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What is DNA (£ ¥ 4+ 2)?

- Huge 1D molecule - two strands of nucleotides — double helix
* Information for life

- Cell > DNA > Nucleotide (14 &) > Base pair
- Nucleotide bases(# £)
—Guanine (G) » Adenine (A), Cytosine (C) Thymine (T)
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Nucleotides

Mucleotide

Nitrogenous Bases
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Polymerase Chain Reaction
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What is Real-Time PCR?

Simply - fluorescent molecules are used to monitor
the reaction while amplification is taking place.

You are able to view this occurring in real-time on your
iInstrument.
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Amplification is exponential, but the exponential
Increase Is limited:
1 Allinear increase follows Theoretical
exponential
» Eventually plateaus

<
Z
D N
Real-Time PCR allows us to 9 Real Life
‘see’ the exponential phase S
so we can calculate how =2
much we started with. —
Cycle #
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Quantitative PCR (gPCR)

Real-ti'meFDCR enables assessment of the reaction after

each cycle

100

Product Amount

Cycle number SL
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End Point Measurements

96 replicates of an identical reaction can have very different
final amounts of fluorescence
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Real Time PCR Rk 12
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Threshold Cycle, C -

PCR Base Line Subtracted RFU

The point at which the fluorescence rises
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Quantitative PCR

[DNA]

Limit of
detection
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Threshold Cycle, C

- Correlates strongly with the starting copy number

~If you have twice the template, you get to C, one cycle earlier

~If you have half the template, you reach C, one cycle later

*Is linear with the log of starting copy number over six or more orders

Human genomic DNA with SYBR
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Cr it v.s. A

1 cycle = 2 fold difference
»3.32 cycles 110 fold difference
*Assumes 100% efficiency

Y= No 2" —_— Y=N, (1+E)"
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Create a standard curve with 10-fold serial dilutions of PCR product —
assign arbitrary values

Compare values from standards with values for unknown sample

100
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o STD 2: 100,000

£ STD 3: 10,000
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5 STD 6: 10

3 :

al Sample: 6,592
0 Cycle number 35
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Unknowns
Standards
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Log Starting Quantity, nanograms
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E
0.5
0.6
0.7
0.8
0.9

1.1
1.2
1.3

Slope
-5.679
-4.899
-4.339
-3.917
-3.587
-3.322
-3.103
-2.920
-2.765

Slope = - [1/log (1+E)]
log (1+E) = - (1/slope)
E = 10[-1/slope] _ 1

Aim for Efficiency Values:
Good =90 - 110%
Fantastic = 95 — 105%
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Points to Remember

* Threshold Cycle values (C ;) have a direct relationship to the amount
of starting template

*Check space between C ; values follows correct relationship
(100% efficiency) 2" = fold dilution

« Efficiency of reactions between  90-110%

R value should be =20.98
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What are the most common
detection strategies used for
Real-Time PCR?
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Real-Time PCR

‘These fluorescent molecules can be used
— Non-specific DNA binding dyes
*SYBR® Green |
e Ethidium Bromide

— Specific Hybridization Probes/Primers
e TagMan™
* molecular beacons
«dual-oligo FRET pairs
e Scorpions™/Amplifluor™ /LUX™
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DNA binding dyes are inexpensive compared to hybridization
probes.

A dye based strategy allows one to get a general confirmation
of amplification.

Higuchi demonstrated the key principle of real-time PCR
using Ethidium Bromide -

EtBr fluoresces 25 times more brightly when bound to
dsDNA

SYBR® Green |, a more sensitive DNA binding dye, is an
even more powerful approach

SYBR Green | fluoresces 200 times more brightly when
bound to dsDNA
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DNA binding dyes
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DNA binding dyes
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SYBR Green |

Inexpensive

Accurate

Large dynamic range i —T T e
Primer specificity

Confirmatory assay :

Single target §
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Melt Curve Analysis

kel Curve Chart : SYBR AmptCPrimerDimer. opd
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< e Melt Curve Analysis

kelt Peak Chart : SYBR Ampkd CPrimerDlimer. opd
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Dyes and Quenchers

FRET: Fluorescence (Forster) Resonance Energy Transfer

® ©
Dark Quenchers :  Ground state or static quenching

Energy is dissipated as heat
Molecular interactions inhibit fluorescence

N~y M
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Hybridization Probes

-Cleavage-based assay

—TagMan Assays

*Displaceable probe assays
—molecular beacons

—Dual oligo FRET probes

Probes incorporated directly into the primers
—Amplifluor

—Scorpions
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Cleavage-based assay:.

TagMan
S OO O .,
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Cleavage-based assay:
TagMan
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More specific than SYBR Green |

Multiplex able using different reporter dye

SNP genotyping application

More high cost than SYBR green |

Data collected in extension stage

The TagMan assay generates a robust cumulative fluorescence signal -

If you start with x copies of template, TagMan liberates x reporters in the first cycle
repeat.

In the second cycle repeat TagMan results in a total of 3x reporters in solution

In the 25th cycle repeat, TagMan results in a total of 33,554,431x reporters in solution

l'l_'he TagMan assay approach is the predominant assay represented in Real-Time PCR
iterature
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TagMan Weaknesses

- Old probes used TAMRA as a quencher which you used to
monitor. Now use black hole quenchers.

- Sometimes taqg ‘knocks’ the probe off the template rather
than cleaving it.

- TagMan-MGB probes are proprietary to Applied Biosystems
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Molecular Beacons
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Molecular Beacons
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The hairpin loop structure is strongly favored over the the extended
structure.

Therefore molecular beacons will only bind to PERFECT matches
making them optimally suited for applications such as:

—Screening for known mutations
—SNP characterization

Beacons also feature a “dark” quencher. Instead of using a fluorogenic

guencher, this ow_encher dissipates the energy transferred as heat.
Advantages of this:

—Demonstrated functionality with several different reporters - do not
require that reporters stimulate quencher fluorescence.
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The Loop structure of the probe requires more optimization than
other probes in design of sequence:

—Care must be taken with regard to the annealing temperature of
the probe to target compared to the stem unwinding temperature

—The specificity of the molecular beacons may be a drawback if
single mismatches are not relevant to the assay of interest

Generally lower signal inherent in displacement probe assays
(compared to a cleavage assay like TagMan) - this will not affect
guantitative results
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Real-time PCR Sample
Preparation

SYBR Green Chemistry Probe Chemistry
Component Volume per reaction Final concentration Component Volume per reaction Final concentration
iQ SYBR Grean Supermix 25 ul 1X iQ Supermix 25 1X
Primer 1 x pl 100 NM-500 nM Primar X I 100 NM-500 nM
Primer 2 X ul 100 NM-500 nM Primar 2 X M 100 nM-50C nM
Sterile water X Probe X Ml 100 nM-500 nM
DNA template X Ll Sterile water X pl
DNA template X ul
Total Volume 50l
Tolal Volume 50l
Hot Start PCR Melting Curve
Cyile 1 Cyrle 2 405 Cyile 3 Cyile 4 Cyile 5815
Skep 1 Skep 1 | Step 2 Skep 1 Skep 1 Skep 1
25,0 25,0 25.0 5.0 5.0 5.0
300 o:1a 0:30 1:00 1:00 0:10
i1 o]

ANV
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General QPCR Working Process
- PESET, User F}/‘i‘"} HPUERL..())

* Nucleic Acid quality:
—Genomic DNA
—Plasmid DNA
—CDNA

SR (AQ) or AHEFEE (RQ)
—Standard selection: Genomic DNA or plasmid
—Serial dilution
—Housekeeping gene selection: stable

- Target position:
—Amplicon Size: 75~150 bps
-50% < GC% < 60%
—Avoid >4 repeats of single bases
—Analyze 2" structure (hand out)
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General QPCR Working Process
- PR, User gz dipudit... (1)

 Primer Design:

— Annealing temp. > all 2" structure melting temp.

— Avoid repeats of G or C long than 3 bases

— Place G or C on end of primers

— GC% < 50% in the 5 base of 3’ end of primer
— No any primer-dimmer

- Reaction Component:
— [MgCI2]: 3~6 mM

— [dNTP]:200~600uM each, increasing [dNTP] = increasing [MgCI2]

— Enz: 1.25 ~ 4.5 U/50 ul
— [F.Primer] = [R. Primer] may be helpful

- PCR condition:

— Annealing temperature: 50~65 degree

- PCR efficiency:
— You need serial dilution
— You need gradient
— Linier phase slop

Life Science Group



General QPCR Working Process
- PR, User i i fiug L., (1)

- Reagent
—Never vortex master mix

- Standard
—Vortex well before use

- Reaction content
—Template volume > 5 ul

* Pipetting
—Never “ £ g# i
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General QPCR Working Process
-- Data analysis

« Amplification plot

— Reproducibility?  So you need duplication or triplication....
— Determination Ct Value? Threshold

10000 10000

- Absolute Q., Relative Q. or SNP

% 1000 B emsEc ey AENREECyARBEc st RRRRRE
_ACt or AACY ; / /
£ ¥
S m / 100
- PCR efficiency from std. Curve 3 / y
£ om 10
—<100% J
—->100% 1 1
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
— Dynam |C range FCR Amplitication vs Cy%!’:%BR AmpMC.opd
- Reproducibility
Correlation Coefficient; 1,000 Slope: -3.450 Intercept: 38,443 ¥ =-3.450% + 358,443 o Unknownz
— Duplication or triplication PCR Efficency: 5¢.9% > Standards
Z
 Melting curve analysis s
— Primer dimer =
1 2 3 4 5 & 7 g

- Non Specmc prOdUCt|0n Log Skarting Quankity, copy number

PCR Standard Curve: SYER SmphC.opd
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Remember...

Real-Time PCR is not ‘cookbook
chemistry’ - a real-time
iInstrument will not optimize your
experiments for you

However, once you do optimize
your reactions , you will get

reproducible, accurate results
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Bio-Rad
Gene Expression Gateway

| httpedfaewew hio-rad comdgenommics

! I.Gene Expraszsion Site E m

Gene Expression Gateway

& Printable View Sitemap

SAMPLE PREPARATION
MODULATION v { 5
'l - -
PROFILING Compre;ien- sive Techniques
.} for gene expression

QUANTIFICATION il |

OTHER APPLICATIONS | a ’ l;, hl |
Thanks for mousing over > What's New in Gene Expression?
i ‘! Personalize your research with the

" . o : - BioDdyssey Calligrapher miniarrayer. The

- 4 § | l'é; plug-n-play design and intuitive software i .
| " - = makes printing easy. leam more > RNAi s“'“““"*-
— AN
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Amplification Central

| | Gene Expression Site V’l E

E Printable View Sitemap

Home = Support = Amplification Central

Amplification Central Glossary >

-

;. -
FCR Doctor i Tutorials i Assay Design
Cure your data ailments with this . Learn the key principles of ! Access design considerations for
interactive troubleshooting toal for conventional and real-time PCR. conventional and real-time PCR
PCR and real-time PCR assays. ; ;| assays.
| ¥ Real-Time PCR Fundamentals :
* Real-Time PCR Doctor ! ¥ Real-Time PCR Chemistries ¢ ¥ Primer and PCR Product Design
* Conventional PCR Docter i * Downloadable Fresentations i * Assay Validation and Optimization
* Bio-Rad Technical Support L Overview

¢ ¥ Quantitative PCR Analysis

Top 20 Citations RNAI Solutions

Recommended articles featuring the most popular From design to detection, Bio-Rad offers an extensive set of
‘amplification-related applications. learn more » tools for effective gene silencing and analysis, learn more »
Tip of the Week

Tao avoid genomic DNA amplification when using cDNA as the starting template, it is helpful to design primers at splice
junctions.
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Conclusions

- Real-time PCR is a powerful technique that permits quantitative

analyses to be performed

- Many detection strategies exist for qPCR, each requiring specific

excitation and detection parameters

- Bio-Rad has the complete solution for all aspects of real-time PCR
Jeffrey Iai@bio—rad.comﬂfﬁﬁlfﬁ
(02)25787189

Gene Expression Gateway

www.bio-rad.com/genomics/
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