
f P : . ‘

Assays

Lambda

All samples behave as expected with
commercial qPCR assays (11 tested)

Converting copies per nanoliter to nanograms nuclear DNA per microliter

. ng  (Acopies of target) [ pL mixture \ ¢ droplet ) ( HHGE
o (S e o

droplet F L umpm) V mixnre ) \ F target

n base pairs g mol base pairs | (107 oL /' 10° ng}
( HHGE mol base pairs (Auzsz‘hw mu;)( uL J( g )

where £ is the number of assay targets per human haploid For independent multiplicative factors such as these, the
genome equivalents (HHGE), n is the number of mucleotide  combined relative uncerminty of their product can be estimat-
base pairs (bp) per double-stranded HHGE, and wis the aver  ed from the square oot of the sum-of squares of the individual

age molar mass of 2 bp in the DNA polymer relative uncertainties [14, Section 3.1.6]

(5 (8 - (Y ) ()

Duewer DL, Kline MC, Romsos EL, Toman B. Anal Bioanal Chem. 2018 410:2879-2887

SRM 2372a includes the ratio of mitochondrial
to nuclear haploid genomes

Compoacnt - mibNARINA mtDNA/nDNA ratio for three
mitochondrial quantification assays

n
>

5 E c optimized for dPCR.
‘= 260 pei
L4 o
; E E SRM 2372a provides the ratio of
= - z 5 8 = mtDNA to gDNA, which bridges the
z ] LR g gap between well characterized
98- I e A L s mtDNA quantification assays and
1 D i A — availability of a commercial standard.
225 223 222

Candidate SRM 2391d
PCR-based DNA profiling

* Successor to SRM 2391c

* Similar format — five tubes

* A-C three single source components
*D one mixture; approximately 3:1 (F:M)
*E one component: cells spotted on FTA paper (from cell lines)

¢ Components A-D are DNA extracted from blood (not cell lines)
* Certified allele calls for core STR loci
¢ Characterized by CE- and NGS-based methods

Supports the FBI Quality Assurance Standards

Autosomal STR

Markers :
Autosomal STR Markers e -
ThermoFisher CE STR kits = -
Promega CE STR kits {{;:&} : .
Qiagen Investigator CE STR kits Desis -
llumina NGS kit Een S
ThermoFisher NGS kits .
Promega NGS Kits f;‘]fisf, : <
CODIS 20/ESS 12 e -
24 Certified Autosomal STR Markers i
1 Reference Autosomal STR Marker B E

15 Information Autosomal STR Markers ‘me
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Y-STR Markers

Y-STR Markers
ThermoFisher CE STR kits
Promega CE STR kits

Qiagen Investigator CE STR kits R
Ilumina NGS kit Dvsaso X
" ; DvSi60 X
ThermoFisher NGS kits DYSi56 X
" vsise
Promega NGS kits Drsiot X
Dyss05 X
Dvssie X
Dvsszz X
Dyss3s X
Dyssio X
23 Certified Y-STR Markers g:gg:g X
0 Reference Y-STR Markers . X
6 Information Y-STR Markers Dvs635 X
Dysea3 X
VGATA-HE X
Dyssersy X

Data Collection for Sample Screening: Autosomal STR
Example Candidate Sample

e — e P —
- H drd——dr 4t e
I\ Li AL A A
- - e — e —— = —— -
b b i =) il e
[ #]
— e a——— — iy
A -4 AL A L
= =
— |- - —  ma
4 il I A
B B H g
Fully Heterozygous with PowerPlex Fusion 6C *Y-STR Markers

Data Collection for Sample Screening: Y-STR

) A I i 4
-} =] B B =
L I L
g 8 f B B
i " Li i
L L Il b L

YFiler Plus Profile

YHRD: No matches in 188,209 Haplotypes Whit Athey’s Haplogroup
(using Minimal Haplotype) - Preglcmrz Ehlhlaﬁ/h
. p://www hprg.com/hapests/hapes
https://yhrd.org t5a/hapestS.htm?order=num

Information for additional marker systems
Support the adoption of new markers and technology platforms

* Mitochondrial genome sequence

« Identity SNPs — for degraded samples R

* Ancestry SNPs — biogeographical ancestry prediction

¢ Phenotype SNPs — eye and hair color prediction

Data Collection for Sample Screening: SNPs

ForenSeq SNP Phenotype and Ancestry Estimation

Additional markers to be characterized:
X-STRs, Indels, INNULS, other SNP Panels, and Microhaplotypes

Data Collection for Sample Screening: mtDNA

lllumina mtDNA Whole Genome Sequencing protocol with Nextera XT Sample Prep Kit

EMPOP results:
https://empop.online/haplotypestimatches_details

Haplogroup| Ancestry Match
L1blal2 African unique
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Draft image

STRBase 2.0

ST

‘Short Tandem Repeat et DataBase (STRBase)

Iemoduction:

e s e kv o THEBGA CORtACE,

R —— ... -]

20 st b
Dl

STRBase 2.0

* First round of development
* STR fact sheets (for 24 loci)
* Variant allele reporting
* Goal is to have a beta site up this summer

* Provide search, sort, and download functionalities
¢ Automated submission of variant alleles
* Embedded viewer for STR sequence and presentations

 Other ideas or functionalities — let me know

STR Fact sheet: example D1S1656
Visualization of the Sequence

am Rvone T

3 (wrop) | Pt e a

Identify surrounding sequence and provide observed SNPs

Viewer will link to NCBI Bioproject

Rapid DNA Assessment Il g

* Summer 2018

* Core 20 STR markers

* Projected: 8 labs and 2 vendors
¢ ANDE and IXI platforms (new kits, configurations)
* 20 samples per lab (single source swab)
¢ Currently collecting single source swabs

Supporting the use of Rapid DNA in the booking station

Profiles from high quality single source samples generated by Rapid DNA instruments

f W Wi ol i L
!.. cnerirrrreri s o

NIST Applied Genetics Group
Rapid DNA Maturity Assessment 2018

To measure the status of rapid DNA typing technology for the 20 CODIS core loci
In support of lab and booking station Rapid DNA implementation

Participant Runs
RH-ID GFE

« Participants may choose one chemistry per 20 NIST
provided swabs
« Additional packages may be requested

NIST reports
CODIS 20 success
rate for all data
combined
(% success)

NIST provides 20
reference buccal
swabs to each
participant

Participant Runs
RH200 GFE

Data transferred back to NIST via
electronic format

Participant Runs
ANDE FlexPlex




Sequencing Projects

* FGx and S5 platforms

* 1036 population samples

* Highly polymorphic locus SE33
* STRSeq resource

* Nomenclature support

* Sensitivity studies

¢ Concordance projects

05/31/2018

Applications for Sequencing STRs

* Targeted sequencing of STRs * Applications
+ STR motif sequence variation; flanking * One to one matching?
region variation * With the new U.S. core loci we are
i i )-20)
Further understand simple versus alree_xdy quite high (>10%)
complex repeat motifs P?"“ﬁ' profiles
Characterize stutter Kinship

* Mixtures
* Resolve alleles identical by length, but
differ by sequence
N * Separate stutter from low level
PCR for sample enrichment contributors (based on sequence)
Still using PCR — stochastic effects, « Asequenced allele may have a lower
stutter frequency (higher RMP or LR)

* Greater degree of multiplexing

* Not confined by dye colors; smaller PCR
amplicons (degraded samples)

.

Allele frequencies of sequenced STR alleles are needed to formally apply
this gain in information -> Generate population data!

Sequencing Forensic STRs in Population Samples

When a match is made in a forensic case, allele frequencies are used to calculate
how common or rare the DNA profile is in a given population

Example of length versus sequence-based frequency calculation:

Length Sequence
D452408
Allele N Freq Sequence Allele N Freq 69 [EaEnE), [CUE)
7 1 [ 0.6% |[ATCT]7 1 | 06%
I [ : [[aTcT) I % 200 269
8 | 23| 14.4% | [ATCT]8 23 | 14.4%
3 60 | 37.50 LIATETI 18 | 11.3% 2%0.144*0.375  2*0.144*0.113
[ATCT] GTCT [ATCT]7 | 42 | 26.3%
10 | 53 [33.1% [ATCT]10 53 [33.1% 0.108 0.033
11 21 | 13.1% |[ATCT]11 21 | 13.1%
12 2 [ 1.3% [[ATCTIL2 2 | 13% 1in9.3 1in30.7

Sequencing of 1036 NIST population samples

* Work performed on lllumina FGx — ForenSeq kit
* Allele calls were made with llumina-UAS and STRait Razor and
compared to CE length-based calls (high confidence)
* Will include flanking region variation (SNPs, indels)
* Purpose: provide sequence allele frequencies for four U.S. Population
groups
« U.S.: Caucasian, African American, Hispanic, Asian
¢ The manuscript was submitted in late May
* Focus on the autosomal loci

Simple autosomal STRs Alleles detected by sequencing

PENTAE !
D18S51 :
PENTAD \
D1051248 [
D75820 !
205482 D :

1

1

1

1

1

1

1

TPOX  —— Motif sequence
D165539 Flanking region
CSF1PO
D55818
THO1  ———
D1751301 I———
D13s317
D452408 1

0 5 10 15 20 25 30 35
# of unique alleles N=1036

Compound/Complex autosomal STRs

D21s11

FGA
D651043
D125391
D195433 I
D1S1656 R N

D2544]1 |EEEEECEERNEN
D251338
VWA
D2251045 TN
D351358 TS —
D8S1179 T ——
D951122 TR

Length
Motif sequence
Flanking region

0 10 20 30 40 50 60 70 80 90

# of unique alleles

100

N=1036
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D12S391
Allele frequencies by length
Global n=1036

Move to the next dimension of the data:
Sequence

24 alleles by length

D12S391 \
Allele frequencies by sequence W,
Global n=1036

Alleles by length are further
resolved by sequencing

89 alleles by sequence

= S T i i1 i ii il e 3 5.1
D125391 A i EEEE EN | (=]
Allele “21” frequencies L £ I ‘I
by sequence 10 “flavors” N f = g —-_— *:1
. |
Global n=1036 : : - | —
[ B B
Flavors of D125391 - 21 allele e _ = — - .y
1 [AGAT]10 [AGAC]10 AGAT b '-‘
-
2 [AGAT]11 [AGAC]10 D125391 = g
3 [AGAT]11 [AGAC]9 AGAT 2L - =
4 [AGAT]12 [AGAC]8 AGAT I . f’=
[ S L
— _—
& [AGAT]13 [AGAC]A AGGC [AGAC]2 AGAT » -, I E——
| Gy -~ I
7 [AGAT]13 [AGAC]7 AGAT \ —— _n | |
2 [AGAT]13 [AGAC]8 o, - N ] I bl
9 [AGAT]14 [AGAC]6 AGAT L B L N | L
10 [AGAT]14 [AGAC]7 I A-ell - I ‘;5=
[ -
T E R 8868 FE1E AR SRR RNE |
Allele frequencies Figure 5
- Allelic Gains by Sequence compared to Gains in Heterozygosity
D125391 .= 0 ass
Sequence 89 alleles i | - . e ‘ -
Length 24 alleles g; . L) LA sy ¥ I
o 3
3 - i 3 L] - L] oo 080 ]
ey B LTI il . e, me =
£E:3 0 - (-] T ors :
o [ - i FHE » . Ui
N g ; .0 o .
3 ' ? oS i‘g
0L 5 0 [ N
Sequence 10 alleles b
Length 8alleles : " I i I 1illi e
TPOX :. : 2 . g
. n
i S EEEEEEEE R

Gettings et al 2018 submitted
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Counts

Frequencies

Locus Allele Bracket All AfAm_Asian Cauc Hisp All AfAm _Asian Cauc  Hisp.
6 [TATC]6 1 1 0 0 0 0.0005 0.0015 0.0000 0.0000.
7 [TATC7 253 0 17 5 00121 0.0044 0.0000 0.0235 Further extension of table includes repeat region and 5’/3’ flanking regions
7. [TATC]7 9 5 1 3 0 0.0043 0.0073 0.0052 0.0042 . e .
“ 8 [TATC]8 197 80 2 74 41 0.0951 0.1170/ 0.0103 0.1025 rs nUmbErs fOI' IdentIfIEd SNPS and/Ql' IndEIS
QO 8 [TATC]8 146 76 24 30 16_0.0705 0.1111 0.1237 0.0416 0.0339
3 o D75820 8.1 [TATC]8 1 0 0 1 0_0.0005 0.0000 0.0000 0.0014  0.0000 Full Sequence
= racet laking Region Varlants from GRCH38 (50 3) 5 ank 5 Fank
S a D75820 9 [TATC]9 205 52 5| 111 37 0.0989 0.0760| 0.0258  0.1537| 0.0784 Fracc iz T T TTCTTITTC 5
= E’% D75820 9 [TATC]9 45 27 4 10 4 0.0217 0.0395 0.0206 0.0139 0.0085 [TATC]7 157789995 TTTAGTGAGATAAAAMARMCTATCAATCTGTC | TATCTATCTATCTATCTATCTATCTATC GTTAGTTCGTTCTAAACTAT |
SR 075820 ol Tarcls 2 ol o o 2| 0.0010] 0.0000| 0.0000] 0.0000] 0.0042 00 sisssrsa: FTTAGTOAGATAAMAAMACTATCAICTTC | TATCTATCTATCTATCTATCTATCTATC crmsTreaTeTaCTAT
< 07582 10/ [TATC]1 R 1
o Q 5820 0 [TATC]10 Counts and frequencies for each sequenced allele 318 rarcls [TTAGTGAGATAMAAAMACTATCAATCTGTC | TATCTATCTATCTATCTATCTATCTATCTATC GTTAGTTCATICTAMCTAT]
S o D75820 10/ [TATC]10 | d “Global 191 ratcs TTAGTGAGAT AVAMMANRACTATCARTCTGTC TCTATCTATCTATCTATCTATETATE
= By population and “Global” rarcls 7789995 TTTAGT GAGAT AAAAAMACTATCARTCTGTC. | TATCTATCTATCTATCTATCTATCTATCTATCTATC
SQ | | wmco MEch 064 o o s, i
o & D75820 10/ [TATC]9 TATT. 1 1 0 0 0/ 0.0005 0.0015 0.0000 0.0000| 0.0000. rarcia TATTTAGTGAGATTAAMMAAACTATCARTCTGTC | TATCTATCTATCTATCTATCTATCTATCTATCTATC
=3 075820 10.3 [TATC)11 1 0 o 0 1 0.0005 00000 0.0000, 0.0000, 0.0021 ucie 7789995  TSTUGA T AMCTATGATITTE | TATCTATTTTCTATCTATETATTATCTATETATCTATS
Q X 075820 11/ [rATCIL 243 130 60| 132 121 0.2138 0.1901 0.3093] 0.1828 0.2564 e o -
Q 075820 11 [TaTci11 7 7 s 16 9 00179 00102 0.0258 0.0222 00191 o Tare erranans FTTAGTOACKT AMMAMBACTATCARTCTET. | TATCTATCTATCTATCTATCTATCTATCTATCTATCTAT
= frarciis TTTAGTGAGATANAAAARACTATCAATCTGTC | TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATE
< 075820 11 (TATCI1L S| 2 3 o 000024} 0.0029 0.0155] 0.0000 0.0000 e 7780995 FTTAGTOAGATA AAAAAAACTATCARTCTGTC | TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCIATC
D75820 11/ [TATC]6 TGTC [TATC]4. 1 0 0 0 1 0.0005 0.0000 0.0000 0.0000| 0.0021 rarcint TATTTAGTGAGAT
D75820 12 [TATC]12 230 56 31 86 57 0.1110 0.0819 0.1598 0.1191 0.1208 raTciss (57789995, 1516887642 Jrv
arcisTorc arcia s FTTAGTOAGATAAAAAMACTATOARTETGTC | TATCTATCTATCTATCTATCTATCTGTCTATCTATCTATCTATC
075820 12 [TATC]12 50 3 2 29 16/ 0.0241) 0.0044/ 0.0103 0.0402| 0.0339 rarcin2 157789995 TTTAGTGAGATAAAAAAAAACTATCAATCTGTC | TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATC GTTAGTTCGTTCTARCTAT|
D75820 12 [TATC]12 2 1 1 0 0_0.0010 0.0015 0.0052 0.0000 0.0000 [TaTc]12 TATY
e FTTAGTOAGATAMAAMACTATCRTETGTC | TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATC crmsTIeATCTAMCTAT
075820 13 [TATCI13 4 9 5 2 141 0.0236] 0.0132] 0.0258) 0.0291 0.0297 [ratcii3 57789995 TTTAGTGAGATAAMAAAARACTATCAATCTGTC FCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATC GTTAGTTCGTTCTAMACTAT|
D75820 13 [TATC]13 8 1 0 4 3 0.0039 0.0015 0.0000 0.0055 0.0064 [TATC]13 TATTTAGTGAGATTAMAAABMCTATCAATCTGTC | TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATC GTTAGTTCGTTCTAMCTAT |
075820 14l [TATC)14 2 1 0 1 0 00010 00015 0.0000 00014 0.0000 rarcie ) T TCATEATETE | TACCA AT ACTATCATGATTACTATCATE | ST e
et TarTTTGHAT i
D75820 14 [TATC]14 2 0 0 2 0 _0.0010 0.0000 0.0000 0.0028 0.0000
2072684 104 722 47) 1 i 1 1 1 I

Sequencing SE33

SE33

Repeat with Local Flanks

Repeat Region Post | A E

Desetizn)

Sequence-based LS. population data for the SE33 locus

* Focus solely on SE33

s erg18. 1900 oo

* Required further bioinformatic curation of the FGx sequence files

* 53 alleles by length

* 238 allele by sequence

* Data supported by CE-based allele calls Cauc | 39
Asian| 22 | 70

CE NGS| CE NGS
N H obs
All | 53 | 238 [0.935|0.965

143

0.950|0.981
0.928|0.959

|

* In the NIST Population Set (n=1036) CE data
* Observed length-based range 6.3 to 36 alleles
¢ 53 unique alleles by length

SE33 - 25.2 Allele from the Reference Genome Sequence
CT[CTTT]2 CCTT C [CTTT]16 TT [CTTT]9 CT [CTTT]3 CT [CTTT]2
ccr |l

AfAm| 41 | 141 (0.927(0.956
Hisp | 36 | 121 |0.928(0.958 crmr m crm e e e e crrr @ e e et gl e e |
£ i .3 : i ;‘ﬁ ; g Alleles 6000 Depth of sequencing coverage . .
~— NI = : As th alle size inresses..
Global N-=1036 - - : the depth of coverage decreases
- [T "EETEE T s 5000 . B g
e R EEEE CEEA W | R
=3 u— 80 - .
e | BNl "Bl BN ‘maNm - g e :'i Le rectidens
- 3 ' H foinformatic strategy
R I E EA R e < 3000 <o ' H i' ; : i I “Error profile” for SE33
Bl el 'mEan ~» £ .-i’l JEREERN
— 3 o s [ :
e~ EREER R W AR | R NIHTHE ,
BN I W e WA s ST Elj P
4
— = AR BERARLAL '

LAl
4

™
o
™
e

" l

|
T f &

5 10 15 20 25 30 35 40
SE33 —allele by length
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I I Allele Coverage Ratio

Allele coverage ratio

As the distance between heterozygous allele increases...
the allele coverage ratio decreases

1 g i -
s : I
S S
08 « b} i g
I 4
SR I ACR < 0.6 for 45% of the samples
06 - !—-:--i-a.- e
) s P
N . s : 1] N
. . . . . s . . .
0.4 H LI
: |
. co. Jop .
[ : .
s ]
02 . L B -
0
0 5 10 15 20 25

A for heterozygous genotype = larger allele — smaller allele

Fraction of Allele “Noise” reads

1 Allele “Noise”
0.9 Example 16 allele N
Noise = 0.6 at 100x coverage
40 reads are of the same sequence
Remaining 60 are sets of 1, 2, 3...< 40 that do not match the majority sequence

[N

0.8

0.7

0.6 @;'gz:l::: j

> e crmmres

Y
4
1
.
0.5 . 'y 4 .
. i
0.4 I B L.
03 vi 1 i L
. : L ¢ ° Typical allele “noise” for other
02 .« " ] | ] : STRs in the ForenSeq kit
. 3 HE B Varies by locus and motif
0] = - — - 4 -—

SE33 —allele by length

[
Forensic Science International: Genetics

e v

STRSeq

STRSeq: A catalog of sequence diversity at husan identification Shost
Tandem Repeat loci

g™ L A Borssk”, wvid R, Marsin Bkoes’, Bruae Busbesle
Pl Peter 4. Vllaesr

i

atturine Bules Gt
Liarenre evesse’, Josathie King’, Wakher Parsen”’,

* Bioproject hosted at NCBI to catalog unique STR alleles
 https://www.ncbi.nlm.nih.gov/bioproject/380127
* Fully annotated sequence of the STR amplicon

* Each STR allele will have an accession number
m——

[l
rsomre Rarms berpvad

Ririechis (Garmsse (0}

https://strider.online/

Collaborative Effort (NIST, KCL, UNT, USC)
1786 + 1043 + 839 + 944 = 4612 samples

K G Example given for D125391

{al L]
UNT - 80

Fores S Irmssonat Gossn 11 (90T) 111117

NIST .« 108

Ihems; 18

T &3 near DA

STRSeq

* Aunique record for each observed allele
+ CE-based allele call

+ Genomic coordinates

* Platform/kit used to generate sequence

https://www.ncbi.nIm.nih.gov/biog |,

TE0IS AATGH

e
Nomenclature Support § RN

5
Thoughts on reporting? —6—11'

STR allele sequence variation: Current knowledge and future issues @ .
— Centings*”. Rackel A Agote”, Frter & Vallose”, ohn M. Butler’

Forensic Science International: Genetics

Massively parallel I forersic STRS: Cy of the
DA commission of the Intemnational Society for Forensic Genetics
(ISFG) on minimal pomenclaune requirements

Walthes Paron ", Qlavid Ml

https://strider.online

ri Morting”, Mechttale Frins’
Prtes M. Schaeider”, Cheistophe Vin Nete”, Sincha Williwert', Chitsiepl

Defining annotated STR
reference sequences

3
5
=
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NGS — MPS — Sequencing noise

Sarah Riman
Hari lyer (NIST statistical engineering division)

Thoughts

* How should sequence ‘noise’ be characterized?
* Coverage or normalized coverage?
 Evaluate locus specific performance

 Setting thresholds?
* Need to understand data first

* True allele versus noise
+ for now: including artifacts and stutter as ‘noise”

* Zygosisty

First steps
¢ Understand the data from sensitivity studies
« Develop tools to assess

Y-axis in log scale

Coverage

Coverage of All Sequences on the D21S11 Locus

D21511 (29, 31) Locus Coverage = 6949
31

32 (Kl
257 types . [

Total Type of Sequences = 646

Noise Thresholds for NGS Data BPLOSIs

Atechnigue for setting analyticsl thresholds in
n massively par basad forensic
o 1 Foremic Sci
PN
Devbopracstat vl datien of the M 1 Foremak Gemimsics Syvem (g
Fonenkc DA Casework

for Targeied

aton Seqee
art Dlatabiase L -

Understand the characteristics of single source DNA
profiles generated by the NGS system by evaluating...

* Receiver Operating Characteristic (ROC) curves to define where alleles
can be clearly separated from noise (attributed to either stutter or
random causes)

* Zygosity to minimize the risks of misidentifying a heterozygote as a
homozygote or a homozygote as heterozygote

In this study we evaluated reference samples ONLY
We did not test any unknown (crime-stain), mixtures or degraded samples.

PowerSeq 466Y: Loci and Amplicon Sie

Experiments e e
* Promega PowerSeq Auto 46GY R— E——
* lllumina MiSeq (v3 and 92 samples/run) - e P—
« Library preparation; TruSeq and Kapa T Le—

* Normalized and non-normalized e i

Dilution Study (pg of genomic DNA)

samplel 500 250 125 60 30 15 -
sample2 500 250 125 60 30 15 Feud o bua
Sample 3 500 250 125 60 30 15 — 5

Single source samples — amplified in triplicate
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ROC-defined analytical threshold

.

.

Is a two dimensional chart which plot the true positive versus the false positive
rates for a given parameter

Is performed to determine which AT would lead to optimal levels of detection
where error rates are minimized

The true positive rate represents the proportion of true allele sequences known
to be present at a specific locus/method/DNA amount

The false positive rate generated at a locus of interest/method/DNA amount
represents the proportion of noise sequences falsely classified as true sequences

Assumption of a certain distribution is not required with ROCs

Measures performance of different ATs and gives proportion of false positives
and negatives.
ROCs can be used to determine:
<+ A global analytical threshold
% A DNA amount-dependent threshold
+» A DNA amount and locus-dependent threshold

Comparison of Coverage versus Percent ROC

Library kit Kapa, Normalized
Blue=Coverage, Red=Percent

For illustration, this specific threshold (5%) gives
a FPR very close to 0.01% and a TPR > 95%.

All DNA amounts, samples,
: 4 replicates, and loci are
collapsed into this plot

ROCs as a function of library preparation kit
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Tru Seq Normalized
BlunsCoveage, Resebercent

ROCs as a function of DNA input amount
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Inferring Zygosity from Heterozygote Balance
Two primary risks associated with the process of allele designation:

* A heterozygote is inaccurately assigned as a homozygote due to:
« Allele drop-out has occurred

* Heterozygote imbalance has resulted in one of the alleles being interpreted as
a stutter

* A homozygote is inaccurately called as a heterozygote due to:
* A large stutter band is within range to be designated as an allele
* A drop-in event occurs
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Inferring Zygosity from Heterozygote Balance
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A comparison of the distribution of the homozygotes and heterozygotes showed marked
differences associated with the differences in the DNA input.

Further work
* Incorporate stutter and accountable artifacts into the ROCs
« Perform further sensitivity experiments as needed

 Create mock casework type samples/mixtures
* Derive and test thresholds

Thank you for your attention! Questions?

APPLIED

SN XA
* Funding

* NIST Special Programs Office: Forensic DNA

* FBI Biometrics Center of Excellence: Forensic DNA Typing as a Biometric tool.
* NIJ: STRSeq and Nomenclature

* DHS S&T: Rapid DNA for Kinship

Contact: Peter.Vallone@nist.gov
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+ Disclaimer - Points of view in this document are those of the authors and do not
necessarily represent the official position or policies of the U.S. Department of
Commerce or the Department of Justice. Certain commercial equipment, instruments,
and materials are identified in order to specify experimental procedures as completely as
possible. In no case does such identification imply a recommendation or endorsement by
NIST, nor does it imEIy that ang of the materials, instruments, or equipment identified
are necessarily the best available for the purpose.

All work presented has been reviewed and approved by the NIST Human Subjects
Protections Office.
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