Real Time PCR

Quantitative PCR (gPCR)

(RT-qPCR = reverse-transcription — quantitative PCR)

Michat Koper, IGiB UW
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Pioneering work on qPCR
(also known as kinetic PCR)

e Higuchi R., Dollinger G., Walsh P.S., Griffith
R. (1992). Simultaneous amplification and

detection of specific DNA sequences.
Biotechnology 10:413-7.

e Higuchi R., Fockler C., Dollinger G., Watson
R. (1993). Kinetic PCR analysis: real-time
monitoring of DNA amplification reactions.
Biotechnology 11:1026 -30.
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Applications of qPCR:

o Gene expression analysis (RT-qPCR)

e Detection of nucleic acids of
pathogens: detecting the presence
and determining the concentration
of viruses and bacteria in serum

e Genotyping: SNP or HRM analyses

e Detection of GMOs in feed and food
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qPCR is based on detection of PCR
product increment over time

e Method is based on the determination of the DNA
concentration for each reaction cycle, using
fluorescence

e Fluorescent dyes binds dsDNA directly (nonspecific
detection) or dayes are coupled with hybridization
probes (specific detection - targeted to a selected
strand of the amplicon under study)

amplicon = PCR product, PCR fragmnet

e Requires excitation system: halogen lamp, LED
system or laser

e Requires detection system: separate CCD elements,
CCD array or photomultiplier circuits
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Examples of qPCR cyclers

Roche LightCycler 480

E ‘J BioRad
= :,,\ CFX96/
=e==  CFX384
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qPCR cycler scheme

5. ccd

1 h - detector

. halogen 1 - 350,000

tungsten lamp 2b. emission pixels
filters

e

2a. excitation
filters

4. sample plate

www.biorad.com
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How to detect DNA
products in qPCR?




DNA-binding dyes: SYBR Green

SYBR Green I, Wikipedia
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Belongs to cyanine
dyes (containing
heterocyclic rings with
-C= bonds)

Binds dsDNA, weakly
ssDNA

Excited by blue light
(Amax = 488 nm)

Emits green light
(Amax = 522 nm)




SYBR Green

e Detects any dsDNA

® SYBRGreen | o Detection at the
ELONGATION stage

[
Primer - e Primers cannot form
AP PRIMER-DIMERS
® o

e Product size preferably

3'C —5" in the range of 100-
. 200 bp
@
e® e e The size of the detected
| o*, " products for different
3 Lrifer = genes must be
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e Enables the analysis of
excitation emission MELTING CU RVES

\::t/' Primer\i/' \ i e THE CHEAPEST
3= — S ——

5 method
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qPCR primers design

e Length of the amplicon preferably less than
150 bp

e Avoid sequence complementarity within a
primer or between primers = "primer dimer"”

e Avoid unpaired bases

e Preferably G or C at the 3' end, never T
e Length of primers 18-30 nt

e GC content 40-60%

e Tm = (A+T)x2°C + (G+C)x4°C

e Use at least 2 programs and compare results!!!
Different software = different algorithms (not
always...)!
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Hybridization probes
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TaqMan - hydrolysis probes

@ Fluorophore ® Quencher

1+
DNA Pol Exo !!! € Cleaved nucleotides

excitation

Mg

Primer F g

exc:tahok AISSIOH

Primer

3'[C ” 5"
ABI, Roche (UPL)
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TaqMan probe - design principles

e Short amplicons: 70-150 bp

e Tm = 68-70°C

e GC content 30-60%

e Never G at the 5' end (G is natural quencher)
e Probe length max. 30 nt

e Avoid strings of identical bases

e Avoid secondary structures

e Avoid complementarity with primers

e Choose a strand with a higher C content
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Multiplex qPCR

/ i
O=‘/ 1

—_—a
Different detection formats and
——a _  different dyes allow detection

of 2 or more products Iin a
single reaction

(not possible with SYBR Green!!!)

0 8 0 9 p. ¢ P 0 3 <0
Oyde number
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Determination of
the RNA levels
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Classic northern-blot technique

control

expt

«—rtarget gene 'lnx

——internal control gene zx
actin, GAPDH, RPLPO etc.

Corrected fold increase = 10/2 =5

Ratio target gene in experimental/control = fold change in target gene
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fold change in reference gene
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Theoretical basis of qPCR
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4 phases of the qPCR reaction

e Phase 1 : fluorescence at background level,
reaction occurs exponentially but detection is
not possible

e Phase 2: exponential growth detectable,
fluorescence above background

e Phase 3: a "steep" increase in fluorescence
allows detection that the reaction is
occurring linearly

e Phase 4 - plateau: breakdown and saturation
of the reaction

M. W. Pfaffl: Quantification strategies in real-time PCR in A-Z of quantitative
PCR (Editor: S.A. Bustin)
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Linear in the range of ~20 to ~1500
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Linear in the range of ~20 to ~1500
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Sensitivity and reproducibility:
qPCR vs semi-qPCR

e Dynamic range: up to 9 orders of magnitude
(10°) in qPCR and at most 2 (102) in semi-
quantitative-PCR

e Variations inside the qPCR experiment - up to a
few % and in semi-qPCR up to 30-40%

e Variance between qPCR experiments - up to a
dozen % and in semi-qPCR up to 50-70%

e Detection level in qPCR: about 10 molecules at
50% reproducibility and about 100 molecules at
100% reproducibility.

M. W. Pfaffl: Quantification strategies in real-time PCR in A-Z of quantitative
PCR (Editor: S.A. Bustin) 777

Molecular techniques of RNA analysis 2024



Sensitivity and reproducibility:
qPCR vs semi-qPCR
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Different algorithms for determining the
value of the threshold cycle

Ct=Cp =0Cq

Threshold Maximum of the 2nd Quantification
cycle derivative (Roche) cycle

Molecular techniques of RNA analysis 2024




Two methods of quantification

e "ABSOLUT QUANTIFICATION" or the
method of standard curves.

e "RELATIVE QUANTIFICATION™

e Both methods are in fact proportional!
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The standard curve
method
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Efficiency Is a key factor
of the qPCR reaction
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Determination of the qPCR reaction
efficiency

4 methods for determining E of the qPCR:

1. Calculated from the slope of the standard (calibration) curve
- often E overestimated

Possible for each individual reaction:

2. Calculated from fluorescence growth history using linear
regression - "manual” method - often E underestimated

3. Fitting the curve according to the assumed model to the
fluorescence values from the 1st to the last cycle - often E
underestimated

4. Calculated from polynomial curve fitting to fluorescence data
from phase 2 only - intermediate values

M. W. Pfaffl: Quantification strategies in real-time PCR in A-Z of quantitative
PCR (Editor: S.A. Bustin)
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Determination of the qPCR reaction
efficiency based on standard curves

Fluorescence

0 10

Serial dilutions, E = 10 —1/slope.1

min. 5, better 6 to 8

TATA Biocenter
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qPCR reaction equation

Nee = N (1+E)C

Nci: number of molecules after Ct
cycles of amplification

N,: initial number of molecules
E: PCR reaction efficiency

Ct: the value of the threshold cycle
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The PFAFFL method or the
Realtive Quantification Method

Michael W. Pfaffli

~»A new mathematical model for relative
quantification in real-time RT-PCR”

Nucleic Acids Research, 2001, 29:2002-2007

https://doi.org/10.1093%2Fnar%2F29.9.e45

NORTHERN

— 4—target gene

— —4—internal control gene
actin, GAPDH, RPLPO etc

ratio = fold increase in target gene
fold increase in reference gene

Microbiology and Immunology On-line; University of South Carolina School of Medicine
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Determination of reaction efficiency
Is essential!

Given: slope: -3.9 from a standard curve
Ct(sample A) = 23.5
Ct(sample B) = 26.5
Calculate: (A) PCR efficiency
E = 10-1slope -1 = 80 %
(B) Relative expression between sample A and B:
(1+E)ACt = 1.80(265-235) =58
(C) Interpretation:

Sample A contains 5.8 times more target than sample B

TATAA Biocenter
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Determination of reaction efficiency
Is essential!

Given: slope: -3.5 from a standard curve
Ct(sample A) = 23.5
Ct(sample B) = 26.5

Calculate the relative expression:
E=10"slore_1 =93 %
(1+E)ACt - 1_93(26.5—23.5) - 72

Interpretation:

The relative expression increased from 5.8 to 7.2 when the
PCR efficiency was 13% higher.

TATAA Biocenter
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Determination of reaction efficiency
Is essential!

E=80% Ct, = 20 E =95%

1.8 Ct, =21 1.95
5.8 Ct,=23 74
19 Cl; =25 28
61 Ct. =27 107
198 Ct, = 29 408

TATAA Biocenter
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Error in qPCR reaction accumulates
exponentially!

m-
400 -
4 1@1
350 - ]
g o S
3 £
g g 0
¢ 104 , 1
8 . ?
§ ] g
¢ “
m-l
04 '3
=0 T "1
20 2 ] % 23 20 20 2 24 26 28 30
CT (Sampie B) CT (Sample B)
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The mRNA equation

n - RT efficiency CT - value (cycle) Ct
E - PCRyield Kgg - relative qPCR sensitivity

A

o A NY A & ”
"ATAA Bilocenter
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Quantification: 2 samples, 2 genes

—

[ No, ] (1+E,, )
Sample A _N Ores Jdsamplea L (1+E, )Crm IsampleA
SampleB | No,, f 1+ E, )" =

. N Oref JSampleB | (I+ E"” )Ctm JSample B

Sample A (1+ Eref )CtAmf _CiB,,
SampleB (1+E, ) Cttr~CBr
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"garbage in, garbage out”

"Real-time quantitative RT-PCR iIs a
wonderful method for fast, accurate,
sensitive and cost-effective gene
expression analysis. However, the
simplicity of the technology itself makes
it vulnerable for abuse in experiments in
which the operator does not perform the
required quality control throughout the
entire procedure.”

Derveaux S. et al, Methods 50 (2010) 227-230
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RT-gPCR in practice

Molecular techniques of RNA analysis 2024



RNA quality is a key factor!!!

DNase treatment RNA quality = purity + integrity
1h, 37° C

- +

Purity - determined spectrophotometrically
(OD,60,230 >2-0; OD,g0,250 >1.8)

RNA quality control after isolation is always
necessary!

DNase treatment is always necessary!

20% of human genes have 1 exon, or there are
expressed retropseudogenes or copies lacking introns!!!

Recommended use of RNase inhibitors at RT!
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RNA quality assays

5'-3' RNA ends
integrity test

S\
/
AV R\ S\
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Quality affects results!!!

RIN: "RNA Integrity Number"”, min. 7

(according to Bioanalyzer, Agilent Technologies).
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Primer design strategies to minimize signals
for gDNA contamination

1. Primer spans an exon-intron boundary:
3|
5/
genomic NO

P e

DNA 2 - 4 product
exon 1 intron e eXOn 2

3 o
—

cDNA
exon 1 e €XON 2
2. Primers flank an intron:

. — NO
genomic .
— ———— ]
DNA , =-> product
exon 1 long intron e €XON 2
I

DN A |

exon 1 ~— exon 2

https://www.thermofisher.com/pl/en/home/brands/thermo-scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-library/basic-principles-rt-gpcr.html
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The most crucial step
of RT-gPCR Is the

reverse transcription
reaction!!!




Efficiency and specificity of RT

Efficiency and specificity of reverse transcription
reaction STRONGLY depends on:

e Methods of priming
e Type of reverse transcriptase (features of the enzyme)

e The sequence of a particular RNA molecule - it's tendency to

form complex secondary structures
o Efficiency differences can be as high as 100X!!!

e The optimal RT conditions should always be determined

experimentally

Molecular techniques of RNA analysis 2024



RT priming methods
- advantages and disadvantages

Standard oligo dT
3 5
— TTTTTTIT
AAAAAAAAAAAAAAA 3

mRNA

V dGTP, dATP or dCTP

Anchored oligo dT

3 5

NVTTTTTTTT
'AAAAAAAAAAAAAAA 3

mRNA

N any base
Random primers
B 5 3 §
NNNNNN

NNNNNN

mRNA AAAAAA .

Gene-specific primers
3 5
+——— "ACTTCGAAG
mRNA UGAAGCUUC

https://www.thermofisher.com/pl/en/home/brands/thermo-

scientific/molecular-biology/molecular-biology-learning-center/molecular-

biology-resource-library/basic-principles-rt-gpcr.html

Molecular techniques of RNA analysis 2024

Structure and
Function

Primer
Options

Stretch of thymine
residues that
anneal to poly(A)

Oligo(dT)s (or tail of MRNA,;
anchored anchored
oligo(dT)s) oligo(dT)s contain

one G, C, or A (the
anchor) residue at
the 3' end

Six to nine bases
long, they anneal
at multiple points
along RNA
transcript

Random Primers

Custom made
Sequence Specific primers that target
Primers specific mMRNA

sequence

Advantages

*Generation of full
length cDNA from
poly(A)-tailed
MRNA

*Good to use if
little starting
material is
available

*Anchor ensures
that the oligo(dT)

Disadvantages

*Only amplify gene
with a poly(A) tail
*Truncated cDNA
from priming
internal poly(A)
sites*2

*Bias towards 3'
end*.

*Minimized if

primer binds at the anchored

5'end of the
poly(A) tail of
mMRNA

*Anneal to all RNA

(tRNA, rRNA, and
mRNA)

*Good to use for
transcripts with
significant
secondary
structures, or if
little starting
material is
available

*High cDNA vyield

*Specifc cDNA
pool
sIncreased
sensitivity
*Use reverse
gPCR primer

oligo(dT)s are
used.

*cDNA is made
from all RNAs
which is not
always desirable
and can dilute
MRNA signaling
*Truncated cDNA

*Synthesis is
limited to one gene
of interest


https://www.thermofisher.com/pl/en/home/brands/thermo-scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-library/basic-principles-rt-qpcr.html

Effect of the priming method on RT efficiency

RT efficiency

1 - random hexamers
151 = oligo dT

1 - gene-specific
147 |:| gene-specific mixture

Biubulin Cav1D Gapdh Ins I Glul2

Sthalberg et al, 2004, Comparison of reverse transcriptases
In gene expression analysis, Clin Chem. 50(9):1678-80.
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Specificity of priming methods

RT priming*  p-tubulin’ CavlD’ GAPDH’ Insulin I° Glut2’
hexamers 195 26.5 158 169 275
oligo(dT) 18.1 288 16.6 159 284
specific 188 28.7 164 174 318
mix 19.1 279 16.2 16.6 293

Stahlberg et al, 2004, Comparison of reverse transcriptases
In gene expression analysis, Clin Chem. 50(9):1678-80.
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Effect of the priming method on RT efficiency

RT priming - tubulin® CaVlD# GAPDH* Insulin IF¥ Glui2¢

CaV1D 27.0 m 19.9 228 b

GAPDH 30.1 16.4 20.1 m

Insulin2 235 31.6 20.0 174 31.0
Ghut2 25.8 31.9 227 227 m
00 primer 27.6 337 23.6 23 1 32.6

Stahlberg et al, 2004, Comparison of reverse transcriptases
In gene expression analysis, Clin Chem. 50(9):1678-80.
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Differences in RT reaction efficiency
can reach 100X!

3 :

*
T
|

Ct

Ct

Stahlberg et al, 2004, Comparison of reverse transcriptases
In gene expression analysis, Clin Chem. 50(9):1678-80.
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RT optimization

37°C

24 unpaired bases

18 unpaired bases

Behind the TATA
Biocenter
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Always CONTROLS!!!

Negative Controls:

e -RT: control of genomic DNA
contamination, necessary!

e NTC: "no template controle": reagent
purity control!!!

Positive control:

e min. 2-3 samples, e.qg., from the standard
curve - control of reaction performance! (IRC
= inter-run calibrators)

Molecular techniques of RNA analysis 2024



Choice between 1-step or 2-step
RT-gPCR reaction

1-step

2-step

Molecular techniques of RNA analysis 2024

sLess experimental variation since both
reactions take place in the same tube

*Fewer pipetting steps reduces risk of
contamination

Suitable for high throughput
amplification/screening Fast and highly
reproducible

*A stable cDNA pool is generated that can be
stored for long periods of time and used for
multiple reactions

*The target and reference genes can be
amplified from the same cDNA pool without
multiplexing

*Optimized reaction buffers and reaction
conditions can be used for each individual
reaction

Flexible priming options

https://www.thermofisher.com/pl/en/home/brands/thermo-scientific/molecular-

e » Oligo(dT)s
/ ~ mRNA W RS * Random Primers
B . : R * Sequence-specific
4 AL ! Primers
> e ~ onarol @, - B -5 m
< 4 _ N <
= \\ » . Buffer + \ f,/ v /F\
Sequence-specific Al LI DOC T T R W
Primers == e ‘| = S
cDNA ‘ N>
"\ / \ \_/ Sequence-specific
/. N\, S Primers
RT-qPCR RT qPCR
One-Step VS Two-Step
Advantages Disadvantages

sImpossible to optimize the two reactions
separately

Less sensitive than two-step because the
reaction conditions are a compromise between
the two combined reactions

*Detection of fewer targets per sample

*The use of several tubes and pipetting steps
exposes the reaction to a greater risk of DNA
contamination

Time consuming

*Requires more optimization than one-step

biology/molecular-biology-learning-center/molecular-biology-resource-

library/basic-principles-rt-gpcr.html



https://www.thermofisher.com/pl/en/home/brands/thermo-scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-library/basic-principles-rt-qpcr.html

Good laboratory practice
IT'S BASIC!!!

e Do not pipette less than 2ul at a time by
hand!

e Separate place for preparing the reaction
without templat and separate for adding
DNA!

e Powder-free gloves!
e Prepare reactions in "MIX" not separate!

e Do not open tubes/plates after reaction in
PCR rooms!

e Laminar flow chambers!

Molecular techniques of RNA analysis 2024



Basic analysis of qPCR
reactions

Molecular techniques of RNA analysis 2024



Amplification curves - raw data

Chartt ~ Axis ~ Filter_[_483-53_3_] v Ptog_rams ~ Baseline v

2 (T__‘;:.'_q".:’-)_'.c-."‘}
Fluorescence History E;._,{.t{\.g,:_’.:;‘;._;f@! Zoom
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2H e
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Baseline subtraction

Chat ~ Axis - Fiter(483-533) ~ Programs ~ ~ Baseline v

v Baseline Subtraction II
Fluorescence History
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1 qPCR = 3 technical replicas!!!

Chat ~ Axis ~ Filter[483-533) ~ Programs v Baseline v v Chat ~ Agis ~ Filter(483-533) v Programs v Baseline -
Fluorescence History Fluorescence History m
14,0 15,04
13,04 14,04
12,04 13.04
11,04 12,04
2 10.0] 2 1.0
o 10
= g S,D' - 3 10,0‘
3 ;‘ 8.0 4 % g'g
H -1 e o
|5 7Y 5 70
: § 6,0 § 4
Hi 6.0
| 5 50 g 50
: - = -
4 4 o
B 3,04 Ul 3.0
2.0 2.0
1.0 1.0
0,04 = 0.0 -—
13 6 9 13 18 23 28 33 38 43 i3 6 9 13 18 23 28 33 38 43
Cycles Cycles

Molecular techniques of RNA analysis 2024




Inspection of amplification curves

Gene tested

hd

Chat ~ Axis ~ Filter(483-533) » Programs ~ Baseline -

Fluorescence History

Fluorescence (
-\4
CP
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Inspection of amplification curves

Reference gene

Chart «~ Axis ~ Filte([483-533] v Programs v Baseline - 7
Fluorescence History @iﬁ@@oom)

18,01
16,01

—_ —t —_
Lo VA e o
P i A TSNS S o

Fluorescence (483-533)

@
izl

| &
N e
L9

e
S

139 & 9 13 18 23 28 21 28 43
Cycles
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Analysis of melting curves

Possible mainly for SYBR Green

ot | Zoom

Melting Curves

28515
26115) ==
23,615| e
§21,115; —_—
213,51&: -
= 18.115-;
g 13615
g 1.5
£ 8615
“ 115
3615
11154

60 65 70 75 80 g5 90 95
Temperature (*C)
s na (AT AR A TE A A AR |
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Analysis of melting curves

Tm - depends on the length and GC/AT content

RO e e YT v ]

Select | Zoom

Melting Peaks

60 £5 70 75 a0 a5 a0 95
Temperature [*C)
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Analysis of melting curves

Pure, specific qPCR product

Fooes ns s s s e ne s aas v 1

Melting Peaks wlhonﬂ

7.196
8,498-:
5}95—3
s,oss~f
4,396
339&5
2,995~f
2.295—3

d/dT) Fluorescence (483-533)

T 15%
0,896

0,196

60 65 70 75 a0 a5 a0 95
Temperature (*C)
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Analysis of melting curves

Non-specific products
Melting Peaks foom

5,234

4,734

4,234

3,734

3,234

2,734

2,234

-(elidT) Fluorescence (465-510)

-
b
o
i

1.2344

07344

0.2344

5 59 B0 B2 B4 G5 BB 70 72 74 75 78 @) @2 @4 86 @3 90 0 94
Temperature [*C]
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Analysis of melting curves

The primer-dimer problem

Melting Peaks foom

10.820H

9,820+

8,820+

7820

£.820H

5,820+

4,820+

-(elidT) Fluorescence (465-510)

3,820

2,820+

1.820H

0,820+

-0,180

40 45 50 55 50 E5 70 75 a0 a5 50
Temperature [*C)

I~ Manual Tm Method
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Analysis of melting curves
Do not blindly believe the melting curves!!!

A longer AT-rich product can have the same
Tm as a shorter GC-rich one!l!!

Always check the products for each new
primer pair on a high-resolution gel! At least
once, at the "reaction setup” stage.
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Standardization
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Reference gene selection

THERE IS NO "PERFECT" REFERENCE GENE!!!

e Equal number of RNA copies in all cells
o Expressed in all cells
o Expressed at a medium level

o At least 2 different reference genes should be used!
Better 3 to even 511!

e Standardize against the geometric mean for the
reference.

e Genes should be selected EXPERIMENTALLY from a

11
la rger group::: Vandesompele et al, Genome Biology, 2002,
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Statistical analysis of Cq value variation for
reference genes

Vandesompele et al.,
Genome Biology, 2002,

Change Data .
GAPD ACTB HPRTI UBC YHWAZ Normalisation Nowad ayS geNOI’m IS
e 0516257 0,499303 0,462906 0,447207 0,572560 3.5820 . ,
FIB2 0.28779 0238713 0,313899 0,221805 0351638 02767 part of Biogazelle's
FIB3 0,160974 0,262108 0,147588 0,177935 0,306647 8.2024
FIBA 0,462392 0,151078 0,284928 0,372176 0,221805 0.2774 g base+ software for
FIBS 0694914 0.678860 0.765572 0572560 0.851906 8 7066 e p
FIB6 0,001146 0,000160 0,000765 0,000377 0,000690 Jwee  quantitative PCR data-
FIB? 0,487767 0,574475 0512821 0,418316 0,685694 85265 -
FIBS 0,192781 0,183976 0,151584 0,181536 0,169808 81753 anal ySIS
FIBY 0,393914 0,201148 0,386101 0411390 0,342369 §,3597
FIBI0 0,011902 0,005503 0,009390 0,010310 0,012347 88895 https://Iwww.gbaseplus.com/
FIBII 0,016844 0,008107 0,013740 0,022522 0,023837 80159
FIB12 0,011059 0,014301 0,011902 0,017709 0,015443 00139
FIBI13 0,008438 0,007141 0,009676 0,010589 0,014206 00897
FIB14 0,593982 0,697238 0,624490 0,550071 0,708977 06320
FIBIS 0,203978 0,196683 0218133 0,445716 0,234760 82637
FIB16 0,572560 0,423941 0,544589 0.414147 0,528466 84923
FIB1? 0,720913 0,990033 0,677896 0,880833 0,983443 9.8850
FIB18 0,514536 0,504330 0,533786 0,590028 0,467047 85204
FIB19 1,00E+00 1,00E+00 1,00E+00 1,00E+00 1,00E+00 10008
FIB20 0,399211 0,316002 0,263978 0,441273 0,349298 8.3535
M < 1.5 0.513 0.432 0.523 0.475

https://genorm.cmgqg.be/
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Reference gene selection

Alternatively...

e Trust published data, e.g., for human cells:
GAPDH, albumin, actin, tubulin, cyclophilin,
microglobulin, 18S or 28S rRNA... though
risky

e e.g. https://www.gene-
quantification.de/hkg.html#refgenes

e Or use commercial primer panels (only
possible for some model organisms)
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Layout design
of the experiment




RT error accumulation

SD iRNA — SDEZET + SDQ_ZJPCR
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2 experimental designs

e The "sample maximization"” method: as many different
samples as possible analyzed in a single run of the
instrument. That is, different genes analyzed in different
reactions (preferred in routine research work - many
culture conditions, many mutants, etc.).

e The "gene maximization” method: as many different
primer pairs as possible during a single run of the
device (preferred in commercial diagnostic kits: one
patient - one reaction plate for multiple genes)

e Whichever method you choose, use IRC

Hellemans et al, Genome Biology, 2007,
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How many biological repeats, RT, qPCR?

A
QPCRHH

2 2
s Sqm’
4 4 4

Ref: Stahlberg et al. Properties of the reverse transcription reaction in mRNA
quantification Clin Chem 2004;50:3

TATAA Biocenter
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Optimization
of qPCR reactions




Optimization of gPCR reactions

e Optimization of reaction conditions: concentrations of
dNTPs, Mg2*, primers, SYBR Green - currently difficult
because most "mixes" are "ready to use" and 2X
concentrated.

e Program optimization: temperature and time of primers
annealing and synthesis.

e 4-step PCR (SYBR Green fluorescence measurement above
Tm for product) or 2-step PCR (95 and 72°C only — common
temperature of primer annealing and DNA synthesis)

e "touch-down" PCR, "hot-start” DNA polymerase

e The fastest way to optimize is to redesigning oligonucletodes
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PRIMERS Tm: PREDICTED vs DETERMINED
EXPERIMENTALLY

B (s osmunansosabauesans ionias e ssas onesa seaass

x W1 [ SOEES e i s ... ................................

1T PR 0 N e e

ATm
&
(v
g

Source: ABI User Bulletin 6 ABI PRISM® Sequence Detection System
AT Blocenter
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Take home message!
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Alwayes keep standards!!!

Clinical Chemistry 55:4

611-622 (2009) Special Report

The MIQE Guidelines:
Minimum Information for Publication of Quantitative
Real-Time PCR Experiments

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'*'4

http://www.gene-quantification.de/miqe.html

Methods 50 (2010) S1-55

Contents lists available at ScienceDirect

Methods
ELSEVIER journal homepage: www.elsevier.com/locate/ymeth
Mini-review
A practical approach to RT-qPCR—Publishing data that conform to the MIQE
guidelines **™

Sean Taylor, Michael Wakem, Greg Dijkman, Marwan Alsarraj, Marie Nguyen *

Bio-Rad Laboratories Inc, Hercules CA 94547, USA
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http://www.gene-quantification.info/

SUMMARY

e qPCR is a highly efficient, rapid and
accurate method for nucleic acid
quantification

e Enables low and medium throughput gene
expression studies

e qPCR is based on real-time detection of
DNA using fluorescent dyes

e (1+E)" = 2n if E=100% (244ct)

e Quality control and correct design of the
experiment are crucial!!!
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Thank you for your attention!
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Supplement 1-
examples of qPCR
application




Actin mMRNA precursor qPCR s, vavid sarras
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Single cel qPCR
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Figure 1. Histograms showing the expression levels of 96 cells express-
ing ActB in logarithmic and linear scale (inset). Logarithms of transcript
levels are mean-centered for the two glucose concentrations. Solid line
describes lognormal distribution centered on the geometric mean (2.06)
of the ActB expression levels. /nset shows histogram of the expression
levels in linear scale.

Bengtsson M, Stahlberg A, Rorsman P, Kubista M.
Genome Res. 2005 Oct;15(10):1388-92.




Digital PCR - dPCR

- Q000
0000
- O000
0000

sample partitioned
into many reactions

Absolute Quantification Absolute Quantification
(Digital PCR Method) {Standard Curve Method)
In absolute quantification using Digital PCR, no known standards
Overview are needed. The target of interest can be directly quantified with

precision determined by number of digital PCR replicates.

"N

@ postive reactons
O negative reactions

absolute
quantification

In absolute quantification using the Standard Curve Method, you
guantitate unknowns based on a known guantity. First you create a
standard curve; then you compare unknowns to the standard curve
and extrapolate a value.

Quantify copies of rare allele present in heterogenous mixtures.

Count the number of cell equivalents in sample by targeting
Example genomic DNA.

Determine absolute number of viral copies present in a given
sample without reference to a standard.
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Correlating viral copy number with a disease state.

http://digital-pcr.gene-quantification.info/



dPCR - examples of available platforms

Biorad QX200 Fluidigm Biomark HD
Possible preparation of 1-8 samples (also mass qPCR!)
From 2,304 to 36,960 independent

simultaneously .
reactions

Up to 20,000 reactions / sample
’ : .g., 48x48, 192x24, 48x770 | t
Up to 96 samples can be read simultaneously (e.g., 48x X X ayouts)

Make droplets

PCR DNA
in droplets
L ¢
eaes
Read and - .
analyze results 4 : TP
:m [:‘ l‘

Molecular techniques of RNA analysis 2024 http://digital-pcr.gene-quantification.info/




Immuno-qPCR

3383
‘ 4 _)‘P -4 g &7 ~d
- : Oy S 3333
(ﬂ,ﬂ substrate E 3 " ‘;‘é
(XS ‘ /N = PCR
deteg;tion- ) detection-
antibody 1 fePagme % — antibody
+ =
Ag E \ Ag
capture- 2
antibody I E E é g?\gtt)%rgy
ELISA
111
,Immuno-PCR

T. Sano, C.L. Smith, C.R. Cantor, Immuno-PCR: very sensitive antigen detection
by means of specific antibody-DNA conjugates, Science 258 (1992), 120-122

M. Niemeyer; gPCR 2007

Molecular techniques of RNA analysis 2024



Analysis of High-Resolution Melting curves

Amplicon melting

Ll
B & & o o8 oo . o0
# E B - B EERS= o

Differentiation by
melting curve shape

Roche
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HRM = High Resolution Melting

DNA SATURATING dyes instead of SYBR Green!!!

 Resolution up to 50 florescence measurements / 1°C

« Amplicons of different lengths

« Efficiency doesn't matter: end-point analysis!

« Standardization of the template concentration less
Important
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HRM = High Resolution Melting
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Supplement 2 - using qPCR
to analyze chromatin
methylation status
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DNA methylation silences transcription

A B

H2  DNA methyl- NH, Methylated DNA
transferases N CHj 4
0? N\ oJ\N\
5-CpG-3'
3-GpC-5'
C e transcription

KRS 9 999 T—

|_.

,” ,’ , Methylated CpG site
/m \/\Jm\/(\w J\w/m Cancer DNA

X

http://philos.biol.mun.ca
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DNA bisulfite conversions

« Sodium bisulfie converts CYTOSINE into URACYL
 Does not modify methylated CYTOSINE

NH, HH,

H#)H] HSOy Hq
H
cytosine cytosine
sulphonate
MNH,
CH -
Hf’"l]/ 3 ;S%
G%J‘\H OH
H

5-methylcytosine
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H.O

]

S0, i

NHy

)
o

OH
HH - HHJ'%”
D%\H - HSGH- ".-:l\
H

|
S04 o~ TN
H

uracil

uracil
sulphonate

Disadvantages:
- inefficient conversion
- DNA degradation




DNA bisulfite conversions

Allele 1 (methylated) Allele 2 (unmethylated)
m
---ACTCCACGG---TCCATCGCT--- ---ACTCCACGG---TCCATCGCT---
---TGAGGTGCC-=-AGGTAGCGA-~~ ---TGAGGTGCC---AGGTAGCGA---
Bisulfite treament
Alkylation
Spontaneous denaturation !
---AUTUUAUGG---TUUATCGUT--~- --=-AUTUUAUGG---TUUATUGUT--~-
---TGAGGTGUU---AGGTAGCGA--- ---TGAGGTGUU---AGGTAGUGA-~-~-

\/

Non-methylation-specific PCR
Methylation-specific PCR

:

Differentiation of bisulfite-generated polymorphisms

Wikipedia, Bisulfite sequencing
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Met-DNA analyses

Bisulfite-specific primers

—==TLEAL--
B
==TOAL = m —=TOAN -
3’ --AUTUUAUGG---TUUATCGUT--5" 3" --AUTUUACGG---TUUATUGUT--5"
—_— —_—
PCR

5f --TAAAATGCC---AAATAGCAA--3' 5! --TAARATGCC---AAATAACAA--3'

3' --ATTTTATGG---TTTATCGTT--5" 3’ --ATTTTATGG---TTTATTGTT~--5'
Sequencing CpG site-specifi In vitro transcription
primers pﬁw y striction Non-denaturing RMaseA

digest gel
Direct sequencing MS-SnuPE HRM  COBRA MS-SscA Base-specific cleavage
Pyrosequencing MALDI-TOF

Wikipedia, Bisulfite sequencing
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Met-DNA analyses

Methylation-specific primers

—

<+GCAA---
/ *GCM——— \

—
-—--AUTUUAUGG---TU ATDG T——- ---A JTUUACGG---TUUATUGUT---

-GCAA——-

PCR
--=-ATTTTATGG---TTTATCGTT---
———TAAAATGCC---AAATAGCAA--- Ho product
Gel electmphnresisl Real-time Heat/melting curve
detection
MSP MethyLight Mc-MSP

ConLight-MSP

Molecular techniques of RNA analysis 2024 Wikipedia, Bisulfite sequencing



Analysis of methylation status using high-resolution melting
curves: MS-HRM

A w ——100% METHYLATED
100
-
©
=
9 ®
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= ®
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NW
= e
E o
3 =
0
=
»
"
10
. —
W OO0 WS O # O #N5 € WS B BN M OMS S B B WS
Temperature °C
Published online 8 February 2007 Nucleic Acids Research, 2007, Vol. 35, No. 6 edl
doi:10.1093 [nar/glomi) 13
PROTOCOL | Methylation-sensitive high resolution melting

(MS-HRM): a new approach for sensitive and
high-throughput assessment of methylation

Tomasz K. Wojdacz"? and Alexander Dobrovic' 3 *

Methylation-sensitive high-resolution melting

Tomasz K Wojdacz"z, Alexander Dobrovic? & Lise Lotte Hansen!

s, University of Aarhus, The Bartholin Building, Wilhelm Meyers Allé, Bygn. 1242, DK-8000 Aarhus C, Denmark. “Department of Pathology,

nstitute ¢ , Unive 800
“entre, Locked Bag 1, A'Becket Street, Victoria 8006, Australia. Correspondence should be addressed to TK.W. (wopdacz@humgen.au.dk).

Peter Mac(s

NATURE PROTOCOLS | VOL.3 NO.12 | 2008 | 1903
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Supplement 3 - use of RT-
qPCR in the diagnosis of
coronavirus infections

SARS-CoV-2

https://www.youtube.com/watc

h?v=SNvGQJIcQfQ&t=13s

(in Polish)



https://www.youtube.com/watch?v=SNvGQJIcQfQ&t=13s

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) - virus causing COVID-19
(Coronavirus Disease 2019)

@ ? Spike Glycoprotein (S)

?{UITQ#"

f tﬁ— M-Protein

. J%
/ / W Hemagglutinin-esterase

dimer (HE)

&—Az— Envelope
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SARS-CoV-2: a beta-coronavirus with a genome in
the form of a single RNA molecule of approx.
30,000 nt in length, and with (+) polarity

Cretume posten (Ly)  5.0000 100001 1500 200001 250000
Open reading frames

s S DR . e
: : S EM N

| Non-structural proteins (n=16] — B
| Nsp2 Nspd  Nsps | Nsp10 Accessory factors (n=9]
i
Nspt Nsp3 NspS | Nsp@) 3a ?7a?9b%c 10
Nsp? Nsp11 Nept3 Nept5 B [mean |
Nspt2 Nspié  Nsp16 3b o
Wikipedia
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SARS-CoV-2 replication cycle

SARS-CoV-2

Receptory

Cytoplarma

Rybosom gospodarza \

Enzym konwertazy angiotensyny 2 (ACE2)

Whikanie do komorki poprzez fuzje ostonki wirusa z blona komorkowa lub endocytoze
po polaczeniu domeny wiazacej receptor glikoproteiny S1 z receptorem blonowym

Egzocytoza

) Uwolnienie genomu nCoV Utworzenie |
G dojrzalego ok
- y v a oV wewnatrz
A V3 ~30kD? dhag wirionu
ssRMNA (polaryzaca (+), ~30kpz dhugosci) )/ /oecherzyka Golgiego
Translacja poliproteiny wirusa g K°'“"3E';m;:;_.m("(
‘_ 1a/1ab (ppla/pplab) Wb i,
Replikaza Biaka S, EiM hca sie \ intermediate
G T 2 nukleckapsydem | .‘ A *‘ Dbt
roteoliza generuje Nsp 3,4
" -.3»‘" Ry
Kompleks odwrotnej Replikacja genomowego RNA

ANANANANANANANANAN

' transkrypcji (RCT)
Genom RMNA
{polaryzacja (-)) |

Transkrypcja sgRNA
ANNNN Nucleocapsid (N) @

ANNANN Spike (51 &smY

% Mukleokapsyd
W
B2

N

Nukieokapsyd
w cytopiazmie
ot ‘”“.
Translacja wirusowych
biatek strukturalnych

L o

Genomowe 1 subgenomowe

ANNNAN Envelope (E) &
RMA (sgRINA) (polaryzacja (+))

ANNNN Membane (M) § }
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M“ ; Siateczka
srodplazmatyczna (ER)

<

BiatkaS,MiE [/ o — (i
w siateczce  \\ =) N —
srodpiazmatycznei (ER) N> '

Wikipedia




How can SARS-CoV-2 be detected?

P

/o

y
X /
<

\? <
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Types of diagnostic tests used

Immunological tests

Detecting (using antibodies) anti-virus
antibodies (does not necessarily detect the
presence but the fact of passing infection):
cassette, ELISA.

Detecting (using antibodies) the antigens of
the virus (directly detecting its presence in the
material)

L\
1
B\

Molecular tests

Detecting the genetic material of the virus
(RNA) using RT-qPCR.
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"Windows" of sensitivity of diagnostic tests

WINDOW
PERIOD

—
A
E
% antibody Long term
immunity?
| DAYS SINCE
100 INFECTION
VIRUS
DETECTION
TEST
AB TEST

Ab I1eG
Ab Tota

https://www.synlab.com/news-publications/sars-cov-2/antigen-tests-for-
sars-cov-2-detection

Molecular techniques of RNA analysis 2024



How to isolate viral RNA?

First, the collection of material - preferably a nasopharyngeal swab.

Then lysis of the material: enzymatic (proteinase K digestion) or chemical (chaotropic
salts such as GTC).

RNA recovery based on the affinity of nucleic acids for silica resin ("columns") or
ferromagnetic beads ("beads").

® 9
Elution Conventional
RT-PCR
Sample Lysis Addition of ethanol Lysis/bindi L4 BN
Add 50y Proteinase K into 200y of jom— YSIsDNGNg )
sample and mix thoroughly Add 2150l of =¥ enard “asmc i . combined buffer | ®:% b
Bufler VL (contanng Camier RNA) and ) S22 it
mi by puised varexing. ncubate at with pcMNPs s & _}'f A
2 - e ; ¢
L Washing buffer )
Lysis /binding Discarding the supernatant Direct RT-PCR
5903 xg — — 5.000 xg in one step and washing
Loading to column Column Washing
Transfer sample Ixc:xdlowhm Add 500,4 Wash Buffer 1 Dswﬂlowhmug\
to coimn
5 000x g 14, (XD xg —»
1 min '"“
Column Washing Centrifuge Column Washing

Add 5004 Wash Buffer2  Discard fow frough Amsommmzwmrmmn

*
H
1 min

Transfer column to a new Sore DNAat 4°C or -20°C
ube Sore RNA &t -20°C or 80°C
Add 3080y Eution Buffer
o water. Stand for 2 min.
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Open vs closed systems

Open systems

- Manual work (danger of
contamination, not very efficient)

- open robots (you can choose
different suppliers of plastics or
reagents)
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Closed systems

high cost but better standardization
"All-in-one" (isolation+RT-qPCR) or
only isolation

simplified operation

~personal devices”

problems with reagent availability
Isolation + RTqPCR even in a few
tens of minutes




TaqMan - hydrolysis probes

@ Fluorophore ® Quencher

1+
DNA Pol Exo !!! € Cleaved nucleotides

excitation

Mg

Primer F g

exc:tahok AISSIOH

Primer

3'[C ” 5"
ABI, Roche (UPL)
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Multiplex qPCR

/ i
O=‘/ 1

—_—a
Different detection formats and
——a _  different dyes allow detection

of 2 or more products Iin a
single reaction

(not possible with SYBR Green!!!)

0 8 0 9 p. ¢ P 0 3 <0
Oyde number
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What amplicons should be used in RT-qPCR ?

FIGURE 1

Relative positions of amplicon targets on the SARS coronavirus and the 2019 novel coronavirus genome

MNgo8947 W uhan-Hu-1

NC_oo04718 SARS-CoV

=) o= =
15,361-15,460 26,141-26,253 28,555-28,682
RdRp E N

E: envelope protein gene; M: membrane protein gene; N: nucleocapsid protein gene; ORF: open reading frame; RdRp: RNA-dependent RNA
polymerase gene; S: spike protein gene.

Numbers below amplicons are genome positions according to SARS-CoV, GenBank NC_oo04718.

Corman et al, Detection of 2019 novel
coronavirus (2019-nCoV) by real-time RT-
PCR. Euro Surveill. 2020 Jan;25(3)

In addition, control amplicons (nhot always all used at the same
time):

- SPIKE-IN RNA (synthetic - isolation control only)
- Internal control (human mRNA - isolation and collection control!)
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Sensitivity of the RT-qPCR method

FIGURE 3
Determination of limits of detection based on SARS coronavirus genomic RNA and 2019 novel coronavirus-specific in vitro

transcribed RNA

A. E gone assay vs SARS-COV: 5.2 /T (95% Cl: 3.7-9.6)
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C. Egene assay vs 201g-NCoV INT RNA: 3.9 C/T (95% Cl: 2.8-9.8)
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B. RORp gene assay vs SARS-CoV: 3.8 ¢/ (95% Cl: 2.7-7.8)

Fraction posith
a8 ¥

a
L
L

-
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o
e 15.0

Copies per reaction

D. RARp 3552y VS 201g-NCoV IVT RMA: 3.6 ¢/T (95%: 2.7-11.3)
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Cl: confidence intervals; c/r: copies per reaction; IVT: in vitro-transcribed RNA.

Molecular techniques of RNA analysis 2024

Corman et al, Detection of
2019 novel coronavirus
(2019-nCoV) by real-time RT-
PCR. Euro Surveill. 2020
Jan;25(3)
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Example result

Viral amplicons Control amplicons
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For more watch on YT: https://www.youtube.com/watch?v=SNvGQJIcOfQ (in polish)
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https://www.youtube.com/watch?v=SNvGQJIcQfQ

