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Viral subspecies in ViralZone and UniProtkKB

e SARS-CoV-2 and Variants in ViralZone

e Variants in UniProt

 Variants annotation/ metrics
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Antiviral drugs

https://viralzone.expasy.org/9056




Monkeypox resource

Poxviruses

Resource

MonkeyPox is a misnomer, the natural reservoir hosts are rodents. The virus can spillover to monkeys and
human but it is a rodent virus.
The model organism for MonkeyPox is vaccinia virus.

Orthopoxvirus fact sheet Genome and expression
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SARS coronavirus 2

Virion about 120 nm in diameter

Spike glycoprotein
trimer (S)

Nucleoprotein (N)
and RNA genome

Membrane protein
(M)

pentamer (E)

© ViralZone 2020
SIB Swiss Instute of Bioinformatics

Genome: single stranded RNA messenger 29.9kb long, encoding 13 ORFs
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SARS-Cov-2 genome

* 9 SgRNA are produced during viral replication by discontinuous transcription

SARS-CoV-2
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Coronavirus polyproteins

Cleaved in 17 differerent chains, necessary for virus RNA transcription and replication.

nsp1 PL proteinase
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SARS-CoV-2 curated interactome
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Coronavirus life-cycle




ntivirals in the context of life cycle

Neutralizing Antibodies
(monoclonal, covalescent plasma)

Attachment
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Cleavage
$1-52 Dysregulated
host immune responses

IAnti-Inflammatory antibodies
(Tocilizumab,..)

Spike maturation _T;;‘,,’",ng
inhibitor ?

(Camostat mesylate)

Fusion inhibitor
(Chloroquine, Umifenovir)

-
shutoff
\)é: @%‘@ﬁfﬂ“ Protease inhibitor

(Lopinavir, Ritonavir,
Darunavir)

M protein
Spike protein

Polymerase inhibitor |,
(Remdesivir, Favipiravir)

Inhi n of
- \.interferon signaling /
© ViralZone 2020
SIB Swiss Institute of Bicinformatics

Compound
Camostat ©

Hydroxychloroquine @
Unmifenovir/Arbidol &
Ritonavir @, Lopinavir ©

Darunavir @

Remdesivir 6\

Favipiravir @
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Status for Covid-19
Under investigation =

No-benefit in clinical trials

No-benefit in clinical trials

No-benefit in clinical trials |
No evidence of SARS-CoV-2
inactivation

Weakly effective in clinical trials
= EE

No evidence of SARS-CoV-2
inactivation, under investigation

Notes

TMPRSS2 inhibitor that may prevent
Spike cleavage and activation. Spike
could still be activated by furin =
Non-specific anti-malaria drug. May
prevent virus entry by modifying
endosomal pH.

Anti influenza drug

Molecules targeting HIV protease
which is a ASP protease, but SARS-
Cov proteases are THIOL proteases.

Molecule under investigation against
MERS and SARS coronaviruses.

Drug developed against influenza,
redirected against ebola and now
SARS-CoV-2




Users found the coronavirus resource usefull

Jan 1,2020 - Jun 30,2020: @ Users
Jan 11,2019 - Jun 30,2019: ® Users
10,000
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Source Google
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Variants in ViralZone

8 ViralZone CENE o

ContactUs  Home

Sars-CoV-2 circulating variants

(VOI) from WHO

both tropism (receptor binding) and immune evasion and are therefore the focus
cellular tropism and transmission.

Variants are li
of surveillance. Hi

SARS-CoV-2 Spike protein: Chick to highlight 3D structure regions
of interest

minal domain (NTD)- Antibody binding
tor binding domain:

g ate. T

* Description of amino acid variations

Heptad repeat! (HR1)- fusion helix
o RGD moetif

Variants of Concern (VOC): Click to disglay variant sites (zoom in

P08 window for a better view)

* Linksto
o PANGO,
o CoVariants.org,
o outbreak.info,
o BV-BRC ‘ »

7 (Alpha
« :B.1.351 (Beta)
« :P1(Gamma)
. B8

. B.1.420 (Epsilon
« 1B.1.1.520 (Omicron (BA.1))

NID RHD peplice repeat | repeat 2 membrang

* Links to reference genomes /proteins . o — e T




Overview of circulating variants (2023

Variants of Concern
(VvoCQ)
B S1 L 2 _
Cleavage Fusion Heptad Heptad Trans-
| NTD RBD peptides repeat 1 repeat 2 membrarje
|
Omicron common mutations |
T478K E484A |
G142D N501Y H655Y
| K417N N440K|| "Ty505H D614G | PE8IH  N764K D796Y Q954H
[ I i f —1 — T ]
S375F Q498R N679K N969K
S373P
S477N |
Omicron lineage specific mutations |
A 143-TZ§14EPE |
|fiel 69-70 G339D 547K 6 N856K L981F
BA.1 [ | | | - LB I 1 L1 [ | I 1 ]
To51 NL211-212] $371L Gddes || ,
G496S
Q493R \
D40SN
R408S \
T191 A275 K147E F157L V213G G257S G339H T376A N460K
11 l | | N ! 1 i
BA275 [ i I | T Il |
: del 24-26 WIS2R 210V S371F G4465 ,
I
. R346T1363/D40SN  N460K \
Y T191 A27S  V83A del144 v213E G339H|  [1376A[R408S | F4905 ]
XBB.1.5 Ill | II I | } |11 || ! | !I ]
. del’24-26 H146Q Q183E G252V 5371’:] VG445- F486P [
: 446PS
. Q52H |
M T19l A27.S) V83A R346T 368 DADOI N4SOK
£G.5.1 | | 1 del144 v213E G339H|  [1376A|R408S ]F4?os |
il 1 1 I — 1 | : ]
del24-26 H146Q Q183E G252V S371F VGA4s-| Fagep
446PS FA56L ‘




Variants data and links to reference sequences

Reference sequence

19A Wuhan-Hu-1, nCoV China, Dec 2019 None (ORF8: L84S in Genome Reference for variants
outbreak.info reference) Spike protein
All proteins

Variant of concern (VOC): A variant for which there is evidence of an increase in transmissibility, more severe disease and or escape of neutralization by antibodies

Search:

Show entries

Omicron BA.1 BA.1 (previously South Africa, Dec Genome Less pathogenic than
>PANGO B.1.1.529), 2021 Spike Protein NCBI previous variants
CoVariants.org 21K because of S and
oubtbreak.info: NSP6 mutations 1=
/world prevalence

/mutations

BV-BRC

Omicron BA.2 BA.2 South Africa, Dec Genome Omicrons are less
>PANGO 21L 2021 Spike protein NCBI pathogenic than
CoVariants.org previous variants
oubtbreak.info: because of S and
/world prevalence NSP6 mutations 1=
/mutations

BV-BRC

Omicron BA.2.12.1 BA.2.12.1 North-America, Dec Genome Omicrons are less
>PANGO 22C 2021 Spike protein NCBI pathogenic than
CoVariants.org previous variants
BV-BRC because of S and
oubtbreak.info: NSP6 mutations =
/world prevalence

/mutations

Omicron BA.2.75 BA.2.75 India, spring 2022 Genome Omicrons are less
>PANGO 22D Spike protein NCBI pathogenic than

CoVariants.ora

previous variants




Choosing the right mutations!

WHO gives names, but no sequence.

Many mutations occur within a lineage. We choose to consider those that are
observed in >80% of sequences (https://outbreak.info/).

=

SARS-CoV-2 (hCoV-19) Mutation Reports

Linea ge Com of: Yo alll © CHANGE LINEAGES Enabled by data from GISAID
9,525,430 sequences from © How to interpret these reports

MUtation prevalence aCrOSS |ineages &£ CHANGE LINEAGES Mutation prevalence in lineage e rw: 77 i
0 100% Concerr

Mutations with > 80% prevalence in at least one lineage.

S

Most Omicron sequences also contain a 3 amino acid insertion (EPE) at position 214 in the Spike protein.

o outbreak.info currently only reports substitution and deletion changes, due to the computational challenges with identifying insertions in 5+ million sequences every day. We're working towards incorporating insertions into our data processing
pipeline, and we encourage you to refer back to the sequence data available on GISAID for more information about these insertions.
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CoV3D allowed to find an early reference sequence

<, CoV3D

CORONAVIRUS 3D STRUCTURE DATABASE

Below are polymorphisms in SARS-CoV-2 spike glycoprotein sequences, with respect to original
sequence used in full spike glycoprotein structures.

Search: {L212] Download Data as CSV
Mutations Count Y | Example sequence View mutation
A67V/H69del/V70del/T95I... | 102836 UGW32340 View
A67V/H69del/V70del/T95I... | 43589 UFP04971 View
A67V/H69del/V70del/T95I... | 4937 UHV59178 View
A67V/H69del/V70del/T951... | 2374 UIX13664 View
A67V/H69del/V70del/TI51... | 2069 UHV86077 View
A67V/H69del/NV70del/T95I... | 1536 UG098052 View
A67V/H69del/V70del/T951... | 1034 UHV74268 View
L5F/A67V/H69del/NV70del/... | 960 UHT27752 View
A67V/H69del/V70del/TI5I... | 959 UHW31637 View
A67V/H69del/V70del/T95I... | 555 UHW31532 View
A67V/H69del/V70del/T951... | 394 UHW40387 View
A67V/H69del/V70del/T95I... | 386 UHV86291 View
A67V/H69del/V70del/T95I... | 385 UHW38802 View
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arly access to SARS-CoV-2 annotation in UniProt

UniProt releases are published every 8 weeks.

A pre-release portal has been established to provide users with
quick access to the SARS-CoV-2 annotation.

U7, B . IR e e |
"%

UniProt ¢

k l' Advancedw | Q Search [
°

O TN g

BLAST Align Retrieve/ID mapping Peptide search SPARQL Help Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional information. @ Basket 2 v
New UniProt portal for the latest SARS-CoV-
UniRef UniParC Proteomes 2 coronavirus protein entries and receptors,

updated independent of the general UniProt
release cycle.

Swiss-Prot (567,483) Sequence clusters Sequence archive Proteome sets iew SARS-CoV-2 Proteins and

A

‘h Manually annotated and (0\. = 1\ @ Receptors
reviewed. (%4 - éi(&

Records with information
extracted from literature

2000

and curator-evaluated Forthcoming changes )
computational analysis. Planned changes for UniProt
Supporting data
TrEMBL (231,354,261) UniProt release 2022_02
AufemiEly e Prenylation for antiviral activity | Cross-references to
) AlphaFoldDB | Version numbers for identifiers in Ensembl
and not reviewed. i o . ¢ .
Literature citations Taxonomy Subcellular locations cross-references in Uni...
Records that await full A
manual annotation. E I o
. e 5 evoris UniProt release 2022_01
1255 re.. dlabases S8d3ES v A phospholipase for clear vision | Cross-references to MANE-
f% XYX Select .
News archive
Getting started ©Youlube UniProt data Protein spotlight

Q Text Y. Download latest release _BP ﬂa‘ Sapped
search Get the UniProt data ) G




Covid-19 UniProt website

https://covid-19.uniprot.org/

& - C @& covid-19uniprotorg/uniprotkb?query=* Q > w 0O

@ NewTab M Imported 5 ShellCheck - sh.. &3 SIB Planning MySIB Planning &8 Cross-Referenc.. <o Les webcams d.. @ Webcam: Cold.. ¥ WebcamPralog.. @ Col du Lautaret Mail Orange | Webcams Les R.. » | I Other boc

250
o0

~ COVID-19 UniProtKB 125 results

This site provides the latest available pre-release UniProtKB data for the SARS-CoV-2 coronavirus and other entries relating to the COVID-19 outbreak. Therefore,data  Please go to the UniProt.org website for all other entries and functionalities.
and functionality provided here may differ from the main Uniprot.org website which is updated every eight weeks. This site will be updated as new relevant information

becomes available, independent of the general UniProt release schedule You can view all COVID-19 related publications contributed by the community here.
This data can also be accessed via our FTP on ftp://ftp.uniprot.org/pub/databases/uniprot/pre_release/ You can view all curated LitCovid COVID-19 related publications here.
You can view our latest webinar about Sars-CoV-2 and this portal from here, presented on the 2nd April 2020. Latest update: 21-March-2022
& Download [H ¥
Status -
Reviewed (Swiss-Prot) (125) % 015393 - TMPS2_HUMAN
Transmembrane protease serine 2 - Homo sapiens - Gene: TMPRSS2 - 492 amino-acids - @
Model organisms #Hydrolase #Protease #Serine protease
Human (93) 3domains « 9reviewed variants - 3 active sites -+ 2isoforms - 62 interactions - 13D structure - 28 reviewed publications
Other organisms ()% 095786 - DDX58_HUMAN
Severe acute respiratory syndrome coronavirus 2 (17) Antiviral innate immune response receptor RIG-1 - Homo sapiens - Gene: DDX58 - 925 amino-acids - @
#Helicase #Hy: RNA-bi \g - #Antiviral i i i

Severe acute respiratory syndrome coronavirus (15)
5domains + 6PTMs - 4reviewed variants - 2isoforms « 29 interactions - 1disease - 28 3D structures - 69 reviewed publications

Proteins with

3D structure (97) % 095992 - CH25H_HUMAN
Cholesterol 25-hydroxylase - Homo sapiens - Gene: CH25H - 272 amino-acids - @
Active site (16) 20xi T N . . I P R

Activity regulation (30)

1domain - 1reviewed variant - 2i ions 9 reviewed

Alternative products(isoforms) (59)
Binding site (13) % P00973 - OAS1_HUMAN

B 2-5-oligoadenylate synthase 1 - Homo sapiens - Gene: OAS1 - 400 amino-acids - @
More items

i inding . #Antiviral y #Innate immunity

Protein Existence 6reviewed variants - 4isoforms « 12i ions + 13D - 31
PROTEIN_LEVEL (119)
UNCERTAIN (4) /% PO7711 CATL1_HUMAN

Procathepsin L - Homo sapiens - Gene: CTSL - 333 amino-acids - @



Variant annotation in Swis-Prot

We annotate the WHO named variants in Swiss-Prot with FT VARIANT in the
Wuhan 2020 reference proteome.

FT VARIANT 796 796 D —> Y (in strain: 19B/501Y,
Omicron/BA.1l, Omicron/BA.2)
{*CUR}
FT VARIANT 856 856 N -> K (in strain: Omicron/BA.1)
{*CUR}
FT VARIANT 859 859 T -> N (in strain: Lambda/C.37)
{*CUR}
FT VARIANT 888 888 F -> L (in strain: Eta/B.1.525)
{*CUR}
BLAST . Download ¥ AddaPublication Feedback
) Molecule processing -
o o oo o s — [ —ewwer en TN
» PTM r———?ﬁ Y I rﬂ
b Structural features [ I B ey 1rorim o Il-IIIII-gllII III=l

» PDBe 3D structure coverage

e
» Topology e

| I 1l I I
» Mutagenesis =

» Variants é
ponvuunn onl e om0 diwlid Lal L ‘m  aim dnodina | W bu | bl D ann Al bl




Nomenclature for deletions is not consistent

Outbreak.info: N2111, del212
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CoVariant.org
Del211, L212I
BV-BRC
N211-, L212]

Emma B. Hodcroft

Nucleotide changes nearby (1)

Deletion 22194-22196

Context

Codon
Ref. AA
Ref.
Query
Query AA
1st nuc.

221

FT VARIANT 211..212 FT /note="NL -> I (|n Straln Omlcron/BA 1)"
FT /evidence="ECO:0000305"
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P

0 P < o R o R D b O - gk o ok
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Variants mutations: how to make sense of it

: . i [ Africa
* Virus surveillance produces a lot of 20| Il soun amerca
Sequences E E Oceania
(7] Asia
e 51 :
g North America
g H Europe
# 01 — , ; ' . : :
Jan Jun Nov May Oct Apr Oct
2020 2020 2020 2021 2021 2022 2022
Collection Date
* But there are many more power for the == T BET
. . . b, i/ in
production of sequences than for their analysis =R ITINRY i




Mutations considered in the context of domains

Main focus

G8*STOP Q27*STOP

TRS r
s1 SP-,

*
| == ) Q18*STOP
Omicron common mutations
T478K E484
G1420
| K417N N440K NE 27881 ORF8TRS-B K F 27904
! : rrr— SARS-CoV-2 CGCCURRACGAACBBEARRUUUCU
= BA.5 (C27889T) CGCCUAAATGAACRUEAAAUUUCU
- - - - XBC (G27890T) CGCCUAAATTAAC guCu
Omicron lineage specific mutations
ASTV ins214EPE ;
1143-145
peles-70 §° 63390 TRS-L UCUCURAAACGAACUUUAAAAUCUG
BA.1 [ I I | !\ T 1! T I T 1
T951 NL211-212] $371L GA4465 IG4 63 - 86
Q4
D405N
T19) A275 KI47E FIS7L V213G G2575 G339H T376A R408S NAGOK Figure 1. Schematic of ORF8 gene showing the most common truncations and TRS mutations.
BA2.75 [ It —t —t 1 ?
: del24-26 V. S371F GA4465 ‘
: R346T 1368 D405SN  N460K \
Y T191 A275 V?»A {del144 v2)3E G339H|  [1376A|R408S |M?()S 1
XBB.1.5 [ I — T 1 | il
del 24-26 H146Q Q183E G252V 537":| VG445- FagepP [
446PS ‘
| Q52H R346T L3681 D405N  N460K
\ T191 A27S| V83A del144 V213E G339H|  [1376A|R408S |r4?os |
EG.5.1 | | | | 1 [
[ I S —— I ‘
del24-26 H146Q Q183E G252V S371F VGA4S-| Fagep
446PS F456L ‘
|




Mutations considered in the context of glycosylation

Influenza glycosylation repositioning: immunity escape

HIV glycan shield

HINI ; (AHINT)pdm09 H2N2

H7N9




Do sars-cov-2 variants reposition glycosylation sites?

Glycan prediction using
Sars-CoV-2 glycosylations NetNGlyc-1.0

Top view Side view
¥ Output for 'UF069279.1'

Name: UF069279.1 Length: 1270

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFSNVTHFHVISGTNGTKRFDNP 80
VLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLL IKVCEFQFCNDPFL 160
CTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPIIVREPEDLPQGFSALEPLVDLPIGINITRFQTLLA 240
LHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPT 320
ESIVRFPNITNLCPFDEVFNATRFASVYANNRKRISNCVADYSVLYNLAPFFTFKCYGVSPTKLNDLCFTNVYADSFVIR 400

GQTGNIADYNYKLPDDFTGC YRLFRKSNLKPFERDISTEIYQAGNKPCNGV 480
AGFNCYFPLRSYSFRPTYGVGHQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCUNFNFNGLKGTGVL TESNKKFLPFQ 560
QFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVATHADQLTPTHRVYSTGSNVF 640
QTRAGCL: ASYQTQT TAYTMSL ATPTNFTISVT 720
TEILPVSMTKTSVDCTHYICGDSTECSNLLLQYGSFCTQLKRALTGL, 800
QILPDPSKPSKRSFIEDL LFNKVTLADAGF IKQYGDCLGDIAARDL ICAQKFKGLTVLPPLLTDENIAQYTSALLAGTIT 880
SGHTFGAGAALQT TQNVLYENQKL! TASALGKLQI NTLV 960
KQLSSKFGAISSVLNDIFSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAE: IRASANI.AATKMSECVLGQSKRVDFC 1040
GKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNF TTAPAICI QIITTDNTFVS 1120
GNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKE IDRLNEVAKNLNESLIDLQE L 1200
GKYEQYIKWPHYIWLGF TAGLIATVMVT IMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT
N. N.

90°

Oligomannose
content, %

[ so-100

[] 30-79

N
8

5)

Position Potential Jury  N-Glyc
agreement result

UF069279.1 17 NLTT  0.6607 (8/9) +
0 zg UF069279.1 61 NVTW  ©.7863 (9/9)  +++
oo UF069279.1 72 NGTK  ©0.7056 (9/9)  ++
UF069279.1 120 NATN  ©0.6784 (8/9) +
UF069279.1 144 NKSW  ©.5437 (6/9) +
ACEZ UF069279.1 160 NCTF  0.6226 (8/9) +
UF069279.1 231 NITR  ©.7616 (9/9)  +e+
b‘ d' 't UF069279.1 279 NGTI  ©0.7381 (9/9)  ++
in Il‘lg site UF069279.1 328 NITN  0.5888 (8/9) +
UF069279.1 340 NATR  ©.5704 (8/9) +
UF069279.1 600 NTSN  ©.5787 (6/9) +
UF069279.1 613 NCTE  ©.7281 (9/9)  ++
UF069279.1 654 NNSY  ©.5141 (s/9) +
UF069279.1 706 NNSI ~ ©.3533 (8/9) -
UF069279.1 714 NFTI  ©.6427 (9/9)  ++
UF069279.1 798 NFSO  ©0.6246 (9/9)  ++

->There was no significant changes in any variant spike glycosylation




SARS-CoV-2 variants preferentially emerge at
Intrinsically disordered protein sites

SARS-CoV-2 DisProt

-

168 172248 363-419 With the disprot group,
Nucleoprotein

We have established that variants

I .!,_,, |, , occur preferentially at disordered
| "

828.853 11471275 regions in Spike S1 and
Spike S2

Nucleoprotein

||| ! I | !
i—ze 67 80 142 164 246 262 455-490 621-640
319- 335 519-541 673-687
Spike S
B Disordered region || Cumulative mutations on variants

From:SARS-CoV-2 variants preferentially emerge at intrinsically disordered protein sites helping immune evasion.
FEBS J. 2022 Feb 2




Genomic heterogeneity

 PASC (PAirwise Sequence Comparison)is a web tool for analysis of pairwise
identity distribution within viral families.
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Developing a metric for the diversity of variants?

Complete sequences Clustered sequences 98% Clustered sequences 90%

HPV
037 1:2}4 -

% 0 3426

Total: 85,518




Genome landscape representation

* Phylogenetic trees * PCA analysis
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PCA plot of fossil specimens and recent modern humans
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Conclusion



Monitoring below-species sequence: users needs
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The dynamic of SARS-CoV-2 mutations

Mutations occur due to:

* Replication errors of the viral polymerase

e Cellular editing enzymes in the cytoplasm (immune cells)
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" Isolate nomenclature

Few isolates nomenclature exist today, unfortunately there is no standart
= no way to manage virus data with common bioinformmatics tools

P — Influenza (1953):
Antigenic type/ Isolatlon host/Location of sampling/Isolate ID/Year of sampling

Ex: Influenza A/Puerto Rico/8/1934 H1N1

Caliciviridae (2000):
Isolation host/Genus/Spemes/IsoIate ID/Year of sampling/Location of sampling

Ex: Hu/NLV/I/Norwalk/1968/US

Geminiviridae (2005):

Species [Location of sampling: Isolate ID: Isolation host: Year of sampling]

Ex: Maize streak virus, A [Uganda:Kas42:2005]



