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Y-STR Markers

e Core minimum haplotype markers +
recommended loci DYS437, DYS438 and DYS439

DYS437 DYS439 DYS438
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Additional Y-STR Loci Being Considered

DYS456
DYS458
DYS448
DYS635
Y-GATA-H4

} added in current assay configuration
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Approach to Y-STR Assay Development

Forensic SNP Analysis

Obtain reference allele
sequences from STRbase
+ GenBank

Y

Design multiple primer
pairs for each locus

close to repeat structure

l

v

Test primers and remove
any primers that do not
work well

Y

Use published repeat
structures (STRbase) to
create database of base

compositions / masses for
alleles

v

Develop multiplex assay
based on primer pair
performance and allele /
mass separation

Test assay on known and
blinded samples

v

Characterize

polymorphisms in

samples
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Original Y-STR Assay Layout

Forensic SNP Analysis

Primer Conc
el | e | Loers | il * 24 samples per plate
4586 | DYS3891 | 160 . .
4597 | DYS392 | 160 e 5-plex, 4-plex and 2 single-plex reactions
Multiplex1 | 4504 | DYS391 160
4602 | DYS393 | 160
4591 | DYS390 | 160
4587 | DYS380I11 | 200 < Samples 1 - 22 >
: 4611 | DYS438 | 200
et | BEE S 12 3 45 6 7 8 9 10112
4608 | DYS437 | 200
Sglepiexi | 4576 | DOvSTs 55 A ‘( DYS3891 + DYS392 + DYS391 + DYS393 +DY$390 'O O
Single-plex2 | 4582 | DYS385ab | 250 _— s s S s S~ >
- DYS389I1-1 + DYS438 + DYS439 + DYS437 =
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Z
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E “ DYS3891 + DYS392 + DYS391 + DYS393 +DYS390)© -
F ‘( DYS389II-1 + DYS438 + DYS439 + DYS437]‘Q E
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Reducing the Size of DYS385a/b

« DYS385a/b has a large product size range

« Shortest primer pair in STRbase has range of 241 - 324 bp

e Our system does best at < 200 bp

| >

t

Forward primer
would normally
start here or
upstream

5 side of DYS385

Forward primer
placed here shortens
products by > 130 bp

| >

TTTARAGAGRAAGAGGRARGAGAARGAIAGG

This pattern, though  Actual GAAA repeat
all A & G, is not fully elements start here

repetitive

* This priming strategy has been tested

with 99 samples
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Reducing the Size of DYS385a/b

« Two blood-derived DNAs tested at 1 ng each
072109C SC35495

DYS385a/b DYS385a/b
14: [A93 G46 C5 T13] (157 bp) 14: [A93 G46 C5 T13] (157 bp)
A A
4 \ e N\
DYS385a/b DYS385a/b
13: [A90 G45 CSATI3] (153 bp) 11: [A84 G43 C5 T13] (145 bp)
A
( \ 3337 o [ \
2497 -
1872.8 - |
12485 ]
23 8343
0.00 e ' o
45184.78 46352.92 47521.06 48689.21 49857.35 51025.49 35575.49 36634.12 37692.75 38751.37 39810 40868.63 41927.26 42985.89 44044.51 45103.14 46161.77

Mass (Da) Mass (Da)
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Splitting DYS389I/Il into Separate Products

DYS389 has a duplicated forward primer binding region

The duplicated primer target spans one repeat region

The reverse primer and second forward primer span DYS389I

Two products are generated with one primer pair

a Repeat DYS389II (5’ side) a Repeat DYS389I ﬂ
I DYs3s8o! [ ]
[ ]
|
I

I Dvs3s9li

I 255 — 295 bp for NIST primer set
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Splitting DYS389I/Il into Separate Products

 DYS389 has a duplicated forward primer binding region

There is a 4-base difference that can be exploited

Modified upstream primer won’t prime downstream site

Modified downstream primer won’t prime upstream site

A reverse primer can be made to pair with the upstream forward
primer

This region is not
duplicated

Forensic SNP Analysis Overview of the Ibis Y-STR Assay



Splitting DYS389I/Il into Separate Products

DYS389I1l = 13+16 = 29

A
( h

DYS3891 13 DYS389I1-1 16
24550 W 11915 -
12275 59575
0.00 ﬁFrF»‘JMF&Wﬂ:WﬁLL% 0.00
30910.49 3147814 32045.8 32613.45 33181.11 33748.76 38093.61 38973.25 39852.89 40732.52 41612.16 42491.79
Mass (Da) Mass (Da)
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Y-STR Assay Testing

« 95 male population samples from NIST (John Butler) tested
e 92 samples had previous Y-STR truth data
e Allloci were concordant
e One locus (DYS393) also primed X-chromosome and has been

replaced

— A primer pair has been developed for this locus that does not
prime the X-chromosome

Number of | Percentage

different | of samples

alleles with | with variant

Locus SNPs seen alleles

DYS385a/b 3 3.2
DYS389ll 5 33.7
DYS390 6 7.4
DYS437 3 25.3
DYS438 1 1.1
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Updated Y-STR Assay Layout

e Still 24 samples per plate
 DYS456 and DYS458 have been added
e 6-plex, 5-plex and 2 single-plex reactions

N Samples 1 - 22 >

A DYS3891+DYS392+DYS391+DYS393+DYS390+DYS458 :'O

Primer

Reaction pair Locus
4586 DYS389I

4597 DYS392

Multiplex 1 4594 DYS391
4601 DYS393

4591 DYS390

4924 DYS458
4587 DYS389II-1

4611 DYS438

Multiplex 2 4615 DYS439
4608 DYS437

4929 DYS456

Single-plex 1 4579 DYS19

Single-plex 2 4692 DYS385a/b

Forensic SNP Analysis

@,
c COQO[DYf DOO0000
0 @OOC == DOOOOO

1 2 3 4 5 6 7 8 9 10 11 12

P R T Y

T TG e RGBT e G e NS e
P WY -V G P e D D P O

DYS389I1l-1 + DYS438 + DYS439 + DYS437 + DYS456
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DYS389Il1-1 + DYS438 + DYS439 + DYS437 + DYS456
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6-plex Reaction 1: Sample N31773

DYS393 no longer
primes the X

Locus Genotype
DYS458
Dys3ggl  Chromosome 16 DYS389 13
13 —A—_ DYS390 21
— DYS391  pys3gs DYS391 10
e X Dvesss 13| 2
11
L N DYS458 1%  —
734.5 4
000 frrem : ; : : . ULALLS 7

Mass (Da)
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5-plex Reaction 2: Sample N31773

2069 7

1551.8

1034.5

517.3 1

0.00
36711.57

DYS437 DYS439

14 (C>T)

A~

38197.64

Forensic SNP Analysis

11

39683.72

41169.79

Locus Genutzge
DYS389l 13
‘ DYS3891-1 | 19 (A->G) |
DYS389ll | 32 (A->G)
DYS3891-1  DYS390 21
19 (A2>G)  pys391 10
DYS392 11
DYS456 DYS393 13
15 DYS437 | 14 (C->T)
" DYS438 11
DYS439 11
DYS456 15
DYS458 16

42655.87 44141.94

Mass (Da)

45628.02 471141

Overview of the Ibis Y-STR Assay
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11
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Single Reactions 3 and 4: Sample N31773

Locus Genotype
DYS19 14
DYS385a/b 13, 14 DYS385a/b
DYS389I 13 NN
ovsig _DYS380I-1 [ 19 (A->G) |
14 DYS389ll 32 (A->(5)
~— " Dys390 21 [
. DYS$391 10
DYS392 11
DYS393 13
DYS437 14 {C->T)
DYS438 11
DYS439 11
Mass (Da) DYSA458 16 Mass ) Jechnology N!.!
Transition Workshop [/nstitute
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Sensitivity

« Template 072109C
— Dilutions from 1 ng down to 7.8 pg per reaction
produced full profiles down to 62.5 pg/reaction
(250 pg for four reactions/sample)

Template
Quantity (pg) |DYS19| DYS385a/b |DYS3891| DYS38911-1 |DYS390 | DY S391|DYS392 | DY S393| DY S437|DYS438 | DYS439| DYS456 |DYS458
1000 14 13,14 12 17 23 10 11 14 16 10 11 14 16
14 13,14 12 17 23 10 11 14 16 10 11 14 18
500 14 13,14 12 17 23 10 11 14 16 10 11 14 18
14 13,14 12 17 23 10 11 14 16 10 11 14 18
250 14 13,14 12 17 23 10 11 14 16 10 11 14 18
14 13,14 12 17 23 10 11 14 16 10 11 14 18
125 14 13,14 12 17 23 10 11 14 16 10 11 14 16
14 13,14 12 17 23 10 11 14 16 10 11 14 168
14 13,14 12 17 23 10 11 14 16 10 11 14 168
625 pg 14 13,14 12 17 23 10 11 14 16 10 11 14 168
3129 14 13,14 12 17 23 - 11 12,14 16 10 11 14 168
14 13,14 12 17 23 10 11 12,14 14, 18 10 11 14 18
16.6 14 13,14 12 17 23 10 11 14 16 10 11 14 16
14 13,14 12 17 23 10 11 14 16 10 11 13, 14,15 18
7.8 14 13,14 -— 16, 17 23 10 11 14 16 10 11 15 18
14 13,14 ——— 16, 17 23 10 -— 14 ——— 10 ——— 14 18
Negative — — — — — — — — — — — — —
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Species Specificity

« Human blood-derived DNA sample was tested in
triplicate in the presence of a 10-fold excess of
exogenous DNA

e 1 ng of human DNA per reaction

« 10 ng exogenous DNA
— Dog (male American Eskimo — buccal swab)
— Cat (male long-hair, buccal swab)
— Candida albicans (yeast)
— Aspergillus oryzae (environmental filamentous fungus)
— Escherichia coli (gram negative bacterium)
— Staphylococcus aureus (gram positive bacterium)

« All tests with exogenous DNA gave a full profile

Technology |, EO!J
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Species Specificity — 6-plex Reaction 1

1 ng human DNA + 10 ng dog DNA

DYS389I
13 DYS393 DYS458
DYS390

N 13 18

3016 - 24
DYS392 A / \ f—M
2262 o 11
A DYS391

' 11
1508 o

I ! \
754
0.o0

30057 .76 32417 .18 34776 .61 37136.04 39495 46 41845489 A4 32 4G673.75 4893317 51292.6 53652.03
Mazs (Da)
10 ng dog DNA
2262
1508 —
754
D00 P o0 el gt Pt e i S e L‘|"“""-I'T"I'|"".'I""|'"'I"-'"|""I""|'"'I""|""I"'-'|
230454 2686385 I0673.71 34483 .56 382934 42103 .27 45913 .12 4972297 G3532.83 G734 .68 G1152.53
Maszs (Da)
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e ationa
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Species Specificity — 5-plex Reaction 2

1 ng human DNA + 10 ng dog DNA

DYS389Il-1
18
4400
DYs437 DYS439
15 12 DYS456
3300 - 15 DYS438
~A —— A 10
M\
2200 | A
1100 o
0.00 e e e B e e e B e L
38387.00 3056147 73686 H811.73 308661 44261 .40 45436 .37 46611.24 4778612 42061 A0135.88
Mazs (Da)
10 ng dog DNA
400 o
3300 o
2200 -
1100
0.00 w."l‘.‘L.‘..‘,...‘.,..“.‘. e L S
ZEG6S J1661.79 34655 .59 37649 38 A0642 17 436326 .97 A6620.76 40624 55 S2618 .25 S5612.14 52605 03
Mass (Da)
Technology

Transition Workshop
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Species Specificity — Single Reactions 3 and 4

1 ng human DNA + 10 ng dog DNA

DYS385a/b
DYS385a/b 15
DYS19 1)‘)‘( A \
16 170 4 ( \
A
4 \
3610 4 BT 5
707 A o
1805 w25
0% 5 S 000
536340 4TEAS.T2 4874704 4004017 6113239 SRIR4E1
AL Mass (Da)
SISTO0D 5371355 AMT001 5462647 SA08243 465304
Mazs (Da) e e

10 ng dog DNA

0TS - 10 ng dog DNA sg5 -

1805 o 025

anz & o.oo
35286 42413 53 4854 06 S6G6E .59 G37O6.13 TO923 66
Maszs (Da)
000 e
TP e e A e e NIJ
46694 SDA1E.3Z  S4342 64 SB1G696 6199137 65815.59 Technology e
hass (Da) Transition Workshop [/nstitute
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Species Specificity

Sample DY S19 | DY S$385a/b | DY $3891 | DYS38911-1]| DYS390| DYS391 | DY S392| DYS393 | DYS437| DYS438| DYS439| DY S456| DYS458
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Dog + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Cat + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Staphylococcus aureus + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Escherichia coli + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Candida albicans + Human DNA 16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14, 15 13 18 24 11 11 13 15 10 12 15 18
Aspergillus oryzae + Human DNA 16 14,15 13 18 24 ik 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
16 14,15 13 18 24 11 11 13 15 10 12 15 18
Human DNA alone 16 14,15 13 18 24 11 11 13 15 10 12 15 18
14. 15 13 18 24 ik 11 13 15 10 12 15 18

Exogenous DNAs did

Cat alone
{10 nglreaction)

not i

Staphylococcus aureus alone
{10 ngireaction)

Escherichia coli alone
{10 ngireaction)

Candida albicans alone
{10 nglreaction)

Aspergillus oryzae alone
{10 ngireaction)

Water - -- - - - - -- - - - - - -
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Software and Database in Place for Y-STRs

~ ~
File  View Help #Ibm! 'Cnmk mombumg (e )import - Analysis
Plate = From 2wz 3= [ Anslyze |
Fep—— & || semple 2 v To mapemm @G- =
1 E E 4 £ * 7 " * % "
Paynie Caveeva b Pk
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DA Amabysis - m | Poso14s32-MIST W T51354 (2) TWTS1386(3) | 932 )] 32-MIST-O ® ) NIST-PT84214 (5) | NIST-PT84227 7) | PT84240 8) | POSOT4U3I2NIST-GT37862 (9) | POSO1493 Ie
Anaheos =EONA 4932 A2 4932 BO2 4932 002 49E2 002 | | POSO14532 MIST-WTE1354 composite
rrport Mis Duta = -
F v Wil 38 (D02), PP 4692 (DY S385-A-B_ACIZ2486_79490_% -
Add Catabase 1 -
RN Spactruen viguing mode Locus DY5385a/b
Wors Sarries b egulsbions © Fow @ Deconvoved |Allele 12
R Unique Presucts — _ |Basacount ARTGA4CSTII
= O] Well 2 (M02)
Buid Amplified BC Catshase . Top strand
Uipload dats 5 i s 538 < G501« 4EM @ AT S 0BT | nnetince 4368 2752
Archivs camalplebe ets Predicied mass: 47407 9023 E
yereremmm— | DYS438 DYS439 DYS3gsab DYS19 DYS389l DYS38%I-1 DYS3%0 DYSa DYS5392 DYS5393 DY5437 I“ Observed mass: 47408 2623
| l Martch error <20 377 ppm
— Bottomn strand
4802 5964
P A e [Predicted mass: 44244 743
(Obsiervied mass 44546 1918
Match emor: -32.502 ppm -
. m | v
ocus Al Allle
VST
0] Wl 26 (C02) 12 1
b IYS3EN 14
b DY538311-1 17
12 12 12 1 1 " 7 1 ] 17 7z 15 DYS3%0 2
? D533 9
2 oS3 12
1] Well 38 (D02} D5393 12 14(T-2C)
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[
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Comnments for aralyss report
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Moving Forward

Work DYS635 and Y-GATA-4H into multiplex
reactions

Refine product balance in multiplexes
Further concordance studies

Pilot kit testing

Sensitivity with multiple templates
Reproducibility studies

Kit stability

Continued refinement of software interface

Technology
. Nationa
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Forensic SNP Analysis

Funded by NIJ contract
2008-DN-BX-K304

Questions?
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Contact Information

Thomas Hall
Ibis Biosciences division of Abbott Molecular

760-603-2375
thall@ibisbio.com
Note: All images and charts courtesy of Tom Hall, Ph.D. Technology [IN//J
unless otherwise noted. Transition Workshop |73
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