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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
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Fluorophore Quencher
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How displacement hybridization happens
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Fluorescence

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

Probe-mismatched target
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\Probe self annealing

Displacement hybridization

| ——




Displacement hybridization in real-time PCR




Spectral genotyping with double-stranded Probes

Homozygous wildtype  Heterozygote Homozygous mutant
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Genotyping of hemochromatosis alleles with real time PCR

Primer
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Fluorescence

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

)

5’ UTR

IVS1

41-42 (-TTCT)

71/72+A

IVS2

IVS-II 654 (C-T)

3" UTR




Human [3-globin gene sequence and the mutations locations

HBB gene (GenBank version:

62041
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gagccacace
tgggcataAa
itCACTAGCA
ttactgececcet
tggtatcaag
gagaagactc
acccfitagge
cTGTCCACTC
ctcggtgeet
ctgagtgagce
tgggaccctt
gogagaagta
aagtctcagqg
ttaattcitg
aacattgtgt
tttacacagt
ataatcicce
alggglitaaa
gcatttgtaa
ctaatacttt
itGCACCATT
gcatataaat

ctagogiigG

agtcagggec
ACCTCAAACA

gtggggcAag
gitacaagac
ttggotitct
tgctggtgaot
CTGATGCTGT
ttAgtgatgg
tgcactgtga
gatgttitct
acaggotaca
atcgttttag
cttictttit
ataacaaaag
ctgcctagta
tactttattt
gigtaatgtt
ttttaaaaaa
ccclaatetce
CTAAAGAATA
altictgcat

U01317.1 GI:455025)

CCAATCTACT
agagccaltcTA
GACACcaigg
gtgaacgtgg
aggtitaagg
gataggcact
ctacccitgg
TATGggcaac
cciggetcac
caagctgcac
ttccecettet
gtittagaalyg
tttcttttat
ttttettelce
gaaatatlclc
cattactatt
tcttitattt
ttaatatgtlg
tgettictte
tttctttcag
ACAGTGATAA
atttcigcat

CCCAGGAGCa
TTGCTTACAT
tocacctgac
algaaGTTGG
agaccaatag
gactctcTCT
acccagaqgqgt
cclaagGTGA
ctgGACAACC
gtggatcctg
tttctatgaot
ggaaacagac
ttgctgttca
cgcaatittt
tgagatacat
tggaatatat
ttaattgata
tacacatatt
ttttaatata
ggcaataatg
Tttictggatt
ACTGATGTAA

gggagggcag
TTGCTTCTGA
icctgaggag
TGGTGAGGCC
aaactgggca
GCCTATTGGT
TCTTtgagtc
AGGCTCATGG
TCAAGGGCAC
agaacticag
taagticatyg
gaatgattge
laacaattogt
actafttatac
taagtaactt
gtgtgectitat
cataatcatt
gaccaaatca
cttttttgtt
atacaatgta
aaggCaatag
GAGGTTTCAT

gagctaggge
CAcaacigig
aagictgecceq
CTGGgcaggt
tgtggagaca
CTATTTTCCC
ctttggggat
CAAGAAAGTg
CTTigccaca
ggtgagicta
tcataggaag
atcagtgtag
tticttttagt
ttaatgcctt
aaaaaaaaac
ttgcatattc
atacatattt
gggtaatttt
tatcttattt
tcatgcctct
caatatttct
ATTgctaata



Table 1. Primer and probe sequences used in the HBB genotyping assay

Mutations

Primers

Probes*

TATA-28
(A—G)

CDsdl/42
{(-TCTT)

CDs71/72
(+3)

IVS-2-654
(C—=T)

-GCCAATCTACTCCCAGGAGC -3

-TGTCAGAAGCAARTGTARGCARTA -3

-CACTAGCARACCTCARACAGRCAN -3/

-CCAGGGCCTCACCACCARRC -3¢

-TCTGCCTATTGGTCTATTTTCCC -3¢

-CATARRCAGCATCAGGAGTGGACR-3'

-GTGAAGGCTCATGGCAAGARAGT -3

-ARGGTGCCCTTGAGGTTGTC -3 1

-GCACCATTCTARRGAATARCAGTGATA -3

-ARTATGARRCCTCTTACATCAGTTRACAR -3

5'-Fan-ACGGCTGGCCRTARRAGTCAGGGC -P04 -3
3'-Dabcyl -TCCOGACCCGTR AGTCOC -5
5'-Texas red -AGGGCTGGGCAT 'I'CAGGGC -Py4-3'

37 -Dabcyl -'I'CI:CGH.CCCGT.'H. AGTCCC -5

Er—Fam —ccmmsssj@ggmucslr -PO4-3

3'-Dabcyl -GG ACACCCCETICCACTTGE -5/

5'-Texas red- CC'I'GTGGGGC II?‘ZF'?FIL%L(IZ?T-PO.;-S'
37 -Dabeyl GGACH.CCCCG CACTTGC -5

S'-Fam -GACCC:H.GRGG TTCTT J.bH.GTCtI::'II'I'-EO4 =3

3'-Dabecyl- CTGGG'IC'ICCRH.GMAC'ICH.GGR—S’
5'-Texas red- GRCCCRGRGG'I‘I‘GRGTCCTI‘I‘GGG-ED.; =3

37 -Dabcyl -C'I'GGG'I'C'ICCMC‘ICAGGMACC -5

5'-Fam —CGGTGCC'I'I'I‘H.GTGATGGCC -FO4-3

3'-Dabeyl —GCCACGGAAA‘ICRCTACCG -5
5 -Texas red- CGG'I'GCC'I'I'I‘ 'I'GB'I'GGCCT PO, -3

37 -Dabcyl -GCCRCGGMR RCTACCGG =57

3'-Dabcyl -GACCCARTTCC

S5'-Texas red- C!'IGGG'I'I'ILAGG 'ZIII'?L(I;(IZE-I'LI:!'ZII??;T—PO‘; -3
37 -Dabcyl -GRCCCM'I‘I'CC ATCGTTAT-5¢

ATCGTTAT-5

5*—Fam—cmsswmcjﬁlrmcum'r -P0y4 -3

*Blocked bases denote mutation sites.




Thermal denaturation analysis of displacement probes

COAT CDsd41-42 Chs-T2 IWS-Z-6564
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Unequivical genotyping of the five mutations

TATA-28 CDs41-42 CDs71-71 [VS-2-654
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Real-Time Genotyping of confirmed samples

List of 62 DNA samples of known 3-globin genotype used in
a blinded validation analysis of the double-stranded probes

in the real-time genotyping assay

lL\ @ Samples Genotypes Number
40 - Homozygous mutants Heterozygous samples  TATA-28/N f
CD17 /N 7
§ B CDs4142 /N 7
O
> CDsT1-T2/N 4
2 B [\/S-2-854 /N 7
% Homozygous samples  CD17/CD1T 3
% B ;f‘\ CDsd142/CDsd1-42 5
w i } IVS-2-654 [IVS-2-654 3
nE Lt/
Heterozygotes HO!HOZ}'QOU%‘J Normal samples NN 20
wild-types Total 62
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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
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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
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