AlatdwTy| avTidQuoY] TOADIEQUOT|G
(PCR)

Abnva Maprov
Enw. Ka. Avohoting Xnpetog — Kivung Xnpetog



DNA

s S 0 AcoEupBovoukAEiko o0&V
%‘9 0 Y& autd GuUAAooETAL N YEVETIKY TAnpodopia, n oroia
| HETAdEPETAL HEOW TNG HeTaypadng oto mRNA kat

HECW TNG LETADPAOTNC OTIC TIPWTELVEC.

0 Eukapuwtika KkUttapa: PBplokeTal OTOV TUPRVA
MpoKapuWTIKA KUTTAPA: BPLOKETAL OE LA TIEPLOYN TOU

KUTTOPOTIAQOLATOC, TO TTUPNVOELDEC.

L 0 Duolko TIOAUPEPEG, TA MOVOMEPN TOU ovopdalovral

VOUKAEOTIOLA.

0 Aopn SIMANC EMKAC. 2TO EEWTEPIKO EVAG KOPUOG ATIO
dWTPOdIETTEPLKOUC OETUOUC KOl OTO ECWTEPIKO Ol
Bacelg. Ot 8uo KAWVOL TNC €AIKAC OUYKpatouvTal

netaku Toug pe deaOUC udpoyavou.



* Publishes his work on
the patterns of
inheritance in pea
plant.

» Discovers the basic
principles of genetics

= first person to
sequence the
bases in each
codon

v . Mars.hall Nirenberg

1953

* Discover the
double helix /
structure of DNA

1869

» |dentifies ‘Nuclein’ in nucleiof @
human white blood cells, which
we know today as
deoxyribonucleic acid (DNA)

Watson and Crick

1950 1952

« Photographs
crystallized
DNA fibres

y)’-_..'.

= Identifies DNA as the * Discovers that DNA composition

Oswald Avery tanstormingprinciple  Erwin Chargaff is species specific Rosalind Franklin



ANAKAAYWH TOY DNA

Xpnowomoinot éva didAuvpa amo aAag yia va §emAuver yaleg yepareg pe miov. Orav mpoobeos
aAxaAixké didAupa ora kuTTApa, autda AvBnkav kai o1 TUprveg Toug oxnuamoay éva i{npa mou
TO OVOPUOE VOUKAEIVH.

AAxaAiko SiaAvpa

. |

FRIDRICH MIESHNER (1869.) SEmAupa amo wiov

NOYKAEINH

O To 1889 €vac padntng tou, o Richard Altmann, poac €dwoe Tov cUyXpovo 0po yLa TN
VOUKAEIVN: VOUKAEIVLKO o€V



Avoaxadodn g 6opng oo DNA

To povteho tov DNA twv J. D. Watson not EC. Crick

1953: 8vo epevvnTeg amo TO MavemoTNo Tov Kaipnoitl oty Ayylia, o J.
D. Watson (axpepwavog) xot o EC. Crick, dnupoatedovy 10 npwto axptBeg
HovTeAo Yl 1 doun tov DNA.

[N vae praecovy ewg exet, Bontnbnray moAd anod tplo yeyovota
(avornodOetg):

1. To evpnuata tov Chargatf.

2. To evpnpota and v npuotaAroyoxpia pe axtives-X (Maurice Wilkins,
Rosalind Franklin).

3. Ty avauddodrn g o- EMuag o8 LOQLX TOWTELVWV.



AvokaAvyn tnc dounc tov DNA

To 1953 o1 J. D. Watson xai F.C. Crick dnpooicvoay 1o mpwro axpifég povrého yia 1n) Sopr Tou
DNA




To svgnpate Tov Chargaff:

H avokoyla ™ adevivng Ntay Tavta ToQopote Le exelvy] g Buouivng not exeivn
NG YOLAVLVYG NTAY OOl e TNV ®LTOGvY. Enouévwg, nto gavepo, nwg 0o
adevivy] Eyet eva xOTTHEO TOGY eivat xat 1 Buuivy) Tov xot 00T yovavivy TOGM 1o
7] XUTOGLVY] TOL.

Adenine = Thymine

Guanine = Cytocine

Chargaff's Rule

To svpnpata g R. Franklin:

Kovotadloyoapio pe ™ Bonbeta antivov-X: Me 1 Bonbeta g teyvinng awtg
wavnne Twg 0 nopto tov DNA éyet o ddpetpo yoow ot 20 A° . Avto
ONUOVEL TTWG elvort o aALoido (EAUX) TOL €YEL OLALETEO HEYUAADTEQN ATO EVX
HOVO TOAVOLXAEOTIOO (LovY| aduoida). Ankad?), Twg TatEtalet #HADTEQN LLE Lo

OLTTAY) MM




Chargaff’s Rule

Source of DNA A T G C

Streptococcus 29.8 31.6 20.5 18.0
Yeast 31.3 32.9 18.7 17.1
Herring 27.8 27.5 LR 22.6
Human 30.9 29.4 19.9 19.8

Chargaff's Rules Erwin Chargaff showed that the percentages of guanine
and cytosine in DNA are almost equal. The same is true for adenine and
thymine.

The percentage of adenine

Why iS th|5 and thymine are almost N A - T

equal. The percentage of

significant? guanine and cytosine in C — G

DNA are almost equal.



Mx nowty amodr s doung Tov DNA

B —— ——— -

————— -~ ———

H opada touv Alexander Todd, wg opyavirol ynuixot,
EVOLAPEQOTAY LOVO YLAL TOV TROTO GLVOEGTG TWV PLOQLWY
nat €tot 1o 1951 gpoavtaloviav Ot T vourheoTiOx
OLVOEOVTAL [UE PWOYPOOLECTEQILOVG OEGILOLGS HAL XPTVOLY
™y totoddotaty Sowny tov DNA ot yéowx Twv
UELOTAAAOYQAPWY

pyrimidine

phosphate

.~
Yoo,

sugar \ purine



Mix et nat AavOxGPEVY] TQOGEYYIGN TOV
Watson yix Tov 10010 60vdeang Twv Bacswy atny
St ehxa Ttov DNA

Toomog obvdeang Twv alwTtovywy Bacswy pe
TOV EXVTO TOLG GOUPWVA KE TV TOWTY]
nooeyyon Tov Watson.

)
guanine with guanine thymine with thymine



M« mto 00 TEOGEYYION Yo TOV TEOTIO GLVOEGYG TV alwToLY WY Baoswy. I Tny
YOLAVIVY] AL THV HVTOGIVY] TIGTELAY OTL AVETTTLGONY UETAED TOVG TOLAXYIGTOV 2
deapoig H.

guanine cylasine



Oogtotiny) xot emPBeBotwpevn Sopn oo DNA
$
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No 4338 Apl’ﬂ 25, 1953
equipment, and to Dr. G. E. R. Deacon and the
captain snd officers of R.R.S. Discovery IT for their
part in making the observations.

"m". B, Oerrand, H., snd Jevoss, W., Phi. Mep, 80, 149
'h-:l:&!’w_.l S, Muw. Net. Boy. Astre. Sec., Geoppe. Swpp.,
*Yom Are, W. S, Woods Hole Papers in Phys. Ocesrog. Xeteor 13

€3 (195e).
Ekmsn, V. W., dekie. Mot Astron. Fyuid. ( Stocklol), 8 (11) (1906).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

structum has features which ame of considerable
brolegical intersst.
dy been

A structure for leic acid has al ly
therr manuseript avaiable to us in advance of
publication. Their modsl consists of three ntes-
twined chains, with the phosphates near the fibre
axis, and the bases on the ide. In our opins

NATURE 737

this structure is unsatisfactory for two reasons :
(1) Wo believe that the material which gives the
X-ray diagrams is the salt, not the free scid. Without
the acidic hydrogen atoms it is not clear what forees
would hold the A gether, Ity

repel each other. (2) Some of the
distances appear to be too small
Another threechain

van
structure has slse
In his

by hydrogen
structure 86 deecribed is rather ill-defined. and for
this reason we shall not

on it.

é
;
%
i
:
¢

not t baars) are relstod by & there when we
dyad perpendicular to the Sbhee devised our structure, which rests mainly though not
axis. Both chains follow righs- irely on publisk xp J and stereo-
handed helicse, but owing 1o chemical arguments.
the dyad the soquences of the It has not escaped our notiee that the specific
astoms in the two chams run pairing we have p iated diately suggests a
direeti Esch possible copying hanismn for the genets =
chain loosely resembles Fur- Full dotails of the sr v, inclading the con-
berg’s®* model No. 1; that s dits i in busld her with & set

on
of the sugar and the atoms

Ao s
‘standsrd configuration’, QL
¢ perpendi

;
iig.
L
E
%

foutal mads the pains of
Ragetber """I ] Sugar being roughly -
Jine marks tex fbee axie  cubar to the attached base. Thers
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King's . London. One of us (J.D. W) has beets
aidod by a fellowship from the Nationsl Foundation
for Infantile Paralysis,

D, Warsow

H. C. Omaex
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Molecular Structure of Deoxypentose

Wit the biologieal properties of deoxypentose
nncl,-n acid  suggest moleculer structure ocon-

April 25, 1953 e 1

. mﬁ—.hm-ﬂ—-"-‘lu-lu‘
" Vikes wertheal

maxima of each Bessel function and

this communication is to deseribe, § prelmninary
way, some of the experimental ovidense for the poly-
nuolootide chain ion belical, and

in the natursl state. A
fuller scoount of the work will bo published shortly.
The structure of deoxypentoss nueleic seid i= the
same in all species (although the nitrogen base ratios
altor idersbly) in nueleop extracted or in

. semm-crystaliine
or paracrystalline material. In all cases the X-ray
ion photogrspk ists of two regions, one
Whply”thmwdm
tides along the chain, and the other by the longer
mm’ﬂ:duin i 3 The seq of
nitrogen bases along the chain is not mads
visible.
Orientod
(‘strueture
and

nucleotide repest along the fibre axis. The ~ 34 A,
layer lines, however, are not due to » repest of &
polynueleotid positi but to the chain com-
figuration repeat, which catses strong diffraction ss
the mucleotide chains have higher density than the
interstitial water. The sbsence ¥

near the meridian immedistely sugpsss a helical
structuro with axis pamilel to fibee lkength.

Diffraction by Helices
llmyhdmn'hhv&ohu.npub_d)lhﬂ

the
the origin. The angle this line makes with the squator
to the angle between an olement of

dified by the form factor of
d, if the Jeotid ists of
a senes of poinis on & redius st right-angles to the

helix axis, phases of radistion scasternd by the
belices of duffe d ¥ e through each
point are the 8 ion of the correspondi

Bessel fun for the mner-

the intensity distribution in the diffre
of » series of points equally spaced along & helix i
given by the squares of Bessel functions. A uniferm
continuous helix gives & series of layer lines of specing
corresponding to the helix pteh, the intensity dis-
tribution along the nth layer lino being proportional
to the square of J,, the sth order Bessel funetion.
A straight line may be drwwn approximately through

Nature, 1953, Vol. 171, pp 737-738



Ot Watson ot Crick ovvévaloviag OAo avta Tt Sedoueva, nateAnéov oTo
OLUTIEQUCLLAL, TIWG:

0 DNA (mov yvooptlov mog 9epet 1 yevetny] TAneopopla), eivor wie Sumin Mo

ToAMVOLXAE0TIOlY, Stapuétpon 20 Ao , atnyv onola oL dVO AAGIOEG GLYXEATOLYTAL
peto€d toug pe deouovg YOpoyovou mou oynuatilovtoal ue TOAD cEElOIUELUEVO
tpomo: H Adevivn (movgivn) {evynpwvel avtote pe pic Oopivy) (oerudivn) sot
0 1810 yivetow avapeon oty I'ovavivy xo v Kvtoaivy. T1poteivouy, tavtdypova,
nwg uabe tpelg Baoeig alwtov 011 oElEd, nwWiOoTOLOLY Yo eva oo tor 20 apuvoen

0TO LOPLO OGS TOWTELVYC.



Anovopi Nopmed 1962




OLD

NEW NE

OLD

Avtrypapy) Too DNA

[ToaparAnAa, mpoteivouy xat pioe e€nynorn yw 1o nwg 1 Levetun
[TAnpoyopla petadidetar (oyeddv) avadlolwty] amd KOLTTAQEO OE

UOTTAOO KAl ATO YEVLX GE YEVLA.

" To TEAELTALO, ovouactnue NLOLYTNENTINOG TOOTOG

avtodimiactaopod tou DNA xat ouviotaton oto e€ng: Kabe oo
ov sivar va Onuoveyndet véo pogro DNA, v Oty ehxa
avoiyet pe 1 Bonbdsia evlopov (wv), xut pe pnTEX TIg 6VO TAMEG

aAvoideg, OmMurovEyoLvTo dVO veeg



O Francis Crick fjrav aurég¢ mou mporave 1o
"kevTpIkO doypa”, CUPQWYA PE TO OTTOIO 1) YEVETIKN
wAnpogopia peragéperal amd 1o DNA orig

TPWTEIVEG pEow £vog evdidpcoou popiou (RNA)
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Bases: A (adenine),T (thymine)
G (guanine),C (cytosine)

Putting it all together

Formation of phosphodiester bond
o~ (o )y
‘0—{’=0 “0—P=0

(0] o]
N |
) , | >

Ne 2/
jize]
OH OH
(b)
OH 5 3
3
§
Qe ?—O‘ Replication fork
O




Alotd Ty avTiBEaoY TYG TTOAMPEQATY|S
(Polymerase chain reaction)
PCR

in vitro pebodog yro Tov TOAMATAXGLAGUO GLYHEUQLUEVYG dAAAOLY g DNA

Sivet T SLVATOTNTX ATOKTYONG HeYaANG Tocotntag DNA yo avadvon

in vitro pebodog xhwvonolnong

Avaralogbnure 1o 1983 and tov Broynumo Karry Mullis, mov epyaldtav oe pia etopeto
Bioteyvoloyiag g Kohwpopoviag. T v avarddodyn avtn wunbnre 10 yodvix
apyotepx pe to Bpafeio NopmeA.



lotopki avadpoun

1983: cUAANYN tnG WO€ag, K. Mullis, Cetus Corporation

1985: npwtn dnpooicuon, Science 1985, 230:1350-1354

1988: Oeppootabepri DNA moAupepaon, Science 1988, 239:487-491
1988-onpepa : XtAuadeg apBpa pe epappoyéc PCR

1989 to 1epLobIKO Science enéAeée tnv PCR cav 10 "HEYLOTO EMLOTNHOVIKO EMitEVYHA”
kat tnv Tag DNA noAupepadon cav to "HopLo tng Xpoviag “

1993 Bpapeio Nobel Xnueiag otov K.Mullis

A The Nobel Prize in Chemistry 1993
Kary B. Mullis, Michael Smith

The Nobel Prize in Chemistry 1993

Mobel Prize Award Ceremony

Kary B. Mullis
Biographical Interview
MNobel Lecture Other Resources

v

https://www.youtube.com/watch?v=iSVylb-RyVM



Th The process, which Dr. Mullis conceptualized in 1983, is
e hailed as one of the monumental scientific techniques of

Invention of | thetwentieth century. A method of amplifying DNA, PCR
PCR multiplies a single, microscopic strand of the genetic
material billions of times within hours. Mullis explains:

i &
"It was a chemical procedure that would make the structures of the
molecules of our genes as easy to see as billboards in the desert

and as easy to manipulate as Tinkertoys....It would find infectious
diseases by detecting the genes of pathogens that were difficult or
impossible to culture....The field of molecular paleobiology would
blossom because of P.C.R. Its practitioners would inquire into the
specifics of evolution from the DNA in ancient specimens....And

when DNA was finally found on other planets, it would be P.C.R.

that would tell us whether we had been there before.”

.




To otadx g PCR

Expayeio . . DMNA nohupepaon 5 2
TITIITTITLIT ‘jrr"" ]E]IEE"
[}
5 3 Ly ||| I 3’ 5
II II II II II II II II II II —- 3 5 - o
3’ 5 STUTTT Y EkkiviTric - 5 3
' e OOOTM@EL  TIOIIIIIT
.- — =l
F =3 £ 5
1. Anoduaraén 2. ¥YBpiblopoe Tww 3. Emprkuvan Téhoc Tou 1ou kKOKhOU

EKKIVITWVY

Amnodataln: Or 6vo alvotdeg tov DNA Staywptlovtar (amodtataccoviar) pe Oeppovon
oe Oepponpacio 94-95° C yo mepinov 30 sec éwg 1 min.

YBoopdg enntvntwy: Me petwon g Oepporpactag otoug 55-65° C ya mepinov 30 sec
ewg 1 min, ot euntvntég vBetdilovial OTIC CLUTANQWUATIXEG TOLG UAANAOLYIEC OTO
enparyeio DNA.

Empnrovon: T ) obvBeon ¢ veag ahvoidag avédvovpe 11 Bepporpaocta atovg 72° C,
™ Béltiom Bepponpacia dpaong g Taq noivpepdons. H molvpepaon empnudver toug
EXNIVNTEG  elodyoviag  Tolpwopopwa  deokvptBovourkeotidin  (Deoxynucleotide
triphosphates, dN'TPs) yonotponotwviag 1 cvpminowpatiny] oaAiniovyie DNA wg
enparyeto. H taydtnto obvBeomng g véag advotidag eivar g ta€ng twv 1000 bp ava Aento



Polymerase chain reaction - PCR
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ApI1Bu6G KUKAWY ApIBUOS SIKAWVWY HOPIWV-CTOXWV

Start:
1 Copy

‘é‘ B New Strand

After First Cycle:
2 Copies

o Original Template Strand

\
% § After Second Cycle:
4 Copies
74 I NN
é%% g é %% After Third Cycle:
8 Copies
/ 4 JV VWY

L o



Kivntien g avtidpaong PCR

2 Bewpla, 1 adénon twv mpotoviwy g PCR eivar exbetinn, yott xdbe popto

DNA mouv mapdyetoat pnoel va ypnoipononbel wg LTOCTEWIA GTOV ETOUEVO

NOAAO.

2y mpaypotinomTa Opwg 1) PCR ywoelletot oe toelg paoelc:

1. ExBetinun odon: Molc éyer apyloet 0 TOMATAXGLUOUOS NG AAANAOLYLOG
otoyov. Ola to avTidpaotrota Bplonovior oe emaEuELd 1ol v avTldQucT) elvat
TOAD amoteheopatiny). 2e uabe nduho Simhaotdlovior Tor OO TNG XAANAOLYIAG
GTOYOV.

2. Toappxey, @aon: [loapotneitor  petwpévy) moQaywyn  ovityospwy NG
XAANAOLYIOG OTOYOL e€aLTIAG TNG KELWONG TG TOCOTNTAG TWV AVTLOQACTY|OLWV.

3. ®Daor mAatm: Aev cuvvtibevton vea popta DNA e€outiog ¢ e€avtinong evog 7

TIEQLOCOTEQWY AVTLOQAGTYOLWV.



dDgor nogeopoL (plateau)

PBopopds

1.0

0.8 5

0.6 -

0.4 5

0.2

5 10 15 20 25 30 45
- — — R

Hizktpogpopnon oe
nnkThH ayapiinc

Pdon kopeopod

foyapBuen pdon

Paon BopiBou

apBpoc kikday

PCR Product

Linear Phase =

Exponential Phase =,

Plateau Phase

PCR Threshold

Cycles



Daor) X0QEGPOD OPEIAETHL OF:

eMeudn owpueg mtocotTag aEytnod DNA expoyeiov
ateANG oLVheon VEWY UAWVWY
e€avtAnom twv exntvntwy not dANTPs

AATAGTQOWY| 1] ATEVEQYOTOLY|OY] TWV GLOTATILWY TNG AVTIOPACNG O LYNAES
Oepponpaoteg

THEEUTOOLOY] TNG AVTIOQXOYG ATO TX TEOLOVTA (TLEOYWCPOPINA KAl OLUAWYO
DNA)

OVTXYWVLOROG TWY XVTLOQWYTWY [UE [LY] ELOWMUA TOOLOVTA 7] OLUEQRT] TWV EXULVYTWY
(primer dimers)

emavaoLvdeor tou Teotoviog g PCR os vdnhéc ouyxevipaoeg (>107 M) npo
TOL LBELOLOUOL TWV EXULYYTWY

NOPEGILOG TOL EVIDIOL G GLUVOLOGUO UE LELWILEVY] EVEQYOTYTA ETELTA XATO
TOAMOUC UOUAOVC



Amnodoor PCR

Y= evioyuon

X= uéon anodoon

n= apLBUOC KUKAWV

Y= (1+X)"

gav X=1 ------ >Y=2",  TPAKTKA OpwC X= 80-85%,

anodoaon 20 KUKAOL 30 KUKAOL
1.00 1.048.576 1.073.741.824
0.90 375.900 230.466.619

0.80 127.482 45.517.160



Ta ovuotatika tng PCR

To Boowa ovototina yioe ™ Otevepyeta g aviidpaong PCR
elvat:

1. DNA nolvpepaon
2. OMYOVOLKAEOTLONOL EUNLVY|TEG
3. T'evetino LAKO — AANAOLY L GTOYOG

4. PuBuiotind Sidhopa g avtidpoong wor Mg+
5. Nouvxieotidia (ANTPs)



DNA moAvpepdon

» H DNA nolvpepdon eivar évlopo 7mou Lrgpyst 68 OAOLE TOUG
0QYUVIGUOLG (ELUAQLWTIKOL, TEONXELWTIXOL HAL LOL) HXUL CUILUETEYEL GTNV
avtypawr) Ttob DNA.

» Aev propel va ouvBéoet éva véo popto DNA, pnopel dpwg voe avtypdidet
EVX LTAOY OV TIOL YOY|OLUOTOLELTAL WG EXUAYELO.

» H nolopepdon nov yonotponoteitar oty PCR éyet anopovewlsl and 1o

Bantnplto Thermus aquaticus (Taq), T0 onolo €yel wg Yuono nepLBAAlOY

T Beppec mnyec.



DNA moAvpepdon

» H Taq nolopepdon éyet 1 Boown ddtto vor mapopével Spuotiny oe
vdnieg Bepponpaoiec. H Bélniot Oeppoxpacio dpaong g etvow 72° C,
evw Oev nataotpeyetal and 1 Otppavon andopn xowr otovg 95° C yu
GLYHEXPLULEVO YQOVINO OLACTY| LA

» H natebbuven mg ovvleong g véag ahuotdag etvor 5-3’.

» H amdn DNA nolvpepdon xaver nepinov éva Adbog otg 100.000 BaosLc.
Ot mtohvpepaoeg vyning motomtag (Proofreading polymerase), ot omoleg
eyovy opuoTmoTNta 3’-5" ewvouriedons, pnopolLy v otopbwoovy to

AaBn mov Snptoveyoly nata ) oLvbeon Tov popiov DNA.



Yellow stone National Park, Wyoming, USA

Thomas Brock in 1992 at a hot spring in Yellowstone National Park. It was there, 26
years earlier, that he found Thermus aquaticus, a species of bacteria that would be
used to develop the chemical process behind PCR testing for the coronavirus. Peter



Ot exvnreg (Primers)

v Or ewnvnrég (Primers) elvar olryovouxieotidia mov optofetody 1o Tunuo
DNA mov mpoxettal vot TOAMXTAXGLUGTEL.

v O 60otdG oYedLoPOC TwY eV ThY enNEedlel CNUAVTIHY TO XTOTEASOUA TNG
PCR.

v Yrdoyovv oto Stadintvo etdwd Aoyopnd mov pag Bonbovy va oyedidoovue

ENULVY|TEG



2eBILOUOG ENAIVNTWV

Mzeyelog v exstvntov: cuvnbwg okryovovieotidta 18-30 Baoswv. Mixpotepot
EXNLVNTEC OONYOLV G [N ELOWO LBOIOIOUO, EVL HUEYRADTEQOL EXMULVNTEC EYOULV
UEYAADTEQN ELOMOTNTH, oAAa avEavetat 7] ThovoTnTor SMLOLEYLAG GELTEQOYEVRY
OOMULWY TTOL UELWVOLY TNV ATOTEAECUATIXOTYTA TOL LBELOLGILOV.

ANMNAOVYIN TWV EXKIVNTOV: TOETEL VAL EYOLY ATOAVTY] GLUTATEWUATIXOTYTA TOOG
™MV AMAOLYI OTOYO, XANG EAXYLOTY] EwG UXDOAOL CLUTANEWUATIKOTN T LETAED
touG. O LPEWIOUOG peTald Ty exntVNTOV OONYEL OTO OYNUATICHLO OLUEQWV
exntvNTwY ou eyouvv peyeblog 30-50 bp not PEL®VOLY TNV ATTOTEAECUATIMOTNTA TG

PCR.



2eBILOUOG ENAIVNTWV

H 6sppoxpacioa amodidtaéng twv exuntvtowv: H Oeppoxpacioa anodataéng,
Melting temperature (ITm), eivar 7 Beppoxpacia oty omoix 0 50% TwY
noptwv DNA Bploxetar oe povordwvy popypn. H Tm eéoptator and 1o
ueyebog g aAAniovylag xot 11 oLoTaoy Twv PBaoewy TG aAANAoLylag. YPnAo
nocoot0 oe Baoeg G nar C av&hver v Tm

Ot drapopa Twv Tm peta€d Twy dLO EUNLVNTWY TEETEL VO ELVOL KON

https://www.minipcr.com/how-to-design-pcr-primers/



Kottnpta emthoyng exxivntmy

Béhuoto pnrog 20-26 Bacetg (bp)
neptentnotnta oe Paoec G, C 40-60%

XTOPLYT] CUUTIANOWUATINWY XAANAOLYLWY EVTOG TOL HAWVOL TWY EUXLYYTWY, ELOWUA OTO
3’ anEo

XTOPLYT] CUUTANCWUATIUWY XAANAOLYLWY TV EXMVNTQOV e Y] ETtOLUNTEG
ahAnAovyteg DNA

amOEEUY TV EXULVYTOY TIOL €YOLY OpOAOYLX e avemtBounTeg Teployes avw tou 70%

amouy” enavaindng twv G xo C ato 3’ dxpo twv euntvntev (ty GCCCC, GGGG)



Ocsppoxgaaia vBEISIGUOL

Tm = (A+T)x2°C + (G+C) x4°C (< 20bp)

H Oepponpacio vBotdiopod (annealing temperature), e€aptatot amd 10 UN1Og
1oL 1) oLOTHGT TV exntvnTey ot Baoceg G xot C

Ospponpaota 55°C eivor nadn yro eva Tumnd oAyovourkeotdnd exntvnty 20
Baoewv pe nepimov 50% obdotaoy oe GC

neyodLtepeg Depponpacteg umoetl vaw elvort amaQaiTNTES TEOG ALENGT] TNG
ELOUOTNTAG TOV EXULVY|TY



Acstypa DNA

Q¢ apyo vAo umopet va yonotpomombet DNA 7 RNA 1o omnolo O eyet
uetayoawel oty  mo otabepn  popyn tov, 10 ovpmAnewpatxo  DNA
(Complementary DNA, cDNA).

[ToAd pnpeg mocotnteg DNA (tng taéng twv 25-100 ng avae avtidpooy telnov
oyrov 50 pl) etvo emxpuelg yo tig meplocoTepeg avtdpacctg PCR.

Meyain nocotnta DNA progetl va avaotethet v avtidooom).

['oe ™ Bektiot anodoon e PCR 1o DNA mpenet va eivor poapopoptand uot

vPnAng nabopottag, amoadlaypévo ano vmoAetppoto tbavoing 1 akdTwyV TOU

UTTOQOLY VO AVAGTEIAOLY TNV AVTIOQOY).

AvyvmiTioneg povpeeg nixiag ave twv 4000 stov!



Basic Steps in Isolating DNA

Separate WBCs from RBCs, if necessary
. -
Lyse WBCs or other nucleated cells

Denature/digest proteins

Separate contaminants (e.g., proteins, heme)
from DNA
. -

Precipitate DNA if necessary

.
Resuspend DNA in final buffer




Automated Genomic DNA Isolation from Whole Blood

QlAsymphony ‘

* Significant labor reduction - Completely automated walk-away systems

* Improved accuracy and reliability - Dependable DNA isolation with trouble-free robotic operation
* Increased productivity - Frees lab personnel for other tasks

* Compact size

high quality and high yield DNA, ready for your downstream application.




Nucleic Acid Analysis

DNA or RNA is characterized using several different methods for
assessing quantity, quality, and molecular size.

e UV spectrophotometry
e Agarose gel electrophoresis
e Fluorometry

e Colorimetric blotting



Quantity from UV Spectrophotometry

e DNA and RNA absorb maximally at 260 nm.

e Proteins absorb at 280 nm.

e Background scatter absorbs at 320 nm.



DNA Quantitation - UV Spectrophotometry
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Purity from UV Spectrophotometry

Aygo/ Aygy = measure of purity
(Aggo — Asgo)/ (g0 — M)
1.7 — 2.0 = good DNA or RNA

<1.7 = too much protein or

other contaminant (?)



Nouvxieotiox (ANTPs)

ATOTEAOLY TO ATAQALTNTA OLOTATMA Yoo 7 oLvbeon ™G veag ahvoldag TOL

DNA

ot ouyrevtpwoelg Twv dNTPs wvpaivovtar petaéd 50-200puM

LVPNAOTEQEC  OULYXEVIQWOELS HUTOQEL VX TEOUAAECOLY TNV  TAQAYWYY
TAQATOOLOVTWY ATO TYV TOADLEQAOT)

ta ANTPg evovovtanr pe toe Mg™ xon 10 mood twv dNTPg npocdiopilet 1o

eheblepo 00 Srabiotpon Mg™?

av 1 ovynevTpwon Twv dANTPg adkdler onpoviind, Oo mpenel vo Angbel vrogn

oL (Lo oANoy?) 017 oLYREVTEWGT] Tob eheblBepou TocoL tou Srabéotpov Mgt?

To Sopund poEta TOL YENOLUOTOLOLVTAL YL T1) oLVOEON TNG VXS XALOLOKG Elvat
T TEUpwopopma deokvptBovovrieotidir (deoxynucleotide triphosphates,

dNTPs). Tae ANTPs yonothonotovvTatl »g LGOROPLAKO ULYUX TWY TECORQWY
vouxreotdlwy (ATP, TTP, CTP xat GTP




Zvuynévipwon toviwy Mg 2+

B petodnog ovunapayovtag Taq DNA nolvpepdaong

B UeYaAy] ETIOQUCY] OTYV EOWOTNTA AL OTY] TOCOTNTH TOL TEOLOVIOSC TNG
avtiopaong PCR

m 2ovnng Bedtiom ovyxévipwon 1.5 mM (0.5-5 mM)

B neplooete Mg™ Oo éyel wg anotéheopa v abénom pn etdinod TEOLOVTOG

B e Mg™ Do petwoet v 10O T TOL TEOLOVTOG

Ta tovia Mg?" oynpoctilouvy Stoahvtd obpmhoxna pe 1o ANTPs, 1o DNA exporyeto
o toug exntvntéc. Ileploosir Mg*™ 0dnyel oe pn etduy] obvdeon Twy exnvnT®Y
ue 1o DNA, av€avovtag toe un edimd mpotovia otnyv aviidpaoy. Enlong petwver

Y ToTOT T avTyeapnG ¢ Taq molvpepdong. Xapniég ovyrevipwoelg Mgt

001YOLV OE HELWON TNG TOCOTNTAS TOL TAEAYORevoL mEotovtoc. H Bektiot
oLyrévipwon Mg*™ yu #dle avtidpaon PCR npénet vo mpocdiopileton epmetoud

e SONLUY OLdOYIMWY CLYXEVTPWOEWY O 1 ewg 4 mM.



Avaotoleig ot evioyuteg g avtidgaons PCR

Avootolelc:

PLOT] TWY OELYUATWY

uebodo amopovewong tov DNA

YO AVTLOQAGTNOL TIOL YEYOLLOTOLOLYTAL YLt TNV XTOROVKGY Tov DNA
tovtind empavetodpaoting (SDS toyvpoc avactoreag ¢ Taq molvpepdaorg)

Evioyvtég:

popopapidio  (5%), DMSO (<10%), PEG (5-15%), Tween-20 (0.1-2.5%),
T4gene32 protein, yhuxepon (10-15%)
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Empoivovern oty PCR

oyeiletot otnv e€otpetiny evonobtinoia g PCR

TIOAD OY|LOVTINY| ELOUA OTAY EVIGYVOVTXL OTIAVIEG XAANAOLYIES

TIOAD OYJLOVTINY| ELOUX OTAY Y OYOLULOTOLEITAL VLot OLXYVWOTIUO GKOTO (TrY

HIV, HCV, HBV)

XTOPELYETAL WE

NUAY| EQYXOTNOLONY| TQUNTIAN

yonon control (my H,O) oe ndbe PCR

axTLVOBOANGY TOL Uiypatog g avtidpaorg e UV mptv v npoctnun
tov delypatoc DNA

Y0707] OLUPOQETIUWY YWOWY KL TUTETTOV YL TQOETOLUXGLN ULIYILATOG KoL

PCR



ITBaveg mnyeg emmoivvong oty PCR

BloAoyika deiypata
EPYOOTNPLOKO TIEPLPAAAOV
uypO alwto/mayocg
TUIETEC/pUYXOL TITETWV
VOALKA/owAnvapLa
avidpaothpla

BepULKOC KUKAOTIOLNTNG
tpanela UV

OUOKEUEC NAektpodOpnong



Empoivover oty PCR

PCR
products/amplicons : -
derived from previous /
amplifications \ x
| NewPCR
| | setup/master mix
\ | without

| template/DNA

False positive - -
amplificationin ==~
the no-template i

control (NTC)




Ogyavwor sQyaaTnEiov yia TV Amopuyy emtpoivvons oty PCR

PCR laboratories should be divided into four
separate work areas, each having dedicated
special equipment for:

— (a) reagent storage and set-up

— (b) sample preparation

— (¢) PCR reaction mix assembly and amplification
— (d) PCR product analysis.



Opyavwor eQyxoTnEion Yo TV amopuyn empoivvers oty PCR

The following operations are done in the reagent
storage and set-up area:

— preparation of stock solutions, preparation of aliquoted
solutions, and preparation of master mix solutions.

— Cleaning of the workplace has to be performed
Immediately after the termination of the work.

— Also, specific work areas must not be accessed if work
was performed earlier in any of the other working areas,
particularly in the PCR product analysis area.



Opyavwon epyaoctnpiov yiwa tnv anodpuyn emtpoAvvonc otnv PCR

Job description, work flow

— Delivery of stock reagents and material for sample preparation is
best done directly to the reagent storage and set-up area.

— Vessels containing reaction mixtures should always be centrifuged
briefly before opening and freezing.

— The required reagents are stored exclusively in this area and
processed here into the stock solutions needed.

— After the stock solutions have been checked for suitability, they
should be divided into aliquots for storage and further use, to reduce
the danger of contamination through frequent opening of reaction
vessels and pipetting.

— freeze stock solutions in small aliquots.



Ogydvwon sQyaaTnEion yia TV amopuyy emtpoivvons oty PCR

« The respective rooms must be marked as related to the specific
areas

« PCR-Setup is a one way street!

« > Otherwise spreading of severe carryover contamination is
possible.

FreeFoto.cem




IToloTinog TR0abL0EIeP.0g Twv TTEOIOVTLY TG avtidguons PCR

NAEATQOYOONON GE TNATY XYULEOLNG

NAEXTOOYOEYOY| OE TNUTY] TOAMAUQLAXULELOL

[Tivarag 1. Edpog Stvywptopod tov DNA oe nnuteg ayoupolng na

TOAMOUQLALULOLOD

Ayapoln, %  DNA (Kb) Axpvlauidio, % DNA (bp)
0.3 5-60 3.5 1000-2000

0.6 1-2 5.0 80-500

0.7 0.8-10 8..0 60-400

0.9 0.5-7 12.0 40-200

1.2 0.4-6 15.0 25-150

1.5 0.2-3 20.0 6-100



Avixveuon npoiovtwyv tn¢ avtidpaonc PCR

Bpwplovuyo abidlo

SYBR GREEN, SYBR GOLD (Molecular Probes) : moAU unAn evaicbnoia
Xpwaon apyupou : oA uPnAn evawcOnoia

avtopadloypadia (autoradiography)

amotuniwon (blotting) (Southern Blot yia DNA kot Northern Blot yia RNA)



Aviyvevon npotoviwy PCR pe niextoopognor ayxgolng

#1: PCR blank

#2-#9: BRCA1, exon 14
#10: DNA marker
#11PCR blank

#12-19: BRCA1, exon 22



Agarose Gel Electrophoresis

Horizontal Gel Format

CTD g = == = = ’
A ‘x |
¥ ~H m -E /:

S &0 @0 @0

Reservoir/Tank
Power Supply

Casting Tray and Combs



Melting Curve Analysis
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Kvgtotepeg magariayss g avtidgauong PCR

PCR avtiotpoyng petayoayns (Reverse transcription-PCR, RT-PCR)
Aocbppeton PCR

Awmin PCR (Nested PCR)

[ToAlomdn PCR (Multiplex PCR)

PCR-ELISA

PCR oe npoypatind yoovo (Real time PCR)
Wneroun PCR (digital PCR)



PCR avtioTQo9ng HeTayQueng
(Reverse transcription-PCR, RT-PCR)

wg aEywo detypa yonorponoettoat 10 RNA avti too DNA
0 RNA petatpenetar oe cDNA pe avtiotpoyn petayoapaor

VLo TY] UETAYQXPT] ALTY] YeNOoLoTotoLvTon tuyaio e€apep), oligodTs, 1 wovo évag
etdog PCR-exnvnng

10 cDNA yonotponoteitoar wg expoyeio yao v Tag-molvpepaor xat pe SLO
etdrovg PCR exntvntég dnpovpyeitat 10 divhwvo cDNA

70 divAwvo cDNA yonotponoteitoan wg expoyeto yoe v ovvnbn teyviun g PCR



Baowen apyn RT-PCR

5 cAP I AR AAAAAAAA-T
mRNA
Reverse transcriptase (RT)

5 CAP I AP AAAAAAAA-T

I TTTTTTTTTT-5

cDNA
l KataoTpogr mRNA e RNAse
5 I TTTTTTTTTT-5

MovokAwvo cDNA

l PCR

5 I AAAAAAAAAA-3
| —

| I—
3!

N TTTTTTTTTT-S
dikhwvo cDNA




RT-PCR &vog atadiov (one step RT-PCR)

VAT TLEY) ATAWY TEWTOXOAWY 6T omola 1 obvbeon cDNA  not 1 avtidpoon

PCR extehodvtal os eva 6TadLO

aélonolnoy ™G OmANg Wtomtag  opopevey  Beppootabepwy  DNA
nolopepacwyv Onwg 1 T.Thermophilus (Tth) DNA  molvpepaorn va
uetayodbovy aviiotpowa RNA napovsiac Mn 2% evey tantdypove ooy xa

oG DNA nolvpepaoeg

OY|LOVTINO TTAEOVELTYLALTOL
SLVATOTYTA AVAALONG EYXAOL aELOPLOL DELYUATWY
T OTNTA-ATAOLOTEQY] OLAOLUXOLL

TPOOTAGLX ATO ULVOLVO ETLUOALVONG



Acbppeton PCR

nopayetat LovokAwvo DNA
xpnotporoteitat yta DNA-sequencing

xpnotwuornotlovvtal AvioeC (OUUUETPEC) OUYKEVIPWOELC Twv SUo
ekKlvnTwv (oe avaloyiec 1:10, 1:2, 1:50)

OTOUC TIPWTOUC 15-25 KUKAOUC, TO TIEPLOCOTEPO MPOIOV TIOU TIOPAYETOL
elva dikAwvo

KOBWC O ULKPNG CUYKEVTPWONG EKKLVNTNC EEQVTAELTAL, OTOUC EMOUEVOUC
KUKAOUC TtapAYETOL TTAEOVOOUA TNG Mo aAuoidog

T0 LoVOKAwVO DNA cuocowpeUETOL YPOALULKA



Boowm apym aadppetong PCR




Avtin PCR  (nested PCR)

YOY|OLUOTIOLELTOL YLt DENGY TG ELOMOTNTOG TG avtidpaong PCR

ovo PCR omnov yornotpomoodvioar  dStapopetind  Ledyn  euntvntwy
(e€wTteEO 1AL EOCWTEQKO)

T0 eowTePWO (eLYOS LPELOOTOLELTOL GE TEQLOYY] TOL EVIOYVETAL ATO TO

XANO

otov mpwto yuvpo ¢ PCR, yonowpomnoteitar to e€wtepmnd (evyog twv
EXNLYNTWV

OTOV OELTEQO YLEO EVIOYDOVTAL ETUASHTING T XOPUATI TTOV TEQLEYOLY TNV
aAANAOLYL-GTOYO



Agyn pebodov dtming PCR

AMAnAouxia-oToYOC AvemouunTn aAhnAouyio

‘ Mpo1dvta 1ng PCR ‘

‘ Mpoldvra 2ng PCR  —




IToManiyy PCR (Multiplex PCR)

YOY|OLLOTIOLOLVTAL OlPORETIMX CEDYY EUNLYVNTWY Yl TNV TAVLTOYQOVY
eVIOYLGY| TOAWY TEEQLOYWY T1G AAANAOLYIXG-GTOYOL

XQYOLAOTIOLELTAL OTY] OlAYVWOY| YEVETIM®WY aobevelwy mov oyeilovial oe
XTHAOUPEG YEVETIXOL LAKOL YOVIOIWY, OTWG 7] HLIXY| OLOTEOWYIX TOU
Duchenne

TOAD amAOLGTEQRY] ATO TNV AmOTLTWEY xate Southern (Southern blot)



Agym pebodov molhaming PCR

5’ 3!
¥ 5’
Y — —_— e e ... Eam T —
3 - — 5
PCR A PCRB PCRC

i




IToMamin, PCR




IToaxtineg tpomomomaetg atv] PCR teyvinn

RT-PCR

Nested PCR

Intersequence specific (ISSR) PCR
FISSR-PCR

Ligation-mediated PCR

Inverse PCR

Vectorette-PCR

Assembly PCR

Asymmetric PCR-Late PCR

Quantitative PCR

®  Quantitative real-time PCR
Taqman PCR
Sybr Green PCR

Touchdown PCR

Hot-start PCR

Colony PCR

RACE-PCR

Multiplex (IToAvodvlety) - PCR
Ebung peborimwong PCR

In Situ PCR

AFLP PCR



https://www.youtube.com/watch?v=MyLrs h10IE

https://www.youtube.com/watch?v=JmveVAYKylk

https://www.youtube.com/watch?v=XS04ZBzu4jA



https://www.youtube.com/watch?v=JmveVAYKylk
https://www.youtube.com/watch?v=MyLrs_h1OlE
https://www.youtube.com/watch?v=XSO4ZBzu4jA

K\aoonn alvotdwty avtidpaon moivpeoaorg (PCR)
ITAnpopopisg Tov pog Sivel | NAE®TEOPOEYGY] XYXEOLNG

= H -

Ko mAnoopoia yio v aAAniovyia ahAd ovte

- e e e e HAL YL TNV AQYIXY] TTOCOTY|TH




Yrapyouvv dvo eidn nocounng PCR:

d 0 tehxod onpeiov (endpoint): Xty end-point PCR o vrmoloyiopdg tov
TPOLOVTOG TOUYUATOTOLEITAL OTO TEAOG TNG AVTIOQXOMG, WUE EPLPAVES UELOVEXTYUX
T UELWOY] 7S ATOOOTMOTNTAG TNG AVTIOEXOMNG, AOYW NG UATAVAAWONG TV
OVTLIOQWVTWY AL TG OCLOCWQEEVLCYG AVXOTOAEWY, UATL TOL OLCYEQALVEL TNV

a€LOTILOTY] TOCOTIOTOLNOT).

d 1 mooypoatnod yoeovouv (Real-Time) PCR: 7 pétonon g nocdmTag TOL
TEoLOVTOG TEaypatonoteltal xof’ OAn TN Sdponeln NG avTIOEXONG, KECW NG

napanorobONoNg ™ adénong Touv Yhoptopov ramolag whopilovoug ovotag.



Alctdwtn avTidQUoY| TNG TTOAUEQUOYG O TTQAYUATINO YQOVO
(Real time PCR)

ITocotixn PCR (qPCR)

H nocotinn PCR 6ivet ™) Suvatdmta naparnorodinong g avtidpaons PCR nata ™
Ordpneta TG e€eMENS g

[TAeovertnpato:

Avtopatonoinom

AvvatdT™ T TOGOTIHOL TEOGOLOQLGLOD
ATOQLYN NAEATOOPOONCEWY

ATOQLYN EMLLOAIVOEWY

Y{nin evootinoia

YV V Vv YV V V

KoatdAnin yroe peydro aptbpo derypatwy



Alnatdotn avtidooa

1.0
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O
Hilektpoqopnon o
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Normalized Fluorescence
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Linear Phase
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egion

Baseline R
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v Iywbémmon twv mpotoviwv g PCR pe pbopilovia popta xat pETONON ™G EVIAONG

©00QELoILOL O OTOLOGC EXTIEUTETAL NXTA TV OLAOUELX TG AVTIOQXOTG

v H abinon tov onpatog gbopropod eivar avddoyyn tov cuvtilbepevou mEoOlOvVTog ot

oyeTileTol AUECA e TNV TOGOTYTA TOL AQYIUOL LTOCTOWUATOG



d O petpnosic ywx v mocotxomoinen  agopody ™V exletnn waon ™G
oV TLOQAOY|G.

d Enpovtie moepdpetpo y v mocotonoinon anotekel  npn Cq (threshold
cycle). Ilpoxettow yioe tov aptbpd twv udxAwy ™G avTloQAUoNG EVIOYLONG TOL
XTALTOOYTAL WOTE 7] TULY] TOL TXEXTYEOLUEVOL YhoplopoL va mEooceyyilel eva
ovynexptpevo opto (threshold).

d H wpn tov oplov awtod opiletoar mavw oamd ™V avtlotoryr Tou pn-etdinob
onpatog (background).

d H upn Cq elvar avtio1000nc avehoyn e oaQyune To6OTNTAC TOL LTOOTOWLATOC:

000 urpoTeEn etvar 1 tuy Cgq 1060 LYNAOTERT ELVAL ] GLUYXEVTOWOY] TOL XQYLXLOL

LTTOCTOWUXTOG




Real time PCR

/ ARn
2,000,000 —

1,000,000 —
0
Basiline No template
| |
0 20 44
PCR cycle numhb

.

Baseline is defined as PCR cycles in which a reporter
fluorescent signal is accumulating but is beneath the limits of
detection of the instrument.

ARnN is an increment of fluorescent signal at each time point. The
ARn values are plotted versus the cycle number.

Threshold is an arbitrary level of fluorescence chosen on the
basis of the baseline variability. A signal that is detected above the
threshold is considered a real signal that can be used to define
the threshold cycle (Ct) for a sample. Threshold can be adjusted
for each experiment so that it is in the region of exponential
amplification across all plots.

Ct is defined as the fractional PCR cycle number at which the
reporter fluorescence is greater than the threshold. The Ctis a
basic principle of real time PCR and is an essential component in
producing accurate and reproducible data.



XapantroTino xatoyopnpe aviidgaong real time PCR

DPHopopoc
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Real Time PCR = qPCR
Main principles of quantification

Copy number

Fluorescence

Cg: Quantification cycle

Copy number
Cq: Quantification cycle

/




Real-time quantification Calibration curve

Linear Regrezzion
= Crogzing Points




PCR Base Line Subtracted CF RFU
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Real-Time-PCR Instruments

=
I o |

L
ABI 7900 ABI 7500 StepOnev CFX96 iQ5 MiniOpticon
28x33x25 13x18x19 10x20x17 13x18x 14 11x23x 15 7x13x13
| ZMx4000 0
==
- - - - e - e
LightCycler 480 LightCycler 2.0 Mx4000 Mx3005P
24x24x22 11x20x15 30x18x20 13x18x17
J——— = ﬂ ]
E
SmartCycler " RotorGene Q RealPlex PIXO LightCycler 24
12x12x10 15x17x11 10x16x 16 12.3x13.6x12.3



Prototype: LightCycler, 1997




LightCycler




Alctdwtn avTidQUoY| TYG TTOAIEQAOYG O TTQAYUATIXO YQOVO
(Real time PCR)
teyvoroyio LightCycler (Roche Diagnostics)
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Smart Cycler (Cepheid)

A ﬂe.xib(li? systemé)uilt oi1 the bl
inaepen ent Yy programmable
I-CORE™ Module

The Smart Cyder is an integrabed DN EMA amplification and detection instrument system.

The system is designed for ease of use, from the expandable modular format to the Smart Grcler
Software, Each Smart Grcler Processing Block is buit around the proprietany micr processor
controlled [-CORE™ {Intelligent Cooling/Heating Optical Reaction) Modue. Themally and opticalky
optimized proprietary raction tubes work in concert with the unique design of the -CORE Module

1o deliver rapid cycling, faster amplification and immediate data collection through real time optical

detection. Expanding the Smart Cycler System is simple, preserving the imeestment in harcware
while allowing for the changing nesds of research enviranments.

1-CORE™ Madule i
thermal cyeler/flug

Rkl airal cing mabin
Pk irs sdutin

detrin

The Smart Cycler” System:
A

real time thermal cycler

Mucleic acid detection and analysis in todey's moleculer biology laboratory is perfonmed
under the pressures of time and staffing constraints, danging res=arch goaks and wide-
ranging detection requirements. labs need to find protocols and instrumentation that prowide
spemac], flaxibility and versa They rmasd o oycle smarter. The Smart Gpoke® Systam from
Cephimid makes it all possible.

Flexibility

Iredsipanaily programmabib meachion s pres maximum fexiblily. Up to skbaen
difarent eycling profoecls ean be parfomed simufanensly in one pocsssing bock
Multipla soparinantal une can b starbed o diPanent tns, elkowing s @l opsratons
10 usa the nsirument eoncumanty.

Speed

Rapid, pecise haating and ecaling of the reaction mbdure o
o barget bemparaduss sgnificanty neduces eycling protosol |
Aimes. The Smart Cyckr Syshem's comhbinad Tt thernal ! "l
ramp rates and raal tive defection greathy reduca the fotal § —l

fima reguired fo cary out an exparinent. mny,1h-nhlly i o k=
o muttipke cpling proboeols and 1o wes mukiple dys a Eﬂ
detaction in a single min enhaness b productiity. & o

¥

Fl i g arubaes iedecad A s
Real time detection

The Smart Cpckir Sysbem Softwara optically montion sach resction ce e the Aunseant
signals devalop. Browth cumes ana display e in real tine o amplfication oecws, and the
presanca of amglifed product ean ba eonfimmed when the Muorascent signal sxoeeds &
defined thrasheld.

Four-color optical capability

Each of the sixiean reaction skes in a Smant Qcker Processing Elock has Hs own optial

enmprka Of colid Stabe somponents and is capabik of hour-channal Mo cent
detaction By using muttiphs Muorsscant reporter chss, up bo four bargets con b debscted
simukancoushy in o singke raection mist e,

Versatility

The modular natws of the Smart Qycler Systan ghes laboraborks o grat deal of Axibilty
10 meet workdoed demands. Spslem capaciy can be easily and ocstsffect kaly axpanded by
sdding processing blodks - up 10 sbe per Systam
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Excitation and Emission
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PCR oe mpaypatino yoovo (real-time PCR)

Baotleton atny tyvnbeTnon Twv npoioviwy g PCR xot o1r pETENON TG EXTTOPTING
TOL TEAYOPEVOL POOoEIGPOD xaTe TNV SraEueta TG avTidEooNg




2YYXTHMATA ANIXNEYXHX XTHN qPCR

EIAIKEY XPQETIKEY T'TA dsDNA (SYBR® Green, LCGreen)
ZEYT'OX ANIXNEYTQN YBPIAIXMOY (dual hybridization probes)
ANIXNEYTEX YAPOAYXHY (hydrolysis probes, TagMan®)
MOPIAKOI ®APOI (molecular beacons)

ANIXNEYTEX TYTIOY «XKOPITIOX» (scorpions)



Agyn pebodov Tov ovatnpatog aviyvevons pe SYBR Green




d Xovn0wg oto un edwmd ocvotpata aviyvevong yonorponoteitar pa wbopilovoo
YOWOTINY], 1] OOl EVOWPXTOVETAL 08 OlxAwvo popto DNA (dsDNA).

d Mux tétota evpéng yornotponoobuevn yowotinn eivae v SYBR green 1.

d H ovola awtn Seyeipetan pe axtvofola uipouvg wdpatog 497 nm now exmépnet
ota 520 nm.

d H SYBR green I 8ev 9Oopilet Otav Boloxeton ehedbepn os didhvpa. Qotdoo, 7
evowpatwo? ¢ oto DNA xata 1 odvbeorn tov, eyet wg amoteleopo v
napaywyy @boptopod. H eviaon touv ¢@bopiopod avtod eivor avadoyn g

OLYXEVTOWOYG TOL TAEAYOUEVOL TIPOLOVTOC.



ﬂ)\sovemnuata tn¢ SYBR green:

- duvarotnta xpnong tng e omolodnmote {guyapL EKKLVNTWY, YLa TNV EVioXuon
omolaodnmnote aAAnAouioc-otdXou, YEYOVOC TTOU TNV KABLoTA oAU TILO OLKOVOMLKNA
nEBodo amo tnv xprion eWkov avixveutn (probe).

uLa Wlatepa evaiodntn pEBodo, kabwc os kaBes poplo DNA nou ouvtiBetal Seopevovtal
TLOAAQ HOPLO XPWOTLKAC, LE QTIOTEAECLOL TNV EVIOXUON TOU TIPOKUTITOVTOC CATOC

................................

Mewovéktnpa tng SYBR green:

- mpoodevetal og OAa ta SikAwva popla DNA rtou ouvtiBevtal katd tnv avtidpaon

gvioyuong, ota onoia cupnephapBavovrtal Ta mbava SLUEP TWV EKKLVNTWV KaBwC Kot
LN €8LKA TtpolovTa tou eVOEXETAL VO TIPOKUTITOUV.

- AavBoaopEvn UTTEPEKTLUNGN TNC CUYKEVTPWONG TNS aAAnAouyiag-otoyou.




Aoyn pebodov Tov ovatnpatog aviyvevons pe SYBR Green

8 8 8 8 8 8 Unbound SYBR Green |
8 a 8 8 Bound SYBR Green |




Metopoa evegystag 9Hoglapod Aoyw GuvTOVIGUOD
[Forster (Fluorescence) Resonance Energy Transfer, FRET]

d To FRET eivow plo Suxdunaoior, otd mv omoto AapfBdvel ympo Letopopd eveQyetag amd va
wboplopowdpo pe dinyepuévn MAEXTEOVINY] UXTACTHCY (BOTNG) O Vo HOVTIVO OeLTEQO
wboptopowdpo (8en1g), YWEIS OPWS EXTOUTY axnTtvoBoAlag (PwToviov).

O H upetxpopd evépyelag pmopet va A&Bet ywoa oe éva edpog 10-100 A xow 1 anddoon g
netopopag eivar e€opetnd evalotntn wg mEog v anodotaoy, ueTaéd Twv PHopLopoYOEWY.
['owtd tov Aoyo 1o FRET eivor évae moldTiho epyohelo yia ™y e€etaoy arnAenOQAoewy
neto€d popltwy

O T vo oupfel awtd, Opwg, T0 Yaopa EXTOUTNG TOL 8OTN TEETEL Vo ETUAADTTEL TO YAOUN
ATOPEOYONG TOL OEUTY



DAINOMENO META®OPAXY ENEPI'EIAYX MEXQ
ZYNTONIXMOY TOY ®OOPIXMOY
(Fluorescence Resonance Energy Transfer, FRET)

 névepon
i

leropni




ANIXNEYXH ME ZEYT'OX ANIXNEYTQN YBPIAIXMOY DNA
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O Xt meplntwon awt) yonouwomotodvtoar téocepa olyovovxieotidioe: 800

EXUVNTEC XL OVO AVLYVEVTEC.

O Ov avryvevtég slvon oyediaopévol étor wote va 8e0UedoVIaL GTO TEOLOV NG
aVTlOPOoNG oe Topanelpeveg Deoetc.

d O mportog avryvevg wépet oto 3'dxpo tou éva whopilov pdeto mov dpa wg
OOTNG EVEQYELG, EVW O GANOG AVUYVELTNG YEPEL 0TO 5'anpo Ttouv éva pbopilov
LOQLO TIOL OO WG OEATYG EVEQYELXG.

d Metd ™y oloxhnpwon g aviidpaong evioyuong, oL SLO VLY VELTEG
TPOCOEVOVTAL GTO TEOLOY, UE ATOTEAECUA T7) YELTVINGY TwV OLO Wwhopltlovtwy
HLoELWY %ot T KETAED TOLG peTopoEa evepyelag eow whoplopov (FRET).

d H petagopd svépyerag and ™y me yowotxy (8011g) oty adln (8éxtng)
00MYeL 01NV Tapaywyn hoplopod oe SlpOEETIMO UNUOG UOUATOG.

1 H évtaon tou maepatnpoduevou whoptouol etvar avdhoyn tou cuvoirohd DNA

Flusrophore \‘LLLL:_‘

donor

TIOL TTUQAYETAL NXTA TTV AVTLOQACT).

Fluorophore
acceptor

Q
[TTTTTTTTTITTTITTTTTIT]
HNERENEENARE NN

DHA Target

Dionor exeitalion by an extemnal light
gource leads to the emigsion of

flustrescence by energy transfer



Alctdwt avTidQUoY| TNG TTOAMMUEQAOYG O TTQAYUATIXO YQOVO

(Real time PCR)

CLOTYIO AVIYVELOYG e avtyVeLTY] bOEOAVAYS (TOTov TagMan)

011401 0 AR A A B
24 A - 5

5’Nuclease Oligoprobe (Tagman)

anoSwatain uBp W Bwopdc EkKLYNTEOY
KAl avixXyeEun
B L 'J.Iim;
@ i
- mﬂ
. T Cleaved %
uBpBlonss Fluorophore
nodupeplopdc Emits
. e T RTINS 2 Fluorescence o O
& @& Re
B0 4441111111140 B 11111 10001 4 SOORPTRS Fluorophore  Quencher
pETATOmon
aduoiSac
T T YT —— n"...-.".---m:
Primer
. . . |
8100011001110 10000 AR b 110119011 0 s = 5'
Swaonaon
nofdupepuc 16¢ Target DNA
> o T 5 3’
a.;‘-““w'.t: s &
— - e r : - Qk b
. - v
; BRI 1 LM e e Y g
(Bustin SA. J Mol Endocrinol 2000, 25: 169-193)




d X1t ovyrexoupévy mepintwaoy), yivetor YONoY OOV 0MYOVoLxAe0TSimy: 600

EUNIVNTWY XUl EVOG OVLYVELTY] TOL aVOYVWELEL ot TEOGOEVETAL EWOME OF

eowTEONY| aAAAOLYla TOL ToAaTAxotalopevou tpotoviog g PCR.

d H pebodog awtn Baoiletor ot 8pdon 5'-vourkedong e DNA nolvpepdong, 7

OTIOL Y ONOLLOTIOLELTAL YL TV LOQOAVGY| TOL AVLYVELTY.

d O oaviyvevtig elvar éva olyovourkeotidio mov @épet 6t0 5' dxpo TOL Wi
YowoTny| ToL YHoEICeL not 6TO 3'GUEO TOL LK AALY YOWOTINY 1] OTIOLX ATTOREOYX
not €€OLOETEQWVEL TO ONPX TOL TEOEQYETAL AMO TNV TEWTY. Erol, Otav o
ovtyveutng etvar abimrtog dev mapatnpeitar whoptopog. Ouwg, o moApeQIoUOG
NATO TNV AVTLOQOGY| EVIGYVLOYG, OONYEL OTYV XTOXOTY] TOL AUQOL TOL AVLYVELTY,
OO TV TOAUEQAOY|, XXl UUT EMENTACY] OTY] OLAUOTY] TNG XAANAOEEOLOETEQWONG
TOL OYUATOG, e ATOTEASOPX TNV TapaywyY] pboptop.ov.

d Kabwg o molpepiopog ovveyiletor avdvovto to whoptlovia axpa Tou aviyveut
nov oamnehevbepwvovial  ual, CLVETWG, OLERVETAL TAQUAANAX 7] EVINGY] TOU
wboptopov. H adénom ot etvar avadoyrn pe 1o mpotov tov DNA mouv mapayetot.



20oTNpo aviyvevang pe avryveuteg Mogtaxovg Pagouvg”

Reporter and
quencher-marked

<| probe
/

Target DNA strand
hybridized with probe




[Toonettar yiao OMYOVOUUAEOTIOWX, TWV OTOLWY T AUQX EIVOL CLUUTATOWUATINE KETXED
TOLG, OTOTE POl AVAOLTAWOOLY, amOKTOLY Pior OOUY TOL ATOTEAELTAL ATO EVXL OIMAWVO
ULoYO %O (o LOVOrAWYY Ontd.

H oAiniovylo g Onldg elvot CUPTANQWUATINY TEOG U ECOWTEQIUN TEQLOYY NG
EVIOYLOMEVNC AAANAOLYLG-GTOYOV.

2.TO €V %O, T OMYOVOLXAEOTIOWX, YeEoLY wia whoptllovoa yowoTny, evew 0TO GALO
AUOO TOLG YEQPOLY EVAL AAAO HOQLO YOWOTINYG, ToL e€ovdetepnvel T0 Ywhopilov onua Tov
TOQAYETAL ATO TNV TEWT).

Kotd 1 Stxpneto g avtidpascmg, O aVLYVELTNG TEOCOEVETAL ELOMA GTO TROLOV, APOL )
XAANAETILOQUOT] LETAED AVLYVELTN-GTOYOL Elval HEQUOBLVAUIUA TILO ELVOIRY] ATO TNY OOUN
Onhag-pioyov Tov avryveuty.

H mnpocdeon tov olyovovrieotdiov o©Tt0 TEOLOV NG avTlOQXONG OOMNYEL OTNV
XTOUAKQLVGY] TWV OLO HOPELWY YOWOTIMWY AL OTNY AOLVOUIX UETUPOQAS EVEQYELXS
netagL toug peow FRET, pe tehnd anotereopa v nopaywyn pboptopov.

Ot Molecular beacon avtyveuteg etvat TOAD O €100l ATO TOLG GLULBATIHOLG AVLYVEVTEG
1OLOL U1UOUCG.

[Tapovotdlovy evpelor EPAREUOYY UVELWG OTOV EVIOTIOUO ONUELAX®Y UETAAGEEWY Kot
TOAMUOQYIOUWY, GTNY TOCOTMOTOL0Y] Taeboyovey pinpoopyoviopwy, nabwg emiong xot
OTOV TEOGOLOPLGILO TOL YOAOL TwY eUBELW®V.



200t aviYveLang pe avtyveuteg Moglaxodg Paooug

Molecular Beacon Probe

Target DNA

Unbound Probe in
Hairpin Configuration
(Fluorescence quenched)

Fluorophore  Quencher

%
”ﬁfmmn:i

Bound Probe
Fluorescence Emitted




Ynagyovv 6o pebodor mocotinonoinong Twy anoteieopdtwy ™G PCR: 1 anolvty xut 1 oyetinn
nebodog mosotiomoinorg.

A7oATY] TOCOTIXOTION O

2NV ATOALTY] TOCOTIXOTOINGY] XOY|OLLOTOLELTOL WLt TEOTLTY] UXUTOAY], 1] OTOLX UATXOUELALETHL [UE
Baomn Sdoyneg apatwoetg detypotog RNA yvwotng ovyrévipwong. H xapndin avty yonotponoteitot
WG NUUTOAYN VAPOOAS YLt TOV TROGOLOPLOIO T1G CLYUEVTOWAONG AyVWaTwY detypatwy mMRNAS.

H notaonsvn npotumng #opndAng pmopel eniong vo mooypatonotnbel yonotponotwviog Selypoto
YVWOTWY CLYUEVTOWOEWY TAACULOLanoL dixAwvov DNA, 7z vitro cuvtibepevov povoriwvour DNA 7
cDNA 10 omoto va #xwdnoToLel TO YOVISLO-GTOY0. 2e OAEC TIC MEQINTWOELS, 7] OLYUEVTEWOY] Twv DNAS
XVTWY ELVXL OLVATOV VX LTOAOYIGTEL UE PWTOUETENGY] O UATIAANAO uNnog nopatog (260 nm). X1
ovveyeta, Aapfavoviag vmody To popland Bdpog Ttov yonotpornotobvpevov DNA, 7 mpn g

oLYXEVTEWOYG ToL xabe Selypatog petatpenetat oe aEpd avTryoawy.



Agy" mocsotixod npoadiogiapod pe qPCR

10° 10° 10° avrtiypaga
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Ap1Onog avriypapov (log) ,

Cq: onpelo 610 omolo 1] eviacy phopiopod Eemepva To onpo voBaboov (peytoto devteEng
TILQOLY(DYOV)

To Suyoappo Babuovounong xotaoxsvdletar pe yoUQPIHN THQAGTHGY] TOV AoYxEiOpov TG
GLYKEVTQWGYG TWY TTEOTLTIWY GLVXETNOEL ToL avtioTtoryov Cq



XAPAKTHPIXTIKO ATATPAMMA BAGMONOMHXHZX

) 0.0+
] N
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D.OZ5—
0.0z —
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Log Conceniration

To draypappa Babpovounong nataonevaletor pe yoapny napaotocy) 1ov Aoyupipou

NG CLYXEVTOWOYG TWV TEOTLTWY GLYXPTYCEL TOL avTicTolryou Cp.
H anddoom g PCR Sivetan and tov thno: B = 101/,

Evpelo duvapnn neptoyn: 1x108 wg 1x10 copies/ pl..



ITOXOTIKOITIOIHXH (Quantification NOT
Quantitation!!!) ME EEQTEPIKA ITPOTYTIA

Target
r 3
Ayvwoto dsiypa g
Ei
T -
Avieyouppa 4 7
Babpovopnong = /7// %
% —» =
: F
i sry v B
n log {copymumber)

H ovy®evtowaor Twv ayvmaetwy Selypdtwy bTOAoYIeTal 68 AVTIYEUPR TOL YOVISiov-

GTOYOV.
To meotuTo slvor e€MWTEQIXO XA OPOAOYO.
’ \ |
Evpsia Suvapixn negroym.

Aev vraoyet eheyyogs i avacstorels g PCR mov mbavov va viikgyovy ato deiypo.



Q-PCR pe y0M07 €0WTEQIUMY TROTLTIMWY
Eowrepxer mootvma uy ayraywyviotixot toroo
T'ovidia avapopag (reference genes), omwg m B-axtivy

QY OLLOTIOLODY SO EETIN0LG exxtvnTeg ot vtoPaiiovton e PCR
TLQUAM|AL e TO OElYpaL Pe TO XATAAMAO (VYOG eXXIVNTMV

Aragaityty npodnofeson:

TULTOON O eTtie60 petayoupns Tov mRINA Tov TEoTOvTOL



XYETIXY] TOGOTIXOTIOIY|OY|

d or adayéc ota emimedo  éngppaong tov MRNA  evog  yowdiov-otdyov,
npocdlopilovial Oe OYECY ME T AVTLOTOLYX ETUNEON EVOG TXQXAANAX
evioyvopevov MRNA, evog #atdAAniov evdoyevode cuotaTnd expEAlOUEVOL
yovioiov-eheyyou (internal control).

d Or tpéc Cq too mRNA-otdy0U, 1660 TV detypdtwy 1pog eéétaon 660 1oL Tov
OElYPATOG-UVAPORAS, HAVOVIXOTIOLOLYTAL WG TEOGC TG KVTIOTOUYES TULES TOU
evdoYyevolg yovidiov-ereyyov. H navovinonoinon wg npog 1o evdoyeveg yovioto
amotteitar yrao ] 0topbwon twv mbavev Stapopwy petald Twv SElypaTwyY, Ol
OTIOlEG OWELAOVTOL OE OLXPOEETINY| CLYXEVTOWGCY] TOL NQYIMOL LTOGTOWUATOG
(cDNA) 7 og Sopopeg atnyv anodoTnoTNTH TG AVTLOQNOTG EVIOYLONC.



H yomnon som1egod nootdmou (Yovidio avapopds) dtogbnver Siapoeg mov
opsilovTaL o :

At avoELg oTIG XQYIMEG TOGOTNTEG TWV OELYUATWY

AL AVOELS OTX TOGOGTA AVAATNOYG TWY VOLUAEIMWY OEEWY

[TitBovy mototun vrofabuiorn Tov LAKOD Tov SelypaTog

At aveeLg 011 9OETWGY TV SELYUATWY 7] CYIARLXATA TUTETXQIOUATOC

Aronvpavoelg oty anodoorn uxta 1 obvbeorn tov cDNA (wvpaivetor and 5% ewg 90%)

[Tpovmoberer :
> tabepr) Enppaor ToL YOVISIoL AVOPOEAS

No un drapepet 1 andd007 TNy AvTidEACT] TOL YOVIBLOL-GTOYOL 1AL TOL YOVLOLOL-
AVOUPOAG



qPCR Efficiency

PCR inhibitors: PCR enhancers:
Hemoglobin, Urea, Heparin DMSO, Glycerol, BSA
Organic or phenolic compounds Formamide, PEG, TMANO, TMAC efc.
Glycogen, Fats, Ca?* Special commercial enhancers:
Tissue matrix effects Gene 32 protein, Perfect Match, Taq Extender,
Laboratory items, powder, etc. E.Coli 55 DNA binding

. F

real-time PCR
efficiency

DNA / \ DNA

degradation \ concentration
Tissue PCR reaction

A
degradation components
unspecific Hardware:
PCR products PCR platform & cups

Lab management DNA dyes Cycle conditions




First paper on digital PCR published in 1999, Bert Vogelstein

and Kenneth Kinzler

Proc. Nail. Acad. Sci. USA
Vol. 96, pp. 9236-9241, August 1999
Genetics

Digital PCR

BERT VOGELSTEIN* AND KENNETH W. KINZLER

The Howard Hughes Medical Institute and the Johns Hopkins Oncology Center, Baltimore, MD 21231

Contributed by Bert Vogelstein, June 9. 1999

ABSTRACT The identification of predefined mutations
expected to be present in a minor fraction of a cell population
is important for a variety of basic research and clinical
applications. Here, we describe an approach for transforming
the exponential, analog nature of the PCR into a linear, digital
signal suitable for this purpose. Single molecules are isolated
by dilution and individually amplified by PCR; each product
is then analyzed separately for the presence of mutations by
using fluorescent probes. The feasibility of the approach is
demonstrated through the detection of a mutant ras oncogene
in the stool of patients with colorectal cancer. The process
provides a reliable and quantitative measure of the proportion
of variant sequences within a DNA sample.

We therefore sought to develop an approach to the problem
that would overcome some of the aforementioned difficulties.
The strategy described in this paper involves separately amplify-
ing individual template molecules so that the resultamt PCR
products are completely mutant or completely WT. The homo-
geneity of these PCR products makes them ecasy to distinguish
with existing techniques. Such separate amplifications are only
useful in a practical sense, however, if a large number of them can
be assessed simply and reliably. Techniques for such assessments
were developed, with the output providing a digital readout of the
fraction of mutant alleles in the analyzed population. A variety of
applications for this technology are foreseeable.

MATERIALS AND METHODS



DIGITAL PCR

Digital polymerase chain reaction (digital PCR, DigitalPCR, dPCR, or dePCR) is €
biotechnological refinement of conventional PCR

With dPCR we can directly quantify and clonally amplify nucleic acids strands
including DNA, cDNA, or RNA.

The key difference between dPCR and traditional PCR lies in the method of
measuring nucleic acids amounts

dPCR is more precise than PCR. A "digital" measurement quantitatively and
discretely measures a certain variable, whereas an “analog” measurement
extrapolates certain measurements based on measured patterns.

dPCR also carries out a single reaction within a sample, however the sample is
separated into a large number of partitions and the reaction is carried out in
each partition individually.

This separation allows a more reliable collection and sensitive measurement of
nucleic acid amounts.



Digital PCR main advantages

Absolute quantification

Better accuracy

Higher sensitivity

No need for calibration curves
Less prone to experimental errors
Closed tube

mutiplexing



Droplet ddPCR - main principles
DNA

Dilute to ~1/2 copy/well
Step 1 J{ BCR
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Add Fluorescent Probes
Step 2 Fluorometry
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Droplet dPCR - main principles

Nanodroplet PCR reactions
are independent, single
amplification events

One measurement Many thousands
of discrete measurements



One Muorescence




ddPCR

A gPCR

partitioning

_) negative droplet
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analysis

analysis

end point
PCR

quantitative
real time PCR



aqueous phase
containing cells,
enzymes, reagents

oil phase
with surfactant

monodisperse fL-nL droplets
1-104 droplets s
single molecules, cells



Droplet ddPCR - main principles

videos

https://www.youtube.com/watch?v=0gdmw3wvMFo

https://www.youtube.com/watch?v=KE8nhJSkG 4

https://www.youtube.com/watch?v=LbFuvIRBUzc



https://www.youtube.com/watch?v=Qqdmw3wvMFo
https://www.youtube.com/watch?v=KE8nhJSkG_4
https://www.youtube.com/watch?v=LbFuvlRBUzc

1. QX Droplet Generator —

€— Sample

Oil = ) { €= Oil

O Droplets

0

2. classic PCR In a

thermocycler

QX Droplet Reader-

© O




4 Primer

TTTTGGTATAACCCTGCAACAACAACAACAAAAAAGGACAGCCTCCTC AAAAAAGTAATTCTGCCAATTTF«ATCAGAGGAG;GTGTTAC AGTTCTTATGGTATGTCCGGAGTT

Primer v F’ _— @ @
Droplet digital PCR ‘ﬂj&m R |

(| §
(‘ el J) Bio-Rad QX100
i
1. MAKE 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



Bio-Rad - QX200™ Droplet Digital™ PCR System
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“BEAMing”

Kinzler ka1 Vogelstein , 2003
Beads — Emulsion - Amplification — Magnetics

Sysmex- Oncobeam technology
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Sysmex- OncoBEAM technology

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.sysmex-
europe.com/fileadmin/media/f100/Business_Lines/Brochure/Sysmex_Inostics

_BEAMing_performance EU_O01.pdf

OncoBEAM™ Technology: BEAMing Digital PCR
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Syamex Inastics” BEAMing Digital PCR technolegy combines emalsion PCR with magnetic beads and fow cytomatry for
the highly sensitive detection of mutant tumos DMA molecules,



Bio-Rad - QX200™ Droplet Digital™ PCR System

multiplexing

VIDEO

https://www.youtube.com/watch?v=flJ9ssIACkO



The naica™ system
STILLA technologies

THE UNIQUE FEATURES
OF THE NAICA™
SYSTEM:

1. An easy-to-use and
integrated solution for
digital PCR

2. Fast time-to-result (2h
30min)

N~ 3. Reliable multiplex
assays with 6-color
detection



Oncology

Food &
GMO Testing

Hematology <>

= Assay
Environmental Development
Testing &QC

Infectious

Cell & Gene
Diseases

Therapy

Gene Editing
& Epigenetics

Qg Neurobiology

Liquid Biopsy




NAICA®

SYSTEM
WORKFLOW

HANDS-ON TIME
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“DemoData

Plots &
Poputations
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PCR APPLICATIONS

PCR-based technologies are used every day in , ,
and . These applications require reliable performance, superb
sensitivity, and stringent specifications. As such, and must be

compliant to and specially designed for these purposes. Examples of

include genetic testing, detection of oncogenic mutations, and testing for
infectious diseases. In forensics, relies on amplification of
unique short tandem repeats (STRs) on gDNA to differentiate individuals. In agriculture,
PCR plays an integral role in ,

?

and
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