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1 - Introduction




What is a virus?




A virus is a parasitic agent transmitted via microscopic virus particle that contains
genetic material (DNA or RNA).

Basic anatomy of a virus particle

Some particles have:

Protein coat (capsid)
Envelope (lipid bilayer)

~ Envelope proteins

A virus can only replicate itself by entering a cell and using the cellular machinery.
Virus particles are formally referred as virion.

Some viruses infect animals, other viruses infect plants. Viruses can also infect bacteria:
these are called bacteriophages.

If a virus causes a disease, it is considered as pathogenic.



Viruses & some numbers ... 8% o'f 'Fhe human' genome is (')f.viral
origin. A protein of viral origin,

syncytin, played a key role in the
evolution of mammals, allowing the

pIacenta to appear.
Other human proteins of viral origin (UniProtKB)

The living world could not
exist without viruses!

"They are the most diverse organisms
on our planet (...) and we still know
nothing about them".

Viruses that infect bacteria (bacteriophages) play
an important role in regulating populations of
bacteria that are harmful to humans. They could
We touch hundreds of millions of behan al;c]ernatlve to antibiotics in some cases
viruses every day. (phagotherapy).

Source (FR)



https://www.uniprot.org/uniprot/?query=keyword%3Aerv&fil=organism%3A%22Homo%20sapiens%20(Human)%20%5B9606%5D%22&columns=id%2Centry%20name%2Creviewed%2Cgenes%2Cprotein%20names%2Corganism%2Clength&sort=score
https://www.lesinrocks.com/2018/04/18/actualite/actualite/des-milliards-de-virus-tombent-du-ciel-chaque-jour/

Viruses that infect human...

“Biologists estimate that 380 trillion viruses are living on and
inside human body right now—10 times the number of bacteria.”

The human virome (Scientific American)



https://www.scientificamerican.com/article/viruses-can-help-us-as-well-as-harm-us/

There are about 200 types of viruses known to infect humans.
There are different host, modes of transmission, as well as different associated pathologies (Diseases).

https://viralzone.expasy.org/678

#% ViralZone

Human viruses and associated pathologies
The table below displays the list of human viral pathogens, with transmission and general facts about associated pathologies.
(See human viruses by Baltimore classification)

| View in TEXT format |

235, x ge
=¥ ViralZone

Virus Genus, Family Host Transmission Disease genome Proteome
. . D dovi .
Adeno-associated virus S .(.erus‘ Human, vertebrates Respiratory None Genome Proteome
Parvoviridae
) Kobuvirus, .
Aichi virus . L Human Fecal-oral Gastroenteritis Genome Proteome
Picornaviridae
. . Lyssavirus . . -
Australian bat lyssavirus Y ) Human, bats Zoonosis, animal bite Fatal encephalitis Genome Proteome
Rhabdoviridae
i Polyomavirus, . . .
BK polyomavirus v - Human Respiratory fluids or urine None Genome Proteome
Polyomaviridae
. Seadomnavirus Human, cattle, pi § . 1,2,3,4,5 86
Banna virus - ! o - P, Zoonosis, arthropod bite Encephalitis PO, Proteome
Reoviridae mosquitoes 7.8,9,10 11
Alphavirus Human, marsupials . . .
Barmah forest virus P L N pials, Zoonosis, arthropod bite Fever, joint pain Genome Proteome
Togaviridae mosquitoes
. Orthobunyavirus, . ; ;
Bunyamwera virus . .y Human, mosquitoes Zoonosis, arthropod bite Encephalitis 1,2, 3 Proteome
Bunyaviridae
Orthobunyavirus Human, deer, mosquitoes . .
Bunyavirus La Crosse . .y ! ! ' a ' Zoonosis, arthropod bite Encephalitis 1,2,3 Proteome
Bunyaviridae tamias
i Orthobunyavirus, 5 ; )
Bunyavirus snowshoe hare L Human, rodents, mosquitoes Zoonosis, arthropod bite Encephalitis SML Proteome
Bunyaviridae
. . . Lymphocryptovirus _ .
Cercopithecine herpesvirus ymp! ryp ' Human, monkeys Zoonosis, animal bite Encephalitis Genome Proteome
Herpesviridae
5 Vesiculovirus ; ;
Chandipura virus o Human, sandflies Zoonosis, athropod bite Encephalitis Not available  Proteome
Rhabdoviridae
. Alphavirus, Human, monkeys, } . .
Chikungunya virus . b Zoonosis, arthropod bite Fever, joint pain Genome Proteome
Togaviridae mosquitoes
: Cosavirus
Cosavirus A . L Human Fecal-oral (probable) - Genome Proteome
Picornaviridae
3 Orthopoxvirus,
Cowpox virus ,p Human, mammals Zoonosis, contact None Genome Proteome
Poxviridae
Coxsackievirus SIS Human Fecal-oral LT T Genome Proteome

Picornavindae

myocarditis, paralysis


https://viralzone.expasy.org/678

Examples of types of viruses that infect humans and their respective sizes

herpes rabies measle HIV COVID-19

Influenza virus Adenovirus
100nm 20nm
gastroenteritis
iy L iy r "
e © & o ® =
Papillomavirus Dengue wirus, Hepatitis C virus Hepatitis B virus  Hepatitis Avirus, Parvovirus
Ebolavirus Glnm Zika virus S0nm A42nm Paoliovirus 20nm
A0xS70nm 50nm 30nm

https://viralzone.expasy.org/5216



https://viralzone.expasy.org/5216

Coronaviruses and SARS-CoV-2




Coronaviruses belong to a large family of viruses (that includes more than 40 species) and most of them
are harmless to humans. Four types of coronaviruses (called 0C43, 229E, NL63 and HKU1 ) are endemic
and are known to cause colds. Three types of coronaviruses can cause serious lung infections:

Severe Acute Respiratory Syndrome-related Coronavirus 2
SARS-CoV-2

responsible for the Coronavirus disease-19 (COVID-19) since 2020
reservoir: bat(?)

O O O O

Middle-East Respiratory Syndrome Coronavirus
MERS-CoV

responsible recurrent epidemic since 2012
reservoir: camel, bat (?)

0O O O O

Severe Acute Respiratory Syndrome-related Coronavirus

SARS-CoV

responsible for an epidemic in 2003, that affected more than 30 countries.
reservoir: bat

o O O O




SARS-CoV-2 images outside and inside a cell ...

A cell infected with particles of SARS-CoV-2. Credit: Cynthia 5. Goldsmith and Azaibi Tamin/CDC/SPL

https://www.flickr.com/photos/niaid/49557550751/ https://www.nature.com/articles/d41586-020-00502-w



https://www.nature.com/articles/d41586-020-00502-w
https://www.flickr.com/photos/niaid/49557550751/




On 10 January 2020, a Chinese team submitted a first sequence SARS-CoV-2's
genome to the GenBank database.

SARS-CoV-2’s genome sequence contains 29,903 nucleotides™.

This sequence is considered as the ‘reference sequence’, meaning that the SARS-
CoV-2 sequences collected world-wide are compared against it.

* SARS-CoV-2’s genome consists of single-stranded RNA. In databases such as GenBank, this type of genome is
represented as a DNA sequence (T instead of U).



https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=fasta

3 — Setting up the RT-PCR test




Sequencing the SARS-CoV-2 genome has allowed the rapid implementation of a
PCR test to detect the presence of the virus in nasopharyngeal (nose) or
oropharyngeal (throat) smears.

The test can be 'positive’ for as many as 100 viruses present in the smear!




RT-PCR (Reverse Transcription-Polymerase Chain Reaction) is a lab technique that makes it possible to convert
RNA into DNA, to selectively amplify (or ‘photocopy’) a DNA fragment, and then to make millions to billions of

fragment copies.

Two small DNA sequences of about 20 nucleotides,
called primers, are carefully selected.
They are complementary (100 % identical) to the DNA
strand and 'frame' the fragment to be amplified.

DNA fragment to be
amplified

|

Virus DNA

/

_\ /_

primers

Amplification of the fragment through
several PCR cycles

If the virus is present in the tested sample, the amplified DNA
fragments will be visible on an agarose gel, for example.
Note that quantitative PCR (qPCR, or real-time PCR) is much

used in diagnostics. It consists of collecting data during PCR
with fluorescently labeled primers.

Virus Virus

In order to validate the test, several
fragments (different regions in the
genome) are amplified.



Test the specificity of the primers (1)

Examples of primers used for PCR testing:

> Primer no 1 CTCGAACTGCACCTCATGG
> Primer no 2 GGCATACACTCGCTATGTC

1. How often do you find the sequence of a primer in the virus’s genome (manually)?

* Look for the primer sequence in SARS-CoV-2’s genome (Use Ctrl F or command F for mac)



https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=fasta

Test the specificity of the primers (1)

DNA fragment to be

amplified

|

Virus’'DNA

4

Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete

genome

MNCBI Reference Sequence: NC_045512.2
GenBank Graphics

>HC_045512.2 Severe acute respipftory syndrome coronavirus 2 isclate Wuhan-fu-1,

complete gencme

ATTARRGGTTTATACCTTCCCAGETAN CCARCCARCTTTCGATCTCTTRTAGATCTGTTCTCTARR
CGRRCTTTARRATCTEIGTGECT G RACTCGECTGCATGCT TAGTGCACTCACECAGTATARTTARTANC
TRRTTACTGTCGTTGRACAGGACAZEAGTARCTCGTCTATCTICTGCAGGCTGCTTACGGTTTCEICCETE
TTGCAGCCGATCATCAGCACAPCTAGETTTCGTCCGRGTGTEACCGARRGGTARGATGEAGRGCCTTATE
CCTEEITTCARCGRGRRAACACACGTCCARCTCAGT TTGCCTGT TTTACRAGET TCGCGACGTECTCRTAC
GTGECITTGGRGACTCOET GEAGGRGETCT TATCAGRGGCACGTCARCATCTTARAGATGGCACTTETGE
CTTAGTAGRARGTTGARRRRGECGTTTIGCCTCARCT TGRRCAGCCCTATGTGTICATCARRCGT TCGEAT
CEE T E e e NEE T CATGT TATGET TGAGCTGETAGCAGANCTCEARGGCATTCAGTACGGTC
GTRAGTGGTGAGRCACTTGEIGICCTTGTICCCTCATGTGRGCGRRATACCAGTGECTTACCGCARGETTCT
TCTTCGTARGRACGETAATARAGGAGCTEETGECCATAGT TACGECGCCAATCTARAGTCATTTGACTTA
GGCEACGAGCTTGGCACTGATCCTTATGARGATTTTCARGARRACTGGRRCACTARACATAGCACTECTE
TTACCCGTGRACTCATGCGTGAGCT TARCGEAGGGGCATACACTCGCTATGTCEATARCARCTICTETGE
CCCTGATGGCTACCCTCTTGAGTGCATTARAGACCT TCTAGCACGTGCTGETARRGCTTCATGCACTTTE
TCCEARCARCTGGACTITATTGACRCTARGAGGEGGTGTATACTGCTGCCATGARCATGAGCATGARATTE
CTTEGTACACGGRARCETTCTGARRRGRGCTATGAAT TGCAGACACCTTTTGARRTTARATTGECARRGAR
ATTTGRCACCTTCAATGGGRAATETCCARATTTTGTATITCCCTTARATTCCATAATCARGRCTATTCAR
CCRRGGETTGRARRGRRRAAGCTTGATGECTITATGGGTAGAATTCGAT CTGTCTATCCAGTTGCETCAC
CRRRTGRAATGCRACCARRATGTGCCTTITCARCTCTCATGARGTGTGATCATIGTEETGAAACTTCATEGECR

# Primer no 1 CTCGAACTGCACCTCATGG

primers

Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete

genome

NCBI Reference Skguence: NC_045512.2
GenBank  Graphics

»HC_045512.2 Severe ute reapiratory ayndrome coronavirus 2 isclate Wuhan-Hu-1,

complete genome

ATTAAAGETTTATACCTTCCCAGGRRACARRCCARCCANCTTTCGATCTCTTGTAGATCTGTICTCTARR
CEAACTTTARAATCTGTGTGECTETCACTCRECTGCATGCT TAGTGCACTCACGCAGTATAATTARTAAL
TARTTACTGTCET TEACAGEACACEAGTARCTCGTCTATCTTCTGCAGECTGCTTACGGTTTCATCCGTE
TTECAGCCEATCATCAGCACATCTAGGT T TEGTCCAEETET SACCEARAGETANGATGGAGAGCCTIGIC
CCTEGTTTCAACGAGAARCACACETCCAMCICAGTTTGCCTST T TTACAGGT TCGCEACGTGCTCETAL
GTEECTTTGEAGACTCCETGEAGEAGGTCTTATCAGAGECACETCARCATCTTARAGATGECACTIGTGE
CTTAGTAGRAGTTGAAARRGECGTTTTGCCTCARCTIGAACAGCCCTATGTGT TCATCARACGTTCGGAT
GCTCGRRCTGCACCTCATGETCATETTATGET TGAGCTIGETAGCAGAACTCGANGECATTCAGTACGETC
GTAGTGETGAGACACTTGETETCCITGTCCCTCAT T GEECEARATACCAGTGECT TACCGCARGETICT
TCTTCGTARGAACGETARTANAGEAGCTGETGECCATAGT TACEGCECCEATCTARAGTCATTTSACTTA
GECEACGAGCTTEECACTGATCCTTATGARGATTTTCARS CTGGARCACTARRCRATAGCAGTGETE
TTACCCGIGAACTCATGCETGAGCTTARCGEAGCEHEN N NN wyNGsCATAACAACTICIGIGE
CCCTGATGECTACCCTCTTEAGTGCAT TARAGACCTTCTAGCACGTECTGETARAGCTTCATGCACTTTS
TCCERACRRCTGEACTTTATTGACACTAAGAGEGETGTATACTGCTGCCGTGARCATGAGCATGARATTE
CTTGGTACACGEARCGTTCTGARANGAGCTATGAATTGCAGACACCTTTTGARATTAMATTGGCARAGAR
ATTTGACACCTTCAANTGGGGAATGTCCARRTTTIGTATTTCCCTTARATTCCATARTCARGACTATTCAR
CCAAGGGTTGRARRGAARANGCTTGATGECT TTATGEETAGRATTCGATCTGICTATCCAGTTGCGICAD
R T R TR A A A T R TR T T T A AT T AT R AT R TEAT AT TRTRETRARACT TOATRECR

# Primer no 2 GGCATACACTCGCTATGTC



Test the specificity of the primers (2)

Examples of primers used for PCR testing:
> Primer no 1: CTCGAACTGCACCTCATGG
» Primer no 2: GGCATACACTCGCTATGTC

2. How often do you find the sequence of a primer in the SARS-CoV-2 genome (with a bioinformatics tool)?

* Use BLAT@UCSC
* Copy/paste the primer’s sequence BLAT Search Genome

* Select ‘genome’ : SARS-CoV-2 Genome: O Search all
« Click ‘Submit’ [ SARS-Cov-2 ]

3. How often do you find the sequence of a primer in the human genome”?

Human genome consists of 3 billion nucleotides...

* Use BLAT@UCSC BLAT Search Genome
* Copy/paste the primer’s sequence
* Select ‘genome’ : human Genome: O Search all

v

e Click ‘Submit’ | Human



http://genome.ucsc.edu/cgi-bin/hgBlat?command=start
http://genome.ucsc.edu/cgi-bin/hgBlat?command=start

BLAT Search Genome

Genome: O Search all Assembly: Query type: Sort output: Output type:
|SARS—COV—2 v| ‘Dec. 2013 (GRCh38/hg38) v| BLAT's guess |~ Iquery,score ~ Ihyperlink ~
CTCGAACTGCACCTCATGG

O All Results (na minimum matches)

Submit = I'm feeling lucky  Clear

BLAT Search Results

Go back to NC 045512v2:492-510 on the Genome Browser.

Custom track name: |blat YourSeq \

Custom track description: \blat on YourSeq

Build a custom track with these results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHROM

The primer (19 nucleotides) is
browser details YourSeq 19 1 18 19 100.0% NC 045512v2 + 102 510 19 « found only once in the genome
of the virus (100 % identity) at
positions 492-510 in the
reference genome sequence.




BLAT Search Genome

Genome: O Search all Assembly: Query type: Sort output: Qutput type:

‘ Human v| |Dec. 2013 (GRCh38/hg38) v| BLAT's guess ~ |query,score v |hyperlink v
CTCGAACTGCACCTCATGG

O All Results (no minimum matches) Submit I'm feeling lucky  Clear

"N Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg38) BLAT Results
The sequence of the primer is not

Sorry, no matches found (with score at least 20) « found in the human genome (3
billion letterst!)




Test the specificity of the primers (3)

Examples of primers used for PCR testing:
> Primer no 1 CTCGAACTGCACCTCATGG
» Primer no 2 GGCATACACTCGCTATGTC

4. Try to type a random sequence (20 letters): can you find it in the genome of the SARS-CoV-2 virus?
* Look for your random sequence in the SARS-CoV-2 genome (Use Ctrl F or commandF for mac)

5. Do you find the primer sequences in the genome of another coronavirus?
* Look for the primer sequence in SARS CoV genome (Use Ctrl F or commandF for mac)

* Alignment of the sequences of the 2 coronavirus genomes in the region ‘matching’ the primers (top: SARS-CoV-2):

HC 04551z2.2 SARS-CoV-2 419 GECTIAGTAGRAGTTGRAAR R A GGCGTITTIGCCTCAACTTGRARCAGCCCTATGTGTTCATC
AY362699.1 SARS-CoV 418 GETCTAGTAGRAGCTGGRAAARAGECGTACT GCCCCAGCTTGARCAGCCCTATGTGTTCATT

LR ek deddedk ok ckdededededededkdedod v dededed ol oo dode ok de o e o e e s e e e ok e o o e o e i

HC 045512.2 SARS-CoV-2 479 ARACGTTCGGAT Gmy ety e ism e e e TCATGT TAT GGTTGAGCTGETAGCAGAR

LY362699.1 SARS-CoV 478 MCGTTCTGATGCCTTMGCACCMTCACGGCCACMGGT CeITGAGCTGETTGCAGRA
EEEEEREE WEE R LE L JEEE ORE RE . LE O OREEEER
NC 045512.2 SARS-CoV-2 718 GRTICCTTATGARGRITITCARGRA AL CTGGRARCACTARACATAGCAGTGGTGTIACCCGET
HC_045512.2 SARS-CoV-2 539 CTCGRAAGGCATTCAGTACGGTCGTAGTGGTGAGACACTTGGTGTCCTT] AY362659.1 SARS-CoV T18 GATCCCATTGRAAGATTATGRARCAL AR CTGEARCACTAAGCATGECAGTGETGCACTCCGT
RY¥382699.1 SARS-CoV 538 RTGGRCGGCATTCAGTRACGETICGTAGCGETATRAACACTGEGRGTACTC HRHEEH DIREEAEAELLR AR AALAAAARRALARAARS R mAamRaaas L, wEEe
o LR KR HARAARAAAAAAAAARRAAAE RAR 1 REEAR RRRE AW

NC_045512.2 SARS-CoV-2 779 GRACTCATGCGTGAGCT TARACGGAGGE s e e S e A TAACALCTTCTGT
BY3626959.1 SARS-CoV T78 GRACTCACTCGTGAGCTCARTGGAGETGCAGTCACTCGCTATGTCGRCARCARTTTCTGT

O E R R REEREREE AR ARARE RAE AR RRARARARRAAEE RRdRd RRR R R

NC 045512.2 SARS-CoV-2 B39 GGCCCTIGATGGCTACCCICTITGAGTGCATTALAGACCTTCTAGCACGTGCTGGTARLGCT

LY362699.1 SARS-CoV B38 GECCCRAGATGGGTACCCTICTITGATIGCATCARAGRTTTTCTCGCACGCGCGEECARGTCR
o HEEAR L AEA AR RARAAAAARAE RRAAAE RAAAR  RERR REARR AR KRR AR A



https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/AY362699.1?report=fasta




Since the first ‘reference’ genome, several thousand SARS-CoV-2 genomes have been sequenced in
different countries. Several research centers give free access to this data. This is essential!

Example (NCBI): Severe acute respiratory syndrome coronavirus 2 data hub

-
N CBI Vl rus About Us v Find Data v Help ~ How to Participate v Submit Sequences v Contact Us

Sequences for discovery

. . Betacoronavirus BLAST SARS-CoV-2 Articles in PubMed NCBI SARS-CoV-2 Resources
SARS-CoV-2 Data Hub Quick Links
CDC Outbreak Information SRA Data Datasets APls
@ Tabular View Dashboard Visualizations Mutationsin SRA @ o Complete Tree o Selected Results: 0 | Align | | Build Phylogenetic Tree |
. Nucleotide (524,124) Protein (3,824,077) RefSeq Genome (1) Select Columns
Refine Results Reset
u _] Accession + Submitters ¢ ReleaseDate ¥ Pangolin T Species < Molecule type < Length ¥ Geo Locat
=]
Virus -+ = "
< -g :] NC_045512 ‘™= Wu,F,, et al. 2020-01-13 B Severe acute respiratory s...  ssRNA(+) 29903 China
Severe acute respiratory u%
fg;ﬂfggg‘;g:go"awus 2 x _ MZ310507 Sharma,s., ... 20210528  B.1 Severe acute respiratorys...  sSRNA(+) 29802  India
5 . . . .
Accession + :] MZ310508 Saiyed,Z., e... 2021-05-28 B.1.1.216 Severe acute respiratory s...  ssRNA(+) 29802 India
Sequence Length + _] MZ310509 Raval,J., et al. 2021-05-28 B.1.36 Severe acute respiratory s...  ssRNA(+) 29802 India
:] MZ310510 Soni,T, etal. 2021-05-28 B.1.36 Severe acute respiratory s...  ssRNA[+) 29799 India
Sequence Type ==
_] MZ7310511 Sharma,S., ... 2021-05-28 B.1.36 Severe acute respiratory s...  ssRNA(+) 29799 India

RefSeq Genome Completeness <4



https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/virus?VirusLineage_ss=Severe%20acute%20respiratory%20syndrome%20coronavirus%202,%20taxid:2697049&SeqType_s=Nucleotide

Access virus genomes sequenced in different countries

Each genome sequence has its own accession number. As an example, the following URL gives
access to the GenBank entry (in Fasta format) of the reference genome (NC_045512.2):
www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=fasta.

1. Replacing the AC number of your genome sequence of interest in this URL gives access to its
GenBank entry: e.g., www.ncbi.nlm.nih.gov/nuccore/LR991698.2?report=fasta gives the

GenBank entry for LR991698.2 (the UK variant B 1.1.7).

2. Use the AC numbers listed below to explore the SARS-CoV-2 genome sequences from
different countries, sequenced and submitted at different times:
1. MT612198.1: 23-JUN-2020 (Australia);
MT911538.1: 21-AUG-2020 (Minnesota);
MWO079825.1: 07-OCT-2020 (Egypt);
MW592707.1: 11-FEB-2021 (Brazil);
MZ026889.1: 26-APR-2021(Bahrain).

Lk wnN



http://www.ncbi.nlm.nih.gov/nuccore/LR991698.2?report=fasta

As an example, here are the genomes of different virus variants:

SARS-CoV-2 sequence, China (10-JAN-2020 (Wuhan))
e \Variant alpha (B1.1.7, UK), alternative: LR991698)
e \Variant beta (B.1.351, South Africa)

e Variant gamma (B.1.1.28.1, Brazil, P1)

e \Variant delta (B.1.617.2, India)

e \Variant epsilon (B.1.427, California, US)

e Variant omicron (B.1.1.529)

Compare the genome sequences 2 by 2: align@UniProt ...it may take a few minutes....

Once the job is finished, click on ‘Similarity’ in the left-hand column to see the differences (mutations) more

clearly.
Find the different mutations and in particular the one located in position 23,063 (A->T):

A mutation at position 23,063

$

NC 045512.2 23041 ATCATATGGTTTCCAACCCACTAATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACT 23100
LR391698.2 23023 ATCATATGGTTTCCAACCCACTTATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACT 23082
*****#****************:-k:lri—-k*i—-k**i—*-k*-k***********i—***i—*******
UniProt 3
Example of alignment: reference genome (Wuhan) and genome Alpha, B.1.1.7 (UK): file txt niProt g


https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/MZ344997.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/LR991698.2?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/MW598419.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/MZ169911.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/MZ359841.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/MW453103.1?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/OL672836
https://www.uniprot.org/align/
http://education.expasy.org/cours/Outreach/Coronavirus/Align_Genome_Ref_UK.txt

The discovery of the variant Alpha (UK
B1.1.7) in December 2020 had a massive
impact. The variant Alpha of SARS-CoV-2
genome has apparently acquired 17
mutations.

The differences are highlighted in white.
These differences correspond to the new
mutations present in the variant Alpha of
SARS-CoV-2 genome.

Alignment of genomes
 Reference genome (NC 045512.2)
* Alpha, B.1.1.7 genome (LR9911698)

This is a mutation

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

LR991658.2
NC 045512.2

23023
23041

‘«

LR s e Rt st s R R SR s s RS s EEEEEEEEEEEEEEE

23083
23101

A A N A A A A T N AN A N A AN A A T A AN A A A A AN A A AN AN A A AN NANAAANAAAN KT HH

23143
231el

A A N A A A N A T A A A A A A A A AN AN A AN A A AAAN KT AN ANA XA AANN KR HH KK KKK

23203
23221

AR KA A KRR A A A AR A A AN KA A A IR AAN K I A A AAKNKF AN AAR K AN A A hhkhx

23263
23281

A A N A A A A T N AN A N A AN A A T A AN A A A A AN A A AN AN A A AN NANAAANAAAN KT HH

23323
23341

A A A A A AN AN N A AN A N A A AN R A A AN A A A A AN KA A A A AN KA AA AT AAAN T TN

23383
23401

R AR KA A A K R K A A R A A AR R R A A A AR A AN R I A A A AR K F A A I AR KA A A I A AR Hx

23443
2346l

A A N A A A A T N AN A N A AN A A T A AN A A A A AN A A AN AN A A AN NANAAANAAAN KT HH

23503
23521

EE S S TS S S E R E R TR RS A KA A A AN A A A A AN KT A AAAN KA AANNAAAAAN R TN

23563
23581

KKK KA A A A KRR A A I I AR AHAKN A A A A AR AN K I AT A AR K I A A A AR KA A A I A AR H A

23623
23641

A A N A A A A T N AN A N A AN A A T A AN A A A A AN A A AN AN A A AN NANAAANAAAN KT HH

23082
23100

23142
23160

23202
23220

23262
23280

23322
23340

23382
23400

23442
23460

23502
23520

23562
23580

23622
23640

23682
23700

Aligh@UniProt

Copy/paste the fasta format of the sequences



https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=fasta
https://www.ncbi.nlm.nih.gov/nuccore/LR991698
mailto:Align@UniProt

Identify your viral genome: to which variant does it correspond?

The particular combination of differences/mutations found in a given genome allows identification of
the virus variant (also called lineage).

Pangolin COVID-19 Lineage Assigner is a tool which allows to identify a virus variant according to its
genome seqguence.

Go to the Pangolin COVID-19 Lineage Assigner of PANGO lineages: pangolin.cog-uk.io

Copy & paste one of your previous sequences (Fasta format) into a “.Fasta’ file, instead of a .txt file.
Import your ‘Fasta’ file

Click on ‘Start your analysis’ button on the top left.

The name of your lineage/variant will appear, together with additional information. Click on the '
button. 117 460

LhwheE

The actual distribution of your variant, if known, will appear on the planet icon.

Note that each virus variant (also called lineage) can have different names (UK variant =B.1.1.7,
201, 501Y V1, alpha, etc)


https://pangolin.cog-uk.io/

“The coronavirus mutates relatively rarely. In any case less than a flu, gastroenteritis or hepatitis. (...)

But it mutates enough for us to be able to recognise it and identify its 'ancestors’," Pr Didier Trono.

Monitoring the epidemic in real time : https://nextstrain.org/ncov/global

Vertical bars represent the most frequently observed mutations among the approximately
29,000 nucleotides (comparison of thousands of genomes).
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m) "Making sense of mutations: what 23,063 A->T means for the COVID-19 pandemic ?“


https://nextstrain.org/ncov/global

How to evaluate the impact of such mutations on the pandemic ?

In order to evaluate the impact of these mutations, we need to look at
the SARS-CoV-2 proteins....



What is a protein?



https://www.precisionmed.ch/en/what-is-a-protein/

Analysis of the virus’s genome sequence allowed to find the amino acid sequences of

the virus’s proteins.

AN PROT

A protein?

FROM NUCLEOTIDES TO AMINO ACIDS...

a DNA sequence

(gene)
N

cta gct aca gtg aaa tct..

1-4-4-4-4--"BF
5 L AT V K

an amino acid
sequence

A protein

an amino acid

What's a protein?
www.precisionmed.ch



https://www.precisionmed.ch/en/what-is-a-protein/
https://web.expasy.org/spotlight/back_issues/000/comic/#tab-francais

SARS-CoV-2 Genome and Proteins 23,063
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Architecture of the SARS-CoV-2 genome and proteome from Proteins: Structure, Function, and Bioinformatics 2021; doi: 10.1002/prot. 26250

https://www.rcsb.org/news?year=2020&article=5e74d55d2d410731e9944f52&feature=true



https://www.rcsb.org/news?year=2020&article=5e74d55d2d410731e9944f52&feature=true

Approximately 17 genes coding for proteins have been identified (S, N, M, E, .... ) in the
SARS-CoV-2 genome.

List of the SARS-CoV-2 proteins and their function in UniProtKB: list

SARS-CoV-2

Spike trimer (S)

Nucleoprotein (N)
and RNA genome

Membrane protein

\ “ W X = K 4 ~LL
X7 Y \ X
O o
" : ¢ ' w
2 ) -
K Y

&F ——Envelope small membrane protein
pentamer (E)

We will now focus on the gene coding for the Spike protein: gene S


https://www.uniprot.org/uniprot/?query=proteome%3AUP000464024&columns=id%2Centry%20name%2Creviewed%2Cprotein%20names%2Cgenes%2Clength%2Ccomment(FUNCTION)

6 - SARS-CoV-2 and its spike protein

«Only one protein on the surface of the new coronavirus is
responsible for its transmission to humans and the resulting
pandemic: the Spike protein. Driven by major technological
developments in recent years, scientists have rapidly determined its
composition and 3D structure, which has greatly aided vaccine
development». Radio Canada



https://ici.radio-canada.ca/nouvelle/1691931/pandemie-histoire-coronavirus-proteines-ace2-covide-19-sras-cov-2

The Spike protein function

The Spike protein allows the virus to enter our cells
by interacting, among other things, with a human
protein called ACE2, which is present on the surface
of some human cells (lung, small intestine, ...).

How the coronavirus infects cells
— and why Delta is so dangerous



https://www.nature.com/articles/d41586-021-02039-y?utm_source=Nature+Briefing&utm_campaign=4fa081d186-briefing-dy-20210728&utm_medium=email&utm_term=0_c9dfd39373-4fa081d186-45521262
https://www.nature.com/articles/d41586-021-02039-y?utm_source=Nature+Briefing&utm_campaign=4fa081d186-briefing-dy-20210728&utm_medium=email&utm_term=0_c9dfd39373-4fa081d186-45521262
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https://www.proteinspotlight.org/back_issues/223/comic/#tab-francais

=559 ViralZone

Spike protein

m ( Attachment )—(Spike cleavage )—>
Human TMPRSS2

Human ACE2 _ .
Spike cleavage

uy

How SARS-CoV-2 enters human cells (after https://viralzone.expasy.org/9096): the spike protein
located on the surface of the virion interacts with the ACE2 protein (entry receptor) located on some
human cells, allowing the virion to enter via two different mechanisms. When another human protein,
the protease TMPRSS2 is present at the cell surface, the virion membrane can fuse directly and release
the viral RNA genome into the cell. If no human protease activates the spike protein, the virion can be
taken up into an endosome in which the human protein called cathepsin L activates the spike to allow
fusion and release of the viral RNA genome into the cell.



https://viralzone.expasy.org/9096

The spike gene & protein sequence (1)

Gene S coding for the Spike protein (beginning of the sequence):

(Genetic code)

atgtttgt
aatcttacaa
acgtggtgtt
caactcagga
gctatacatg
cctaccattt
taataagagg
ctacttattg

What are the first amino acids in the Spike protein?

ttttcttgtt
ccagaactca
tattaccctg
cttgttctta
tctctgggac
aatgatggtg
ctggattttt
ttaataacgc

l

ttattgccac
attaccccct
acaaagtttt
cctttetttt
caatggtact
tttattttgc
ggtactactt

tagtctctag
gcatacacta
cagatcctca
ccaatgttac
aagaggtttg
ttccactgag
tagattcgaa

tactaatgtt ..

atg ttt gtt ttt ctt gtt tta ttg ...
M F V

tcagtgtgtt
attctttcac
gttttacatt
ttggttccat
ataaccctgt
aagtctaaca
gacccagtcc



The spike gene & protein sequence (2) +]

>Gene_Spike
atgtttgtttttcttgttttattgccactagtctctagtcagtgtgttaatcttacaace
agaactcaattaccccctgcatacactaattctttcacacgtggtgtttattaccctgac
aaagttttcagatcctcagttttacattcaactcaggacttgttcttacctttcttttee
aatgttacttggttccatgctatacatgtctctgggaccaatggtactaagaggtttgat
aaccctgtcctaccatttaatgatggtgtttattttgettccactgagaagtctaacata . .

S S R ieY ( 1 ) Here is the com D lete se gquence of the gene S co ding for
aataacgctactaatgttgttattaaagtctgtgaatttcaattttgtaatgatccattt

ttgggtgtttattaccacaaaaacaacaaaagttggatggaaagtgagttcagagtttat

tctagtgcgaataattgcacttttgaatatgtctctcagecttttcttatggaccttgaa . .

ggaaaacagggtaatttcaaaaatcttagggaatttgtgtttaagaatattgatggttat t h e S I ke rote I n Of SA RS—COV—Z

tttaaaatatattctaagcacacgcctattaatttagtgegtgatctecctcagggtttt °

tcggctttagaaccattggtagatttgccaataggtattaacatcactaggtttcaaact

ttacttgctttacatagaagttatttgactcctggtgattcttettcaggttggacaget

ggtgctgcagcttattatgtgggttatcttcaacctaggacttttctattaaaatataat

gaaaatggaaccattacagatgctgtagactgtgcacttgaccctctctcagaaacaaag

tgtacgttgaaatccttcactgtagaaaaaggaatctatcaaacttctaactttagagte

caaccaacagaatctattgttagatttcctaatattacaaacttgtgcccttttggtgaa . . L4 . .
s T translate this nucleotide sequence in an amino acid
tgtgttgctgattattctgtectatataattccgeatcattttccacttttaagtgttat

ggagtgtctcctactaaattaaatgatctetgetttactaatgtctatgcagatteattt
gtaattagaggtgatgaagtcagacaaatcgctccagggcaaactggaaagattgetgat

tataattataaattaccagatgattttacaggctgcgttatagettggaattctaacaat S e u e n Ce u S e Tra n S I a te @ E X p a Sv
cttgattctaaggttggtggtaattataattacctgtatagattgtttaggaagtctaat V4 °
ctcaaaccttttgagagagatatttcaactgaaatctatcaggccggtagecacaccttgt

aatggtgttgaaggttttaattgttactttectttacaatcatatggtttccaacccact

aatggtgttggttaccaaccatacagagtagtagtactttcttttgaacttctacatgea

ccagcaactgtttgtggacctaaaaagtctactaatttggttaaaaacaaatgtgtcaat , ,
ttcaacttcaatggtttaacaggcacaggtgttcttactgagtctaacaaaaagtttcty Th H 'd th S 'k t H H d H F 1
cctttccaacaatttggcagagacattgctgacactactgatgetgtecgtgatecacag e amlno ac’ Sequence Of e p, e pro eln IS Oun In rame .
acacttgagattcttgacattacaccatgttcttttggtggtgtcagtgttataacacca

ggaacaaatacttctaaccaggttgctgttcetttatcaggatgttaactgcacagaagte

cctgttgctattcatgcagatcaacttactectacttggegtgtttattctacaggttet

aatgtttttcaaacacgtgcaggctgtttaataggggctgaacatgtcaacaactcatat

gagtgtgacatacccattggtgcaggtatatgcgctagttatcagactcagactaattet

cctcggegggeacgtagtgtagetagtcaatccatcattgectacactatgtcacttggt M M M M
gcagaaaattcagttgcttactctaataactctattgccatacccacaaattttactatt (2 ) Locate th e ge n e COd I n g fo r th e S p I ke p rote I n I n t h e SA RS-COV-Z
agtgttaccacagaaattctaccagtgtctatgaccaagacatcagtagattgtacaatg

tacatttgtggtgattcaactgaatgcagcaatcttttgttgcaatatggcagtttttgt

acacaattaaaccgtgctttaactggaatagctgttgaacaagacaaaaacacccaagaa ge n O m e :

gtttttgcacaagtcaaacaaatttacaaaacaccaccaattaaagattttggtggtttt

aatttttcacaaatattaccagatccatcaaaaccaagcaagaggtcatttattgaagat . .

ctacttttcaacaaagtgacacttgcagatgctggettcatcaaacaatatggtgattge ) F . http -// b I h g / /N C 0455 12 2
cttggtgatattgctgctagagacctcatttgtgcacaaaagtttaacggecttactgtt ro m . S ) WWW' n C I [) n m [) n I [) OV n u CCO re [)
ttgccacctttgctcacagatgaaatgattgctcaatacacttctgeactgttagegggt ‘ ,

acaatcacttctggttggacctttggtgcaggtgctgeattacaaataccatttgetaty H

caaatggcttataggtttaatggtattggagttacacagaatgttetetatgagaaccaa d LOO k fO r S p [ ke ( use Ct rI F or comman d F on ma C)

aaattgattgccaaccaatttaatagtgctattggcaaaattcaagactcactttcttee

ExPASY

Bioinformatics Resource Portal

acagcaagtgcacttggaaaacttcaagatgtggtcaaccaaaatgcacaagctttaaac . { )

acgcttgttaaacaacttagctccaattttggtgcaatttcaagtgttttaaatgatate [ ] CI | C k O n ge n e

ctttcacgtcttgacaaagttgaggctgaagtgcaaattgataggttgatcacaggecaga gene 21563..25384
cttcaaagtttgcagacatatgtgactcaacaattaattagagctgcagaaatcagaget / gene= nom
tctgctaatcttgetgetactaaaatgtcagagtgtgtacttggacaatcaaaaagagtt

gatttttgtggaaagggctatcatcttatgtccttecectcagtcagecacctcatggtgta .I'r 1 Dﬂuﬂ_tag= "EU28 l'_'l_gpl'_'l 2"
gtcttettgeatgtgacttatgtcecctgcacaagaaaagaacttcacaactgetectgece _n i1 P
atttgtcatgatggaaaagcacactttcctecgtgaaggtgtetttgtttcaaatggeaca fae ne_synonym="apl ke glyccprotein
cactggtttgtaacacaaaggaatttttatgaaccacaaatcattactacagacaacaca Sdb xref="GFenelID:43740588™

tttgtgtctggtaactgtgatgttgtaataggaattgtcaacaacacagtttatgatcct
ttgcaacctgaattagactcattcaaggaggagttagataaatattttaagaatcataca
tcaccagatgttgatttaggtgacatctctggcattaatgettcagttgtaaacattcaa
aaagaaattgaccgcctcaatgaggttgeccaagaatttaaatgaatctctcatcgatete
caagaacttggaaagtatgagcagtatataaaatggccatggtacatttggetaggtttt
atagctggcttgattgecatagtaatggtgacaattatgetttgetgtatgaccagttge

21361 aatccaattc agLLOLCLTC CLAtLoLLTa TLLOacatga JLaaatiice CCLTaaatta
21421 aggggtactg ctgttatgtc tttaaaagaa ggtcaaatca atgatatgat tttatctett
21481 cttagtasag gtagacttat aattagagaa aacaacagag ttgttatttec tagtgatgtt
21541 cttgttaaca actaaacgaa cafjieamee e eleysls o o etel- el o [eer-Te3

21601 aatcttacaa
tgtagttgtctcaagggctgttgttcttgtggatcectgetgcaaatttgatgaagacgac 21661
tctgagccagtgctcaaaggagtcaaattacattacacata 21721

21731

21841

21901 §
PR ISMtcaattttgt Batgatccat



http://education.expasy.org/cours/Outreach/BIOINFOCOVID/Gene_Spike.txt
mailto:Translate@Expasy
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2

About the RNA vaccine

cogttatgtc
gtagacttat
actaaacgaa

; aatctbacad
s tatbacootg

CCELLEGEEE
aagaggtttg
aagbcbaaca
chactbattg

= aatgatcoat

e ——
grottthott

aaaccogoge
gaacaggaag
attttocact
Caatgbetat
graaactgga
-atagettog
-agattgrt
et i 1 ol
atcatatggt

thoagagttt
atggaccttg
attgatggtt

aggbtbcada
ggttggacag
tEasaatata
toagaaacaa

totaaaagaa
aatbagagaa
cafraa
Coagaactoa
ACALAGEOLE
craatgttac
ataaccoctgt
‘taataagagg
ttaataacge
LELEggghgt:
atbctagtgo
aaggaaaaca

cohtacttgo
cEgotgotge
atgaaaatgg
agbgtacgtt

g tocaaccaac

]
P ———
tttaagtgtt
goagatteat
aagatbgetg
aattoctaaca
aggaagtota
agoacacctt
tboccaaceoca
chbctacatg
aaatgbgbea
23azageesc
cgbgatoeac

:_gtbatdacac

tgCacagaag
trtacaggtt
Adacaactoat

= atgbcacttg

catacocaca
Ep——
gtbgeaatat
acaagacasa
aattaaagat
caagaggtoca
catcaaacaa
aaagtttaac

cactbobgea

gaatgttete
pattcaagac
coaiaatgea

boaagtght

Cagagetgea
acttggacaa

ccagteagea
gaactboaca

Sgottoagtt
Faatgaatot
atggtacatt
grtthgetgt
25321 EEEEEEETE
25361 M Macgaac

aattttacta
gattbgtacaa
GPCAGEEEES
aacacocaag
tttggtagtt
thbatbgaag
‘tatggtgat

ggccttacey
ctgttagogg
Ceatthgeba
tatgagaace
toacttoott
caagocttaa
ttasatgata
atcacaggoa
‘gaaatcagag
‘teaaaaagag
CrbCa gyt
acbgrboctg
rasatggea
FEmp———
ghttatgatc
aagaatcata
gtazacatbc
Chratogate
TogCtagytt
atgaccagtt
gabgaagacg

Ere—
atggagbgte
tEbgtaattag
attataatta
abcobgatto
atctcalace
gtaatggtgt
chaatggtgt
caccagoaac
atttcaactt
tgoctthoca
agacactoga
caggaacaaz
BooChghhge
ctaatgtttt
atgagbgtga
choctoggog
gtgragaaaa

‘tgtacatthg
gtacacaatt
aagttttoge
TEAATEEEEE
AtChacttoh
grottggtga
tEtEgreanes
ghacaatcac
‘Sgeaiatgge
aaasatbgat
ccacagoaag
acacgotbge

gacttbcaaag
cbbctbgotaa
Thgatttthg

ccatthgboa
cacactggtt

catcaccaga
aaaaagaaat
Bocddgadcs
ttatagebog
grtgtagttg
actcbgagoo

ggtcaaatea
aacaacagag
TELBCEbgES
AT TaACoooot
cagatocbea
thggtborat

atgatatgat

attoe
thatbgoeac
geatacacta
grtobhacath
getatacatg

: aabgabggtg

tactaatgtt
ttatbaccac
gaataattgo
gggtaattte

agaaccattg
thbacatags
agettattat
aaccattaca
gaaabocbbe
agaatctatt
cgecaccaga
Tgatbattet
tocbactaas
aggtgatgas
tadatbacca

tttegagaga
tgaaggrttt
‘tggttaccaa
Cgttbgtgga
caatggttta
FE———
gatbottgac
Tacttotaac
tattcatgoa
‘tEazacacgt
catacecat

ggeacgtagh

cacagaaatt
Tggtgattca
aaacocgoget
acaagbcaas
acaaatatta
caacaaagog
tattgotges
ttEtgrbeacs
tbotgottog
thataggtth
tgocaaceaa
‘tgeactogga
taaacaactt
totbgacaaa
Thbgoagaca
‘beotbgobget
‘bggalaggge
gratgtgact
‘gatggazaa
tgtaacacaa
‘tggtaactgt
tgaattagac
Tgtbgattta
‘tgacogoote
‘Tggazagtat
ctbgatbgeo
‘tebcaaggge

caa

ggbactactt
gttattaaag
23aaacaaca
acttEbgaat
aaaaatctta
cacacgocta
ghtagattbge
agttattoga
gEgogttatc
gatgoogtag
actbgtagaaa

tthbgratebg
gooctatata
thaaatgaboc

gatgatttha
ghaattata
gatatttean
aattgttact
Ceatacagag
Cobadaaagt
acaggeacag
agagacatog
attacaccat
caggtbgotg
gatcaactha
graggotgtt
ghgeaggta
ghagotas

actgaatgea
tEtaactggaa
caaatttaca
ccagatocat
acactbgeag
agagaccbea
gatgaaatga

aatggtattg
tttaatagtg
aaacttcaag
agotocaatt
gttgaggetg
Tatghgacts
actazaatgt
tatratetta

gracacttbo
aggaattttt
gatcgtogtaa
teattcaagg
ggtgacatce
aatgaggttg
gagragrata
atagtaatgg
bgtbgttott
ggagtcazat
Thggaactgt

trhatctobt
‘Tagtgatgtt

attorttoac)
Caarbragg

trbrbgggacy
ttbatttbgo]

tobggaatt
aaagttggat;
atgEcbobe

FIFALATEEGE

graAtCEEET
TagChgt g

trtgegrac
thgotoaat:

rmr—
thggtgeaat

aacaattaats
cagagtgtgt
tytortboe
caraagaaa

Taggaatbgt

Part of the reference genome sequence of SARS-CoV-2 in
GenBank entry corresponding to the gene S coding for the

spike protein

www.ncbi.nlm.nih.qov/nuccore/NC 045512.2?report=genbank:

nucleotides 21,563 to 25,384, highlighted in brown, correspond
to the sequence of gene S, which encodes the spike protein. The
corresponding amino acid sequence of the spike protein is
shown on the right. The nucleotides highlighted in brown are
part of the RNA sequence found in the RNA vaccines.

215E2..25384
Sgena—=5"

fleces_tag—"SUDZB0_gpda”
JSgene_synenym—"apike glyoopootednT
/nete—"gtzuetuzal pootedn; spika pootain”
Soodsn_gtazt—1

/produst—"gusface glycopootain®

/fp=stadn id4—" YE_005724350.1 -
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«the source code of the BioNTech/Pfizer SARS-CoV-2 vaccine»

Reverse Engineering the source code of
the BioNTech/Pfizer SARS-CoV-2 Vaccine

B Dec 252020 © 20 mins read



http://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2?report=genbank
https://berthub.eu/articles/posts/reverse-engineering-source-code-of-the-biontech-pfizer-vaccine/

The spike protein sequence UniPrdE '
o0

Discover SARS-CoV-2’s amino acid sequence of the Spike
protein in the UniProtKB/Swiss-Prot database.

What is the length (number of amino acids) of the Spike protein?


https://www.uniprot.org/uniprot/P0DTC2#sequences

The spike protein 3D structure

First Cryo-EM images of the Spike protein on the surface of the virion.

https://www.nature.com/articles/s41586-020-2665-2 reference.pdf



https://www.nature.com/articles/s41586-020-2665-2_reference.pdf

The spike protein 3D structure (PDB) (1)

The spike protein forms a trimer. This is the 3D RCSBPDB  Depost~ Search - Visualze~ Anayze - Downbad = Learn -  Hore -
structure of the spike protein trimer (PDB
6VXX). Each of the 3 chains has a different o | [eem [ [ e
color (green, blue, red). BV XX

Structure of the SARS-CoV-2 spike glycoprotein (closed state)

Follow this link:

Sequence of VOO | Struc... @ 1: SARS-CoV.. ¢ A = @
s T I T T T T T S
. LQSY¥GEQPIN GVEYQPYRVV VLIFELLHAP ATVCGEPEEIT NLVENECVNE NENGLIGI GV LTEINFRELEP FQQPERDIAD TTDAVRDEPQT LEILDITECS FG
https://www.r r -view/6vxx
. . . GVIVITPG TN INQVAVL YQDVRCTEVE VATHADQLI P IWRVY ITGIN VEQTRAGCLI GAEHVNNIYE CDIPIGAGIC ASYQTQINIF IGAGIVAIQS ITAY
T0z 71z 7 5 1= 3 37 7 3

7 7 7 732 7 75, 762 772 782 752
THILGA EN3VAYINNS IATPTHETIS VITEILPVIM TRTSVDCIMY ICGDITECIN LLLOYGIPCT QLNAALTEIA VEQDENTQEV FAQUVRQIYRT PPIFDE W

Click on an amino acid to see where it is
located in the 3D structure.

[SE - B

it

&

Expert: compare the 2 structures of Spike
* 6vxx: closed
* 6vsb: open

T Nature, 2020



https://www.rcsb.org/3d-view/6vxx
https://www.nature.com/articles/s41586-020-2665-2

The spike protein 3D structure (2)

Knowledge of the 3D structure of the protein allows us to study the domain involved in the interaction of
spike with the human ACE2 receptor. And also to study the part of the spike protein which is recognized
by neutralizing antibodies.

Positions in the protein sequence: 319-541

Positions in the protein sequence: 13-541 (SO urce: viralzone. expasy. Orq/9556)



https://viralzone.expasy.org/9556




Certain mutations in the genome sequence can alter the amino acid sequence of the corresponding protein.
Example with the gene coding for the Spike protein:

LR991658.2 23023 ATCATATGGTTTCCAACCCACTITATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACT 23082

NC 045512.2 23041 ATCATATGGTTTCCAACCCACTIEATGGTGTTEGTTACCAACCATACAGAGTAGTAGTACT 23100
- A KA A KA KA A KA I AR N A H| = A AN RN A A J kAKX XA A KA I A AR RN A KA K AAA KA KK

Genome ‘UK’ (LR991698.2) tat ggt gtt
Protein Spike variant alpha Yy G V

Genome reference (NC 045512.2) aat ggt gtt !

Protein Spike reference .. G VvV
Genome ‘XX’ aac ggt gtt \
Protein Spike XX G V

501 502 503 .. e

Genetic code



Certain mutations in the genome sequence can alter the amino acid sequence of the corresponding protein.
Example with the gene coding for the Spike protein:

L 2

LR991€98.2
NC 045512.2

23023 ATCATATGGTTTCCAACCCACTITATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACT 23082

23041 ATCATATGGTTTCCAACCCACTIEATGGTGTTEGTTACCAACCATACAGAGTAGTAGTACT 23100
A KA A KA KA A KA I A AR RN A A= A A AR AN A p ok kA KA A KA I A AR AR A KA KA X KK KK

Genome ‘UK’ (LR991698.2) tat ggt gtt The mutation tat -> aat (at position 23,063 in the

Protein Spike wvariant alpha

Genome reference

Protein Spike reference G V

Genome YXX'

Protein Spike XX

G V virus genome) is located in the spike gene and
changes the protein sequence.
The Spike protein is composed of 1273 amino acids.

(NC_045512.2) aat ggt gtt The mutation is in position 501 in the protein

sequence: it is called (Nelly).
...and the variant Alpha is also called B.1.1.7
(501Y.V1).
aac ggt gtt
Y G V Note that the mutation aat -> aac does not change

the protein sequence because of the genetic code
. 501 502 503 .. redundancy.



RCSB PDB  Deposit ~ - i Analyze ~ Download ~ Learn ~ More «

i PpB-101 el g el s

FOl IOW t h |S I | n k: Structure Summary llm Annotations Experiment Sequence

https://www.rcsb.org/3d-view/6vxx BV XX

Structure of the SARS-CoV-2 spike glycoprotein (closed state)

» Locate the mutation: N501Y E':"'"f'f“_f _,Mf( .

Positions in the protein sequence: 319-541

Positions in the protein sequence: 13-541

(Source: viralzone.expasy.orq/9556)



https://www.rcsb.org/3d-view/6vxx
https://viralzone.expasy.org/9556

Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete

genome

NCBI Reference Sequence: NC_045512 2
GenBank  Graphics

>NC _045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1,

complete gencme
ATTRAAACCTTTATACCTTCCCAGGTARACARRCCAACCARCTTTCGATCTCTTGTAGATCTETTCTCTARR
CEARCTTTARAA AT CT ETCTGECTCTCACTCGECTGCATGCTTAGTGCACTCACGCACGTATAATTAATARC
TAATTACTCTCCTTCACAGCACACCGACGTAACTCGTCTATCTTCTGCAGECTGCTTACGETITCGTCCETE
TTGCAGCCGATCATCAGCACATCTAGETTTCGTCCGEETGTGACCGARAGGTAAGATGGAGAGCCTTGETC
CCTGGTTTCAACGAGARRACACACGTCCAACTCAGTTTGCCTETTTTACAGCTTCGCGACGTGCTCETAC
GTGECTTTGGAGACTCCEGTGEAGGAGGTCTTATCACGAGGCACGTCARCATCTTAARCATGGCACTTGTGE
CTTAGTAGARAGTTGAARARAGGCGTTTTGCCTCAACTTGAACAGCCCTATEGTCGTTCATCARARCGTTCGGAT
GCTCGAACTGCACCTCATGGTCATGTTATGGTTGAGCTGEGTAGCAGAACTCCGARAGGCATTCAGTACGETC

GTAGTGGTGAC
TCTTCGTARGANC 045512.2 TRAGATTGTTTAGGAAGTCTARTCTCARACCT TTTGAGAGAGATATTTCAACTGRAATCTA 22980
GGCGACGAGCTLRI91698.2 TAGATTGT TTAGGAAGTCTAATCTCARACCTTTTGAGAGAGATATTTCAACTGARATCTA 22962
TTACCCETCAY AR AR AR AR A A AR AR A A A A A AR AR E A F A A A A A A A A A A A A A A A A E A A AT A A
CCCTGATGGC
Teceancancy NC_045512.2 TCAGGCCGGTAGCACACCTTGTAATGGTGT TGARGGTTTTAATTGTTACTTTCCTTTACE 23040
crTGeTACACd LRII1E88. 2 TCAGGCCGGTAGCACACCTTGTAATGGTGT TGARGGTTTTAATTGTTACTTTCCTTTACE 23022
R R R R R R A R W R R R R A R A R R N R R R R R R R AR R RO R R AR R RN R R A RO R RO R R A
ATTTGACACCT
CCAAGGGTTG}NC_Q45512.2 ATCATATGGTTTCCAACCHRCTARTGATGTTGGTTACCAACCATACAGRSTAGTAGTACT 23100
CRRATGRATG] 1poo1 698, 2 ATCATATGGTTTCCAACCRACTTATGA GTTGETTACCAACCATACAGAGTAGTAGTACT 23082
GACGGEGECGEATY B R R R
ACTTGTGGTTH
GACCTGAGCANC_045512.2 TTCTTTTGRAACT TCTACATGCACCAGCARCTGTTTGTGGACCTARAARGTCTACTAATTT 23160
CACTATTECCM LRI91698. 2 TTCTTTTGAACT TCTACATGCACCAGCARCTGTTTGTGGACCTARAARGTCTACTAATTT 23142
CETCCTACCC] AR R R R AR AR AR AR AR A R R R R R ok R R R R R R R R R R R R R R R R R R R R o R R R R R e R
ACCTTCTTGAR
NC 045512.2 GGTTAARRACAAATGTGTCAATTTCARCT TCAATGGT TTARCAGGCACAGGTGTTICTTAC 23220
GATCGCCATTA . ——
LRO91698.2 GGTTAARLACAAATGTGTCAATTTCARCT TCAATGGT TTARCAGGCACAGGTGTTICTTAC 23202
TATAARGCATI R R R R R R A R W R R R R A R A R R N R R R R R R R AR R RO R R AR R RN R R A RO R RO R R A
NC_045512.2 TGAGTCTAACRRARAGTTTCTGCCTTTCCAACARTTTGGCAGAGRCATTGCTGACACTAC 23280
LR9916598.2 TGAGTCTAACAARAARAGTTTCTGCCTTTCCAACARTTTGGCAGAGACATTGATGACACTAC 23262
A A A AR A A A AR A A A A AR A AR R AR AR R A AR AR AR AR AR AR AR AR R R A AR R R R R R R R
NC_045512.2 TGATGCTGTCCGTGATCCACAGACACTTGAGATTCTTGACATTACACCATGTTCTTTTGSG 23340
LRG91698.2 TGATGCTGTCCGTGATCCACAGACACT TGAGATTCTTGACATTACACCATGTTCTTTTGG 23322
AR R R R AR AR AR AR AR A R R R R R ok R R R R R R R R R R R R R R R R R R R R o R R R R R e R

OVERVIEW

https://www.science.org/doi/full/10.1126/science.371.6524.9

The spike mutation N501Y affects amino acids
(shown in yellow), which binds to the human
receptor (ACE2) (green).



https://www.science.org/doi/full/10.1126/science.371.6524.9




N501Y D614G P681H
Variant Alpha (_.) # + (-..)
E484K N501Y D614G

Variant Beta (...) * —— (--)

EAS4K N501Y D614G
Variant Gamma (...) # —— ()
LA52R D614G P681R

Variant Delta ()_ I —()

E4R4A N501Y D614G  PG681H

Variant Omicron []* H ﬂ R

S477N Q493R ¥Y505H H655Y
T478K G4965 T547K N679K
Q498R

Source

Representation of the combination of some spike mutations found in different well-known
virus variants. This combination of mutations can be seen as a code bar, which allows to
identify the different virus variants (Source: viralzone.expasy.orq/9556).

The N501Y mutation is found in several variants. This mutation may help the virus spread

more easily. The E484K mutation, also found in several variants, may affect the antibody
response.


https://viralzone.expasy.org/9556
https://en.wikipedia.org/wiki/SARS-CoV-2_Omicron_variant#/media/File:SARS-CoV-2_Variant_B-1-1-529_Omicron_lineage_mutations.png

Positions of the different mutations (in red) in the Spike 3D structure

https://viralzone.expasy.org/9556

Beta Delta Omicron
Alpha ~10 mutations ~10 mutations ~30 mutations
February 2021 June 2021 November 2021

N501Y D614G P681H

Variant Alpha (..) I H ()
E484K N501Y D614G
Variant Beta () I I ()
E484K N501Y D614G
Variant Gamma (_.) I I ()
L452R D614G P681R
Variant Delta (--) —I — (...)
. . 7
E484A N501Y D614G  P681H 1[ 2 7 3 d
Variant Omicron (___)* H * (.) aCI es a I I I I nes
S477N  Q493R Y505H H

655Y
T478K G496S T547K N679K
Q498R


https://viralzone.expasy.org/9556

Variants of Concern (VOC) Variants of Interest (VOI)

WHO names: | Alpha Beta Gamma Delta |Epsilon Zeta Eta Theta  Iota Kappa Lambda
Common name: UK SA PiBeml India CALC P2 Brazl India cat
PANGO name: B1.17 BI1331 BEL1281 B.16172 B.1427 B11282 BISZSBIIJ&S B.1526 B.16171 B.1.1.1.C37

Nextstrain name: 20I 20H an Bl429 207 21E
S01YV1 5017V JOIYV3 20C

L5F ® -
Signal
5131 1 | Signal |
LISF ®
TIOR R

Spike variants
vs Wohan-Ful (194)

TN
P68
Q3R R

del HV 69-70 Del

GTT5-T6VI VI
DE0A A

T95I I m

RI102I

DI38Y Y

Gl42D D

del Y144 Del

wli2C [ 81
E134K K
EFR136-158G G

F157L

R190S s

D25G G

202V

delILA241-243 @e)

del 246-252 Del

-

D233G G
E417NT N NT

450K

L432RQ R R R Q

ACE? receptor and
: S4TIN o

Neutralizing antibodies
T4TRK K

B4S4K/Q K K K K K ® Q

F4908 s

NS01Y/T Y Y Y Y

A5T0D D

Q613H

DEI4G G G G [ G G G G G G G

ARSIV

HE35Y Y

G6695

QETTH H

PESIHR H R H R

ATOLV v v

TT161 I

Part of a table listing mutations found in the spike protein sequence for different well-
known virus variants (Source: viralzone.expasy.orq/9556). The biologically important
regions of the spike protein (such as neutralizing antibody binding and ACE2 receptor
binding) are indicated with the respective purple (NTD) & blue boxes (RBD).



https://viralzone.expasy.org/9556

Localize the mutations in the spike 3D structure found in some important virus variants

https://viralzone.expasy.org/9556
Click on the virus variant you are interested in (B.1.1.7 (Alpha), B.1.351 (Beta), P1 (Gamma), etc...).
The position of the mutations in the protein is highlighted in red. Note: spike forms a trimer...

% ViralZone d I

ContactUs Home @&

Sars-CoV-2 circulating variants

This page describes circulating SARS-CoV-2 variants - Last updated 04/21/2021.

Variants are lineages that contain fixed mutations in their genome. Spike protein mutations affect both tropism (receptor binding) and immune evasion
and are therefore the focus of surveillance. However, other viral protein mutations may also have implications for pathogenesis, cellular tropism and
transmission.

_ SARS-CoV-2 Spike protein, Click to highlight 3D structure regions
BIEECl o interest:
e
? - 81 chain
o | N-Terminal domain (NTD)- Antibody binding
o | Receptor binding domain(RBD)- Receptor and
antibody binding:
S2 chain:
o | Heptad repeat1 (HR1)- fusion helix:

Variants of Concern (VOC) Click to display mutation sites
(zoom in PDB window for a better view)

Pi
B.1.427 B.1.429;



https://viralzone.expasy.org/9556

Nature examines arguments that the coronavirus SARS-CoV-2
escaped from a lab in China, and the science behind them.



https://www.nature.com/articles/d41586-021-01529-3

Coronaviruses infect many mammalian species

SARS coronavirus (human)
Civet coronavirus
Hedgehog coronavirus
Bat coronavirus

Rabit coronavirus
Camel coronavirus
Dog coronavirus

Rat coronavirus
Bovine coronavirus
Equine coronavirus
Yak coronavirus
Pangolin coronavirus
Porcine coronavirus

The classification of viruses is particularly complex ...
It is not always easy to find your way around...


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Undef&id=694002&lvl=3&keep=1&srchmode=1&unlock

Animal hosts of human coronaviruses

Natural hosts

Intermediate hosts

HCoV-NL&3

Unknown

Camelids and

HCoV-229E S

unknown

» X

Bats =
Sars-CoV _ M Civets

ey Cromedary
Mers-Co¥ =

camels

Sars-CoV-2 Unknown
HCoV-0C43 R PR
Rodents
HCoV-HKU1 Unknown

Source: International Journal of Biological

©FT

Sciences

What bats can teach us about
developing immunity to
Covid-19 | Free toread

Efforts to develop effective drugs or vaccines depend on understanding
how the virus outwits the immune system

Financial Time

“Viruses love bats. (...)The big difference is that bats’
remarkable immune system tames and tolerates many
viruses that cause havoc when they spread to humans,
including the coronavirus responsible for Covid-19.

(...) Coronaviruses have been evolving in bats for thousands
or millions of years.

(...)Viruses are much more virulent when they spread to
humans from bats than from other mammals,” says Prof
Crespi. “Yet they seem to do little harm to the bats
themselves.” ”


https://www.ft.com/content/743ce7a0-60eb-482d-b1f4-d4de11182fa9?utm_source=Nature+Briefing&utm_campaign=af64422080-briefing-dy-20200908&utm_medium=email&utm_term=0_c9dfd39373-af64422080-45521262

Which coronavirus is most similar to
SARS-CoV-2?




Compare the Spike protein sequence of different
coronaviruses (bat, civet, pangolin, ...)




Spike protein in different coronaviruses(1)

Here are partial sequences of the Spike protein from different coronaviruses infecting
different species, at different times.

>Human SARS2020
FSTEFKCYGVSPTKLNDLCEFTNVYADSEVIRGDEVROQIAPGQTGKIAD
>Civet 2003 coronavirus
FSTEFKCYGVSATKLNDLCESNVYADSEVVKGDDVRQIAPGQTGVIAD
>Pangolin 2020 coronavirus
FSTEFKCYGVSPTKLNDLCEFTNVYADSEVVRGDEVROQIAPGQTGRIAD
>Human SARS2003
FSTEFKCYGVSATKLNDLCESNVYADSEVVKGDDVRQIAPGQTGVIAD
>Bat 2020 coronavirus
FSTEFKCYGVSPTKLNDLCEFTNVYADSEVITGDEVROQIAPGQTGKIAD
>Human MERS2012
VNDFTCSQISPAAIASNCYSSLILDYEFSYPLSMKSDLSVSSAGPISO
>Bat 2007 coronavirus
VDEFSCNGISPDSIARGCYSTLTVDYFAYPLSMKSYIRPGSAGNIPL




Spike protein in different coronaviruses(2)

UniProt
o0

To compare the partial Spike protein sequences of different coronaviruses make alignments by pairs

using Align@UniProt.

Fill in the following table :

% identité

Human SARS2020

Human SARS2020

100

Human SARS2003

Civet 2003 coronavirus

Pangolin 2020 coronavirus

Bat 2020 coronavirus

Human_MERSZOlZ

Bat 2007 coronavirus

Answer:



http://education.expasy.org/cours/Outreach/BIOINFOCOVID/Spike_differents_coronavirus_sequences_partielles.txt
https://www.uniprot.org/align/

Spike protein in different coronaviruses(3) Prot ¢

Copy/paste the complete Spike protein sequences from different coronavirus in Align@UniProt

Here is a very simplified representation of the evolutionary relationships
existing between different coronaviruses infecting different mammalian species

Tree

Porcine gastroente. ..
r—Human_ SARS2003
—Civet 2003 coronavirus
Pangolin_coronavirus
—Human_SARS2020
L—EBat 2020 coronavirus

I Human MERS2012

L Bat 2007 coronavirus



education.expasy.org/cours/Outreach/BIOINFOCOVID/Spike_fasta_renamed.txt
https://www.uniprot.org/align/

Which SARS-CoV-2 transmission chain(s) could be considered according to these
results?

Human -> Human 1

Pig -> Human 2

Civet -> Human 3

Bat -> Human 4

Pangolin -> Human 5

Bat -> Pangolin -> Bat -> Human 6

Warning: these are hypotheses and not conclusions!
Conclusions on transmission chains are impossible to make
with so little data!

Sampling (presence or absence of a sequence (camel coronavirus
2012)) and sequencing errors can significantly influence the
interpretation.

Answer: 1,4,5,6



10 — Looking for a treatment ...

Biology:
What's a drug?



https://www.precisionmed.ch/en/what-is-a-drug/

https://viralzone.expasy.org/9078

An illustration of the virus’s infection cycle in
a human cell and the main treatments under
investigation: vaccine (neutralizing antibody)
and drug molecules targeting different
coronavirus biological pathways and
proteins.

=% ViralZone

1...!_

o External resource
Antiviral drugs

COVID-19 T Lamd
Trene ks no anihiral drug glodally acosghed for trestment, but many drugs ans under nuestigations. About 21 trizls of antvirals are under development (30 R Facker
3y 220}

ACRMITE drugs ane diMcUl 10 1N, DECEUSE of T Gal-HIEMaSRIC NERINe Of VINUSEs. I M3s DEen 10ng 1 get emcient dnugs Sganst HIV of Hepattis C
COVID-19waccine may arme before we get efficknt antMrals.
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s (Tocilizumab,..)
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renephor

%

8.5 | (Camostat mesylate)

Fusion inhibitor
(Chloroquine, Umifenovir)
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Primary tarnlation | emoEenrpten’ | Polymerase inhibitor
“{| (Remdesivir, Favipiravir)
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ol RN

ANTIMIRAL DRUNG S Thiks table displays e main dnigs under investigation


https://viralzone.expasy.org/9078

Drugs ?




PROTEIN

-

k’
-, The protein-drug interaction is a bit like the
< interaction of a key with a lock: it depends very .much 7BV? PR © couocs ilcs -
AN on the shape of both the drug and the protein.
DRUG The nsp12-nsp7-nspd complex bound to the template-primer RNA and triphosphate form of Remdesivir(RTP)
Help o
Sequence of TBVZ |The n.. # 1: nspi2 L] A % @ 0 Structure
HIADAQSFLN RVCGVIARRL :?:S:S:E:D’.’VY'.F.!\I‘DIWB;WIGFHKI’I.EKD:NCCR?QEK DEDOHLID3Y EVVERHIESN ?Q}EE’EIM?KDCPA\-WIDHE? ~ TEV2 | The I"ISD'IZ—I"ISDT—I"ISDS COI’T’IDL.. L—j
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Observe the ‘duplicated’ RNA (‘double strand’)
and the drug molecule

# Assembly Symmetry



https://www.rcsb.org/3d-view/7BV2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199908/

PROTEIN

-

k’
- The protein-drug interaction is a bit like the
Z teraction of a key with a lock: it depends very much
L on the shape of both the drug and the protein.
DRUG

3D Structure 3D of the coronavirus protease in
presence of a potential inhibitor(Publication)

* The protease in UniProtkKB/Swiss-Prot (3C-like
proteinase)

6LU7

The crystal structure of COVID-19 main protease in complex with an inhibitor N3

Sequence of GLUT | Thec.. ® 1: main prot.. # A =

1 11 21 31 4l 5l El Tl Bl 51 101 M
SEFRFMAFFPI GEVEGCHVOV TCGTTILRGL WLDODVVICPFR HVICT SEDML NENYEDLLIE ESNENELVQA GNVQLEVIGH SHONCVLELE VDTANFEIFE YE

111 121 131 141 151 1El 171 1B1 151 201
EVRIQPGEQ TEIVLACYNG JPIGVIQCAM RPNET IKGIF LEGICEIVEE NIDYDCVIEC THHHEMEL PTG VHAGTIDLEGH FYGPEVDRQT AQAAGTDTIII TVHV
221 231 241 251 ZE1 271 281 251 301
LAWLYA AVINGDEWEL NRFTITILNDE NLVAMEYNYE PLIQDHVDIL GPLIAQTGIA VLDMCAILEE LLONGMNGRT ILGIALLEDE FTFPFDVVRQC SGVIEQY

drug
protease

@

L

® O

p



https://www.rcsb.org/3d-view/6LU7/
https://www.biorxiv.org/content/10.1101/2020.02.26.964882v3.full.pdf
https://www.uniprot.org/uniprot/P0DTD1#structure

Vaccine ?




SARS-CoV-2 and Neutralizing Antibodies, 2020

http://pdb101.rcsb.org/sci-art/goodsell-
gallery/sars-cov-2-and-neutralizing-antibodies

A

Downlead high gquality TIFF image £

Acknowledgement: David 5. Goodsell, RCSB Protein Data Bank and Springer Mature; doi: 10.2210/rcsb_pdb/good=sel-gallery-025

This painting shows a cross =ection through SARS-CoV-2 surrounded by blood plasma, with neutralizing antibodies in bright yellow. The
painting was commis=sioned for the cover of a special COVID-19 issue of Mature, presented 20 August 2020.

It incorporates information from two cryoelectron microscopy studies that explore the shape and distribution of spikes and the nucleoprotein:
wao H et al. (2020} Molecular architecture of the SARS-CoV-2 virus. bioRxiv preprint DO 10.1101/2020.07.03.1%2104

Ke Z et al. (2020) Structures, conformations and distributions of SARS-CoV-2 zpike protein trimers on intact virions. bioRxiv preprint DO
10.1101/2020.06 27 174975


http://pdb101.rcsb.org/sci-art/goodsell-gallery/sars-cov-2-and-neutralizing-antibodies

11 - An example of research carried out
at the SIB Swiss Institute of Bioinformatics

Référence:
Christian Sigrist, Alan Bridge, Philippe Le Mercier
DOI:https://doi.org/10.1016/j.antiviral.2020.104759 (pdf)



https://doi.org/10.1016/j.antiviral.2020.104759
http://education.expasy.org/bioinformatique/pdfs/Article_corona1.pdf

The SARS-CoV-2 virus is a very close cousin of the SARS-CoV virus,
responsible for the 2003 epidemic,
which infected more than 8,000 people in 30 different countries.



=

Swiss Institute of
Bioinformatics

Researchers at SIB came up with the idea of comparing the amino acid sequence of
the Spike protein of different coronaviruses.

They compared the Spike protein of the SARS-CoV-2 coronavirus with the Spike
protein of the SARS-CoV coronavirus, the virus that infected humans in 2003.



UniPro

oA~
o
0gs°

Compare 2 amino acid sequences:

>Spike SARS-CoV-2
RISNCVADYSVLYNSASESTEFKCYGVSPTKLNDLCETNVYADSEVIRGDEVROIAPGQTG

>Spike SARS-CoV
KISNCVADYSVLYNSTEFEFSTEFRKCYGVSATKLNDLCESNVYADSEVVKGDDVRQIAPGQTG

You can do this manually or with the help of the bioinformatics tool Align@UniProt

How many differences ?

Do you find 3 consecutive 'RGD' amino acids in one of the sequences? Which one?


https://www.uniprot.org/align/

Compare the complete Spike protein sequence of SARS-CoV-2 and SARS-CoV

Spike_SARS-CoV-2: link
Spike SARS-CoV: link

Copy / Paste the 2 sequences in Align@Uniprot

Look for the 3 consecutive amino acids RGD in the alignment (Crtl F)

At which position in the SARS-CoV-2 sequence do you find it?

UnnPro

e


https://www.uniprot.org/uniprot/P0DTC2.fasta
https://www.uniprot.org/uniprot/P59594.fasta
https://www.uniprot.org/align/

=

Swiss Institute of
Bioinformatics

The researchers discovered the presence of an RGD motif in the sequence
of the SARS-CoV-2 protein, a motif that is absent in the sequence of the
SARS-CoV Spike protein.

These 3 consecutive amino acids are known to play an important role in
virus biology: this motif, when located in the right place in the 3D structure
of the protein, could allow the virus to enter human cells using not only
ACE2, but also other proteins called integrins!



For the RGD motif to play a role in interaction with human cells, it must be on the
surface of the Spike protein.

Is the RGD motif located
on the surface of the
Spike protein?

To answer this question, the 3D structure of the Spike protein must be studied.



Here is a representation of the 3D structure of the Spike protein and its amino acid sequence

https://www.rcsb.org/3d-view/6vxx

Look for the RGD motif in the 3D
structure of the Spike protein

Note: the RGD motif is at position 403-
405 in the protein sequence

(databank PDB):

RCSB PDB  Deposit ~ Search ~ Vizualize ~ Analyze ~ Download ~ Learn ~  More -

Structure Summary ‘m Annotations Experiment Seguence

6VXX

Structure of the SARS-CoV-2 spike glycoprotein (closed state)

Sequence of VOO | Struc... @ 1: SARS-CoV... *# A =
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LQSY¥GEQPIN GVEYQPYRVV VLIFELLHAP ATVCGEPEEIT NLVENECVNE NENGLIGI GV LTEINFRELEP FQQPERDIAD TTDAVRDEPQT LEILDITECS FG
g0z g1z £4z exz eez 572 g5z
GVIVITPG TN INQVAVL YQDVRCTEVE VATHADQLI P IWRVY ITGIN VEQTRAGCLI GAEHVNNIYE CDIPIGAGIC ASYQTQINIF IGAGIVAIQS ITAY
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https://www.nature.com/articles/s41586-020-2665-2
https://www.rcsb.org/3d-view/6vxx

The RGD motif in the 3D structure of the Spike protein

Using the data available for the 3D structure of the Spike S protein of SARS CoV-2, SIB researchers have

shown that the RGD motif (in red) is located on the surface of the Spike S protein, close to the region
involved in the interaction with the human receptor proteins (in blue).

Swiss Institute of
Bioinformatics



Spike, RGD motif RGD and integrins

The RGD motif, found on the surface of the Spike S protein of the SARS CoV-2 virus, is known to promote
interaction with other human proteins called integrins.

This RGD motif has been found in all the Spike S proteins of SARS-CoV-2 viruses that have been sequenced
to date. It is possible that the coronavirus acquired this motif during its evolution and thus gained the
ability to bind integrins to promote entry into host cells, but this remains to be proven.

Integrins are not expressed by the same cells as the ACE2 protein. Binding to integrins could therefore
allow the virus to infect other cells and organs in addition to those expressing the ACE2 protein.

There are currently few antiviral molecules effective against SARS-CoV-2. Agents that block binding to
integrins may be a promising avenue of investigation. Known integrin-binding blockers include the
antibody natalizumab used for the treatment of multiple sclerosis/Crohn's disease or the small molecule
tirofiban used for the treatment of acute coronary syndrome.

=

Swiss Institute of
Bioinformatics
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Thanks to this information, Spanish doctors continued to treat a Covid-19 patient with
a drug targeting integrins.

e | | |
v, Multiple Sclerosis and Related Disorders
_E S 1 Volume 44, September 2020, 102250

ELSEVIER

Correspondence

Covid-19 in a patient with multiple sclerosis
treated with natalizumab: May the blockade of
integrins have a protective role?

o
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Show more
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Researchers are looking for a drug that blocks the interaction between Spike and
integrins.

The Integrin Binding Peptide, ATN-161, as a Novel
Therapy for SARS-CoV-2 Infection

Brandon J Beddingfield 7 2, Naoki lwanaga 2, Prem P Chapagain * 2, Wenshu Zheng ®, Chad ) Roy !
2. Tony ¥ Hu o Jay K Kolls 4 Gregory J Bix L

Affiliations <4 expand

PMID: 33102950 PMCID: PMCT7566794 DOIL: 10.1016/).jackhts.2020.10.003
Free PMC article

Abstract

Many efforts to design and screen therapeutics for the current severe acute respiratory syndrome
coronavirus (SARS-CoV-2) pandemic have focused on inhibiting viral host cell entry by disrupting ACEZ
binding with the SARS-CoV-2 spike protein. This work focuses on the potential to inhibit SARS-CoV-2
entry through a hypothesized a5 1 integrin-based mechanism, and indicates that inhibiting the spike
protein interaction with 51 integrin (+/- ACEZ), and the interaction between a5F1 integrin and ACEZ
using a novel molecule ATN-161 represents a promising approach to treat COVID-189.
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SARS-CoV-2: a man-made virus?

L)
FAKE NEWS  FACTS

e

* SARS-Cov-2 is very similar to many strains of coronavirus circulating in nature in
Asia before and after the pandemic.

* These viruses are known to jump from one species to another without any
problem, so this is not surprising.

* The genetic analysis of SARS-CoV-2 shows a genomic organisation and proteins
that are similar in all respects to other wild viruses.



The hypothesis that part of HIV was inserted into the virus is a misinterpretation of similarity searches (BLAST)

Uncanny similarity of unigue inserts in the 2019-nCoV spike protein to HIV-1
gpl20 and Gag

Prashant Pradhan, Ashutosh Kumar Pandey, Akhilesh Mishra, Parul Gupta, Praveen Kumar Tripathi,
Manoj Balakrishnan Menon, James Gomes, Perumal Vivelanandan, Bishwajit Kundu

doi: https://doi.org/10.1101/2020.01.30.927871

This article is a preprint and has not been certified by peer review [what does this mean?].

Abstract Info/History Metrics [ Preview PDF

’ Abstract

This paper has been withdrawn by its authors. They intend to revise it in response to

FAKE N EWS comments received from the research community on their technical approach and

FACTS their interpretation of the results. If you have any questions, please contact the

corresponding author.

This paper has been withdrawn.

The authors used fragments of 6 to 10 amino acids to perform similarity searches (BLAST) (looking for SARS-CoV-2 spike
protein sequence similar to HIV proteins): there are nearly 1 million HIV sequences located in hypervariable regions, so it is
inevitable to find similarities just by chance. This paper, although it was never published, made a buzz ...



For experts (1): Emerg Microbes Infect. 2020; 9(1): 378-381. PMCID: PMCT033698
Published online 2020 Feb 14. doi: 10 1080/22221751 2020 1727299 PMID: 32056509

HIV-1 did not contribute to the 2019-nCoV genome

Chuan Xiao,® “ONTACT iaojun Li P Shuying Liu,® Yongming Sang, Shou-Jiang Gao,® and Feng Gao®f

» Author information = Article notes » Copyright and License information Disclaimer

The following are examples of SARS-CoV-2 amino acid sequences used to supposedly 'demonstrate’ that
SARS-CoV-2 contains pieces of the HIV genome:

TNGTKR

HKNNKS

RSYLTPGDSSSG

QTNSPRRA

Do a ‘protein’ Blast @ NCBI: https://blast.ncbi.nlm.nih.gov/Blast.cgi : — —
. " ; .. ) ] ” The 'E value'is a probability of finding the
Select the organism: “Human immunodeficiency virus (taxid:12721) same result by chance. The smaller this value

Click on BLAST (< 0), the more 'valid’ is the match.

Check the ‘E value’

Create a random sequence with the same 'letters' ([edit sequence]) and redo a BLAST.
What can you conclude?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7033698/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7033698/
https://blast.ncbi.nlm.nih.gov/Blast.cgi

For experts (2):
This is a part of the gene coding for the Spike protein:
AATGGTACTAAGAGGTTTGATAACCCTG

Do a ‘nucleotide’ Blast @ NCBI: https://blast.nchi.nlm.nih.gov/Blast.cgi.
Select the organism: “Human immunodeficiency virus (taxid:12721)” The 'E value’is a probability of finding the
same result by chance. The smaller this value

Click on BLAST (< 0), the more 'valid’ is the match.

Create a random sequence with the same 'letters' ([edit sequence]) and redo a BLAST.

What can you conclude?

Figure é. Recherche de similarités entre les

A HIV-1isolate 19828 PPH11 from Netherlands envelope glycoprotein (env) gene, partial cds séquences codant pour la protéine spike de
Sequence 1D: HOE44953.1 Length: 1143  Number of Matches: 1  Range 1: 967 to 994 CoV? et le gémme de HIV. A. Al ignement le
Score Expect Identities Gaps Strand plus significatif entre lo séquence codant
38.3 bits|41) 75 25/28(89%)  0/28(0%) Plus/Plus pour la protéine S de SARS-CoV-2 (query)

Query BE& ARTGGTACTARAGAGGTTTGATARCCCTG 113

e [T
Sbjot 957 ARTGETACTAAAAGGTTAGATARCACTG 994 négatif : alignement le plus significatif entre

une séquence aléatoire, obtenue en mélan-

et le génome du VIH (subject). B. Contrdle

B HIV-lisolate patient B clone 16.3 from Netherlands envelope glycoprotein (env) gene, complete cds Lo . L.
Sequence ID: HQ386166.1 Length: 2580  Number of Matches: 1  Range 1: 2433 to 2523 geant les nucléotides de la séquence précé-

dente, et le génome du VIH. Noter la valeur du
Score Expect Identities Gaps Strand

39.2 bits{42) 21 27/31(87%)  0/31(0%) Plus/Minus score expect, qui indique le nombre de faux-

Query 351  CCTARARAGTTCTTTGTAATARCTGTATTATT 381 positifs attendus au hasard. Ce score pré-
TRERRETERRERETereer e il .

sbiet 2523 CCTAARAGTTCTTTGTRATATTTCTATAATT 2493 sente pour les deux alignements des valeurs

supérieures a 1, et est méme plus élevé pour

I'alignement de la séquence de CoV que pour
la séquence aléatoire. On peut en conclure que la similarité entre la séquence codante de la protéine S et le génome du VIH n'est pas significative.
Les alignements ont été réalisés sur le site BLAST du NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

https://www.medecinesciences.org/fr/articles/medsci/pdf/first/msc200195.pdf
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
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