D igital

>sca [ipP& ' ""‘:
n,

-

i

HeKoTopble HIDaHCHI
LU poson MUP

Alexei Slepzof

PhD, Researcher

aslep.tnimc@outlook.com




»SCL Association of Single
e Cell Analysis

D igital
. PCR

A ssociation

. %33

-"3'::,:;.:;. ke
Alexei Slepzof (®) s -

PhD, Researcher )
Discord server Telegram channel

aslep.tnimc@outlook.com




August 26-27, Mon & Tues (Day 1-2)
Rooms 305,1 & 2

Room 305 Lectures (Digital PCR)
then Room 1 Maccura D600 + GenePure Pro
then Room 2 Sniper DQ24

August 28-29, Wed & Thurs (Day 3-4)

Rooms 305,1 & 2

Room 305 Lectures (Digital PCR)
then Room 1 Maccura D600
then Room 2 Sniper DQ24 + GenePure Pro
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Master-class on Sample
preparation using

the GenePure Pro
automatic nucleic acid
Isolation system
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Digital PCR

Maccura

Master-class on
Maccura D600 digital PCR

SE*ANA

Maccura D600



Master-class on
Sniper DQ24 digital PCR

QVADROS @ Bio
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qPCR - Gold Standard

PCR > agarose qPCR




dPCR - New Gold Standard

qPCR dPCR




Digital PCR - Origins

Biomolecular Detection and Quantification 1 (2014) 1=2

Contents lists available at ScienceDirect

Biomolecular Detection and Quantification

journal

Review Article The term “digital PCR” was first used in the 1999 paper by Kinzler
Digital PCR: A brief history and Vogelstein [ 1| in which they described the quantitation of ras
Alexander A. Morley mutations in a sample by partitioning the sample in order to per-
Department of Haematology and Genetic Pathology, Flinders U form a series of PCRs in 384 well microplates. The term “digital PCR"

ARTICLE INFO ABSTRACT

Article history: Digital PCR for quantification of a target of interest has been independently developed several times,
Received 6 June 2014 being described in 1990 and 1991 using the term “limiting dilution PCR" and in 1999 using the term
Accepted 20 June 2014 “digital PCR". It came into use in the decade following its first development but its use was cut short
Available online 15 August 2014 by the description of real-time PCR in 1996. However digital PCR has now had a renaissance due to the
recent development of new instruments and chemistry which have made it a much simpler and more
practical technique.

Keywards:
Digital PCR
Limiting dilution
PCR

@© 2014 Published by Elsevier GmbH. Open access under CC BY-MC-ND license.
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uudpposasa lNLP

BoAabwuHcmso TLP

OAuH a3KCnepumMeHT —

He 3KCNnepuMeHT
1 peakuus 1pesynabTaT

qPCR u e2o aHaAoz2u

PensukaTbl (TPUNAUKAETDI, TETPANAUKATDI, NEHTaNMKaTbi)

3-5
NOBTOPHDBIX 1pesynabTaT
peakuud
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uudpposasa lNLP

qPCR u e20 aHaAoz2uU

PensukaTtbl (TPW'IJTMKaTbI, TeTpanaukaThbl, neHTansMkaTol)

oT60p 06pasua AHK (n= 3-5)
1pesynbrar
3-5 noeToOpHDBIX peakuua




uudpposasa INLP (digital PCR)

qPCR
1 06paseu, AHK : N Myn monekyn AHK
.
Cebiwe 20 000 peakuwit kak 1 peakuus é%f
dnyopodopoi :
=20000
3KCMNepuMeHTos 33 dPCR
pas Ha o6pasel,

Hesasucumbie MNLP
1Monekyna =
qPCR peakTusbl 1 mosekyna [IHK Ha 1 peakuus Q

peakLuuio
O



uudpposaga INUP (digital PCR)

1 06paseu, AHK
1 TOMHbIK pe3ynbTaT
dayopodopbi
=20000
3KCMNepuMeHTos 33
pas Ha o6pasel,
qPCR peakTuebi ! Monpee';?:“{loHK na A6conoTm

keaHUTUPUKaLUs
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Droplet digital Digital PCR
PCR on array
KaneAbHaos Ludposasa NLLP
uudpposaga NLP HQ Yune

Bio-Rad, RainSure ThermoFisher, Optolane




Oscillation Digital PCR
Digital PCR on nanoplate

[[eHepayua KaneAb Uudposaga NLP
ocuuaAauuel HQ HOHONAQHWEeEMmMe

Sniper, Maccura Qiagen, et.c.
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Primer
; A
TTTTGGTATAACCCTGCAACAACAACAACAAAAAAGGACAGCCTCCTCAAAAAAGTAATTCTGCCAAT TTAATCAGAGGAG:GTGTTACAGTTCTTATGGTATGTCCGGAGTT

Primer 4 FI Probe @ @
Droplet digital PCR

R

2. CYCLE 3. READ
Sample is Run PCR Measure Calculate
partitioned cycles in all fluorescence concentration
into 20,000 droplets intensity in each  from number of

droplets simultaneously droplet positive droplets
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Review Article
Fundamentals of multiplexing with digital PCR @Mﬂ

Alexandra S. Whale®*, Jim F. Huggett®, Svilen Tzonev"

* Molecular and Cell Biology Team, LGC, Queens Road, Teddington, Middlesex TW11 OLY, Untted Kingdom
b Digital Biology Centre, Blo-Rad Laboratortes Inc., 5731 West Las Positas Boulevard, Pleasanton, CA 94588, United States

ARTICLE INFO ABSTRACT
Article history: Over the past decade numerous publications have demonstrated how digital PCR (dPCR) enables precise
Received 28 March 2016

and sensitive quantification of nucleic acids in a wide range of applications in both healthcare and envi-
ronmental analysis. This has occurred in parallel with the advances in partitioning fluidics that enable a
reaction to be subdivided into an increasing number of partitions. As the majority of dPCR systems are
based on detection in two discrete optical channels, most research to date has focused on quantification
Kevwords: of one or two targets within a single reaction. Here we describe ‘higher order multiplexing’ that is the
dg‘:} ’ unique ability of dPCR to precisely measure more than two targets in the same reaction. Using examples,
Digital PCR we describe the different types of duplex and multiplex reactions that can be achieved. We also describe
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Received in revised form 13 May 2016
Accepted 17 May 2016
Available online 27 May 2016







"2dpPpekm goxga"

Copy Number

Pesyaomam ddPCR

ArekmpodopezpaMMa 06pa3uoB 2eHoMHOU AHK
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Tunbl KpacumeaAeu/ 2acumeneu

Detection Channel 1 Channel 2 Channel2 Channel 4 Channel 5
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"2PPekm goxga”
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PesyaAomam ddPCR npu HenoAHOU pecmpukuyuu
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"Tlepezpy3s”
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Ch1 Amplitude
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"Tlepezpy3s”
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Event Number

[pagueHmM pacnaga 30HQOB

0 2500 5000
Channel 2 Amplitude
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qPCR (detection)

TagMan

Cneuyuduuyeckue 30HQgLI
" CCEEX - TagMan assay

« Taqg-pol-exonuclease activity

Pacman

e Probe @

Forwarc




qPCR (detection)

TagMan

Cneuyuduyeckue 30HQgbI

" CCEEX « TagMan assay

Pacman

Forwarc

« Taqg-pol-exonuclease activity
« Reporter - payopodopa

« Quencher - cacumeab
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TagMan

Minor groove binder

N @ /CH3

g~ (CH)n—N— gy
Y \H | 3
AR-1-144 (Im-Im-Im), X=N, Y=H, n=2 H
Y Im-Py-Im, X=CH, Y=CHj, n=3

AR-1-144



TagMan

Allele Specific gPCR (AS-qPCR)

Forward




TagMan

Double quenching

0-0 06

Forward

BHQ ZEN-IBFQ

7011 R O —
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5000 1. % f Ll A
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3000 1ok |k g
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0 5000 10000 15,000 20,000 25,000 30,000 35 000
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TagMan

Double quenching




Linpposaga [NLP |
3TO He To/ibko TagMan




KASP

Competitive Allele-Specific PCR

« KASP Assay Mix « KASP Master Mix
% Q Tail Y
Forward |A>
@ Antitail Y
Tail Z
@ Antitail Z

Denaturation Step

% Forward |C> Reverse




KASP

Competitive Allele-Specific PCR

« KASP Assay Mix « KASP Master Mix
% Forward |A> e Tail Y
@ Antitail Y
Tail Z
@ Antitail Z
Annealing-Elongation Step
G
C Reverse

% Forward




KASP

Competitive Allele-Specific PCR

« KASP Assay Mix « KASP Master Mix
% Q Tail Y
Forward |A>
@ Antitail Y
reverse Tail Z
@ Antitail Z

Denaturation Step

Forward [ C




KASP

Competitive Allele-Specific PCR

« KASP Assay Mix

% Forward |A>

Annealing Step

KASP Master Mix

Forward

Antitail Z

reverse




KASP

Competitive Allele-Specific PCR

« KASP Assay Mix « KASP Master Mix
% Q Tail Y
Forward |A>
@ Antitail Y
Denaturation Step

Antitail Z G reverse




KASP

Competitive Allele-Specific PCR

« KASP Assay Mix « KASP Master Mix

% Forward |A>

e Tail Y
@ Antitail Y

@ Antitail Z

Annealing Step

_ Antitail 35 G reverse




KASP

Competitive Allele-Specific PCR

2D plot

Genotype
GG

—
Yo
-
-
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d

Undefine

NA

Channel 2

Genotype
GT

Genotype



DNA

Formulae

5" end

deoxyribose

H
HO OH
ribose (in RNA)

o
H nH

Lo

H
uracil (in RNA)

! phosphate
‘/

H

CH,

H H
H

- purine bases

adenine
O
N H
H< | ) guanine
N—"NZ"NH,
R
cytosine

pyrimidine
bases

thymine
(in DNA)

© 2015 Encyclopaedia Britannica, Inc.



DNA

Formulae
O B=ACGT HO B=ACGT
B B
0 O
OH H OH OH

DNA Monomer RNA Monomer



LNA

Locked nucleic acid

O B=ACGT | B=ACG,T HO B=AmCG,T
B B B
0 0 O
OH H OH OH OH

DNA Monomer RNA Monomer LNA Monomer



LNA

NAMs - nucleic acid mimics

DNA and RNA NAMs
Negatively charged Neutrally charged
e
; Base ; Base ¢ Base 3 Base
01 o 07 o 0‘] :o: | 07 :0: |
—Base
L.
0 O OH (!;“““*0 O (OCH; N <O
0=P-0 0=P-0° 0=P-0" 0=p-0 -
H $ $ $
o]
DNA RNA LNA 2’'0Me PNA
; Base ; Base § Base é
O 0 O 0 0 o] O, Base
& |
O“"-—-.__O [_? OCHg Hac\ rJh,l
L= 1= e —p=
= 0=P-{S 0=P-S N—P=0
0 I;-(\:_,/ g \__xJ J H3Cf 3
PS DNA PS LNA PS 2’OMe PMO




phAmp

RNase H-dependent PCR




phAmp

RNase H-dependent PCR

Dumb idea but What 'f.
we combine
DNA and RNA into
o 0 a single string

v



phAmp

RNase H-dependent PCR

hmm
Whatif  What could go wrong?
we combine
DNA and RNA in

a single string



phAmp

RNase H-dependent PCR

deoxyribose's
f 3/ RNase H2

DNA R| DNA

{

Ribose




phAmp

RNase H-dependent PCR

RNase H2

DNA R| DNA

{

Ribose




phAmp

RNase H-dependent PCR




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix

A

I EPSY | Forward

PSZ T Forward

Gﬂ Reverse

Tail Y

Tail Z

phAmp Master Mix

°£ ro be@I
@

Probe™

>




phAmp

RNase H-dependent PCR

Univ. probe sequence Adenine

1/ >/ ddNTP (block)

PSY Forward |A m

( T

tail-sequence Y




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix

A

I EPSY | Forward

PSZ T Forward

Gﬂ Reverse

Tail Y

Tail Z

phAmp Master Mix

°£ ro be@I
@

Probe™




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix .
EPSZ [ Forward [c[ (D
Gﬂ Reverse

Tail Y

Tail Z

EPSY | Forward

phAmp Master Mix

°£ ro be@I
@

Probe™




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix .
EPSZ [ Forward [c[ (D
Gﬂ Reverse

EP SY | Forward |

Tail Y

Tail Z

phAmp Master Mix

°£ ro be@I
@

Probe™




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix .
EPSZ [ Forward [c[ (D
Gﬂ Reverse

EPSY | Forward

Tail Y

Tail Z

phAmp Master Mix

°£ ro be@I
@

Probe™




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix

EPSZ [ Forward [C] [AD

Tail Y

Tail Z

phAmp Master Mix

°£ ro be@I
@

Probe™

PSY

Forward

A

ﬂeverse



phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix

EPSZ [ Forward [C] [AD

phAmp Master Mix

PSY

aTail Y aPSY

Tail Y eérobe@,
Tail Z Probe@,
Forward
Reverse




phAmp

RNase H-dependent PCR

« pPhAmp Assay Mix .

EP SZ | Forward |C

Tail Z

Tail

aTail aPSY

Reverse

phAmp Master Mix

Probe™



phAmp

RNase H-dependent PCR

Genotype o® o Genotype
GG | o®% e GT
5
Undefined
Genotype
NA | o° 1T

Channel 2



Comparison

Allele 2
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CNV

DNA (ref region) ——




CNV

DNA (ref region) ——




S
CNV
Enzymeﬁ
VIC
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2D ddPCR

FAM
}0 DNA D

CNV
Enzyme%
VIC
DNA (ref region) } I W }

Ref

5000 6000 7000 8000 9000 10000 11000
Channel 2 Amplitude



OUEHKA T-KAETOYHOI'O COCTABA B OBPA3LIAX AHK

A DO o uenu AJB11B uenu

AD*

AB* & Ref

AD* & Ref Neg = © | Ref




TEXHOAOIMA OUEHKN KOANYECTBA MTAHK HA KAETKY

[pagueHmM No BpeMeHU 3A0H2auUU
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CnenuyoB A.A. u coaBT. (2021, NaTteHT No
W21020487)



TEXHOAOI'MA OUEHKN KOANYECTBA MTAHK HA KAETKY

[PagueHmM Nno KoHUeHMpPauyuu
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CnenuyoB A.A. u coaBT. (2021, MNaTeHT No
W21020487)
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