c.? O

Ry )
o X MOLECULAR

S
(¥ J g%L?Gg ( g

%

Lab 5 notes Dr.Nesrin

O

Done by Sojoud Nasser
Wateen batch



@

COVID-19 Testing using RT-gPCR

PCR Dot lcsp

DNA e P o

A Upsr RVA s 150
OVA

COVID-19 ‘

Dr. Nesrin Mwafi
Biochemistry & Molecular Biology Department
Faculty of Medicine, Mutah University




&
COVID-19 m

Coronavirus disease (also known as COVID-19) is an
infectious disease

Caused by a novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2),_, *™ N ot

Initially started in Wuhan province in China and has
now affected > 200 countries worldwide

Declared as pandemic by WHO (world health
organization)

The virus primarily affects the respiratory system
causing flu-like illness with symptoms such as a

cough, fever, and in more severe cases, difficulty
breathing s s oAt ais o 15V gV
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Mortality is high in older age group individuals (> 60
years of age) and people with other morbid conditions
Coronaviruses (CoVs) are a group of enveloped

viruses. They are pathogenic (virulent) and have a
positive sense single-stranded RNA genome

SARS-CoV-2 is more pathogenic compared to the
previously identifled SARS-CoV | (2002) and Middle
East respiratory syndrome coronavirus (MERS-CoV,
2013)

All of the three coronaviruses (SARS-CoV-l,
MERS-CoV and SARS-CoV-2) are transmitted
and spread among humans through close contact.
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« SARS-CoV-2 has genome with length of 29.9 kb
(29900 nucleotides)

 The SARS-CoV-2 genome share about 82%
sequence identity with SARS-CoV and MERS-CoV
and > 90% sequence Identity for essential enzymes

Skrucvure of khe oL ol

and structural proteins Gitws

« Structurally, SARS-CoV-2 contains four structurgl
proteins: spike (S), envelope (E), membrane (M) and
nucleocapsid (N) proteins. These proteins share high
seqguence similarity to the sequence of the
corresponding protein of SARS-CoV, and MERS-CoV




COVID-19

« Spike (S) proteins are responsible for the binding
to the host cell surface receptor (ACE2) during

host cell entry /) Prodectlon on the surface of the virus 4

(- spike Protein (S)

Membrane Protein (M)

_— Envelope Protein (E)

Human ACE2
Receptor
@ Virus Entry
Host Cell



2593l Vil Spike protein Vi o9
angiotensin converting &3l glaw 1 vol> Receptor @l Spike protein V!
enzyme type 2 receptors
These receptors have high affinity to bind with the virus
Found in
@ kidney, arteries, heart ;small intestine
Lung cells (Alveolar cells type 2)Jb 29290 Leio 32331 531
Binding between virus and the receptor will induce endocytosis
JI (48 udblso po 32> RNA JI il gogaual) syl srloll JS>diud
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Poly-A tail
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Only 4 proteins are structural,sthe

w9 ue '__ d—é'A:JI;;:.L__-,_.
. i o rest are non structural proteins
2 gl Bosrsene The non structural are responsible
Priner "olee cie Lo i abe. for replication and transcription
ORF 1a and ORF 1b 4 their genes
encode proteins required for the

replication of the
virus gotranscription and
translation of the virus
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* Viral genome is composed of ORF1la, ORF1b, Spike
(S), ORF3a, Envelope (E), Membrane (M), ORFG,
ORF7a, ORF7b, ORFS8, Nucleocapsid (N), and
ORF10

Poly-A tail
5' cap ORE 1b .E oly-A tai

._ms UTR ORF 1a 3 UTR““

(+) ssRNA Genome

« Spike (S), Envelope (E), Membrane (M) and
Nucleocapsid (N) are the four structural proteins

* We diagnose patients using nasal swab sample
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Stage |: Sample Collection

Nasal Swab Test for COVID 19
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Diagnosis of COVID-19 @

Nasal swab

Stage 2

S

Extraction of viral RNA

Stage 3
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Amplification
of viral RNA by
gPCR



Stage II: Viral RNA Extraction ﬂ@

 Nucleic acid extraction Kit Is used to extract the vira
RNA using the magnetic beads method

« Advantages:
1. High quality of the extracted nucleic acid

pletes cacw conlaine 46 werr

2. The kit contains two 96-well plates (each can be
. ﬁ .
used to extract material from 16 samples) = ~»-<=

32sanple St

3. Reliable extraction process for 32 samples in 10
minutes only

4. Nucleic acid extraction reagents are \
pre-packaged in the 96-well plates

5. Easy, simple and convenient
(Only add 200ul sample and
15 ul proteinase K, 1ul internal control)
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Pre-packaged 96-Well Plate @
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Pre-packaged 96-Well Plate

Extraction reagent I. pre-loaded at positions (A1l-H1 & A27-H7)
Magnetic beads solution: pre-loaded at positions (A2-H2 & A8-H8)
Extraction reagent Il: pre-loaded at positions (A3-H3 & A9-H9)

Elution buffer (deionized water): pre-loaded at positions (A6-H6 & Al12-
H12)

These wells are empty (A4-H4, A5-H5, A10-H10 & A11-H11)




Extraction System

« Zybio EXM3000 is designed as a high-tech instrument to

Isolate and purify the nucleic acid through magnetic beads
method

* More efficient extraction and safer operation

* Place the 96-well plates (Don’t forget to position the combs
at their appropriate location

Disposable
M\LU'iC.lAC\nn,e(_

Automated Nucleic Acid @




Magnetic Beads

Lysis and binding
steps




The Extraction Program

* Click “start” to run the extraction program
« Each extraction cycle takes 10 min

Absorption
Waiting | Mixing

No. Position | Name Temperature(C)

1 2 Move

Heating for
Lysis

Magnetic |Mixture Temperature
Lysis and

Time Vi
Bead Time |Vel State
(min)
(sec) ?—_ é
binding

Tirde
(mif)
0 0 30 0 | Closed 0
Z 4 60 55
3 3 Wash % 1 60 G@ Closed 0
Z
%

geg

4 6 Elution

me
Heating for
2 30 5 . 80
Elution

g Closed 0

&

5 1 Move 0 0
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Stage Il: Viral RNA Extraction g b
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| ’ comb ! terts I multichannel pipette It s i
COLLECTING The comb is disposable to avoid contamination

DISPOSABLE TIPS
multichannel pipette V! W29 comb It % paxdll pals! L)

A

2 myltichannel pipettes vt €= Ste=l

COLLECTING magnetic beads e+ 1 2nd wellV!
P (> 305 ok Slell
1st well & petdin

MAGNETIC BEADS

COLLECTING
MAGNETIC BEADS

Inside the 1st well

Binding of nucleic acids and lysis

mixing for =2 magnetic beads V! cwie: L) Slel
K= +a g 55 Bl gong 4m

Lysis of viral cells

RNA binds specifically with beads

Application of a magnetic field to absorb

beads and ANA

Absorption time is 1m

BINDING OF
NUCLEIC ACIDS [

BINDING OF
NUCLEIC ACIDS [

ATTRACTING THE
MAGNETIC BEADS
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: Washing the sample
WASHING THE R .
NUCLEIC ACIDS First step mixing for1m
2nd absorption for Im

WASHING THE
NUCLEIC ACIDS

WASHING THE
NUCLEIC ACIDS

ROTATION ON

Elution step

RNA and magnetic beads V! ox &l &
The elution buffer is defonized water ()
Mixing for 2m
Absorption for 30s

ELUTING THE
NUCLEIC ACIDS

ELUTING THE
NUCLEIC ACIDS

DISPOSING
OF THE TIPS







RT-gPCR

* We can’t do PCR directly on viral RNA !l and it
should be converted first to complementary DNA
known as cDNA by reverse transcription (RT)

RT Is catalyzed by reverse transcriptase enzyme
(“-r'_;t-u.,n Core

s dSU primer 5- Reverse T@pscriptase 3’
wsb primer Ut ey Primer SRR
bl e 4 ITITIS
Poly A Lail RNA
poly A kail o RVA a5, 3 5
10 min
50 C

51 3/

RNA
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O One shot or one approach

kit 91 ondis a2 2o reverse transcription and qPcr Jes!
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RT-qPCR @
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The next step Is the amplification reaction using
the cDNA as template, specific primers for the
target fragments of the virus (ORF 1lab and N
genes), dNTPs, Tag DNA polymerase, probes

Negative control (NaCL solution) and positive
control (containing the target fragment sequence
of the virus) PORFLA and M senes

Also the kit contains internal control IC (should be
added to the wells before the extraction process)

Purpose of IC: allow accurate detection
of PCR inhibition and failure of extraction so avoid
false negative results



SARS-CoV-2 Nucleic Acid @
Detection Kit aign

* |s enough for 96 tests or samples
* The one approach RT-gPCR (reverse transcriptase
and Taq DNA polymerase)

« Contains 5 tubes: positive control, negative control,
Internal control, PCR reaction solution (master mix)
and enzyme solution
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Green colored curve
detection curve for ORF 1ab
Red colored curve

Detection curve for N gene y E8 /T aassssass
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Detection curve for Internal
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Analysis of the Results :
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Analysis of the Results
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B QuantStudio™ Design & Analysis Software v1.5.1
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ign & Analysis Software vi.5.1

Analysis of the Results
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Analysis of the Results

8 QuantStudio™ Design & Analysis Software v1.5.1
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