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Toxonomy

Mammals
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Transmission
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Symptoms onset Symptoms releif
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[ Antiviral drugs? ]
Therapies : B
Reduce immunosuppression ] [ Reduce inflammation: anti IL6, GM-CSF.... ]

[ Anti-clotting: heparin,... ]




Clinical manifestations
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Real-Time PCR
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Multisystem and Ocular
Kawasaki Disease 0.6%
' 20.4%
Neurological Hematological and lymphatic
9.2‘70 6-10/0
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involvement of Covid-19
Gastrointestinal Cardiovascular
32.5% 11.4%
>

Hepatic
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Cutaneous
3.4%
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Diagnosis
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| | Screening criteria

!’ ! - History of travel (2 weeks prior)

|| ;/
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- Contact with patients

COVID-19 diagnosis criteria
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-Fever -\, Lymphocyte Chest X-ray: - Real time-PCR assay generation
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Serological (Rapid test)

Immunoglobulin (IgM) M, which are produced 10-18 days after
the onset of symptoms.
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Imaging findings RT-qPCR il
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Saliva collection
using cigarette filter

Magnetic manipulation
S SARS-CoV-2
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On-chip sample-to-answer integrated steps

1) RNA extraction
2) Isothermal amplification (RT-LAMP)
[l 2queous [ Joil s SARS-CoV-2 RNA 3) CRISPR-Cas12a detection with LF readout
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Figure 3. (A) Schematic illustration of disease detection using conventional methods relied
on centralized laboratories and POC testing approaches. POC devices can drastically reduce
the amount of time needed to detect disease. (B) Current rapid commercially available POC
devices that possess FDA approval for COVID-19. After sample collection and processing,
these devices are capable of testing the sample in a time frame of mostly less than 30 min.
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Real Time PCR
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Traditional PCR

«  Amplify DNA with end point analysis to distinguish products.

Template

, End-point analysis
Cyclel 3 —_
2X Template
5’ 5
Cycle 2
5 5/
4X Template

}

30-40 cycles
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Real-time PCR

* Quantify input nucleic acid by measuring the number of
cycles required to reach a set level of product.

Template

Cycle 1

2X Template

Cycle 2

4X Template

Fluorescence detection

Amplification Chart @ Sarnple Primer Dirner Data.opd
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Signal Generation with
SYBR® Green 1 dye

* SYBR® Green 1 dye binds to the minor
groove of ds DNA

 Detects specific and unspecific products



ultiple Optimized Chemistries

SYBR® Green Assay
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Dissociation Curve
Example: Presence of Primer Dimers
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Melting Curve Analysis Can Show
Specificity of Reactions
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Dve Choice in Probe Design

Filter Excitation Wv Emission Wv
Alexa 350 350 440
FAM/SYBR Green 49/ 516
TET 517 538
HEX/JOENIC 535 555
Cy3 545 568
TAMARA 556 580
ROX/Texas Red 585 610
Cy5 635 665




5" Nuclease Assay
using TagMan® probes

FAM™ VIC® TAMRA™ dyes

TagMan®
Forward ! Probe
Primer ,.
5 e—
3 S
5’ 3’
I 5’
Reverse
Primer

* PCR specificity (primer)
 Hybridization specificity (probe)



5" Nuclease Assay
using TagMan® probes

Fluorescence Resonance Energy Transfer (FRET)
from high energy to low energy dye

= No reporter signal with intact probe



5" Nuclease Assay
using TagMan® probes

5,

R
5 9
—
3

5 3
A — 5

Displacement of probe by 5° nuclease activity
of polymerase



5" Nuclease Assay
using TagMan® probes

9

5 3
— 5’

5!

w U1

Cleavage of probe by 5' nuclease activity of Taq
polymerase

= FRET disabled, generation of reporter signal



5" Nuclease Assay
using TagMan® probes

W a1

Polymerization completed

One reporter signal for each new DNA copy



5’-nuclease activity of
Taq polymerase

1)

1)  Denaturation and
hybridization of probe

2) Extension of primer and
strand displacement of 2)
probe

3)  Cleavage of probe and
fluorescence from the
reporter dye

Fluorescence from reporter dye is 3)
directly proportional to the
number of amplicons generated

Reporter dye
Quencher dye

= o0
—
m
m
—— G-

- ¥ o
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Real-time PCR

SYBR Green Tagman
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Concept of Threshold
and Ct Value
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Aliquot from Master
Mix containing 100% Wash Wash Elution
Extraction Control EtOH Buffer 1 Buffer 2 Buffer
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gloves -— lncubato
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complementary DNA( cDNA)
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Primers Selection Guidelines

-+

Oligo d(T)ys ¢ Use to reverse transcribe only eukaryotic mRNAs and
retroviruses with poly-A tails

* Avoid long mRNA transcripts or amplicons greater than
2 Kilobases upstream

Random primers o Try first for use with long reverse transcripts or reverse
transcripts containing hairpin loops

+ Use to transcribe all RNA (RNA, mRNA, and tRNA)

Sequence-specific | ¢ Use to reverse transcribe RNA-containing complementary
reverse primers sequences only
¢ Use in one-step reactions




First Strand Synthesis:

Random primer

B AAAAAAAA 3
Oligo(dT) primer

5 AAAAAAAA 3

= TTTTTTIT &
Sequence-specific primer (s=)

5 AAAAAAAA 3

3 - s 5’

mMRBNA
first-strand cDNA

mMRNA
first-strand cDNA

mMRBNA
first-strand cDNA

pe—=PLR

,J

1439MADS A
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complementary DNA( cDNA)

One-Ste
i cDNA
Reverse qPCR

transcnplion
Reversa qPCR

transcription
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Biosensor nCoV RdRp: FAM
E: JOE(VIC,Hex)

lighmixSarbecov Roche E: FAM T3« J5k660
2019-nCoV N: FAM
RdRp: VIC
COVITECH E: FAM
S: ROX
Pishtazteb N: Hex

RdRp: FAM




53T 91850 5 458 emsdals (sl S A

b iy Flu A: ROX CY5
Flu B: Hex/ Vic
SARS-COV-2 : FAM

Lign sl Flu A/B: FAM ROX
SARS-COV-2 : JOE(VIC,Hex)

(1 FLU A: FAM CY5
FLU B: JOE(VIC,Hex)
SARS-COV-2 : texas Red/ROX

039 FLU A: FAM cYs
FLU B: Yakima Yellow
SARS-COV-2 : texas Red/ROX



ROX Dye- Normalization

» Bubbles in wells

* Evaporation

* Condensation or droplets

» Instrument i1ssues. suchas electnical surges

Bubbles in wells without ROX dye normalization  gybbles in wells with ROX dll" normalization

PR Dk il i




ROX Dye- Normalization

ROX dye increases precision of technical replicates

Without ROX dye normalization (STD = 0.028) With ROX dye normalization (STD = 0.01)




Threshold setting
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Melt curve Analysis
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Standard curve
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Standard curve
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From Fluorescence to Results
Step 2 ,Comparison” of Ct Values

AR The el cona

107 106 105 100 103 102 10! 400 target copies

/| Ct
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Log copy number



Real Time PCR Control- internal

Control
U Fle Edit View Compliance Monitoring Extras Window Help - B %
soeee  F-HR-HEPBNaEB
eooee | [ Il | WA Y0 m
- QIAGEN
B HHHHHHHHH B HH p SEttingS \:‘\. HDn'ItDI"Ing El.q AI’IEI|'[;'SiS . [:'l:lljJrl-IErltaﬁl:lrl (] D
‘ Window 1 - 19-03-01-01.qrtp
»  Measurement (Ct) =
DGeneraI i
[[H] Thermal Cycler =
| 100
)
&
7 75
§ c
=
E 50
0 T T T T T T
0 1000 2000 3000 4000 GSOD0 6000 25
Time (s)
0
@_c,m" T T T T T T T
5 10 15 n bl 0 3 E)
[ samples | m Cyce
@1 231 45 & 7 8 % DI 12 A||C0|0I'S|FAM| w
£ 9000000 : :
8 .... .© Wel @  Samplename Sampletype  Dye Gene Ct Mean Ct A
c0000000 s o Positve contral ROX 23,05 23,05
Q000000 B UQot Uknoan  ROX 25,98 25,98
0000000 c1 02 Uknown  ROX B B
FOUOUQUO o1 o Unknown  ROX %.12 %.12
Qo0 e ot Uknown  ROX 519 519
OO0 e@O0 i s Unknown  ROX 27.18 27.18
61 06 Unknaw ROX %2 %2
©:00800¢ : e
H1 07 Uknown  ROX 2411 2411
 Absolute quantification [V [ Unknown  ROX %25 %25
A [ Uknoan  ROX 24,51 24,51
4 Relative quantification a o Unknown  ROX 5% 5% v
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Real Time PCR Control- Positive
Control

00000 | AR-HepBNEER
esece NE-8@- | § i) (|
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[ General » S 1 (oo
a
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o | 100
&
E" ol 757
g [
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0 1000 2000 3000 4000 5000 &DOO 754
Time (s)
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* 90000 : :
t
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Q0000
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" 00000
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& Absolute quantification
4 Relative quantification
v




Real Time PCR Control-weak

sample
ases [ -l B VY

‘ Window 0 - 23-03-01-01.qrtp

[') General
[l Thermal Cycler =
- 10 |
g

'

R

K

0 T T T T

T
0 1000 2000 3000 4000 5000 €0DO

Time (s)
& Scan

[ samples =

@123456?8910111!

+ Q0000
* 00000
<0000
> Q0000
00000
F00000
Q0000
+00000

@:00000¢

[ Absolute quantification

% Relative quantification

B8 Analyss F B Documentation

4 b

b | Data

90
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60
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dRn

10 15

Cydle

25

+
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+

e
er [
e [
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Wel m  Samplename Sampletype Dye Gene Ct
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HEX_2 nm
FAM 22.58

Mean Ct
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Real Time PCR Control- Negative
Control
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Real Time PCR Control- Negative
Control

sese (R-HR-HSPBNEER YO @E

- QIAGEN
HHHHHH - HHHHHHHHHH H HHHHHHHH H HHHH HHH \;\-F Mnnitoriw F‘ﬁ Arlal'f'sls . E":"jJrl‘lErltﬁh':'rl
Window 0 - 23-03-01-01.qrtp
2 General ~  Measurement (Ct) e
a
[{f] Thermal Cycler =)
W | 80
g n-
a 604
R e 50
g w0
0 T T T T T T 304
01000 2000 300D 4000 000 600D —
Time (s) 104
95 ” i ; ;
[E] samples =) Cydle
®1 P45 67 85 0L All colors | FAM | HEX_2 | ROX |
: 90000 —
+
8 @@@@@ Wel M  Samplename Sample type  Dye Gene Ct Mean Ct
c©0000 h v Unknown  ROX .16 .16
Q0000 o e Unknown  HEX_2 NoCt
00000 R [V Unknown  FAM NoCt
FQ0000
- Q0000
00000
@:00000¢
5 Absolute quantification
%4 Relative quantification
v




Protocol

S O] o3 e
) dady Y- 50°C  [Reverse Transcription
- "DNA Initial
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£ Annealing, Extension
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Nonstructural proteins (nsp) Structural and accessory proteins

& RdRP gene N i N2 gene
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Threshold

amplification

Fluorescence

Real-time RT-PCR Amplification curve



