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Kari Mullis 1986 invention (1993 Nobel Prize) w

DANCING NAKED
intie MillD FiEI_._I]_}

WINNER OF THE NOBEL PRIZE IN CHEMISTRY

KaRY MULLiS

“Kary Mullis, perhaps the weirdest human ever to win the Nobel Prize in Chemistry,
[has written] a chatty, rambling, funny, iconoclastic tour through the wonderland

that is [his] mind* —THE WASHINGTON POST
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PCR the Polymerase Chain Reaction
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Primer design - Primer 3

= More... Source Code
Primer3Plus
pick primers from a DNA sequence Help About
Load server settings: [Default bl Select primer pairs to detect the given
| Activate Settings | template sequence. Optionally targets and | Pick Primers | | Reset Default

Task: [generic v|

Main General Settings Advanced Settings Internal Oligo

Sequence Id: | |

included/excluded regions can be specified.

Penalties Advanced Seq.

Paste template sequence below or upload sequence file: | Choose File | No file chosen Load Example

4

Mark selected region: | < Excluded > | [ [Target] | [ {Included} || Clear | | Regions from Seq. |

| >

Excluded Regions: <
Targets:

b

|}

Primer overlap positions: -

[

Included Region: [
|

|

Pair OK Region List:

Pick left primer [_) Pick hybridization probe
or use left primer below. (internal oligo) or use oligo below.

Pick right primer
or use right primer
below (5'->3' on opposite strand).

S Owethang: [

SOwmag [
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Primer design — Primer BLAST

Primer-BLAST A tool for finding specific primers

Finding primers specific to your PCR template (using Primer3 and BLAST).

search paramelers
PCR Template
Enter

Retrieve recent results  Publication

18, FASTA sequences or a Gene ID (A refseq record is preferred) & Clear Range & Ci

HM_881126117.
NM_@91126115.
HM_881126118.
HM_881126112.
HM_881126116.

Or, upload FASTA file

= NM_0011261143+  Find:

vaa

200 400 sl 1K 1280 L4088 LEe8

R

Choose

Query exclusion [ Exciude predicted | e oo . S

@ M B
1,880 2K

= ATookse | Tadse P 7~

2,208 2408 2,645

H_DEZTE656.3

NH_DB1 2766553
Primer pair 8 la
Sequence (§5'->3') Template strand Length Start Stop Tm
Forward primer ATGAGCGCTGCTCAGATAGC Plus 20 678 697 60.32
Reverse primer TTTGGACTTCAGGTGGCTGE Minus 20 1391 1372 6018

Product length 714

Products on intended targets
=NM_001126118.2 Homo sapiens tumor protein p53 (TP53), transcrpt vanant 8 mRNA

product length = 581
Forward primer 1

ATGASCGCTGCTCAGATAGC 20
Template 795 .

814

TTTGGACTTCAGETGGLTGE 2@
1256

Reverse primer 1
Template

=NM_001 276698 3 Homo sapiens tumor protein p53 (TP53), transcript vanant 6, mRNA

product length = 714
Forward primer 1 ATGAGCGCTGCTCAGATAGE 20
Template 1 LI LE I 188
Reverse primer 1 TTTGGACTTCAGGTGGECTGE 2@
Template 8 . 882

=NIM_001 276697 3 Homo sapiens tumor protein p53 (TP53), transcript vanant 5, mRNA

product length = 581
Forward primer 1

ATGAGCGCTGCTCAGATAGL 28
Template 188

TTTGGACTTCAGGTGGCTGE 2@
................... 79

Reverse primer 1
Template 749

BN eon BN oo BICEE o BN exon I
ey = eon TR +on ICIE wxon
wxon il won B won I
(U) Primer pairs for job NT_gWBSnyQ_uNVEwVFBSAR1SLODADWHC.. o
Primar 3 Primar 1’_‘
Friner 7 =g Frimer 2 4
Primar 4 51
Primer § e
Primer si; 4
[ 4
Primer 8B 4
Primer 9}—4
(T} Cleaned Rlignmenta - BLAST mesults, RID: PWGVOSSHITL., o

o (2200

" ¥ Tracks shown: 4/14

2,408 2,649
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Thermostable polymerases

Chien et al in 1976 first isolated Tag Polymerase
from Thermus aquaticus (Yellowston Park), able to
polimerize DNA up to 80°C and "survive" at 95°C.

After Mullis invented the polymerase chain reaction
In 1983, Saiki and others in 1988 implemented Taq
as the active polymerizing enzyme in PCR, giving
birth- to modern molecular biology and
biotechnolo¢-

Fingers Thumb Fingers

Taq DNA polymerase
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Polymerase market w

World's leading manufacturers in DNA Polymerases industry
f. NEW ENGLAND

(@)TaKaRa grpgn
: " Agilent ThermoFisher

SCIENTIFIC

NMQIRUK

Hlumina

00000
QIAGEN

& Promega

& BD
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Polymerase features

3'->5" Fidelity 5'—>3' ) Strand Nick_ Exter]d RNA Extensi_on Resulting

® PCR Polymerases Exonuclease Exonuclease Displacement Translation Primer from Nick dU Tolerance Ends

Taq DNA Polymerase no 1x Yes no Yes No Yes Yes 3A
@ High Fidelity PCR

Q5® High-Fidelity DNA

Polymerase ++++ 280x No no No No No No Blunt

Q5U® Hot Start High-Fidelity

DNA Polymerase ++++ No no No No No Yes Blunt

Polymerase*v ’ ++++ 50x No no No No No No Blunt
@ Routine PCR

OneTag® DNA Polymerase ++ 2x Yes no Yes No Yes Yes 3'A/Blunt
@® Specialty PCR

LongAmp® Taq DNA

Polymerase ++ 2X Yes no Yes No Yes Yes 3'A/Blunt

Hemo KlenTaq no No + No No No Yes 3A

Epimark® Hot Start Tag DNA

Polymerase no Yes no Yes No Yes Yes 3A

Isothermal Amplification and
¢ Strand Displaczment Error / Mb

Bst DNA Polymerase, Full

Length no Yes no Yes Yes Yes Yes 3A

Bst DNA Polymerase, Large

Fragment no No ++++ No Yes Yes Yes 3A

Bst 2.0 DNA Polymerase no 62 No ++++ No Yes Yes Yes 3A

Bst 3.0 DNA Polymerase no 70 No ++++ No Yes Yes Yes 3A

Bsu DNA Polymerase, Large

Fragment no No + No Yes Yes Yes 3A

phi29 DNA Polymerase ++++ 5 No ++++ No Yes Yes Yes Blunt

phi29-XT DNA Polymerase ++++ 5 No ++++ No Yes Yes Yes Blunt
@ Polymerases for DNA

Mar)(ipulation Error / Mb

T7 DNA Polymerase

(unmadified) ++++ 1.5 No no No Yes No Blunt

Sulfolobus DNA Polymerase 1V no No no No 3A

Therminator™ DNA

Polymerase no No + No Yes Yes Yes 3A

DNA Polymerase | (E. coli) ++ 0.1 Yes no Yes Yes Yes Yes Blunt

DNA Polymerase |, Large

(Klenow) Fragment' ++ 18 No + No Yes Yes Yes Blunt

Klenow Fragment (3'-5' exo-) no 100 No +++ No Yes Yes Yes 3A

T4 DNA Polymerase ++++ <1 No no No Yes No Blunt

elaborated from NEB polymerase chart (link)

WH\ORE,
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https://www.neb.com/en/tools-and-resources/selection-charts/dna-polymerase-selection-chart

Issues with amplifications ML_(\

GC-rich templates

A

inhibitors in samples long templates

errors in amplicon non-specific products

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/

ZE matteo.ramazzotti@unifi.it - dSBSC - UniFi 9/57




Inhibitors of amplification

Lo kA

Depending on the origin of the sample, inhibitors may be present:

Inhibitors include various kinds of

that can interact with

Examples of PCR inhibitors include

- organic and

- Inorganic compounds

- the nucleic acid template

- DNA polymerase active centers
- cofactors (e.g. magnesium ions)
- bile salts in feces

- heme In blood

- urea in urine

- heparin

- formalin

- charcoal

https//www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/

m matteo.ramazzotti@unifi.it - dSBSC - UniFi
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Tools to tweak ineffective PCR

—
\
¥
c—c—

g
Polymerase
choice

NERRER <

.

Mg?2* Effects of
concentration additives
gradient

r\:
©

Annealing

temperature
range

IIIIIIIII

SR SoNEDone

11/57



Amplification of long | GC-rich DNA w

A PCR may involve a region with
- GC pairs above 60%
- ~3% of human genome
- often found in the promoters
- of housekeeping and tumor suppressor genes
- a length >10Kb

GC-rich regions are - intrinsically harder to open

- prone to form secondary structures

Such issues may be surpasses by tweaking Pol buffer with
- glycerol / DMSQO: to reduce DNA secondary structure
- tetramethylammnium: to strengthen primer binding

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/

m matteo.ramazzotti@unifi.it - dSBSC - UniFi 12/57



Troubleshooting failed PCR ML_(\

Troubleshoot
Y
New polymerases Mixture of polymerases Modifications
Reaction mixtures Fusion polymerases Chimeric polymerases Mutations
- buffers: pH, ions,
- enhancers
Y
with ssDNA binding with dsDNA binding
protein protein

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/

13/57




Polymerase domains w

Fingers

(@) R
Mamea
Pal fi
Pol x*
Pol C
Fol 1
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Pol IV Y
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Chimeric polymerases ML_(\

Given the conserved structure, polymerase domains can be switched in order
to modulate binding and efficiency.

KOD Pfu KOD
Pfu KOD Pfu

Exo domain - Thumb domain Pod

KOD: domain derived from Thermococcus kodakarensis polymerase;

Pfu: domain derived from Pyrococcus furiosus polymerase

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/
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Fusion polymerases ML_(\
Taq _ Tag DNA polymerase

S-Taq(A289) Sso7d Taq DNA polymerase
S-Taq Sso7d _ Taqg DNA polymerase
Pfu-S Pfu DNA polymerase Sso7d
S-Tzi SS0SSB  |linker Tzi DNA polymerase
RB69-R RB69 DNA polymerase  |inker] ~RB69SSB

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/

()N FIRENZE matteo.ramazzotti@unifi.it - dSBSC - UniFi 16/57




Commercially available polymerase w

Trade name Structure Effect
. L Increased fidelity and processivity,
P?_ﬁﬁé?nmg'ggi;'%%tt)y Sso7d + Pfu amplification of longer DNA
fragments
. Amplification of matrixes that are
Hercules 11 Fusion Sso7d + Pfu rich in GC, high sensitivity,

(Agilent Technologies) Increased processivity

Greater fidelity, rate, and

P(hl\lfé'g)n Ssord + Pfu specificity, amplification of
matrixes that are rich in GC
IProof ™ High-Fidelity Amplification of longer DNA
DNA Polymerase Sso7zd + Pfu | fragments, DNA processivity and
(Bio-Rad) fidelity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5243913/

| matteo.ramazzotti@unifi.it - dSBSC - UniFi 17/57




Plasmid transmission is about DNA polymerization w

Chromosomal DNA F plasmid Chromosomal DNA

Donor Pilus Recipient

[ —]

DNA polymerase

Relaxosome Transferasome
Fplasmid p;,s F plasmid

Old donor Pilus New donor
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Rolling circle DNA duplication w

Rolling Circle Replication (RCR) is the unidirectional nucleic acid replication
that can rapidly synthesize multiple copies of circular molecules

of DNA (or RNA).

3 ma REP
-
— —
Pol Il

Tye lll polymerase can do this

Displacement of
nicked strand

Nicking and
rejoining by
Rep

sSDNA, dsDNA
synthesis of
second strand

19/57
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Loop-mediated isothermal amplification (LAMP) w

Type lll polymerases can be use with appropriate priming strategies for DNA
amplification

F3c F2c Fic Template Bi B2 B3
FOP Forward 3 e T
Outer F3 [ s
Primer Fir 4 F2
/ CFl.c
FIP Forward F1 Bic B2c B3c
Inner - - § 1 I BOP Backward
Primer ¥ 5 i R Outer
Fic B2 \ Primer
Bic " BIP
.
LF loop Foward Loop F \ BIP Backward
| [ ,
2 . F2c . > ufil=, 5 Primer

Flc 4 Fi Bic

and

Loop B ° LB loop Backward
F1 Blc # M -~

|
F2 , . B2cl B2

3 il
Flc B1 \510
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Loop-mediated isothermal amplification (LAMP) ML_(\

A

¥
™
e

Keep at 65°C iIsothermal ".

—~ many different forms
— — of the same
- fragment can be
— observed

(4

an amplification
anyway
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Software for LAMP primer design ML_(\

1) Avoid Cross Homologies: by BLAST
2) Verification of specificity: by PirimerBLAST

3) Export Result in CSV form.

LAMP Designer

1) Can design
- 4 primers based on
- 6 regions required by the LAMP method

PrimerExplorer V5 2)

aase clck for sof tware information

Can also design loop primers

3) Use the "nearest neighbor" method for Tm calculation

4) Web usage

202 [FRnZE - matteo.ramazzotti@unifi.it - dSBSC - UniFi 22[57




Loop-mediated isothermal amplification (LAMP)

1E0D

1E08

a g veor BlLSIDTISCOR
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= it 3 i =] =] k] 40 &7 a2 = oo o m = L -] -] 88 100 wE D 1 10 178 W0
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RT-LAMP for SARS-Cov2

SARS-CoV-2

SARS-CoV-2 (+) ssRNA
ORF1ab E N (30 kb)

B3 LB BIP LF FIPF3 .
target region

= —— HI - 1% strand
|
- —— - - = cDNA - 2™ strand
|
}C‘;—_ D C —_O{ dumbbell DNA structure
1]

high molecular weight
\ A\ \ amplicons

The tests can be done at home

(a) colorimetric RT-LAMP
(b) self-collected saliva specimens

(c) direct testing on crude saliva
samples without RNA extraction.

FARINZE - matteo.ramazzotti@unifi.it - dSBSC - UniFi
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The DNA polymerase perspective j_\(\_gL_/\

no activity

little activity

full activity

>
iy d
=
O 95°C
C
(D)
&
Q0
= 2272777
LL
4° Temp
4°C o o
65°C 72°C >
Pol PCR reaction Actual _
storage preparation PCR reaction

S| matteo.ramazzotti@unifi.it - ASBSC - UniFi 25/57



A PCR may be nonspecific ML_(\

#— Specific band
Specific band = P

#— Nonspecific band

26/57




The DNA polymerase perspective

*

no activity

full activity

>
=
>
43 blocked
© el
O - Zo T
V) & L T, : o
© . &2 Pol 95°C
(D) <
c
(@) 42
D_ ab °©
4° Temp
4°C o o
65°C 72°C >
Pol PCR reaction Actual _
storage preparation PCR reaction
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Stabilized polymerases for Hot/Warm-Start w

Mutations | Stabilizers | Aptamers | Chemicals

blocking
antibody

28/57




Blocking unwanted amplification

3'-Inverted End

O‘\.
=0
HO™ |
OH

3'-Phosphate

3'-Spacer C3

Z  matteo.ramazzotti@unifi.it - dSBSC

- UniFi
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Blocking primers in action w

Blocking primer

FW1=>> ) > FW1=> >
— <——€— RV1 < €— RV1
$ ¥

No amplification WAARRAA  VAAARRA
Amplification

ngf:fﬁ matteo.ramazzotti@unifi.it - dSBSC - UniFi 30/57
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Reverse transcriptase: a tool to move ML_(\

New copy of
DNA of genome Retrotransposon retrotransposon
|
|
@ Transcription
6 Insertion
of retro-

transcription
of RNA to DNA

@) Translation transposon
DNA
€ Reverse

Heverse
transcriptase

_\_‘__/J

@ Synthesis of second
DNA strand

P

i

NZE - matteo.ramazzotti@unifi.it - dSBSC - UniFi 31/57
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Reverse transcriptase (RT) ML_(\

Retroviral RT has three sequential biochemical activities:
- RNA-dependent DNA polymerase
- ribonuclease H (RNase H)
- DNA-dependent DNA polymerase activity.

= A-A-A-A 3J mMRNA

Incubate with reverse
transcriptase to synthesize l e

cDNA strand
I cona
cDNA

When cDNA strand is completed e
hydrolyze RNA stand

“TITTITITTIITIIITITITITIT | SDNA

FRNZE matteo.ramazzotti@unifi.it - ASBSC - UniFi 32/57




Priming the Reverse Transcriptase

Valid if polyA is present

Maximal aspecificity

Minimal aspecificity

Standard oligo dT
- 1 5
_ ITTTTTTY
5 mRNA AAAAAAAAAAAAAAA 3
V dGTP, dATP or dCTP
Anchored oligo dT
k4 5
NVTTTTTTTT
mRNA AAAAAAAAAAAAAAA
5" = —— - - — 3;
N any base
Random primers
- B 3
NNNNNN NNNNNN
y— T L,
Gene-specific primers
X 1 5
JACTTCGAAG:
. mRNA UBAAGCLLC AAAAAA "

wZi matteo.ramazzotti@unifi.it - dSBSC - UniFi
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Real Time Quantitative PCR (RT-gPCR)

Fluorescence

0.3

0.2

0.1

o

*_

Exponential phase —»

exponential
plateau
phase

Cq value

10

Non- —P~
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Real Time Quantitative PCR (RT-gPCR)
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Real Time PCR - different perspectives

RFU

Amplification

20004 r e R I I I I I I P

B0 s ot 5 aivem s ursumiile Vot & ueeite § haE & RheAe T bl B

500 1

Threshald Cycle (Ct)

40 -

35 -

30 A

25 -

20 -

is

10 4

y=-3.281x+ 38.877
R*=0.9992

10pe

100 pe laz

10nz 100ns

DNA concentration ful

400 A

200 1

-d(RFUyT

Melt Peak

A0 L+ ¢ 2w sossiie v oBmin s wnsin s SllB

Temperature, Celsius

UNIVERSITA
DEGLI STUDI

FIRENZE
o

matteo.ramazzotti@unifi.it - dSBSC - UniFi

36/57



Real Time PCR - multiplex (or multicolor)

Primer set A Primer set B Primer set C Primer set D

PCR with all four primer
sets in a single tube

| } | !

Gene A Gene B Gene C Gene D

matteo.ramazzotti@unifi.it - dSBSC - UniFi
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SYBR Green vs Probes w

sense primer
fluorescent probe

1 sense primer
3’ J
B ° "
antisense primer

antisense primer

3’==\': _9 5
5 3

SYBR Green | =

38/57




SYBR Green vs Probes

|
b

'v Extension
Q
(_’L

LA

During annealing, the hydrolysis probe binds to the
target sequence

During extension, the probe is partially displaced
and the reporter is cleaved. The free reporter
fluoresces

FiﬁffE matteo.ramazzotti@unifi.it - dSBSC - UniFi
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Real Time PCR - multiplex (or multicolor)

& (DI Lk
a

FAM

2, 15E+DE
1,65«
1,15k 0%

B, S0E+05

1, 50€ {5

LYCLE

1,20 +0% vIC
2 506405
1 e+
1,10€+05
10 ia 10 41 hid

ROX

/=

10 210

T

Y5

&0

30

2, 10+

1, MOE=

1,304

i

i i

5,00

i, i =

3, TOE+

& BOE 0

1,90

1,00

ol

#0i5

i

#05

FLUORESCENCE

FLUORESCENCE

matteo.ramazzotti@unifi.it - dSBSC - UniFi
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Spectral issues in qPCR LPM

Emission spectra of calibration dyes

FAM
CAL Fluor Gold 540
£ CIV-530
[0 CAL Fluor Orange 560
@ Quasar 570
B CAL Fluor Red 580
B CAL Fluor Red 610
B CAL Fluor Red 635

Normalised intensity

B Quasar 670
B Quasar 705

400 450 500 550 600 650 700 750 800
Wavelength (nm)

UNIVERSITA
DEGLI STUDI
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Real Time PCR - the melting curves w

After PCR run, the temperature is increased to denature all products. In
presence of fluorescent dyes (intercalating or) the temperature starts
decreasing: a temperature dependent dissociation of DNA strands can be
measured revealing possible multiple amplicons with different sizes.

Dissociation curve Melting curve
N | Slope /
[onanees Multiple |
|
1748 peaks

Fluor I
IF/dT|

m matteo.ramazzotti@unifi.it - dSBSC - UniFi 42/57



Real Time PCR - interpreting amplicons M_ﬁ\

Agarose gel shows amplicon sizes and
the bands show intensity that depends
on DNA amount

In case of by-products, signals may be
faint and hard to detect.

'

Melting curves show amplicon sizes as
well (peaks), but reveals unwanted
spurious bands with high precision.

In fact, shoulders appear in the curves /
while agarose show faint, hard to detect /
signals.

65.0 70.0 75.0 80.0 85.0 90.0 95.0
Temperature (°C)

i matteo.ramazzotti@unifi.it - dSBSC - UniFi 43/57



Digital PCR w

Ordinary PCR qPCR

—TrT T T T T
0 5 W 15 ™ I W W o

PCR cyche
Amplify Target DNA
Real-time with standard curves No standard curve (endpoint PCR)
Ubiquitously spread method Increased sensitivity
Qualitative research Relative quantification

1st 2nd

matteo.ramazzotti@unifi.it - dSBSC - UniFi 44/57




Digital PCR

LA

1992 2006 /2007 2011

dPCR concept First commercial dPCR
first conceived and system introduced based
described on microfluidic chips
and microarrays

[l

1999 2010

First paper using the term First commercial dPCR
“digital PCR"” published system introduced based
on spinning microfluidic discs

First commercial dPCR
system introduced based on
water-oil emulsions/droplets

2020

First commercial
nanoplate-based dPCR
system launched

Iy

2017

First commercial
microplate-based dPCR
system introduced

UNIVERSITA
DEGLI STUDI

FIRENZE matteo.ramazzotti@unifi.it - dSBSC - UniFi
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Digital PCR w

DlgltUI PCR MurREt H Instruments W Reagents & Consumables
Size, by Product, 2022-2032 (USD Million)
2000 1,803

1800
- 1,537
A - 1,333
1200 1,020
1000 873 e
. 519 °°8 s
600 450
400
200 IIII
0

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

matteo.ramazzotti@unifi.it - dSBSC - UniFi 46/57




Digital PCR - Sensitivity and absence of inhibition ML_(\

PCR and RT-PCR inhibitors seem to be everywhere:: They lie dormant in your starting material and can co-purify with the
template of interest, and they can be introduced during sample handling or reaction setup. The effects of these inhibitors
range from partial inhibition and underestimation of the target nucleic acid amount to complete amplification failure. What
a scientist to do?

dPCR works here
10°
RT-PCR works here

Fluorescence

Cycle number
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Digital PCR

BioRad QX200/QX600 Thermo QuantStudio™ Absolute Q™

Stilla Crystal Digital PCR
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Digital PCR - Partitioning J e

20 480 micro-chambers

& Oil

Droplets

Fig. 1.3. In ddPCR, a single PCR sampl
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Qiagen QIAcuity Digital PCR Stilla Crystal Digital PCR
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Digital PCR digitalization f ple

During partitioning, template molecules are distributed randomly in drops/wells

sample 1 sample 2 Sample 4

positive negative

Some droplets contain no template, some contain one or more template
molecule. After PCR, partitions may be fluorescent (+) or not (-).

Due to the random nature of the partitioning, the fluorescence data after
amplification are well fit by a Poisson distribution.
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Poisson's law copes with multiple targets in a partition w

X number of partitions will have:

O 0 target molecule ©1 target molecule O 2 target molecules © 3 target molecules
Up to a maximum of 5 target molecules per partition.
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Digital PCR Poisson statistics comes in hand M‘“—(\

Concentration Calculation

The software uses the formula and variables shown below.

¢ =—In( — )/ Vdmp,,ﬂ 4— must be well determined !!!
Where:
-In Negative natural logarithm
Vroplet Volume of droplet siméon Denis Poissor
Nieg Number of negative droplets o
N Total number of droplets

~ must be well determined !
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Digital PCR output counting negatives and positives ML_(\

Positive
(6,898)
threshold
R ————————— NEativE
| (13,232)
_ negatives 13323 . .
A= -n =-In = 0,406 copies/partition
valid 20000

V,(W)=~085nL N _=20000 V_(u)=~20000x0.85= 17000 nl=17 ul

_ A _ 0406 _ : final absolute
Conc _V(ul) = 17 = 0.024 copies / pl < concentration
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Poisson observed and expected LPM

Sample 1 Sample 2 Sample 3 Sample 4

Low Medium High
concentration concentration concentration
0 positive B 34 70
P P= — p= — pP= ——
143 total 143 143 143
Poisson corrected Poisson corrected Poisson corrected
6.2/143 38/143 96/143
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Digital PCR Poisson statistics comes in hand

:

5 100000

45 2000 o
c o
o 4 80000 £
= s
T 35 0000 —
g =
> 3 goono X
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o 2.5 0000 ¥
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I L0000 ®©
o] -
o Y
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@ 0
o O
c | 20000 5
= o)

0.5 wooo O

0 0
0 0.2 04 06 0.8 1

p = Iraction of positive droplets

Curve representing the relationships among the fraction of positive droplets, the number
of target copies per droplet, and the number of copies of target in a X ul of sample.
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Positive and negative signals (and the "rain")

I
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Digital PCR usage M_(\

Top 5 benefits Top 5 applications

Absolute target quantification
@ No need for references or c b
standard curves i sl
variation
High tolerance to inhibitors
Due to pc:rriti::.ning and endpoint Roio rintaton datactisn
measuremen
Superior precision .
@ Detect very small fold change NGS |!bmr?r
Ve ik quantification
Increased sensitivity
Detect rare mutations and low Viral load detection
abundance targets
High reproducibility Gene expression
Q Eliminate amplification analysis

efficiency bias
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