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What do you walnk bo khow?

Daka Amatvsis and im&erpre&a&om

# of qPCR

Statistical analysis of qPCR Leckure 2
Bastes

Lecture 1
How qPCR works
T Normwalizakion
.L;”e 2

Troub leshooting
Evarv&ki%g

More



1. Did you learn anything new from the lecture
A Lot yes no

4 11 o

2. If yes, do you think you will remember it tomorrow?
No some (ot the equ&&mv\s) yes, after revising it

1 4 7

3. Would you Frefer ko have more information in the lecture, keep it the same, reduce it?

Reduce/split in 2 parts  Keep the same More information

& 4 1

4. Were the tasks too easy, ok, or too hard?

koo hard ok too easy
9 & o
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I Efficiency

11. Quantification
Absolute qPCR
Relakive q‘PCf?;

111, Primer desigh

IV, The pr&a&&at F?m*&



ka a short pradu&?

the biggest issue seem to be the efficiency ( see the 72°C for §
minutes step in end point PCR)

than shorter is the amplicon than less its o\mytéﬁta&on is
susceptible to suboptimal conditions

depending on the kit, there might be a risk of “running out”of
components during the reaction

time Lssue. you wank your resulks asap



Frimer a\v\v\eativ\g;

P ~N

dﬁh&&ur?an Maﬁk o extension
\ﬂuorescenae de.&et:&mu ﬁ__/

Please draw one cycle and write the temperatures for each one

Helicase-dependent isothermal DNA amyt&ﬁ&a&iom. Vincent et al. ,EMBO Reports, 2014



Can you PCR RNA?

What is the difference between end point and
real-time PCR?

What is absolute qPCR ?
What is relative qPCR?
Why do you need ko normalise your PCR resulks?

What are the WaYS to normalise them?



fluorescence

CtAc=R0
CEQ6325
whalt does ik kell -jou,?

what are the units for this?

whatb s this?

wkj does this look so bad?

whab are these? 2O
~ CiAc

Cike

A gene conbrol sample

Reference gene control sample
Reference gene treated sample

what are the units for bhis?




fluorescence

how ko malee ik Llook Linear?

is ik Linear?
| whj?




| Exponential phase < Amplification Plot

exponential
plateau
phase
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Cqvalue | | // / /
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Fluorescence
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Lagabzﬁ

10939:?
1.092?::?
Lograe=?

10951:?

Llog1016=7
1.09102'::?

logie4-=7
LlogioR=?

what is Llog?

ac=b

lo0t2=216
10°%=

10°5=24

10°3=2



What is primer E:Hitéemcj;?

What does it mean when Efficiency is 100%7?
What does ik mean when £=2 ?

How can ik be more thawn 100% ?

Why can it be less than 100% ?

How to estimate eﬁiaiemcj?



£ = 100%

DNA — &

dilute twice
N

dilube bkwice

DNA

dilube bwice

J

DNA



Ci=R3

Cir=22

Ci=21

Ci=20

Ax = relative concentration in log scale
AY — ACt
Av/Ax= slope

E = 10—1/ slope

% Efficiency = (E — 1) x 100%

| | | § i

0.3 0.6 09 1.2

\ T A X is ive concentration in log scale

whete do these numbers come from? ' .
why in log scale again?



E =G

DNA - o=

dilute five bimes

dilute five times

>  Ci=R2

DNA —7 Ci=24
dilute five bimes
i B Ce=R6

=6

C=19

Cr=R2

Cr=R8

Ci=27



E=zta a=2

.b N A =7 Ci=20 G5

| dilute five times

N
DNA = C=R2 =2
l dilute five times
N
o TV G4 cs2s

! dilute five times
v
=7 =26 =27

E=? g2

C=20 (=33

Ce=23 (=35

Ci=24  (Ci=36.%

Ci=28 (=39

SEG‘.F’ 1?
SE&F’ 2 ?

sEe_[a 3°?

why it is not important to know the true concentration, again?

set amount of DNA in the undiluted sample to your favourite number

determine the Logic of your DNA concentration

calculate the slope=Ay/Ax or? Llinear function Yy =

= kx + m
»‘l

Manually: M:?:!n://www.:;ou&ube.ﬁam/wa&ch;?v:CnfrWexuiZ.;gU SLOF,Q



http://www.youtube.com/watch?v=CfrWexuiZyU

Linear regression calculation

3 |Regression Stotrstics
4 Multiple F 0.996704
R Square 0.99342
Adiusted | 0.992597
Standard | 0.200501
Qbservat 10

ANOVA

S5 MS F gnificance F
< Regressic 1 2193711 8193711 1207.727 3.J48-10
Residual 8 0542855 0.006788]

Total b 2.5

LO"..',’,(f'.!.'Jnd'.:ld Err tStot P.ovalue Lower SSNUpper SS%ower 95.0%pper 55.0%
intercept 0027593 0177714 0155204 O.BSOAS9 -0.38222 0437403 -0.38222 0437403
XVariable 0009923 0000286 34.75236 S5.148-10 0009264 0010581 0.009264 0.010581

. Sheetd eetd et +

You can also find this video on the website of the course
[/www.youtube.com/watch?v=0IxiOJ26r_Kk



http://www.youtube.com/watch?v=OlxiOJ26r_k

A Calculation of Efficiency

— Ci=24  Ci=28 Ci=24  Ci=36.%

7=t i Ci=26 =39

why it is not important to know the true concentration, again?

step 1 7 set amount of DNA in the undiluted sample to your favourite number

step 2 7 determine the Logio of your DNA concentration

step 37 calculate the stope:Aj/ Ax or? Linear function Yy = kx + m
A
Manually: http://wwwyoutube.com/watch?v=Criexuizyy sLope

step 4 ? calculate £ = 1071/5ope
step § 7 I you want % calculate (E-1)*100%

step & 7 CHECK U your result MAKES SENSE how would you do it?


http://www.youtube.com/watch?v=CfrWexuiZyU

initial DNA sample

1st 5 fold dilution

2d 5 fold dilution

3d 5 fold dilution

amount of DNA

625

log10 of the DNA

amoount

2,795880017

2,096910013

1,397940009

0,698970004

2,795880017

2,096910013

1,397940009

0,698970004

2,795880017

2,096910013

1,397940009

0,698970004

-3,8628

0,99184

2,795880017

2,096910013

1,397940009

0,698970004

-2,2891

0,91429

2,795880017

2,096910013

1,397940009

0,698970004

-2,8327

0,99857

2,2360384 1,8150122 2,73434249 2,2543434

E=10/(-1/slope)

%E=(E-1)*100% %E 123,60384 81,501228 173,434249 125,43434

—

Q\Q\N

y= -Z.éizszléix +28 y =R;3_.8628>I +430 y= ;2.2891x +27 | y=-2.8327x+40:
=0.9918 R*=0.91429 R?=0.99857

M




Eﬂ:wmv\tv

hitp: //www.gene-guantification.de/efficiencyol himl

You can also find this link on the website of the course


http://www.gene-quantification.de/efficiency01.html

Absolute qPCR

what is absolute qPCR?
how do you calculate the amount of DNA in your sample?

what is the difference between the standard curve for

absolute qPCR and for primer Efficiency?

can you use the same steps for calculating?



Calculation of Efficiency vs Absolute qPCR standard curve

is ik apptitzo\bw_{or absolube qPCR standard curve?

step 1 set amo of DNA in the undiluted sample to your favourite number

step 2 determine the Logic of your DNA concentration

calculate the slope=Ay/Ax or? Linear function y = kx + m

sEe.[a 3
s

slo pe



Ci=R3

Cr=R2

Ci=R1

Ct=R0

o3 0.6 09 1.2






ACt method
/!

what is delta?

For PCR exactly the same amount of DNA was used from sample A and from sample B
The gene of interest (GOI) was detected.
How much more/less of this gene is present in the sample A

sample A sample B
what is the possible

disadvantage of this
approach?

how would you try to
solve it?

CiA CiB

normalized to what?

\

Normalized expression ratio = EACt = F(CtA -CB)



AACt
/!

why do you think there are two deltas here?

sample A sample B

1. Normalize expression of gene of interestin A and B

-AC GOl= F 5 (CACB)

what will it tell you?

Ecor

CA CAr CBr CB
t t t

2. Normalize expression of reference gene in A and B

Brer 2= Brer CATCPY «— what will it tell you?

3. Calculate expression ratio of GOI and reference gene

Egene A-ACtGOI / E.e f-ACtref —>



Primer desigh

do you have suqgqestion, what to take into consideration?



DyNAmo Flash SYBR Green gPCR Kit

e optimal amplicon size more than §0 bp, but less than 250 bp

o xC conbtent as close ko §0%

®

length: not shorter than 1% ntyp, pre{embtj not longer than 30, 22-25 bp is usually good.

®

both primers should have the same melking T (Tm)

®

checl for self annealing and primer dimer formation

e check for specificity, allow several mismatches

° you cai eliminate or detect genomic DNA contamination

° make sure, that all your primers are written down as §-»3' (including the reverse one)
* T/A on 3’ end might decrease not specific amplification

e bry Primer3 and BLAST-primer softwares (on the course site)



reference qenes

° you wank them to be equ,au.j e.xpressecl. in conkrol and kest samptes:
o checle available Literabture and ask people around

o check available microarray data (GENEVESTIGATOR, the Link to
it is on the website of the course, you will need to create an
account to use it)

® figure oul what genes are nvolved in key pathways in all cells
present in your sample

® avoid picking genes within the same pathway or cross-talking
pathways

o pick only single member family genes

o choose the least conservative coding part of a gene you picked

o ik is on your conscience to trust single reference gene data. just for you
information, good people use more than one reference.






The pra&%&cat Far%



Experimen&

Absolute qPCR Relative RT-qPCR

m:j SQMP{_@_ and mj FT‘EMQT'S :}C)N‘.T' SO\MFL@.S and 30“? FT‘EMET’S



Experimem& Lajou,ﬁ

Absolube qPCR
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Absolube qPCR

You will get from me:
1. Sample A = an eppendorf with a plasmid of kihown concentration

2. Sample B = an eppendorf with the same plasmid with concentration
khown only to wme

3. primers to detect the plasmid and data about their £
You will need to:
1. Run an absolute qPCR
24ind out the concentration of the plasmid in the sample B

3. write a report in a form of Resulks + Materials and Methods + Figure
with Legend for an article in a given journal

4. make a short presentation of your resulks + stuff you want to share



Relakive Q‘!’*q‘PCQ

You will need to:

1. Have RNA from 2 samples you want to compare

2. Design 4 pairs of primers to detect 1 gene of your interest and 3
reference qenes in your samples

3. Run KT

4.Run primer efficiency test for all 4 primer pairs

5. Run PCR on your samples using all 4 primer pairs

6. Calculate primer efficiency

7. Assess performance of your reference genes. Pick 2 best.

¥. Use these 2 reference genes to normalize your data using aCe and
anCe methods

9. Make up data to perform a statistical analysis

10, Write a report in a form of Results + Materials and Methods
+Figure with Legend for an article in a given journal

11. include resulks inko your short presem&a&om



