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DNA molecule (1954)DNA molecule (1954)
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Southern Blot (1975)( )
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We needed to know the sequence of the genes 
and probes!and probes!

F. Sanger
(1977)
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•• Now we can amplify our target : Now we can amplify our target : 
P lP l h i tih i tiPolymerase Polymerase chain reactionchain reaction

Kary Mullis
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Polymerase Chain Reaction

Primers and  DNA

Polymerase Chain Reaction

PCR
Dreischrittreaktion

Strand denaturation and 
primer annealing

Primer extension

Denaturation 95°C

Primer extension

Denaturation 95 C

Annealing 50-60°CCycling
Exponential amplification 

Extension 72°C
of PCR products

6



Earlier PCR machines!
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DenaturationDenaturation

Target Sequence

Target Sequence
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AnnealingAnnealing
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ExtensionExtension
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The Result of First PCR CycleThe Result of First PCR Cycle
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Target AmplificationTarget Amplification

No. of No. Amplicon

1 cycle = 2 Amplicon

No. of No. Amplicon 
Cycles Copies of   

Target

1 2y p

2 cycle = 4 Amplicon

3 cycle = 8 Amplicon

4 cycle = 16 Amplicon

1 2

2 4

3 8
5 cycle = 32 Amplicon

6 cycle = 64 Amplicon

3 8

4 16

5 32y p

7 cycle = 128 Amplicon

5 32

6 64

20 1,048,576

١٢

20 1,048,576

30 1,073,741,824



Polymerase Chain Reactiony
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Visualize the result
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Mass spectrometric Identification of PCR 
productsproducts
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Real Time PCR
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SYBR Green

( ) h b i i f lifi i h i i i h d d(1) At the beginning of amplification, the reaction mixture contains the denatured
DNA, the primers, and the dye. The unbound dye molecules weakly fluoresce,
producing a minimal background fluorescence signal which is subtracted during
computer analysis.

(2) After annealing of the primers, a few dye molecules can bind to the double
strand. DNA binding results in a dramatic increase of the SYBR Green I
molecules to emit light upon excitation.

(3) During elongation, more and more dye molecules bind to the newly synthesized
DNA. If the reaction is monitored continuously, an increase in fluorescence is
viewed in real-time. Upon denaturation of the DNA for the next heating cycle,
the dye molecules are released and the fluorescence signal falls.18



5’ Nuclease Assay 
i T M ® busing TaqMan® probes

TaqMan®

FAM™, VIC® TAMRA™ dyes 

5’5’3’

Forward
Primer

Probe QR

5’3’
53’

5’
Reverse 5Reverse

Primer
• PCR specificity (primer)

• Hybridization specificity (probe)
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5’ Nuclease Assay 
i T M ® busing TaqMan® probes

5’5’
R Q

5’3’
5’53’

5’ 5’
Fluorescence Resonance Energy Transfer (FRET) 
from high energy to low energy dyefrom high energy to low energy dye

No reporter signal with intact probe20



5’ Nuclease Assay 
i T M ® busing TaqMan® probes

R

5’3’5’
R Q

p
Q

3’
5’3’

5’ 5’

5 p

5

Displacement of probe by 5‘ nuclease 
activity of polymerase
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5’ Nuclease Assay 
i T M ® busing TaqMan® probes

R

5’5’3’

Q

5’3’
5’53’

5’ 5
Cleavage of probe by 5‘ nuclease activity of 
Taq polymeraseq p y

FRET disabled, generation of reporter signal22



Probes for real time PCR
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Molecular BeaconMolecular Beacon
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Thermal cycling and data aquisitiony g q
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Dyes and their coloursy

26



Concept of Threshold 
and Ct Value

Ct value
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Thresh
old
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threshold = 3t es o d 3
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From Fluorescence to Results
Step 2  „Comparison“ of Ct Values

The well contains 
400 target copies
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threshold
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Standard Curve

es
y = -3.3386x + 39.574

R2 = 0.9933

C
t 

va
lu
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Efficiency = 10 (-1/slope) 1

Log copy 
number

0 1 2 3 4 5 6 7

Efficiency = 10 (-1/slope) – 1

Example:
Slope = -3.3386 If slope = -3.32

ffi i b 1E = 10 (-1/-3.3) – 1
= 10 (0.30) – 1
= 1 955 1

efficiency becomes 1

= 1.955 – 1
= 0.995 or 99.5% 31



Full EfficiencyFull Efficiency

y = x (y = x (11+E)+E)nny = x (y = x (11+E)+E)nn

If PCR ffi i i 1 thIf PCR efficiency is 1, the 
equation becomes

y = x y = x 22nnyy
y = Number of PCR products
x = Initial target copy number
E = Efficiency
n = Number of PCR cycles32



1,000,000,000

1,200,000,000

A

100% EFF
90% EFF
80% EFF

CYCLE AMOUNT OF DNA AMOUNT OF DNA AMOUNT OF DNA AMOUNT OF DNA
100% EFFICIENCY 90% EFFICIENCY 80% EFFICIENCY 70% EFFICIENCY

0 1 1 1 1
1 2 2 2 2
2 4 4 3 3
3 8 7 6 5

400 000 000

600,000,000

800,000,000
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A 80% EFF
70% EFF

4 16 13 10 8
5 32 25 19 14
6 64 47 34 24
7 128 89 61 41
8 256 170 110 70
9 512 323 198 119
10 1 024 613 357 202

0

200,000,000

400,000,000

A
M

O10 1,024 613 357 202
11 2,048 1,165 643 343
12 4,096 2,213 1,157 583
13 8,192 4,205 2,082 990
14 16,384 7,990 3,748 1,684
15 32,768 15,181 6,747 2,862
16 65 536 28 844 12 144 4 866

0 10 20 30

PCR CYCLE NUMBER

1 000 000 000
10,000,000,000

100% EFF

16 65,536 28,844 12,144 4,866
17 131,072 54,804 21,859 8,272
18 262,144 104,127 39,346 14,063
19 524,288 197,842 70,824 23,907
20 1,048,576 375,900 127,482 40,642
21 2,097,152 714,209 229,468 69,092
22 4,194,304 1,356,998 413,043 117,456

1,000,000
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23 8,388,608 2,578,296 743,477 199,676
24 16,777,216 4,898,763 1,338,259 339,449
25 33,554,432 9,307,650 2,408,866 577,063
26 67,108,864 17,684,534 4,335,959 981,007
27 134,217,728 33,600,615 7,804,726 1,667,711
28 268,435,456 63,841,168 14,048,506 2,835,109

100
1,000

10,000
100,000
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O
U

N
T 

O29 536,870,912 121,298,220 25,287,311 4,819,686
30 1,073,741,824 230,466,618 45,517,160 8,193,466
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Genotyping HPV
Line Probe Assay (LiPA)Line Probe Assay (LiPA)

3’

Strepavidin
kaline Phosphatase

Biotin

Biotin-labeled
L1 region of 

lifi d t tamplified target

Genotype-specificyp p
DNA probes on 
nitrocellulose strip
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Genotyping
by Reverse y
Hybridization

HPV types identified by INNO-LiPA 
HPV Genotyping Extra: 
* Hi h i k 16 18 31 33 35 39 45* High risk: 16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 68, 73, 82
* Probable high risk: 26, 53, 66
* Low risk: 6 11 40 43 44 54 70 Low risk: 6, 11, 40, 43, 44, 54, 70
* Additional types: 69, 71, 74 
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A typical Sequencing resultyp q g
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HPV genotypesg yp
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Principles of bDNAp
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Overview 41-Plex H-Typing RT-PCR Assay
Developed to Detect Inf-A in Humans & Birds

3 H1
6 H2

5 H3
5 H55 H5

9 H7
6 H9

2 M(7)
1 NS(8)

Reverse transcriptase

PCR assay
37  Labeled AI primer sets

6 H gene types from Inf A 

Plus 3 Pan A signatures
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Identification of Identification of M. tuberculosisM. tuberculosis
drug resistancedrug resistance

Wild Type Multidrug-resistant 
TB

drug resistancedrug resistance

His 526>Tyr (rpoB)TBNo signal

Ser 315>Thr (katG)No signal

IS 6110 IS 6110
probe probe

Routine therapy Second line drugs should be used40
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