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Figure 3

3-step vs. 4-step
real-time qPCR
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Advantage of elevated real-time PCR fluorescence acquisition temperature.

Crossing Point Data Evaluation
The amount of amplified target is directly proportional to the 
input amount of target only during the exponential phase of PCR 
amplification. Hence the key factor in the quantitative ability of 
kinetic RT-PCR is that it measures the product of the target gene 
within that phase. The data evaluation, or crossing points (CP) or 
threshold cycle (Ct) determination is very critical to the users. For 
CP determination, various fluorescence acquisition methodologies 
are possible. The “fit point method” (e.g. in LightCycler software) 
and the “threshold cycle method” (used in most quantification 
software) measure the CP at a constant fluorescence level. These 
constant threshold methods assume that all samples have the 
identical synthesised DNA concentration at the point where the 
fluorescence signal significantly increases over the background 
fluorescence, 2nd to 3rd phase in Figure 1. Measuring the level  
of background fluorescence can be a challenge in real-time PCR 
reactions with significant background fluorescence variations, 
caused by drift-ups and drift-downs over the course of the 
reaction. Averaging over a drifting background will give an 
overestimation of variance and thus increase the threshold level. 
The threshold level can be calculated by fitting the intersecting 
line upon the ten-times value of ground fluorescence standard 
deviation, e.g., Applied Biosystems software. This acquisition 
mode can be easily automated and is very robust. In the “fit point 
method” the user has to discard the uninformative background 
points, exclude the plateau values by entering the number of  
log-linear points, and then fit a log-line to the linear portion of 
the amplification curves. These log lines are extrapolated back to 
a common threshold line and the intersection of the two lines 
provides the CP value. The strength of this method is that it is 
extremely robust. The weakness is that it is not easily automated 
and so requires a lot of user input. The problems of defining a 
constant background for all samples within one run, sample-to-
sample differences in variance, and absolute fluorescence values 
led to the development of new acquisition modus according  
to mathematical algorithms. In the LightCycler software the 
“second derivative maximum method” is performed in which  
CP is automatically identified and measured at the maximum 

acceleration of fluorescence. The amplification reaction and the 
kinetic fluorescence history over various cycles is obviously not a 
smooth and easy function. The mathematical algorithm on which 
the “second derivative maximum method” is unpublished, but it 
is possible to fit sigmoidal and polynomial curve models, with 
high significance, p<0.001, and coefficient of correlation, r>0.99.

This increase in the rate of fluorescence increase, or better called 
the acceleration of the fluorescence signal, slows down at the 
beginning of the 3rd linear phase. Therefore the cycle where the 
2nd derivative is at its maximum is always between 2nd exponential 
and 3rd linear phase. Here, above the background level within the 
real exponential phase and very close to the background line, the 
optimal CP should be placed.

 



R
ef

er
en

ce
s

References

38 ORDER: 800-325-3010	  TECHNICAL SERVICE: 800-325-5832sigma.com

  1. �Higuchi, R., et al., Kinetic PCR analysis: Real-time monitoring of DNA ampli-
fication reactions. Biotechnology, 11, 1026 (1993).

  2. �Pals, G., et al., A rapid and sensitive approach to mutation detection using 
real-time polymerase chain reaction and melting curve analyses, using 
BRCA1 as an example. Mol Diagn., 4, 241-246 (1999).

  3. �Selvin, P.R., Fluorescence resonance energy transfer. Meth. Enzymol., 246, 
300-334 (1995).

  4. �Pals, G., et al., Detection of a single base substitution in a single cell using 
the LightCycler. J. Biochem. Biophys. Methods, 47, 121-129 (2001).

  5. �Bonnet, G., et al., Thermodynamic basis of the enhanced specificity of 
structured DNA probes. Proc. Natl. Acad. Sci. USA, 96, 6171-6176 (1999).

  6. �Broude, N.E., Stem-loop oligonucleotides: A robust tool for molecular biol-
ogy and biotechnology. Trends Biotechnol., 20, 249-256 (2002).

  7. �Tyagi, S. and Kramer, F.R., Molecular Beacons: probes that fluoresce upon 
hybridization. Nat. Biotechnol., 14, 303-308 (1996).

  8. �Antony, T. and Subramaniam, V., Molecular Beacons: nucleic acid hybridiza-
tion and emerging applications. J. Biomol. Struct. Dyn., 19, 497-504 (2001).

  9. �Perlette, J. and Tan, W., Real-time monitoring of intracellular mRNA hybrid-
ization inside single living cells. Anal. Chem., 73, 5544-5550 (2001).

10. �Dirks, R.W., et al., Methods for visualizing RNA processing and transport 
pathways in living cells. Histochem. Cell Biol., 115, 3-11 (2001).

11. �Liu, J., et al., Real-time monitoring in vitro transcription using Molecular 
Beacons. Anal. Biochem., 300, 40-45 (2002).

12. �Mhlanga, M.M. and Malmberg, L., Using Molecular Beacons to detect single- 
nucleotide polymorphisms with real-time PCR. Methods, 25, 463-471 (2001).

13. �Giesendorf, B.A., et al., Molecular Beacons: a new approach for semi
automated mutation analysis. Clin. Chem., 44, 482-486 (1998).

14. �Marras, S.A., et al., Multiplex detection of single-nucleotide variations using 
Molecular Beacons. Genet. Anal., 14, 151-156 (1999). 

15. �Tapp, I., et al., Scoring of single-nucleotide polymorphisms: comparison of 
the 5’-nuclease TaqMan assay and Molecular Beacon probes. Biotechniques, 
28, 732-738 (2000).

16. �Steuerwald, N., et al., Analysis of gene expression in single oocytes and 
embryos by real-time rapid cycle fluorescence monitored RT-PCR. Mol. Hum. 
Reprod., 5, 1034-1039 (1999).

17. �Vet, J.A., et al., Multiplex detection of four pathogenic retroviruses using 
Molecular Beacons. Proc. Natl. Acad. Sci. USA, 96, 6394-6399 (1999).

18. �Solinas, A., et al., Duplex Scorpion primers in SNP analysis and FRET applica-
tions. Nucleic Acids Res., 29, E96 (2001).

19. �Whitcombe, D., et al., Detection of PCR products using self-probing ampli-
cons and fluorescence. Nat. Biotechnol., 17, 804-807 (1999).

20. �Thelwell, N., et al., Mode of action and application of Scorpion primers to 
mutation detection. Nucleic Acids Res., 28, 3752-3761 (2000).

21. �Hart, K.W., et al., Novel method for detection, typing, and quantification  
of human papillomaviruses in clinical samples. J. Clin. Microbiol., 39,  
3204-3212 (2001).

22. �Braasch, D., et al., RNA interference in mammalian cells by chemically- 
modified RNA. Biochem., 42, 7967-7975 (2003).

23. �Latorra, D., et al., Design considerations and effects of LNA in PCR primers. 
Molecular and Cellular Probes, 17, 253-259 (2003).

24. �Christensen, U., et al., Stopped-flow kinetics of Locked Nucleic Acid oligo-
nucleotide duplex formation: studies of LNA-DNA and DNA-DNA interac-
tions. Biochem. J., 354, 481-484, (2001).

25. �Latorra, D., et al., Multiplex allele-specific PCR with optimized locked 
nucleic acid primers. Biotechniques, 34, 150-152, 1154, 1158 ( 2003).

26. �Braasch, D. and Corey, D., Locked nucleic acid (LNA): fine-tuning the 
recognition of DNA and RNA. Chem. Biol., 8, 1-7 ( 2001).

27. �Bustin, S.A., Quantification of mRNA using real-time reverse transcription 
PCR (RT-PCR): trends and problems. J. Molecular Endocrinology, 29, 23-29 
(2002).



INNOVATION @ WORK

Trad
em

arks

39Our Innovation, Your Research   —   Shaping the Future of Life Science

Trademarks
JumpStart, ReadyMix, and GenElute are trademarks of 
Sigma-Aldrich Biotechnology, LP and Sigma-Aldrich Co. 

SYBR, YOYO, YO-PRO, BODIPY, Cascade Blue, Oregon Green, 
and Texas Red are registered trademarks of Molecular Probes, Inc. 

Rhodamine Green, Rhodamine Red, and Rhodol Green, are 
trademarks of Molecular Probes, Inc. 

Amplifluor is a trademark of Intergen Co. 

Scorpion is a trademark of DxS Limited. 

TaqMan and LightCycler are registered trademarks of  
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