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4 Standards and Technalogy

National Institute of Standards and
Technology (NIST)

« Biotechnology Division: 5 groups
* DNA Technologies Group

— Standard Reference Materials for Forensic
DNA Labs

— Quality Control Testing/Interlaboratory Tests
— Multiplex PCR for Human Identity Testing
— Development/Evaluation of New Technologies
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Presentation Overview

» Methodologies for quality control testing DNA
oligomers
— Multiplex PCR primer mixtures
— Sequencing short oligonucleotides

+ Genotyping single nucleotide polymorphisms
(SNPs)
—Y chromosome SNPs
— mitochondrial SNPs

« Evaluating genotyping chemistries
— Primer extension
— GOOD assay
— Cleavable primer

Transgenomic SystemWAVE® DNA

e Avelets S Bruker BIFLEX Il MALDI-TOF MS

Instrumentation

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

*Reverse phase-ion pairing HPLC (Transgenomic, San Jose, CA) was
employed for the separation, concentration, and desalting of mixtures of
nucleic acid oligomers.
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PCR Product Size (bp)
100 128 150 175 200 225 250 275

Multiplex PCR (Parallel Sample Processing)

* Successful multiplexing
depends on high quality
oligonucleotides or
“primers”

+ Complex mixtures of
primers need to be quality
control tested
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Advantages of Multiplex PCR

—Reduces labor to obtain results

—Increases information obtained per unit time (increases power of discrimination)

—Reduces template required (smaller sample consumed)
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Primer Kits

Quality Control Testing of Multiplex PCR

*Reliable amplification of short tandem repeat (STR)
DNA markers with the polymerase chain reaction (PCR)
is dependent on high quality PCR primers

*Particular primer combinations and concentrations are
especially important with multiplex amplification reactions
where multiple STR loci are simultaneously copied

*Commercially available kits are now widely used for
STR amplification and subsequent DNA typing

*Use of HPLC and MALDI-TOF MS methods for
characterization of commercially available STR kits

Failure Sequences

100 4
>
5 80
S \
= 60
° Full length
5 “ oligomer
&’ 20 -| ]‘
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m/z
Fluorescent dye label
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3 “ 6768
-GE, - Hex 7513
.; 40
®
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m/z

Examples of
automated
synthesis failure
and/or failed
purification

*Mass Spectrometry
provides an
independent means to
probe oligonucleotide

purity

*Impure Hex labeled
primer provides the
mass of the Hex dye
7513 — 6768 = 745 Da
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Mass Spectrum of Multiplex
Set of PCR Primers
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sequence content
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Plot of Mass versus HPLC Retention Time

40 Plots of mass versus retention time
provide a quick and inexpensive
35 1 14F means of quality controlling mixtures
. of DNA oligomers
£ 30 1
£
o 25 - o 12¢C
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T 15 1 586 D/D’ .
Q
] 1A 3C .
¢ 10 s § § 4E It is valuable to be able to perform
2B quality assurance/quality control
5 testing on DNA primers after
Applications such as mixtures have been prepared
multiplex PCR relyon ————— using only a small fraction of a
high quality DNA primers 7000 ueeliareeibatel)
Mass (Da)

General Strategy for Sequencing
Short DNA Oligonucleotide Mixtures

*Oligonucleotides are isolated and collected by HPLC
*The mass of each fraction is measured by MALDI-TOF MS

*Each fraction is subjected to exonuclease degradation and the
products are analyzed by MALDI-TOF MS

*Resulting sequence information is tabulated and compared to
a reference sequence

*The confirmation of sequence content/context is valuable for
quality controlling large oligonucleotide mixtures
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Exonuclease Digestions and Mass Analysis

*HPLC isolated DNA ; :
oligomers are subject to &’ 5'-G-G-T-A-T-C-A-...-3

and 3’ acting exonucleases G-T-A-T-C-A-.. -3’ CSP
*Digestion reactions are ‘ T-A-T-C-A-...-3’
analyzed by MALDI-TOF 5’-exonuclease (calf spleen phosphodiesterase)

and the oligomer sequence
is determined

*The use of denaturing 5'-...-A-C-T-A-T-G-G-3’

HPLC allows the sequencing | _,

of a relatively complex (up to 5-...-A-C-T-A-T-G SVP
~32 components) mixture of | _, ’

DNA oligonucleotides 5-...-A-C-T-A-T

3’-exonuclease (snake venom phosphodiesterase)

Results of Sequencing PowerPlex™ 16 kit

Solving Strategy HPLC Fraction #11
(undigested)

o o | Wha 3

7500 7700 7900 8100 8300 8500
Mass (Da)

20 bases measured | SVP (3’>5’) digest

8282 Da

GGACACAAGi

2000 2000 4000 5000 6000 7000 8000

Mass (Da) 8282 Da

Sequence received from Promega: ATTAGAATTCTTTAATCTGGACACAAG
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Simultaneous Digest of 2 Oligonucleotides
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«In this case primers (with identical

sequences) have different fluorescent dyes

attached NED-Iabeled

Primers for the same locus but from different

6804 Da

AAAAGICKTCCCGATT AT

6794 Da

AT

1750 2750 3750 4750 5750
Mass (Da)

*MS of the parent peak alone is not enough GATT
information to ensure that the primer YR ]
sequence has not been changed

JOE-labeled
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* A MS profile of a multiplex PCR kit allows the
unique mass of each primer to be measured

* This is a rapid and inexpensive method of
quality controlling the kit by confirming that
primers for a specific loci are present

» Sequencing of short DNA oligomers allows the
user/community to confirm that primers remain
consistent over time
—Incorporation of a different fluorescent dye
—Addition of mobility modifying linkers
—Altering primer binding site

SNP Research Focus

*Evaluate SNP detection assays that can be
analyzed by MALDI-TOF MS methods

*Genotype known SNP sites (we are not scanning
or validating SNPs)

«Improve multiplex capabilities for MS based SNP
detection

*Develop tools/protocols for high throughput
genotyping

Dr. Peter M. Vallone 10
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What is a Single Nucleotide Polymorphism?

*A single nucleotide polymorphism (SNP) is a single base variation
in an otherwise conserved region of DNA

*SNPs are the most common type of DNA sequence variation

and occurs in ~ 1 of every 1000 bases in the human genome

*An SNP can be an insertion, deletion, or sequence variation

—-TCTCATAATAGGATAAAACAC-
—AGAGTATTATCCTATTTTGTG-

-TCTCATAATACGATAAAACAC-
-AGAGTATTATGCTATTTTGTG-

A G/C transversion highlighted in red for the M96
marker located on the Y-chromosome

The Significance of SNPs

*A key aspect of research in genetics is associating
sequence variations with heritable phenotypes

*Because SNPs are expected to facilitate large-scale
association genetics studies, there has recently been great
interest in SNP discovery and detection

*Disease association
*Genetic mapping
*Pharmacogenetics

*Evolutionary studies
*Human identification
—Paternity testing
—Forensic testing

Dr. Peter M. Vallone 11
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3 Steps to Characterizing
SNPs

 Discovery
 Validation
| Genotyping (scoring) samples

Technologies Used
*Discovery — sequence alignments or DHPLC
*Validation — resequencing or database searches

*Genotyping (scoring) samples — variety of technologies
(single base extension or hybridization); MALDI-TOF mass
spectrometry; capillary electrophoresis

Advantages of Mass Spectrometry
for Genotyping SNPs

« Accuracy

— internal standards are not required to
correct mobility differences between runs
as in electrophoretic systems

» Speed
— separations may be performed hundreds of

times faster than with electrophoretic
systems because ions are in the gas phase

Dr. Peter M. Vallone 12
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Mitochondrial SNPs

Y Chromosome SNPs

*Human identification

*Control Region/D-loop highly
polymorphic

*10plex already demonstrated

*Collaboration with the FBI to
find candidate mtSNP
markers

*Assay design challenges:
high GC content,
insertions/deletions, closely
spaced SNP sites

Human identification

*Defines genetic affinities
between contemporary
global populations

*Over 200 SNPs have been
discovered

«Initial research already
performed for multiplexing 5
Y SNP markers M9, M42,
M45, M89, M96

mt18051t SNP primer

m

Mitochondrial SNPs

ACCGCTA?GT ATTTCGTACA TTACTGTCAG
TGGCGATACA TAARGCATGT AATGACGGTC
16090 16100 16110

mt_AZ (L16169) PCR primer
1.

CTTGACCAC CTGTAGTACA TARAAACCCA
TGAACTGGETG G TCATGT ATTTTTGGGT
16150 16160 16170

mt16223t SNP primer

mt16126t SNP primer C i
3

EEACCATGAA TATTET TACCATAAAT
GFTGGTACTT ATAA s ATGGTATTTA
16120
mmgk SNP primer
C c
ATICCACATCA AAACCCCOT|C CCCATGCTTA
TGTAGT TTTGGGGEAG, GGGTACGAAT

16180

198 Tez00
mt16172b SNP primer mt16189b SNP primer

T |T T
CCTICRCCCAC TAGGATACCA ACAAMACCTAC
GIEAG GGTG ATCCTATIGET TGTTT%GATG

- mt16261t SNP primer
CM&CAAGTA CRAGCARTC o TA TCACACATCA ACTG!!AACTC CAAAGCCAE!C
GTTCGTTC%T GTCGTTAGTT\ & AT AGTGTGTAGT TGACiTTGAG GTTTCGETGGE
162 16220 15230

TEZET ® 15260
H1t15224b SNP prlmer mt_B2 (H16236) PCR primer

CTTAA CAGTRCATAG
T GAATT GTOA GTATC

mt16264b SNP primer mt16278b SNP prlmer

mt16360t SNP primer IT]

16300
mt162¢ 4b SNP prlmer mt163119 SNP primer

[ HY1 mt18304b SNF primer

a— 8330
mt16320b SNP primer

16340 16350

CATTTACCGT ACATAGSACA TTACAGTCAA ATCCCTTCTLC
GTARATGGCA TGTATZGTGT AATGTCAGTT TAGGGAAGAS

TICCCCATGG ATGACCCCCC

GETACC TACTGGEGGG
380

16360

mt16362kb SNP primer
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Y Chromosome SNPs
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Underhill et al. (2000) Nature Genetics 26: 358-361

Primer Extension Assay

*PinPoint Assay
Haff and Smirnov (1997) Genome Res 7:378-388

*A single primer 16-30 (bases) is designed to
bind upstream/downstream from a known SNP
site

*Mixture of ddNTPs and polymerase extend the
primer by a single base

*The sequence identity of the extended base is
the complement of the base at the SNP site

Dr. Peter M. Vallone
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Steps in Primer Extension Assay

Select SNP site of interest and obtain DNA sequence I

Design PCR primers and SNP extension primerI

Perform PCR |

Purification of PCR Template |

Add SNP reagents and perform single base extension I

Spot sample and perform mass spec analysis I

Genotype based on mass difference
measurement

Assay

Primer Extension Assay

+ ddNTPs
g &

SNP primer e + polymerase

[elelelelele)elele)ele]

SNP] |

DNA Template

Measurement

. extension
rimer
P (/a\ product(s)
4—»

Amass = base present
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Relative Intensity

MS Data from Y SNP Marker M96

5154 Da
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80 | A
60 1 Amass = 313 Da
40 4 < > 5467 Da
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0 , \ .
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/ 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
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M9 (G/C) Y Chromosome Marker
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Relative Intensity

M45 (G/A) Y Chromosome Marker

o
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M89 (C/T) Y Chromosome Marker
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Markers Multiplexed

M9, M45, M89, and M96 Y Chromosome

Relative Intensity

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

mt16223t SNP primer
.
CAASCAAGTA CAGCRATCAA {j’IE

GTTCGTTCAT GTCGTTAGTT G
16220

m/z

1.0 |
P
‘n
[
2
£ 05 . 16223t 16224b
Q- 288 297
5 ddT ddA
)
x
0.0 M‘Jﬁ - oy o S SRS DAL TRNY RS
5500 6000 6500 7000

AACTA TCACACATCA ACTGCI
TGAT AGTGTGTAGT TGACH]

16230

mi16224kh SMNP primer

May 27, 2001
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Challenges for Analysis of DNA by
MALDI-TOF MS

* Non-uniform matrix crystallization leads to non-
homogeneous sample spots; MS signal can thus vary
across the sample (“sweet spots” exist). This can make
automated data collection difficult.

« Sample salts affect resolution and sensitivity; a “clean up’
step is required prior to MALDI analysis.

» Limited mass range with high accuracy and resolution
(best below 10 kDa but works up to ~35 kDa). The limited
mass range restricts multiplex designs.

« Salt adducts Na*(+22) can interfere with accurate
genotyping of heterozygous samples.

Advantages/Disadvantages of the Basic
Primer Extension Assay

*Uses readily available reagents

—Synthetic primers (no modifications)

— ddNTPs
*Automation of liquid handling can be performed
with robotics

Limited multiplexing capabilities (~ 5plex)

*As mass range increases, resolution decreases
— heterozygous samples difficult to resolve

*Salt adducts may interfere with data interpretation
— products must be purified

*3HPA matrix
— non-homogeneous crystal formation

Dr. Peter M. Vallone 20
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“‘GOOD” Assay
« Sauer et al., (2000) Nucleic Acids Res 28:E13
» Variation on Primer Extension Assay
* Uses a chemically modified primer
— “Charge tag”

— Phosphorothioate linkage

» Chromatography is not required for
purification

» Alkylated/Charged tagged primer increases
sensitivity in MALDI TOF MS by 100 fold

SNP Detection by “Good” Assay

Mixed-backbone primer w/ Charge Tag
o-S-ddNTPs

@ [
[ @1+ polymerase
l [OIOIOIOTIOIOIG e l

Phosphodiester [(©)] Phosphorothioate =X

Primer extended w/ o-S-ddNTP @

[OTOTOTOTOTOTOT-MC-MC-N

SNP |

l
@ @
Primer digested w/ PDE [T Primer alkylated [fI]D]

Shorter primer = better resolution Charged primer = increased sensitivity

Dr. Peter M. Vallone
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Phosphodiester

«CHARGE TAG «CHARGE TAG
BASE

BASE

(6] (0]

Methylphosphorothioate

May 27, 2001

0.5 -

0.0

Y SNP Marker M96 Probed
by GOOD Assay
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M42 (A/T) Y Chromosome Marker
GOOD Assay
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Advantages/Disadvantages of the
“GOOD” Assay

*5plex has been shown

*Higher sensitivity facilitates data collection in
automated mode

*Control of fragment mass with “Mass Tags”
sLower mass primers fragment easier to ionize
*No salt adducts

*No chromatography required

*Requires specially modified synthetic primers
*Requires modified a-S-ddNTPs

*Performing assay requires some skill/steps
*Automated in development lab

Dr. Peter M. Vallone
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Primer Extension with Cleavable Primer

*GeneTrace Systems Inc.; US Patent 5,700,642
*Variation on the Primer Extension Assay

*A 5’ biotin labeled primer containing a cleavable
base is used

«Streptavidin coated magnetic beads are
employed for purification

Use of Cleavable Primer

Primer w/ Cleavable Base & @+ p%?an;Zse

[OIOTOIOTOIOXAOIONO

[ SNP] |

B = Biotin Phosphodiester[(3)] Cleavable base [-X

%\IE Primer extended w/ ddNTP
DOTOIOIOTOKACOTIOIONO
l SNP
Bead capture
: Fragment for
Cleavage Reaction . MS Analysis
)]ZJQ _ @lO)[e)le] & [OIIOIO)®) [OIOTOIO)]
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mtSNP H16189 Probed Using a Cleavable Primer
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Relative Intensity
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2800 3000 3200 3400 3600 3800 4000
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DNA oligomer used in primer extension assay
Biotin — 5 GGTTGATTGCTGTACTTGCTTGTAAGCATGGGG 3

May 27, 2001
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Seven SNP sites located in the control region of mtDNA were
probed by the extension assay and analyzed by MALDI-TOF MS

Dr. Peter M. Vallone
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Advantages/Disadvantages of Using a
Cleavable Primer

*Multiplexing (10plex has been shown)

*Control of fragment mass with cleavable base
*Reduced mass primer fragments are easier to ionize
-Better resolution (due to lower mass range)

*Only bead chromatography required

*Uses a modified primer
*Time required for bead washing steps
*Multiple steps for automation

Future Directions

» Optimize automation of assays/data analysis for
high throughput genotyping

« Perform comparisons with other technologies for
SNP detection

* Increase multiplexing capabilities of SNP detection
by MALDI-TOF MS

Dr. Peter M. Vallone
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