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The Invader® assay for SNP genotyping

Michael Olivier
Human and Molecular Genetics Center, Medical College of Wisconsin, 8701 Watertown Plank
Road, Milwaukee, WI 53226, USA

Abstract

The Invader® assay uses a structure-specific flap endonuclease (FEN) to cleave a three-dimensional
complex formed by hybnidization of allele-specific overlapping oligonucleotides to target DNA
containing a single nucleotide polymorphism (SNP) site. Annealing of the oligonucleotide
complementary to the SNP allele in the target molecule triggers the cleavage of the oligonucleotide
by cleavase, a thermostable FEN. Cleavage can be detected by several different approaches. Most
commonly, the cleavage product triggers a secondary cleavage reaction on a fluorescence resonance
energy transfer (FRET) cassette to release a fluorescent signal. Altematively, the cleavage can be
detected directly by use of fluorescence polarization (FP) probes, or by mass spectrometry. The
invasive cleavage reaction 1s highly specific, has a low failure rate, and can detect zeptomol quantities
of target DNA. While the assay traditionally has been used to interrogate one SNP in one sample per
reaction, novel chip- or bead-based approaches have been tested to make this efficient and accurate

assay adaptable to multiplexing and high-throughput SNP genotyping.

Keywords
Cleavase; Biplex invader; SISAR; FRET
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Heteroduplex analysis by capillary array
electrophoresis for rapid mutation detection in
large multiexon genes

Eladio Velasco*, Mar Infante!, Mercedes Duran?, Lucia Pérez-Cabornero®,
David ] Sanz*, Eva Esteban-Cardefiosa® & Cristina Miner®

Heteroduplex analysis (HA) has proven to be a robust tool for
mutation detection. HA by capillary array electrophoresis (HA-CAE)
was developed to increase throughput and allow the scanning of
large multiexon genes in multicapillary DNA sequencers. HA-CAE is
a straightforward and high-throughput technique to detect both
known and novel DNA variants with a high level of sensitivity and
specificity. It consists of only three steps: multiplex-PCR using
fluorescently labeled primers, heteroduplex formation and
electrophoresis in a multicapillary DNA sequencer. It allows, e.g.,
the complete coding and flanking intronic sequences of BRCA1 and
BRCAZ2 genes from two patients (approximately 25 kb each) to be
scanned in a single run of a 16-capillary sequencer, and has
enabled us to detect 150 different mutations to date (both single
nucleotide substitutions, or SNSs, and small insertions/deletions).
Here, we describe the protocol developed in our laboratory to scan
BRCA1, BRCA2, MLH1, MSH2 and MSH6 genes using an ABI3130XL
sequencer. This protocol could be adapted to other instruments or
to the study of other large multiexon genes and can be completed
in7-8 h.
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AGC CC AG TGGCCFfCCCICCCIIGCTGGGCCCGCAIGG AEC CA G T CCC. ' C

M, P L

Enomml 191Ab160S.q1¢ 300 310

3

AGCCCAGTGGC CTTCCC TCCCFTGTTGGGCCCGC‘\TGG ARCCAGT CCC C

I[eTeKIIHﬂ Irerepo3uror ¢ NOMOImbl CUKBCHHUPOBAHUA



MNOAXOAbI U METOJbI UIEHTU®PUKALIUU MYTALIMH B
IF'EHAX, OTBETCTBEHHBIX 3A 3ABOJIEBAHUSI UEJIOBEKA
ITEHETUYECKOMU NPUPO/IbI: OBILIIUN OB30P

[Tomumopdusm 11uH pectpuimpoBaHHbIX pparmMmeHToB (RFLP)
[Tomumopdusm niuH aruduiiupoBaHHbeiXx gparMeHToB (AFLP)
Jluraznas nennas peaxius (LCR)
NHBa3uBHOE paclienyieHne onuronykiaeotnnos (Invader® assay)
Cnyuaitnas ammudukanus nonumopduon JIHK (RAPD)
Annens-cnenupuueckas [P (AS-PCR)
XUMHUYECKOE PACIICTNICHHE TeTEPOTYIIIIEKCOB
XUMHUYECKOE JINTUPOBAHUE
Amnanu3 KoHpopmaIruu ogHorenodedHbix parmeHToB (SSCP)
OnexkTpodopeTudecKkre nmoaxoapl lerepomyieKCHbIN aHalInu3

CuxsenupoBanne JJTHK

depMeHTaTUBHBIC MOIXO/IbI

XHUMHAYECKUE MTOIXONEI

TBepaodazHbie MOIXObI ['uGpuan3anys Ha OJTUTOHYKICOTUAHBIX MaTPUIIAX

dusznueckue IIOAXObI M&CC-CHCKTpOMeTpI/IH

CpaBHeHHME HMeEROIUXCS B 0azax JaHHbIX TeHOMHBIX W EST

In silico moaxomel N
[IOCJIEOBATEIBHOCTEN
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Biotin-labeled
Total RNA cDNA cRNA

AAAA TRec \
NN Transcription \ Transcription
\

e~ AAAA » > = 2 /8
B

WAAAA

ba3oBasi cxemMa MUKpoO3ppesi NP aHAJIU3e IKCIPECCHU TeHOB
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AFFYMETRIX,
A '.o
AFFYMETRIX,

A N PR
WG| —
GeneChip* GeneChip

Chewrrre Ve Hmar

SAF Nray 60

\\\\\\

GeneChip® xomnanun Affymetrix
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<} Q9¢ 090¢
O @ o

1.28 cm

1.28cm

Actual size of
GeneChip® array

m-;u-

W

b

>3

Millions of DNA strands
built up in each location

- AT S 2
5

6.5 million locations on
each GeneChip® array Actual strand =
25 base pairs

GeneChip® xomnanuu Affymetrix
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mRNA
S’ 3'
e — |

prc;()es 25 mer
Wd
probeset

e a probe is a 25 mer oligonucleotide complementary to target
e a probeset consists of 11 probes

e a gene can have multiple probesets

e HGU133plus2.0 54,000 probesets (1.6 - 10° probes)
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Genome-Wide Human SNP Array 6.0 komnanuu Affymetrix



I'MBPUANUSALINA HA OJIMTTOHYRJVIIEOTUIHBIX MATPUILIAX

INlumina HumanHap300 317511 75
Affymetrix SNP Array 5.0 500568 65
Illumina HumanHap550 555352 87
Ilumina Human610 620901 89
INlumina HumanHap650Y 660917 87
Affymetrix SNP Array 6.0 6omnee 800000 83
Ilumina Human1M 1199187 93

Kommepueckn goctynHbie miarGopMbl TeHOTUITMPOBAHM S
HA MUKPOYHUIIAX BHICOKOM IUIOTHOCTH



