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Real-Time PCR Is based on Fluorescence
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Real-Time-PCR Instruments
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As a producer of fluorescent probes we are
nterested in new PCR detection technologies




Molecular Concepts: Hybridization Probes
Principle: adjacent hybridisation and FRET
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How quantification works

The probes monitor the actual amount of PCR-product
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Real-Time gPCR itself Is not very exciting
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How genotyping works

-dF/dT

50 6070 80 90
A

-dF/dT
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» Single Nucleotide Polymorphism (SNP)

e each mismatch destabilizes hybridisation strenght

e the melting temperature is lowered for mismatched probes
* Use a pair of long (high Tm) anchor and short sensor probe

I B %
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Example : Identification of bacteria
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g(Geno-)Typing

Detection of
sequence variations (mutations)
and how to find minimal amounts
of variants, e.g. contaminations,

minimal residual diseases, or
growing resistant populations,
varying in just one base.
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Example | ;. k-ras Codon Gly12

k-ra= F

ATG 12
lepmisly B T E Y F LYY Y0 AR G & i TS oy e
> K-paa Exon 1 Ly

ATRAGECCTG TR T CAATATRARC TTCTCETACTTEEAGE RGGLAR GAGTGCCTT AL GATACAGC TARTTCAGARTCATTTTGTE 100
. TATTCCGEAC BAC T A TEAC TTATATT T GhAC AL CATC AR CTC AL CACC O ATC CETTC TCAL GEAAC TECTATET GATTAGTC TTAGTARKACAL
Several mutatlons 13Cy= Sen=sor (LETOL) k-ra=s hnchor
R e e e |

Ratio: 1:10,000

K-pas Intzom 1
BRI ART AT GAT LR A TA G ST AR TCTT T T T TARTAT G A TAT TAC TR F T o AGGAC CATTC TTTGATACAGATARAGETTTCTC TGACCATTTTCA 204
C LT TA T A T GG T T TAT T AT T T A GA A T TAT A T AT A T LA LT LT e e TAL AR AT AT T TAT TTC CAAL G AL TG L TAMRAGT
k-raz exl R k-cas R

Asp~ (= Gly (wt)
\ - Cys

Melting on artificial targets
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PNA/LNA-mediated PCR-clamping
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Molecular concepts: Clamped-Probe-Assay

W wt-pecific e
PNA |
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Melting temperature

Possible applications :

» detection of minor variants (e.g. k-ras codon 12,13)

* minimal residual diseases (MRD)

e developing resistances (STI-571 in abl exon 6 in CML,
developing lamivudine resistance in HBV, ...)
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Example | : k-ras Codon 12

k-tas F

-
ATG 12

l K01519 | TE Y K L ¥ Y ¥ A EFGGEY LG E S A LTI QL I 0 KK HF
K-razs Exon 1 1y

AT!#EG?ETGETG TCACTGAATATAAACTTGTGGTAGTTGGAGE GCETAGGCAAGAGTGCCTTGACGATACAGCTAATTCAGAATCATTTTGTG 100
TATTCCGEFACGAC ACTGACTTATATTTGAACAC CATCAACCTCGACC AL G ATCCGT TCTCAL GLAAC TG TATCTCCATTARGTCTTACGTARAAC AL
12Cy=z Sensor ([(LC705) k-ras Anchor
R

e
FHA-15/16

D E XY D P T I E

F-ras Intron 1
GAC GAATATGATC CAAC AATAGAGE TARATCTTGT T T TAATATGCATAT TACTGETGCAGGACCATTCTTTCATACAGATAAAGGTTTCTCTGACCATTTTCA 203
TG TTATACTAGGT TG TTAT CTCL AT T TAGAAC AMAATTATACCTATAATGACCACGTCCTCETAAGAAAC TATGTCTATTTCCARAGAGACTCCTARAAGT

k-ras exl R k-ras R
— —

—_—
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Melting curves from different patients

Melting curve (fluorescence vs. temperature)

ﬁ 12Cys

Melting curve (dFI/dT vs. temperature)

—

——————_different clinical samples
ot containing k-ras

Y, Codon 12
X mutations
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Dilution row of mutant in wt DNA

Melting curve (fluorescence vs. temperature) Amplification plot (normalized)
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Rapid detection of K-ras mutationsin bile by peptide nucleic acid-mediated PCR clamping and melting curve
analysis: comparison with restriction fragment length polymor phism analysis. Chen CY, Shiesh SC, Wu SJ. Clin
Chem. 2004 Mar;50(3):481-9. Epub 2004 Jan 12

Transrenal DNA asa diagnostic tool: important technical notes. Su YH, Wang M, Block TM, Landt O, Botezatu i
Serdyuk O, Lichtenstein A, Melkonyan H, Tomel LD, Umansky S. Ann N'Y Acad Sci. 2004 Jun;1022:81-9 o,

é %
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Clamping probes consisting of

Locked-Nucleic Acid (LNA) work even well

MNH M Zhemistry of the clamping | Concentration of probe iZoncentration of probe
y CH; probe still suppresai_ng the 12 supp_reasing the 12 Cys-
Shy-wariant variant (1 mismatch)
O}\)\/ll/ 1 PrA 1amer 126y 2.8 UhTI3 e
I 2 PrA 1 Tmer 1261y 1.0 uhd
3 LINA T7mer 12061y 01 uhd
4 A-NH LMNA 17mer 0,05 b 0,2 phd
5 a-MB LINA 17mer 002 i 0.1 phd
&h“c:. B 2-MH LMNA 1 Tmer 0.1 uhd
E|:I i 4-MBE LMNA 17mer 005 ph

A 3'-terminal attached MB dye boosts the surpression
significantly (working concentration is 20-fold lower).
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Example Il : JAK2Z mRNA or gen. V617F

Val+LNA

Fluorescence -d[F3)/dT

I ! I ! I ! I
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Temperature [7C)
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Bensar Vel Anchot T1TF A JAEE R

I . B %
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Example Il : Leukemia (CML) STl resistance

The M315T mutation in ABL exon 6 and mutations at Y253 and E255 in
ABL exon 4 are responsible for the resistance of bcrABL-clones in CML.

Clinical resistance to STI-571 cancer therapy caused by bcr-abl gene mutation or amplification. Gorre, M.E.,
Mohammed, M., Ellwood, K., Hsu, N., Paquette, R., Rao, P.N., Sawyers, C,L. Science, 293: 876-80, 2001

STI-T315
I
ABLx4 F ABLX56 FM Sensor [T]s Anchor
—_— > @
5'- c-abl GeneBank accession number X16416 -3
—_— 0——— «—
255 Anchor Sensor 255 ABLX6 R
o———
Sensor Val
I
Y253E255

Preexistence and evolution of imatinib mesylate-resistant clones in chronic myelogenous leukemia
detected by a PNA-based PCR clamping technique. Kreuzer KA, Le Coutre P, Landt O, Na IK,
Schwarz M, Schultheis K, Hochhaus A, Dérken B. Ann Hematol. 2003 Apr 12
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Example Il : Leukemia (CML) STl resistance

0,18 —— Week 0
Dilution series (bcr/abl Tyr253His) 016 —— Week 15
‘ - \Week 16
014 ——Week 21
wit mt 012 —— Week 25
7 0,10 —x— Week 30
—-—1:1 0,08 —e—WrTC
K R —A—1:50 B 0.06
- 0,04
@ \ / \ —+=—1:100 0,02
% ——1:500 — 0,00
a —a—NTC 45 50 55 60 65 70 75 80
q) —

—a— Patient 4 Patient 1 (Thr315lle)

55 60 65 70 75 80 85 1&4

temperature [°C] Eesd_

0O 4 8 12 16 20 24 28 32

Patient history monitored
with the CPA assay.
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xample IV : Growing resistances in infectiou

diseases - Mycobacteria katG (Isoniazid)

3 ::'.."' =3 - identification of multiresistant strains (MRS)
wpol kaiG e in 2.5 hrs

- - e = - rpoBgen: & wt probes (compl. 81bp region)

YTYYTIY I T e st 12 SNPs associated with RIF ==
m 1 -'-"urlr wf
EE e CH e — - katGgen: 315-Ser wt probe
i e - e = 2 SNPs associated with INH =
it - R E - additional capture probes upon request
. e T— (05 Rl enelr:)

il e WT e o iG: 315-Thr - 1 ,duplex" amplification
H‘I‘- ..r...'. e PR |‘- .1111 Il. -ilil--l * "q'SFr'IiI'I pFI::IIJZIEI:II{E}(ELF'CF[}
ut . i _ " - optional combination with

, & . S quantitative Real-Time PCR
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Example IV: Mycobacteria katG —Design

TEGE

>
¥y E T &4 & L I ¥ 4+ HTUVPFOGEKTHTG LGP & D L ¥V & PF E P E & &4 F L E I

CGTCGALACAGC GECGCTGATCGTC GGCGGTCACACTTTCGETAAGACCCATGGCGCCGGCLCGGCLGATCTGETC GGCCCCGAACCCGAGGCTGCTC COCTGRAGLAG 2561
FCAGCTTTGTCGCCGCGACTAGCAGC CGCCAGTGTRAML GCCATTCTGGGTACCHGCGGECEGECCGECTAGACCAGCCGEGGCTTGGECTCCGACGAGGCFACCTCGTE

TE anchor TE sensor
katz LNA
C [3er3lEThr]
[ ]
" & L ¢ UMK 5 3% ¥Y ¢ T OGT OG- E I s I T >3 I E VY ¥y W TWNT?P TETWTDID N 3 F
315

ATGGGCTTEGECTEEALGAGC TCGTATGGCAC COGALC COGTARGEAL GLGATCACCRGOGECATC GAGGTCGTAT GoAC GAACACCCCGAC GALAT GEGACARCAGTT 25972
TACC O, A CTTETCGAGCATAC CGTGECCT TGO CATTCCTGr G TRGT AT C A CGTAGC TE CAGCATAC CTC T TG TG GC T GCTTTACCCTGTTCTC Al
TES7
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Amplification — Melting Analysis wt/mt

e |

NTC M. tub katG [38]
S1142 [wit] obine LNA 0.000E +00

51143 (k) abire LMA 0.000E +00
51143 10prmol LMA 0.000E +00
S1142+41143 121 0.000E +00
S1142+11431:10 0.000E +00
S1142+11431:100 0.000E +00
S1142+11431:1000 0.000E +00

L I I Y B ) JRS C R T L TE

F B
e b s

5114210 praol LA, <0.000E+00

[

H

-
]

26.08
=41.00
26.55
.24
.23
3877
38.73
35.23

-

mt

e = —
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Amplification — Melting Analysis wt/mt

it Dbt 17 g 7 i | ] i
E ns- T
ve. —— 1 NTC M. tub katG [38] 1l
e 2 51142 (wh ohneLMA  0.000E+00 2608 mt
e —— 3 51142 10 praol LA <0.000E+00 »41.00 '
W 4 S1143(mt) ohne LNA  0.00CE+00 2555 £
5 51143 10pmal LNA 0.000E+00  31.28 or
B 5114241143111 0.000E+00  31.23 17 e
- Wit
o —— 7 5114241431010 0.000E+00 3577 s
- 8 51142+11431:100 0.000E+00 3873 - 2
9 51142+11431:1000 0.000E+00  35.23 ai
- o L e
zia : - - -m 1] “a l:'l L ) = x - o - -
.- ] i — | ey 11
j_ - Eam
L1 Oil=
Lk "__
wig= ‘I-.Uh
ig- 'Eu-_'
or E !
Bk- Ew-
I:lil-. -||I. .
wt+LNA
g - = e —
| R S R TS = | e
S ' ' ' ' ' ' ' ' i ' i i '
7 [} m ™ m ol - B = " 34 _I . Ll i~ - L] .|4_-__,.|1-T L) m L} L J

e = —
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Amplification — Melting Analysis wt/mt

i | e | Do 2 e i 1
L% o
o —— 1 NTCM. tub katG [38]
. 2 51142 [wt) chne LNA  DLO0DE+00 2608 mt .~
e —— 3 5114210pmol LNA - <0.000E+00 >41.00 t
W —— 4 STM43(mt)chne LNA  0.000E+00 2655 o
" —— 5 51143 10pmal LMA O.000E+00  31.28 B
L B 51142414317 0.000E+00  31.23 t { = |
e —— 7 5114241143 1:10 0.000E+00 3577 W e
s 5 51142+11431:100 0.000E+00 3873 i
" 9 51142+11431:1000 O.000E+00  35.23 P
= LA b -
- 1 ] ]
=._,._ ¥ i ) " El:'--nn..--n-n:l " ¥, " - ¥
E“;_ Er ———————— =
LFnl ||.'-.
- 3
R | e
[ mt+LNA| | L
K= E.:_".
K= 3 |
- | il..u-
= '.I | l-r.E-.
- | wt+LNA -
LE- . X -
| PR T S G P i e = ] |
ik L] n n n I_____ﬁ - n . L - _I_ i | 5 = 'Illmmr'ﬂ n n L] -

= - ———
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Amplification — Melting Analysis wt/mt

mt

wt

1:100




Expl. V: Plasmodium chloroguine resistance

Plas ilC &
e
LC C [KE76T]
[ [ N
s I I Y L &8 ¥V C W E ¥ I F 4 E R T L N E I G N ¥ 5
76

AAGTATTATTTATTTAAGTGTATGTET. GAdn A TTTT IGCTARALGARCTTTARLCALRATTHETALCTATAG
TTCATALATARRATAAAT TCACATACACA CTII T Aasd A TT I TCT T AR T T TGT T T TALCCATTATATC

LNA aensor [C]
[

Use of a locked-nucleic-acid oligomer in the clamped-probe assay for detection of a minority Pfcrt K76T mutant
population of Plasmodium falciparum. Senescau A, Berry A, Benoit-Vical F, Landt O, Fabre R, Lelievre J, Cassaing S,

Magnaval JF. J Clin Microbiol. 2005 Jul;43(7):3304-8.
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Example VI — current projects — HPA-1

Should all pregnant women be tested for their platelet
PLA (Zw, HPA-1) phenotype? srJHaematol. 1994 Jan;86(1):1-5.

About 97% of the population has the HPA-1a allele

Human platelet antigens (HPA) can be targets for
antibody responses that cause life-threatening
thrombocytopenia following platelet transfusions
or pregnhancy.

Tl r TR T T Vo e b e e e o f T e O Py f T T P f e ¢ TR E D

Searc h for fetal H PA_ 1 b ....'.‘1.-:_4.-:::11—1. I#::.?:'J:':njl.._.--'. ThAC —I .'.I_. .-I- -.--. -7_-.-?'-' ATCTCTCMGOGETAT

alleles in the maternal blood "”"““'“';‘*'*3‘*"“““%
(HPA-1a background)
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