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40 cycles of 3 steps :

Step 1 : denaturatig

1 minut 94 =C

Step 2 : annealing ;
45 seconds 54 °C

forward and reverse
primers 11!

Step 3 @ extension ;

2 minutes 72 °C
only dNTP's
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10 1024

n: JEIAEL 6 cycle = 64 Amplicon

W W W 20 1,048,576 (1.0 E6)

30 1,073,741,824 (1.0 E9)
7 cycle = 128 Amplicon

W W W 37 137,438,953, 472 (1.3 E11)
40 1,099,511,627,776 (1.1 E12)
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Real-Time PCR And Crossing Points

° Z:“Iﬁl B(Jm'l‘;%: Real-time PCR; Quantitative PCR; Kinetic PCR
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Detection Formats and Dyes

Overview e.g., for LightCycler® 480

Sys tem

Excitation filters

Emission filters

510
Dye LightCycler=®
Cyan 500

Melting Curve

HRM .

SimpleProbe probes .

HybProbe probes s
Hydrolysis probes
1-3 colors
Hydrolysis probes
4 colors

Detection formats

*FRET Donor

Version 3.1 - For internal use only

33 618
610 640 660

HEX LightCycler®
(VIC) Red 610

LightCycler® Systems Essential Training
Real-Time PCR Assay Formats and Dyes 23



Detection Formats and Dyes
Most commonly used

W sequence-independent formats like SYBR Green |

w seguence specific detection formats
HybProbe Probes

-

L,\h\'\*.CrMIMI’

- ®
e H}"drnlysm Probes or TagMan® Probes or UPL

Additional Formats: Molecular Beacons, Scorpions, SimpleProbe Probes, ...

LightCycler® Systems Essential Training

Version 3.1 - For internal use only
Real-Time PCR Assay Formats and Dyes 24



Detection Formats and Dyes
Intercalating dye — SYBR Green [

SYBR Green I t ' B | C] m
1t

II,I’ Primers ' ' '

Denaturation Annealing Elongation End of Elongation

0

Measurement once per CyCIE

Sequence independent, double strand DNA intercalating

] m 3 ] [ w

Tempmsmsry | ewwouww T e T T =y T T E
Malting Poaks

Tae

(L

(L

Ll

B . Melting curve necessary for verification of speciﬁcity

8NN ®m KM N DR KM
Tervgori sl ()

LightCycler® Systems Essential Training
Version 3.1 - For internal use only
Real-Time PCR Assay Formats and Dyes 25



Factors Influencing Melting Behavior

Fluorescence

2.0 1

1.0 -

Amplicon %GC Length (bp)
— Hepatitis B 50.0 180
— B-globin 53.2 536

— Prostate Specific Antigen 60.3 292

1 8|g 1
Temperature (°C)

use Oﬂly

Tm varies by:
GC-content

amplicon length

Tm is also influenced by:
Salt concentration
MgCl2 concentration

SYBR Green I concentration

LightCycler@ Systems Training (Expert Level)
Basics of Tm Calling 26



Product Identification
Principles

Melting curves performed with SYBR Green I visualize melting behavior of the product facilitating the

identification of a specific amplicon.

® Each PCR product is characterized by its T_ which is defined as

the temperature where 50% of the DNA is single-stranded.

® Melting of the PCR product can be monitored by measuring the decrease in fluorescence of double strand-
specific dyes while increasing the temperature.

® Two different products will differ in the respective melting temperatures;
non-specific products/primer dimers can be identified.

Version 1.1 - For intemnal use only LightCycler@ Systems Training (Expert Level)

Basics of Tm Calling 27



Visualization of Primer Dimers

Amplification Product

gL BRI
=
e
4
\24
. T

.
g
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/
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Primer Dimer

LightCycler® Systems Training (Expert Level) -

Version 1.1 - For internal use only
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Detection Formats and Dyes

Intercalating dye — LightCycler® 480
ResolLight Dye

® Double strand DNA binding and saturating dye

.......

I

g /
\ |
R — ® For High Resolution Melting (HRM) - gene scanning

applications

Relative Signal
e 8 8 &8 &8 =
g B &2 8 3 &

e b bboop082 288
EREREIEBSEBZ R

Temperature (°C)

LightCycler® Systems Essential Training
Real-Time PCR Assay Formats and Dyes 29



High Resolution Melting

High Resolution Melting (HRM) is an extension of melting curve analysis:

® It requires special fluorophores, a high-performance instrument and special analysis algorithms.

® It enables researchers to study genetic variations (SNPs, mutations) in PCR amplicons prior to sequencing.

® It provides high specificity, sensitivity and convenience at significantly higher speed and lower cost compared
to other established (e.g., gel-based) methods.

Version 1.0 - For internal use only LightCycler@ Systems Training (Expert Level)

Basics of High Resolution Melting 30



Principle of High Resolution Melting

PCR / gradual heating and fluorescence acqui tio
TTTTTTTCI’TTTTTTI" C
; mefeees  dggfggsr T
J.LL.LLUGI.LI.J..LLLL 1
homoduplex wildtype '?l:le;f:;::::? UL GLLLELLLL
b ) 0015000 0 QR0 0 10500 ;
TTTITTITTTTT'I'IT'T'
C c
TTITITITIT T IO
T T 13383838 § v
A000000ANRRERENN A
homoduplex mutant T RIPVDL. -
133303333 i)
G . |

LightCycler® Systems Training (Expert Level)
Version 1.0 - For internal use only ghtly Y g (EXp
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Differentiation of Heterozygous Samples

L 1] homozygous wildlype
") \/(homuduplcx)

"o \Y

nen W\ homozygous mutant
el \ (homoduplex)
o

e heterozygous multant

bt | (heteroduplex)

p 1)

Y

g

" [ n n " -
Temperuere ()

LightCycler® Systems Training (Expert Level)

Version 1.0 - For internal use only

Basics of High Resolution Melting 32



Variation in Melting Temperature

® Amplicon Melting of homozygote samples (containing homoduplexes of wildtype or mutant DNA) give very
similar curve shapes.

® Amplicon Melting of heterozygote samples (containing homo and heteroduplexes) give curve shapes which

are highly distinct.

Human Single Nucleotide Polymorphism (SNP) occurrence and Tm:

Occurrence in the

Base Change Typical Tm Shift

Human Genome

1 C/T & G/A 64% large (>0.5°C), avg. 1.0°C
2 C/A & G/T 20% large (>0.5°C), avg. 1.0°C
3 C/G 9% small (0.2-0.5°C)

4 A/T 7% very small (<0.2°C)

LightCycler® Systems Training (Expert Level)
Version 1.0 - For internal use only
Basics of High Resolution Melting 33



Example

LightCycler® 480 Gene Scanning

Software

AnalyseﬁIGEne Scanning for MDR1 -/+ wt DNA&

ElEE

Experi
ment .
Information I Pro Col Off
= Negatives Normalization | Temperature Shift|: Difference Plot
(9011112 &
| —] —
Normalized and Shifted Melting Curves ect| Zoom
Sample (Sstecd) (zoom)
Editor 100,000
— £ 60.000
T
=
Analysis 2 R
.5 40,000+
E 20.00CH
RePO'T IScanning results j 0,000
T T T T T T T
S 2 a2 a3 84 eia) 86 a7
. 1 . 2 . 3 Temperature [*C]
Sum. | @ ¢ W s O s
— ) B Unknown @ Negative H Normalized and Temp-Shifted Difference Plot
e
Results Groups Sensitivity | 3.201
Samples Results ~ 7.201
Include Color Pos Name Group | S| |+ 3201
@
v F1 NTC Negative 2 3201
v I r2 DNa No. 04 2 é 1.201
v I Fs DNA No. 14 2 £ & 793
=
v I F¢ DWA NHo. 15 1 £ 27l
v I F5 D& No. 26 1 &
2 4793
v I Fc DA Ho. 29 1 £
v I F7 DHA Ho. 45 1 - 3 B
. o
v Il Fc DNA No. 47 2 8739
v I Fo ONA No. &3 z -10.793]
v I Fi0 DHA Ho. &4 2 12.799]
v I F11 DNR Ho. T2 1 i i i i i i i
v B 2 DA Fo. 73 2 a1 82 23 o4 85 g6 a7
Temperature [*C)
v I G2 DNA No. 04 3
fl |" B 3 DA N[ﬁ 14 2 D NewCaIII 'l Apply [~ Show Standards Select base curve
Apply N Filter Comb N[ Standards
[ Template [ V]| Notes St 483533 |(Auto Group) |
LightCycler(") Systems Training (Expert Level) -
Version 1.0 - For internal use only
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Detection Formats and Dyes

Hybridization (HybProbe) probes

"Probes

Denaturation

G5 i g B EgEE a6 3

L I N I I R

Version 3.1 - For internal use only

Primers
1L

...

Annealing

0

Measurement once per cycle

Elongation

Sequence-specific probes

FRET reporting (donor and acceptor dye) detection

e

)

= ) ; ; - )
3

B

3

e

i

i3

E

3

F

E

osiE i o = i T T w i e

Optional: Melting curve (detection of known mutations)

as probes stay intact during PCR

(-

Click on icon to start video

(in presentation mode)

LightCycler® Systems Essential Training
Real-Time PCR Assay Formats and Dyes
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http://rpzmsvm0228/PPM/PCR_HybeProbe_20131107_1024.mp4

Detection Formats and Dyes

Donor and acceptor fluorophores

Hybridization Probes (HybProbes)

Fluorescence Resonance Energy
Transfer(FRET)

e

® Donor fluorophore is excited by appropriate
wavelength,

® Donor energy is transferred non-radiatively to
the acceptor fluorophore

® Excited acceptor emits at longer wavelength

Donor dye (3’ end):

® always Fluorescein (Fluos)

Acceptor dyes (5" end):

* LightCycler® Red 610
* LightCycler® Red 640
* Cy5

* Cy55

LightCycler® Systems Essential Training
Real-Time PCR Assay Formats and Dyes 36



Detection Formats and Dyes
Hydrolysis probes - TagMan® Probes

Probe ”

- 0. =

Primers . . .
” ’ Click on icon to start video
iy ! ™ LA L L AL LR
|

(in presentation mode)

Denaturation Annealing Elongation End of Elongation

(O

Measurement once per cycle

I - ®  Sequence-specific probe
®  FRET quenching (reporter dye and quencher) detection
z ®  Probes are hydrolysed by 5" exonuclease activity of
E Taq Polymerase, separating reporter dye from quencher
% -> no melting curve analysis
‘ I ®  Accumulating dye

LightCycler® Systems Essential Training
Version 3.1 - For internal use only

Real-Time PCR Assay Formats and Dyes 37
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Detection Formats and Dyes

Reporter fluorophores

Reporter dye (5" end):

LightCycler® Cyan 500

* FAM

® HEX (VIC), LightCycler® Yellow 555

* LightCycler®” Red 610 (TexasRed), LightCycler® Red 640

* Cy5, Cy5.5, ...

Quencher:

* eg,BHQ2 (Black hole quencher)

Version 3.1 - For internal use only

LightCycler® Systems Essential Training
Real-Time PCR Assay Formats and Dyes
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KRICEEPCREARIN

Quantification Analyis Purpose
of Target Squences

Determination of Gene
Expression of Gene Dosage

e.g., Viorology Microbiology Application field e.g., Oncology
Absolute Quantification Analysis Technique Relative Quantification

BRI Ry FStzE: B EI R Ytk

FEYMIFEERE (e.9. HHE, 7RE) B MRNA ZeXKFa9t T e.9. 287 A1)

RIFELEREAR G (e.9. FEAR) REEEE (e.9. REIKIRK)

G MRRAEE (e.g. HIV, HBV) AR NE BB AL (MRD)
miEERAERTUEERE (e.9. MRSA, VRE) mGMO #&...

mKEYST... ...

40
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log (F2/F1)

log (F2/F1)

Target

RENFRAS

A 4

Crossing Point (Cycles)

A

........... e
(YN TRE)

N

»

log (copy number)
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LCASOMIERT

1y 18HhZ, 2. TR

28,278
Standard Curve

25778

23278 :35-
7 20778| Enor 00198 5 30]
& 18278 Efficiency: 1938
£ 1577 Slope: -3.481 u 25
. Yntercept: 33.78 n 201
§ 12278] Link 0.000 :
ﬁw.w& & 15]
fom ) 1' 3 3 7
5778 Log Concentration
3.278]
0.778]
5 10 15 20 25 30 i) 40 45
Cycles
Samples | Results A
Include Color Pos Name Cp  Concentration Stand... S
v . Al Sample 1 16.13 1.01ES
v, | ci sample 2 17.12 5.30E4
V| . E1 Sample 3 18.23 2.54E4
v B G1 sample 4 19.63 1.00E4
3 gggéé:t% i . I1 Sample 5 20.63 5.18E3
. SkJwZn v/ B r° standard 1 12.64 1.02E6 1.00E6
v . F10 Standard 2 16.06 1.06ES 1.00ES5
vl [} F11 standard 3 19.60 1.03E4  1.00E4
v . F12 Standard 4 23.00 1.08E3 1.00E3
v, | F13 Standard 5 26.61 9.91E1 1.00E2
v . F1l4 Standard 6 30.69 6.68E0 1.00E1
v . F15 Standard 7 33.25 1.23E0 1.00E0 v




e 2

- ] —
-
Eror. 00153 3 3] T —
L.C480 Efficiency: 1.938 B
Slope: -3.481 % 25 T
e A T
ik 0. b
515 T—
0 3 4 5 B
Log Concentration
BERXiEsH Hee
231 Y ; c—
Effici 20 (=2£?) 18~21 < 37 Gene Name CYP2C9
Error: 0 (52E7? ) 0~0.2 (vJiE6HE ) Eﬁ'ﬂiE”C‘r‘ ;?2
rror .
RA2 (EdzITLEkdT ) R"2 1.00
Y-Intercept 35.17

Standard Curve
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Sample A
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BRI R PCRIEIE- Y5 E 5

REERREARIFIEFEST , L NHEEFZRZERFY] (RREXTRR) |, EilE
ERRIXKFZHETERERMESERY |, BIERRAREE P ERNFREKFEAHRINEXL.
ASEEALMEERRFRT :

AR BRI

WIZER [ETERAIZ
WA BERYRN AR
WA/ EARER I BRI AN R
WA DN IRERRERIZL
®cDNASRRIERRIZE(

IBENASER :
RRILXKFERTEFMPEREASER | IEFBAHR vs. fEEA
WERIRIKFEAZ LIRS RIS © AEIEREEZR vs. KGRI

B—RRUAEZRERE (Housekeeping genes{EARSER : fRIZEEMMEIEIN
REVEHRIER. &FANZEACTBFIGAPDH,



BN R PCRAYEIE- (A

EEBRARFARRAKFRERISD N EEEET— A EARER (
Calibrator ) ., fEf5 , FFEEHERAESSZRERHITILR. ATINEXRERN
2R | BEMEANERERE/RASER LR ERE AR B REE/ASEE
b (E3) . REmATRELENL.

concentration of target

calibrator concentration of reference (sample)

normalized ratio concentration of target

concentration of reference  (calibrator)

E3: RE— I RERERTELERRESGR.

1RO R——IE F PRI R
HIRNA, HeHEIRGERFEANTAA

BREZAMERIZMBERK
B E HERAER
mIFEH +

AR NS H S AN AR



HNEERNITRAE
PCREJFFIETL

N=NOX En

N e N = e = = G
N, #taiElEg

n I

E PCREER
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HEXEENITE DA

Calibrator _
Normalized Ratio

concentration of target

concentration of reference

(sample)

concentration of target

concentration of reference

(calibrator)

N=N_ xE®
NT-;:-(E.‘J ETCPTI_'C]
Npocs) E,CPRIC) E,CPTO  E CPRIS)
- NTDI_’C‘J ETCpTI_“S‘.I - ERCPRI_’E“_I X ETEpTu_’S‘_u
NRD(C] ERCPRES]

Efficiency
E;=Eg=277?

F_CpTIC) - CpT (5) y F_CpR(S)-CpR(C)
T TR
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Roche)
HENEERITEGE e

E|LS5H T HFITEENARRIRE | IXIMRERZBAET2.00IPCRY
IERERATEL. 103 B ERENRSERRIPCRIERAIZE(E/I0.050T , 307ME
NEITEERZRERAR2EEE.

Detection Cycle (n) 10 20 30
PCR efficiency (E)

2.00 - - -
1.97 16% 350 57%
1.95 29% 669 113%
1.90 67% 179% 365%
1.80 187% 722% 2260%
1.70 408% 2080% 13000%

E15: FRIFPCRYZEFFSEAI10. 20f130PCREBEFEHIZEITE ( (2n/En-1) x100) .
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A B 7S - PCRI S Z A1

CpESEIEMRAIIXER C, = - klg X, + b
B REEEERRE (—MA106E ) | REHEREENINER
EAFRECHIFmAYEXRE |, fEXRERNR]

wF HEAFRESINERA PGS , HPrairfURiEciniE 2L
HIRTEY , PAIRAUERCPIE.

BE = 10 -1/slope

Amplification Curves
Standard Curve

26331
25831
- 2333 ]
2 2083 E 2
g 18331 B
3 15831 =]
E e 2201 Unknov
;10.531- ﬂ
g 833 515 Lo .
2 501 :|nrt|alcnncentrat|nn
333 ! of Lnknman sample
1 1 1 1 1 1 1
oo 3 4 ¥ 5 6 7 G
2 4 B 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 Log Concentration
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FIBRIEFESHTIT— (L2 IE

AR E
HXES
(MMRIEFF AT —{L0 1)
iE{ME FETR(E
= BB IEHERIE = THi IEMERIE
AAC; ik & -method
v E RIEBEEINSEE
SRR E =2 SCPR EARRIRIY 18R
- HENESIHEAR =
ENESITEAR = 2 444 E, CPT(O)- CpFI'E(?I:( ERLE;:R (S) - CpR ()
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HEHYEERZE (1)
AAC; ;%

iZHiERR

-  BirEENASEERPCRIIEN=IER
- FIGTEEE/IPCRREAPFRIFIEERE

(E=2)

J3—ALAAERTELER = 2 -sacT

- THINEZ

Genel 18S Normalized Calibrated Fold
Ave Ct Ave Ct Genel Exp. Genel Exp. Difference
(AC) (AAC) 2 AAY
0 Hr 24.5 12.6 11.9 0 1
2 Hr 23.2 12.5 10.7 -1.2 2.3
24 H. 25.4 11.6 13.8 1.9 0.27
(~4 fold decrease )
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HEWNEESZE (2)
PCRXZEFEIE

B B AT PCRIZ R MEIRE— AT RS T 2. 080t s
WAL IE

ERSBRT  BETZMEER | PCRRNMNASSEIGRAIERE = 2897 15,

PCRASETH T EEE o g,
m i BB

w3 YR BIRES .«;E
SRR ( BERFIZEE ) #
mESRORSTEE Q’%ﬁ, o™

52 M R ERADRE R D ARSI ( HIanEEsiigst ) iR

Calibrator Normalized Ratio = | E,/#1© -CPT B E CoRE-CoRIC) E‘%%;ﬁﬁﬁ E(Jjﬁ]j‘fﬁ%éﬁ




HEXIEEPCRIEEIEAMC- 5/ T

A7 R ERFRANENEETZEFRNZIDNA | RITNERZFX
WE (E9) . XAIfRY BHYF R BEERmMRNAIE/IER,

A

Genomic DNA Exon 1 Intron 1 Exon 2 Intron 2

mRNA Exon 1 Exon 2

4
RT-PCR Product -

PCR product
» no PCR product
4
upstream primer downstream primer

Genomic DNA Exon 1 Intron 1 Exon 2 Intron 2 -
I i :'

—_— -

RT-PCR Product -
E9: BASFXENZE
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HEXIEEPCRECISMiL - (242

P4eR (RT ) MBE/RRYQPCRANRIEE X ( D BRI E PHITIREER
MqPCR ) BREEX—EE ( ERMAETEEHUTIREIEFIQPCR ) 1T,
=T AR EESENS (E10) .

gEex (—5iE)
LHELIREL, HEWE

DT KU
e THERNERRFEEMAE

HEEE (BTt
RIFIPCREB T sRAE S 14 AT

o R REHE S T ARUE

] — PRI i 3R Btn &
A (EH Z P cONARER FTHFESI EE-9A

RS TREENERE 2 Bl T e R AR R

BEEZIERTZIY (BEHL. ofgo (d7) .

REFFIE) .
o BT R

cONAR R FKH 77
M—TRIRR [ fE B9 £ B PORH B ZiE

cONAEE I E
3 FE A HAREEE B S s FE

10:
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104 FEIIPCRECIGAYES SN

6. LAMEMRELID

v' TE : 1xTE ( 10 mM Tris-HCl , pH 8.0 ; 1 mM EDTA , pH 8.0 ) /&#%.
v BERE : 100uM ; -20 °C

v FRET/EICERRE : 10uM AF ( BO.5-1un20ul{AZ ) -20 °C

v T{ERE : 0.2 uM (0.05uM-1uM)EFH ;

o ARES|YIbEEEEREAE , ATLEKRE—T (100uM , 2ulighs )
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7. BB BB

Less 1is More
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104 FiIIPCRECISHY B 2
g #EWHp "BE MR K

i IEEE

Ak NElEd

v RREEPCREY)

v FETBITE

FEUBEASREE (ng/ul) = OD 0 x 40X FERREER

ARG TR =A< 324

HUREAEIE ( copies/ul ) =FHUREANREL/HAS FRx6x 101
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9 "BRA" #EAMB

LUK{g#EMR |, BBy AR
--- %, SRR
PC : FERE! 1B HRAVENR , ECANFRTHERERRYEAL , RE[ERR
—&
--- BFEmiRE |, iWFIRE
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Doing now what patients need
next



