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In forensics



"A revolution is not a bed of roses. A revolution is a struggle between the
future and the past.”
(Fidel Castro)
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We'll spend most of our time here today

» S

What is the overall goal of library preparation?

* To prepare the PCR products for the sequencer
* Capture a ‘snapshot’ of the PCR products (ratios, abundance)

* We want to avoid
= Any bias that favors a product based on size, sequence, abundance
* Uneven yields or representation across samples
= Inefficient use of the sequencing capability
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Fig 1 BExamples of library buildingand ssquendng strategies_ (A} Thelibrary s generated by one PCR readhion. The PCR primers ind ud = five el ements; the target sequence (in
black) the harcode for =xmple identification (in red ) the key ssquenoe for sequence quality contral (in bhe) and sequencing targsts (in orang= and purple) {neof the
sequencing Grgets is also weed to hybridize the library to the solid surfce during the donal amplification step. With two sequencing @rgets. it is possible to perdform
directional s=quencing of only one strand by choosing a ssquendng primer complementry io sither the orange ar the purple sequencing target. With only one ssquendng
target (when the orangeand the purple ssquences are thesame ), both strands would be sequenasd inthe NGS reaction (B) The library s generaied by two PEs.In the firs
PR, the primers includ e thetargst ssquence (in black)and the s=quendng targets (in two shades of green) In the sscond PCR the primers hybr dize tothe ssquencing targsis
amd ind ude tags with the bammde (in red) and seq uences for ybnid at on tothe sobid surGoeused forthe clonal ampli fimtion. The Grget ssquence (in black)is sequenced via
the twasequencing targets {in green | whensas the haroodes are ssquenced in separate resctions. (C) The libraryis generated by ligation of adapiers to the fragmenied genomic
DHNA. One adapter incCludes the barmde for sample identification (in red )L the key ssquenaee for ssquenoee quality control (in blue) and the ssquencing tar get(in orange) The
semnd adapter indud es the sequence for ybnd ization to the solid surface ised for the clonal ampli fication. Four different products will be genetated by the ligation; the two
products shown in the figure, whens twod ifferent ad apbers ane ligated tothe DNA fragment. and two products whene the same 2d apber ligates i both end <. The Lter products
cannat beussd in the downstream reactons. Sequencing is conducted from hybridizationof a ssquenang primer complimentary to the ssquenang target (in arange] Bath
stramds will be sequenced becauss the adapter with the ssquendng target ligates to sither the forward or the reverse strand in sgual numbers. HTS (high throughput
SEJUENCINg L
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P5: 5" AAT GAT ACG GCG ACC ACC GA 3
P7:5' CAA GCA GAA GAC GGC ATA CGA GAT 3'

S indexname | | |i7indexname | |
AS01 TGAACCTT R701 ATCACG
AS02 TGCTAAGT R702 CGATGT
AS03 TGTTCTCT R703 TTAGGC
TAAGACAC R704 TGACCA
CTAATCGA R705 ACAGTG
CTAGAACA R706 GCCAAT
TAAGTTCC R707 CAGATC
TAGACCTA R708 ACTTGA
R709
R710
R711
R712

R701
AS01) AS01 RT01 AS501 R709 |AS01 R710|AS01 R711|ASDL RT12
A

AS02 502 R712
A503|A503 R701|A503 R702 |A503 R703 [A503 R704 A503 R710 [A503 R711
AS04|A504 R701|A504 R702 | ASOA R703 [AS04 R704 |AS04 R? AS04 R712
AS05A505 R701 | AS05 R702 | ASO5 R703 |AS05 R704 |AS0S R705 AS05 R710 |AS0S R711
AS06A506 R701| AS06 R702 | ASO6 R703 |AS06 R704 |AS06 R705 | AS06 R712
AS07|A507 R701|AS07 R702 | ASO7 R703 |AS07 R704 |AS07 R705 |AS07
AS08]A508 R701 | AS08 R702 | AS08 R703 |AS08 R704 |AS08 R705 |AS08 508 R710 |AS08 R711
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Purified libraries:
Range of yields

Bead-based Normalization
Equal volume of beads added to each well
Beads bind equal amount of product per well

1

2

3. Excess removed

4, Products eluted off beads

MNormalized libraries:
Equally representad

Sample Pooling:
Pool 5 pl of each desired library
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Emulsion PCR i

containing one strand of
library DNA, primers,
one bead and PCR mix

[ Emuision o m—

Make emusion
PCRmMx (e g by mixing)

Bead

Library DNA Start PCR

3. Extension : polymerase

ampines tho forward 2. Annealing - ONE fragment

strand starting from the (reverse strand) anneals to

bead towards the primersite edaplersite on the bead 1. Denaturaton of _ASNACHCOCOCOOO00
. A library fragment

PAVAVAVAVAV AV

4 Denaluration | raverse strand denalures
from the bead, the rd strand is connected 10
the boad by the mbmmaw

WAVAVAVAVAV,S

> ‘xﬁ ~
‘ R

AAAAAAN Annealing - reverse
:vanuanngl o 6. Extension : polymerase
adaptersite on the amplifies the forward strand starting
from the bead towards the primersite, and

bead, primer anneals .
o f ! strand the reverse strand starting from the primer lowards the bead




* Streptavidin beads

. * Binds to Adapter X only

* Template Positive ISPs have Adapter X at the ends

Pzt Add Magretic Inmicbilize to Denalure 5P
AmgiMcation IMagnst and Wwash with MaoH

Lay

o

lon torrent cxaox o+ lon forrent e xaoxo+= ion torrent e xaoxo+=

530 PR cemsny

3-6 M reads per chip 15-20 M reads per chip 60-80 M reads per chip
Up to 600 bp Up to 600 bp Up to 200 bp






https://www.youtube.com/watch?annotation_id=annotation_228575861&feature=iv&src_vid=womKfikWlxM&v=fCd6B5HRaZ8
https://www.youtube.com/watch?annotation_id=annotation_228575861&feature=iv&src_vid=womKfikWlxM&v=fCd6B5HRaZ8

DNA polymerase

. .GACTCT dATP
—_—
++ « CTGAGATTCGAT. .
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. GACTCTAA
+ CTGAGATTCGAT

DNA polymerase

. GACTCT dNTP*
+ . CTGAGATTCGAT. .

_—r

. .GACTCTA* .
crancarrecar T PP HH

+2pp;, +2H" —— Proton sensor

—— > Light



https://www.youtube.com/watch?v=DyijNS0LWBY
https://www.youtube.com/watch?annotation_id=annotation_228575861&feature=iv&src_vid=womKfikWlxM&v=fCd6B5HRaZ8
https://www.youtube.com/watch?annotation_id=annotation_228575861&feature=iv&src_vid=womKfikWlxM&v=fCd6B5HRaZ8

GTATCTTTATCTGTATCCTTATITATACCTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTICAAAATATTACATAAGGATACCAAAGAGEAA

Figure 2 Schematic of Tiled Amplicons for Complete Coverage Across the Control Region

<———————— Control Region ————
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IE:’ General schematic of tiling — not all PCR products are shown

@871112 SLXA-EAS] s 7:5:1:801:338
GTTCAGGGATACGACGTTTGTATTTTAAGAATCTGA
+
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Salvataggio automatico ® 'O' @, L] 10P-20_output_GM - Excel
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Appunti P Carattere Allineamenta F Mumeri

Sample Name Panel Marker Dye Allelel  allele2 Sizel Height1l Height2
PowerPlex_ESI_17 v3.0 AMEL x Y 85.67 8617
PowerPlex_ESI_17 v3.0 D351358 16 17 130.82 12136
PowerPlex_ESI_17 v3.0 D195433 11 15 183.26 9567
PowerPlex_ESI_17 v3.0 D251338 22 24 272.26 5891
PowerPlex_ESI_17 v3.0 D2251045 15 331.64 12286
PowerPlex_ESI_17 v3.0 D165539 11 13 109.58 7433
PowerPlex_ESI_17 v3.0 D18551 12 18 155.78 9767
PowerPlex_ESI_17 v3.0 D151656 17.3 257.03 9195
PowerPlex_ESI_17 v3.0 D1051243 13 304.21 13257
PowerPlex_ESI_17 v3.0 D2S441 11 358.44 12736
PowerPlex_ESI_17 v3.0 THO1l 6 7 84.31 3822
PowerPlex_ESI_17 v3.0 vWA 16 17 151.72 6232
PowerPlex_ESI_17 v3.0 D21511 223.14 7394
PowerPlex_ESI_17 v3.0 D125391 20 21 318.11 6492
PowerPlex_ESI_17 v3.0 D851179 11 14 95.19 11081
PowerPlex_ESI_17 v3.0 FGA 22 24 182.53 10721
PowerPlex_ESI_17_v3.0 SE33 13 17 353.67 6428

B
B
B
B
B
G
G
G
G
G
Y
Y
Y
Y
R
R
R




Alonso et al. Electrophoresis 2018

D12S391
12000 Being PCR-based, NGS typing of STRs displays the same artifacts (e.g. stutter)
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MPS versus Capillary Electrophoresis

Advantages

Established technology
Accepted in court
Relatively easy workflow

Disadvantages

Limited multiplex capability
Complex mixture analysis
Genotyping based on length only

Genotyping based on length and sequence
Greater multiplex capability

High dynamic range

Potential improvement to mixture
interpretation

Smaller amplicons (degraded DNA)

High cost per sample

Large amount of data

Pooling of samples needed to
reduce cost per sample

No guidelines available yet
More complex workflow
Time to result




[TCTAF[TCTGR[TCTAJSTA[TCTARTCA[TCTAIZTCCATA[TCTAID (30)
[TCTAM[TCTGIE[TCTAJSTA[TCTARTCA[TCTAIZTCCATA[TCTA]12Z (30)

20 20

[TCTAJS[TCTG]B[TCTAJ3TA[TCTA]3TCA[TCTAJZTCCATA[TCTA]11 (30)
[TCTAM[TCTGIB[TCTAJ3TA[TCTAJ3TCA[TCTAJ2ZTCCATA[TCTA]12 (30)
200 210

[TCTAJS[TCTG]B[TCTAJ3TA[TCTAJ3TCA[TC TAIZTCCATA[TCTA]11 (30)
[TCTAM[TCTG]B[TCTAI3TA[TCTAI3TCA[TCTAZTCCATA[TCTA]12 (30)
Fal i




Forensic Science Intemational: Genetics 22 (2016) 54-63

Contents lists available at ScienceDirect

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

Massively parallel sequencing of forensic ST the (!) .

DNA commission of the International Society foTFe etics
(ISFG) on minimal nomenclature requirements

| Walther Parson®””, David Ballard®, Bruce Budowle®¢, John M. Butler',
Katherine B. Gettingsf, Peter Gillg'“, Leonor Gusméoi'j'k, Douglas R. Hares',jndi A. Irwin],
Jonathan L. King?, Peter de Knijff™, Niels Morling®, Mechthild Prinz®,

Peter M. Schneider®, Christophe Van Neste9, Sascha Willuweit", Christopher Phillips®

Previously reported reverse strand: [TCIG]|s [TCTA];2 48 nt. |[TCTG|s |[TCTA]q
Forward strand, no frame shift: [TAGA]g |[CAGA]; 48 nt. [TAGA];5 [CAGA]5

Forward strand, frame shift: |GATA]q |GACA]5 48 nt. [GATA];5 |GACA]g



https://www.isfg.org/Publication;Parson2016

[Massively parallel sequencing of forensic STRs: Considerations of the @n_w,
DNA com ion of the International Society for Forensic Genetics

imal nomenclature requirements

Dl35317 Ref (11) TCTAARCGCCT ATCTGTATTT ACAAATACAT TATC TATC TATC TATC
D135317 [CE12]

0138317 Ref (11) TATC TATC TATC TATC TATC TATC TATC ++++ AATCAATCAT

3133311 [_EEl:] = E oo = oEowow = e - oEow o = w = om o ow CRRC Tﬂm Tl!!'!!!l—l

D135317 Ref (11) CTATCTATCT TTCTGTCTGT
113531.? [cEl:] FEEREFEREE R EEEFREEE R

G Known polymorphic sites
+H+  Additional nuclectides compared to reference sequence

1. Bold segment = the reference genome assembly sequence description
D135317 Ref (11) -Chr13-GRCh38 82148025-82148068 [TATC]:
D135317[CE12)-Chr13-GRCh38 82148025-82148068 [TATC):> 82148001-A; B2148068-T



STR: D2S1338 STR: D251338
MPS

Variant sequence «——

18-25 + 18-247 1825418249

18-25 + 24-257 18-25 +24-25
18-25 + 24-247

Variant sequence «——




Table 1. Forensic Loci Included in ForenSeq DNA Signature Prep Kit
Feature Number of Markers®

Global Autosomal STRs 27 B1=467
Y-STRs 24 119-390

X-STRs 7 167=-462
Identity SNPs 95 63-231
Phenotypic SNPs® 22 73=227

B’aogeog;aphical Ancestry
SNPe? 56 67=200

a. SNP and STR chromosome locations can be found in the ForenSeq DNA Signature Prep Kit User
Guide (support.illumina.com/downloads/forensaq-dna-signatura-prep-guide- 1 5049528 htmi).
b. Two piSNPs used for hair/eye color are also used in the aISNP markar sst.
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anger
sequencing
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One of the 16 possible haplotypes at a four-SNP site
(total of 136 different genotypes)

Massively

Unambiguous SNP phase

mh13KK-218: rs1927847 — rs9536429 — rs7492234 — rs9536430
% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
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An overview of BMP values for different forensically relevant marker panels (table adapted from van der Gaag et al. [106]).

Panel

Mumber of loc

Type of loci

Handom Match Probability

Population tested

SGM Plus kit

MNGM

Microhaplotypes
Microhaplotypes

Short hypervariable microhaplotypes

Microhaplotypes

10

15

SThs

SThs

7 9E10-14
3.0E10-13

1.6E10-19

4.6E10-20

2 2E10-19

3.1E10-12

8.8E10-13

2.6E10-12

1.6E10-28

2 4E10-27

2 1E10-27

1.4E10-25

5.0E10-21

1.1E10-19

5.0E10-19

1.0E10-15 - 1. 0E10-19
3.2E10-6

4.4E10-7

1.5E10-12

5 2E10-10

20E10-15

1.0E10-13 - 4.0E10-21
1.0E10-19 - 1.0E10-42 (top L)

10E10-ZF - 1 OELD-50 (top AL

44E10-11
10E10-9

92E10-13
1 9E10-68
32E10-54
49E10-67
J0ELD-62
4.1E10-61

US African

US Caucasian

U% Hispanic

US African

US Caucasian

US Hispanic

US African

US Caucasian

US African

US Caucasian

US Hispanic

US Asian
Eumepan

Somali

Asian

Global populations
Dutch

Dutch Antlles
European

East Asian

African

Global populaticns
Global populations

Metherlands

China/Japan

Kenya/Nigeria

US African (80 samples)

US Caucasian (110 samples)
US Hispanic (100 samples)

US East Asian (37 zamples)
East Asian (62 sam ples)
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