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POLYMERAZOVA RETEZOVA REAKCE

Rvchlé namnoZzeni useku DNA na orincipu in vitro replikace DNA.
5-AGTCTATGTGTGAGTCTATGTGTG-3
3 TCAGATACACACTCAGATACACAC.s

Denaturace

1983 — Karry Mullis (1944-2019)
(Cetus Corporation)

Vznik jednofetézcovych
molekul DNA

5 AGTCTATGTGTGAGTCTATGTGT G
3. TCAGATACACACTCAGATACACACS

Prisedani primert

5 AGTCTATGTGTGAGTCTATGTGTGS

ACACAGC-5
5-AGTCTA

3-TCAGATACACACTCAGATACACACS
Syntéza DNA
5 AGTCTATGTGTGAGTCTATGTGTGY

5. AGTCT ATt

3-TCAGATACACACTCAGATACACAC.

Vznik dvouviaknové
molekuly DNA

o TR TR TETETS -+
3¢- _ / Ci -5¢

dostupné na: https://labguide.cz/metody/pcr/
[vid 13.6.2023]
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https://labguide.cz/metody/pcr/
https://www.washingtonpost.com/local/obituaries/kary-mullis-unconventional-nobel-laureate-who-unlocked-dna-research-dies-at-74/2019/08/12/e6391612-bbed-11e9-b3b4-2bb69e8c4e39_story.html
https://www.karymullis.com/pcr.shtml

CO NAPIPETUJEME DO MIKROZKUMAVKY

* Termostabilni DNA polymeraza

3[
g T
TTAGC CGATIT CA
3CCAATC CTAGTAGACGTCAT z
DNA polymerase dostupné na:
https://courses.lumenlearning.com/wm-biology1/
chapter/reading-proofreading-dna/
[vid 13.6.2023]
enzym organismus (opt. teplota)
Taq Thermus aquaticus (65-70 °C)
Tth Thermus thermophylus (65 °C)
Pfu Pyrococcus furiosus (100 °C)



https://courses.lumenlearning.com/wm-biology1/chapter/reading-proofreading-dna/
https://courses.lumenlearning.com/wm-biology1/chapter/reading-proofreading-dna/

CO NAPIPETUJEME DO MIKROZKUMAVKY

* Oligonukleotidové primery

TCGTAAT  DNAtemplat
rrrrrrrrrrerrrrrrrrrrrrrrnd
111111,

3 zpétny (reverse) primer
SSTTTTTTT 3 primy (forward) primer
P i rrriitil DNA templat
TAT

AGCAACGGATCACCATAGCATTA

dostupné na: https://toptipbio.com
[vid 13.6.2023]

Cross dimer

Effect of Primer-Dimer Formation

5'—C(iu(|§u1\li\ACIi\.?(|5|(|5AG GATCTAT-3’
3'-TATGAAGGACCTTACTTCCC-5’

Hairpin

LE 2]
-
[ 2
— -y
>~ -
e

5'—GTCAGGATC)
3’-CTATGTACGCCTTA

dostupné na: https://the-dna-universe.com/
[vid 13.6.2023]



https://the-dna-universe.com/
https://toptipbio.com/

CO NAPIPETUJEME DO MIKROZKUMAVKY

*smes dTTP, dATP, dCTP, dGTP

Templatova DNA

H,N

o o o0 4 )

HO—P—O—P—O—P-O

o o O %Oj

OH

Deoxyadenosine triphosphate (dATP)

(0]

0
HO—P—O—P—O—P—O ’i§
o o O

OH

Deoxythymidine triphosphate (dTTP)

{/)\ NH,

OH

P 8 9
HO—?—O—?—O—?—O
o 0O O

Deoxyguanosine_triphosphate

(dGTP)
NH,
0 0
HO—P—O—”—O—g—O ’)§

o @ O °

OH

Deoxycytidine triphosphate
(dCTP)

Nemusi byt znama kompletni sekvence, ale aspon useky pro navrh primeru



JAK TO BEZi

* Denaturace 95 °C (92 - 98 °C)
3!‘
5!‘

‘ zahrati

denaturace.

57 3

dvouvlaknova DNA

* Nasedani (hybridizace) primera 50 - 55 °C
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jednovlaknova DNA

OPTIMALIZACE!

\

Created with BioRender.com
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Created with BioRender.com
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5%{1 D, ]Tngol
e g sequence

Genomic DNA LY = 4
- Syntéza DNA 72 °C (70 — 74 °C) ; 7 X
@) Denaturation: 5 3
Heat briefly E i
to separate DNA
strands
A essssss—— 3: %
© Annealing: l l
l cﬂ.‘?’.m*m ;
Cycle 1 P
T "'2"“ < mu. .m’: :M Primérs
molecules target sequence 4
_ .
l €) Extension ‘# l
DNA polymerase
adds nucleotides to .
e 32020900 ] the 3" end of each New
primer nucleo-
tides
e — Cyclo2
yields 5
4
. molecules
Pocet cykll: 25 — 35, vzdy negativni kontrolu!!! - ,.//
faktor zmnozZeni 2" - exponencialni pribéh Oyomd
molecules;
nzvhlh lmmn)<
Cyklery o tavak {
sequence

dostupné na:
https://www.sciencedirect.com/topics/chemistrv/chain-reaction-step7
[vid 13.6.2023]



https://www.sciencedirect.com/topics/chemistry/chain-reaction-step

JAK TO UDELAT KVANTITATIVNE

Klasicka PCR — odpovéd ANO - NE

dostupné na: https://en.wikipedia.org/wiki/Variable _number_tandem_repeat
[vid 9.6.2023]

gPCR - souCasna amplifikace a detekce produktu v pfitomnosti fluorescenéni latky

* rychlejSi (bez elektroforetické detekce produktu)
* spolehlivé vysledky
- citliva detekce

104 .

- -'F o
0.8 =1 L F s4F
=] ! 4 o
‘E ] 4
= 0 4 i S .
2 0.6 12 20 3 a3
Sample E
Rl
1,000,900 — =
x i 0.4
» Exponential phase o
2
5 0.2 1.000.000 1 # molecules
__________________ o=
L Baseline No template X
“' ' 0.0 T T T | T 1
. = o 0 10 20 30 40 50
‘ PCR cycle mamber PCR cycles
8
dostupné na: http://www.ncbi.nlm.nih.gov dostupné na: http://www.bio-equip.cn/

[vid 9.6.2023] [vid 9.6.2023]


http://www.ncbi.nlm.nih.gov/
http://www.bio-equip.cn/
https://en.wikipedia.org/wiki/Variable_number_tandem_repeat

LZE KVANTIFIKOVAT NEJEN DNA, ALE | RNA

ﬁm RNA

C Primer
Reverse

Transcription

I AAA o0
=
PCR l
—— ]
Amplified
—_————— | DNA,

Ampllﬂnaticrn>\_

KVALITA RNA!!I

0ligo(dT)5.50
random hexa - nonamery
specificky primer(y)

sekvenéné-specifické primery

dostupné na: https://www.quora.com/What-does-reverse-transcriptase-PCR-do

[vid 9.6.2023]


https://www.quora.com/What-does-reverse-transcriptase-PCR-do

KVALITA TEMPLATU (RNA)

Analyza transkripce genu — izolace mRNA (smir 0.5 — 800 kb, vétSina 1.5 — 2 kb)

Celkova RNA — bandy 18S, 25S rRNA

rostlinna RNA (A. thaliana)
© Miloslava Fojtova
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KVALITA TEMPLATU (RNA)

Bioanalyzér (Agilent) - elektroforeticka separace na mikroCipech

Mo A

Figure 1
# toeal BNA sample was degraded for varying imss and the resulting samples were analyzsd on

the Agilent 2100 bioanalyzer using the Eulcaryote Total RMA Nano assay. A shift iowards shorsr
fragment sizes can be observed with progressing degradation.
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.
Figurs 2

Sample electropharograres wssd to train the ANA Indegrity Nomber (RIN) software. Samples
range from intact (AIN 100, to degraded (RIN 21

RIN (RNA Integrity Number)

pfevzato z: RNA Integrity Number (RIN) — Standardization of RNA Quality Control 11

dostupné na: www.agilent.com/chem/labonachip
[vid 9.6.2023]



http://www.agilent.com/chem/labonachip

PRIMERY PRO RT

MRNA
NBAAAAAAAAAAAAAAAAAAAA
oligo(dT)g
MRNA
NBAAAAAAAAAAAAAAAAAAAA
ukotvené oligo(dT)
(m)RNA
NBAAAAAAAAAAAAAAAAAAAA
genové specifické primery
(m)RNA

NBAAAAAAAAAAAAAAAAAAAA

nahodné hexamery

Created with BioRender.com

plnodélkova cDNA
chyby — templaty s oligo(A)

plnodélkova cDNA
zabranuji nasedani na vnitrni
casti polyA

vysoka specifita
vhodné pro one-step RT-PCR

proporcionalni pfepis v§ech templatu
vysoka koncentrace — pro kratké

templaty se sekundarnimi
strukturami

12



NAVRH PRIMERU PRO RT-PCR

Primery ze sousednich exonu

ex1 inl ex2 exl ex2
— R — —
genomova DNA RNA

Created with BioRender.com

13



NAVRH PRIMERU PRO RT-PCR

Primery zasahuji do sousednich exonu

ex1l inl ex2 in2 ex3
\ yad N\ Ve ex1l ex2 ex3
genomova DNA - ]
— P E—
RNA

X I
]

14
Created with BioRender.com



REVERZNiI TRANSKRIPTAZY

enzym délka teplotni | citlivost | “difficult RNaseH modif.
(kb) optimum templates” nucleotidy

Transcriptor 14 42-65 +++ +++ A A
(Roche)

Expand 14 42-50 ++ + N A
(Roche)

AMV 12 42 (az ++ + A A

60)

M-MuLV 10 37 + +(+) A

C. therm. 3 60-70 ++ +++ A

Tth 1 55-70 + + A

15



JAK TO UDELAT KVANTITATIVNE

[£202°9°'6 PIA]

[ U9219 JdAS/PIMBI0 elpadi{im Ua//-Sany

Annealing phase
PO SYBR Green |
L,
@
@
[¢] e
®
Extension phase (1) « fluorescence vyrazné roste po vazbé na dsDNA
s W g - absorbuje modre svetlo (497 nm), - o
. ° emituje zelené svétlo (520 nm), :: /|
PE 3= 3 . v 4z P e /|
v . ’ detekce na konci kazdého cyklu |- /)
Extension phase (ll) ) m \‘“w-—/’"“\,_,/‘/ “\
'.’ o « relativné snadny navrh primerd a optimalizace PCR
= S Sl S . g ’ . . o
: 0  pozor na nespecifické produkty (dimery primeru)!!!
o MMM - vzdy na konci melting analyza
’ - detekce fluorescence za vysSi teploty
End of PCR cycle
* 2 « hand-made mixy s hot start polymerazou (naro¢né
S e na pfesnost pipetovani — reproducibilita)
P = S « komercCni mixy — pridavaji se pouze primery a templat
. . * reakce v multiplikatech (nejméné triplikaty), biologické

repliky 16

pfevzato z: der Velden et al., Leukemia 2003
doi: 10.1038/sj.leu.2402922



https://en.wikipedia.org/wiki/SYBR_Green_I

JAK TO UDELAT KVANTITATIVNE

Vyuziti oligonukleotidovych sond komplementarnich k PCR produktu

Vlysoce specificka analyza

Fluorophore Quencher

Faorward PCR. primer ¢y Taghan
Probe

kS

Reverse PCR primer

v

Amplification Assay

Polymerization

E

"’ Probe displacement
Fluorescence and deavage

:

Result

I Fluorescence

T \'lr"'..?

PCR Products Cleavage Products

dostupné na: https://en.wikipedia.org/wiki/TagMan

[vid 9.6.2023]

Hydrolytické préby

* reportérovy fluorofor v blizkosti zhasece
» béhem amplifikace — hydrolyza proby
- oddéleni fluorochromu a zhasece
- detekce fluorescence
* béhem PCR exponencialné roste mnozstvi
volnych fluoroforu

TagMan proéby:

Firemni knihovny

Validované sety (primery + proba) pro kvantifikaci
transkripce v modelovych organismech
(Clovek, mys, krysa, primati, Drosophila,
Caenorhabditis elegans, Arabidopsis)

17


https://en.wikipedia.org/wiki/TaqMan

JAK TO UDELAT KVANTITATIVNE

Vyuziti oligonukleotidovych sond komplementarnich k PCR produktu
Vlysoce specificka analyza

Hybridiza€ni proby

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 7« dvé proby, jedna znaCena (3°) donorovym
. fluorochromem (fluorescein), druha (5°)

FRET Probes
akceptorovym fluorochromem, homologni
.k vnitfni Casti amplifikovaného useku
* po hybridizaci — préby v tésné blizkosti
| .« fluorescein je excitovan modrym svétllem —
7’{/\ Transter . emise zeleného svétla — emitované svétlo
. excituje akceptorovy fluorochrom — detekce

Excitation ] Emmizsion

.+ amplifikace — m0Ze hybridizovat vice prob
. - vysSi signal detekovaneé fluorescence
. » proby jsou b&hem PCR stabilni

dostupné na: https://www.sequencereferral.com/Technology.html
[vid 9.6.2023]

18



JAK TO UDELAT KVANTITATIVNE

Vyuziti oligonukleotidovych sond komplementarnich k PCR produktu

Vlysoce specificka analyza

Loop

Sequence
Loop Sequcnce
5’ Reporter
Stem : 3' Quencher
Sequence :} 4
p—— o
Q R o
5’ Reporter Amplified Target DNA
3' Quencher
1. Unbound beacon with 2. Bound beacon with
quenched fluorescence unquenched fluorescence
Sigma-Aldrich

dostupné na: https://www.sigmaaldrich.com/CZ/en/technical-

Molekularni majaky

* jednoretézcove oligonukleotidy
* kratké koncové sekvence komplementarni
* jednoretezcovy usek komplementarni
k cilové sekvenci
* po hybridizaci k DNA — delSi a stabilngjsi
hybrid nez kmen sondy (v tom je napf.
jeden nekomplementarni oligonukleotid)
- emise fluorescence

documents/technical-article/genomics/gpcr/molecular-beacons

[vid 9.6.2023]

19


https://www.sigmaaldrich.com/CZ/en/technical-documents/technical-article/genomics/qpcr/molecular-beacons

JAK TO UDELAT KVANTITATIVNE

SYBR Green | analyza - specifita produktu PCR

» pomalé zahfivani PCR produktu na 95 °C
» prudky pokles fluorescence pfi teploté kolem Tm

eeeeeeeeee

40

el

50 55 T80 65 70

Threshold

© Miloslava Fojtova I5q E 50 e =0




JAK TO UDELAT KVANTITATIVNE

Ct (CP) — cyklus, ve kterém fluorescence stoupne nad detekéni limit pFistroje
zavisi na pocCatecCni koncentraci templatu:

nizsi koncentrace templatu — vyssi Ct

- vy [ &4

vyssSi koncentrace templatu — nizsi Ct

=
L=]
]
=

.'. _'F o
0.8 @1 L F i
E:' ¥ s e |.
.E ; rl o ]
= LTS A
o | : :
£ 0.6 10 b1 1 a1
&
E 0.4
@
5 0.27 1.000.000 molecules
g
I:l'l:l-l T T T T 1
0 10 20 30 40 50
PCR cycles

dostupné na: https://www.bio-equip.cn/enshowlequip.asp?equipid=1180
[vid 9.6.2023]



https://www.bio-equip.cn/enshow1equip.asp?equipid=1180

JAK TO UDELAT KVANTITATIVNE

Absolutni kvantifikace - koncentrace DNA je vyjadfena v absolutnich Cisle
(pocCet kopii, ug/ul)
KALIBRACNI KRIVKA — vzorky standardii o znamé koncentraci

=]
=]

-

=]

40 7
Threshold
5

Fluorescence
om
=)
Norm. Fluoro.

40
{ / 10
N, A
20 - ‘ 107~
: ; 'J—"“f/’ ‘ ' ‘ 1070 , :
10 15 20 25 30 35 5 10 15 2‘0 25 3'0 3“5
Cycle Cycle
Reaction efficiency (*) | 1,00413 (* = 10°(-1/m) - 1)
M -3,31208
B 22,34521
R Value 0,99991
R"2 Value 0,99981

Concentration

R — korelac¢ni koeficient (% dat v souladu se statistickou hypotézou)
B — ,intercept®, teoretické mnozstvi kopii detekovatelné v 1. cyklu

M — sklon (smérnice) pfimky, zasadni pro vypocet efektivity reakce
optimalné -3.332

Reakéni efektivita 1 — faktor amplifikace 2

© Miloslava Fojtova



JAK TO UDELAT KVANTITATIVNE

Relativni kvantifikace - srovnani mnozstvi transkriptu mezi vice vzorky
vztazene k transkripci referencniho genu
(konstantni mnozstvi ve vSech analyzovanych vzorcich)

Studovany gen (GOI)

[
L
cyklus PCR cyklus PCR

Fluorescence (ARnN)
.
~.
Fluorescence (ARnN)
"
T,

A Ct = Ct(GOI)B — Ct(GOI)A A Ct(A) = Ct(GOI)A —

A Ct(B) = Ct(GOI)B —

AA Ct = A Ct(B) — A Ct(A)

R = 2-AACt

Created with BioRender.com



JAK TO UDELAT KVANTITATIVNE

Emulzni PCR — nejsou treba zadné standardy ani reference!
Pomeér negativnich reakci vs. celkovy pocCet reakci.
Linearni zavislost mezi koncentraci cilové DNA a signalem.

Princip: naredeni a kompartmentalizace molekul templatové DNA a vSech slozek PCR
do tisicu nanolitrovych mikroreakci (v emulzi voda - ole)).
|dealné — kazda kapka obsahuje max. jednu molekulu templatu.

dostupné na: https://www.intechopen.com/
[vid 9.6.2023]



https://www.intechopen.com/

K CEMU TO JE

* V mediciné
diagnostika — prenatalni testovani
— Casnha diagnostika nadoru
— identifikace/kvantifikace hladin virt a bakterii (hepatitidy,
herpetické viry, respiracni viry, mykobakterie, bakterialni
meningitidy, borelie, helicobacter,.....)

Diagnostika SARS-CoV-2 — detekce virovée RNA RT-PCR
gen E (iontové kanaly; infekCnost)
gen S (trimery, vstup do hostitelské bunky)
gen N (vazba k virové RNA, stabilizuje ,beads on string” konformaci)
gen M (abundantni, pfes interakci s E proteinem -
zakiiveni membrany virového obalu) **®
gen RdRP (potvrzujici PCR)

Matrix (M) —__

Envelope (E) —

Nucleocapsid [N}

(Protein & RMA genome)
4 o . o SARS-CoV-2 25
dostupné na: https://www.invivogen.com

[vid 13.6.2023]



https://www.invivogen.com/

K CEMU TO JE

* V mediciné
diagnostika SARS-CoV-2

Priklady testu:
« Kit na jednokrokovou PCR (RT + amplifikace)
multiplexové usporadani: jedna barva — virovy gen primarni screening (gen E)
druha barva — virovy gen sekundarni screening (RdRP)
treti barva — kontrola, housekeeping (referencni) gen
(lidsky gen — RP, ribonukleaza P, procesovani tRNA)

FAM ROX Cys

=3
=3

o

©

o
L

o (=] o
o ~ @
=] =} o

o
o
o

Normalized Intensity
o
8

o
w
=3

0.00 — o
400 450 500 550

Wavelength (nm)

5 ..
600 650 700 750 800

dostupné na: https://www.caister.com/hsp/supplementary/pcr-
troubleshooting/c6f2.html
[vid 13.6.2023]
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https://www.caister.com/hsp/supplementary/pcr-troubleshooting/c6f2.html

K CEMU TO JE

* V mediciné

diagnostika SARS-CoV-2

Nonstructural proteins (nsp)

Structural and accessory proteins

50----
Primer F

RdRP gene e s N2 gene
== ]
— ---05 So — 9 "-,. 5
ProbeFAM FrimerR \‘ Primer F Probe-HEX Primer R
|
\ ‘[. i i gara
'J'J 'l \—‘/—-\\-/\
\ ‘(,‘ ‘\_ ot
"‘ 50---- —_ ceeg 5
Primer R

/—— Multiplex mixture

B

‘ h

Real-time RT-PCR

PrimerF  brobe-ROX

Fluorescence

Amplification curve

prevzato z: Tombuloglu et al., Sci Rep. 2022
https://doi.org/10.1038/s41598-022-06977-z

27



K CEMU TO JE

* V mediciné
diagnostika SARS-CoV-2

Amplification Plot Amplification Plot
800,000 |
300,000 b
550,000 (a) 275.000 ( )
500,000 0.000
450,000 5000
400,000 Posltlve RP 200,000
Negative
& 300,000 & 150,000 RP
s RdRP N
250,000 | o | 125,000
200,000 100,000
“TF - o IRUCSOS! ROURSSSU! SO S| SRS [ ReTe: (Ol comes [ORoNs UNONR.: Qeoeeest :BSR SHIER) SRCS SN (SR RSN XSS I .
00.000 80,000
oo 5.000
o = —_— — —
n 2 2 » @» x =2 x ® = @ 2 M ) 2 uw 2w 2w x 2
Cycle Cycle

g -
2t [l RorP [l RP {. n2* [l RarPt [l RP

prevzato z: Tombuloglu et al., Sci Rep. 2022
https://doi.org/10.1038/s41598-022-06977-z

HEX (533 nm excitation FAM (495 nm excitation ROX (578 nm excitation
and 559 nm emission) and 520 nm emission) and 604 nm emission)
N RARP RP

28



K CEMU TO JE

* V kriminalistice
DNA fingerprinting — jednozna€éné urceni osoby
— urcovani otcovstvi (pfibuznosti)
Repetitivni vysoce variabilni useky
variable number tandem repeats (VNTR)
short tandem repeats (STR; mikrosatelity, minisatelity)

Short Tandem Repeat (STR) analysis

Pmﬂ; 4 /SE—RS
Polymerase ! — Allele 1
chain reaction Primer 1 / Primer 2
{PCR) — 8

<— Allele2
Primer 2

Cathode (1) ‘ Anode (+) Délky VNTR alel u 6 osob

Electrophoresis [—-_ 1 dostupné na: https://en.wikipedia.org/wiki/
o i i Variable number tandem repeat
Fragment size [Vld 962023]

¥

Amount
Display (signal
amplitude)

34567809
Fragment size

29
Dostupné na: https://en.m.wikipedia.org/wiki/File:Short_Tandem_Repeat %28STR%29 analysis.png
[vid 13.6.2023]



https://en.m.wikipedia.org/wiki/File:Short_Tandem_Repeat_%28STR%29_analysis.png
https://en.wikipedia.org/wiki/Variable_number_tandem_repeat
https://en.wikipedia.org/wiki/Variable_number_tandem_repeat

K CEMU TO JE

* V kriminalistice
DNA fingerprinting — jednoznacné urCeni osoby
— urcovani otcovstvi (pribuznosti)
Repetitivni vysoce variabilni useky
variable number tandem repeats (VNTR)
short tandem repeats (STR; mikrosatelity, minisatelity)

Ay MAother PERSON 1 FERSON 2
losss == —
2 — —

O — — — —

* — —

S o — —

E‘ — — ——— I

? I

'3 I I

9 — —
1u (I [ [ | —
11 e — — —

dostupné na: https://byjus.com/question-answer/from-the-given-
dna-fingerprint-result-identify-who-is-the-father-of-the-baby-

person/
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K CEMU TO JE

* V kriminalistice
DNA fingerprinting — jednoznacné urCeni osoby
— urcovani otcovstvi (pribuznosti)
Repetitivni vysoce variabilni useky
variable number tandem repeats (VNTR)
short tandem repeats (STR; mikrosatelity, minisatelity)

Haplotyp Y chromozému (sada STR alel) — pfenasi se z otce na syna
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dostupné na: https://portlandpress.com/emerqgtoplifesci/article/5/3/427/229799/The-Y-
chromosome-and-its-use-in-forensic-DNA [vid 13.6.2023]
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K CEMU TO JE

* V potravinarstvi
stanoveni pfitomnosti patogenu (Salmonella sp., Campylobacter sp.)
alergenu (ofisky, celer, lepek, séja)
transgenni organismy
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Bt kukufice Zlata ryze Rezistence vuéi herbicidim
gen z bakterie Bacillus thuringiensis vy$Si obsah beta karotenu nadprodukce enzymu
toxin hubi zavijeCe kukuficného oblasti s chronickym nedostatkem vit. A mutantni (rezistentni) enzym
niz8i obsah mykotoxind prevence slepoty enzym rozkladajici herbicid

X

zdravotni rizika
rezistence plevelu

l 37 % pouzivani pesticidt T 22 procent vynosy

llustracni obrazky
Dostupné na: https://bezpecnostpotravin.cz/pozor-na-pestovani-bt-kukurice-u-statnich-hranic/
https://www.environewsnigeria.com/golden-rice-2-said-carry-high-likelihood-risks-without-substantial-benefits/
https://www.agromanual.cz/cz/clanky/ochrana-rostlin-a-pestovani/ 32
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Delkujl za pezornost

PCR Bad Karma Hypothesis (https://www.chemicalforums.com/index.php?topic=10097.0):

Background:
This is basically the “God is punishing you” hypothesis. It sometimes gains a great deal of favor.

Symptoms:
1) All rational explanations have been exhausted and yet PCR still is not working for you.
i) Persistent feelings of guilt (if you are a Catholic, this symptom could be misleading).

Tests and solutions:

1) Try bungee jumping. If you survive, God must not be too hacked-off at you.

i) Atone for your sins and start over at the top of the flow chart.

iil) If you end up here next time, have someone watch you next time you set up your PCR reactions.

dostupné na: https://www.youtube.com/watch?v=x5yPkxCLads
[vid 13.6.2023]
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