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qPCRsEig FAIkS

Quantitative PCR (qPCR) is one of the most common techniques for quantification
of nucleic acid molecules in biological and environmental samples. Although the
methodology is perceived to be relatively simple, there are a number of steps

and reagents that require optimization and validation to ensure reproducible

data that accurately reflect the biological question(s) being posed.
gPCR is more complex than perceived by many scientists. The
production of an amplification curve and an associated Cq
value does not necessarily mean interpretable data.

The MIQE guidelines and associated methodology articles
published thereafter, underline the ongoing drive to help scientists
produce reproducible data from qPCR, culminating in a simple, stepwise
methodology to ensure high-quality, reproducible data from gPCR experiments.
The analysis of qPCR data can be challenging, especially as experiments grow in
sample number and complex-ity of biological groups. A defined approach to qPCR
data analysis is necessary to clarify gene expression analysis.
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Questionable Data TZZERIZNIE

Slope : -1.365
Eff = 440.26%

2.276
Eff =175.02%

JOSEPH M. ANTONY,! MARYAM [ZAD, 2 AMIT BAR-O
MO ED VODIGANI,* FRANCOIS MALLH
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MIQEIERE“ MIzmE”

@ bluspring for suscessfd qPCR assay design

N

Clinical Chemistry 55:4
611-622 (2009)

Driman)

Stephen A. Bustin,"” Vladimir Benes,? Jeremy A. Garson,?# Jan Hellemans,” Jim Huggett,®
Mikael Kubista,”® Reinhold Mueller,® Tania Nolan,'® Michael W. Pfaffl,"" Gregory L. Shipley,'?
Jo Vandesompele,® and Carl T. Wittwer 34

Special Report

The MIQE Guidelines:
formation for Pyblication of
Real-Time PCR (Eyperiments

antitative

United Kingdom

Lo [ oo

Table 1. MIQE checklist for authors, reviewers, and editors.”

mm - | Item to check Importance qm? — Item to check Importance
O R e o o g
Assay carried out by the core or investigator’s laboratory? D Probe sequences ¢
Acknowledgment of authors’ contributions D Location and identity of any modifications E
OR8N FIE, HWE:
1. Experimental Design (3E3§i%1T) :
. 2. Sample Information (H#AER) :
E
3. Nucleic Acid Extraction (#ZERIZER) g
4. Reverse Transcription (2&&%) E
D
5. gPCR Target Information (BRIEEEE) -
6. gPCR Oligonucleotides :
(qPCR 514, #R%t) ;
qPCR Protocol (qPCR #25) i
gPCR Validation (qPCRI&IIE)
' 9. Data Analysis (BUEDHT)
;
E
D
Sequence alignment D Power analysis D
Secondary structure analysis of amplicon D Statistical methods for results significance E
Location of each primer by exon or intron (if applicable) E Software (source, version) E
What splice variants are targeted? E (‘orrawdmawbmissimwiﬂlﬂm D

2 All essential information (E) must be submitted with the manuscript. Desirable information (D) should be submitted if available. If primers are from RTPrimerDB,
information on qPCR target, oligonucleotides, protocols, and validation is available from that source.

® FFPE, formalin-fixed, paraffin-embedded; RIN, RNA integrity number; RQI, RNA quality indicator; GSP, gene-specific priming; dNTP, deoxynucleoside triphosphate.

< Assessing the absence of DNA with a no-reverse transcription assay is essential when first extracting RNA. Once the sample has been validated as rDNA free,
inclusion of a no-reverse transcription control is desirable but no longer essential.

4 Disclosure of the probe sequence is highly desirable and strongly encouraged; however, because not all vendors of commercial predesigned assays provide this
information, it cannot be an essential requirement. Use of such assays is discouraged.

Bustin SA, et.al. Clin Chem. 2009 Apr;55(4):611-22.
doi: 10.1373/clinchem.2008.112797.
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FEMIQEIEREEHIRT-gPCR LI 7FE

SLFES: MRS R S MIQE #ERI8Y >
RT-PCR (qPCR) 58 ) SRR S
Bulletin 5859 -
Sean Taylor, Michael Wakem, Greg Dijkman, Marwan Alsarraj, and Marie Nguyen Note
Amplification Buletin 585 : ﬁf-ZK%U%}—‘j_if ° ﬂﬁfg
| B ;
° IRAAEY R i\_ £ . > ST
— D= IRN MBI = gDNAJLER ., HDEATAS

MIQE Guidelines for Real-Time PCR:
Checklist for Authors, Reviewers, and Editors

Al eesantial MIOE £ must the {e2e Bustin at al. 2000, Desirabls information {0) shoud be
submitted if available. If primers were abtained from RTPrimerDE, information on gPOR targst, aligonuciectides, protocals, and valldation
s avallable from that source.

4. REER A Y cDNA

S 1B HIEEAIE

humber within sach group

‘Asaay location: core or investigator's laboratory 5 ° Eﬁﬁz;‘ggﬁ E E,\J ° g H:@%mg

- XIFRBAFNAIRERERIRE - RNA: cDNALLZE

o X ,min . 5% T
N —— n - SYIRARETRYIRIT. G - HISEE
— . gsayﬁ’ﬂﬁéﬁi{\ JOUE e N
— § HERRSER | s - RERB

. ERAERRIE - S EEIERFIOTE
——— . Inter-?un-calibration © AT EHIRES (sample vs. gene
If fixed — with what, haw quickly? . in%{_g]\% maXimization)
— . gi‘l‘—?’“—’fﬁﬁﬁ + Inter-Run-Calibrator
. EURATHA
BIORAD
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LISV RN

01 CIERIERIIAIRE

. ImE/Ab A
- BirER
- RBEHR

04 sCIOFM
- RKEME (855E. EIEROD)
- PRBAREARIE
- EYRENE
- EBAOHFIFE RGN

02 MERLAIZE

o BYEAFERAR
o IEREVSER
o TRMBvsZYPAbE

Item to check Importance

Experimental design

Definition of experimental and control groups E]
Number within each group

Assay carried out by the core or investigator's laboratory? D

Acknowledgment of authors” contributions

03 WMEEEESKRHAE

- EBHNEMFESRAER
« EEARNIRFEFS AR B RS
© FEAIRTHIqPCRRAEERMFARMIL

05 HFLERE 06 . tiM75 iAANRIGEIE SLEfIA
- IERARRRE ALY AT A . 2|FEEMRERIQPCR 2
- HFAHEISENRESIE - EEiRK=

© BRERSIRLGER



/Biological Replicates

Experiment

Control

\E%%“—EE: BEERINHINAREF, RIBERNER. ﬁﬁﬂ’ﬂﬂ*ﬂ/

ﬂT—qPCR Samples Technical Replicates \

Sene of Interest

Reference Gene

Zene of Interest

Heference Gene

Gene of Interest

\ Reference Gene

©0-
©0-

3 1 2 3 1 2 3
0000000
00000006

BPAES: R—MHNSRES /

10

- ESReplicates

- EYFMENCqERNNEHETRRERBHIES

- ESNHESHTRREREXNNASHAEAZIRDHKF

- (RREERNSTREEEZHNESMUIX S RAERAEEHRITFRNY
© EWIRTHY, (FAHEERESRITEFENRERENEYFESHE

BG,vs BG, TyvsT, Wells per
(2) (2) Z(Bioreps)  Techreps target Targets Wells
“;% (10) 20 + 20 = 40 X 3 = 120 X 4 = 480
o= 4 8 + 8 = 16 X 3 = 48 x 4 = 192
*m} (50) 100 + 100 = 200 X 3 = 600 X 4 = 2400
]

Planning and Scoping a qPCR-based gene expression analysis
biological group (BG): BG1 vs BG2

Time point (T): TOvs T1

Biological replicate (Bio Reps)

Technical replicate (Tech reps)

BIORAD
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3. Primer characterization
» Optimal primer Ta: Gradient PCR 58 °C-
63°C
Optimal primer concentration:
Concentration matrix (100-400nM)

Primer Amplicons Optimal primer combination: Lowest Cq,
Design 2° structure analysis absence of primer dimers

3 sets/targets Mfold Primer specificity: Melt curve

l l PCR efficiency: Standard curve
Specificity Similarity search 4. Assay optimization

Primer BLAST HLBU * Limits of detection: Lowest amount
| l detected with (stated) probability

Dimer screen SNP screen - Limits of quantification: Lowest amount

Bl el Ensembl quantified with (stated) accepted
Y precision and accuracy

Order primers

11 BIORAD
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3 MRS IHS IR

Forward
Reverse

EAHRRFRSEIEEFHEEKFRIENP, ST SCIRIEIERYS [YIF01/E03RET.
GCE&E1F40~60% , BI¥MHKEIE18~30bp, TmM#E50~65°C; ETHEIHIATm <4 °C,
B S | YIFNEARIEAERD, 4S5RIES 43 IRAVERL.,

_A P —
Exon 1 |—| Exon 2 |—| Exon 3 gDNA
No amplification
Forward Reverse
_' ‘_
| Exon 1 | Exon 2 | Exon 3 cDNA

BRI — 2514,
B MNTRIRN—RELRFEX (ZAREH) .
PREVZELZLAIG B CIRERIT 3 MAE.

|

Amplification

RITENEF/INEFERRATS )

© REBATIHReDNAKBERITIU, FNEFIZREE.

BCHCE TS I3 I, 1BE3 Intx/a o MEEPAEEIT 2/ CHG.

B3 IRERSIRENT (AT =4EEH) .

ER5 1R ERS, LUBGRF=45 IR, SRIEES 13 i EAM e 2 M A,
TENCBIEHRE LEEXI5 4. RET. TIGFF5, MRS,

PR ETE75~200bpZ[8], ERAAEII250bp,
IRITTEXMNEEAEINEF LRS54, MRGES WIREINE FINE FEZER.

BEMAIAEEXIRNARI TIEHAYDNase M8, BES
LANRT #&MEF DT R S FEgDNATL R,

Bio-Rad iScript gDNA

Clear kit

- _ Y EeDNAKRR

“"’,ﬁi s
.- v R
v W
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REASREERNGHE

BERARE: RUEREIEY). REERHRRERR
IR BRTRE, IIASRNARIFFIRlsis buffer, BTN, RFTSMLRIRE
REJREEFRFTEFAUREER, /RIERIZEXRNA
KIJEAFRIEREFFPE R ESEAMCEREE, FERIE.
- WIRFREKEUCEEGELIIEMNE, MSHAFEEGHRMT (RARELSHEK, BUkFT -80°CHRHET) .
- BolEER, ERREFRR.

Sample

Description

Volume/mass of sample processed
Microdissection or macrodissection
Processing procedure

If frozen, how and how quickly?

If fixed, with what and how quickly?

m m m m m I m

Sample storage conditions and duration (especially for FFPEP samples)

BIORAD
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Nucleic acid extraction
Procedure and/or instrumentation
Name of kit and details of any modifications
Source of additional reagents used
Details of DNase or RNase treatment
Contamination assessment (DNA or RNA)
Nucleic acid quantification
Instrument and method
Purity (Azg0/Azs0)
Yield
RNA integrity: method/instrument
RIN/RQI or C, of 3" and 5' transcripts

Electrophoresis traces

m o m m 9O O m m m m ©9 m m

Inhibition testing (C, dilutions, spike, or other)

1RIRRNARIEESK :
« 425 (UV absorbance) :
~  A260/280=2 (1.9-2.2)
- A260:0.15~1
- A260/230=2.5 (>2.0)
- REE: BFRRNASTIIEERSER, RkE
PEAFRNATEZR285/185=2.0

EREEE (FESDNAMERRRIFEY) HEERE (THEMF) /Y

RNA#{TSEIE 28/ MRT-qPCRERFIED R X EIIFT!

RNAFRAG SES FiisPCRIRMAYIDE], CalsaRe, mEiuERE.
ERNAKR LR, BEEAIEIIER.
RNARYAEEMZERMERAERA, BBEEHITRNLRRSRENRNA
AT FirsEia.

bio-rad.com/RNAlsolation
bio-rad.com/SSCellLysis

AurumERNA 963 /Im




BTN Jouds

SPUD assay (9tFPCRHPHI) (@ 40 -

35 - .
30 - . a
SPUD SPUD SPUD SPUD SPUD . .
+ + + + + 257 . =
H20 heparin RNA1 RNA2 RNA3 S 20 - . s
I T
10 4
“:_—-—-—_-: :—_—-—-—-"‘ ‘:_'—_—-"' ‘:_'—_—-"" ‘_‘_'_'—_——"' 5 “ heparin 0.4 U/ml
+ negative control
- - — — —— —— 0 — — —
HE W R
number of SPUD molecules
OO0 O]
- - - -— -
(b) 9 - = heparin 0.4 U/ml
8 -
Lo Lo .
6 -
Cqg22 Cqg27 Cg22 C(Cq25 Cqg22 8 s
-
ACq > 1: presence of inhibitors : 1
SPUD: detection of presence of inhibitors f I I l
Nolan et al., Anal Biochem, 2006 ' 0 - T T T T T
10 102 103 104 105 106

number of SPUD molecules

156#3EBio-Rad fiJSZ PCRIPHIHIAIGPCR Supermix Nucleic Acids Research, 2011, Vol. 39, No. 9

.
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AAAAA 3 mRNA

RNase H+ ;&M HIERNA: cDNA b=

RNase H+ {{al T{E?

W REBAIRNase H+ HEMTECDNASEITFEF RIEEMRNA | cDNAZAZEEHFAIMRNA, (REAAICDNA (FK{®RT)
+ RNase H- FisEREETI LIS KRS ENRICDNA, (BESSHERERFRIAENLE

RNA Average Cq SD CV,% RNA AverageCq SD CV,%
10+ 100ng 21.35 0.123 0.576 104 <100 ng 21.21 0.754 3.35

100pg 31.56 0.147 0465 100 pg 31.67 1.01 3.20
2| 10°- £| 10°-
10° - 10
% A % P 10 20 30 a0
RNase H+ cles e
« PGK-1 ZEEmRNA (~160bp) RNase H-
« 100ng #1100pg RNA{EHiScript™ Reverse Transcription « PGK-1 EE mRNA (~160bp)
Supermix for RT-qPCRj¥i#E R + 100ng #1100pg RNAfEFRnase H-AU¥ e REGHIER
*+ qPCROHTIRISAICDNA + qPCRH#ER1SAICDNA

24 BIORAD



AEIRERNAPEE RS, HRE—1E, HFARRBRTRE—E, =E—3

1

iScript qRT-PCR Standard Curve Comparison:

10° cDNA serial dilution vs. total RNA serial dilution
) Reaction 1
1 ug ANA
40
n-i
Reaction 2 35 4 ® cDNA Standard
100 ng RNA A Total RNA Standard
-2
0 30 -
# Reaction 3
10 ng RNA
25 A
02 Ct

1 ng ANA 20 1

5 cDNA
571 Slope .3.394 -3.382

Reaction 5 Corr. Coef. 0.999 0.999

100 pg RNA Intercept 38.91 38.09
o 10 1~ PCR efficiency = 97.1% 97.6%

) Reaction & ;

10 pg BNA T

1 2 3 4 5 6 7 8 9
0-8 . .
Log Starting Quantity

(femtograms of input RNA)
Note: 1/10th of cDNA reaction used for PCR

:

& )& | = ) = 0= (= (I I
<) <O <D< 0|<—0|<—D0|< 1
< 0| < 0| < 0|<D0|< D|<_ D10

1 pg RNA
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qPCRSE3E S{LHE

Item to check Importance -
qPCR protocol
Complete reaction conditions E
Reaction volume and amount of cDNA/DNA E
Primer, (probe), Mg“, and dNTP concentrations E
Po|ymerase idemity and concentration E “eature CFX Opus 96 System CFX Opus 384 System CFX Opus Deepwell System  |CFX Duet System
~apacity 96 wells 384 wells 96 wells 96 wells
Buffer/kit identity and manufacturer E ight source 6 LEDs in optics shuttle 5 LEDs in optics shuttle 6 LEDs in optics shuttle 3 LEDs in optics shuttle
h " | e f th b ff Jptical detection 6 photodiodes 5 photodiodes 6 photodiodes 3 photodiodes
Exact chemical composition of the buffer D “citation range 450-684 nm 450-650 nm 450-684 nm 450-535 nm
Additives (SYBR Green | DMSO and 50 fOﬂh) E Jetection range 510-730 nm 515-690 nm 510-730 nm 515-580 nm
! ! Jultiplex capability Up to 5 targets Up to 4 targets Up to 5 targets Up to 2 targets
Manufacturer of plates/tubes and catalog number D Aaximum gradient span 24°c 24°C 24°c 24°C
. JAaximum ramp rate 5°C/sec 2.5°C/sec 2.5°C/sec 5°C/sec
Complete thermocycling parameters E teal-time PCR software CFX Maestro Software 2.0 CFX Maestro Software 2.0 GFX Masstro Software 20 CFX Maestro Software 2.3
Ar hinhar Ar hinhor Ar hinhao Aar hinhar
Reaction setup (manual/robotic) D
Manufacturer of qPCR instrument E

Hard-Shell® 96-Well PCR Plates,

#HSP9601

- EmEREERAENIE
. ELEAYFLEIS—E
- UEBAUEENER

gPCR validation
Evidence of optimization (from gradients)
Specificity (gel, sequence, melt, or digest)
For SYBR Green |, C, of the NTC
Calibration curves with slope and y intercept
PCR efficiency calculated from slope
Cls for PCR efficiency or SE

PCREIHRAR
. EEBEAATRE SR

1E (-40°C-110°C) T3
. ERFENM SR

1 of calibration curve
Linear dynamic range
Cq variation at LOD
Cls throughout range
Evidence for LOD

m m O m m m T m m m m

www. bio-rad.com/genomics/pcrsupport

If multiplex, efficiency and LOD of each assay

BIORAD
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. PET S IRSTA T

BElS—AFtamtails A

- R/ NEERIENRMILNIEE—B, TEE, TRSHRHEHEBIE (ROX)
- SER/FNIBEIARIHET N, TTEEAL, FToENURLIE (ROI, Mask calibration)
- FEHapLEDYT
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Thermal gradient

Pool 63°C Melt curve and gel
verification
A
B
C
D
F
G _J A
H v E-H D C B A
1:20 51°C } 4

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

correct molecular weight

Lowest Cq = Optimal
annealing temp range

Primer validation step #1B:
determination of the standard curve dilution factor

Lowest Cq corresponding to optimal — — —
annealing temperature range (see Step 1A) == 10 <=3 16 <=9 23 m——r
1:8 1:4 1:2
Dilution factor for standard curve

/ 7,000 85.0°C

A(RFU)AT

- /

31

8,000 64.3°C
B3.0°C
5,000
B0.6°C
T 4,000 57.7°C
o
3,000 554°C
2,000 53.8°C
53.0°C
1,000

T
30
Cycles

Melt Peak Chart : Auburn run 1.0pd

00

75 E
Temperature, Celsius




IR

ENENassayYPCRY 1R, BIRFIEREERERISEERAYY B
- BEEBEEEERERRGHIERZ
TREIZAIRIZRSlope (S)SPCRY IBRIERTEX !
e Efficiency = 10~(/s) —1
- IHBRUIENER (BEEDSNMHERNSEE)
¢ 907110 % (fSEFESERR IEMERSSHEMNFRIEAENITE)
e R2>0.98

Standard Curve

1/10 1/10 1/10 1/10 1/10 1/10 1/10 1/10 NTC

1019 copies 1017 copies 105 copies 10”3 copies 10 copies

1078 copies 1076 copies 1074 copies 100 copies

0 Slope=-3. 465 y-int=37.395

32 BIORAD



SsoZEFEBEEL

Sso-7d @S DNARSHEHRA (KEIEFIS: 6,627,424)

- Sso7d DNA 55 EHRIEZIDNARSES £

- Source of Sso7d - fif#vSulfolobus solfataricusZE
- 7kD, 63 aa., monomeric (3-6 bp/protein molecule)
- fitE (Tm >90°C)

- TSR -
SsoFast EvaGreen Supermix— {§fEvaGreen {@F1#
e e - EF0EE, FERATREES
2 ........... = ,/ _ EE’TEEE
s 7 | - amEs<aomin
E ol e s - R BTEoREREZESTHRM
TP ver oreen. - REH
0 10 2 si . 40 5 50 _ S N Pﬁ*ﬁ

33
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PrimeP CR"Assay Validation Report

BRCAI, Human

Amgfcaion Pt
Arpl N ation of dONA pensratad from 295 ng of univened relcance FNA

Mokt P
Nat cure acubyaix of above s plificato n

. 1112 i

. - - - B -

Seandaed Curve
Sonviard cumve paneraind udng 20 millon apl e dlund 100k

e el

sEARYIScript Advanced cDNA synthesis kit
+ SsoAdvanced Supermixi#{TEIGISIUE

EERERE

90 a5 100 105 110
Efficiency, %

o
[4]

Fig. 1. Distribution of PrimePCR assay efficiencies. While efficiencies
of 90-110% were targeted, final analysis shows that a large majority of
assays actually fall between 95 and 105%. When assays fail to meet the
90-110% efficiency target, assay redesign and validation are attempted up
to three times.

115

FREMIQEESRIOIE
. i iR

. R

. HAESEE
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Data analysis

(01 Roa3:i b

qPCR analysis program (source, version) E

Method f G detemnator ; XG5 IR BRI IR, GBI — RIS AR AR
Outlier identification and disposition E . .. R R

Results for NTCs E WHITQPCRITIE, REIHtmERS, TTEHS YR 1E2E/995%.

Justification of number and choice of reference genes E

Description of normalization method E

Number and concordance of biological replicates D

Number and stage (reverse transcription or qPCR) of technical replicates E

Repeatability (intraassay variation) E R ”

Reproducibility (interassay variation, CV) D @ %g&gﬂ*ﬂy‘jﬂﬂgﬂﬂgcq{a

Power analysis D e N .

Statistical methods for results significance E Tﬂ{ﬁggﬁzﬂ*ﬂwﬁﬂgﬂﬂgcq@ r L\)s@]&?-f%%tt&o ﬁﬂ?&gﬁgﬂﬂgcq@qzi’37925 I Xj
sftare e, vrsi) ‘ RRERICIETIS 28, B CAlEERSITRERIATL,

C, or raw data submission with RDML

Bio-Rad CFX Maestro 2.3 @ EA b = Yabr il Lk A
Version: 5.3.022.1030

BRREUEIT ESAME— U I5iE, MR -2 CqiEitEREEENRIAE, FLL
© 2021 Bio-Rad Laboratories, All Rights Reserved. RESERFI TR, EUREETIY. SiETIEEREarIqPCREIG
HEUBEMAERZ2, STk IRIEIEFEERHERRIE,

System Info... ‘ | 0K

.




SRS

%g{inomeweb
CFX Maestro §X{RMIQEE—(LEFRIT S EURITEE _ : :
Ry Roche Diagnostics Evolves LightCycler

qPCR System for Clinical Use

RDML compliant gPCR instrument software Nov 27, 2023 | Madeleine Johnson
Logo Software Company
ZEAnglia Ruskin K25 FEZHIR. 5 F12BTE {15 AStephen Bustin@®, tEil
BIO-RAD CEX Maestro Bio-Rad ERFNZITRORE T EERRFIFIE C T BENHARNIA Y, REE RGN ZMRERER
BHR, flW, ELSERPanellitA,
,&&mo StepOne Life Technologies
FIZHMTRET P, "SERHFEAN. SRENSHNE, MARARFTEERN. RE
%w:e QuantStudio 12K Flex Life Technologies E’\]EE{¢$DFHFE§¥E@$R{¢, "Bustinfi#fz.
L:.Q ) . _ HEIVDER Tz TRIREIMY EFEBio—Rad Laboratoriesf#CFX Opus 96 DxH1Opus 384
. ViiA 7 Life Technologies
e Dx&A%, KOpus Dx Deepwel R4, ZRAFRIETHIAEX125HF .
https://rdml.org/instruments.html BustinfJEHFA fEFBio-RadiJOpus, LAKPCRMax EcoflIBio Molecular Systems Mic#E

IR=EHD, CEAMENBEEHS, "thik.

"TiH LNASHNGEHRIRYL, AN, JF. JEENSR, "Bustinii, TRIRSA
MERXFETFADFEAE, R4t MIFEIFES ARR, "X, fi\ABio-Rad)

OpusRZLHRMRET "M "3, B,

38
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Amplification

10°

T
10! 25 REYE: LOD, limit of detection
z ; EEH. TREUBNRERE
10° 4
102
0
v FURIECORMBHREE, EARKIRE. @ >
x « ColEiN B HEEERCOE., XREERERELRNEN /)
ST

y
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IR IERRS B ERXI T oPCREEIG R VAR DHY
HTEMRFNERYE, REET—TRSERYTATLAY
LI ER = IE Y.
[FRANRSERGRIEELORAETIEERE (BFEEH
LUIFRAT) .

{ERREZIIRPASEEIESEIARARE (25%HI61F+
XFMRERID S, M10%AIGIFHEik6E)
(FRBEEEIENSASEEFAIRIEFRFKESHEREERN
RIRRIETT %,

Nonvalidated, unstable reference genes can give artefactual data

v

Biological group — A B

Unstable Reference Gene (URG) Stable Reference Gene (SRG)

[l

[P E— |

ACg=5
Relative Quantity (RQ)
URG = 2ACa = 25=32

v
ACq=0
RQ SRG = 24Ca = 20=1

Gene of Interest (GOI)

i/

ACq=2
RQGOI=24Ca=22=4
Normalized expression to URG Normalized expression to SRG
RQ GOI/RQ URG = 4/32 = eight RQ GOI/RQ SRG = 4/1 = four
fold decrease fold increase




CFX MaestrofIPN S IEIRE

E Reference Gene Selection Tool Excel Report...
Justification of number and choice of reference = Reterence Gene Sabily Flot K — r
gen es == =l fza T i, Order Gene Name Evaluation #:fu]: (f:aﬁﬂ‘:gtl{)) # Samples
1 10 1 @ Q]Hm Ideal 0. 255 1.368 6
& [ Punl Ideal 0. 255 1.368 6
L 3 Pikdrl Ideal 0.297 1213 6
| [Genea|Geneb| Log(a/h) ol IIH R
samplel a, b, Loglayby =L Uio._ 'y sguws W o om0
sample2 3, b, Loglaby = i) | T
Sample3  a, b, Loglayby) Standarddeviation | . 0 il 689 oe
2, R 7, 0 s b o ",‘% apZa cceptable : .
........................ Vab 4 R R e e, R e e
13 Adarbl Unstable 1.187 -0.171 6
a0 Reference Gene 14 Calal  Unstable 1,987 0,252 6
Samplen  a, b, Log(a,/by,  fmtiadddeoiaainome B | L Lo ~0.5%2 6
IR (AR EIEARSEREZE)
- /rlr
VL2, VELG VY VYT CFX Maestro Z{4 Bl R ARIIRERNSER
« V(ERIiZARSER I RVAIESE
ERNZASERATRRXISERVATFE, > Ideal (Green): FMERIEE, FHEAMSIINSER
- Ma=(V. +V +Va,d,...... +Va,m)/m 5 s S
a=(Va,b, +Va,c, +Va,d,.....+Va,m)/ > Acceptable WRE A RE SRS EE A TR

s M), REERRIAERTE > Unstable(Red): 19 7RE] FVEATRSTAIRN S EE
EHIERT, 23 RS REEl TR
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BaE— " EEFRIES LR, BfF4NAEER (Actb, GAPDH, P53, EGFR)LAK 301 AERIcDNARESR.
PR SRR N7R B5REE: Gene maximization and Sample maximization
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Without inter-run calibration!
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HOBIRZLE

HALEHLEWIE (inter-run calibration) ?
- (EIEHERIEREEA R qPCRIGIX Z BRI CoEERIIEIENMEILFE

FHEEinter-run calibration?

« qPCRIETEBEBR, YRZBIREIT
« BBHLIRZE  (PCR block, lamp, filters, detectors, and so on)

- FESIMKE (VM EHENE. B8R, FEZRE) |
- ITIRMROIEE (REFR, SOCERRF)

QMEZIEHLIB)Z  (with inter-run calibrators, IRCs)?

- EREITHUXED BN 1P E H e 2 BRI,
« XLHEIIEREAREPlate ERICHERA—HF

How does it work?
* For example

BIORAD
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CFX Maestro B zhikBIfR1E

Study Setup ..l Study Analysis

i} Bar Chart Mode:
g T T T T T T T T T ﬂ‘;l Momalized expression { AACq )
J— 10
ﬁ : ] ':E . * 1 E Graph Data:
Lol - 2 - e BanRBIFHFUTHIEZERLE
- w 4 \
i .o [ 5 [ o CFX Maestro 2%l 1730
w = . . .
ﬂ“. g 10° _:[ ® :'I @ Use biological groups for analy: ( I nte r'_ ru n _ca I I b rat I 0 n )
o I 101 i & . x i * & x * x= * ] .
“f g i— = - ] |G|T:|ph View:
= 10'1 + 1 Samples Only
—1 2 T ! I 1
% 107 i I I 1 Contral:
. = 10_5 T 1 None
¥ 1
m‘| 107 L t t t } } ' ' ; ; ] [ Annotate P-Values
OHr AHr 2Hr 3Hr 4Hr SHr GHr THr 8Hr Inter-run Calibration
— Sample
El [== e = Tutulin * [P=0.017] | Target: |m v
EI Ili_i 122 |4 QT ) ™ @ Inter-run Calibrator 1-HEX 2HEX Caq Shift
d
Graoh E ion Data Table 1 |cal 19.5505 225152 -2.5648
& Calculations based on selected graph type and prefersnces 2 Average: -2.9648

) Comected
Target & Sample { Cortrol ¢) Expression ¢ Expgm;;on {) Expression

SEM
M 4 ¥ M| 1-HEXvs Z-HEX , " 1-HEX vs 3-HEX,

IL1b 6Hr 0.00001 0.00000 0.00000
il THe 0.00000 0.00000 oooooo | [© Perterget
| ILtb 8Hr 0.00000 0.00000 0.00000 8 |[© Entire study
| i1 cal 314244 227398 227898 ok || Cancel
Tubulin OHr C 1.00000 081151 081151 o
| Tubuin THr 47.25208 222820 322820/ 2| 1338 intersun Calbration...
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| Tubulin Hr 5417 85080 276.37829 276.37829
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Description of normalization method
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E ACt

No normalized,
equal loading of
samples

. Comparative Cq Method

JAACq

Pfaffl Method?

Vandesomple

Livak Method' Method3
e Hypothesis of « adjusted PCR « adjusted PCR
100% PCR efficiency, 1 efficiency,
efficiency, 1 reference gene multiple
reference gene , reference genes
EACq,goz
NRQ=2%%“ " NRQ= i
EACq,ref NRQ —
\/HEACq ref

CFX Maestro Software provides all
mathematical models.
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Fig 4. Effect of data normalization on mean Ref C transcript level.
doi:10.1371/journal pone.0118226 g004
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THRGRATIVER (HFAFE/NT30) AIARNESRWRES
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[ O ——R r—TEE *[P<0.050] | P-Value Threshald: m
Expression Comected
Target & Sample & Control {}| Bxpression 4 SEM # Expression ¢}/ MeanCg | CgS5SEM & P-Value &
SEM

Tubulin OHr C 1.00000 0.04264 0.04264 1668 0.05035 NAA
Actin THr MNAA NAA MNAA 2245 0.06808 0582885
IL1Beta THr 022884 001212 0218 13.87 0.04600 0.000133
Tubulin THr 1.02605 0.05344 0.05344 1663 0.04412 0551433
Actin 2Hr NAA NAA NAR 2245 0.03384 0 554666
IL1Beta 2Hr 0.05756 0.00143 0.00155 1555 0.01805 0.000081
Tubulin 2Hr 1.01360 0.05563 0.05563 1668 0.07604 0814774



CFX Maestro8Ihee——HZE=91h (ANOVA)

BFESIFANOVA: NFRAF-181E, BFAENEFENLL EHEASHEIINE Ign: RSMARRIZAYILENG, (SMLEE) | FERRERGEA
EEa (RYHBE) , MEGene XEXGANRFNEABEERETER, X2

—EXE, BI4: , | EHZANOVA,
. CFX MaestrofBH B8 EETSZ454F (one-way ANOVA) , BFE—AE oo BEEEDE, AEmEEE
TENZNRRTE (S1MEUES) BRIt (BIMZE— 1 EER) i | | ™ — -

Gene 1 |Group 1 10 053462 Yes

N — N Group 2 10 0.44579 Yes

- BESTEARNBSAAANER, NSEREREE, BMTAY . = =
Group 2 10 051416 Yes

% ST ) T

x ( _L —L) Group 2 10 0.43301 Yes

Group 3 10 0.35485 Yes

_ 51%/042
T 8,2 /0,2

F

~F (n-1, np-1)

ANOVA | Shapiro-Wilk Normality Test 4 Errors(0)

M Fﬁ A N OVAE’\J%{L'F : Ex{q:!l:%}‘ﬁ\ : Target o P-Value ANOVA PVl BH | Contrast Ratio Lower Bound (35%) |Upper Bound (95%) | P-Value Tukey | Significant

Gene 1 | 3 0.34649 0.34649 | i { Mo

T - BETEESREESST o e B A

. Group 2 - Group 3 1.22295 0.33307 44904 0.9223 No

. - BtEAERERPE. KIEPE

2 . ;E E J—.E:juiﬁj ﬁ P N = Gene 2 2 0.026 0.039 Yes

i o w - Bt REEREERPE e e

3 . ﬁigéﬁttiﬁﬁj 1 g*&‘:\'ﬁgﬁ%*aé —_ S = N Group 2 - Group 3 0.44644 0.13074 1.5244 0.25137 No
- Bt EENRRRESEEXE

0 Gene 3 2 1.8752E-07 5.6257E-07 Yes

o E E}Jgﬁﬂjﬁg'&gﬁ% YES / N O [ Group 1 - Group 2 0.04513 0013919 0.14632 15546606 Yes

Group 1-Group 3 0.04237 0.013067 0.13737 1.104E-06 Yes
Group 2 - Group 3 0.93880 0.28955 3.0439 0.93028 No

—

ANOVA  Shapiro-Wilk Normality Test  Errors(0)

.
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MIQEERIFEME 7 RERT - qPCRIWERAFEERIFTESEL,
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JEASEIN RISl
BIG—STRSHEATE, B RS ER SNSRI,
SRR TR - qPCRERA AT RMAIE S,

{EL?'*)LIIII:

EEfFEERRES—E, FEARSLIERSCINERERA M,
BAEH T ERTENFARZR SRR,
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FEMIQEISEHIRT-qPCR RG22

AN{AI I HIqPCRESER?

 SCIISITEEM, RT-gPCRIREMLEXEE

- QPCRIEESIRIIR ISR M T AURIVAIIR s
- SEERIGERMZEKIE (SR e il
+ R ERRHOER R R B B () 9B

Quantitative PCR
Analyze WOI’kﬂOW

Run ‘
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TS EXHHRZE

FEERE vine A=
- CRIH IRV E IR I7€l m%%%ﬁgﬁ%&}&%ﬁ%&

AR » [%5e 2 AR SHUEERIE
BB L Assay SuiE Vg . REEREINE SR RO
. gt TR
?*:%%3%%?9*5&%\:&“ - BEFEITEFoTIE (t-test, BBE
’ RIFEE H/NEEAED)

- EWSHIER, BEEARTAE

RFAMIQEERIqPCRES R ETI 2R |
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qPCREIE TR & i

AT RIMUETRERNFITFRE, THERSRME, FIEEAE=TEE. KHIERRIRANH,
ERRIETHE 511, =ik, K) , RERMTINREFRR.

HmE: KPCRRMARIARI0.2mIES/\BEXE (15.5mm) | ; BUIDNERZ965 4R, H
SOREEIEEE, S, WS RMEHTE, ABLTSENE IJ}iF“ “%E R E RN
(NEEEN)IIEALE IR

TR RRERFLE, BRINIREEMNTC (No Template Control) , LUSIFERSHALE.
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IR EIX S SR

IEFRIF R AFE B T RER RIS, MY ER BRI,

o T HEETH R BRI EE TR,
- KM FERETEIERE, BRI RISTIRHYEEEIR.
. FFRE: CRX(ERLEESDNEEMES, EERERTS, FEEMNARTE LESFENXA
H9T8, WITHESH EENE, BRNEEER.
RIFRISLI=INSE B TER(NRAERE D, YR HBTERTRE,

HEUUTIANoE:
- HR HEFEEaEREEIR.
- BN {UERRIENNIZRBEE.
- EE: REMNZEHIE10-30°C,
- BE: 20-80%; BMET, HEFESLINEEEFREL.
- EeEE: ZTEE. T RE.




CFX Opus384-- SRR

HR:  SALED+SMERMAIRKIENA
fgs: 5APDT+5MERIGIIRICESH

SIERERIS I

JORIEHIEE IR, RNGERMNARAYTRER
ZFLITE, FoEEE, TTEROXEIE,

Excitation Detection
Channel (nm) (nm) Calibrated Fluorophores
1 450-490 515-530 FAM™ SYBR Green [™
2 515-535 560-580 VIC®, HEX™, TET™, Cal Gold 540™
3 560-590 610-650 ROX™ TEXAS RED®, Cal Red 610™
4 620-650 675-690 CY5, Quasar 670™
5 450-490 560-580 Accommodates FRET Chemistry

.
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- FUFN, mEAR
o NFRIFMNTAEL, £RIYEIER, BHEFSIBINEY

- KERESEE (BE15.5mmAEh) fiEgE (BE20mmAEh) AER,
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. EFRIE
. HFER\KRETES
- BHEMSEHEEEAA
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