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Polymerase Chain Reaction (PCR)

Primers and DNA

v
Strand denaturation and —_—
primer annealing .
Primer extension e

v

Denaturation 95° ’
Cycling

Exponential amplification
of PCR products

Extension 72°

Annealing 50-60° C
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Polymerase Chain Reaction (PCR)

PCR is a method to amplify specific genetic sequences.

»

Cycle 1 Cycle 2 Cycle 3




Traditional PCR

In traditional PCR, the product is detected only after amplification is
completed, using methods such as gel electrophoresis
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Principle of Real-time P
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Real-time PCR Signal Detection: Exponential Phase
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Real-time PCR Chemistries

SYBR® Green I dye TagMan® and TagMan® MGB

Binds Double- Fluorogenic 5’ Nuclease Assay
stranded DNA




Real-time PCR Chemistries: SYBR® Green I Dye

* A ‘minor groove’-binding molecule specific to the minor groove of double-stranded

DNA

* Fluoresces at an increased intensity when bound
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SYBR® Green I Dye: Melting Curve Analysis

single target amplification Non-target Non-target

N
i\

Derivative Reporter (-Rn)
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Temperature Temperature Temperature

Use NTC to check whether non-specific product is primer dimer
*If the non-specific product is primer-dimer:

*Optimize primer concentration

*Re-design primer pair (NTC: No Template Control)

" ThermoFisher
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TagMan® Assay: Fluorogenic 5-nuclease Assay

L reverse
1. Polymerization primer e () :

2. Strand displacement

Tao |
e 5 S = ?
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3. Cleavage

=] 4 Polymerization completed
nnnnnnnn = !
R = Reporter (FAM, VIC, etc.) - L/
Q = Quencher NFQ/MGB, etc.) - “,ff
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TagMan® Probe: TagMan® MGB/NFQ Probes

* Minor Groove Binder (MGB)
* Small molecule that fits snugly into minor groove of duplex DNA
* Stabilizes probe annealing

* Non-fluorescent Quencher (NFQ)

* “Dark” quencher acts as energy transfer acceptor that doesn’t emit a detectable fluorescent
signal

* MGB probe design uses a special algorithm in Primer Express® Software

e Shorter probe length (13-25-mers)
(non-fluorescent quencher) NFQ

AGGCCTTGAGAGATAT MGB

e ﬂ (minor groove binder)
N
AGGCCTTGQAGATA’;

GCTACACAGTCCGGAACTCTCTATAGCATCACAC

ThermoFisher
SCIENTIFIC
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Real-time PCR Chemistries

_ TagMan® Assay SYBR® Green I Dye

Specificity More specific Less specific
Probe hybridization

Sensitivity Very high Very high

Flexibility Multiplex PCR No probe required
SNP detection Screening tool

+/- application

Optimization Ready to use 20x Need to optimize PCR
ptimet/probe mix - no need program
to optimize
Gold standard for MAQC Need to check primer-dimer
info
PCR efficiency 100x£10% Need to check PCR efficiency

14
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Real-time PCR Application

* Absolute Quantitation vs. Relative Quantitation

15 SCIENTIFIC
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(Absolute Quantitation)

Ry IS LY
»'To determine the actual number of copies of a U v U U =U

target nucleic acid within a sample with statistical
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confidence.
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C; is directly proportional to log of Log copy number
amount of input template
16 ThermoFisher
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10 ¥ & (Relative Quantitation)

* To determine fold differences of a target nucleic acid in a starting material with
statistical confidence.
* AACt analysis (most common)
* Relative standard curve

* Need endogenous gene normalizes the amount of sample added

* Endogenous control (e.g GAPDH, f-actin, etc.)

* Most powerful and widely used method

* Check primer PCR efficiency if using SYBR Green Dye

1w SCIENTIFIC
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Reverse Transcription and Real-time PCR

Reaction

The world leader in serving science
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One-step vs Two-step Workflow

* One-step Technology

* RT and PCR are performed in single
buffer system

* Two-step Technology

* RT and PCR are performed in
two separate reactions

« \ Cost advantaged when
interrogating multiple targets

« v ¢DNA can be stored and used
., for further experiments

«  Best choice if RNA s limiting

* X Multiple steps, longer time to
result

+ \ One tube, one step

-
U*f"’“"“ “" + v Reduce chance of cross-contamination

< Easy for high throughput workflow U.‘.Z‘_‘,ﬁ e U:

« \ Cost effective when few targets/ sample
analyzed

o+ \ Uses gene-specific primers

* X cDNA cannot be stored

v

U —

[
T
i U
w———,
o sl
Many genes of intarent
i
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One-step Workflow: Real-time PCR Reactions

Component Volume for one reaction Notes
4X TagMan® Fast Virus 1-Step Master Mix. 5L =
TagMan® Gene Expression Assay (20X) 1L If you are not using pre-formulated TagMan® Gene

Expression Assays, Applied Biosystems recommends
primer concentrations of 400 to 900 nM and a probe
concentration of 100 to 250 nM.

Sample Variable Use as much sample as needed, up to the maximum
allowed by the reaction volume.

HRT-PCR Grade Water Variable Fill to the total reaction volume.

Total volume per reaction 20 L -

4

For sample volumes <30 pL

Run mode | Default’
Therrpal Step Stage No. of cycles Temperature Time
con?iﬁg:g Reverse transcription 1 1 50 °Ct 5 minutes
RT inactivation/initial denaturation 2 1 95 °C 20 seconds
Amplification sl 40 a5 °C 3 seconds
60 °C 30 seconds

T Use the default run mode for your system and sample block module (that is, Fast mede on Fast instruments and standard mode on standard
instruments).
+ Reverse transcription works best between 48 °C and 55 °C.

ThermoFisher
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One-step Workflow: Master Mixes

. TaqMan® Fast Virus 1-Step Master Mix (PN 4444434)
* 4X master mix to amplify both RNA and DNA

* Formulated to handle common RT-PCR inhibitors found in blood, stool, and other difficult
samples

* Up to triplex (ROX as passive reference)

* TaqPath™ 1-Step Multiplex Master Mix (PN A28526)
* 4X master mix to amplify both RNA and DNA
* Tolerant to common RT-PCR inhibitors
* Manufactured in an ISO 13485 certified facility
* Up to quadruplex (Mustang Purple as passive reference): Only in QS5

”n ThermoFisher
IF1
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Two-step Workflow: Real-time PCR Reactions

Reverse Transcription : SuperScript IV VILO Kit (Only 25 min
[ s e e
llll 5 (e Reverse transcribe RNA
4 Dot 50N s ::> 6 (Gan | Inacivate enzyme
B | e o U | ot | oo s o
Real-time PCR: . ) )
TagMan Chemistry SYBR Chemistry
2x Power SYBR Master Mix ~ 1x 10ul
2x TaqMan Master Mix 1x 10ul F Primer optimized ~ NA
20x Probe/primer Assay Mix ~ 1x Tl R Primer optimized ~ NA
Water NA Water NA
cDNA 5ul cDNA 5ul
@ 20ul 20ul
Standard mod
sustin s Fast mode SYBR Green:
PCR condition: PCR condition:
50°C, 2min 95 °C, 2 min - Check Primer Concentration
95 °C, 10 min 95 C, 5 sec ] 40 cycles - Add Melt Curve Progtam
95 C, 15 sec ] 40 cycles 60 C, 30 sec
60 °C, 1min
2 ThermoFisher
SCIENTIFIC
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Two-step Workflow: Master Mixes

Standard & Fast Mode
* TagMan® Chemistry
* TagMan® Fast Advanced Master Mix
(PN 4444557)

* SYBR® Green Chemistry

* PowerTrack™ SYBR® Green Master Mix (PN
A46109)

https://www.thermofisher.com/tw/en/home/global/forms/master-mix-sample-request.html

23
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1P ¥+ T_& (Relative Quantitation): PCR Efficiency Validation

* 2-2.5pug RNA in 20pl RT
* Gene name: C-Mycand GAPDH
* cDNA 4-fold serial dilution: 10l cDNA + 30ul H,O

1. Ix
©2 1/4x 10ul 10ul 10ul
° 4. 1/64x

. 1/4x 1/16x 1/64x
* 5. NTC (duplicate for each sample)

s B BERELL A EAF v V V V

300 H,0 300 H,O  30uH,0 304 H,0

* Prepare a Premix for each gene

¢ Aliquot 15pl of Premix to each well
* Add 5pl of RT product to the well
* Real-time PCR reaction

24

24
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https://www.thermofisher.com/tw/en/home/global/forms/master-mix-sample-request.html

¥ TE (Relative Quantitation): PCR Efficiency Validation

325
300
275
_ 250
5]
225
200
175
150
anf a2 at az 1 2 345 10 ) 100 20 1000
Quantity
Target: GAPDH Slope: -3.506 Y-Inter: 27.226 BZ: 0.999 Efft: 92.853 -
Target: c-myc Slope: -3.696 Y-Inter: 23.82 r2. 0.998 Efi%: 86.438 i
90 = Eff% = 110 > AA Ct
Eff% < 90 - Relative standard curve
25 ThermoFisher
SCIENTIFIC
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1P ¥ T & (Relative Quantitation):Comparative Ct Method (AACt)

Comparison of the c-myc expression level
in T=0, T=12, T=24, T=48 time course study

Reference Sample

time
=0 =12 =24 =48

total RNA. total RNA. total RNA total RNA l Spectrophotometer measure RNA quantity

cDNA cDNA cDNA cDNA l Reverse Transcription: Ex. 2 ug RNA/ 20 ul. =100 ng/ul.
C-mye GAPDH C-mye GAPDH C-mye GAPDH C-mye GAPDH l

i i i i i i i i Real Time PCR
Unknown samples (50 ng): T=0, T=12, T=24, T=48

Ct=25 Ct=10 Ct=24 Ct=10
2% ThermoFisher

SCIENTIFIC
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A0 ¥+ T & (Relative Quantitation):Comparative Ct Method (AACY)

step 1: Normalization to endogenous control
Sample: Ct c-Myc — Ct GAPDH = ACt sample

Reference: Ct c-Myc — Ct GAPDH = ACt reference sample
step 2: Normalization to reference sample

ACt sample — ACt reference sample = AACt

step 3: use the formula

Z-AACt

A reference sample is a sample to which unknown samples are
compared (e.g. untreated sample or control).

2 ThermoFisher
IF1
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1P ¥ T & (Relative Quantitation): Comparative Ct Method (AACY)

c-Myc GAPDH AC,  AAC,  24act
T=0 (Reference) 25 10

T=12hr 24 10

T=24hr 23 11

T=48hr 28 10
-3 Ot=0
S 6 Bt=12h
2
£ 4 Wt=24h
S . 2 M t=48h
@

28 ThermoFisher
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Single Nucleotide Polymorphisms (SNPs)

* SNPs are singe base changes in genomic DNA
* SNPs may cause diseases, alter metabolisms or act as markers

* SNPs in diploid loci commonly have 3 genotypes..

Homozygous Heterozygous Homozygous
- — . v—— —
AT AU S D S B
Wildtype Mutant

20 ThermoFisher
C IF1
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TagMan® SNP Genotyping Assay Overview

1. Assay Components and DNA Template

Forward primer v Probe Probe.
"'ﬂ'ﬂ'ﬂ'r?rﬂ'ro gﬂ"'ﬂ'l'l'm'm'o Reverse primer
ETTTTTT T

r. A
B
5 3
DNA template 1G/Al
= =1
T T T T T ITTTTTIOTTT ,
. fem .
2. Denatured Template and Annealed Assay Components LEGEND
S

Reverse primer

Match

= o \  VvIC dye
Probe ”’ Probe ”’
Verrrrr e o Eorrrrrrrer @ @ FAM™ dye
. G \ )/ A
Forward primer \ o Quencher
o ‘
| [cm) ) Minor Groove
3 5 @ Binder
i X . E AmpliTaq Gold'
3. Signal Generation U DNA Polymerase
\G!
pove SS9
e‘rrrr‘rrrr‘u‘rﬁo === Probe
v A
Forward primer »
- b G w &= Primer
||||J||||||||HIH|§-‘H il mrllrlrlrlruulrrrll
c —— Template

Extended Primer

U
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Allelic Discrimination (SNP) Data

Allelic Discrimination Plot
25 }
20
Homozygous (W AA Heteﬁozfyg@ug GA
A 18 (/ .r !
10 \ - :7/,,,//
05 Homozygous Mut) GG ele 2. PassRel  call
> 0.152 3,617.946H Negative Control (NC})
=N ] 0.186 3,784.869M negative Control (NC)
- 03 o 07 . 0.334 4,088 745® Homozygous 1/1
N 2.282 3,774.144@ Homozygous 2/2
0.392 4,004.767® Homozygous 1/1
Sample 12 C_11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.782 1.5 3,591.875® Heterozygous 1/2
Sample 13 C__11711420_30 LA Cc VIC-NFQ... FAM-NF.. 0.716 1.206 3,942.024@ Heterozygous 1/2
Sample 14 C__11711420_30 A c VIC-NFQ... FAM-NF 0.815 1624 3956 087® Haterozygous 112
Sample 15 C__11711420_30 A c VIC-NFQ... FAM-NF 0.767 1526 3,843 214® Haterozygous 112
Sample 16 C__11711420_30 A C VIC-NFQ... FAM-NF 0.748 1.478 3,793.905® Haterozygous 1/2
Sample 17 C__11711420_30 LA Cc VIC-NFQ... FAM-NF.. 0.709 1.086 3,820.435® Heterozygous 1/2
Sample 18 C__11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.736 1.371 3,945.303® Heterozygous 1/2
Sample 19 C_11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.795 1.528 4,026.388@ Heterozygous 1/2
Sample 2 C__11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.84 0.364 3,737.053® Homozygous 1/1
Sample 20 C__11711420_30 A c VIC-NFQ... FAM-NF 0.888 0.37 4,099.657® Homozygous 141
Sample 3 C__11711420_30 A C VIC-NFQ... FAM-NF 0.189 2251 3,643 652® Homozygous 2/2
Sample 4 C__11711420_30 A c VIC-NFQ... FAM-NF 0.963 0421 3,826 576® Homozygous 1/1
l Sample5  C__11711420_30 A o] VIC-NFQ... FAM-NF 0.705 1.418 3,982.397® Hsterozygous 1/2
Sample 6 C__11711420_30 LA (o] VIC-NFQ... FAM-NF.. 0.729 1.386 4,048.287® Heterozygous 1/2
31 Sample 7 C__11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.9186 0.393 4,015.545® Homozygous 1/1
Sample® G 11711420 30 A c VICNEQ  EAMINE 073 1437 3797 801® Heterozvonus 12
31
ThermoFisher
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The world leader in serving science
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Pre-Designed TagMan® Assay

ThermoFisher S 3
ScienTIFIC Lamsne v Q O cContactus Sgnin- QuickOrder Y7

“\\\ Popular  Appiications & Techniques  Shop All Products  Services & Support  AboutUs @) Connect Your Lab

JeneArt Gene Synthesis

Learn about our real-time applications

Gene expression SNP genotyping MicroRNA analysis How do TagMan
analysis analysis Assays work?

http:/ /www.thermofisher.com/tw/en/home/life-science/pcr/ real-time-per/real-time-pcr-assays.html

3 ThermoFisher
SCIENTIFIC
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Pre-Designed TagMan® Assay — Gene expression

Search TagMan® Assays and Arrays
TaqMan Assays Build a
Gene Expression | 9% n setrch
Filter your results
Assay Attributes v  Species v  AssayDesign v (3 CrossReactivity v (3
Y pe GAPDH y Desig: ty
Select action ¥ Selectproduct(s)  Change dys for all ¥ Change size for all ¥ Sonby -
Select  Assay ID Gene Transeripts Assay Design Ampiicon Length Price
7 GAPI 4 RefSeq (NM E L 57
Hs02786624_g1 DH F 1 Dye: FAMMGE .
Catalog number. 43311
Targel species Human e Size: S 250 xns -
Impartant information @ :
Avallability nventoned
Price (TWD) Contact Us
Build 38.2 Human Chr.12: Hs02788624_g1
Eryth ¥
Bioz Stars ' 50 *.. GAPDH: e
—
WM_002045 5
== asss V=
5745 1
= — o — o ——— o — Iy
(G cEaT0m
o 6536000 653800 Fish
34 Show all RefSeq and GenBank DT ESF Ieg

34
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Primer Design: Bioinformatics Evaluations

* Bioinformatics
* BLAST tool: Sequence specificity (https:
* SNPmasker: N masked SNPs (http://bioinfo.cbc.ce/snpmasker/)

* RepeatMasker: N masked repeat sequence (http:

blast.ncbi.nlm.nih.gov/Blast.cgi)

www.repeatmasker.org)

¢ Custom TagMan® Assay Design Tool
(https:/ /www.thermofisher.com/order/custom-genomic-products/tools/cadt/)

* Primer Express® 3.0.1

ThermoFisher
SCIENTIFIC
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Custom TagMan ay Design Tool
ThermoFisher sachai v search Q O comatus Sgnin- Quickorer 3

Custom TagMan® Assay Design Tool

Order Custom Assays

TagMan® SNP Genotyping Assays
o I 2 SNP Genotyping Assay by first enl a sequence, utting
ec! for assay de nolification of successiul assay design, simply Ot Clnin Sonaning Nesmpn

pon 1
pping basket

Other Ways to Order

TagMan® Gene Expression Assays
Order Custom Plus TaqMan® RNA Assay: QM b
Order Custom Plus TagMan® RNA Assays . " ys by T Erpession A 3

ences, then submitting for
simply add the desired custom assays to your shopping basket

Other Ways to Order:

Reorder Custom Assays

Reorder a custom designed assay by first searching for it in
found, simply add the desired custom assay 10 your shopping basket

our system You may search by such fields as Assay Name. Assay ID, submission date, stc. Once

https://www.thermofisher.com/order/ custom-genomic-products/tools/cadt/

ThermoFisher
SCIENTIFIC
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https://www.thermofisher.com/order/custom-genomic-products/tools/cadt/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://bioinfo.ebc.ee/snpmasker/
http://www.repeatmasker.org/

Custom TaqMa ssay Design Tool - TagMan® Gene Expression Assays

Custom TagMan® Assay Design Tool

ndicate Bioinformatics Preferences
Tell us which species your sequences are associated with: ©  H sapiens (Humen 0

Seiect s bioinformatic snalyvis preference

© successtul design and performance by (o

Openimport Fiie
Sutes  Name © Sequence © Target Position © P —
permanently hide you assay primer
oee Info @

+ Enter More Sequences

38 SCIENTIF
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Z_¥ PCR Primers/ Probe3k 3+ #ic %8

E Primer Express

\ & Applied
A‘% Biggystems

Primer Expresse

Software
for Real-Time PCR

Version 3.0

Install Primer Express®
About Primer Express®

©Copyright 2004. Applied Biosystems.
All rights reserved.

O

(scignce)

40 SCIENTI
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Bl Primer Excpress 3.0

HE >+ HS&

Type: |Taghan® MGE Quantification

[alg]
P, ters: "
aramelsrs T aghd an® Quantification
Taghlan® MGE Allelic Dizcrimination

Taghdan® Allelic Discrimination

a4

ThermoFisher
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Sequence

@ Primer Express 3.0

Edit “iew Tools Window Help

= X @@

H >+H0H Hé ~ e

. Find Primer/Probe

B Fietems o83 (|

Length 383bp.  Seleold

N 1. Add DNA file or Copy & Paste

BURGCCATCA CCCCAGCCTT GTOTGCCGTG TOTCCCCAGE GGCAAGGCGEG 50 -~
MGTGCTOTS COTTTCCTAC CAACCTGATA TCCTGOTGAC TGOTACCTAT 100
MCARGARGE TGACCATCTA TGATCCCAGE GOTGAGCCTT TARTCCCAGT 150
CETAGARGE CARAGGEAAG CRGATCTCTA AGTTCAAGAT CAGCATGGGC 200
TACATAGTAS ATTCTAGOCC AGCTAGUGCT ACACAGTAAG ATCCTGTCAC 250
AAAABACTC AATARACAAS ACACAACARL ARACARBAGA AAGGAMACAC 300
MCACRACAG ABBAGAGCAT GBGHGCAGGE TGCAGGGGCT GARMAGATGGH 350
TCAGCARTT AAGARCECTS GTTECCCTTE CBY 383

To find Primers & Probes, click the "Find Primers/Probes" button

42

ThermoFisher
SCIENTIFIC
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Rev %GC
3

"

I R ST SRS E S SR T S
5|18 EB| B 5| 1B B[ B B 1B &B| B 8| 18 )
BRI R R R R A
sl B sl B s bl e ©

I3

Oige Lengh Hakeh | Sek Diners| Cross D

(%) Farward Primer 18 liost Stable Stmcture Found

() Reverse Primer % 5
) Prove 17 ”
[BOCTTT 3
Foward Piimer
CBBCASTRCTGTGCCTTT

Reversz Pimer
CACCTTCTTGTCATAGGTACTAGTCA
Probe.

CTACCAALCTGATATCC

ThermoFisher
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Check Tm of Primers

File Edit Miew

Dol 1l

window Help

Find Primers/Probes

Add DNA File.

Batch Process Tool.. Cirl+B
Carwert

il Primer Probe Test To,

Document Type:  |TagMan® MGB Quaniification ~| Parameter: [ Default v [ Browse |

rPrimers and Probes

Fiud Primer | ACTGATCGATCAGCTACGCATC |

R Primer | TCGATCGATCGATCGATGH |

Probel | |
Prote2 | ]
Tim
.
technologies™
. ThermoFisher
SCIENTIFIC
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SYBR Green Experiment Notes

1. Primer Concentration Optimization

*  Primer final concentration

No primer dimer or non-specific product involved

2. PCR Primer Efficiency Validation

Serially-diluted sample to generate standard curve for target gene and endogenous
control gene

3. Test with samples that are comparable to real experiment for each gene

e Thermo Fﬁhler

47

Configure Custom TagMan® Array Plate

Ready-to-use plates with preloaded TagMan Assays!

Preconfigured Flexible-content Custom TagMan Custom

TagMan Array Plates TaqMan Array Plates  Array Plates formatting service
Definition Fixed, predefined Modifiable predefined Configurable Client-requested designs

gene panels gene panels predesigned assays

* Convenient setup

e dried TagMan Assays in a 96- or 384-well plate;
just add master mix and your cDNA sample

* Flexible format

* choose from preconfigured to customizable
TaqMan Array Plates in fast or standard formats

* Easy data analysis

* Applied Biosystems™ analysis modules help
provide rapid cloud-based data interpretation

8 ThermoFisher
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O A thaliana

D. melznogaster

ooooooono

O
O
sus) [
sh) [ e
O
D s
[] e=thogsns
i me, Same Chemistry
oMillion More SNPs
! Available NOW! °
TagMan® SNP
Genotyping Assays. 77/‘;

=

- |

.

Custom TagMan Assays Service

| nodayI Uy WGIIEN

o TagMan Gene Expression Assays

© >1,300,000 B © K3 & RIEE A FI LR B A e

o FEATH DM 2 T (23 species)

o TagMan microRINA and primary microRINA Assays

o TagMan SNP Genotyping Assays
o TagMan Copy Number Assays
o TagMan Mutation Detection Assays

* Custom TagMan Assays

* All-in One tube TagMan-based Assay

Primer Express Software

FSIEE YA ~~3 L UPF P primer;

B3

R

Applied Biosystems QuantStudio™ 1 Real-
S Time PCR System

The world leader in serving science

51
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QuantStudio™ 1 Real-Time PCR Systems: Front

8.5 inch touch screen
(stand-alone
capabilities, PIN-
protected user
accounts, and dye
calibration/RNaseP
functionality)

USB outlet @i SR ® Power button (back)

for template upload 7 .5 QuantStudio 1

and data download
Manual pull drawer
(controlled by touchscreen) @ -+ ueeeunus

52 SCIENTIFIC
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QuantStudio™ 1 Real-Time PCR Systems: Rear

USB ports

Wi-Fi adapter
(optional)

= l'l'l'l'l.l'l'l
‘a Illlllllllll'll
TUHHHEHG

i
! U] /

Ethernet port: RJ45 o 4
(10/100Mbps)  ©

RS232 service port

Fuse cover

Power port @
(100/240 VAC)

53 SCIENTIFIC
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Multiplexing Capabilities

* White LED for long lasting

1 The central wavelengths are the optimized wavelengths.
21 The HEX™ and TET™ dyes from Thermo Fisher Scientific fall within the emission wavelength range of the
system, therefore they can be added and adapted for use on the instrument

> - Filter wavelength
performance ok . = s
. filter dyes custom dyes
* 3-color instrument Excitation | Emission
- FAM™/SYBR® Green dyes x-ml | Bue | 470215 | 520215 ‘ SVBFR“.”G;“" SYT09
— VIC®/JOE™ dyes N oe
x2-m2 | Green | 520210 | 558212 vic B TE
— ROX™ dye s
. x4-m4 | Orange | 580+10 | 62314 ROX"™, JUN™ Texas Red”™
e Factory calibrated ! ! - ‘»

Wavelength
(nm)

/‘ \ gmi;srion
pectra
7
/ xi-ml x2-m2 x4md Filters
(@ x1-m1 — FAM™, SYBR™ Green (@ x4-mé& — JUN™, ROX™, Texas Red™
@ x2-m2—VIC™
" ThermoFisher
SCIENT C
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QuantStudio™ 1 Real-Time PCR System: Consumables

SRR
* MicroAmp® 96-Well Reaction Plate (0.2ml) -
10 plates (P/N N8010560)

* MicroAmp® Optical Adhesive Film - 25 films
(P/N 4311971)

SRR
* MicroAmp® 8-Tube Strip (0.2ml) - 125 strips
(P/N 4316567)

(P/N 4323032)

K Load at least 16 tubes with tray

* MicroAmp® Optical 8-Cap Strip - 300 strips i

55

55
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Sealing the Plate

The flat edge of an applicator is rubbed back-and-forth along the length of the plate with a
significant downward pressure to form a complete seal on top the wells

The end of an applicator is rubbed around all the outside edges of the plate with a
significant downward pressure to form a complete seal around the outside wells

56
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QuantStudio™ 1 Real-Time PCR System: Operation Notes

* Use a TRAY for 8-tube strips
* Do NOT label on the consumables
* This may increase the background signal

* Avoid bubbles when pipetting into each well

* Centrifuge samples

Correct Incorrect

¥, v}

Liquid is at the

o Not centrifuged with enough force, or
bottom of the well.

« Not centrifuged for enough time

57
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Stand-alone, Desktop, or Online

& ThermoFisherCloud

Connected Laptop
with QuantStudio
Design and Analysis
desktop software

Note: You can start an

experiment run only Connect to the Design and

from the instrument o Analysis Cloud software

touchscreen or from - using any device with a

the Desktop Software USB compatible web browser

s ThermoFisher
1F1

58

QuantStudio™ 1 Real-Time PCR System: Touch Screen

Door
Locked/Unlocked
2721218100009 I o—
Help
Sign In or
Create a Local
User Account Settings:
M @ - lga]jbration
Load Experiment Open Template Run Last - Runs
- Logs
- Ship Prep
50 ThermoFisher
SCIENTIFIC
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QuantStudio™ 1 Real-Time PCR

Quantification-SYBR_with_Melt

Method

tem: Edit Run Protocol

Start Run

60

Monitor Progress During the Run

Time
Remaining

Thermal Protocol
Status

01:32:31

Live Amplification Curves

61

61
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Data Transfer

+ Ability to transfer run data from/to a ‘Network Location”

Load Experiment

63 SCIENTIFIC

63

QuantStudio™ Design and Analysis Software

* QuantStudio™ Design and Analysis Software supports a variety of analysis
methods, including:
* Absolute Quantitation
* Standard Curve
* Relative Quantitation
* Relative Standard Curve
* Comparative CT (AA CT)
* Melt curve analysis

* Genotyping (including real-time amplification)

* Multiplate GEx analysis available online on the QuantStudio Design and Analysis
Cloud Software (https://www.thermofisher.com/tw/en/home/cloud.html )

64 SCIENTIFIC

64


https://www.thermofisher.com/tw/en/home/cloud.html

QuantStudio™ Design and Analysis Software

Select an Option

+ 1

—

(e

 Similar look and feel as online software

¢ https://www.thermofisher.com/tw/en/home/¢lobal/forms/life-

science/quantstudio-software-download.html

65 ThermoFisher
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Properties Method Plate Run Results Export

Experiment Properties [

ame PR

e

r— v

Bk v

[ras— v

oty v

[ uncird v

Wre—

66 ThermoFisher
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https://www.thermofisher.com/tw/en/home/global/forms/life-science/quantstudio-software-download.html

& Quantstudio™ Design & Analysis Software v1.5.1

File  Edit  Analysis Tools  Help

Properties Method Plate Run Results Export
Experiment Method
Volume Cover
60 pi 108.0°C
Hold Stage PCR Stage
95.0°C 95.0°C
10:00 16°C/s  0o01s
16%C/a
16°C/s
60.0°C
sai020 01:00
(/—) 02:00
= 1.6°C/s
Step1 Step2 Step1 Step2
40 [2] x
Legends: {8} Data Collection On Data Collection off [} Pause On Pause Off  &F Advanced Settings  V VeriFlex
67 ThermoFisher
SCIENTIFIC
Properties Method Plate Run Results Export
Aun Control Oy Save v
None
prov
< ® Vew v
>
T T T T T T T T R

Amplification Plot

Gyeta

Start Run from touchscreen or desktop

68

ThermoFisher
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Properties Method Plate Run Results Export
Assign Targets and Samples
Quick Setup Advanced Setup < @& View v
5
Well Attributes i z 3
Sample v
Target v
Well Comments
Plate Attributes
Select well and type wells: [ o oo
sample names
60 ThermoFisher
SCIENTIFIC
69
Properties Method Plate Run Results Export
Assign Targets and Samples
Quick Setup Advanced Setup < @& View v
>
. . 1 2 a
= Targets Add [# Action ~ ===
Al I
[ M-Sy
Name Reporter Quencher Comments Task Quantity B
1 W Target1 FAM NFQ-MBE - X C
D
E
— Samples Add [# Action «~ F
G
Sample Hame Comments +
H
= W sample1 X

welis: o Eo o

70
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Define and Set Up Standards

Properties  Method Plate Run Resuits Export
Assign Targets and Samples [#] Action O; Save
Select Sample »
Quick Set Ad dset < N Select Target »
ST s B > LR Select Task y
Well Attributes .
I
sample v Define and Set Up Standards |~
B
Target v

Well Comments

Plate Attributes

wels: Mo EHodo 96 Empty

n ThermoFisher
SCIENTIFIC

71

| £/ Define and Set Up Standards.

Select a target

*Model: Singleplex ¥ = Select the target for this standard curve: Targetl v

Define the standard curve Standard Curve Preview

= # of Points: |5 (5 Recommended)
+# of Replicates |3| (3 Recommended)
* Starting Quantity: [1.0| (Enter the highest or lowest standard quantity for the standard curve)

* Serial Factor: 138 ¥ (Selectavalue from 1:10 to 10x)

6 Points X 3 Replicates = 15 Required Wells

Select and arrange wells for the standards

Arrange standards in: Columnns

UseWells: @ Automatically Select Wells for Me et Me Select Wels

15 Required Wells /15 Selected Wells

A1,A2,A3,A4,A5,A6,AT,AB,AD,A10,A
11412818283

o T T T

7 ThermoFisher
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Properties Method Plate Run Results Export

Run Control

2721219100363
Run Started at:02-25-2020 14:05:29 CST  Run Completed at:15:00:30 CST

AmplificaionPlot~ Post-Run Summary

Post-Run Summary
Experiment Name: 2020-02-25, 140623 Start Time 02-25-2020 140529 CST
Siop Time: 02-25-2020 15:00:30 CST Run Duration: 55 minues 1 seconds
User Name: DEFAULT Insirumeni Name: 2721219100363
Firmware Version: m ‘Software Version. QuentStudio™ Design & Analysis Sofiware v1 51
Insirument Serial Number: 2721219100383 Sample Volume: 200
Cover Temperature 1050 Insirument Type:  QuantShudo™ 1 System
Block Type: 96-Well 0.2-mL Block Noie WA
Enars Encountered:
7 ThermoFisher
SCIENTIFIC
Properties Method Plate Run Results Export
Results @ Action v O Save v

Toggle between
sopcucrrs [ ¢ ® veu v alQ plate view and

mpm—— 50 S0 S R SO I N S R 11 detail
Mstcomponent ot e T T well details
A o oo o oo Q)
e o & m o -ms
L~ o oFo oF o o 1
i 0 e o e s oo n i ol
o o
® View v Groupby v =
s o wow M 8
LRt oo Qg * we om fiag  Samgle Na. Target Ho. Task
e - e gl 1 ~ @ i xaz nTC i
Lah -} o o = o
v G‘ - a‘ B > u 9 1 V3 STANDA.
oM (] €2 XAz STANDA. i
i 0w oo
o e . 9 = Az STANDA. i
e w ™
g rPEERE -~ © W  w  saoa B
e e 7 A (] €5 KAz STANDA.  Fy
| DR DN BN BN T
weis Mo @0 le 8 A 9 e KAz STANDA FY
m 9 A 9 1€7 XAz STANDA. Fi
10 A (] 8 xaz STANDA. Fi
1n o An ] 169 KAZ STANDA.  Fi
12 AR a9 €10 KAZ STANDA_ Fy
13 8 @ i KAZ NTC F
—
75 ThermoFisher
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Properties Method Plate Run

Results

Results Export

@ Aon v 0 S v

alaRaR " e Mot Pt

onno

™

W Humsn_gONA

Tl 0 0 0 0
0 0 0
0
T Y
el 0 0
0
0 0
il 3l 0 0

L

[}

W

weis s @o o o npy
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Properties Method Plate Run Results Export
Results [# Action v O; Save v
alaap xR r-le o v : ® View v E3ES
RQ vs Target # Cr Mean ACT Mean ACT SD AACT RQ RQ Min RQ Ma)
150 1 25.455 4.47 0.103 -3.653 12.578 10.308 15.2
125 iﬁi 2 29.925
o 100 3 29.354 -0.817 0.068 0 1 0.903 1.1
T 75 6.92 N
——— 4 27.379 -2.674 0.018 -1.857 3.622 3.528 33
50 3622 N
5 28.391 -1.57 0.018 -0.753 1.686 1.641 1.3
25 \ 0o
0o 6 26.38 -3.608 0.001 -2.791 6.92 6.041 7.0
g 7 30172
Targat 8 30053
400 200 M1600 3200 M 6400 2 e

v

ThermoFisher
SCIENTIFIC
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Properties Method Plate Run Results Export
Results
alala o ~® Standard Curve B ® viw ~
>
Amplification Plot I3
r T
Standard Curve Multicompenent Plot Al <] 5} =
|
|
Y s MM Raw Data Plot o e A S iS
|
20 T o8 [ 1E2 1E3 IE4
S~ Whi: Qc Summary cim i =] =] =]
25 [
= | NTC 162 163 led
5, — Standard Curve G h = = =
5 T | nTC A 162 163 ek
TR E R L m @ &
ALl Ty | NTC i 1E2 1E3 G4
5 T Fim SN < N <1 M <
BT 10000 100000 00000 1000000 MODOOO)  10DDODOOOD  10OODDONDND  100DJONNND I NTC 1 1E2  1E3 B4
G a2 B g
Quantity 1
| NTC 2 B3 IR
HIE h SIS |
Target: KAZ Slopa: -3.49 V-Inter: 40.362 521 0.999 Eff%: 93.452 Error: 0.01
KAZ
wells: Mo Hso[ds
78 ThermoFisher
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Properties Method Plate Run Results Export
Export 71 Auto Export Export O; Save v
Name of export file | Content
[F] Sample Setup [F] Raw Data
File Type Quantstudio v [ Amplification Data [ Multicomponent Data
[¥] Results
H ¢xi) v
- - - [ Reagent Information
File Edit  Analysis Tools Help
T  Thusrtstudio besigna s Browse Customize | Customize what is exported within each item above
Open... Ctrl+O  |pen complete o
Close 7 Unify the above content items into ane file
@ Split the above content items into individual files
Save Ctrl+S
Save As..

Save As Locked Template...

Import Plate Setup.

Convert Experiment to Template...

Send To PowerPoint. |
Print__
Print Report... |
Exit

80
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Gaining

Advantage

ThermoFisher
SCIENTIFIC

Thermo Fisher Cloud

Monitor Access
global data
outbreaks J

Upload new
SOPs and
protocols

Centralize

Share data with

with labs in
remote areas

82
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Thermo Fisher Cloud: Dashboard

The front page of Thermo Fisher
‘Is'llelr:nNoTFl;!‘»Fhlecr Search Al . Q O conactus

Quick Order T

‘ https:/ /apps.thermofishetr.com/apps/spa/#/dashboatrd ‘

by Thermo Fisher Cloud @%

Recent projects and files

Manage Profile
Switch to Region
Get Notifications

Quick access to Files, | welcome to your dashboard, Nai-Chen
Applications, and What do you want to do?
Instruments

aaE@

-,

Faebac

Check the status of
connected
instruments

2O0EE

Upload files and create
new projects

83 ThermoFisher
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Thermo Fisher Cloud: Files

rowered by Thermo Fisher Cloud (%
] \ u M
[
. Rw_Malt_SYBR_Seloct MMx_10ul o E 27/Sepr20n
ey 17MB ol 10068 f
a4 ThermoFisher
SCIENTIFIC
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In the Project

Manage Data Files

Files in the project

Name

by Thermo Fisher Cloud (&%

m Emgon from Therma Fsnor Cioue RSN

Instrument size

Run Date

Import your
data from
local or cloud

No items to display

g5 ThermoFisher
SCIENTIFIC
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Analysis modules

Manage Data Files

Files in the project

Powsred by Thermo Fisher Cloud (&%

Select analysis
module

SC: Standard curve
RQ: Relative Quntification

A/B/20159710:23 AM

SEND FIDBACK

86
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elative Quantification Analysis Module: Project Overview

Analyze
. . . button
Basic navigation across the top
N
RQ Overview Prate Setug a2 Review Aaysss Export etaut An o v| Semog @
Experiments Targets s v
Bock Type [r— Name Reporns | Conma
5 x
- - o
0513840 Comparatvs 1 Exang et am :
087_ 38401 Comparatv 1 Exampl 2 08 - o o
" P [
suet
Samples Actons v Biogroups Actons v Analysis Groups Actns v
Nme BoGroep wame Color *| Commens Noms Aalpis Sus
Dttt Anay i Grop [revp——
et M  Anigen [rev—
L
a7 ThermoFisher
SCIENTIFIC
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Plate Set Up: Change sample / target layout

No need to go back to instrument softwarel!!

Plates 28

QS6_384.Well_Comparative Ct..  QS6_384Well_Comparative_Ct. QS7_384Well_Comparative Ct..  QS7_384-Well Comparative CL..  VIAT_384-Well_Comparative_C. VHAT_384-Well_Comparative_C.

RO uare Pateseup  Oma Reve Ansysis  Expon

Edit Plate G36_384-Wel_Comparaive_Ci_Exampie

e0e eee eee . —
oo —=
o0 e [

coo .

Flase Atruies

Fassie Retrerce Dye | RDK

a8 ThermoFisher
SCIENTIFIC
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Data Review: Quick View of Samples, Targets, Plates

’ Change view between samples, targets, plates

m Overview Plate Setup Data Review Analysis Expoj

Targets 1 Targets [ - |

” Lec LPINT

/
ji\‘” / "RI / ‘

Select a thumbnail and drill down ‘

89 SCIENTIFIC
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Data Review: Detailed Amplification Curves

RQ Overview Plate Setup Data Review Analysis Export efaull Anshysis Grows | Sattings 4 m
~ B @@ ;@ ,—|Tz.rgets o aecaen || ety | —vone < s e
" o e N omeer cripestict wa.cr ams sty
Display Amplification
Multicomponent ! s
Standard curve a Moa
- ‘
4 e = a a
(s a s
1105 2 o @
i 2025
s
w0 17518 " @
r.080
sev resuace
% ThermoFisher
SCIENTIFIC
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Gene Expression Plots in Analysis Section

RQ Plots
B —— DuRedew  Anmys  Expo o plliis
RO Plot | il ® sarwie Correlation Plots
Heat Map
Volcano Plots

R8BS DRI oo vt s s 8 gt et pecid i 107 g

ey ¥ Cioar e

T rarget Tsampe T ooopemoreop T Maxcr  Toormesn  Toamswacrmen  Torse  Toacrmean  Tanse  Tromw Tawr  Tawre Tasvers Tan Teamn T eome
T8 s womn

e 813 s
e g u

o ThermoFisher
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Exporting Data

m Ovenview Plate Setup Data Review Analysis. Export Anaiyze
Export n
o ’ Must name file first ‘
Fietyps
Commats ’ .txt ot .csv formats ‘
nchtedin
7] Bt G Femts
) sampe et

Amptesion Das Bport [ [ e |

Voo Pt Dte

L . . P PSS I——
. - - acra
at _— - an
o — asron

Customize your export = o o o
an — = o
& — .
™ - o .
02 ThermoFisher
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Applied Biosystems qPCR Analysis Modules on Thermo Fisher Cloud

AxAgps

A suite of qPCR analysis tools for the entire QuantStudio™ Family:
QuantStudiol, 3, 5, 6, 7, 12K including Open Array format

93
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On-Line Support Center

« Support Centers
Real-Time PCR and
Digital PCR
Instruments Support
Center
2 7500 and 7500 Fast
Re. e PCR
Systems Support
00HT Fast Real-
e PCR System

tStudio™ &
Flex Re:
Time PCR Systemns
Support
QuantStudio™ 12K
ime PCR

o QuantStudio™ 3
nd QuantStudio™

me PCR

Systems Support

Frotein Electrophoresis
and Western Blotting
Support

me PCR and

How-To and

One resource for ail of your real-time PCR and digital PCR instrument support needs.
Navigate through the instrument suppori categories beiow o obtain relevant technical
information, view ips and lricks when starting an experiment, and find fixes for

common instrument and sofiware errors.

QuantStudio™ 12K Flex Real-Time
PCR System Support

Find useful resources and technical FAQs
on calibration, operation, and sofware
support across all block types of the
QuantStudio™ 12K Flex Real-Time PCR
System (96-well, 384-well, TagMan® array,
and OpenArray® plate).

QuantStudio™ 3 and 5 Real-Time
PCR Systems Support

QuantStudio™ 6 and 7 Flex Real-
Time PCR Systems Support

Access in-depth technical information on the
QuantStudio™ 6 and 7 Flex Real-Time PCR
systems (96-well, 384-well, TagMan®
array). Browse our useful documents and
manuals, gettips on using the gPCR
instruments, or find help with calibration,
operation, and software support across all
biock types.

VIA™ 7 Real-Time PCR System
Support B

https://www.thermofisher.com/tw/en/home/technical-
resources/technical-reference-library/real-time-digital-PCR-

instruments-support-center.html

StepOne™ and StepOnePlus™
Real-Time PCR Systems Support

Obtain technical documents on calibration,
operation, and sofware support across all
block types ofthe StepOne™ and
StepOnePlus™ qPCR instruments (48-well
or G6-well, respectively). View our frequently
asked questions for sefting up your
experiment or our recommendations for
commanly encountered error messages.

7900HT Fast Real-Time PCR
System Support

7500 and 7500 Fast Real-Time
PCR Systems Support

Learn best practices for calibration,
operation, and data analysis when using the
7300 or 7500 Fast qPCR instruments.
Browse through useful resources including
technical guides and tools.

QuantStudio™ 3D Digital PCR
System Support

ThermoFisher
SCIENTIFIC
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On-Line Support Center

95

Real-Time PCR and Digital PCR Applications Support Center

¢« Support Centers

Real-Time PCR and Digital PCR
Applications Support Center

2 Pharmacogenomics
Support

s Mutation Detection Support

A and pri-miRNA
Support

High Resolution
Support
Gene Expression Support

Digitai PCR Support

s Copy mber Variation
(CNV) Support

Applications

One resource for all your Real-Time PCR and Digital PCR support needs. Navigate through the gPCR support categories
below to obtain relevant technical information, view tips and tricks when starting an experiment, and find answers lo

everyday qPCR problems.

Real-Time PCR Basics Support

Support for each step of your g°PCR experiment from
reverse transcription and primerjprobe design to gene
expression analysis.

SNP Genotyping Support

Learn how to prepare your samples o detect
poiymorphisms, find the right SNP assay and analyze the
results.

Copy Number Variation (CNV) Support
View information on determining and analyzing copy
number changes due to gene deletion or duplication

High Resolution Melt (HRM) Support
ass infarmation ahnit analvzing genetic vanations

Gene Expression Support
Learn how to set up your gene expression assay and find
for commaon iificati bi

miRNA and pri-miRNA Support
Find out how to design and run your pri-miRNA and
microRNA assays.

Mutation Detection Support
Get heip with assaying rare ailele mutations using castPCR
technology to determine mutation status.

Digital PCR Support
Obtain support on digital GEa
e

analvzing vour data

s:/ /www.thermofisher.com/tw/en/home/technical-

resources/technical-reference-library/real-time-digital-PCR-
applications-support-center.html

s Protein Thermal Shift
Support
3 PAD Basirs
3
2 SNFL h
Tagh
e
Support

Protein Eiectrophoresis and
Western Biotting Support

Real-Time PCR and Digi

| PCR

TagMan™ Protein Assay Support

Find information and help about analyzing protein-protein

interactions through Tagman™ assays.

SRR
Access in-depth information about dyes, primers, probes,
and quenchers for your gPCR experiment.

her
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P PR A+ E-mail: Support. TW(@lifetech.com

TR AR L 0800-251-326

The world leader in serving science
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