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What are the Advantages of Multiplexing?

Obtain more information per unit time

Reduce the amount of limited forensic sample used
Save on reagents; enzyme, buffers, DNA oligomers
Reduces labor

Streamlines data analysis

For certain markers it is essential (SNPs, YSTRS)

Coincides with high capacity instrumentation

What are the Challenges of Multiplexing?

Only guidelines exist for designing multiplexes
More markers = increased complexity
Testing a robust multiplex

Inclusion of useful markers in the multiplex

Managing the volume of information obtained

Dr. Peter M. Vallone 2
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What Type of Genetic Variation?

*Length Variation
short tandem repeats (STRs)
CTAGTCGT(GATA)(GATA)(GATA)GCGATCGT

*Sequence Variation
single nucleotide polymorphisms (SNPs)

insertions/deletions
GCTAGTCGATGCTC(G/A)GCGTATGCTGTAGC

What Assays are we Multiplexing?

Polymerase chain reaction (PCR)
Amplification of specific region of the human genome
Typically used for STR and SNP
Use Capillary Electrophoresis for detection

Primer Extension reaction (minisequencing)
Typically used for SNP markers
Use Capillary Electrophoresis and
Mass Spectrometry for detection

Dr. Peter M. Vallone 3
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Goals for Multiplex Assay Development

Working with collaborators who have markers of
forensic interest

By using our multiplex assays collaborators can
type markers and evaluate forensic utility

Further understanding of multiplex assays

Publish assay details for others to evaluate
(commercial and research)

Assays and Instrumentation

Dr. Peter M. Vallone
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Instrumentation

Luminex Beads

SNaPshot/PCR

=

Multi-Color Capillary Electrophoresis Luminex 100 Flow Cytometer

(ABI 310 or 3100)

Time-of-Flight Mass Spectrometer Roche LightCycler

Multiplex PCR

Multiple primer pairs target more than

—> CT T3 one specific site on the DNA strand
L_4_— Compatible primers are the key to
T 11 successful multiplex PCR

—
LT T 1 < Commercial kits are available for

targeting and simultaneously amplifying

16 markers
PCR Froduct Size (bp)
100 125 150 175 200 225 250 275 200
D55818 Profil Plus™
amel D351358 WA 021511 FGA rofiler Plus

D8s1178 0138317 D7s820

Y v
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PCR Product Size (bp) Same DNA Sample Run with
I100 I125 I150 I1?5 I200 :‘225 :‘250 :‘2?5 ISEID I325 Each Of the ABI STR KItS
D3S1358 WA o
v FGA Power of Discrimination
M o Blue 1:5000
THO1 TPOX CSF1PO
Amel
Green | 1:410
D3S1358  THO1 D13S317 CSF1PO
Amel D5S818 VWA TPOX FGA D7S820 Profiler™ 1.3 6 X 109
Amel D8S1179 ywA  D13S317
D3$13580I3818 M D21S11 FGA 07582213351 Profiler Plus™ 1:9.6 x 1010
D3S1358  THO1 tpox  D7S820
Amel p1essse O PO COfiler™ 1:8.4 x 105
AmeP3S1ggg1179 WA
THO1 D16S539 D18S51
D195433 ﬁ D21S11 Fm p2s1338| SGM Plus™ 1:3.3 x 1012

Commercial STR 16plex Kits

PowerPlex® 16 (Promega)

1500
1000 _
500 |

QLSD 120 IS0 180 210 240 270 300 330 360 3890 420
TPOX
2000 THot 1:1.8 x 10V
2500 _ CSF
2000 _

Penta D
Penta E

AmpFISTR® Identifiler™ (Applied Biosystems)

100
L

125 150 175 200 225 250 275 300
L L L L L L

—= 1:2.1 x 1017

THO1 TPOX D7

Dr. Peter M. Vallone
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Capillary Electrophoresis Instrumentation
ABI 310 ABI 3100
single capillary 16-capillary array

Primer Extension Reaction Using the
ABI| PRISM® SNaPshot™ Multiplex System

Primer extension assay that utilizes 7 ~
fluorescently labeled ddNTPs L( \j
Analysis of fragment size and fluorescent ~

label identity by CE allows typing of multiple
SNPs

Multiplexed amplicons or pooled singleplex
PCR amplicons can be used as templates

Primer design must be done by user!

Dr. Peter M. Vallone
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Primer Extension with SNaPshot™
‘ SNP Primer is extended by one base unit ‘
tegmi 1 . - Fluorescently
N\ tail” used to vary electrophoretic mobility e (@ labeled ddNTPs  +
S \Oligonucleotide primer 18-28 bases o) polymerase
) »3 @
IsNF]
PCR Amplified DNA Template
ddNTP Dye label Color 25 Cycles
A dR6G Green 96°C 10s
C dTAMRA Black 50°C 5s
G dR110 Blue 60°C 30s
T dROX Red

- 11 L R1)
Protocol with SNaPshot™ “Kit
I Genomic (Multiplex) ExoSAP
Amplification DNA sample PCR Digestion
|
v
= Add SNP SNP Extension
E,::.':;f;n rimer(s) and (cycle sequencing) treif\rrf)ent
SNaPshot mix |
v
Analysis Sample prep for Run on ABI Data Analysis
310/3100 > 310/3100 (GeneScan)
Add GS120 LIZ Use E5 filter (5-dye) and l
size standard POP4 standard conditions
Type sample
(Genotyper 3.7)

Dr. Peter M. Vallone
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Detection of SNPs with ABI 310/3100

TRy aom P11 o s 300 3480 3500 o 3600

§28G i 3G i
) ) ot : 60C
i 5oc 52T

| >

SNaPshot™ CEPH Control Reaction

—20 nucleotides
2 nucl | ddA
36 Multiplexing possible by use I
nucleotides ddG of different length primers
44 nucleotides -
60 nuclectides ddc

Poly(T) tail or non-nucleotide linker
to aid separation

Primer Extension for
MALDI TOF MS Analysis

SNP Primer is extended by one base unit ‘ Natural non-labeled

1 ddNTPs +
polymerase

Oligonucleotide primer 18-28 bases e
51 )
» [

SNP|

PCR Amplified DNA Template

ddNTP Mass (Da) | |40 Cycles Mass difference
A 297 96°C 10s between SNP primer
C 273 50°C 20s and single base

extension product
G 313 72°C 30s provides genotype
T 288

Dr. Peter M. Vallone
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High-Density
Sample Array

X-Y sample control

Time-of-Flight Mass Spectrometry (TOF-MS)

<> Detector
A

A 4
e
DNA Reaction Products + . .
(Size separated and : Drift l.leglf)n
drifting to the detector) - Electric-Field Free
Pulsed Laser Beam f
+
: v

Ion Extractor

Acceleration Region
(20 kV)

.............
eI TI2222"

MWG Robotic Sample

Bruker BIFLEX Il MALDI-TOF MS

Preparation Workstation

;;;;

Instrumentation at

” -

NIST

*MWG Biotech RoboAmp 4200 (Ebersberg, Germany) capable of on-board
PCR thermal cycling with non-cross contamination 96-well plates

*Bruker BIFLEX Il MALDI-TOF mass spectrometer (Bremen, Germany)
capable of operation in both linear and reflectron mode

Dr. Peter M. Vallone
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600 um Anchor Chip Plate

Matrix and DNA
sample are spotted
onto the MALDI
plate and allowed
to air dry

Treated Surfaces Improve Sample Preparation

Hydrophobic

A//foaﬁng

A

/ Schuerenberg, M. et al. (2001) Anal. Chem. 72: 3436-3442

Hydrophilic
center Top View of Spot Drying

Dr. Peter M. Vallone 11
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Different Types of Matrix Spots on MALDI Targets

3 HPA Matrix Dried on 3 HPA Matrix Dried on
600 um Anchor Spot Stainless Steel Surface

Concentrated spot (greater sensitivity)

Uniform spot (impacts automation) Non-uniform crystallization
Specific Location produces “sweet spots”

Desalting Primer Extension Reactions

Genopure Beads (single stranded DNA)
8 strip or 96 well format

Single stranded DNA oligomers are
bound and washed free from salts,
enzyme, ddNTPs

Salt free sample is eluted from the bead,
spotted on the MALDI target

Dr. Peter M. Vallone 12
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MS Data from Y SNP Marker M96

1004 Sample = O MALDI-TOF MS data can be
80 | A collected in 5-10 seconds
60 1 Amass = 313 Da
> 40 < » 5467 Da
2 20- ddﬁ
£ uwlvwv\-’\ﬂw
= 0 -
0] 5154 Da
100 |
% Sample
T 80 B
o Amass = 273 Da
80 » >
5427 D
40 Depurination a
of primer ddc
i 7“%’“]\[\\“\/@ w
0 , , .
5000 5200 5400 5600

/ Vallone and Butler, Analysis of SNPs by MS,
m/z Encyclopedia of Mass Spectrometry, in press

Bruker SNP Manager Genotyping Software

SNP_aAnalysis_Tool

Multiplex Setup | PRE-MS DATA | Primer Extension | Parameter | Result [Ovewiew]

Reliability Overview Reliability Genotype
|| = High | (l AA T BID
. LC/C
» | sAutomated data collection (384) o
— /0
'S . Lncletermined
c/“1 «Automated data processing gty
"ol *Searches for the expected mass of |-
k|| primer and extension product(s) _
W 1
0 q . q e —
rl24 «Genotype determination w/ reliability
. - TIITPOTTST ‘
Plate #0
Messages:
Singleplex | Sing\ep\exAHl Multiplex | Mulliplexmll SN\IchV\ewl Load Data |
Save Methad | Clear Data | Clear Method | Calculate | Close | About |

Pusch et al. (2001) BioTechniques 30: 210-215

Dr. Peter M. Vallone
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Y Chromosome and Mitochondrial DNA

Markers of Interest

- Mitochondrial DNA (mtDNA) S 5\
— maternally inherited . : :
— polymorphic control region (D-loop) ‘\.‘_&‘
— ~1000’s of copies per cell

* Y chromosome —
— paternally inherited
— variety of Y STR and Y SNP markers a

— haplotype rather than genotype

Require large databases because recombination does not occur

Dr. Peter M. Vallone

July 10, 2002
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Mitochondrial
Genome

Control region (non-coding)
~1100 bp; closely spaced
polymorphisms

= ¥

DEAF “-ADPD LHON
(1555) (956-9650y15257)

LHON
Disease
diagnostic

\
| 40857
|, Minar detatic i

\

Y P 2
\, Major dalosen imit,
\ qF /
@
A

'L 55~ ~15,000 bp; widely

| |28 by
| b faentn

8 f
vwwsem 2~ Spaced polymorphisms
/

Levin et al (1999) Genomics 55:135-146 T

10.4-k gelaton

There is a growing interest in the Y-chromosome to
aid forensic, paternity, and missing persons testing...

New Y STRs from Mike Hammer’s group

DYS458 DYS450 DYS459a
DYS463 DYS449 DYS464b DYS464c
DYS455 DYS454 DYS464a DYS464d
DYS446 DYS448
DYS453|pys4s5 DYS447 DYS452 DYS459b

Mb 5 10 | 15 | 0 | 25 30

M09
DYS393 DYS19 pys3g1\ DYS390 DYS392

M96
DYS389 I/l M42

Minimal haplotype loci DYS385a DYS385b M45
M89
> X q D
Pseudoautosomal heterocmo;z:ggoautosomal
region >250 Y SNPs described region

Dr. Peter M. Vallone 15
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The Y Chromosome Consortium
(2002) Genome Res. 12: 339-348

245 Y SNPs typed
74 males (YCC cell lines)
153 haplogroups observed

This paper unifies previous
haplogroup nomenclatures

Primers and other
information for all 245
markers are included in
supplementary material

St | 1] | 5Y SNPs typed define
;1_—% gl G major haplogroups

F KPR

Primer design strategy

Dr. Peter M. Vallone 16
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Multiplex PCR Primer Selection

Identify markers of interest (collaborations, literature, research)

Obtain reference sequences containing the sites of interest
(Genbank) with approximately 500 bases of sequence
information upstream and downstream of the marker

Decide upon a desired PCR product size
Short amplicons for degraded samples, SNPs
Longer amplicons for STRs

Use software for selecting singleplex primer pairs

Primer3
www-genome.wi.mit.edu/genome_software/other/primer3.html

Multiplex PCR Design

Select singleplex PCR primers for each amplicon
using Primer 3 software

OLIGO start _len tm qci any 3' zeq
LEFT FRIMER 27 20 60.06 50.00 4.00 2.00 GGGATARCAGCGCAATCCTA
RIGHT PRIMER 174 22 60,31 50.00 8.00 3.00 CGGTCTGAACTCAGATCACGTA

SEQUENCE 3IZE: Z05
INCLUDED FEGION 3IZE: 205

PRODUCT $IZE: 148, PAIR ANY COMPL: 3.00, PAIR 3' COMPL: 2.00
EXCLUDED REGIONS (start, len)+*: 70,65

1 CTTGACCAACGGAACARGTTACCCTAGGGATAACAGCGCAATCCTATTCTAGAGTCCATA

6l TCAACAATAGGGTT IACGACCTCGATGTTGGATCAGGBCATCC@TGGTGCAGCCGCTA

121 TTAAAGGTTCGTTTGTTCAACGATTARAGTCCTACGTGATCTGAGTTCAGACCGLAGTAL
BOOTODOTOTTTTI

181 TCCAGGTCGGTITCTATCTACCTTC

Dr. Peter M. Vallone

July 10, 2002
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Stand Alone Primer3

Sending multiple sequences over the web for primer
selection can be tedious

The Primer3 web output is fine for the screen viewing or
printing but not for organizing in spreadsheets

Primer3 is publicly available and can be run (in batch!)
on a Unix, PC (Linux), or Mac (OSX) computer

Developed a program that formats files for Primer3 input

Reference sequences that are stored in Excel can be
quickly formatted for Primer3

Example input
format for
Primer3

- PRIMER_SEQUENCE_ID=M9
SEQUENCE=GCAGCATATAAAACTTTCAGGACCCTGAAATACAGAACTG
CAAAGAAACGGCCTAAGATGGTTGAATNCTCTTTATTTTTCTTTAATTTAG
ACATGTTCAAACGTTCAATGTCTTACATACTTAGTTATGTAAGTAAGGTAG
CGCTTACTTCATTATGCATTTCAATACTCAAAAAAAATTCCTTTGTGAAAT
GTTGAAATATTTTTCTAATCTGTTTCACGAGCTTCAAAAATGAGGAAAAAA
GATTCAGTTTACATTTCAGCAAAATGCCTCTTTTTAATCGGATTTATGTTT
ACTTAACATTTACAGTACATTTACGCTTGAGCAAAGTTAGGTTTT
PRIMER_COMMENT=(340 bp); G to C at position 68
PRIMER_MISPRIMING_LIBRARY=/Users/vallone/Desktop/primer3/misprM9
PRIMER_MAX_MISPRIMING=8
PRIMER_PAIR_MAX_MISPRIMING=20
EXCLUDED_REGION=38,60
PRIMER_PRODUCT_SIZE_RANGE=90-150
PRIMER_PRODUCT_OPT_SIZE=105
PRIMER_MIN_SIZE=18
PRIMER_MAX_SIZE=27
PRIMER_OPT_SIZE=20
PRIMER_OPT_TM=60
PRIMER_MIN_TM=57
PRIMER_MAX_TM=63
PRIMER_NUM_RETURN=1
PRIMER_EXPLAIN_FLAG=1
PRIMER_LIBERAL_BASE=1

PRIMER_SEQUENCE_ID=M42
SEQUENCE=AAAGCGAGAGATTCAATCCAGGATGACAGAATGCGTTCAC
CTTTAAAGGGATTAAAAGAAGTATAATACAGTCTGTATTATTAGATCACCC
AGAGACACACAAAACAAGAACCGTGAATTGAATTAGTGGTATACTAATAG

Dr. Peter M. Vallone

July 10, 2002
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&, Primer3_Parameters E

Minimum  Maximum  Optimum Max Tm Difference hax 3' Stability 9.0

57-] 63 607 [12.0

-Desired Tm Range for PCR Primers

Max 3' Mispriming 12.0

Pair Max Mispriming 12.0

-Desired Size Range for PCR Primers

Minimum Maximum Optimum Primer GO % | 200 | | 800

[18 27 20 |

Max Self Camp 80
-Primers to Return -

Iﬂ Max 3' Comp 3.0
Max#N'sl 0
Set Parameters Max Palyx | 5.0

Can help utilize all the tools that Primer3 provides cxom | 500
Salt Canc (mhd) - KCI | 500

Non-Specific Interactions

Primers that interact with non-specific (undesired)
regions of a genome OR with each other can degrade
PCR performance

Screening for alternate genomic binding regions can be
accomplished using BLAST http.//www.ncbi.nlm.nih.gov

Screening for potential primer-dimer interactions is
accomplished using in house software - AutoDimer

Dr. Peter M. Vallone 19



www.cstl.nist.gov/strbase/NISTpub.htm July 10, 2002

AutoDimer Check

I 2
i Auto Dimer Check M= & 2 n + n

File

Minimurn BLAS

Reguirement 30
465

Total Number of
Primer-Primer Comparisons

Hairpin Checker |

M45-R TGTTCCTGACACCTTCCACA versus M31-R TGTGTTTAGCGATGTTGAAGG =
Matches = 8

Number of Sequences Found in Fil
Elast = 7
3-GGLAGTTGTAGCGATTTGTGT-5

| 15plex I

M58-F TGCCLGCCTCTCCTGATACT wersus M130-F GATAAGAGGCTGGCCACCRR
Matches = 11
Blast = 7

S—GATAAGAGGCTGGCCACCAL—3

T
3-TCATAGTCCTCTCCGACCGT-5

Screening for potential intramolecular hairpin
and intermolecular primer-dimer formation
I

PCR Assay Design

If primer pairs meet criteria

Obtain primer pairs and test singleplex PCR
(QC all primers with MS/CE/HPLC)

Dr. Peter M. Vallone 20
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PCR Primer Quality Control

* UV Spec to determine

Dye labeled oligos -
concentration

+ HPLC to evaluate purity
* TOF-MS to confirm correct

sequence

6FAM (yellow), VIC (orange), NED (red)

Butler et al. (2001) Forensic Sci. Int. 119: 87-96

Varian Helix DHPLC System

Te—

Oligo QC
Oligo Purification

STR allele isolation for
sequencing purposes

Fluorescent dye studies
(excess dye removal)

z i
2 S
Same sequence
different dye label
iy 4

Dr. Peter M. Vallone
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MALDI QC of Commercial Oligos

Loss of Fluorescent dye
100
z 6768
S8
2 - HEX
.“OE") 80
2w it primer
©
&’ 20
Al
0
6000 6500 7000 7501 8000
miz
U
0 it x.‘L. Lkl nLIu, Lisahbiamsil Ll. .1[ R .ml._
1000 20‘00 30I00 4600 50I00 60‘00 7600

m/z

Vallone and Butler (Oct 2000) International Symposium on Human Identification (Biloxi, MS)

PCR Assay Design

If primer pairs meet criteria

Obtain primer pairs and test singleplex PCR
(QC all primers with MS/CE/HPLC)

Begin initial testing of multiplex PCR
Start with a PCR mix containing
1.0 uM of each primer pair
Evaluate amplicon yields, presence and balance

Vary primer pair concentrations, [polymerase], number of
cycles, [Mg**], [dNTPs], BSA

Redesign and retest failing loci

Dr. Peter M. Vallone

July 10, 2002
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Results
MtSNP 1

0 plex

Multiplex primer extension
with different length SNP - =
primers and fluorescent I

ddNTPs

3010
4580
4745
5004 | &
7028
7202
10211
12858
16472
16519 *
PCR product sizes kept under

150 bp to enable success with
degraded DNA samples

Coding Region mtSNP 10-plex Assay

mtDNA control region

Collaboration with
Tom Parsons

| (AFDIL) provided

sequence variation

sites located in the
coding region

mtDNA coding
region

Multiplex PCR used to co-amplify
all regions of interest at once

Dr. Peter M. Vallone
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Tailed SNP primers allows for
multiplexing in the SNaPshot assay

Sequences for 10 SNP primers

TCAGAAGTGAAAGGGGGC

TTTTTTTTGTTGGATCAGGACATCCC
TTTTTTTTTTACTAAGAAGAATTTTATGGA
TTTTTTTTTTTTTTAGACCCAGCTACGCAAAATC
TTTTTTTTTTTTTTTTTTGACACGTACTACGTTGTAGC
TTTTTTTTTTTTTTTTTTTTTTCCACAACACTTTCTCGGCCT
TTTTTTTTTTTTTTTITTITTTTTTTTGTGGGCTATTTAGGCTTTATG
TTTTTTTTTTTITTTTTTTTTTTTTTTTGCAGCCATTCAAGCAATCCTATA
TTTTTTTTTITTITTITTTTTTTTTTTTTTTTTGGTTAGAACTGGAATAAAAGCTAG
TTTTTTTTTTTTTTTTITTTTTITTTTTTTTTTTTGAACCATAACCAATACTACCAATCA

18/na
19/26
20/30
20/34
20/38
20/42
22/46
23/50
25/54
25/58

Template binding sequence — black
Tailed sequence for fragment separation - red

ﬁ User Interface of SNP Primer Design Program

File  Eun

. SNP_Parameters x|

—Desired Tm Range for SHP Frimers

kinirmurn kaxirurm

—Desired Size Range far SNP Frimers——

Minimurm raxirmum

Frimers to Return Ch [ukd] Salt Conc [M]

|SN ] [1o | Jooss

Dr. Peter M. Vallone

July 10, 2002
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Program Output

Label Length Sequence Position
Forward Primers Salt = 0.3Ct = 10
M42 340 bp (A/T 297 W) AC010889 18 ATTTAGGACACAAAAGCW 280
M42 340 bp (A/T 297 W) AC010889 19 GATTTAGGACACAAAAGCW 279

M42 340 bp (A/T 297 W) AC010889 20 AGATTTAGGACACAAAAGCW 278
Reverse Primers

M42 340 bp (A/T 297 W) AC010889 23 GCTCTC CATTATGTAGTW 319
M42 340 bp (A/T 297 W) AC010889 21 TCTC CATTATGTAGTW 317
M42 340 bp (A/T 297 W) AC010889 20 CTC CATTATGTAGTW 316

Hairpin Dimer Template Mass Rank Mutation +ddC +ddT +ddA

Tm

60.65398
61.96716
63.67808

63.5462
59.28964
57.50257

4 8 10 5273.48 2.133333 w N/A | 5561.67998 @ 5570.68998 N/A
5 10 10 5602.69 2 W N/A | 5890.889941 5899.899941  N/A
5 10 11 5915.9 2 W N/A | 6204.099902  6213.109902 | N/A
4 8 22 6734.42 2.133333 w N/A | 7022.619922  7031.629922 | N/A
4 8 20 6116.02 2.133333 w N/A | 6404.22002 @ 6413.23002 N/A
4 8 19 5811.82 2.133333 w N/A 1 6100.019824  6109.029824  N/A

+ddG

mtSNP 10-plex run on ABI 3100
(SNapShot™ assay)

Multiplex PCR and Multiplex SNP Detection

mtDNA coding region SNPs

I 0 * 0 o0
8000 G
G000 _ G T G
4000 T C c C
2000 T }‘L ﬂ }\ !\
) i 1 A
SNP types

Sizing performed by comparison to GS120 LIZ internal size standard (not shown)

Dr. Peter M. Vallone
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» % ) ] ] 5 ] ] =

] n an an

‘Data for 10 mt Samples iz ¢ &=

n o
|

) [

T T T T T r T T T T T T T T T
] ] ] L] ] “ L] o) ] o - Fy @ P m

LA L) R

mtSNP1 miSMP2 mtSMP3 mtSNP4 miSMPS mitSMPE mtSHPT miSHPE miSMPY mitsNP10) -

L1

A G G A A T c A T C c
B A G A A T = A c C [
C A G A A T c A c T c
o G G A A T = G c C [
| E G G A G T [ A c C c
F G A A A T T A c C [
G G A A A T T A c C T
H G G G A T = A c C T
| G G A A [ [ A c C T
J A G A A T T A c C T
Q5 R R R 1 lm_m*H ) iR e e LLPL/ ) i Lz

In this set of 10 samples each possible allele

is represented

Sizing of Fragments in mtSNP 10plex

Actual versus observed

Actual length (bases) alelle 1 | allele 2 A allele1 A allele 2

18 25.0 271
26 28.6 30.7
30 34.7 35.6
34 36.9 38.2
38 42.2 43.7
42 45.0 46.4
46 514 52.2
50 53.3 54.2

54 57.5 58.3
58 59.2 59.7

Sizing differences vary with sequence, length and
fluorescent dye attachment

Dr. Peter M. Vallone
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rmitSmP
ShlaPshot

. — T @mmB3domI=
RN RN SR RN IR R A CR

rtSMP T
MALDI

RN RN SR RN IR R A CR

Complete agreement in results

Comparison of Results between Techniques
MALDI-TOF MS
1.00 4 Primer
0.75 5803 Da Extension product
6116 Da
0501 Am =313 = ddG n
0.25 | - v
0.00 ety
5600 5800 6000 6200
o Mass difference between
0 25 primer and extension product
mt1.f=a
ddG
Fluorescent dye
color of peak
14.02
SNaPshot (ABI 310)
I

16 Test Samples with mtISNP 10-plex on ABI 3100

=-n: | ame | G .
=1 et § 1% C|BT + o1 M aC.0
- N e | " ¢y |I= -3 £
O L TS L {L_ o o\ Y VO VY & I O
a0 A ] b
ok S T TL ac ¢ ¢ (IS , A I
e T A C Cc |l=] "
BT ST ||| G ﬂ c = I /\
- . | O Y O Jl_ -~ A a |
| '| | s |'||
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o I : \ - R . T|I|| " aC ¢
- - e Tawl e L UL sl kb
o] | = |
o i | i | Ill (
o __'r.:'_-_ ll I _Ilill.. AL I:': LA o _1|.'._, | _’\L N .J"'.
=2 | E | "I "|
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- L] :
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Control Region mtSNPs

mt16051t SNP primer [ Mt16126t SNP primer

ACCGCTA?GT ATTTCGTACA TTACTGSCAG ACCATGAA TATTQH
TGGCGATACA TAAAGCATGT AATGACGGTC |GGTGGTACTT ATAACA
16090 16100 16110 16120

mt_A2 (L16159) PCR primerk

CTTGACCAC CTGTAGTACA TAAAAACCCA
TGAACTGGTG G TCATGT ATTTTTGGGT
16150 16160 16170

mt16223t SNP primer

- mt16261t SNP primer
CAASCAAGTA CAGCAATCMQ/‘ TA TCACACATCA ACTG! ARCTC CAAAGCCAE C
TT\ G

CCCATGCTTA
GGGTACGAAT

c
T

C
TICCACATCA ARACCCCO
TGTAGT TTTGGGGYH

16180 L1oW 16200
mt16172b SNP primer mt16183b SNP primer

AT AGTGTGTAGT TGAC TTGAG GTTTCGGTGG

GTTCGTTC%T GTCGTTAG
16z lazz20 6230 [k 1) ® 16260

mt16224b SNP prlmer mt B2 (H16236) PCR primer

T T
TICRCCCAC TAGGAT C A ACAAACCTAC CC CTTAA CA " CATAG T
G ‘ GGTG ATCCTAT T TGTTT%GATG GETEEGAATT GTJ GTATC

163DD
mt16264b SNP prlmer mt16278hb SNP prlmer mt162‘ 4k SNP prlmer mtl 63119 SNP primer
mt16360t SNP primer 7] [C] <@ HUT mt16304b SNP primer

CATTTACCGT ACATAGUACA TTACAGTCAA ATCCCTTCTLC| QTICCCLATGG ATGACCCCCC

GTARATGGECA TGETATZGTGT AATGTCAGTT TAGGGAAGHS GETACC TACTGGEGGG
a— @330 16340 16350 16360 16370 380
® mt18362b SNP primer

mt16320b SNP primer

Two Adjacent Mitochondrial SNPs
16223 (C/T) and 16224 (A/G)

1.0 4
>
=
(72}
c
2
£ 05 16223t 16224b
o 288 297
5 ddT ddA
QO
e
0.0 .M‘J‘- - Yoy bttt
5500 6000 6500 7000
m/z
mt18223t SNP primer
CAASCAAGTA CAGCAATCAR AMCTA TCACACATCH ACTG&
GTTCGTTCAT GTCGTTAGTT G TGAT AGTGTGTAGT TGACE
16220 16230
mt16224b SNF primer
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Results

Y SNP 5 plex

Multiplex PCR with
Y-Chromosome SNP Markers

— M96 e
Gic] | = M4s
—=<  [G/A]
151bp ——=
183 bp

Rapid CE Separation and
Quantitation of Multiplex
PCR Products

Intercalating dye used to
fluorescently label amplicons

— M9

[C/G]
— [T

196 bp

_, M83 —

228 bp

M42
[A/T]

253 bp

M45

M96 | M9 M42

M89

6.00 6.50 7.00 7.50 8.00 8.50 9.00

9.50

Butler et al. (2001) Fresenius J. Anal. Chem. 369: 200-205
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Y Chromosome SNP Results by Probing PCR Products
through Primer Extension and TOF-MS Detection

M9 |

Amass = 313 Da

mz

M42

Amass = 297 Da

extension product

! ddn
l Ay Mm

M45 M89 |
' Amass = 297 Da Primer almost Amass = 297 Da
— oo o

4V
5800

Multiplexed Y SNPs (5-plex) Analyzed by TOF-MS
M89
1.0 1 Multiplexing is possible by using
P primers with non-overlapping masses
> 0.8
2 M9
2 P
£ %89 ddA
M42

g 297 - M6
—
O 0.4 -
O]
o

0.2

o.o ' [ i [ P . . R i . . oyl

5000 5500 6000 6500 7000 7500
Vallone et al. Poster presented at ASMS June 2002 MaSS (Da)
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SRM 2395 Candidate Sample Testing

Y SNP Results with Primer Extension
and MALDI-TOF MS

M9(C/G) M42(AIT) M45(G/A) M89(C/T) M96(GI/C)

m m OO W >
OO0 00
e e e B
OO0 O >
— 0 - - -
OO0

Primer Extension Using a UV
Photocleavable Analyte

A standard primer extension assay (mini-sequencing) is
performed using an extension primer that contains a UV
photocleavable linker

After the extension reaction is completed, the linker is cleaved
(A =366 nm) resulting in a ~5 base oligonucleotide for MALDI
TOF MS analysis

An analyte of reduced mass results in higher sensitivity,
resolution, and more uniform ionization for multiplexing

Example M42
5 CCAGCTCTCTTTTTCATTATLTAGT 3 mass = 7492.9
5> TAGT 3’ mass = 1268.8
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Structure of Cleavable Moiety

OCH,CH,CN
DMTO WO-P
N(i-Pr),
NO,

Ordoukhanian, P. and Taylor, J.S., J. Am. Chem. Soc 1995 117:9570-9571

Collaboration with Jay Stoerker and Markus Kostrzewa at
Bruker Daltonics

UV Cleavable SNP Primers

Locus Extension Primer Mass
M9 ACATGTCTAAATTAAAGAAAAATAAAOMeGAOMeG 1362.9
M42 CCAGCTCTCTTTTTCATTATGTAGT 1268.8
M45  GCAGTGAAAAATTATAGOMeATA 1307.8
M89 CTCTTCCTAAGGTTATGTACAAAAATCT 1228.8
M96  AACTTGGAAAACAGGTCTCTCATAATA 1261.8

Underlined base = position of UV photocleavable moiety

ACMe gnd GOMe gre 2’-O-methyladenosine and 2’-O-
methylguanosine, respectively

Dr. Peter M. Vallone 32
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Desalting Primer Extension Reactions
Biotin-Strepavdin
96 or 384 well format
5’ Biotin labeled extension primers are required

Primers are bound to a 384 well plate with
strepavidin coated wells

Salt is washed off as DNA remains anchored to
plate surface

Salt free DNA is cleaved by UV light in solution on
the plate and the fragment is spotted onto the
MALDI target

Y SNP 5plex using UV Photocleavable Extension Primers

1.0 - Multiplexing is possible by using primers M45-A
' M96  with interleaving masses after cleavage
M42 M9

Z 48
2 M89 mo6-G
= M42-A Mo-Q
2 0.6
®©
o M45
x

0.4 - M89-T

» It
o+ W
1 1 1 )
1200 1300 1400 1500 1600

Mass (Da)

Vallone et al. Poster presented at ASMS June 2002
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Y SNP Results with SNaPshot Assay

ﬂﬂ 20 25 a0 8 40 45 A0 ]

il ] Poly(T) tails used to space Y SNP alleles

1000 _ M9 Room for additional Y SNP markers

i _ M42

600 _ M89 M45

400 _ M96

200 A
ol N

G C G C G Male 267

TTTTTTTTTCAGGCAAAGTGAGAGAT 17/26
TTTTTTTTTTTTTCGGCCTAAGATGGTTGAAT 19/32
TTTTTTTTTTTTTTTTTTTGCTCTCTTTTTCATTATGTAGT 22/38
TTTTTTTTTTTTTTTTTTTTTTTTTGGAAAACAGGTCTCTCATAATA 22/44
TTTTTTTTTTTTTITTTITTTITTITTTTTTTTTTTGGCAGTGAAAAATTATAGATA 22/50

Data obtained by Gordon Spangler (graduate student at American University)

Y SNP Haplotypes for 16 Test Samples
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Advantages/Disadvantages of the Basic
Primer Extension Assay (TOF MS)

*Uses readily available reagents
*Synthetic primers (no modifications)
*ddNTPs

«Automation of assay

Limited multiplexing capabilities
*As mass range increases, resolution decreases
*Heterozygous samples may be difficult to resolve
*Salt adducts may interfere with data interpretation
— products must be purified
*3HPA matrix
— non-homogeneous crystal formation

Results

Y STR multiplexes
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Chromosomal Positions of Y STRs
Long Arm (q) Y STR Marker Sequence Position
Short Arm (p)
DYS391 DYS393 3,038,729
DYS393 DYS437 DYS19 9,437,335
DYS19 DYS439 DYS391 13,413,353
ey | e
DY pEeh
S388 DYS389 I/ll 13,922,787
DYS438 DYS388 14,057,445
DYS447
Collaboration DYS438 14,247,805
with Michael DYS390 DYS447 14,588,695
Hammer H4 DYS390 16,521,407
(U of Arizona) DYS426 H4 17,990,102
DYS426 18,381,316
YCAlla YCAIIl a 18,868,535
YCAIlb YCAIl b 19,754,090
DYS385a DYS385 | 19,998,053
DYS385 b DYS385 Il 20,038,828
Based on BLAT search A7.1 A7.1 20,247,345
fi Aug 6, 2001
Iflzrrrr’zanugGenome DYS392 gz:j:: ;;‘ 2?3‘252
Working Draft y s
httizi/;ggno::e.ucsc.edu/ DYS448
Multiplex Design Schematic
[ | L | | | | L
75 bp 100 bp 200 bp 300 bp 400 bp
<> < .
(blue) A heeenes »
(green) allele
DYE 3 Locus E
(yellow)
DYE 4
(red) 1 1 [ [ [ [ [
Internal size standard
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Schematic of Loci in NIST Y STR 20-plex
Designed by Richard Schoske

447 448

Utilizes

5-dves'||l||lll||||
75bp 100 bp 200 bp 300 bp 400 bp

z

= GFAM @ European

= (blue) S 438 ‘extended

"g haplotype”

.

[11]

<

3

@ NED A74 H4 388 @@

« (yellow)

g

=)

(]

£

©

/2]

LIZ GS500-internal size standard
Collaboration with Mike Hammer and Alan Redd (U. Arizona)

Y STR 20-plex Assay

L UL UL A WL L L L WAL LA WL B S L

100 120 140 160 180 200 220 240 260 280 200 F20 240
—2000
6FAM 391 3891 437 439 3891l 438 [
(blue) Jll 1 Jl ] 500

o
—2000
1400
“ | 1 i

(1] (i8]
[14]
NED 2000
392
(Yellow) A7T1 H4 34 19 Chooo
- i
il (1]

PET 4 2000
(Red) 447 448 [
J\ _,fl 500
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|+ N

1

PCR Product Size (bp)
B0 1800 200 230 240 26D

80

Y STR 20-plex & Y STR 11-plex

0 340

5000
4000
soon | 391
000
1000 _

0] i

A7.1 H4

L

Full 20-plex

439

3891 447 49

=T 1

3891l 392 438

448
Loy

5000 _
4000 _
000 _
2000 _
1000 |

0 .

391

Relative Fluorescence Units

L

3891

11-plex subset

]

38911 392

A

Butler et al. (2002) Forensic Sci. Int., in press

3891

o] i A ia

A [N

ﬂmgﬂ 120 150 180 o 0 w 300
w1 |391 393 389 390 19 38l
4000 |
0] l sasn > 392
o] L AL | Lilk i i
1 391 390
::EE 393 389l 19 38911 392
g v
am] l J l } 3851/11 P> [
o] . A ol
G000
= 3851/ 302
- 393 389 200 19 1 389l
0] .l - i N l 1 1 l
G000
] 3851/
an| 391 393 389 390 19 3goll 392
o) | i i fu l i i
G000
o 3851/
m] 394 393 390 19 38al 392

Y STR 9PLEX — SENSITIVITY STUDY

DNA Amounts

6.7 ng

3.4 ng

1.3 ng

0.7 ng

330 pg
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- o 1 150 10 il

40
!

Y STR 9-plex — Sensitivity Study

mn 300
! L

DNA Amounts
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3000 |
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60 pg (32 cycles)

L |

TS N P R - N R . L .-

High-throughput Y STR Typing on the ABI 3100 (16-capillary array)
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Results

Other

Primers Used in Cat STR 12plex
(MeowPlex)
6FAM F53 co8 B04 G11
(blue)
vic
(green) SRY  FCA441 D09 F124 12 Final
primer mix
NED co9 F85 D06
(yellow)

Dr. Peter M. Vallone 40



www.cstl.nist.gov/strbase/NISTpub.htm

Cat STR Results (The “MeowPlex’—12plex)
11 STRs (tetras) and SRY (gender ID) |

2000

ﬂ| 100 125 150 175 200 325 250 375 300 3 W0 35
goon 2| SRY Male 215
] 4 7
£000 1 10
J 2 5
4000 s 6 |ls

11

Female 123

10

11
1|

Collaboration with M. Raymond and V. David (NCI-Frederick)

BEA| joo ;s om0 15 om0 ms w0

Degraded DNA Results

325

5000 D19

4000 b3

- THO1
2000 _ D8 VWA

D2

D21
1000 | | FGA D16
0 l I I} 1

15 years old (room temp storage)

“Decay curve” of
degraded DNA

G000 _| VWA D21

5000 _ THO1

4000 |

3000 _|

2000 _|

1000 | l
o

7000 _ AMEL 6 years old (-20 °C storage)

Results with SGM Plus STR kit (Applied Biosystems)
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STR Size Reduction

Through Moving Primer Positions Closer to Repeat

Forward flanking region Reverse flanking region

—_— —_ STR repeat
I D O

- o

Primer positions define PCR product size
Repeat information is independent of amplicon size

Advantages of Approach:

Size reduction enhances success rate with degraded DNA
Retains same marker information (database compatibility)
Uses highly polymorphic STR loci (high discriminatory power)

mMiniSTR Systems:

Size Reduction to Aid with Typing Degraded DNA Samples

PCR product size (bp)

I&O 80 _I (1] ]20 .140 _1 60 ]BD
4000 THO1
2000 | TPOX
i CSF1PO
2000 | FGA  D21S11
1000 D7S820
o D
-105 bp -191 bp -117bp | | .33 pp
-148 bp -71 bp
Size relative to ABI kits
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Future Directions

e ale.dr. ala.eh, chaab shangle, shnai, sheed

Collaborations

Continue comparisons with various SNP
chemistries and technologies on the same model Y
SNP and mtSNP markers

Optimize automation of assays/data analysis to
permit high throughput typing

Type population samples with forensic markers
Further understanding of multiplex assay design

Informatics

petev@nist.gov
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