


 Polymerase chain reaction (PCR) je
metoda za brzo umnozavanje
miliona/milijardi kopija specificne
sekvence DNK u in vitro uslovima.
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* Analizi eukariotske informacione
RNK (iRNK) engl. messenger RNA
(mMRNA) — analizu genske ekspresije

 Amplifikaciju virusne RNK.




PCR amplifikacija

DNK uzorak

Polimeraza

dNTP mix

Prajmeri specificni za DNK sekvencu
Puferi




Reverzna transkripcija

 Enzim reverzna transkriptaza —
retrovirusi

Viral RNA

Reverse transcription

Viral DNA

]




Koraci reverse transcription (RT)-PC

* Prvi komplementarni DNK lanac
* Dvolancani hibrid RNK/DNK.

* Enzim RNK-aza razgraduje RNK
* Sintetise drugi DNK —
dvolancana DNK — cDNA (kDNK)

* PCR



Prajmeri za RT-PCR

e Oligo (dT) prajmeri nekoliko
uzastopnih deoksitimina (dT) koji se |
po sistemu komplementarnosi lepe £
za 3’ poli A repu (EUKARIOTI)

Random prajmeri sekvence sa poti 7
nasumi¢nim redosledom nukleotida p, 3¢
— random heksameri A

e Specificni prajmeri




OneStep RT-PCR
TwoStep RT-PCR

1. Reverzna transkripcija

2. Amplifikacija

primers o
RMA isolation reverse transcriptase Reverse transaiption
Sample — + DMA polyrmerase —
buffer reagents and PCR
RMA

One-step RT-PCR

. . nor-specific primer Reverse transcription ' ;
Sa le RNA isolation 4 | reverss transcriptase Pt + specific primer
P DMA polymerase BCR

buffer reagents
RNA cDNA

Two-step RT-PCR
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aal-time PCR

Real-time PCR je modifkovni konvencionalni PCR
koji omogucava pracenje amplifikacije (akumulacije
amplifikata) u ,real time®, odnosno tokom svakog
ciklusa i amplifikacije.

Real-time PCR pruza kvalitativne rezultate
(prisustvo ili odsustvo sekvence), kao i
kvantitativne rezultate (broj kopija DNK).

Visoka specificnost i osetljivost (100 puta osetljivija
od end point-PCR)

Reakciona smesa za real-time PCR reakciju
sadrzi:
- DNK polimerazu
- dNTP
- par prajmera (forward & reverse)
Mg2+, pufer
ili



Kako real-time PCR radi?

Razvijene su dve razliCite real-time PCR tehnologije:

SYBR-Green® tehnologija
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1. Dye in solution emits 2. Emission of the
low fluorescence fluorescence by binding

TagMan® probe tehnologija
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1. SYBR-Green® tehnologija
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2. TagMan® probe tehnologija
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Melting curve

81.25 °C
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Temperature (°C)




83.4°C
81.9°C | 84.3°C

Melting Peaks

«(/dT) Fluorescence (530)
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Amplification Product
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Calculation of real-time PCR efficiency

39 -

a0 4

25 4

20 A

—&— ng cDNA vs. CP(TyrA) slope =-3.122, E=2.09
—&— ng cDNA vs. CP(PyrB) slope =-2 892 E =216
—y— ng cDNA vs. CP(Gst) slope =-3.337, E=198
regressions

19 1

cycle number of crossing point (CP)

10 ; . -
0p2s 0p0 0.1 0,25

Gene.Quantifiaction@wzw tum.de @ 2002

0.5 1 2:5 5 1.D 2.5 Si]
cDNA input (ng)
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APSOLUTNA KVANTIFIKACIJA

Amplification Plot
10
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Razblazenja od 25 nanograma do 1,49 femtograma (10~1° gram).
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Taric, E., Glavinic, U., Stevanovic, J., Vejnovic, B., Aleksic, N,
Dimitrijevic, V. and Stanimirovic, Z., 2019. Occurrence of honey bee
(Apis mellifera L.) pathogens in commercial and traditional
hives. Journal of Apicultural Research, 58(3), pp.433-443.
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Figure 3. Amplification plots following real-time PCR demonstrating the detection of viruses in adult bees. Lines 1-4 — positive con-
trols: (1) Blue line — for ABPV; (2) Red line — for CBPV; (3) Orange line — for DWYV; (4) Green line — for SBV; Dashed lines (5-8) —
samples, correspondingly. Dotted lines (9—12) — negative controls, correspondingly. Single replicates are shown for clarity.
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Slika 7. Real-time PCR fluorescentnih kriva standarda za L. passim. Standardi su dodati
u serijskim razblazenjima od 1<10” do 1+10* plazmidne DNK. $to rezultuje u 1x10’ do

1x10* kopija po ul.

Slika 8. Topljenje (melting) produkata sa temperaturom u rasponu od 60 do 95°C, sa

brzinom grejanja od 0.5°C po sekundi 1 konstantnim belezenjem nivoa fluorescencije




otryebe real time
nu kvantifikaciju
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virus hironicne paralize pcela NEGATIVNO
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m virus deformisanih krila ® virus akutne paralize pcela
w virus mesinastog legla m virus hroni¢ne paralize pcela
90
2
0 | 78% x-test  p>0,05
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jako drustvo srednje jako drustvo slabo drustvo
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Individual females
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Cq values

Fig. Viral RNA loads (Cq) of Individual females females orally fed with

WNV NY99. Data are given for infection (data from bdomens, filled
circles), dissemination (legs and wings, gray squares), and
transmission (saliva, filled triangles). Females” progression number is
reported as from the highest to the lowest viral RNA load in
abdomens




ivha kvantifikacija

 poredenje dva uzorka jedan u odnosu na drugi: npr
- pre i posle tretmana lekovima ili tretirana lekvima
i kontrola (koja nije tretirana)




ivha kvantifikacija

 poredenje dva uzorka jedan u odnosu na drugi: npr
- pre i posle tretmana lekovima ili tretirana lekvima
i kontrola (koja nije tretirana)
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HuBou ekcnpecuje reHa 3a abeuunH TOKOMm
BpemeHa
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HWUBOW eKkcnpecuje reHa 3a XumeHqnNTeUnH
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HuBOU ekcnpecuje reHa 3a annapumnH
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HuBou ekcnpecuje reHa 3a ButenqreHunH

TOKOM BpemMeHa
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Toll pathway JNK pathway JAK/S
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Toll pathway

PGRP SC 4300
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JAK/STAT pathway
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geneticko testiranje (nasledna oboljenja) (prisustvo
mutacija koja dovode do oboljenja)

- preimplantaciona i prenatalna dijagnostika
- efiksnost lekova, suplemenata, aditiva...

- forenzika

- identifikacija osoba pomocu DNK profila (“genetic
fingerprinting”)

- odredivanje srodstva (oCinstvo, majcinstvo,) |
- infektivne bolesti, mikrobiologija, virusologija /f /’
naucna istrazivanja



Real-time PCR PCR

> Real-time PCR > PCR

* End point...

Nije automatizovan,
etidijum bromid,

rezultati su kvalitativni, ne
kvantitativni...

* Senzitivniji, brzi, nema
manipulacije sa
amplifikatom nakon
reakcije, manja
mogucnosti za
kontaminaciju...

Yitrogen-
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