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Polymerase Chain Reaction (PCR)

Primersand DNA

v
Strand denaturation and —_—
primer annealing .
1 H SRR RARPARRAAP PP P
Primer extension R

v
Denaturation 95° ’

' Annealing 50-60° C

Extension 72° C

Cycling
Exponential amplification
of PCR products

Traditional PCR

In traditional PCR, the product is detected only after amplification is
completed, using methods such as gel electrophoresis

5 ThermoFisher
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Principle of Real-time PCR
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C = threshold cycle:
Calculated fractional cycle number at which PCR
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Real-time PCR Signal Detection: Exponential Phase
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Real-time PCR Chemistties

SYBR® Green I dye TagMan® and TagMan® MGB

Binds Double-
stranded DNA

Fluorogenic 5’ Nuclease Assay

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

NS
Major I%l

Groove ‘ﬂ
—En-

' Minor
*b Groove
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SYBR® Green I Dye: Melting Curve Analysis

> -
3 R ENE RN — —
-
— RN ENEN: -
-
Polymerization Polymerization Complete Denaturation
Meilt Curve Meilt Curve
N oyl
60°C  Temperature - 95C
10 ThermoFisher
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SYBR® Green I Dye: Melting Curve Analysis

single target amplification Non-target Non-target
I
%‘ ;'f\ ‘
QE 2p>"
h mTcr[:;crat:;c oo ‘ 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

SCIENTIFIC
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TagMan® Assay: Fluorogenic 5-nuclease Assay

forward primer ? probe 9
= J

=== m—————
. reverse
1. Polymerization primer e @v

- 2. Strand displacement
%

>0 _, )
T = -

3. Cleavage et e o

5

H;' 4. Polymerization completed
i
yim|
ra

R = Reporter (FAM, VIC, etc.)
Q = Quencher NFQ/MGB, etc.)

12

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

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

AGGCCTTGAGAGATAT NGB
ﬂ (minor groove binder)

AGGCCTTG QAGATA;

GCTACACAGTCCGGAACTCTCTATAGCATCACAC

5 ThermoFisher
SCIENTIFIC
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Real-time PCR Chemistries
_ TaqMan® 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
primer/probe mix - no need program
to optimize
Gold standard for MAQC Need to check primer-dimer
info
PCR efficiency 100x10% Need to check PCR efficiency
1 ThermoFisher
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Singleplex vs Multiplex

Sample 1 | Sample 1 | Sample 1
0

sample2 | Sample2 | Sample 2
0

+  Singleplex- one gene target detected per reaction

Sample 1 | Sample 1 | Sample 1

Sample2 | Sample2 | Sample 2
0

* Multiplex -more than one gene target detected
per reaction

* Advantages of Multiplexing include:
v Increased throughput

v Reduced reagent consumption e M

v Reduced sample consumption [N - T—

v .. sample 2 | sample 2 | Sample 2
Improved precision o RS [T [Tjsesss

O [

* Most Real-Time PCR instruments are capable of 2, 3, 4,
or even 5 plex reactions
15 ThermoFisher
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Real-time PCR Application

* Absolute Quantitation vs. Relative Quantitation

16

(Absolute Quantitation)

>a R R %?:ffia%f}_a R B R

»'To determine the actual number of copies of a v
target nucleic acid within a sample with statistical
107 108 105 10¢ 10° 102 10! 100
confidence.
7 L
7
L fé?‘
L~ /
4% g
v
7 , = AN
)’ X
=
@)
Cr /
APz Z*/ —>
C; is directly proportional to log of Log copy number
amount of input template
7 ThermoFisher
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(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

18
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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 * Two-step Technology

* RT and PCR are performed in

* RT and PCR are performed in single
two separate reactions

buffer system
« \ Cost advantaged when

. . . .
V One tube, one step interrogating multiple targets

« v Reduce chance of cross-contamination « \ cDNA can be stored and used
U un, for further experiments

*  Best choice if RNA is limiting

oy Easy for high throughput workflow U oo 18

« \ Cost effective when few targets/ sample

analyzed * X Multiple steps, longer time to

result

+ \ Uses gene-specific primers

* X ¢cDNA cannot be stored

v

U -

Mbamy A saminen
i e

e
oy
.
‘ot
2 ThermoFisher
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One-step Workflow: Real-time PCR Reactions

Component Volume for one reaction Notes
4 TagMan® Fast Virus 1-Step Master Mix S5yl —
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 nesded, up to the maximum
allowed by the reaction volume.

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

Total volume per reaction 20pL -

4

For sample volumes =30 pL

Run mode | Default’
Tharrpal Siep Stage No. of cycles Temperature Time
con?:l‘;;:;g:g Reverse transcription 1 1 50 °Ct 5 minutes
RT inactivation/initial denaturation 2 1 95 °C 20 seconds
Ampilification 3 40 95 °C 3 seconds
60 °C 30 seconds

t _Us? the det;?un run mode for your system and sample block module (that is, Fast mede on Fast instruments and standard mode on standard
instruments).
1 Reverse transcription works best between 48 °C and 55 °C.

21 SCIENTIFIC
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Two-step Workflow: Real-time PCR Reactions

Reverse Transcription : SuperScript V Kit (Only 11 min)

) e Frcra sie

Omn | Anoealprimers
| Reverse transcribe RNA

G | Iactivate enzyme

Propare
- opare RT and Mo BT

) Cantral reaction mans. i aPCR amplifcation

0 e

Real-time PCR: ) .
TagMan Chemistry SYBR Chemistry
2x Power SYBR Master Mix  1x 10ul

2x TagMan Master Mix 1x 10pd F Primer optimized =~ NA
20x Probe/primer Assay Mix ~ 1x 1pl R Primer optimized ~ NA
Water NA Water NA
cDNA 5ul cDNA 5ul
@ 20ul 20pl
Standard mod
andard mode F"‘SF mode SYBR Green:

PCR condition: PCR condition:

50°C, 2min 95 °C, 20 sec - Check Primer Concentration
95 °C, 10 min 95 °C, 1 sec ]40 cycles - Add Melt Curve Program

95 °C, 15 sec ] 40 cycles 60 °C, 20 sec
60 °C, 1min

2 ThermoFisher
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Real-time PCR master mix

Two-step workflow

*  SYBR® Green Chemistry

+ PowerTrack™ SYBR Green Master Mix(PN A46012)

¢ TaqMan® Chemistry

+ TagMan® Fast Advanced Master Mix(PN 4444557)

One-step workflow

*  SYBR® Green Chemistry

+ Power SYBR™ Green RNA-to-CT™ 1-Step Kit (PN# 4391178)

Gl

(i

*  TaqMan® Chemistry

+  TaqPath™ DuraPlex™ 1-Step RT-qPCR Master Mix (PN# A586606)

https:/ /www.thermofisher.com /us/en/home/life-science/per/real-time-per/real-time-per-reagents.html

2 ThermoFisher
SCIENTIFIC
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Real-time PCR master mix selection tool

Application Chemistry Type Detection liaagd J
Application  chemistry  format  Multiplexing speed  Labtype Instruments Recommended
Gene expression > Probe (TagMan) > qPCR > aPCR  Ne
Genotyping > SYBR™ Green » 1.stepRT.qQPCR 2
Prode aPCR  Ne
mMIRNA analysis > (TagMan)
R ’
Pre-amplification 2 R
andar ]
Inca
Virus detection  ?
Probe Yes Fastor  Any
(TaqMan) standard  except
Inca
SYBR™ PR Ne Fastor  Any
Sl A standard
Prove Lstp  Ne Fastor  Any
(ToqMan) RT standarg
aPCR »
https:/ /www.thermofisher.com/us/en/home/life-science/per/real-time-per/real-time-per-reagents.html
2 ThermoFisher
SCIENTIFIC
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1P ¥ & (Relative Quantitation): PCR Efficiency Validation

° 2pg RNA in 20pl RT
* Gene name: C-Myc and GAPDH
* cDNA 4-fold serial dilution: 10pl cDNA + 30ul H,O

1. Ix
.0 1/4X 10ul 10ul 10ul
° 4. 1/64x
1/4x 1/16x 1/64x

* 5. NTC (duplicate for each sample)

cE BERELL - TA V V V V

300l H,O 30ul H,O  30WlH,O  30ul H,O

* 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

25 SCIENTIFIC
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Assay Efficiency (E) — determined by serial dilution

* A serial dilution can generate a standard curve similar to below
* Software will determine the slope of the standard curve using the following equation: Y =mx + b
Where Y = Quantity, m = slope, x = concentration and b = y-intercept
Standard Curve
= The slope of a standard curve can be used to
= Serially diluted standards calculate reaction efficiency using the general equation:
- (E) Efficiency = 10(-1/m) - 1
52 kil The slope of this standard curve (m) is =3.696
x So, Assay Efficiency = 1061/™ -1 = 10(1/366 .1 = 86.438%
s For a 10-fold dilution series, a slope of —3.32 = 100% reaction
. efficiency
"
. Ouantty Commonly accepted standard curve slopes are between
Target: cmfc Slope: -3.696 YYter: 23.82 g 0.908 EIT: 86.438
—3.58 and -3.1 (equivalent to 90 — 110% assay efficiency)
90 = Eff% =110 > AA Ct
Eff% < 90 - Relative standard curve
% ThermoFisher
SCIENTIFIC
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1p ¥ T & (Relative Quantitation):Comparative Ct Method (*4Ct)

Reference Sample

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

t=0

|

total RNA

cDNA

P

C-mye GAPDH

vy

Ct=25 Ct=10

=12 t=24

total RNA total RNA

cDNA cDNA
C-mye GAPDH C-mye GAPDH
Ct=24 Ct=10

time
t=48
total RNA l Spectrophotometer measure RNA quantity
cDNA l Reverse Transcription: Ex. 5 ug RNA/ 50 uL. =100 ng/ulL
A/ \
C-mye GAPDH l

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

27

27
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(Relative Quantitation):Comparative Ct Method (*ACt)

step 1: Normalization to endogenous control
Sample: Ct c-Myc — Ct GAPDH = 2Ct sample

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

ACt sample — ACt reference sample = AACt

step 3: use the formula

2-AACt

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

2 ThermoFisher
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1P ¥ & (Relative Quantitation): Comparative Ct Method (*ACt)

c-Myc GAPDH AC, AAC, 2-AACt
T=0 (Reference) 25 10

T=12hr 24 10

T=24hr 23 11

T=48hr 28 10
-g 10
g s 2 Dt=0
w
5 6 Mt=12h
2
E 4 Wt=24h
S .. . Wt=48h
2 0.1
S 0
@

- ThormoFter

29
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Data Analysis — 4 check points

* Baseline
* Exponential phase
* Linear phase

* Plateau
o & Btarget genesThresholdk ¥ % & f L Fachiz i
* Exponential phase
* Melt curve plot (for SYBR Green only)
* Single peak
* no primer-dimer
o i £ 4F (Technical Replicate)
cZEHLE
o B ‘,% (Omit) & ¥ # ~

30 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
- — Y : S S S—
- S— e T
Wildtype Mutant
3 ThermoFisher
SCIENTIFIC
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TaqMan® SNP Genotyping Assay Overview

1. Assay Components and DNA Template

—_— HGG GB
Forward primer v Probe Probe /
s @@ Reverse primer
G A Y
5 3
DNA template 1G/A]
= =
L LT T T T T,
3 [cm B
2. Denatured Template and Annealed Assay Components LEGEND
e

Reverse primer VIC" dye

GB B \%
v Prabe P tha_ P e FAM- dye
e N Fda 0

Forward primer Quencher
N ,
i i
: s tgs oo
i . b Ampli !
3. Signal Generation > \ 5 D@R‘F’Eerﬁgrgse
\G!
rove M
Errrrrrrrere @y === Probe
vy, A

Forward primer

=== Primer
||||J|||I||HHHH§-« ][ mlrrllnrlrlurlrlrlr

== Template

Match

“===  Extended Primer

e SCIENTIFIC
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Allelic Discrimination (SNP) Data

Allelic Discrimination Plot

20
Homozygous (Wit AAT——Heteroz Z7EOus. GA

: S
iSErds

25

Homozygous lele 20 PassRef  Call

> 0.152 3,617.94cH Negative Control (NC)
0.186 3,784.865M Negative Control (NC)
0.334 4,068.745® Homozygous 1/1
2.282 3,774.1449® Homozygous 2/2
0.392 4,004 767® Homozygous 1/1

o0&

0.1 0.3 ne 07 0.9

Sample 12 C__11711420_30 LA C VIC-NFQ... FAM-MNF.. 0.782 1.5 3,991.875® Heterozygous 1/2
Sample 13 C__11711420_30 LA c VIC-NFQ... FAM-NF.. 0.716 1.206 3,942.024® Heterozygous 112
Sample 14 C__11711420_30 LA C VIC-MFQ... FAM-MNF.. 0.815 1.624 3,956.087® Heterozygous 112
Sample 15 C__11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.767 1.526 3,843.214® Heterozygous 1/2
Sample 16 C__11711420_30 LA C VIC-NFQ... FAM-NF.. 0.748 1.478 3,793.505® Heterozygous 1/2
Sample 17 C__11711420_30 A Cc VIC-NFQ... FAM-NF. 0.709 1086 3,820435® Heterozygous 1/2
Sample 18 C__11711420_30 A C VIC-NFQ... FAM-NF 0.736 1371 3,945303® Heterozygous 1/2
Sample 19 C__11711420_30 A & VIC-NFQ... FAM-NF. 0.795 1.528 4,026.388® Haterozygous 1/2
Sample 2 C__11711420_30 LA C VIC-NFQ... FAM-MNF.. 0.84 0.364 3,737.053® Homozygous 1/1
Sample 20 C__11711420_30 LA c VIC-NFQ... FAM-NF.. 0.888 0.37 4,099.657® Homozygous 141
Sample 3 C__11711420_30 LA C VIC-MFQ... FAM-MNF.. 0.189 2.251 3,643.652® Homozygous 2/2
Sample 4 C__11711420_30 LA o] VIC-NFQ... FAM-NF.. 0.963 0.421 3,826.976® Homozygous 141
l— Sample § C__11711420_30 LA C VIC-NFQ... FAM-NF.. 0.705 1.418 3,982.397@ Heterozygous 1/2
Sample 6 C__11711420_30 A Cc VIC-NFQ... FAM-NF. 0.729 1386 4.048287® Heterozygous 1/2
33 Sample 7 C__11711420_30 A C VIC-NFQ... FAM-NF 0916 0393 4015545® Homozygous 1/1
Samble 8 C 11711420 30 A I MCNED  FAMNE 073 1437 3797 601® Heternzvaous 172

33
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Assay Design

The world leader in serving science

34

Applied Biosystems #& & Primers/Probe 3 3+ e > > = f2;4-2> %

S == E A thalizns o TagMan Gene Expression Assays
R. norvegicus D. melanogaster PN ok e s . e )
O M. museulus O c. elegans e >1,300,000 e 3% PIEE A T T E FH e

QU QI R M L T (25 specics)

[ & gallus (Chicken) [] O

[ s- serofa (Pig) [ E. caballus (Herss) . . .

O] o =stva (i) [ Pathogens o TagMan microRINA and primary microRINA Assays
. o TagMan SNP Genotyping Assays
| %C Same Chemistry * TagMan Copy Number Assays

>Million More SNPs * TagMan Mutation Detection Assays F

! Available NOW! a1/ ¢

TagMan® SNP ©
GenotypingAssaysr . _/;

: * Custom TaqgMan Assays
(Corigg Gl B/ St 2 e All-in One tube TagMan-based Assay

| nasaysTuyTweoign -

* Primer Express Software

o IR Y AR ~~F % B TR RIEprimenif &

35
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Preconfigured TagMan Array Plates — Partial li

¢ Antioxidant mechanisms
Y¢Using real-time PCR to know your

L] A 1
poptosis gene expression profile!

* Drug transporters

* Endogenous controls

* Extracellular matrix and adhesion molecules
* Inflammation

* Lipid-regulated genes

* Molecular mechanisms of cancer

* Phagocytosis of microbes

* Rheumatoid arthritis pathogenesis

I
[m ‘I

« Ubiquitin-proteasome proteolysis i||| .»?[I»“ || I |‘»n ‘ﬂ h I
* WNT pathway RRERL LRI

il

36 ThermoFisher
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Search and order all TagMan assays

e il m

TaqMan Assays
Le i assays using search tool
Gene Expression
Microbe & ABR Detection
SNP Genotyping s
qP )plications
We  Copy Numbar assays for GPCR applications, including gene exprossion, mIRNA analysis, geneic variation, and mutation
dote
miRNA gPCR assays and applications
1

l Mutation Detection

s offer aver 20 millon pradssigned aszays for GPCR applcations, including gene axprassion, mIRNA analysis, genetic varlation, and mutation

S
ST

Genetic variation Mutation detection
analysis analysis

Gene expression
analysis

Explors: MicroRNA analysls i Exploce Mutation detection

Learm more about digital PCR and its applications

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

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

Search and order TagMan gene expression assays

Learn more: How to search TagMan gene expression assays using search tool »

Try Advanced Search @
TagMan Assays
Gene Expression

Search within TagMan™ Assays and Arrays

gapdh | Gene Expression (84)

T Assays (94) Arrays (2,893)

94 results for "gapdh” ‘ Species v ‘ | Attributes v" o ‘ Genes v| ‘ Assay type v" ‘ Remove cross-reactivity v | @

Assay ID © Gene © Species Transcripts Amplicon * Dye/ Size Price (TWD) @

Recommended @

FAM-MGB  + Price not available
Hg05064520_gH Gapdh Naked mole-rat 2 59 Catalog # 4351372

S: 360 rxns v Made to order
( etails )( § Related products )
38 ThermoFisher

SCIENTIFIC
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Pre-Designed TagMan® Assay - SNP

Search and order all TagMan assays

Try Advanced Search @
TaqMan Assays
SNP Genotyping RS6542095

Learn more:How to search TagMan assays using search tool »

4

1 results for "RS6542095" | Species v ‘ ‘ Attributes v ‘ ‘ Genes v ‘ ‘ SNP type v ‘ ‘ Assay type Vv | @

SNPID - Gene Assay ID + Allele [VIC/FAM] + Size

Functionally tested (@

rs6542095 C__11725602_10 e 5:300 rxns -

Details ) ( § Allele frequency )

39 ThermoFisher
C
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Primer Design: Bioinfc

rmatics Evaluations

¢ Bioinformatics

* BLAST tool: Sequence specificity (https:

blast.ncbi.nlm.nih.gov/Blast.cgi)
* SNPmasker: N masked SNPs (http:

bioinfo.ebc.ee/snpmasker/)
* RepeatMasker: N masked repeat sequence (http:

www.repeatmasker.org)

¢ Custom TagMan® Assay Design Tool

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

40

40

Custom TagMan

sci zuﬂrlc S jl Search Q O comactus Sgnin- QuickOrder Y

Custom TagMan® Assay Design Tool

Order Custom Assays

TagMan® SNP Genotyping Assays

g Assay by first entering a sequence,

then submitting
ication of successful assay design, simply Oudax Castom Genclyping Assays >
basket

TagMan® Gene Expression Assays

ustom Plus TaqMan® RNA Assays an
thy g for as:
imply add the desired custom assays to

Order Custom Gene Expression Assays >

Other Ways to Order:

Reorder Custom Assays

custom designed assay by first searching for it

our system You may search by such fields as Assay Name Assay ID, submission date, sic
ng basket

/ed custom assay 10 your s

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

4

41
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Assay Design Hub

The one-stop shop for all your custom assay design needs

Assay Design Hub

The one-stop shop for all your custom assay design needs

Tools Services

our propristary Bioinformatics algorithms to dssign your own customizad assay. Input your target sequence(s) below into our se¥-servics Design Tools and gt an assay design

Choose the tool that suits your request

= ’ E L7

DG e .
Gene expression 2 n Custom Probes

(2 primers 4 fipadbe) 2 prim vobes) (inevicually orderable
prodas)

2 ThermoFisher
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Configure Custom TaqgMan® 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 Medifiable predefined Configurable Client-requested designs

gene panels gene panels predesigned assays

¢ Convenient setup
* 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

ThermoFisher
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Z_¥ PCR Primers/ Probe3k 3+ i %8

[ Primer Express

& Applied
A‘% Biggystems

Primer Express®

Software
for Real-Time PCR

Version 3.0

Install Primer Express®
About Primer Express®

©Copyright 2004. Applied Biosystems.
All rights reserved.

44 ThermoFisher
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E Primer Express 3.0
i jt Wiew Tools Window Help
> B EH >+ HE
Type: |TagMan® MGE Quantificatio
Parameters: Taghan® MGE Quantificat
* | T aghd an® Quantification
Taghan® MGE Allelic Discrimination
Taghdan® Allelic Discrimination
5 ThermoFisher
SCIENTIFIC
45
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Sequence

E Primer Express 3.0
Wiew Tooks Window Help
=)

eqUence]| Parameters | Primers / Probg

File Name

Length 383 bp. Selechd A A fl
T 1. Add DNA file or Copy & Paste
BUAGCCATCA CCCCAGCCTT GTGTGCCGTG TGTCCCCAGH GGCAAGGCGE 0 ~
AGTGCTOTS COTTTCCTAS CAACCTBATA TCCTGOTOAC TGOTACCTAT 100
GACARGAAGE TEACCATCTA TGATCCUAGA GOTGAGCCTT TAATCCCAGT 150
COTAGARGE CRAMGGGARG CAGATCTCTA AGTTCAAGAT CAGCATGGGC 200
THCATAGTAR ATTCTAGGCC AGCTAGHGCT ACACAGTAAG ATCCTGTCAC 250
AAARAACTC ARTARACARL ACACAACARL AAACAMRAGA MAGGARACKC 300
MCACABCAG ARAAGAGCAT GOOGGCAGES TOCAGHGHCT GAMMAGATGG 350
TCAGCAATT ARGAACGCTG GTTGCCCTTC CBW 302

<

T o find Primers & Probes, click the "Find Primers/Probes" buttor

% ThermoFisher
SCIENTIFIC
Results
FevSlat_J(Revlen | Revim |(FeviGl | Pibele (Fobeln |[Piche5C [ Amolm )(Awp%5C [ Anpla [ Awplen
iB x 5 3 7 ] il 2 & E ~
2 = 5 3 i ] 2 5
iz @ = 3 B i £l 2 &
fiB = 5 £ n 7 & 2 5
i % = E 5 75 6 4 &
i = £ 4 I i £l 4 .
2 = 1 ] i & 4 Bl
2 5 El &l i £l 4 &
£ = 3 i i £l s Bl
= 5 EJ i 7 & 4 &
2 = 1 & 7 £ 4 Bl
% 5 EJ i 7 & 4 &
z & A 5 75 £ 4 Bl
= 5 % & i El £l
% = B & i & 5
= £ % ] i n B
£ »
[ - Location
5 ) s
= T G
(]
Oigo Lengh Haipi | Sef Dimers | Cioss Dimers
(&) Forward Primer 18 Host Stable Struchuze Found
) Reverse Primer % 0C 5
() Probe 17 [jl”
BOCTTT 3
Forward Piner
CGGCARTGLTGTGCLTTT
Feveios s
CACCTICTIG1 CATAGG 1ACCABTCA
Prote
CTACCAACCTGATATCC
8 ThermoFisher
SCIENTIFIC
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File Edit View [

DoaE|ll

window Help

Find Primers/Frobes

Add DMA File...

Batch Process Tool... Ctrl+B
Convert ...

Cptions & )
E Primer Probe Test Tool @

Document Type: | TagMan® MGB Quantification | Parameter:  [Default

rPrimers and Probes

Fud Primer | ACTGATCGATCAGCTACGCATC |

Fev Primer | TCGATCGATCRATCGATGO |

Probe1 | |

Prote2 | ]

Trim

49
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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

51 ThermoFisher
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Applied Biosystems QuantStudio™ 1 Real-

Time PCR System

The world leader in serving science

52

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 QUSRS ® Power button (back)
for template upload @2 qunsudor
and data download

Manual pull drawer °

(controlled by touchscreen) @« «sxwweeveiii @==== | e, °
V 96-well 0.2 mL isothermal block

53 ThermoFisher
C

53
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QuantStudio™ 1 Real-Time PCR Systems: Rear

USB ports

Wi-Fi adapter
(optional)

Ethernet port: RJ45 .
(10/100Mbps)

RS232 service port L

Fuse cover

Power port @
(100/240 VAC)

5 ThermoFisher

54

Multiplexing Capabilities

e White LED for long lasting

Filter wavelength
performance Peak | o {nmltt) Factory-calibrated Example
. filter dyes custom dyes
* 3-color instrument Excitation | Emission

- FAM!'/SYBR® Green dyes x-ml | Bue | 470215 | 520215 SVB:‘WG;"" SYT09

- VIC®/JOE"™ dyes - =
x2-m2 Green 52010 558 + 12 viC

— ROX"™ dye HEX™, TET™
xé-mé | Orange | 580£10 | 623214 | ROX™, JUN™ Texas Red”™

e Factory calibrated

M The cen(ralwmlenqms are the optimized wavelengths.
B 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

Wavelength
(nm)

v, Emission

yz 0 =
xi-ml x2-m2 Filters

)

(@ x1-m1 — FAM™, SYBR™ Green @ x4-mé& — JUN™, ROX™, Texas Red™
@ x2-m2—vic™

55 Thcermo Fisher
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QuantStudio™ 1 Real-Time PCR System: Consumables

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

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

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

* MicroAmp® Optical 8-Cap Strip - 300 strips TEsTTeTes
(P/N 4323032)

K Load at least 16 tubes with tray

56

56

Sealing the Plate

1. 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

2. 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

57 ThermoFisher
C

57
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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

- —

o

Liquid Is at the
bottem of the well.

* Not centrifuged for enough time

* Not centrifuged with enougn force, or

9

» (Y

1 12
TTIITII L)

Stand-alone, Desktop, or Online

Connected Laptop
with QuantStudio
Design and Analysis
desktop software

Note: You can start an
experiment run only
from the instrument
touchscreen or from
the Desktop Software

&‘ ThermoFisherCloud

Connect to the Design and
Analysis Cloud software
using any device with a

compatible web browser

59
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Door
Locked/Unlocked
2721218100009 @ o [
Help
Sign In or
Create a Local
User Account Settings:
- Calibration
Load Experiment Open Template Run Last - Runs
- Logs
- Ship Prep
60 ThermoFisher
SCIENTIFIC
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Start Run

Full method editing capabilities on the touch screen, including, Pause, and Melt

ThermoFisher

61 SCIENTIFIC

61
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Monitor Progress During the Run

i h | |
T1g1§ Thermal Protoco Live Amplification Curveg
Remaining Status

01:32:31

62

62

Data Transfer

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

Load Experiment

64

ThermoFisher
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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 )

65 SCIENTIFIC

65

QuantStudio™ Design and Analysis Software

e G wyin Toom  bep

Select an Option

r !

e Similar look and feel as online software

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

science/quantstudio-software-download.html

66 SCIENTIFIC
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Properties Method Plate Run Results Export
Experiment Properties O Saw v
e 161118,
arcode
Ine¥usment ype . .
ok ype 96.1Wel 0.2 Bock v
[ tandard Curve v
Sy Taghind Bragers v
funmoce unard v
Vr— .
67 ThermoFisher
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& QuantStudio™ Design & Analysis Software v1.5.1 |
File  Edit  Analysis Tools  Help
Properties  Method Plate Run Results Export
Experiment Method
Volume Cover
5 L 105.0°C
Hold Stage PCR Stage
95.0°C 95.0°C
10:00 16°C/s  oo1s
1.6°C/s
16°c/s
60.0°C
50.0°C OROY
02.00
16°Crs
Step1 Step2 Step1 Step2
40 [2] x
Legends: S} Data Collection On Data Collection Off [} Pause On Pause Off  &F Advanced Settings  V VeriFlex
ThermoFisher

68

SCIENTIFIC
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Properties Method Plate

Assign Targets and Samples

Run Results Export

Quick Setup Advanced Setup
Well Attributes

Sample

Target

Well Comments

Plate Attributes

Select well and type wells: [ o E o o

sample names

69 ThermoFisher
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Properties Method Plate Run Results Export
Assign Targets and Samples
Quick Setup Advanced Setup < @& View v
>
. ) 1 z 3
—  Targets Add [# Action «~ e
A I
| B |
Hame Reporter Quencher Comments Task Quantity B
1 W Target1 FAM NFQ-MGB v X c
1 D
E
— Samples Add [# Action ~ F
G
Sample Name Comments +
H
1 W samplel x

wells: [ o o o

70
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Define and Set Up Standards

Properties  Method Plate Run Results Export
Assign Targets and Samples [#] Action . O; Save v
Select Sample. »
Quick Set Ad dset < N Select Target >
uick Setup vanced Setup y L@ View | v Select Task =
Well Attributes = i 2 9 d 3 3 Z :
fffffffffffffffffffffffffffff e
Al
Sample v | T e e e — Define and Set Up Standards |~
‘S IS PSP |
<
Target v
i
Well Comments £
.
G
Plate Attributes "
wells: Mo Ho o 96 Empty

7 ThermoFisher

71

Define and Set Uj
Select a target
*Model: Singleplex v+ Select the target for this standard curve: Targetl v
Define the standard curve Standard Curve Preview
*# of Points: |5 (5 Recommended)
1EQ
*# of Replicates: |3| (3 Recommended) -
4E-2
* Starting Quantity: |1.0] (Enter the highest or lowest standard quantity for the standard curve)) 8E-3
1.6E-3
* Serial Factor: 15 ¥ (Selectavalue from 110 to 10x)
5 Points X 3 Replicates = 15 Required Wells
Select and arrange wells for the standards
et Me Select Wells
1 2 3 4 s & 7 g 9 10 11 12
s s e L L L L Sl e S L e bl 15 Required Wells / 15 Selected Wells
Al |
| e B e e e E J A1LAZABA4ASAGATABALAIOA
B | | 11,A12,B1,82,83
e . J
C
=}
E
7] Apply _J}  Reset | Close |

72 ThermoFisher
C
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Properties Method Plate Run Results Export
Assign SNP Assays and Samples
Quick Setup Advanced Setup C ® View | v
>
- 1 2 3
= SNPs Add [#| Action v s
ch& P
Name NCBI ... Cont... Allel.. Rep.. Qu.. Allel.. Re.. Q.. Task B
] [l SNP Assay 1 Alle_ VIC N Alle. F - X c
. D
E
— Samples Add [# Action v F
G
Sample Name Comments +
H
1 M samplet X
wells' [ oo [EHoBEo
7 ThermoFisher
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Properties Method Plate Run Results Export
Aun Control T
fi ; Mone.
O —— ‘
Amplification Plot 3 Sl Bl B Da T s T Tt e Qe
& o
v
o
oo | [ e ]
Start Run from touchscreen or desktop
74 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 14059 CST
Siop Time: 02-25-20201500:30 CST R Duraion: 55 minuies 1 seconds
User Name: DEFAULT Insirument Name: 7721219100363
Firmware Version: m ‘Software Version. QuentStudio™ Design & Analysis Sofiware v1 51
Insirument Serial Number. 272121910053 Sample Vohme: 200
Cover Temperature 1060 Insirument Type:  QuaniShudo™ 1 System
Block Type 96 Well0.2-ml Block Note NA
Erors Encountered:
75 ThermoFisher
SCIENTIFIC
Properties Method Plate Run Results Export
Results @ Acion v Oj Sawe v
Toggle between
2 Q 2 Q = plate view and
s . o .
" FY V¥ Py well details
o 5 o 8o o0 B8
c@d@a a0
3 0 & M T e e e
= 5 L ® View v Group by ¥ =
' o W e
7 D BfE * wa om Flag  SempleNa. Torgetho..  Task
§rel E o ik e oz N w
4 e . . ]
Y © © e smoa n
| 4 a4 Q €2 XAz STANDA. Fi
o o o
sl A 3| A8 (] 163 wAZ STANDA.  Fy
i "5’ 5 3‘ 6 A6 9 KAZ STANDA. i
S o & xaz STANDA_ Fy
W: W WC WO Bc BF We Wk wets (o oI s A8 9 e KAz STANDA 1
m 9 A9 €7 KAZ STANDA_  Fy
10 A0 9 = Kaz STANDA. Fi
1n A (] 169 KAz STANDA.  Fi
12 AR ] €0 KAZ STANDA_ Fi
12 n (] NTC KAZ NTC Fi
——
76 ThermoFisher
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Properties Method Plate Run

Results

Results Export

@ Mdion v g S v

) Q w ARGRA" ® Melt Curve Plot

-

i

1o

! 1 )
‘ F . . G e
T D i N O

0 8
£ 0
£
il
0
0 0 0 0

]

" s ; o> o e T D
Tavearstuas () (B R T T T )
W buman gONA weis @os @o o 0 npyy
- ThermoFisher
SCIENTIFIC
Properties Method Plate Run Results Export
Results [# Action v DO; Save v
alaap o -e Gene Expression | v : ® View v = E
RQ vs Target # CrMean  ACrMean ACr SD AACT RQ RQ Min RQ Ma»
150 1 25.455 447 0.103 -3.653 12.578 10.308 15.%
125 iﬁ 2 2005
o 100 3 29.354 -0.817 0.068 o 1 0.903 11
2 .. g
— 4 27.379 -2.674 0.018 -1.857 3.622 3.528 343
50 3822 N
5 28.391 -1.57 0.018 -0.753 1.686 1.641 17
oo 6 26.38 -3.608 0.091 -2.791 6.92 6.041 7.8
E 7 30.172
Target 8 30.053
400 Mso0 M1600 M3200 M 6400 ) 2L
8 ThermoFisher
S IENTIFIC
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Properties Method Plate Run Results Export
Results

Qla B2 e Standard Curve -: ® View v
Amplification Plot 2 3 4 5 3
Standard Curve Multicomponent Plot i I;EZ IIHEE glaf'\d
35 T Raw Data Plot i '1‘5 z IIHEE glaf' 4
30 - 12 1E3 1E4
— QC Summary 1 = 5 &l

25 — ==
5., i i Standard Curve A &S A
1E2 1E3 1E4
15 T L i =] = 51
o 1E2 1E3 1E4
B T L m o QA
B EEI T T T —— A 2 B IR
Quantity - L L) 51
1 1E2 1E3 1E4

Target: KAZ Slops: -3.49 V-Inter: 40.362 R’ 0.939 Effto: 93.452 Error 0.01 -
KAZ wells: [ o [ s0[ds
79 ThermoFisher
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Properties Method Plate Run Results Export
Results [# Action v O; Save v

e Al Discrrination L. [l : ® View v ala

Amplification Plot T2 3 4 s s 7 8 9 1w
Multicomponent Plot . NAIZ. NAIL. NAM. NAIT.. NAIT.. NAIT..
Allelic Discrimination Plot A o &t et
Raw Data Plot
34 Qc summary &wwww NAIT.. NAIT.. NAIT...
s
' 4 Allelic Discrimination Plot & & &
L L L L NAIT... NAIT... NAIT...
c ol ot o
L L L L NAIT... NAIT... NAIT...
° ol ot o
I ;

= . NATT... NATT... NATT... NAIT... NAIT... NAIT.. NAIT...
. v | ERERRESEEEEE
(]

NATT... NATT... NATT... NAIT... NAIT... NAIT.. NAIT...

. BRERREE S
NATT... NATT... NATT... NAIT... NAIT... NAIT.. NAIT...

. BRERREE S
NATT... NATT... NATT... NAIT... NAIT... NAIT.. NAIT...

03 08 1.3 1.8 23 28 H&UUUU“""‘ .T.T

Alele 1 F 4 ¥ ¥ F F F

Allele 1/Allele 1 Allele 2/Allele 2

Allele 1/Allele 2 i wells: [ 88 [ s @oBEo[Ho 0 Empty
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Properties Method Plate Run Results

Export [ Auto Export Export O; Save v
Name of export file | Content

[ Sample Setup [] Raw Data
File Type Quantstudio = [C] Amplification Data [F] Multicemponent Data

7 Results Melt Curve Ra

) (xis) v
File Edit  Analysis Tools Help

[ Reagent Information

husntStudio Design e Ar Browse Customize | Customize what is exported within each item above

New Experiment 3
hen complete
Open... Ctrl+O pl s
Close nify the above content items into one file
plit the above content items into individual files
Save Ctrl+S
Save As_

Save As Locked Template..
Convert Experiment to Template...

Import Plate Setup...

Send To PowerPoint | 2

Print.__

g

Exit
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dvantage

Thermo Fisher Cloud

The world leader in serving science




Monitor Access
global data
outbreaks - anywhere

Centralize
Share data with

with labs in localized
projects

SOPs and
protocols

remote areas

Thermo Fisher Cloud: Dashboard

The front page of Thermo Fisher

Eﬁmﬂfﬁﬁ Search Al & Q O contactus Quick Order 7
https:/ /apps.thermofishet.com/apps/spa/#/dashboard ‘

her Cloud @%

Recent projects and files My Apps
Al
B Manage Profile
Quick access to Files, | welcome to your dashboard, Nai-Chen E Switch to Region
Applications, and What do you want to do? Get Notifications
Jht
Instruments ﬂ
!
Check the status of [l
Upload files and create connected %
new projects instruments
84 ThermoFisher
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Applied Biosystems qPCR Analysis Modules on Thermo Fisher Cloud

PA GT NGC
: " &

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

123 ThermoFisher

123

On-Line Support Center

« Support Centers

One resource for all of your real-time PCR and digital PCR instrument support needs.

Real-Time PCR and Navigate through the instrument support categories below to obtain relevant technical
Digital PCR information, view tips and tricks when starting an experiment, and find fixes for
Instruments Support  common instrument and software e rors

Center

and 7500 Fast
PCR

QuantStudio™ 12K Flex Real-Time QuantStudio™ 6 and 7 Flex Real-
LT Fast Real PCR System Support Time PCR Systems Support
st Real-
e PCR System Find useful resources and technical FAQs Access in-depth technical information on the
Support on calibration, eperation, and software QuantStudio™ & and 7 Flex Real-Time PCR
support across all block types of the systems (96-weil, 384-well, TagMan®

QuantStudio™ 12K Flex Re e PCR array). Browse our ust documents and
System (96-well, 364-well, TagMan® array, manuals, gettips on using the gPCR

- and OpenArray® plate) instruments, or find help with calibration

‘S‘,“d'c 8 operation, and software support across all

Flex Real- black types.

e PCR Systems
Support
o QuantStudio™ 12k QuantStudio™ 3 and 5 Real-Time  ViiA™ 7 Real-Time PCR System
P 0 i

!l

gamime PcR  PCR Systems Support Support

haort. P Ay i s

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

QuantStudie™ 3
tudio™

and Western Biot
Support

StepOne™ and StepOnePlus™
Real-Time PCR Systems Support

Obtain technical documents on calibration,
operation, and sofiware support across all
biock types of the StepOne™ and
StepOnePlus™ qPCR instruments (48-w
or $6-well, respectively). View our frequently
asked questions for sefting up your
experiment or aur recommendations for
commonly 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 daia analysis when using the
7300 or 7500 Fast gqPCR instruments.
Browse through useful resources including
technical guides and tools.

QuantStudio™ 3D Digital PCR
System Support

124
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On-Line Support Center

Real-Time PCR and Digital PCR Applications Support Center

« Support Centers Applications

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

s Pharmacogenomics everyday gPCR problems.
Support
. . Real-Time PCR Basics Support Gene Expression Support
° Mutation Defection Support Support for each step of your gPCR experiment from Learn how to set up your gene expression assay and find
o MIRNA and pri-miRNA reverse transcription and primerforobe design to gene suggestions far common amplification problems.
Support expression analysis.
o High Resolution Melt
Support SNP Genotyping Support miRNA and pri-miRNA Support
Learn how to prepare your samples to detect Find out how to design and run your pri-miRNA and
o Gene Expression Support . .
poiymorphisms, find the right SNP assay and analyze the microRNA assays.
o Digital PCR Support results.
o Copy Number Variation Mutation Detection Support
(CNV) Support Copy Number Variation (CNV) Support Get help with assaying rare allele mutations using castPCR
View information on determining and anaiyzing copy techinology to determine mutation status.

Protein Thermal Shift

Support number changes due to gene deletion or duplication.

Digital PCR Support

High Resolution Melt (HRM) Support Obtain support on digital
" Arcace infarmation ahout analvzinag genetic variations analvzing vour data = e .
o SNEU - .
‘ https://www.thermofishet.com/tw/en/home/technical-

Tan’.

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

upport

DA
Protein Electrophoresis and TagMan™ Protein Assay Support Access in-depth information about dyes, primers, probes,
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