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AB STRACT In a significant transformation of traditional PCR, real-time PCR reveals the amplicon through an accumulating fluorescent signal. Emerging from this evolution is a diverse assortment of
methods to probe DNA targets, all using fluorescent-labeled oligonucleotides. To assist with the technical task of selecting and crafting these primer and probe sequences, we present a software program titled
RealTimeDesign™ for use over the internet. This program applies newly-developed algorithms toward designing TagMan® and Amplifluore assays, including a partition function to gauge mis-alignments within
and between the primers. By submitting a panel of human genes to the software’s scrutiny, we demonstrate that RealTimeDesign proposes robust assays without additional user expertise, amplifying across
seven orders of magnitude of starting copy number. These results also provide an illuminating side-by-side comparison of the TagMan® and Amplifluore probing methodologies.

ALGORITHMS AT WORK
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sidered within the calculations, to improve the accuracy of prediction. come difficult targets. Parameters are tra- then accumulated from this ensemble, with each alignment
versed so that the most computationally- weighted by its probability of formation.

Santalucia J Jr. A unified view of polymer, dumbbell, and oligonucleotide DNA nearest-neighbor thermodynamics.

Proc Natl Acad Sci USA. 1998. Feb 17:95(4):1460-5 Intense are processed last. o - N _
Publications describing partition functions:
Results ~ Parameter Set _ . _ _
T RMO00740 5 7 User Settings Markham NR and Zucker M. DINAMelt web server for nucleic acid melting predic-
— U primerset tion. Nucleic Acids Res. 2005; 33: W577-81
Target Parameter Set Assays gAmplicon Length
—— GC Percent ) ) o )
& NM_000740 Less Restrictive 1 gDclta Tm Mathews DH. Revolutions in RNA Secondary Structure Prediction. J. Mol. Biol.
" ! Assay 0001 57.47 ACT Mono Run Length .
o &) G Mono Run Length 2006’ February 6
Ohao Rank m GC% Length 5" Pos 3'Pos S5'-Sequence-3' 2 Oligos Forward Primer Reverse Primer
: I & DesignStrand
Forward 46.02 8.1 53 19 310 328 RRALlLNRY CAGAGCCATCTACTCCATC S Length 5’ GCACCCAGAGTTTCTATC 3’
— ™ 111
| Reverse 53.92 57.7 50 18 387 370 TCCGATGAGGGTAACTTG @ DeltaG 3’ CAATCTCCAACAGTAGAACC 5’
O Internal Stability
Max Secondary Structure B Gc Percent
&
Self Align Dimer 3'Align Hairpin  Total AG® Pair Align Dimer 3' Align Bi-AG® gé EE:EEEE FCAGTAGAACC 5 5’ GCACCCAGAGTTTCTATC 3’
@ oo N , , TR )
Forward 3 2 -10.80 Forward/Reverse 3 2 .00 D?ﬁf{fccg:: L aaccTcTAAC 3 3" CAATCTCCAACAGTAGAACC 5
Reverse 2 = - -10.78 EJACT Mono Run Length \3 /
A = D . £ G Mono Run Length ,
mplicon Detail E Allowed Bases Forward Primer: 5+ 4 CAGAGTTTCTATC 3
= 4 ~ ) Unciatin & Gc count - 3 End CACC
Amplicon Rank AT Run GC Run GC% Length Variation B GC Clamp Length - 3 End oA
2ngth - R Primer: g5’ CCAAGAT i
A Mnde 4 A 1 - -0 O Buffer Length everas. Lrmer 5 GACAACCTCTAAC 3
Allele 1 90.32 3 3 55 78 0
~a AT Al B . A ~a A ~a ATCCO A Repeat Length
e - : : ; : ' B Ambiguous Base Count \3
B Bimolecular Delta G 57 GCACCCAGAGTTTCTATC 3’
5 Unimolecular Delta G 5’ GCACCCAGAGTTTCTATC 3’ ’ SRR F
ePCR Links DA T 111 111 3’ CAATCTCCAACAGTAGAACC 5
’ # Bases From F Primer 3! CTATCTTTGAGACCCACG 5:
Concentration (nM)
Forward -Reverse Alianment
57 CCA?IL(IQIIXTCI-'.ACAACIECTCIJTAAC 37
3’ CAATCTCCAACAGTAGAACC b5’
Figure 1: screenshot showing the sequences of an Amplifluor® assay proposed by RealTimeDesign Figure 2: screenshot showing various software parameters Figure 3: lllustration of several possible hairpins, homodimers, and heterodi-

that are accessible for adjustment mers, each in equilibrium with the unhybridized primers.

RESULTS Eight human gene sequences were randomly retrieved from NCBI’s databases and submitted to RealTimeDesign. The assay proposed for each target was inspected for specificity using
electronic PCR, but no further user insight went into design. All sequences were synthesized and tested for performance by amplifying from purified PCR product and synthetic template. For both the TagMan®
and Amplifluor® modules, the proposed designs demonstrate good performance characteristics, amplifying across seven orders of magnitude starting copy number. Two of the gene targets that typify the group
are shown below. A degree of template contamination is apparent in the Amplifluor® negative controls, obscuring the lower limit of detection, but this does not impact the efficiency calculations. For every target
tested, the TagMan® designs demonstrate a higher amplification efficiency than Amplifluore. However, the Amplifluore designs demonstrate higher signal/noise values, testifying to the efficient quenching pro-
vided by the hairpin sequence.
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Figure 4. Semi-log amplification plot and its associated standard curve, illustrating the performance of a TagqMane Figure 6: Semi-log amplification plot and its associated standard curve, illustrating the performance of an Amplifluore
assay targeting E74-like factor 5. No template controls are shown in red. _ _ assay targeting E74-like factor 5. No template controls are shown in red.
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Probe: [FAM]-CAAGTTTGACCAAGTCACAACGGC-[BHQ1]
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Figure 5: Semi-log amplification plot and its associated standard curve, illustrating the performance of a TagMane
assay targeting glycogen synthase 2. No template controls are shown in red.

Amplification Efficiency: 97.6% Correlation Coefficient: 0.999 Signal/Noise = 3.21

Forward Primer. GCACCCAGAGTTTCTATC

Reverse Primer: GACAACCTCTAACAAACTCT

Probe: [FAM]-TCCACCAGTCCCTTACTACCCATG-[BHQ1]

Figure 7: Semi-log amplification plot and its associated standard curve, illustrating the performance of an Amplifluore
assay targeting glycogen synthase 2. No template controls are shown in red.

Amplification Efficiency: 91.6% Correlation Coefficient: 0.999 Signal/Noise = 23.66

Forward Primer: [FAM]-AGCGATGCGTTCGAGCATCGC-[T-DABSYL]-CACCCAGAGTTTCTATCC

Reverse Primer: GACAACCTCTAACAAACTC
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RealTimeDesign should provide significant utility to quantitative PCR investigations. - Probe (10 M) 0.20 pL 100 NM N/A N/A
« Template DNA 5.00 pL varies 10.0 yL varies
RealTimeDesign is available for use free-of-charge after registration at: www.gpcrdesign.com s B L ———
| would like to acknowledge Raymond Peterson, Dean Fiala, and the rest of the team at Cela- "TagMan" is a registered trademark of Roche Molecular Systems, Inc., Alameda, CA. PCR is a proprietary technology covered by several US The use of "ePCR” and "BLAST” involves accessing algorithms hosted by the National Center for Biotech-
don Laboratories for their sophisticated expertise in developing this program. Critical insight patents owned by Roche Molecular Systems, Inc., which have been sub-licensed by PE Corporation in certain fields. Depending on your spe- nology Information (NCBI), and public domain information within the web pages of the National Library of
and suggestions toward the features of this program have been provided by Greg Shipley, cific application you may need a license from Roche or PE to practice PCR. Additional information on purchasing licenses to practice the PCR Medicine (NLM). More information regarding the use of this work can be obtained at:
Ph.D. and other members of the Nucleic Acids Research Group--Association of Biomolecular process may be obtained by contacting the Director of Licensing at Roche Molecular Systems, Inc. 1145 Atlantic Avenue, Alameda, CA 94501 http://www.ncbi.nlm.nih.gov/About/disclaimer.html
Resource Facilities. For this | am grateful. Finally, | would like to acknowledge A-Z of Quanti- or Applied Biosystems business group of the Applera Corporation, 850 Lincoln Centre Drive, Foster City, CA 94404. In addition, the 5' nuclease
tative PCR by Stephen Bustin, Ph.D. The information contained within was essential during assay and other homogeneous amplification methods used in connection with the PCR process may be covered by U.S. Patents 5,210,015 “Amplifluor” is a registered trademark of Chemicon® International, a Serologicals® Company.

the fine-tuning of parameter values. and 5,487,972, owned by Roche Molecular Systems, Inc., and by U.S. Patent 5,538,848, owned by The Perkin-Elmer Corporation. www.chemicon.com




