LATE-PCR and Allied Technologies:
Amplification and Utilization of Single-Stranded DNA

Co-Investigators
Cristina Hartsnhorn, Ph.D.
Kenneth Pierce, Ph.D.
Arthur Reis, Ph.D.
John Rice, M.S.
Jesse Salk, B.A.

J. Aquiles Sanchez, Ph.D.

Lawrence J. Wangh, Ph.D.

L aboratory of Human Genetics and Reproductive Biology
Brandeis University, Waltham, M assachusetts

ABRF 2005 Biomolecular Technologies, February 6, 2005, Savannah, GA




Our New Paradigm
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Symmetric PCR uses Equi-Molar Primerswith
Similar Tm’s: Yields DS-DNA Exponentially

%
N
peend QS

il n cycles

Probe Tm -+ Rm/ E)I?rime_:r
Primer Tm’s — JEEE

Temperature

Primer
Annealing

Probe
Detection
2" molecules




Asymmetric PCR uses Non-Equi-Molar Primers:
phasel - Yields DS-DNA Exponentially
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Asymmetric PCR uses Non-Equi-Molar Primers:
phasell -Yields Single-Stranded DNA Linearly
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The Problem With Conventional Asymmetric PCR

* Although attractive in theory, asymmetric PCR is quite
difficult to perform since the technigque requires much
optimization for each specific template-primer
combination....”

http: //autodna.apbi otech.convhandbook/seg/segb-18.htm

The Switch from Double Strand to Single
Strand DNA Synthesisis Not Controlled

Under Conventional Asymmetric Conditions




LATE-PCR
Linear-After-The-Exponential

An Advanced Form of Asymmetric PCR




Conventional asymmetric PCR is often inefficient
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Sanchez et al. (2004) PNAS 101:1933-1938




FFluorescence Units
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LATE-PCR: Axiom1 (Tm--Tmx)3 0

Denat.

o
Q
LATE-PCR 5
@
e . ., . Q-
Modifies Limiting Primer GE)
So That Limiting Primer T, =

|s Above Excess Primer T,
L_ X) 3
(T Ti)* O Primer
Tm
Anned

Efficient! v

Ext.




LATE-PCR Makesit Easier to Avoid Mispriming
without Reducing Amplification Efficiency

l
[

Pierceet al. (2004), In preparation .
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LATE-PCR Axiom 2: (TmA — Tmx) £ 18°C (optimal)
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All Reactions Progresstoward the

Same Final Concentration of sssDNA
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Conclusions||

LATE-PCR Provides a Rational Framework for Primer
Design that Resultsin Efficient and Reliable Amplification
of Single-Stranded DNA

Replicate Linear Reactions Do Not Plateau, but they
Progress Toward the Same Final Concentration of SS-DNA




Elixirs



SYBR Green Fluorescence Units
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There arefivetypes of mis-priming:

e Errorsduring Sample Preparation

e Primer Dimers

e Errorsduring Exponential Amplification
e Errorsduring Linear Amplification

e Errorsduring Multiplexing






LATE-PCR plusELIXIRs

Eliminates All Forms of Mis-Priming

Yields Samplesof Very High Purity



ELIXIRsPrevent Mis-Priming Dueto L ow Stringency

amplification with 4 different commercial Taq polymerases used under relaxed conditions
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LATE-PCR
Creates an Expanded “ Temperatur e Space”



Symmetric PCR: Annealing and Detection In One Step

Strand
Denaturation

e—

Primer
;t / Extension

D —————

(b
=
©
o)
Q.
5
—

Annealing
And

Detection




LATE-PCR Uncouples Annealing and Detection
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Advantages of Low-T , Probes:

Increased Temperature Space In Which To Use Probes
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Fluor escence Units
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Conclusions- |11

« Separation of Annealing and Detection

o Larger Detection “ Temperature Space”

e Eagsier to Design Low-Tm Probes

e Substantial Increasein Allele Discrimination

« Substantial Decrease in Background Fluorescence

e Target Saturation, No Inhibition of Amplification




LATE-PCR APPLICATIONS 1



Homozygotes
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Fluorescence | ntensity
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LATE-PCR APPLICATIONS 2



LATE-PCR: “ Sample-to-Sequence’ in a Single Tube

Sampleln Ready for Dideoxysequencing
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Seguencing of the p53 Gene Amplified with
LATE-PCR From Single-Célls

After LATE-PCR and Direct Dilution into Cycle-sequencing Mix
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LATE-PCR: *“ Sample-through-Sequence’ in a Single Tube

Sampleln Sequence Out
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Pyrosequencing



Direct Dilution Pyroseguencing

(1) Dilute LATE-PCR Product, Add Enzyme and Substrate Reagents
(2) Pre-incubate Until Excess Pyrophosphate and dNT Ps Are Consumed

(3) Add Sequencing Primer and Pyroseguence

I C T A T C T

5 -ATCCTATGGCCC-3




Automated Product Recovery and
Parallel Sequencing in a Closed System
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Conclusions |V

e Linear Kineticswith Little Scatter Among
Replicates Quantitative Analysisfor Allele
Discrimination

« Single-Stranded DNA of Very High Purity
“Dilute-’N’-Go” Dideoxy Sequencing
“Dilute-’N’-Go” Sequencing by Synthesis



LATE-PCR APPLICATIONS3



Many Bugs:
One Amplicon plus Many Sequence Specific Probes

Species-specific DNA sequences within the hyperviable
region A of selected mycobacterial 16srRNA genes
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Three colors
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1 species can be identified
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Color Red Used 20 Times

~s=gss

< Probe Primer N
A
Range of Signals
L arge Rangefor Signals
Above Total Background
v
< Background




Many Bugs:
Only One Amplicon plusOnly A Few Mis-Match Tolerant Probes
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Conclusions -V
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