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PCR and RT-PCR

PCR, or the Polymerase Chain Reaction, is a process for the amplification
of specific fragments of DNA - tell us what

Real-Time PCR a specialized technique that allows a PCR reaction to be
visualized “in real time” as the reaction progresses = tell us how much

As we will see, Real-Time PCR allows us to measure minute amounts of
DNA sequences in a sample!




Definition
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Real-time PCR is the continuous collection of fluorescent signal from

one or more polymerase chain reactions over a range of cycles.

Quantitative real-time PCR is the conversion of the fluorescent signals

fromeach reaction into a numerical value for each sample
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PCR amplification of DNA
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PCR, Theory vs reality

¢ In theory, PCR reactions amplify

exponentially, doubling every

cycle and grow forever.

¢ In reality, the reactant for

polymeration is limited
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Threshold Cycle

sthreshold cycle or the C;
value is the cycle at which a
significant increase in ARn is
first detected.

it is the parameter used for
quantitation

* C; value of 40 or more
means no amplification and
cannot be included in the
calculations

UGM.AC.ID

- Plateau

Theoretical
increase

Log Target DNA
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Reality

Cycle #
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Exponential phase

Threshald

Baseline No template control

—_—
0 20 40

LOCALLY ROOTED, GLOBALLY RESPECTED

9/26/2018



UGM.AC.ID

Threshold Cycle, C;

The point at which the fluorescence rises
appreciably above background
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We can easily see that the left-
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right shift in the curves is 5000000 ——
related to the starting quantity ~ *™™ /77
Of DNA! 3500000 / / /
Cq (“Cycle Quantity) values identify 3000000 / / /
the curve positions, based on where  zso0000 1]
they cross a threshold. 2000000 117
DNA Quantity and Cq value are :zzzzzz ]
related as: o000 ///L /
Quantity ~ 2¢4 S
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How do we detect and measure DT\’IA?

1. Non-specific fluorescent dyes:
- intercalation with any dsDNA
- SYBR green, EVAGREEN
2. Sequence specific primers & DNA probes:
- oligonucleotides labeled with fluorescent reporter
(a) Hydrolisis probe: TagMan, Molecular Beacon, Scorpion

(b) Hybridizing probe: FRET
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Ethidium Bromide

[[Sar = Sarcoine = H,€ — N = T, — COOH (N Medhylpiycine]

CHy
Meval « Mevaloalc acd = HOGH, — CHy t!} CHy— COOH
+ = common and well known | o
- = tOXiC’ not very brlght B-DNA before Interealating sgenm B-DNA after
impereatation intereatation
s
.
et

m’

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

| UNIVERSITAS GADJAH MADA

SYBR Green | L

+ = Bright fluorescence!

+ = Low toxicity!

Fald increase in revertants

Test strain
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SYBR Green in Action
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PCR makes more double-
stranded DNA
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3 Taq 5
- (Y (|
5 3
Taq
SYBR Green dye
binds to dsDNA
A 4 4 < A 4
v e S A8
Q N
£ N ) = Taq
5
Taq Z =2 ¢
% 2,
=i

When illuminated with light at 490nm,
the SYBR+DNA complex fluoresces
at 520nm.
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The advantage of SYBR Green

* Melt curve analysis

* Melt curves can tell us what products are
in a reaction.

* PCR products that are shorter or lower
G+C will melt at lower temperatures.

» Different PCR products will therefore
have different shaped curves.

*  HRM for SNP
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RFU vs Temp
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TagMan PROBE

TagMan probe ‘

t
dm‘b' - -
5 5 3’ -

=% template DNA

R
~2/ T )n;tideﬁ R=reporter
- s ‘ b from TagMan Q= quencher
oo . £ q

3|

complemantary strand
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Multiplexing from an instrumen perspective
Dye | Excitation{nm}| Emission{nm I
1 Choosing a Flourophore & Quencher
L IEE L 5 2
JOE 520 g Fluorophores: Quenchers:
e I ~555 | singleplex - FAM FAM BHQ-1
*_EK:: HEX 535 T 556 Duplex- FAM, VIC TET, VIC
e : [ Triplex- FAKVIC,] HEX RABGYL
| R6G | 524 557 . ' JOE Eclipse
Cy3 550 570 3 CY3 TAMRA
TAMRA 555 576 H rT:AMRA ik
¥3.5, Redmond Red -
Bt a1k Texas Red, ROX BHQ-2
CY5 LC640

CY5.5 LC705 BHQ-3
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TYE™ 553 (5531
Oy 3 1564
Quenched by lowa Black® RQ ATTO™ 5300 1575 RO 08!
and Black Hele Quencher”-2 TAMPRA 15531 ATTC™ Rha 101 1603
ATTE™GEG 15810 TRAE15(673) THF™ B85 (665
leas Hed*X 16201 Oy b GGE
|
T
o ke Quenched by ZEN™ lowa Black® FQ
522 5
iy iasg Ao and Black Hole Quencher®-1
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Excitation (nm) | Detection (nm) Calibrated Fluorophores

i T e Y 450-490 515530  FAM™, SYBR Green |™
b s S e f P 1’2 515535 560-580  VIC®, HEX™, TET™, Cal Gold 540™
."? 1 ( i ; <3 560-590 610-650  ROX™, TEXAS RED®, Cal Red 610™
Bbersat! hmgoa”! R 620-650 675-690  CY5, Quasar 670™
5 672-684 705730  Quasar 705™
Molecular beacon 6 450-490 560-580  Accommodates FRET Chemistry
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Other system

* Dual hybridization probes (FRET)
* Eclipse probes

* Amplifluor assays

* Scorpions PCR primers

* LUX PCR primers

* QZyme PCR primers
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FRET g @ Qoo

Acceptor fluorophore

4
— ]

During annealing, the two probes bind
to the target in a head-to-tall orientation.

The acceptor fluorophore fluoresces

* Use two sequence-specific oligonucleotide probes designed to bind to adjacent sequences in the
target

* The probes are labeled with a pair of dyes that exhibit fluorescence resonance energy transfer
(FRET). The donor dye is attached to the 3' end of the first probe, while the acceptor dye is
attached to the 5' end of the second probe.

* At the annealing step, the probes hybridize to their target sequences in a head-to-tail
arrangement. This annealing brings the donor and acceptor dyes into proximity, allowing FRET to
occur, resulting in fluorescent emission by the acceptor.

* The increasing amount of acceptor fluorescence is proportional to the amount of PCR product
present.

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

Y0 UNIVERSITAS GADJAH MADA

Eclipse probes

yﬁ mncho ann s e acs:  © The Eclipse probe is complementar
' to a sequence within the target an
N has a fluorescent reporter molecule
at theﬁ%' enddcorBtKliRed.with a
— 4 R _ uencher and a minor-groove
KQFQ } ks ettrpaninl g o el ginder at the 5' end. &
anc quencher. Ths roporter fluorcacea
* The unhybridized probe is
B~ guenched.
porter
© cuercrer * During the annealing the probe thus
el — becomes linearized, resulting

fluorescence signal is proportional
to the amount of amplified product
in the sample.
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Amplifluor assays

—_—

3
" \ s The Z primer anneals, and is extended in

the first amplification round

4

The UniPrimer anneals to the sequence
of the Z primer and is extended by the

6 polymerase

The UniPrimer-containing product serves
- ° as a template for the other primer

G’ Extension of primer causes the hairpin to
‘, unfold and to separate the reporter and

gquencher. The reporter fluoresces
q@ 0 Reporter
é e Quencher
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Scorpions PCR primers

The Scorpicns primer acts as a probe.
The intact primer forms a haipin so that the
quenched reporter does rot fuoresce

Duriry i It hainpin paimen binds
ta the template, and is then extended

Durirg subsequeni denaturation, the recorer
=epaatea fmm the quancher and the lnnp
sequence binds to the internal target sequence.
The ieporter or the extendec Scorpicns primer
fluocresces

Q Repun len
G Quencher

{_; PCRR biocker
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LUX PCR primers

%)
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' Denaturation
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.., Annealing
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.r Extension

Q
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The LUX primer forms a hairpin so that the
quenched reporter does not fluoresce

The primer becomes single-stranded

During extengion, the primer is extended, and
the reporter fiv in the doukbl ded

DNA product

a Reporter
LOCALLY ROOTED, GLOBALLY RESPECTED
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QZyme PCR primers
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The Qzyme primer encodes the
talytic DMA. Duning annealing, the

'r Extension

Denaturation
. Annealing of probe

@

2 0

Qzyme primer anneals to the target

During extension, the catalytic
ONA is made

Dwuring the next annealing step, the
catalytic DMA binds the probe and
cleaves the reporter from the quencher

The free reporter fluoresces

© reporter
© aunecner
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Designing primer and probe gwdélme

Primer specificity
* Any gene of sequence of a species could be as target of primer design
* Single copy gene represent (haploid genome equivalent-HPE)
* Non-specific amplification is one of the greatest challenges = prevent
mispriming
* comparing sequence similarity between the primers and all other template
sequences in the design space (software available)

Primer length
* 17-22 nucleotides long
* Too short lead to non specific primer
* Too long to secondary structure
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An example targeting a gene

25

w
a

]

3

o i g e

* ND
R? = 0.BRSE

‘_?_‘ $-o N 0’3 - & :. & CYTB

. TR
- e

o of radieal 2ming acld property changes
o

4 COX
R® = 0.5408

%M;xﬁﬁlﬁ-a e i

na 025

branch langth

ATPase genes allow the discrimination of even closely related species, hence, allowing ATPase
genes to have sufficient degree of intra-species regions and inter-species polymorphism
which simplified the species detection procedure
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Designing primer and probe guidé"l'i‘ne (Cont)

Primer GC content
* 35% to 65%
* Too low & poor annealing
* Too high - mispriming
Primer 3’ end stability (entrophy calculation)
* To stabile 2 mispriming
Primer sequence complexity

* Low-complexity sequences should be discarded = mispriming, difficult to
synthesis
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Designing primer and probe guidé’ii‘ne

Primer melting temperature Tm=4*(G+C)+2*(A+T).
* forward and reverse primers should have similar Tm values

Primer location in the sequence
* Importance for expression study

Amplicon size
* Typically the size range is 60—150 bp
* Affect the efficiency

Primer and template sequence secondary structure
* secondary structures can retard primer annealing

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

15



| UNIVERSITAS GADJAH MADA

Tagman Probe

* The probe Tm should be ~102C higher than the primers

* Do not put G at the 5’ end of the probe as this will quench reporter
fluorescence

* GC content should be 35-65%
* The probe should not self-anneal to form secondary structure

* The probe should be selected from gene-specific regions (the primer
could be general)

* The probe should be as close to the forward and reverse primers as
possible, without overlapping the primer sequences

UGM.AC.ID
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Exam P le: Design of porcine (Sus scrofa) specificfa_\'\qMan probe and
primers

http://www.ncbi.nlm.nih.gov/

Sus scrofa mitochondrion,
complete genome (NC_000845)

Sus scrofa mitechonedrion, complete genome
MG e e NG_J00ES -

Sus scrofa mitochondrion, complete genome

MCEI Referance Sequerce: MC_000843.1

—_— e = —_— e —— — GenBarh  Sraphics

SHC
ATGAN

S@5,1:Y1E0-¥E00U Sus Bcrofs mitccohondrlon, CoXp_BTe CEnoTe

AR T TR T T CCT T T I IAT TGO OO A GRIARTI AGGAC TROCTRITSICRCCTIRATIR
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http://sg.idtdna.com/PrimerQuest

SOXKIDT S, The design parameters:
amplicon size : 70 — 150 bp
B oessovon et dumme e > Primers

e size: 18 -30bp
» the melting temperature: 59 — 65 °C
ey D i * GC content : 35-60 %

» Probe
size : 20 — 30 bp
* the melting temperature : 64 — 72 °C
* GC content : 40 — 60 %.

Il

List of primers and probe set

PrimerQuest Tool

Sequence Enfry

- Enteracquence(a) manualty

Sevuurivy N ATPase s i e o Sy

+ Duw el s gust ueiat usiyy Gonben s u Acaession 1D

* Uyl seuasnves e Bl fiv

Choosc Your Design
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Primers and probe set

Starcard Hugketce ELAST

% homology of the
primers and probe
to species

Fragram Sciccdon
Spiimze fo

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Microorganism laraget gene Application lest characteristics “ood matrix
qI'tl studies
Salmeoneila spp. A Detection Enrichment  gPCR TagMan®, JACY Arificially contaminared
DL": <25 CFUI25 y salicon and tinced clischen nueal, minwed e,
1oeal, 5 CFL25 g clicken meat, salme, vew milk
5 CFH 2% mil milk
sSaimoneila spe. i Detection Lnrichment — qICk — LightUycler” Mrtificially contaminzted fish,
hybridization probes, IAC minced beef, raw milk
DL: <5 pells25 Matuwally contaminated taw
milk and mear
saimoneila spe. i Detection Larichment — g1k — TagMan® Artificially contamingted
DALz .08 ar 0.2 UIU)g (24 h-enrichment mashecd patatoes, soft cheese
ar 48 h ensichment) chilli pawcer, chocolate, eggs,
sprouts, epple juice, fish, shiiap,
grouind beet grovnd chicken
saimoneila spe. 57l Dctection Larichment —qI'Ck — Tagvan ™, IAC Artificially contamingted fresh
DL: | 10 CFUjem? Meat Carcassas
Sulmmocsella spp. A Dl iion Emticlunent — 4PCR — Molecular Beacon Apificially cuntaminsted cantaloupe,
N4 CFIG g mixed-salad, nlantro, alfalfa sprouts
Salmoneiln pnierica A Detection Frrichment — qPCR — Taghan® Arnifaally eontaminzted chicken
DL: <3 LiUfiag C2rcass rinses. ground beef,
around pork, raw milk
Maturally contaminated chicken
FRTCARSS Minses, raw milk
saimoneila enterica s5GIN Detection Lnrichment — gl — fagMan®, AL Artificially contaminzted chicken,

DL: | CFU/10g

Food Microbiology, 2011, 28, (5) : 848-861

UGM.AC.ID

liquid egg, peanurt Juter
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Mivivorgdanizim Tatyel gene Application Test characleristics Fovd matiix
YPCR studies
Salmonella spr. A Deterhon Fnrichment — qPCR — Tagqhan ™, 1AC Arrifinally eontaminared
o 510125 2 salmon and minced chicken meat, minced mear,
meat, b LU 25 g chicken meat, salmon, rave milk
5CFuU;25 mi milk
Salmuaella spp. invA Detewtion Enwiclument — 4PCR — LightCyche™ Avcificially cuntamineted s,
[F} ization probes, IAC cnincet beel, raw 3
Mz <5rells25 2 Nahwrally contaminated raw
milk and meat
Saimonella spp. A Detection Enrichment gPCR  TagMan" Artificially contaminared
DL: 0.08 or 0.2 CFUjg (24 h enrichment mashed patatoes, soft cheese,
ar A8 h-encichnent) clulli powder, chocolate, epps,
sprouts, apple juice, fish, shrimp,
groand heet, gronind chicken
saimonella spp. s5rA Detection Enrichment  gPCH TagMan®, JAC Artificially contaminated fresh
DL: i—10 CFU,IGTIJ Meat carcassas
Suimmucaeila spp. iugA Dt iion Eniclument — gPCR — Molecular Bracon Ardifleially cuntaznineted cantaloupe,

N4 RIS g

sequences of primers and probes veed in design and developmant of the serd salmonella assay.

mixed-salad, nlantro. altalka sprauts

Name Sequence Sire (hp)
Entero-tin F 5 -GLOCCTGATTCTCCATTCCA-3 20
Enzzro-tm B S -IGGTGGALCTCCCGOCA-3 |
FPF 5 -CETCCTAAAAAGCCGCAS! 17
'R 5 -CACTIGANCOCGCGTE-3 16
AV FAM-CAAACGATGAAACCTACGOTTTAGC-RR 25
Mz FAM-ACACTAGOCTCATICCTTTTAACGCT-BEG 26
1AC-Fuk eiee RO -TCAAATTCAAA AT AGATCCOGTORA-FHO2 75

UGM.AC.ID
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Lisderia munocplogees

Listeria muonvoptoperes amd ctlner species

Tisteria manocptogenes and nther species

Livteria muonuoplogenes

Stgphylocowns uuwreus

staphylosnccus nireis

staphylococcus oureis

Stephylococcus nureus

Lnterobacteriacene

Evcherichiu coli

Focherichur coll 0157 H7

wrfA Drelestion
A Detelion
a5l Nietection
165 rRNA Dulection

Quantificztion

s Declelion
Duantfiration
i Itertion
Uuantification
nie Detection
Quantification
furA Detection
lacs Letection
Quantification
widd Detection
Quantification
Pae Netection

Encichinent + gPCR — Taghlan®, L4

Mz A OIS ml milk, A CFLAN g salmon,

1 CIUf1a g pace and checse

Ewichuent + gPCR — hybeidization

ke TAC

DL 1-5CFUf25 g

Forichment -+ qPCR — LightCyeler
hytridization prodes, LW

DL 1 SCRUMESE

Ewrichunent + gyPCR — SYER™ Gresn
DL 1-5 CFUJS0 g

yPCR — SYER™ Green, Tayhdan™

Ql: 20300 CAZ g

{depending on the type of cheese)
L 1RY Green, Tagidan”

Ll 5 10F° CrUjg

qQriE  1agMan’

Enviclunent + gPCR — SY3R™ Given
£L: 1 CFUjg; 107 CFUjg

without earichment

enrichment + qU'CR — SYUR" Lreen
DL 1 celljml

Erichin YPCR — TagyMan®
DL/QL: 1 CFU(g; 10° CFUg
wilhoul envichoent

Fnnchment + qPCR — Scorpion
BjuL: 107 Crujml

{without znrichment]

Autificizlly contancnated rave wilk,
salmor, pate, green-vemed cheese
MNaturally contaminated fizh, meat,
meat preducts, and dairy products
Antificdally wntanindled soll dieese
el milk, veselables {wwlelaw],
smoked salmon

Milk and milk products, meat and
meat products, fsh and fishery
products

Artificizlly and naturally
contaminated collzrd green, cabbage,
lettiee, minied parsley and spring
anian hurches, Chinese cahhage,
ugula, chicory, wild chicory,
spinach, warercress

Ardd

cially contaminated cheese

Arrificially eontaminated heef
Matural fresh meat products,
salads, chease, smoked salmon,
pald, pistrails, prepared egg,

ready bo serve dishes, e crezm,
dry-cured meat products,

frash salmon

Mill: from cows with
intramammary infection
Avtificially conlaminated mils, puk

Artificially contzminated cheesc

Artificially contzminated
minced beef, tunz, raw oyster

Artificially contrminated mils
Matural samples of raw mils,
pasteurized milk. ice cream,
kulfl {frozen dessert], pancer
el I infant foods

9/26/2018
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gpretasi Data Real Time PCR

i
4 Tri Joko Raharjo
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Ct dan ARn

* The Ct is defined as the cycle when sample fluorescence exceeds a
chosen threshold above background fluorescence. Cp or crossing
point.

* Rn, the normalized reporter signal

* reporter signal is normalized to a reference dye by dividing the raw fluorescence of the
reporter by the fluorescence of the passive reference, to compensate for minor well-to-well
variation

* ARn, normalized fluorescence value corrected for the background
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96 identical reactions will have
almost identical C; values

-l
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=]
=1
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o
=1

PCR Base Line Subtracted CF RFU

=]
=]

=1
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ldeal PCR
Product;=(Template,)2"

Where n=Number of Cycles

* 1C;Difference = 2 fold difference in starting template amount

* 3.3 (, Difference = 10 fold difference in starting template amount
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i A0 004 A G I
2N =10fold =
E o | -
n |n 2 = |n 10 ﬁ =T | I . 703
(RIITInE . L
; 40 —I . . soz
n= |n10 é 300 i o p”'- :; a0
e A A ) L L e
& | | Lar| el : N
In2 L PNz
oo L E | L +—+-100
n = 3.32 0oz 4 B & 10 .z 14 16 18 ;;c? MOE I3 30 3 M M OIE 40 %2
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Standard curves

* To determine if an assay is optimal
* Determine the concentration of template (OD 260 nm)
* Convert to molecule number (copy number)

Mass (in grams) x Avogadro’s Number — molecules of DNA
Average mol. wt. of a base x template length ~
* Example 0.8 x 107 gm = 6.023 % 10* molecules/mole
330 gm fmolefhase x 75 hases

2.0 % 107 molecules (copies) of DNA

* For double-stranded templates, use 660 gm/mole/base

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Standard curves

* Prepare seven 10-fold dilutions, starting with 1 x 107 copies to 10
copies

* Perform the realtime PCR, use a optimized primer/probe
concentration that gives the highest ARn and the lowest Ct

* Draw xy plots with the log template amount as the x value and the
cycle threshold (Ct) as the y value

y=mx+b

where y = Ct, m = slope, x = /og10template amount, and b = y-intercept.
r2, coefficient of determination

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Efficiency

* Efficiency is primarily an indication of how well the PCR reaction has
proceeded

Efficiency = [10¢1°P9] _ 1

* 12, measure of the accuracy of the dilutions and precision of pipetting

* y-intercept is an indication of the sensitivity of the assay and how
accurately the template has been quantified.

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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—
537 @ Perfect assay »37 Slope =-3.3
O Poor efficiency yrnthigh
4 Underestimated quantity, 3337 J I
3337 {4, degraded template i
Slope =—4.0
‘ ‘ y-int high
Slope =-3.3
33 g y-int good
Logy, template molecules Loga template molecules
Nn = (No) (1+E)" n = Log(Nn) - log(No)/log(1+E)
Nn= number of copies of thentemplate after n cycles,
No= number of copies of the template at cycle O,
E = efficiency
n = number of cycles.
UGM.AC.ID
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* At 100% PCR efficiency, a single copy of template should be detected
between 33.3-36.5 cycles.

* Therefore, a perfect assay would have a slope of —=3.32 (100%
efficiency), a y-intercept between 33 and 37 cycles and an r of 1.00.

* An assay can have an apparently acceptable efficiency of 95-100%
but if the y-intercept is substantially higher than 37 or lower than 33,

it indicates that the amount of template has not been correctly
determined

UGM.AC.ID
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* In the case of a high y-intercept, deterioration of the template is likely
Degradation of template is a common result of too many freeze—thaw
cycles of the standard or storing the template at too low a
concentration without a carrier.

UGM.AC.ID
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Annealing temperature is critical

- Serial dilutions

8 temps from 55°C to 68°C

+62°C is optimal

Specificity

Reproducibility
PCR Reaction Efficiency

Sensitivity

Reliable data

-low Cts and highest reaction

efficiency

UGM.AC.ID

67°C |-
62°C |-

56°C | -

LOCALLY ROOTED, GLOBALLY RESPECTED
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7 || Efficiency = 68% |

!4‘ Eﬁi;ienfy =99% ‘

: ‘ Efficiency = 98% |

9/26/2018
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Instrument

ABI Prism® 7500
ABI Prism® 7700
BioRad iCycler®
Cepheid
SmartCycler I*
Corbell
Rotorgene™
Roche LC 1.2%
Roche LC 2°
Stralagene
Mx3000p”
Stralagene
Mx4000®

Mean
Range

UGM.AC.ID

Default analysis settings Adjusted analysis settings  Difference
Efficiency y-Intercept  Efficiency y-Intercept A Efficiency A y-Intercept
128% 333 994% 35.9 29.0% 267
106% 35.8 1034% 35.9 3.0% 0.0
100% 34.8 98% 35.9 -1.3% -1.12

94% 38.5 96% 36.9 2.7% 1.62
101% 36.3 101% 374 0.3% 1.04

95% 36.8 944% 38.1 0.8% 1.32

99% 34.5 984% 359 1.7% 141
102% 37.8 103% 359 0.6% 1.83
101% 36.9 102% 35.9 0.5% 0.97
103% 36.1 99% 35.9 -3.5% 0.21

94%-128% 33.3-385 94%-103% 35.90-38.11 0.3%-29%  0.21-2.67

LOCALLY ROOTED, GLOBALLY RESPECTED




Relative quantitative analysis
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* From C; values, we can determine the initial copy number
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Data Analysis:

¢ Basic delta Ct
¢ Delta-delta Ct

o Pfaffl delta-delta Ct

UGM.AC.ID

LR B R ]
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Calculating for relative quantitatiéﬁ

* Basic delta Ct method:

* (no normalization to reference gene)

Primer set #2

Tissue #1: 22
Tissue #2: 24
Delta Ct: 24-22 =2

Fold induction =

UGM.AC.ID

LOCALLY ROOTED, GLOBALLY RESPECTED
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* Delta-delta Ct method:

(assumes same efficiencies for each primer set)

Reference Primer set

GOl Primer set

Tissue #1: 21 22

Tissue #2: 24

Delta Ct: 22-21 =1
1st Delta

Delta Ct: 24-20 =
2nd Delta Delta Ct: 4-1=3

UGM.AC.ID

Fold induction = 23 =8

LOCALLY ROOTED, GLOBALLY RESPECTED
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* Problems of delta-delta Ct method:
Cy

24 —

22

90%

%) UNIVERSITAS GADJAH MADA
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* Problems of delta-delta Ct method:
Cy

24

22

LOCALLY ROOTED, GLOBALLY RESPECTED
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100%

UGM.AC.ID
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* Problems of delta-delta Ct method:

Cy
Slope are not paralel
24 = S
22— o ~ ‘
P 190% 100%
Y y Starting quantity
Y

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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* Pfaffl method:

deltaCt 4ge; (control-sample)

Efficiencyiarget

Fold induction =
. deltaCt gterence (cONtrol-sample)
Eﬁ'c'enCYreference

Efficiency = 107"/slope

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

11



Pfaffl method:

(efficiencies are normalized)

71 UNIVERSITAS GADJAH MADA

Primer set #1Reference  Primer set #2 GOI

Tissue #1: 22
Tissue #2: 24
(From Standard curve)  Efficiency: 90% = 100% =2
Delta Ct: =-1 24-22=2
deltaCt (aget (24-22 = 2)
target 4
Fold induction = = = 75
deltaCt reference ( =1 ) 053
reference
UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Comparison of methods for relative gtiant
calculations

= Basic delta Ct method: (no reference gene)
= Fold induction : 4

= Delta-delta Ct method: (reference gene)
= Fold induction : 8

= |deal for primer pairs with an E > 90% AND large fold
changes in expression (10 fold or more)

= Pfaffl method: (reference gene and efficiency)
= Fold induction: 7.5

IE‘ES%A{: IGC'\)DHH MADA

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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sni Pr|n5|p preparasi mikroba dari
" makanan untuk uji RT-PCR

Tri Joko Raharjo
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Characteristic of pathogen microbes in food

* Small numbers and difficult to detect amid large numbers of harmless
background microflora in a complex sample matrix.

* Traditional culture techniques are time-consuming and laborious

* More rapid methods, such as DNA hybridization, enzyme
immunoassays, and real-time PCR (RTi-PCR).

* However, at best, these methods detect 103 to 10* CFU/g of target
pathogens.

* Culture enrichment steps are still necessary, as is confirmation of
presumptively positive results

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Primary DNA

Detection by
enrichment extraction

realHime PCR

Decreased specificity

Primary Secondary
enrichment enrichment

Highly laber intensive

Detection by
immunoassay

UNIVERSITAS GADJAH MADA

Sensitive, specific, and reliable detection of pathogenic contaminants

Traditional culture: Traditional culture: Selective Confirmation
primary enrichment secondary enrichment isolation of pathogen
T T T /\/ T
24h 18-27h 1.5-2days 3-7 days

UGM.AC.ID

Separating bacteria from a food matrix

LOCALLY ROOTED, GLOBALLY RESPECTED

UNIVERSITAS GADJAH MADA

* Filtration and centrifugation = Buoyant density centrifugation (BDC)

* The benefits of BDC are

* the possibility of separating biological matrix particles and microorganisms

with different buoyant densities;

* elimination of parts of the PCR-inhibiting food substances ;

* prevention of false-positive results due to DNA originating from dead cells,
which has limited the use of quantitative PCR (qPCR) ;

* the possibility of direct quantification of target organisms in the presence of a

large background flora;

* maintenance of cell viability, which allows isolation and analysis of the

microorganisms
* speed and easy handling

UGM.AC.ID
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C binati f th ti ~thod
Bacterium (no. of strains) or food homogenate(s) Strains Buoyant density (g/mi)
Bacteria
Escherichia coli EC-2736, EC-2649, EC-3515, EC-4725, EC-4131, SE-02005, SE-02025, 1.064-1.083
SE-02027
Salmonella spp. Sal-2339, Sal-2340, Sal-2341 1.075-1.085
Yersinia enterocoltica Pal77, Pa241, Pa2718, Pa9346, Pa12986 1.082-1.084
Providencia alcalifaciens ATCC 9886, 112, 118 1.080-1.083
Campylobacter jejuni SC009, SC010, SCO11, SC012 1.075-1.098
Vibrio cholerae ATCC 14035, NIID63-93, NIID169-68, SVP84 1.052-1.066
TDH-positive V. parahaemolyticus SVP02, SVP03, SVP04, NIDK4 1.050-1.058
Vibrio vulnificus SVV1526, SVV04001, SVV04003 1.031-1.035
Aeromonas hydrophila ATCC 7966, M25 1.045-1.058
Staphylococcus aureus SS 05, FB0501, FB06O1 1.109-1.120
Bacilus cereus 127, 128, 129, 130, 131, 132, 133, 135, 136, 137 1.085-1.092
Clostridium perfringens CW2, H2 1.082
Food homogenates
Minced beef, bovine liver, minced chicken, processed cheese, =1.025
scrambled egg, tofu, Chinese noodle, bread, raw chopped jack
horse mackerel, short-neck clam
Minced pork, ready-to-eat hamburger steak =1.033
Milk <1.049

UGM.AC.ID DCALLY ROOTED, GLO
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et
=
o
)
0

Buoyant density g/ml
B
~N
: (a4]

Percoll consists

of colloidal silica particles
of 15-30 nm diameter
(23% w/w in water) which
have been coated

with polyvinylpyrrolidone 1.08
(PVP). | _
1.04
1.00 - - .
005 015 025
Concentration of NaCl (M)
\ L — Detail about percoll BDC
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Inoculum (log,, CFU/25 g) and concn of cells (log,,, CFU/25 g) as determined by viable-cell counting and RTi-gPCR"
Food sample 8. enterica E. coli O15T:H7 Y. enterocolitica P. alcalifaciens C. jejuni C. perfringens
Inoculum VC gPCR Inoculum VC gPCR Inoculum VC gPCR Inoculum VC qPCR Inoculum VC gPCR Inoculum VC gPCR|
Beef 5.9 52 53 5.0 4.7 4.9 5.9 49 58 5.9 45 39 5.7 52 46 6.3 43 45
Bovine liver 59 50 58 5.0 39 45 59 4.7 45 5.9 54 48 53 39 31 6.3 47 42
Pork 5.9 50 53 5.0 4.2 45 5.9 45 4.9 5.9 53 4.0 5.7 49 38 6.3 37 39
Chicken 5.9 51 6.0 5.0 47 5.1 5.9 4.9 5.0 5.9 47 44 2T 42 32 6.3 40 4.6
Processed 59 49 5.8 5.0 42 53 59 45 55 5.9 5.1 44 5.7 45 4.0 6.3 35 43
cheese
Scrambled egg 59 52 58 50 45 52 50 50 6.0 50 51 45 57 39 40 63 47 50
Tofu 5.9 49 54 5.0 4.7 4.6 59 52 43 5.9 49 4.1 5.7 32 37 6.3 38 46
Chinese noodle 59 55 5.0 5.0 42 5.2 5.9 532 54 5.9 50 47 5.7 29 30 6.3 37 49
Bread 5.9 45 5.2 5.0 39 5.1 5.9 42 43 5.9 51 4.0 57 39 33 6.3 30 48
Jack horse 5.9 51 54 5.0 3.9 46 5.9 45 47 59 50 4.0 5.7 48 35 6.3 4.2 47
mackerel
Short-neck clam 5.9 52 56 50 42 4 59 50 57 5.9 45 35 57 39 38 6.3 25 30
Hamburger 59 51 58 5.0 4 4.2 5.9 43 47 59 50 5.1 57 50 5.1 6.3 40 5.3
steak
Whole milk 5.9 5% 556 5.0 47 5.1 59 57 4.7 5.9 45 4.6 5.7 3.7 38 6.3 47 53

UGM.AC.ID
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Qiagen

Microbial > Template

enrichment

culture > DA

Food
Sample

https.//www.qiagen.com/kr/resources/resourcedetail?id=d0e372d7-6f6a-
415e-9d72-297a53d95854&lang=en

Could be any enrichment media as well as

DNA isolation kit from broth media (even : Actually extract total DNA from

only lysis the cell) : food

Including DNA of matrix as well
dead microbe

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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* Enterobacteriaceae, Staphylococcus aureus, Bacillus cereus were
cultured overnight at 37°C (or 30°C for Yersinia) in buffered peptone
water (BPW) (BBL)

* Members of the Vibrionaceae were cultured overnight at 37°C in
alkali peptone water (Nissui)

* C. jejuni was cultured overnight at 42°C using microaerobic incubation
in Preston medium (Oxoid)

* Clostridium perfringens was cultured overnight at 37°C using
anaerobic incubation in thioglycolate medium

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

9/26/2018




UNIVERSITAS GADJAH MADA

Comparison of Bacterial DNA isolation kit

xtraction Method Manufacturer

Genomic-tip 20/G Qiagen

MagAttract HMW

DNA Kit Qiagen
MasterPure DNA Epicentre
Purification Kit P
Wizard Genomic

DNA Purification Promega
Kit

DNeasy Blood & .
Tissue Kit Qiagen
Plasmid Mini Kit Qiagen

UGM.AC.ID

Principle

anion-exchange
column (gravity)

DNA-binding

magnetic beads,
silica-based

salting-out

salting-out

silica-membrane
column (spin)

alkaline lysis,
anion-exchange
column (gravity)

E. coli
Food Target gene
TSB stx1
stx2
Bread stx1
stx2
Ground beef stx1
stx2
Salad greens stx1
stx2
Salad dressing stxi
stx2

UGM.AC.ID

Costs per
sample [€]

8.1

4.4

11

2.0

3.2

5.2

10.2+04
10.4+£0.3
9.8+0.2
9.4+0.3
10.3+0.3
10.3+£0.3
10.0+£ 0.1
10.0+0.2
10.0+0.3
10.0+0.3

Completion
time (hands-on-
time)

8 h (45 min)

2 h 40 min (1 h)

2 h 10 min (35 min)

3 h (35 min)

3 h (45 min)

3 h 50 min (40 min)

LOCALLY ROOTED, GLOBALLY RESPECTED

C./log CFU (mean * SE) determined by:

Prepman Ultra  Bugs'n Beads

10.7+0.4
1.1+04
11.0+0.2
10.9+04
122+0.2
12504
10.9+0.2
10.9+0.0
10.3+04
10.3+0.5

LOCALLY ROOTED, GLOBALLY RESPECTED

Cell count Yield [pg] (SD)
4x10° 9.8(3.5)
2x10° 10.3 (6.6)

0.4x10° 3.3(1.0
4x10° 18.1(7.5)
2x10° 10.9 (1.3)
18 x 10° 0.50 (0.2)

Purity [A260/280]
(D)

1.77 (0.06)

1.83 (0.05)

1.82 (0.03)

1.58 (0.01)

1.72 (0.05)

1.67 (0.03)

9/26/2018
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Comparison of Food DNA isolation kit

Nucleospin food
kit

9.8+04

10.3+0.3
10.1+£0.5
9.8+0.4

11.1+£05
11.6+0.5
10.0+0.0
10.0+0.2
10.0+0.8
9.5+0.3

Wizard magnetic
DNA purifica- tion
system for food

10.1+£0.3
10.7+0.3
9.8+0.3
9.7+04
9.7+0.3
9.7+0.2
10.1+£0.2
104 +0.2
9.4+03
10.1 £ 0.6
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Comparison of Food DNA isolation kit
E. coli
Kit Method Ease of use
Prepman Ultra Proprietary solution Very simple, minimum
manipulation of sample
Bugs'n Beads Magnetic beads Simple, centrifuge not absolutely
necessary
NucleoSpin food kit Spin columns Considerable hands-on time
Wizard magnetic DNA purification Magnetic beads Considerable hands-on time,
system for food centrifuge not absolutely
necessary
UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
UNIVERSITAS
GADJAH MADA
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PCR

Tri Joko Raharjo
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Key parameter in validation

* Accuracy

* Precision
* Limit of Detection and Limit of Quantification

Reference on RT-PCR validation

“1SO 22174:2005: Microbiology of food and animal feeding
stuffs -- Polymerase chain reaction (PCR) for the detection of
food-borne pathogens -- General requirements and definitions”

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Validation parameter (Broeder etﬁé"l, 2014)

Parameter uantitative
qPCR method

Qualitative
qPCR method

Method acceptance parameters
Applicahiliy +

Practicanlity +
Spacificity i +
Senativity (LOL;
Sensitivity (LU + {0.9%

or 0.1}
PCR efficiency («) + (90—110%)
Lincarity |R¥| (Rt = D.98)
Accuracy
Trueness + (L25%)
Precision + (RSD), =< 25%,)
(repeatability)
Robustness + (=30%)

Method peruimance perameters
False pusitive ~
negdlive rale

Precision + (R5Dk < 25%)
(repedu ibility
Mezsurement + (=50M)

Trends in Food Science & Technology 37 (2014) 115e126 uncertainty

+ (o false posineg)
+ (€20 HUB)

Only for multiplex
1H0-12004)
Only for multiplex
IR* = (.98)

+ lcarrect pos'neg
classification)

+ (Lorrecl posiieg
clessilication

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

Applicability
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* Applicability of the method with different matrix
* Prove the method is able to overcome PCR inhibitors from the matrix

* warnings on the interference with other analytes and its
inapplicability to certain matrices and conditions should be included
when identified (i.e. special treatment during isolation or enrichment)

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED

9/26/2018



“7%] UNIVERSITAS GADJAH MADA

Practicability

* to check if the new method can easily be combined with other
methods that are already used in the laboratory and can be run under
the same condition

* blind samples can for example
* Inter-laboratory study

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Specificity

* Sequence confirmation

* Perform PCR to amplify targeted gene (i.e. ssrA for Salmonella) using primer of
RT-PCR assay

* Clone the fragment to TA plasmid (optional fot internal positive control the
PCR)

* Sequence PCR fragment or cloning product
* BLAST to confirm the identity

* Specificity to other species (closely related or high possibility to be co
presented in the matrix)

* Specificity to matrix
* Using spike and unspike matrix sampel

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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presented in the meat matrix

Ealmonel's and non Sufmonells serovarsfsmains wsed ir rezl rme baed assay desipn and validation.
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(51
Exam pIe: closely related to Salmonella or high possi

bility to be co

salmonella
Savar

g
Anatam
Aaen e

Gallinarum
Goldcoost
Hadar
Heidelbarg.
Infantis
Kentucky
Livingstens
Landcn

Smain

NCTE 113750
SARR 2
NETC 675
NCTC 057317
SARR 11"
WCTC 8676
ATCC 13076°
WCTC 13342

WCTC 43328721

NCOTC 133967
TRLY

ULjab 21 2=
RUL s~

Uljua vE Shimt

NOC e
NCTC 09125
WETC 06777
NCTC DE24E*
SARD 35"

ROTC AT
SARR 47"

SARR 53
SARB 62"
ATCC 14075
NETC 12416°
NCTC 13348
NETC 06015*
WCTC 05743
HCTC 5797

1 VT S-1a5

Nar Soimensfla
orgarism

Acitieteiun ter valoo stivs

Citrabarter koseri
Enterohocrsr aerogenss
Enterehocrer agmiomercns
Enterobactsr cloacas
Enterpbacter inlermedivs

Enteroboctar sakazak
Enterocacrus fasnls
Enterocaccus faecium
Escherchic colt
Eschermchic colt
Escherichio colt
Rietsichia exytorn
Kiebaiehia prsimoniar

il panaduarcr

Srophplocooos epidenminis
Stuphplococces Tusuolylicns
Srophyplococous sapraphyiicis
Strepncecais loois

Smain

ATCT 75055"
ATCT 16
ATCT 2T

MCTC 07464

COFRATINGE
WNCTT BOOC
MNCTC paTs0t

ATCC 49128
AFRC'

ATCC 29970¢
ATCC 15305
NCDO 2003
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Internal positive control

* Clone the fragment to TA plasmid (optional)

LOCALLY ROOTED, GLOBALLY RESPECTED
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* Certain correct copy number can be obtained

* Useful during finding of PCR optimum condition

UGM.AC.ID
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Specificity to other species (pure culture)

* 100 mL of BPW was inoculated with 1 CFU for targeted species (final
concentration of 0.01 CFU/ml) and 1000 CFU for non targeted
species/strains (final concentration of 10 CFU/ml).

* Approximate cell density of each test strain was established by plate
counts

* Following 18 h enrichment in BPW, reference (TPC) and alternative
methods (RT-PCR) were performed in parallel

* Six replicates fro precision study

UGM.AC.ID LOCALLY ROOTED, GLOBALLY RESPECTED
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Specificity to matrix

* Matrix tested for the level of the background

* Matrix were inoculated with targeted species at five inoculation levels
(1, 10, 100, 1000, 5000 CFU). 6 replicates

* Let the culture grow (condition according to specification of the
species)

* The spiked samples were then tested for the presence of the species
based TPC and RT-PCR method .
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Accuracy (for quatitative)

* Trueness (quantitative)
* How close the result to the true value
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Precision

* Repeatability
* 6 replicate of the sample tested using the method
* RSD of Ct value are evaluated for qualitative
* RSD Copy number for are evaluated for quantitative
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False positive and false negative

100 % number misclassified known pos samples

False neg rate =
tot number known pos samples

100 x number misclassified known neg samples

False pos rate =

tot number known neg samples
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LoD and LoQ

* LoD =the lowest amount of analyte (measurand) in a sample that can
be detected with (stated) probability, although perhaps not quantified
as an exact value.

* LoQ = the lowest amount of measurand in a sample that can be
guantitatively determined with (stated) acceptable precisionand
stated, acceptable accuracy, under stated experimentalconditions
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LoD and LoQ

* Serial dilution (100 to 0.1 copies)
* 6 biological replicates, 3 technical replicates
* Evaluate the RSD of Ct or copy number result
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Robustness

* Different experimental conditions can be slightly changed and their
impact on the results studied
* |dentify the critical condition that could change randomly

* Annealing temp.
* Pipetting error (from pipet calibration)
* Etc

* Run the method at the deviation condition
* The robust method is not affected by the condition
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Linearity (R?)

* Prepare seven 10-fold dilutions, starting with 1 x 107 copies to 10
copies

* Perform the realtime PCR, use a optimized primer/probe
concentration that gives the highest ARn and the lowest Ct

* Draw xy plots with the log template amount as the x value and the
cycle threshold (Ct) as the y value

y=mx+b
where y = Ct, m = slope, x = /og10template amount, and b = y-intercept.
r2, coefficient of determination

r2 should be less than 0.98
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Efficiency

* Efficiency is primarily an indication of how well the PCR reaction has
proceeded
Efficiency = [10¢1°P9] _ 1

* Efficiency accepted value are 80-120%
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