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Presenter Notes
Presentation Notes
Slide 2:
Често в експерименталната работа искаме да идентифицираме уникална ДНК секвенция. Обикновено е важно също тази секвенция  да се определи точно количествено. Това понякога е много трудно особено ако  е рядка последователност в среда на висок background от друга ДНК.
Този основен въпрос възниква при много различни приложения.
1. Explain Cancer, RMD and CNV, and Pathogen Detection (viruses)
2. Talk about GMO (RED) and Environmental Monitoring (dirty samples)
3. Gene expression (absolute quantification and single-cell resolution
4. Use PCR to complement other molecular biology techniques such as NGS (quant of libraries) and CRISPR (quant of edited genomes)



ﬂ»(% § TTpeaumctea Ha aurutanHua PCR

»ddPCR e ¢ nopobpeHa npeumsHocT,
YYBCTBUTENHOCT U BbH3NPOU3BOAUMOCT

KpaviHa Touka (end-point) PCR (O unu 1);
*He 3aBucu ot ctaHAapTU

-JleceH 3a aHaNU3 U UHTepnpeTauUs

- TonepaHTHOCT KbM PCR uHXUbUuTOpPU

>W3non3ea ce 3a TpyAHU NpUNOXeHUs

‘U3mepsaHe Ha manku pasnuku Ha OHK TapreTtu
Mexay npobute

‘3mepBaHe u aeTekumsa Ha MHOTO HUCKU
KOHLIEHTPALUMU U C ronama CrneumumuyHocT npu
CXOAHU TapreTtu


Presenter Notes
Presentation Notes
Slide 10 (Can Hide):
***(transition) Next, droplets are generated in the Manual Droplet Generator
	1. It takes 2.5 minutes to do a column of 8 and a half hour to complete a full 96-well plate



T‘ﬁ { ABTOMATU3UPAH AHAIU3 HA AGHHUTe

TTo3uTUBHU AponneTu cbAabpXKaT NOHe eaHo Konue TapretHa OHK
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Presentation Notes
Slide 5:
*** Така изглеждат данните
	1. Анализа е напълно автоматизиран  от QuantaSoft software
	2. axis У – флуоресценция; Х – брой капки анализирани
	3. Пропорцията от позитивни  към негативни  капки определя стартовата концентрация на ДНК молекулите



{ ¢ EnHoepemeHHa AeTekuus Ha ABa Taprerta-
(=g MYNTUNNEKC
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[syu3amepHa 2D rpagpuka Ha efHOBpeMeHHAa AeTeKkuus Ha Asa Taprera,
eaHa sb8 FAM u egHa B HEX.
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Presentation Notes
Двуизмерна 2D графика на едновременна детекция на два таргета, една във FAM и една в HEX канали
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1. [Hetexkuma Ha myTaumm C HUCKA 4eCTOTa B KNMHUYHU (AerpaampaHu) npobu

Hoeu npunoxeHua Ha ddPCR B oHKkonorusara

*Sanger 20%, NGS 1-5% v ddPCR <0.01%
‘FFPE, ucOHK

2. TTpomeHu B 6poir cOMATUYHU KOMUSA

-BANMAUPAHE UK A0MbNBAHE HA AGHHU OT array comparative genomic hybridization (aCGH),
FISH, NGS;

3. TeyHa 6uoncus

-umpkynupawa tymopHa AHK (utAHK)
-UMpKynupawm TymopHu knetkm (LI TK)

4. EnureHeTUUYHU TeCTBAHUSA

5. PereHepaTtusHa meauvuuHa

YysctBuTtenHoctta Ha ddPCR ce u3nonsea 3a XxapakTepusupaHe Ha CTBOMOBU KNeTKu U 3a
Cb3AaBAHE HA NMALMEHT-CBMECTUMMU CTBOSTOBU KIETKU 3a NMepCOHANTU3UPaHY


Presenter Notes
Presentation Notes
Slide 10 (Can Hide):
***(transition) Next, droplets are generated in the Manual Droplet Generator
	1. It takes 2.5 minutes to do a column of 8 and a half hour to complete a full 96-well plate



TapreTHu Tepanuu

Table 5. An overview of the ongoing clinical trials in which the ddPCR technique is used for actionable biomarker detection.

Disease. Identifier Aims State Number of Patients
NCTD4720339 cf DN A quantification Recruiting 250
NCT02418234 EGFR T790M monitoring Cnmplch:d 314
NCT02778854 Driver mutation detection Recruiting 200
NCT02279004 BRAF, KRAS, and EGFR Recruiting 680
mutation detection i
NCTO3771404 Study genetic alteration during Recruiting 50
the follow-up 7
NSCLC EGFR detection in solid and
NCT03265496 P Active, not recruiting 17
iquid biopsies
- Biomarker discovery in ctDNA . N
NCT03706625 and CTCe Recruiting 170
NCT03865511 ECFR in ctDNA Recruiting 150
NCT04814407 Immune-methylated signature Recruiting 900
identification >
NCT01930474 EGFR and ALK Unknown 200
NCT03309462 EGFR in tissue and plasma Completed 50
NCT02282267 EGFR in plasma cfDNA Unknown 188
Advanced NSCLC NCT02511288 Genetic profile ctDNA Recruiting 900
EGFR T790M comparison between
NCT02997501 C leted 167
? COBAS, ddPCR and NGS omp
NCT4912687 EGER mutation Not yet recruiting 580
SCC Lung NCT03938012 MET N3755, TP53 Recruiting bl
NCT02913430 ESR1 mutation Active, not recruiting 7
Chemotherapy monitoring -
NCT04720729 CtDNA HER? Recruiting 214
NCT04480814 PIK3CA in ER+ /HER2 Recruiting 1200
mBC NCT03947736 ctDNA HER2 amplification Recruiting 200
NCT03829306 Mechanism of Kadcyla resistance Recruiting 50
tDNA after djuvant
NCT03357120 cHUA after necadjuvan Recruiting 180
chemotherapy >
NCT02473120 ESRI mutations Completed 104
NCT02994888 ctDNA for cetuximab monitoring Completed 47
. NCT03832621 MGMT methylation Active 135
mCRC -
NCTD4554836 RAS mutation monitoring Recruiting 144
NCT03227926 RAS mutation monitoring Recruiting 129
A— - -
CRC NCT04050345 KRAS, NRAS, BRAF, PIKICA, TP53 Recruiting 1000

and APC detection




TeyHa buoncus

Trl'lslull:l'linnlfFuslnm Nlﬂwlﬂﬂal‘ﬂﬁht
Genomic
afterations

Eplglnatll: patterns ahematm Pulnt mutations

ddPCR e Haui-4yBCTBUTENHUAT MeTOA 3a AeTeKLUa Ha COMATUYHU MYTALMU U efUH OT Han-
nobpute meroau 3a aHanusu Ha utAHK.


Presenter Notes
Presentation Notes
ddPCRсе използва за течна биопсия - туморна диагностика която измерва ctDNA освободена в кръвта на пациента от туморна апоптоза, некроза или секреция. Минимално-инвазивна в сравнение с директната биопсия, течната биопсия е особено атрактивна когато тумора не е достъпен.
Мониторинг на генни мутации и епигенетични промени са двата начина за детекция и проследяване на ctDNAs. Специфичните генетични вариации в туморните клетки отразяват физическите условия и отговорите към терапия на пациентите. 


TeyHa buoncus

Early stage Early stage turmors
(curable tumor in (detectable with imaging and
asymptomatic individuals) patients show symptoms)

Tumor size cﬁ?{-.‘
0.06 cm* S 0.5 em? 'D"-Cf% C
i b : i

Lale stage Lumors

MAF

MAF MAF MAF
0,000625% 0,005% 0,01% 0,1%
Digital PCR and optimized seq Targeted sequencing PCR
(MAF = 0,001—0.004%) (CAPP-Seq, MAF = 0,02%) {COLD-PCR, MAF = 0,1%¢)
. e e
~cg. PCR amplification :;; LT :
P aand or capture of target L —-———
e g L f—
- T s -
T e —
Genomic Enriched et
DNA library target

AnantupaHo oT: Bronkhorst,A.J., Ungerer V., Holdenrieder,S. Early detection of cancer using circulating tumor DNA: biological,
physiological and analytical considerations; Critical Reviews in Clinical Laboratory Sciences, 2019;57:4, 253-269
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Presentation Notes
ddPCRсе използва за течна биопсия - туморна диагностика която измерва ctDNA освободена в кръвта на пациента от туморна апоптоза, некроза или секреция. Минимално-инвазивна в сравнение с директната биопсия, течната биопсия е особено атрактивна когато тумора не е достъпен.
Мониторинг на генни мутации и епигенетични промени са двата начина за детекция и проследяване на ctDNAs. Специфичните генетични вариации в туморните клетки отразяват физическите условия и отговорите към терапия на пациентите. 


,(@ . TeuHa 6uoncus 3a oTkpueaHe Ha akTueupam EGFR myTaumm, MOHUTOPUHT
= }: Ha OTrOBOP KbM Tepanusa U AeTeKkumsa Ha pe3ncTeHTHOCT Kbm TKA
A

Tissue biopsy: " &
(if feasible) ! &"-'

EGFR genotype:
TKI #2 © LB858R or exon 19 del

o LB58R or exon 19 del + T790M

Surveillance
on TKI #1

@ LB58R or exon 19 del + C797S

Prior to Fartial Progression Progression
treatment response

ApanTtupaHo ot Goldman,JW., Noor,ZS, Remon,J. et al. Are
liquid biopsies a surrogate for tissue EGFR testing?; Annals of Oncology 29 (Supplement 1): i38-i46, 2018

doi:10.1093/annonc/mdx706 ESMO review
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Presentation Notes
ddPCRсе използва за течна биопсия - туморна диагностика която измерва ctDNA освободена в кръвта на пациента от туморна апоптоза, некроза или секреция. Минимално-инвазивна в сравнение с директната биопсия, течната биопсия е особено атрактивна когато тумора не е достъпен.
Мониторинг на генни мутации и епигенетични промени са двата начина за детекция и проследяване на ctDNAs. Специфичните генетични вариации в туморните клетки отразяват физическите условия и отговорите към терапия на пациентите. 


MwukpocatenutHa cTabUNHOCT U HeCTabUNHOCT

Mlcrosatelllte

DNA polymerase
5,

5’ (Template strand)
DNA replication error
(©

Cells with
mismatch
repair
deficienc

o Make droplets =4

Cells with

mismatch g', 3
s

repair intact Mlsmatch repair
protein complex

. Instability of
Repaired microsatellite region

ddPCR MST tectbT pabotu ¢ IHK oT TbkaHHU npobu u ¢ [1HK oT TeyHa buoncus.
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ddPCR npu xematonoruyHu Heonnasmu:
HOB MOseKyispeH MeToA 3a NPOrHo3a u Tepanus

ddPCR v numponponugepaTtMeHu HeonNIasmu

Disease Target Reference
IgH . 2 FE
ALL BCR-ABL1 [60-63,65]
HCL B-RAF [79,80]
TP53 -
CLL NOTCHI [82,84,85]
WM MYDS8 [88-90]
HL STAT6 [98]
EZH2 o5
FL BCL2/JH (24,951
MCL BCL/JH [96]
MM IgH [99,100]
)
ddPCR v muenouwaHu pascTpoiictea
Disease Target Reference
NPM1
IDH1/IDH2
wi 32-34,39 3,51,52,55
AML PML-RARa [32-34,39,41,42,48,51,52,55]
PML-A216V
C-kit
BCR-ABL1 2110
CML 3151 [108-113,119]
MDS Alu methylation [57]
JAK2 23 27129
MPNs CALR [123,124,127,129]
ddPCR v umyHoTepanum
Disease Target Reference
Chimerism
ALLOGENEIC TRANSPLANTATION Chimerism & MRD [133,135-139]
T3151
AUTOLOGOUS TRANSPLANTATION TRECs [141]
IMMUNOTHERAPY CAR-T [145-147]

AnanTupaHo ot Galimberti, S.; Balducci, S.; Guerrini, F.; Del Re, M.; Cacciola, R. Digital Droplet PCR in
Hematologic Malignancies: A New Useful Molecular Tool. Diagnostics 2022, 12, 1305
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Slide 37:


HeTtexkuua Ha paHHO OTXBbpNsHe NPU TPAHCMNAGHTALUA

Cell-free DNA in plasma %Donor-Derived cfDNA inference

M0( —— ddciDNA
M
Da-ciDMA, —— e — ro-ciDMA
_r.-‘-\l  ——
B® ¢
Status of acute rejection

Status of allograft injury

¥00{ Donor-derived cfDNA (dd-cfDNA)
XXX Recipient-derived cfDNA (rd-cfDNA)


Presenter Notes
Presentation Notes
Slide 37: Детекция на cfDNA от донора в гостоприемника е трети пример за потенциала на cfDNA диагностиката заедно с cfDNA от фетуса в майчина кръв и персонализирани биомаркери в плазма за минимална резидуална болест при тумори. 
Анализа на Gcf DNA с ddPCR е неинвазивен метод за мониторинг на травмиране на трансплант след трансплантация 


L

«

i. TeuHute 6uoncumn: Ha g-cfDNA 3a paetekuusa Ha TpasmupaHe
8 { Ha 6b6peyeH anorpagT

e CepuiHu onpegensHua Ha g-cfDNA morat paHo aa
NPeAnoXart UMY U3KIFUAT OCTPO U XPOHUYHO OTXBBPIISHE,
KaKTO U ApYrY TPABMU Ha rpapTa, KaTto ce u3barsaT U3NULLHU
6buoncum.

HEALTHY KIDNEY

e Karto 6uomapkep dd-cfDNA uma noteHumana 3a
WKOHOMUYECKU U3rOAHO HabnroaeHue Ha TPaHCMIaHTUPAHU
peLunmUeHTU 3a HaManseaHe peTpaHcnnaHTauuuTe U
npexaespemeHHara 3aryba Ha rpagr.

URINE

e OnpepensHeto Ha dd-cfDNA nossongea aetekums
Ha HeJoCTAaTbYHA UMYHOCYNpecua 1 3aTOBA e NOJSIe3Ha 3a
MUHUMU3UPAHE Ha UMYHOCY NpecusTa.

RECIPIENT - DERIVED
URINARY TRACT

Oellerich, M., Sherwood, K., Keown, P. et al. Liquid biopsies: donor-derived cell-free DNA for the detection of
kidney allograft injury. Nat Rev Nephrol 17, 591-603 (2021).
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Presentation Notes
Slide 37: Детекция на cfDNA от донора в гостоприемника е трети пример за потенциала на cfDNA диагностиката заедно с cfDNA от фетуса в майчина кръв и персонализирани биомаркери в плазма за минимална резидуална болест при тумори. 
Анализа на Gcf DNA с ddPCR е неинвазивен метод за мониторинг на травмиране на трансплант след трансплантация 


4 E@ § TleamatpuuHa reHeTuka

PaHeH nocTtHateneH CKPUHUHI 3a

CnuHanHa MyckynHa ATpogpus
Mykosusumaosa
KombuHupaHa umyHoaepuLmt

Hetexuua Ha 6onecTHu enureHeTU4HU npomerHu - ddPCR npu paHHO OTKpuBaHe Ha AeTcku 6onecTtu
C KOMMJIEeKCHa reHeTuKa.

C nomouua Ha dPCR ce oTkpueat nosulleHu HUBA Ha HemeTunupaH INS (npenpouHcynuH) reH B
cpaeHeHue ¢ metunmpaH INS npu aeua ¢ Havano Ha Tun I aunaber.

OTkpuBaHe Ha Tpuzomus 21 ¢ xunepmetunupaH petaneH [JHK mapkep Ha 21 xpomosoma.

Butchbach, M.E.R. Applicability of digital PCR to the investigation of pediatric-onset genetic disorders, Biomolecular Detection
and Quantification, vol. 10, Dec. 2016 Pp 9-14
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HewHsasueHa TTpeHatanHa OduarHoctuka

Papers in Press. Published November 2, 2017 as doi:10.1373/clinchem.2017.278101
The latest version is at http//hwmaint.clinchem.aaccjnis.org/cgi/doi/M0.1373/clinchem.2017.278101

Clinical Chemistry &:4:2 Molecular Diagnostics and Genetics

000 - 000 (2018)

Noninvasive Prenatal Diagnosis of Single-Gene
Disorders by Use of Droplet Digital PCR

Joan Camunas-Soler,” Hojae Lee,” Louanne Hudgins,® Susan R. Hintz,® Yair J. Blumenfeld,*
Yasser Y. El-Sayed,* and Stephen R. Quake™-=%"

Regular Article & blood

THROMBOSIS AND HEMOSTASIS

Noninvasive detection of F8& int22h-related inversions and sequence
variants in maternal plasma of hemophilia carriers

Irena Hudecowva, ' Peiyong Jiang, "< Joanna Davies, " ¥. M. Dennis Lo, Rezan A. Kadir,*" and Rossa W. K. Chiu"®

"'Centre for Research into Girculating Fetal Nuckeic Acids, Li Ka Shing Institute of Health Sciences. Hong Kong, China; "Department of Chemical Pathology,
The Chinese University of Hong Kong, Hong Kong, China; and *Department of Obstetrics and Gynaccology and “Katharine Domandy Haemophilia and
Thrombosis Center, Royal Froeec Hospital, London, United KErnagoorm
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TQ@ . KauectBeH KOHTpon Ha NGS 6Mbanoreku

Index 2
naex DNA Insert Rd2 SP '”d?’”

L™ J

gzmzm

EvaGreen EvaGreen

inactive form active form EvaGreen-DNA complex
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KauectseH KoHTpoa Ha NGS 6ubnanoreku

Ch1 Amplitude
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Overall Results forsample 1 : 41
Number of peaks found N Corr. Area 1 108805

Noise

05

\ Experimental data kindly provided by Aneta Bugalova,
* Comenius University, Bratislava




zh(_;f@ #  TlpunoxeHus B KNUHUYHATA MUKpobUONOrms

%

HoctbnHa, 6bp3a U TOYHA AeTeKuua Ha NaToreHU U e@eKTUBHO NeveHue.

- AHK u PHK Bsupycu

- HIV DNA u HIV long terminal repeats (2-LTR)/ koTpon Ha aHTUBUPYCHA Tepanus, NaTeHTHU
pe3epByapu

- CMV, hepatitis B virus, JC polyomavirus, HPV, HIV RNA, human T-lymphotropic virus, yoseLwwku
pUHOBUPYCU

- hepatitis C virus /TpaHcnnaHTaumu/

- KonuuecteeHo onpepensHe Ha 6akTepuanHu TapreTu
Mycobacterium tuberculosis, Helicobacter pylori u ap. ddPCR ca mHoro aobpu 3a no-TouHa Aetekumsa Ha
HUCKU NATOreHHU TOoBapU.

- Cencuc

- TTapasutn (Hanp. manapuiiHuTe napasutu Plasmodium falciparum v Plasmodium vivax) npu Bcuukm
BB3MOXHU HUBA HA UH(PEKLUA NOPAAU 3HAUUTESTHO MO-BUCOKATA CU YYBCTBUTENHOCT OT qPCR.,

Li,H., Bai,R.,Zhenyu Zhao,Z. et al. Application of droplet digital PCR to detect the pathogens of infectious diseases: Bioscience Reports
(2018) 38 BSR20181170 Review Article
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;Qﬁ ddPCR ocurypssa 6esnpeLieaeHTHa YyBCTBUTENHOCT 3a AeTekuua Ha HIV
A - { 2013

MeToa

= [leTe ¢ uHPeKUusa noTebpAeHa oT no3utueHo HIV DNA/RNA TecTBaHe Ha 2 AeH cnea paxaaHe
= TecToBe NO3UTUBHMU 3a BUpYCeH ToBap B nnasmaHa 7,12, 20 peH

= [loctura He3abenexmmu HUBA Ha BB3pacT 29 AeH

= YntpauvysctBuTenHu Tectose (dd PCR) nokasaxa MHOro HUCKU, HO usmepumu Huea Ha HIV DNA Ha 24
u 26 meceua.

Age HIV DNA detected b Replication-
Knroyosu U3so0Au ? ddPCR Y cor':\pe'rent virus
=YyscTtButenHoct u npeumusHoct Ha ddPCR detected
U3NON3BAHU AG AOKYMEHTUPAT NbpBuU 24 37 copies/ million PBMC | No
CNy4Yau Ha (PYHKLMOHANHO neYeHue npu moniths
HIV+ pete 26 4 copies/ million PBMC No

months

20


Presenter Notes
Presentation Notes
Свръхчувствителен тест показа много ниски, но измерими нива на  HIV DNA на 24 и 26 месец, недетектирани от стандартно qPCR тестване .


There were three types of tests done at age 24 months, six months after cessation of the ART: (1)  Plasma viral load which detected a single copy of RNA, (2) a co-culture assay which could not find any virus competent to replicate itself and (3) the QX100 which found 37 copies of HIV DNA per million PBMCs (peripheral blood mononuclear cells – basically what’s left in blood after removing red blood cells and clotting factors) at 24 months, decreasing to 4 copies of HIV DNA per million PMBCs at 26 months.   




'ﬂ'-(@{ Cencuc

Yang et al. i European Journal
European Journal of Medical Research (2026) 31:290

https:/dol.org/10.1186/540001-026-03857-4 of Medical Research

: : - ®
Diagnostic advantage of droplet digital PCR ==
over blood culture in sepsis: a retrospective
study of 115 patients

Results Blood culture identified pathogens in 27 8% of patients, whereas ddPCR detected organisms in 53%. ddPCR

Sensitive and rapid identification ot pathogens by droplet
digital PCR in a cohort of septic patients: a prospective
diagnostic study

Results

In comparison to blood culture, the ddPCR panel exhibited an overall sensitivity of 75.0% and a
specificity of 69.7%, ddPCR yielded an additional detection rate of 17.0% for sepsis cases overall, with
a turnaround time of 2.5 h. The sensitivity of ddPCR in the empirical antibiotic treatment and the non-

empirical antibiotic treatment group were 78.6% versus 80.0% (p > 0.05). Antimicrobial resistance
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;-_Q@ { MOHUTOPUHI Ha NaToreHU B NnonynauuaTa

5
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Presenter Notes
Presentation Notes
Slide 10:
 ddPCR е чудесна също и с мръсни проби като фекални,  почвени, FFPE  проби, кръвни проби които обикновено са тежко деградирали или съдържат инхибитори

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.amsbio.com/tissue-samples-frozen-ffpe-blocks-sections-arrays.aspx&ei=c61rVfjCHYeTsAW26YOoCA&bvm=bv.94455598,d.aWw&psig=AFQjCNFkH2wvcZ_Izi_Z-1PzQF4EGhQCgQ&ust=1433206454296194

%'i 5 g MOHUTOPUHT Ha NATOreHu B NOMNyaumnaTa

=

—
_'-q

3-5 davys earlier

Symptom onset —_— Wastewater surveillance _—

23
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 ddPCR е чудесна също и с мръсни проби като фекални,  почвени, FFPE  проби, кръвни проби които обикновено са тежко деградирали или съдържат инхибитори
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Presenter Notes
Presentation Notes
Slide 2:
Често в експерименталната работа искаме да идентифицираме уникална ДНК секвенция. Обикновено е важно също тази секвенция  да се определи точно количествено. Това понякога е много трудно особено ако  е рядка последователност в среда на висок background от друга ДНК.
Този основен въпрос възниква при много различни приложения.
1. Explain Cancer, RMD and CNV, and Pathogen Detection (viruses)
2. Talk about GMO (RED) and Environmental Monitoring (dirty samples)
3. Gene expression (absolute quantification and single-cell resolution
4. Use PCR to complement other molecular biology techniques such as NGS (quant of libraries) and CRISPR (quant of edited genomes)
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