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31 Years of mnovation

From the introduction of the PTC100 in 1988 to the launch of
the QX200 droplet digital PCR in 2013, Bio-Rad Laboratories has
led the way in thermal cycler innovation for 30 years.

Bio-Rad's unique family of products for PCR research gives
you the power to do the experiments you want to do, the way you
want to do them.
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#.? What is Wrong with Agarose Gels?

= Poor precision
* Low sensitivity
= Short dynamic range < 3 logs
= Low resolution

= Size-based discrimination only
= Results are not expressed as numbers
= Ethidium bromide staining is not very quantitative

O The Pioneer: Russell Higuchi

U This “real-time” system includes

O Intercalator Ethidium Bromi

de

U Thermal cycler with ultraviolet light o
U Cooled CCD camera with computer-controlled

U By plotting the increase in fluorescence versus cycle
number, the amplification produces increasing amounts
of double-stranded DNA, which binds ethidium bromide,
resulting in an increase in fluorescence.

Q@ What Is Real-Time PCR?

In conventional PCR, the amplified DNA product, or amplicon, is
detected in an end-point analysis.

In real-time PCR, the accumulation of amplification product is
measured as the reaction progresses, in real time, with product
quantification after each cycle.
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0@ What Is Real-Time PCR?

The gPCR workflow below
delineates the steps in real-
time PCR.

First, amplification reactions
are set up with PCR reagents

and unique or custom
primers.

Reactions are then run in
real-time PCR instruments
and the collected data is
analyzed by proprietary
instrument software
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Next Generation Block Design

= 6 independently controlled thermal electric modules

= Reduced-mass sample block
= Heats and cools more quickly
than traditional standard blocks. P
= Short settling time. M ':: ;:: ('H %)
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Next Generation Optical Technology

0 CFX96 uses a scanning shuttle
Q 6 filtered LEDs for excitation

LEDs

0 6 filtered photodiodes for detection
Q True Five-Target Multiplexing

0 Maximal excitation of dyes with a
fixed optical path for all wells and
no cross talk for better
multiplexing
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Filters

.% Worry Free Performance

0 Hassle free maintenance as the
instrument is factory calibrated
and will not require recalibration

O Don’t worry about making
errors in plate setup, data is
always acquired from all wells

O In a power failure, the instrument
and computer will shut down. If
the power failure is not long time,
then the instrument will resume
running a protocol, but the
Application log will note the power
failure.
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DETECTION TECHNOLOGY

Fluorescence Dye and Energy
transfer technique

ké? DNA binding dyes in qPCR
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o SYBR Green I !

o EvaGreen e AN -z

o SYBR Gold 52‘1 Lo g:;

o YO (Oxazole Yellow) .| . . = a

o TO (Thiazole Orange) .. = :5

o PG (PicoGreen) e N
S

'? EvaGreen/SYBR Green I

U EvaGreen and SYBR Green are fluorescent dye that non-
specifically binds to double-stranded DNA.

O Thus amplicon production is measured by the increase in
fluorescence intensity of this DNA binding dye in a non- -sequence
specific manner.

o Advantages:
Used in singleplex reactions
Essential tool for optimization
of primer pairs when used
with Melt Curve Analysis

o Disadvantages:
Detection of non-specific
amplification

Tools and Technologies for Real-Time PCR, Biocompare

t.g EvaGreen/SYBR Green I

U Because EvaGreen/SYBR Green binds to all dsDNA, it is
necessary to check the specificity of your qPCR assay by
analyzing the reaction product(s). To do this, use the meltcurve
function on your real-time instrument and also run products on
an agarose gel.
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Hydrolysis Probe

X

< Hydrolysis (TaqMan) probes are oligonucleotides
that contain a fluorescent dye on the 5' base (typically)
and a quenching dye on the 3' end.
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Advantages:
Detects only amplification of
specific product
Uses standard PCR protocols
Hybridization and cleavage does
not interfere with accumulation of
the product

Disadvantages:

Requires that specific probes be
generated for each template
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Channel " E

1 450-490 FAM, SYBR Green |, EvaGreen

2 515-535 560-580 VIC, HEX, TET, Cal Gold 540 and Cal
Fluor Orange 560

3 560-590 610-650 ROX, TEXAS RED, Cal Red 610 and
TEX 615

4 620-650 675-690 CY5 and Quasar 670

5 672-684 705-730 CY5.5 and Quasar 705

6 450-490 560-580 Accommodates FRET Chemistry

k.? High Resolution Melt (HRM) Analysis

High Resolution Melt (HRM) analysis is a powerful technique in
molecular biology for the detection of mutations, polymorphisms and
epigenetic differences in double-stranded DNA samples. It was
discovered and developed by Idaho Technology and the University of
Utah. It has advantages over other genotyping technologies, namely:

It is_cost effective vs. other genotyping technologies such as
sequencing and TaqMan SNP typing. This makes it ideal for large
scale genotyping projects.

< It is fast and powerful thus able to accurately genotype many
samples rapidly.

< It is_simple. With a good quality HRM assay, powerful genotyping
can be performed by non-geneticists in any laboratory with access
to an HRM capable real-time PCR machine.

.% How does HRM analysis work?
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t.% Basic Principles of HRM

HRM is different from a standard SYBR Green | dye
melt curve analysis:

% Chemistry: Uses saturating or “release-on-demand” dsDNA
binding dyes such as LC Green and LC Green Plus, ResoLight,

EvaGreen, Chromofy and SYTO 9
% gPCR Instrument: More melting data points
< Software: Difference fluorescent normalization algorithms

b? Basic Principles of HRM

Release-on-demand dsDNA binding dye
Precision Melt Supermix

53

HRM analysis software
Precision Melt Analysis™ Software

HRA calibrated Real-Time
CFX96 Real-Time System

Normalization

X

» Pre-melt (initial) and post-melt (final)
fluorescence signals of all samples are normalized
to relative values of 100% and 0%

< Eliminates differences in background fluorescence
between curves
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< Magnify curve differences by subtracting each
curve from the most abundant type or from a
user-defined reference

< Sets a baseline, so small differences become
visible
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QPCR SOFTWARE
AND
APPLICATION
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CFX Maestro™ Software

REAL-TIME PCR DATA COLLECTION, STATISTICAL ANALYSIS, AND GRAPHING
OOLS IN ONE lNI’EGHATED PACKAGE
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#..g Cq Determinations k..@ Primer Validation
hnplic-ﬁon (B) The solution:
= z Primer validation to i ate annealing and dilution factor

for accurate Cq values
Primer validation step #1A:
Temperature gradient, melt curve, and agarose gel from amplified product using a pooled sample
Thermal gradient
Pool Melt curve and gel
verification

- g/

EHD C B
t

51°C
Lowest Cq = Optimal
annealing temp range

Ensure single melt curve peaks
at the same temp and single
band on an agarose gel at the

Primer validation step #18: correct molecular weight

determination of the standard curve dilution factor — /_ [.

Lowest Cq tooptimal  —
annealing range (see Step 1A):
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Dilution Ianm 'orstandafd curve Treads in Bosectmology

< Only CFX Maestro software can automatically analysis
and display qPCR efficiencies for individual thermal
gradient standard curves simultaneously
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.® Absolute quantification

Absolute quantification is achieved by comparing the C; values of the test i
samples to a standard curve. The result of the analysis is quantity of nucleic acid |
(cppy number, Lig) per given amount of sample (per cell, per ug of total RNA). In |
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Absolute Quantification Using a Standard Curve

Detection of Tomato black ring virus by real-time one-step RT-PCR
Scott J. Harper, Catia Delmiglio, Lisa I. Ward ", Gerard R.G. Clover

Plant taboruto: o < Centre, A ity New Zeatand, 231 Morrin Road, 10, Bax 2095, Auskland 1140, New Zeoland
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Fig. 1. A comparison of the standard curves of a ten-fold dilution series of THRV-
infected RNA amplified by real-time RT-PCR using five different reagent sets.

ké’ Melt Curve Analysis

Melting curve analysis
is an assessment of the
dissociation-characteristics
of double-stranded DNA
during heating. The
information gathered can
be used to infer the
presence and identity

of single-nucleotide
polymorphisms

, Melt Curve Analysis T

Methodalogy article

High-throughput avian molecular sexing by SYBR green-based
real-time PCR combined with melting curve analysis

Hsueh-Wei Chang*12, Chun-An Cheng3, De-Leung Gu!, Chia-Che Chang?,
San-Hua $u!, Cheng-Hao Wen!, Yii-Cheng Chou?, Ta-Ching Chous, Cheng-
Te Yao?#, Chi-Li Tsai”? and Chien-Chung Cheng*!

el view and MCA using sex-speciic pririers of .  hoya. PCR products with 185- and |12-bp ampiifed by (A)
CHO-W-£/R ard () CHDZ-FiR primers i fferant PCR-wells were ru in 4% aga-ose B, respectively. The arrow of Fi, 4A.
indicates the remaining primers o primer-dimers of PCR. Non-specific products of W-18 indicated with scar symbols wsere.
p (.0

y 5. hoya samples using
MCA. Al st are performed in duplicate. (C) 7 females (B 12. 14, 15. 17, 19,20, anc 23; and (C) 6 males (Bs 13, 16, 18,21,
22.3nd 24) were bichuded. Z-112 and W-185 ¢ e priaves miztunes for (112:0y

CHDWLR (185-bp). The T vaue fo- 7-112 and W-185 i 7S.0°C 30l 79°C. recpoctively The Tm of non-spacifc penucts of
W-185 is greatly lirger tn 19°C.

Allelic Discrimination f enotyping Analysis
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_’. Allelic Discrimination for Genotyping Analysis

A comparison of DNA sequencing and the
hydrolysis probe analysis (TagMan assay) for
knockdown resistance (kdr) mutations in Anopheles
gambiae from the Republic of the Congo

Kwzng Shik Choi'", Befinds L Spillings'", Maureen Coetzee’, Sichard H Hurt", _izetie L Koakerroer'
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Figure 1 Scatter plot analysis of hydrolysis probe analysis fluorescence results for the kdr-e and kdr-w assays before and after
adjastment of the alleic dicrimination axes. A) Tz defau aleic dsarenivation a5es fo tho krfe mattion atsdy. ) Afer aduting the.
afelic dscaminaion aies for the i mutation 1y were shown. Q) Tha default ek cicriminaion aves ot the ki muststion asssy. D)
Afer acjuating the allelc Gacsimination axis fou the FAM oy

Relative quantification

E.

relative quantification, the analysis result is a ratio: the relative amount (fold i
difference) of a target nucleic acid for equivalent amounts of test and control
sample A vs. B. Both cases need to address the question of what the “amount of
sample” is, and in relative quantification, to ensure that equivalent amounts of
samples are compared.

Gene Exprossion

Normalized Fold Expression
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'@ Relative Quantification Normalized
. to a Reference Gene

The Pfaffl Method

< The 2-44%a method for calculating relative gene
expression is only valid when the amplification
efficiencies of the target and reference genes are
similar.

+ If the amplification efficiencies of the two
amplicons are not the same, an alternative
formula must be used to determine the relative
expression of the target gene in different
samples..

(E )AC,, target (calibrator - test)
target:

(E )ACT, ref (calibrator - test)
ref

Ratio =




Reference Gene

Gene Expression Analysis

Q Delta Cq and Delta-Delta Cq ST ....... SOOI
O Multiple reference genes (vandesompele method) S + Consequence of using poorly
ivi acti iencies using the a methods B 3
Q Individual reaction efficiencies using the and Pfaffl me "o validated reference genes.
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Multiple reference genes (Vandesompele method) Gene Study function
Create a Gene Study to compare gene expression data from one or more real-time
i . : .

14 2 Gl PCR experiments_using an inter-run calibrator to normalize between the experiments.
18w <iv Create a Gene Study by adding data from one or more data files to the Gene Study,
2 zorar (5 e 2o ] G| the software groups them into a single file.
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PrimePCR™Assays and Panels

We focused on the details so you can focus on what
really matters — your results.

DNA Tomplates.

PrimePCR™ PCR

Destretion  Widalio  Amplification Plot

Arpiification of cCNA gere-ated fram univarsal RNA.
Aseay information "
Technology:
‘Assay Type:
Apptication;

Unicue Assay 1D
Assay Design:
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Push-Button Data Analysis and Statistics
= Automatically calculate Cq values and reaction efficiency
= Easily perform statistical analysis including t-tests,
and one-way ANOVA
= Efficiently analyze multi-plate studies
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A newly identified epithelial cell adhesion molecule (EpCAM) from grass
carp (Ctenopharyngodon idellus): Cloning, tissue distribution and
lipopolysaccharide-induced expression in head kidney leucocytes

Xinyan Wang, Yanan Wang, Mu Yang, Hong Zhou'
School of Life Science and Tecinology, University of Eletronic Science and Technology uf Chima, Chemgdu 610054, Feaple’s Repubiic of China
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.%@ HRM Applications

+ |Mutation discovery/gene scanning
+|SNP genotyping

<»|DNA methylation analysis

Species identification

DNA fingerprinting

Screening for loss of heterozygosity

Allelic prevalence in a population
Characterization of haplotype blocks

HLA compatibility testing

Identification of candidate predisposition genes

95% of all applications
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.% Mutation discovery/gene scanning

Before and After sequencing
Easy for large samples
8 Cheapest

A Normaiized Meftng Curve

2 3 8

Frusrescence (Normaiizes)
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.@ HRM Applications

High-resolution melting curve analysis to establish CYP2C19*2 single
nucleotide polymorphism: Comparison with hydrolysis SNP analysis

Manna Temesvari *', j6zsef Paulik ™', Lisz16 K6bori®, Katalin Monostory **

*Chemsicol Reseutch Center, Hungarian Academy of Sciences, Pusziaszeri 5067, He 1025 Budapest, Hungary
" Bio-Ruad Lhoruturies Hungary Lid. Futd u. 47-53. H-10K2 Budupest. Hungary
©Transplantation and Suryical Clinic, Semmeweis Unéversity. Barass 2325, H-1082 Budapest, Hungary
CY22C19*2: 88-bp amphcon
A . Normaltzed ok corve B

t.? Software Comparison

Papers in Press. Published April 9, 2014 as doi:10.1373/clinchem.2013.220160
The latest version is at hitp:/humsint.clinchem.org/cgiidoi/10.1373/clinchem.2013.220160

Clinical Chemivery 6620 Molecular Diagnostics and Genetics.
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Genotyping Accuracy of High-Resolution DNA
Melting Instruments
Mei Li,"” Luming Zhou,* Robert A. Palais,® and Carl T. Wittwer'*

+

Lt 2
& & A, o Fig. 4. Accuracy of homozygous genotyping on 10 in-
g 60 2 @ o 3 strument configurations with 4 PCR product lengths.
,§ * A . 9 The instrument melting rates decrease from left to right as

40 given in Table 1. The manufacturers’ recommended melting

L conditions were used with custom analysis software.
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Fig. 3. Analytical seasitivity of detection across 10 instre and 4 PCR product sizes.

By plotting the sensitivity of detecting the T/T genotype against the A/A genatype, each panel correlates genalype sensitivities
in 2 dimensions. Instruments with 100% accuracy appeat atthe top ight comer. All samoles were mehed under manufacturers’
recommended conditions and analyzed with the same custom software.

Advances in molecular sexing of birds: a high-resolution
melting-curve analysis based on CHD1 gene applied to
Coturnix spp.

Fig. 1. HRM analysis of
PCR products ampli-

fied with CHDI univer-
sal primer pair (P2iP8).
(A) normalized and tem-
porcture-chiftod melting
cusves, and (Bj fuores-
canca differences for sax
genolyping of common
and Japanese quails.
Males {d) and females
() from hoth subspacies

showed simiiar melting
curve patiems.
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