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Molecular beacon, invented by Snajay Tyagi and Fred Kramer, PHRI, USA

+

and its problems when detected at RT...



Moleclular beacons close at low temperature
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Stem-shared molecular beacons

---Li Q, et al, Anal Sci, 2000
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Displacement hybridization

A-B+C A-C+B

hybridization



+

Probe                 Target
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Fluorophore  Quencher
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How displacement hybridization happens 



The existence of the transient state
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Three states of double-stranded probes

Probe-mismatched target

E

Displacement hybridization

Probe self-Probe self annealing



Double-stranded probes in real time PCR
Displacement hybridization in real-time PCR



Spectral genotyping with double-stranded Probes



Genotyping of hemochromatosis alleles with real time PCR
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Genotyping of hemochromatosis alleles with synchronous fluorometry
---end-point analysis at room temperature 
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Five most common mutations in β-globin 
alleles of Chinese population

17 (17 (AA→→T) IVSIVS--II 654 (CII 654 (C→→T)T) 4141--42 (42 (--TTCT)TTCT)

1 2 3

IVS2IVS2 33’’ UTRUTRIVS1IVS155’’ UTRUTR

71/72+71/72+AA T)--28 (28 (AA→→G)G)



Human β-globin gene sequence and the mutations locations





Thermal denaturation analysis of displacement probes



Unequivical genotyping of the five mutations

Wide range of linear quantification of displacing probes



Real-Time Genotyping of confirmed samples
List of 62 DNA samples of known β-globin genotype used in
a blinded validation analysis of the double-stranded probes
in the real-time genotyping assay



Double-Stranded Design Guidelines Probes for SNP Genotyping

√Position the polymorphic site approximately in the middle third of the probe sequence

Keep G-C content in the 30–80% range

Avoid runs of an identical nucleotide

Do not put Gs on the 5´ end as a G residue adjacent to the reporter dye will quench
the reporter fluorescence somewhat

Select the strand as positive strand that gives the probe more Cs than Gs

√The Tm of the probe should be 55-70 °C

√ The length difference between positive strand and negative strand is in the range of 1-3bp
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Real-time PCR genotyping with dsPrimer



Conclusions:
Displacement hybridization is more specific than direct hybridization;

Novel dsProbe and dsPrimer could be developed based on  
displacement hybridization;

Both dsProbe and dsPrimer could be used for real-time PCR genotyping;

Also, dsProbe and dsPrimer could be used in an end-point detection 
format genotyping when combined with synchronous fluorometry.

Mutiplex genotyping could be accomplished in a single tube with multicolor 
dsProbe or dsPrimer.



Current probes for real time amplification assay
Probes Chemistry SNP 

Detection Multiplex Cost Design

Molecular 
beacons

Proximity 
quenching

High Yes Upper 
medium

Difficult

TaqMan Cleave 
FRET

Ordinary Minimal Upper 
medium

Less 
difficult

LightCycler Adjacent 
FRET

Ordinary Minimal Upper 
medium

Less 
difficult

Intercalating 
dyes

Dye binding None No Minimal Easy

Light up Dye binding Ordinary No High Difficult

Cyclons Proximity 
quenching

Unknown Yes High Difficult

Scorpions Proximity 
quenching

High Yes High Difficult

Amplifuor Proximity 
quenching

Ordinary Yes High Difficult

Eclipse 
Probes

MGB-FRET High Ordinary High Difficult

? ? High Yes Low Easy


