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ABSTRACT

Background: Emergence of new variant of SARS-CoV-2, namely omicron, has posed a global concern because of
its high rate of transmissibility and mutations in its genome. Researchers worldwide are trying to understand the
evolution and emergence of such variants to understand the mutational cascade events.

Methods: We have considered all omicron genomes (n = 302 genomes) available till 2nd December 2021 in the
public repository of GISAID along with representatives of variants of concern (VOQ), i.e., alpha, beta, gamma,
delta, and omicron; variant of interest (VOI) mu and lambda; and variant under monitoring (VUM). Whole
genome-based phylogeny and mutational analysis were performed to understand the evolution of SARS CoV-2
leading to emergence of omicron variant.

Results: Whole genome-based phylogeny depicted two phylogroups (PG-I and PG-II) forming variant specific
clades except for gamma and VUM GH. Mutational analysis detected 18,261 mutations in the omicron variant,
majority of which were non-synonymous mutations in spike (A67, T547K, D614G, H655Y, N679K, P681H,
D796Y, N856K, Q954H), followed by RNA dependent RNA polymerase (rdrp) (A1892T, 1189V, P314L, K38R,
T4921, V57V), ORF6 (M19M) and nucleocapsid protein (RG203KR).

Conclusion: Delta and omicron have evolutionary diverged into distinct phylogroups and do not share a common
ancestry. While, omicron shares common ancestry with VOI lambda and its evolution is mainly derived by the
non-synonymous mutations.

1. Introduction

tem/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-var-
iant-of-concern;  https://www.who.int/news/item/28-11-2021-upd

Throughout the globe resurgence of COVID-19 cases has been linked
to the emergence of new variants of concern (https://www.hopkinsme-
dicine.org/health/conditions-and-diseases/coronavirus/first-and-sec-
ond-waves-of-coronavirus) (Thakur et al., 2021). Currently, the world is
witnessing a new variant namely, omicron which was first reported in
South Africa on 24th November 2021 from the specimen collected on 9th
November 2021 (https://www.who.int/publications/m/item/enhan-
cing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-ac-
tions-for-member-states). On 26th November 2021, World Health
Organisation (WHO) assigned omicron to the ‘variant of concern’ (VOC)
category due to its ability to poses a higher risk of reinfection as compared
to previously reported variants (https://www.who.int/news/i-

ate-on-omicron). According to the 1st December 2021 update, omicron is
reported in at least 23 countries from five out of six WHO regions, with
most cases in Africa and Europe (https://www.cnbc.
com/2021/12/01/-
who-says-omicron-has-been-found-in-23-countries-across-the-world.
html).

There is a lot of uncertainty surrounding the omicron variant. For its
risk assessment, scientists and researchers are investigating the intensity
of its spread, extent of its infection, effectiveness of detection methods,
therapeutics, and vaccine efficacy (Knoll & Wonodi, 2021; Lipsitch &
Dean, 2020; Pegu et al., 2021). The onset of omicron is reported with
mild diseases suggests its low or mild severity than its previous coun-
terparts like delta (Ewen Callaway, 2021; E. Callaway & Ledford, 2021).

Abbreviations: VOC, Variant of concern; VOI, Variant of interest; VUM, Variant under monitoring; NSP, Non-structural protein; UTR, Untranslated region; rdrp,

RNA dependent RNA polymerase.
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It is known to have a very high mutation rate with more than 30
mutational changes in its spike protein (Ewen Callaway, 2021)
(https://www.who.int/publications/m/item/enhancing--

read-

iness-for-omicron-(b.1.1.529)-technical-brief-and-prior-
ity-actions-for-member-states)

Globally, high risk of reinfection with omicron variant and its ability
to evade vaccine-induced immunity resulting in the emergence of new
variants of SARS-CoV-2 (Pulliam et al., 2021). Since COVID-19 incep-
tion, researchers have been trying to investigate its origin and evolution
(Bansal, Kumar, & Patil, 2021; Singh & Soojin, 2021; Tang et al., 2020).
We are currently witnessing a global molecular arms race between
SARS-CoV-2 and its preventive therapeutics based on diverse regimes
such as DNA, RNA, protein or inactivated whole-virion, etc. (Andrea-
dakis et al., 2020; Corey, Mascola, Fauci, & Collins, 2020; Sharma,
Sultan, Ding, & Triggle, 2020). This global crisis can be addressed by a
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very rapid immunization program worldwide. Moreover, the real-time
monitoring of evolutionary cascade of SARS-CoV-2 leading to novel
variants is utmost. Earlier investigation of several VOC and VOI suggests
some of the crucial mutations for viral survival and high infectivity in
humans (Boehm et al., 2021; Kumar & Bansal, 2021; Schmidt et al.,
2021). However, mutations giving rise to omicron and intra-omicron
genomic diversity are not yet analyzed at a population level.

In the present study, we aim to look for the mutational profile of
under-monitoring variants reported till now to understand the emer-
gence of a heavily mutated variant named omicron. Interestingly, whole
genome-based phylogeny suggests two major phylogroups PG-I and PG-
II. Further, mutational analysis depicted the key role of non-synonymous
mutations in the evolution of novel variant. Such genome-wide muta-
tional landscape is required for surveillance and vaccine development.

Fig. 1. Maximum likelihood whole genome-based phylogeny of SARS-CoV-2 VOCs, VOIs and VUMs. Here, phylogroups (PG-I and PG-II) and clades (alpha, beta,
gamma, delta, omicron, mu etc.) are marked with respective colors as indicated. Bootstrap values are represented by the radius of circle at the nodes. Common

ancestry of omicron and lambda is marked by black star.
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Table 1
Metadata of the VOCs, VOIs and VUM strains used in the present study.

Varant  srain Strain_analyss Vs isaid epl o thn oy own ot oton o oty ¢ Ghon ¢ e el ot aesex ol GOAD o arstn st st e somited
Omicron hCoV-13/HongKong/VIA21044713-1/2021 VoS heov. oo betacoron €61 ISL 66 13/11/2021 Asa o vong Kong 29752 Human 3 Male  B11529 GR  HomeQu: HontKon AlnKLT hitosim 271172021
omicron 8P /oc_or Descoron GPLILG( 1V11/2000 Afka  Beowane South €t Grster G Aies  Somane SouhEs pname 29684 Human 57 Female  B11529 GR  Botswana Botswana Sikhulle . hitos/vs 23/m720
omicron . Bip Vo-omiren - betacoron €61 ISL 6 11/11/2021 Affica  Botswana South East GreaterGi Affica  Botswana SouthEast genome 29684 Human 6 Male  B11523 GR Botswana Botswana SkhulleN hitpssm /11720
omicron s o VoC_Omicron . betacoron €F1ISL 6 11/11/2021 Affica  Botswana South East Greater Gi Affica  Botswana SouthEast genome 29684 Human 3 Female B11523 GR  Botswana Botswana SikhuleN hitosm /1172021
omicron betacoron EPLISL 6 14/11/2021 Afica  South A Gauteng Afics  SoutAf Gauteng genome 29804 Human 27 Female  B11529 GR  LANCETL Natonaln AmoakoD hitos:/jv 211720
omicron betacoron EPLISL 6 15/11/2021 Afica  South A Gauteng Aics  SounAfi Gauteng genome 29804 Human 2 Female  B11523 GR  LANCETLL Natonaln AmoskoD hitosfm /117202
omicron betacoron EPLISL 6 16/11/2021 Afica  South A Gauteng. Acs  SounAfi Gauteng genome 29804 Human 35 Mol  B1158 GR LANCETL Natonaln AmskoD hitossm 2117202
omicron betacoron €PIISL 6 16/11/2021 Afica  South A Gauteng. Acs  SounAfi Gauteng genome 29804 Human 25 Male 811509 GR LANCETL Natonal i AmaskoD hitossm 211720
omicron betacoron €PIISL 6 15/11/2021 Afica  South A Gauteng. Acs  SounAfi Gauteng genome 29804 Human 21 known 811529 GR  LANCETLL Natonal n Amasko hits:/v 2117202
omicron o S BL 6 SS/113021 e Souh A e Acs  SounAfi Gauteng genome 29804 Human 38 wnknown 811529 GR  LANCETLL Natonal n Amasko D hitos:/fv. 2117202
omicron n €91 IS 6 16/11/2021 Afvica  South Al Gauteng Acs  SounAf Gauteng genome 29804 Human O femdle 811529 GR  LANCETLL Natonal i AmoskoD hitos/m 21172021
omicron Bp om0 L 6 TR0 Abis Booware SonmEun GremrG A Boowan £ gome 25714 G0 Male 811529 GR  Sotswana Botswena Sikhulen hitoss/m /1172021
Omicon hCoV-19/HongKong/VM21085145/2021 b € L ¢ 15131221 e Horg ong hon HongKang genome 29752 Human @ Male 811529 GR  HOMEQU HongKon AlnKLT hitoss/m 21172021
omicr n €91 ISL 6 15/11/2021 Afica  South Al Gauteng Afica  SounAfi Gauteng genome 29804 Human 3 Female 811520 GR  LANCETL Natonal i Amoako D hitos://us 2571172021
omicron cocron 9 56 /112001 Aca  Souh Ak Gt CRvolIoh Alica SouthAln Gaanggerome 29852 Human 10 Female 811520 GR  National - CERL Cant Katheens hitos://us 2571172021
omicron betacoron €PI ISL 66 17/11/2021 Affica  South Al GautengCityofJoh Affica  South Al Gauteng genome 29795 Human 28 female 811520 GR  National CERL Cant Katheens hitos:/us 2571172021
omicron betacoron €P1 ISL 66 17/11/2021 Afica  South Al Gauteng CityofJoh Affica  South I Gauteng genome 29871 Human 20 Male 811520 GR  Nationalk CERL Cont Katheens hitos/ms 2571172021
omicron betacoron €61 ISL 66 16/11/2021 Afica  South ATt Gauteng CiyolJoh Affica  South AT Gauteng genome 29798 Human 29 Ml 1520 GR National CERI Cont Kathleens hitos/ 2571172021
omicron betacoron €61 ISL 6 15/11/2021 Afica  South ATtk Gauteng CiolJoh Affica  South I Gauteng genome 29813 Human 46 female  B11520 GR  National CERL Cent Katheens hitos:/fvs 2571172021
omicron betacoron €61 ISL 66 15/11/2021 Afica  South Al Gauten Joh Affca SouthAfr Gauteng genome 29813 Human 46 female  B11520 GR  National CERL Cent Katheens hitos://vs 251172021
omicron betacoron €61 ISL 66 14/11/2021 Aftica  SouthAfth Gauten CitvofJoh Affica  South AT Gauteng genome 29852 Human 04 Female  B11529 GR  Ntonal CERI Cent Kathleens hitos/jun 2571172021
omicron betacoron €P1ISL 6 15/11/2021 Affica  SouthAfth Gauteng CtvofJoh Affica  South Aff Gauteng genome 29848 Human 27 female 511529 GR  National CERL Cent Katheens hitos://vs 2571172021
omicron etacoron EPIISL 61 16/11/2021 Africa  South Afr Gautens. Gityof Joh Affca  SouthAfr Gautenggenome 29800 Human, 52 Male  B11529 GR  Nationalb CERL Cent KathleenS hitos/u 2571172021
omicron betacoron €61 ISL 6 16/11/2021 Affica  South Al Gauten CityolJoh Africa  South Aff Gautenggenome 29869 Humar S3Male  B11523 GR Nationalk CER] Cent KathlenS hitps/fm 2571172021
omicron betacoron €F1ISL 6 17/11/2021 Affica  South Al Gauteng CityolJoh Africa  South Alf Gautenggenome 29852 Human 22 Female 811529 GR  National k CER] Cant Katheens hitps:/fv 2571172021
omicron betacoron €F1ISL 6 18/11/2021 Affica  South Al Gauten CityolJoh Affica  South Aff Gautenggenome 29791 Human 3 Female  B11529 GR  National b CER] Cant Katheens hitos/jm 251172021
omicron a 1 ISUsC 18/11/201 A AT Gautenp Gtyof oh Afia  SouthAfi Gauteng genome 29842 Hur 21 Female  B11523 GR  National k CERL Cant Katheens hitos//m 251172021
omicron betacoron EPIISL 6 18/11/2021 Affica  South Aff Gauteng _CityolJoh Affca  South Aff Gauteng genome 29852 Human 37 Fomale 811523 GR  National k CERL Cant Kathcens hitos//m 25117202
omicron betacoron €PI ISL 6 18/11/2001 Affica  South Aff Gauteng Sedibeng Affica  South Aff Gauteng genome 29650 Human 17 Fomale 811529 GR  National - CERL Cant Katheens hitos:/jv 251172021
omicron betacoron €PI ISL 6 18/11/2001 Affica  South Aff Gauteng CityofJoh Affca  South Aff Gauteng genome 29750 Human S5 Fomale 811529 GR  National - CERL Cant Katheens hitos//v /1172021
omicron South A Gauteng  Sedibeng Affica  SouthAff Gauteng genome 29869 Human 10 Male 811529 GR  National CERL Cant Katheens hitoss/m /1172021
omicron South A Gauteng GityofJoh Africa  South Af Gauteng genome 29802 Human 20 Fomale 811529 GR  National - CERL Cant Katheens hetos://v 2s5/11/2021
omicron South A Gauteng  CityofJoh Affica  South Af Gauteng gener H 3 Fomale 811529 GR  National - CERL Cant Katheens hetos//vs 21172021
omicron South A Gauteng CiyofJon Afica  South Af Gauteng genome 29852 Human 31 nknown 811529 GR  National - CERL Cant Katheen hitos://us 2571172021
omicron South A Gauteng CiyofJoh Africa  South Afn Gauteng genome 29806 Human 28 Female 811529 GR  National - CERL Cant Katheens hitos://vs 2571172021
omicron South A Gauteng Civofloh Africa  South Afi Gauteng genome 29805 Human il 1520 GR National  CERI Cont Kathleens hitps/jun 2571172021
omicron South A Gauteng Civof loh Africa  SouthAfn Gauteng genome 29859 Human 31 unknown 811520 GR  National - CERL Cent Katheen hitos://vs 2571172021
omicron South At Gauteng Cvof o Africa  South Afn Gauteng genome 29808 Human 23 Female 811520 GR  National - CERL Cent Katheens hitos:/us 2571172021
omicron South A Gauteng CityofJoh Affica  South Af Gauteng gencr 29870 Human 53 female  B11520 GR  National CERL Cent Katheens hitos://vs 2571172021
omicron Souh Al Gauteng iy ofJoh Affica  SouthAfi Gautenggenome 29869 Human B11520 GR  Notional - CERI Cent Kathieens hitos//un 2571172021
omicron South Al Gauteng iy ofJh Alfica  SouthAfi Gauteng genome 29857 Human unkoown female B11520 GR  National - CERL Cent Katheen  hitos:/fvs 251172021
omicron South Al Gauteng iy ofJh Alica  South Al Gautenggenome 29869 Human sle  B11529 GR  National CERL Cent Katheens hitos:/fvs 2571172021
omicron South Al Gauteng iy ofJh Alfica  South Al Gautenggenome 29842 Human 27 Female  B11529 GR  Natonal CERI Cent Kathien hitos//wn 2571172021
omicron South Al Gauteng iy ofJoh Alfica  South Al Gautenggenome 29815 Human 22 female  B11529 GR  National - CERL Cent Katheens hitos://vs 2571172021
omicron South Al Gauteng it ofJoh Alfica  South Al Gauteng genome 29788 Human 30 female  B11529 GR  National CERL Cent Kathleens hitos/vs 2571172021
omicron AT Gauteng Gityof oh Afica  South Afi Gauteng genome 29811 Human 24 Wl 1529 R Natonal  CERI Cent Kathieens htos/jon 251172021
omicron South Al Gauteng Gy ofJoh Alfica  SouthAfi: Gauteng genome 29864 Human 27 Female  B11523 GR  National k CER] Cant Katheens hitos:/fv s/13/2020
omicron South A Gauteng  CityofJoh Affca  South Af: Gauteng gencr 29816 Human 1 B11529 GR  Notional - CER, Cent Kathleens hitos/wn 251172021
omicron Al Gautenp Gtyof o Afica  SouthAfi Gauteng genome 29852 Human 13 Male  B11523 GR National CERL Cant KatheenS hitossm 251172021
omicron South Al Gauteng Gy of Joh Affica  SouthAf Gauteng genome 29796 Human 45 Fomale 811529 GR  National - CERL Cant Kathcens hitos:/fv 251172021
omicron South A Gauteng Gy ofJoh Africa  South Af Gauteng genome 29752 Human 25 Male 811529 GR National k CERL Cant Katheens hitoss/m 251172021
omicron South A Gauteng  Cityof o Affca  South Af Gauteng genor 29796 Human 55 Fomale 811529 GR  National - CERL Cant Katheens hitos//v 2571172021
omicron South A Gauteng  Sedibeng Affica  SouthAff Gauteng genome 29869 Human 10 Male 811529 GR National CERL Cant Katheens hitoss/m /1172021
omicron South A Gauteng GtyofJoh Africa  South Af Gauteng genome 29867 Human 27 Female 811529 GR  National - CERL Cant Katheen hetos://v 251172021
omicron South A Gauteng  CityofJoh Affica  South Af Gauteng gener 29867 Human 70 Fomale 811529 GR  National - CERL Cant Katheens hitos//vs 2571172021
omicron South A Gauteng CiyofJon Africa  SouthAff Gauteng genome 29866 Human unkown femsle 811529 GR  Nationalk CERL Cent Katheen  hitos/fu 251172021
omicron South A Gauteng CiyofJoh Africa  South Afrs Gauteng genome 29852 Hur 3 Female 811520 GR  National - CERL Cant Katheens hitos://us 251172021
omicron South A Gauteng  CityofJoh Affica  South Af Gauteng gename. Hr 52 Female 811520 GR  National CERL Cant Katheens hitos://us 2571172021
Omicron hCoV-19/SouthAfica/NICD-N21665/2021 /0C_Omicron_CaV-19/SouthAfica/NICD-N21665/2021 South A Gauteng Afic  SounAfi Gauteng genome 29828 Human 37 Female 811520 GR  LANCETL Natonalh AmoskoD hitos:/us 2571172021
Omicron hCoV-19/SouthAfca/NICD-N21668/2021 voL Orw:mn HCoV-19/SouthATica/NICD-N21668/2021 South A Gauteng. Afica  SounATi Gauteng genome 29841 Human 21 Female B11520 GR  LANCETL Natonal It Amosko hitos:/ 2571172021
Omicron hCoV-19/SouthATica/NICO-N21671/2021 /0C_Omicron_CaV-19/SouthAfica/NICO-N21671/2021 South A Gauteng. Afics  SounAT Gauteng genome 29841 H 5 1520 GR LANCETU National I Amosko D htas/jun 2571172021
Omicon hCoV-19/SouthATica/NICO-N21672/2021 i opunisngesrmiteibiet South A Gauteng. A SounAT Gauteng genome 29808 Hur 47 Male  B115290 GR  LANCETL Natonslh AmaskoD hitos/ms 2571172021
Omicron hCoV-19/SouthATca/NICO-N21673/2021 VOC_Omicron_hCoV-19/SouthAfia/NICO-N21673/2021 South A Gauteng. Alics  SouiATi Gauteng genome 29835 Human 3 Male  B11520 GR  LANCETL Natonalh AmaskoD hitoss/vs 2571172021
Omicron hCoV-19/SouthATca/NICO-N21674/2021 VOC_Omicron_ hCol-19/SouthATica/NICO-N21674/2021 South A Gauteng. Afs  SouhAi Gauteng genome 29842 Human 12 Female  B11529 GR LANCETLS National Amosko D htos:/fun 2571172021
Omicron hCoV-19/SouthATca/NICO-N21675/2021 VOC_Omicron hCo-19/SouthATica/NICO-N21675/2021 South A Gauteng, Alica  SoulhAfi Gauteng genome 29816 Huma 17 Female  B11529 GR LANCETLS National Amosko  htos/fun 2571172021
Omicron hCov-19/SouthATica/NICO-N21676/2021 OC_Omicron_ hCoV-19/SouthATia/NICO-N21676/2021 South A Gauteng, Afics  SoutA Gauteng genome 29827 Human 35 Male  B11529 GR  LANCETL Nationaln AmaskoD hitoss/m 2571172021
omicron X voc_or fong ong asia HongKong Benome 29640 Human 3 Male  B11529 GR  HomsKom Schoolof DominicN hitos//u 2571172021
Omicron  NCoV-19/Botswana/R4285_BHP_AAC25114/2021 VO Omicton Ko 9/Sotomsn 4755, 5 AACIST182071 Botswana Lobatse Afics  Botswana Lobatse genome 29693 Human 43 Male  B11529 GR Botswana Botswana Sikhulle. hitos//u 2571172021
Omicron  hCov-19/Botswana/R42890_BHP_000842207/2021 OC_Omicron_hCoV-19/Botswan/R42850_BHP_000842207/2021 Botswana Gaborone Affics  Botswana Gaborone genome 29684 Human S8 Male  B11529 GR Botswana Botswana Skhullen hitpsm 2571172021
omicron ) o voC_omi Botswana Gaborone Affics  Botswana Gaborone genome 29714 Human 3 Male  B1158 GR Botswana Botswana SkhulleN hitossm /1172021
Omicron  hCoV-13/Botswans/RA3815_BHP_000842375/2021 O Omicton v 3/ Stomaal 351 B QOAZSTS 2021 swara Palapye Aics  Botswana Palapye genome 29714 Human 4 Male 811529 GR  PalapyePr Botswana SikhulleN hitoss/m /1172021
Omicon o /St 2o NP 12142212021 OC_ Omicron_hCoV-19/Botswana/RA3855_BHP_121142361/2021 Botswana Gaborone Alcs  Botswana Gaborone genome 29714 Human 41 Female 811529 GR  Botswana Botswana Sikhule hitosm 21172021
Omicon oSt 353 K0 pncas ozt YO Ot b 13/couar 838 o MCIEGS Botswana Gaberone Acs  Botswana Gaborone genome 29714 Human 3 Female 811529 GR  Botswana Botswana Sikhue . hitos/m 21172021
it Moot 3 Bmowen RS9 SR P AES 1202 VOC_Omicron_hCoV-19/Botswana/RA3871_BHP_121142515/2021 Botswana Gaberone Afcs  Botswana Gaborone genome 29714 Human 8 Msle 811529 GR  Sotswana Botswana SikhulleN hitoss/m 21172021
Oman. HCov-1/Betwana/M3S14_SHP 0008421472021 VO Omitan-HCaV 19/Boowara/ 3814 o oz Botswana Palapye Aics  Botswana Palapye genome 29714 Human 3 Male 811529 GR PalaoyePr Botswana Sikhue. hetossm 21172021
omicron o2 oC_omicran_ 2 Botswana Gaberone Acs  Botswana Gaborone genome 29714 Human 47 Male 811529 GR  Sotswana Botswana Skhule. hitos/m 21172021
omicron iy oC_omicran_ Botswana Gaberone Afica  Botswana Gaborone genome 29714 Human 3 Male 811529 GR  Sotswana Botswena Sikhullen. hitoss/m 21172021
Omicron hCoV-19/Botswans/RA3833_BHP_AAC25682/2021 VO Ol D 15/ Srmeraf MBS RG220 Botswana Gaberone Afica  Botswana Gaborone genome 29707 Human SMsle 811529 GR  Sotswana Botswena Sikhullen hitoss/u 21172021
omicron i oC_omicran_ Botswana Gaberone Afics  Botswana Gaborone genome 29714 Human 52 Male 811520 GR  Sotswana Botswena Sikhuleh. hitoss/m 261172021
i Koo S sziovu s VOC_Omicron_hCoV-19/Botswans/Ri3856._BH?. szlmnxﬂznn Botswana Gaberone Afcs  Botswana Gaborone genome 29714 Human 47 Male 811520 GR  Sotswana Botswena Sikhueh. hitos:/u 21172021
Omim Ko 5B D 83 YO omiron Yo 15/Bonare/ 381 B 5372001 Botswana Palapye Afics  Botswana Palapye genome 29714 Human 45 Male 811520 GR  PalaovePr Botswana Sikhueh. hitos:/u 2671172021
Omicron hCoV-19/Botswans/Ri3854._BH?. mmm/mn VOC_Omicron_hCot-19/Botswan/R43864_BHP_ 1:uA2532/2m1 Botswana Gaberone Afcs Botswana Gaborone genome 29714 Human 35 Male  B11520 GK  Botswana Botswena Sikhulleh. hitoss/u 2671172021
omiton heot 3RO St . OB VO Omron_hCoV-19/kalyLOWSacc_Var 196348202 Wy Lombarda Euope faly  Lombardc genome 29799 Human 4049  unknown B11520 GR Polcinco Laborator Valera Mi htosjun 2671172021
omicron voc_omicron Souh A Gt CIvolIoh s SthAIl Gadeng gevome 29850 Human 3 Male  B11520 GR  Nationalk CERL Cent Kathleens hitos/vs 2671172021
omicron oC_omicron South A Gauteng iy ofJoh Affca  South Af Gautenggenome 29849 Human 23 female  B11529 GR  National CERL Cent Katheens hitos://vs 26/11/2021
Omicron hCov-19/Belgum/ega-20174/2021 OC_Omicron_ hCov-19/Belghum/ega-20174/2021 Jgum  SintPiters-eeww  Europe  belglum  SntPieter genome 29684 Human 3 female 511529 Gt . « Tom 1 2771172021
omicron oC_omicron South At Gaut South Al Gauteng 5 29735 Human 27 femsle 811529 GR  National CERL Cent Kathlens hits:/ 21172021
omicron oC_omicron betacoron €61 ISL 61 12/11/2021 Afia South Al Gauteng, Afics  SouthA Gauteng genome 29871 Human 35 female  B11529 GR  National CERL Cent Kathens hitos/vs 271172021
omicron voC_omicron betacoron €61 ISL 61 12/11/2021 Afia  South Al Gauteng, Afics  SouwhAfi Gouteng genome 29861 Human 55 Female  B11529 GR  National CERL Cent Kathleen$ hitos/vs 2m0
omicron OC_omicron betacoron EPLISL G} 11/11/2021 Afica  South Afh Gauteng. Afics  SouhAti Gouteng genome 29852 Human 21 Female  B11529 GR  National b CER] Cent Katheens hitps:/fv 271172021
omicron oC_omicron_ betacoron €61 ISL 61 9/11/2021 Afica  South Al Gauteng, Aics  SouthAf Gauteng genome 29820 Human 34 Wl 1529 GR National - CERI Cont Kathleens hitps/jwn 771372020
omicron VOC_Omicron betacoron EPIISL 67 12/11/2021 Affica  South Af Guter Afics  SouAfi Gauteng genome 29851 Human 21 Female  B11523 GR  National k CER] Cant Katheens hitos/jm 2711720
omicron VOC_Omicron Pl IsL 6 19/11/2021 Af ANA KwaZuuNatal  Afcs  SouthA KwaZuluf genome 29752 Hur 2 Female 811529 GR  National  Nokuhan htos:/fv 271172021
omicron voc_omicron betacoron EPI LS, 19/11/2021 Afica  SouthAfr KwaZuluNatal  Aica  South A Kwaluluh genome 29783 Human 3 Female 811529 GR  NationslH CER, Cent Nokukhan htosyfun 27117201
omicron VoC_omicron betacoron EPI LT 22/11/201 Afica  SouthAfr KwaZuluNatal  Aica  SouthAi Kwazuluf genome 29490 Human © Fomale 811529 GR  NationslH CER, Cent Nokukhan htosyfun 27117201
Omicron hCoV-1/lsael/SMIC7022800/2021 VOC_Omicron_ hCov:19lsrael/SMiC 7022800/2021 betacoron EPL LT 20/11/2001 Asa lscael s loael genome 20787 Human 34 unknown 811529 GR Shamir M Shamir e Nir Rainy htossfun 27117201
omicron voC_omicron betacoron EPI LS, 23/11/2021 Afica  South A KwaZuluNatal  Aica  SouthAi Kwazuluf genome 29873 Human 61 Female 811529 GR  NationslH CER, Cent Nokukhan htosyfun 27117201
omicron VoC_omicron betacoron EPI SLST  17/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  SouthAff Gauteng genome 29782 Human 56 Fomale 811529 GR  ZARV/NHL CER Cont AmySind htosyfun 27117201
omicron VoC_omicron betacoron EPI SLST  17/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South A Gauteng genome 29742 Human 2 Female 811529 GR  ZARV/NHL CER, Cont AmySind htosyfun 27117201
omicron VOC_omicron betacoron EPI LT 17/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South Al Gauteng genome 29710 Human 22 Male 811529 GR  ZARV/NHL CER Cent AmySind htosifun 27117201
omicron VoC_omicron betacoron EPI SLST  16/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South A Gauteng genome 29732 Human 43 Fomale 811529 GR  ZARV/NHL CER, Cent AmySind htosyfun 2117201
omicron VoC_omicron betacoron EPI SL6T  16/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South A Gauteng genome 29680 Human 3 Fomale 811529 GR  ZARV/NHL CER, Cont AmySind htosyfun 2117201
omicron VOC_omicron betacoron EPI SL6T  16/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South A Gauteng genome 29727 Human 23 Male 811529 GR  ZARV/NHL CER, Cont AmySind hiosifun 27117201
omicron VOC_omicron betacoron EPI SLST  16/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  SouthAff Gauteng genome 29795 Human 47 Fomale 811529 GR  ZARV/NHL CER, Cont AmySird htosyfun 27117201
omicron VOC_omicron betacoron EPI SL6T  16/11/2021 Afica  SouthAfri Gauteng Tshwane Afics  South Al Gauteng genome 29847 Human 37 Fomale 811529 GR  ZARV/NHL CER Cont AmySind htosyfun 27117201
omicron VOC_omicron betacoron EPI SLST 16/11/2021 Afica  SouthAfri Gauteng Tshwane Afics  SouthAfi Gauteng genome 29655 Human unknown Female 811529 GR  ZARV/NHL CER, Cent AmySird htosyfun 27117201
omicron VoC_omicron betacoron EPI SLST  16/11/2021 Afica  SouthAfri Gauteng Tshwane Afics  South Al Gauterg genome 29757 Human 12 Fomale 811529 GR  ZARV/NHL CER Cont AmySind htossfun 27117201
omicron VoC_omicron betacoron EPI SL6T  15/11/2021 Afica  SouthAfri Gauteng Tshwane Afics  SouthAff Gauteng genome 29650 Human 21 Fomale 811529 GR  ZARV/NHL CER, Cont AmySind htosyfun /117201
omicron VOC_omicron betacoron EPI SLST  15/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  SouthAff Gauterg genome 29744 Human 27 Fomale 811529 GR  ZARV/NHL CER Cent AmySird htosyfun 27117201
omicron VOC_omicron betacoron EPI SL6T  15/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South Al Gauterg genome 29729 Human St Female 811529 GR  ZARV/NHL CER, Cont AmySind htosyfun 27117201
omicron. VOC_omicron betacoron EPI SLGT  15/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South Al Gauterg genome 29634 Human 3 Male 811529 GR  ZARV/NHL CER, Cont AmySind htosifun 27117201
omicron VOC_omicron betacoron EPISLST  13/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  SouthAff Gauterg genome 29800 Human Mol 8119 GR  ZARV/NHL CER, Cont AmySind htosifun 27117201
omicron VoC_omicron betacoron EPLISL 6L 17/11/2021 Affca  South Al Gauteng s South A Gouteng genome 29547 Human 30 Fomale 811529 GR  Nationsl CER, Cont Kthleens hitosifun 27117201
omicron. voc omirn} betacoron EPIISL 6L 16/11/2021 Afrca  South Al Gauteng Aica  SounAfi Gauteng ganome 29850 Human 32 Male 811529 GR  NationslH CER, Cont Kthleens hitosifun 27117201
omicron. voc or betacoron EPLISL 6L 19/11/2021 Afrca  South Al Gauteng Aica  SounAfi Gauteng ganome 29783 Human 45 Fomale 811525 GR  National CER, Cont Kthloen hitosi/un 27117201
Omicron - hCoV-13/SouthAfrcs/CER}KRISP K032235,2/2021 VOC_Omicon_hCoV 15/ Sl CER LS K332235 212021 betacoron EPLISL 6L 22/11/2021 Affca  South Al Gauteng Aica  SoutAfi Gauteng genome 29847 Human 3 Fomale 811525 GR  Nationsl CER, Cont Kthleen hitosi/un 27117201
omicron. VoC_omicron betacoron EPLISL 6L 22/11/2021 Affca  South Al Gauteng Afica  SownAfi Gauteng genome 29870 Human unknown Male 811529 GR  National CERl Cent Kathleen hitos//um 27117201
Omicron - hCov-13/Australia/NSW.APAH-1933/2021 VOC_Omicron_ hCov:19/Australa/NSW-RPAH-1933/2021 betacoron EPI ISL 61 27/11/2021 Oceania Australls NewSout Sydney  Oceania  Australis NewSoutf genome 29693 Human  unknown unknown 811529 GR  New Soutt Microbiol Foster,C; htosy/un /1172001
Omicron hCov-13/England/MILX 2867570/2021 VOC_Omicron_ hCov:19/England/MILK 2867570/2021 betacoron EPIISL 6L 21/11/2021 Europe  Unitd Kir England Europe  Untedin England genome 29747 Human  unknown unknown 811529 GR  Lighthoust Wellcome The ighth htosi/on /1172001
Omicron - hCov.13/England/ALDP-2840FE3/2021 VOC_Omicron_ hCov:19/England/ALDP 284DF63/2021 betacoron EPIISL 61 20/11/2021 Europe  UnitedKir England Euope  UnitedXin England genome 29747 Human  unknown unknown 811529 GR ighthous Wellcome Jacauelyn hitosy//un /1172001
omicron VoC_omicron betacoron EPI L6 17/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South Aff Gauteng genome 29730 Human 20 Fomale 811525 GR  ZARV/NHL CER, Cont AmySird htossfun /1172001
omicron VOC_omicron betacoron EPI L6 17/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  SouthAffi Gauterg genome 29732 Human 3 Male 811529 GR  ZARV/NHL CER, Cont AmySind htosifun /1172001
omicron VoC_omicron betacoron EPI L6 16/11/2021 Afica  SouthAfri Gauteng Tshwane Afica  South Al Gauterg genome 29767 Human St Male  BI1S29 GR  ZARV/NHL CER, Cont AmySind hosyfun /1172001
omicron. VoC_omicron betacoron 16/11/2001 Afica  SouhAfi Gauteng Tshwane Afica  SouthAfr Gauteng ganome 25730 Human 41 Fomale 811529 GR  ZARV/NHL CER, Cont AmySind htosifun /1172001
omicron. VOC_omicron n 16/11/2001 Afica  SouhAfi Gauteng Tshwane Afica  SouthAr Gauteng ganome 25769 Human 26 Male 811529 GR  ZARV/NHL CER, Cont AmySind htosifun /1172001
omicron. VOC_omicron betacoron 16/11/2001 Afica  SouhAfi Gauteng Tshwane Afica  SouthAfr Gauteng ganome 29793 Human 3 Male  BI1S29 GR  ZARV/NHL CER, Cont AmySind hitosifn /1172001
omicron. VOC_omicron betacoron 16/11/2001 Afica  SouwhAfi Gauteng Tshwane Afica  SouthAr Gauteng genome 29847 Human 3 Fomale 811529 GR  ZARV/NHL CER, Cont AmySind htosyfun /1172001
omicron. VOC_omicron betacoron 16/11/2001 Afica  SouhAfi Gauteng Tshwane Afica  SouthAr Gauteng ganome 29651 Human 2 Fomale 811525 GR  ZARV/NHL CER, Cont AmySind htossfun /1172001
omicron. voc omirn. betacoron 16/11/2001 Afica  SouhAfi Gauteng Tshwane Afica  SouthAfr Gauteng genome 25796 Human 18 Male 811529 GR  ZARV/NHL CER, Cont AmySind htosifun /1172001
omicron. Vo betacoron 14/11/2001 Afica  SouwhAfi Gauteng Tshwane Afica  SouthAfr Gauteng genome 25767 Human 6 Femle BILS29 GR  ZARV/NHL CER, Cent AmySind htosifun /1172001
Omien KoV s voc_omicon, n(uv19/Au>m=/va1uz§/znn betacoron 28112001 Europe  Awtria Tyrol  Schwaz Ewrope  Austria  Tyrol  genome 29693 Human unknown unknown B11529 GR Institteo Instituteo David Ban hitossju 21172001
omison oSG 245253001 VOC_Omicron hCoV:15/Canaca/ON ML 245355/2021 betacoron 23/11/2001 North Am Canada Ontari NorthAmi Canada  Ontario genome 29693 Human  40-49  Femsle 811529 GR  Dynacare Nationalh Anna Mai httsifun /1172001
omicron oo ML 23582521 Vo omen o Slrsfouri 208 betacoron 23/11/2001 North Am Canda  Ontario NorthAmi Canada  Ontario genome 29693 Human 50-59  Male 811529 GR  Dynacare Nationalh Anna Mai httsifun /1172001
omeen. b AIS1 VOC_Omicron. hCov:19/Australa/NSW-RPAH-1935/2021 betacoron 29/11/2001 Ocearia  Australia NewSoutSycney  Oceania  Australis NewSout genome 29693 Human  unknown unknown 811529 GR icrobiol Foster,C; hitosy/on /1172001
oo oS 15272021 VOC_Omicron. hCov:19/Australia/NSW-RPAH-1937/2021 betacoron 28/11/2001 Ocearia  Auwstralia NewSout Sydney  Oceania  Australis NewSout genome 29693 Human  unknown unknown B11529 GR  New Soutt Microbik Foser, . hitos//un /1172001
Omicron hCov-13/HongKong/VM21045834/2021 VOC_Omicron_ hCov:13/HongKong/VM21045834/2071 betacoron 26/11/2001 Asia Hong Kong s HongKang genome 29747 Human 7 Male 811529 GR Xony Alan KL T httos:/fun /1172001
omiaon e sG55 VOC_Omicron_ hCov:13/Germany/32703755/2021 betacoron 26/11/2001 Evrope  Germany  Hesse Euope  Germany Messe  genome 29708 Human 31 Female 811529 GR  Istitute fcInsttte  ToptanT, hitosifun /1172001
Omicron hCov-13/England/MILK 28537AD/2021 VOC_Omicron_ hCov:13/England/MILK 28587AD/2021 betacoron 221172001 Evrope  United ki England Europe  UnitedXin England genome 29747 Human  unknown unknown 811529 GR  Lighthousc Wellcome The ighth htosi/on /1172001
omieen. hifing voc_omicon. " 2 betacoron 221172001 Evrope  United ki England Europe  UnitedKin England genome 29747 Human  unknown unknown 811529 GR  Lighthousc Wellcome The ighth htosi/on /1172001
Omicron hCov-13/Nthrlands/NH-RVM71071/2021 OC_Omicron_hCov:19/Netherlands/NH-RIVIA-71071/2021 betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch CO ational i Adam M hitos/fun /1172001
Omicron hCov-13/Ntherlands/NH-RM71072/2021 VOC_Omicron_hCov:19/Netherlands/NH-RVIA-71072/2021 betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch CO National i Adam M hitos/fun /1172001
Omicron hCov-13/Netherlands/NH-RVM71074/2021 VOC_Omicron_ hCov:15/Netherlands/NH-RIVIA 71074/2021 betacoron 26/11/2001 Evrope  Netherlan NoordHoland  Europe  Netherlan NoordHol genome 29752 Human  unknown unknown B11529 GR  DulchCON Natonalh Adam Me hitos:/fvn /1172001
Omicron hCov-13/Netherlands/NH-RVM71075/2021 VOC_Omicron_ hCov:15/Netherlands/NH-IVIA 710752021 betacoron 26/11/2001 Europe  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch CO National i AdsmMe hitos/un /1172001
Omicron hCov-13/Ntherlands/NH-RM71076/2021 VOC_Omicron_ hCov:15/Netherlands/NH-RIVIA 71076/2021 betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29464 Human  unknown unknown 811529 GR  DutchCO ational i AdamMe hitos/fun /1172001
Omicron hCov-13/Ntherlands/NH-RM71077/2021 VOC_Omicron_ hCov19/Netherlands/N 077720 betacoron 26/11/2001 Europe  Netheran NoordHollnd  Europe  Netherlan NoordHol genome 29749 Human  unknown unknown 811529 GR  Dutch O ational i AdamMe hitos/fun /1172001
Omicron hCov-13/Notherlands/NH-RVM71078/2021 VOC_Omicron_ hCov:13/Netherlands/NH-RIVIA 71078/2021 betacoron 26/11/2001 Europe  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch CO ational i Adam M hitos/fun /1172001
Omicron hCov-13/Ntherlands/NH-RVM71073/2021 VOC_Omicron_hCov:19/Netherlands/NH-RVIA-71075/20: betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch CO ational i Adam M hitos/un /1172001
Omiran. HCaV 5/Neterads U ANN 710812621 VOC_omicron_hov- NHRVM71081/2021 betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch CO ational i Adam M hitos/fun /1172001
Omicron hCov-13/Ntherlands/NH-RVM71082/2021 VOC_Omicron_hCov:19/Netherlands/NH-RIVIA 71082/2021 betacoron 26/11/2001 Europe  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch O National i Adam M hitos/un /1172001
Omicron hCov-13/Nthrlands/NH-RVM71083/2021 VOC_Omicron_hCov:19/Netherlands/NH-RIVIA-71083/2021 betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch O National i AdamMe hitos/un /1172001
Omicron hCov-13/Ntherlands/NH-RVM71085/2021 VOC_Omicron_hCov:19/Netherlands/NH-RIVIA 71085/ 2021 betacoron 26/11/2001 Ewrope  Netheran NoordHollnd  Europe  Netherlan NoordHl genome 29752 Human  unknown unknown 811529 GR  Dutch O National i Adam M hitos/un /1172001
Omicron hcov. MK 211125.001/2021 OC_omicron_hcov-15/ HKU-211129.001/2021 betacoron 161172001 Asia Hong Kong s Hong Kang perome 29752 Human  unknown unkoown 611529 GR  Deparime Departme Kelvin KW htos/vn /1172001
Omicron hCov-13/HongKong/HKU 211129-002/2021 VOC_Omicron_hCov:15/HongXong/HKU 211125-002/2021 betacoron 2172001 A Hong Kor s HongKory eome 29752 Human  unknown unkoown 811529 GR  Departme Departme Kebin K hitos/un /1172001

micron - hCov-13/SouthafrcsTygerberg_3060/2021 VOC_Omicron_ hCov:13/SouthAfica/Tyger 0/2021 betacoron 2/11/2001 Affa  South Afl WesternC CapeTowi Affica  South Afr WesternC genome 25745 Human 44 Female 811529 GR  PathCare, Divsionol ean Mar htosi/un 291172001
Omicron hCov-13/SouthafrcsTygerberg_3058/2021 VOC_Omicron_ hCov.19/SouthafricaTygerberg_3058/2021 betacoron 21172001 Afica  South Afl WesternC Cape Towi Affica  SouthAff WesternC genome 28745 Human 39 Male  B1152 GR  PathCare, Divsionol ean Mar hiosfun 29172001
Omicron hCov-19/SouthafricsTygerbers,_3082/2021 VOC_Omicron_ hCov:19/Southafrca ' betacoron 211172001 Afca  South Afl WesternC Cape Towi Affica  SouthAfr WesternC genome 287465 Human 52 Male  B11525 GR  Divisonof Divsonol SusanEng htosifun 2971172021
Omicron - hCov-13/SouthafrcaTygerberg_3072/2021 VOC_Omicron_ hCov:13/SauthafricaTygerberg_3072/2021 betacoron 251172001 Affa  South Afl WesternC Cape Towi Affica  SouthAff WesternC genome 28737 Human 2 Female 811529 GR  PathCare, Divsionol Jean Mar htosi/un 291172021
Omicron hCov-13/SouthafrcsTygerberg_3059/2021 VOC_Omicron_ hCov:13/SauthAfricaTygerberg_3059/2021 betacoron 23/11/2001 Afica  South Afl WesternC Cape Tows Affca  South A WesternC genome 29746 Human 6 Male  B1152 GR  PathCare, Divsionol esn Mar hiosfun 2917200
Omicron - hCov-13/SouthAfrcsTygerberg_3056/2021 VOC_Omicron_ hCov:13/SauthAfricaTygerberg._3056/2021 betacoron 26/11/2001 Afica  South Afi WesternC Cape Tows Affca  South A WesternC genome 29746 Human 35 Male 811529 GR  Dwvisonof Divsionol SusanEng htosi/un 2971172021
Omicron hCov-13/SouthAfrcsTygerberg_3066/2021 VOC_Omicron_ hCov:13/SauthAfricaTygerberg._3065/2021 betacoron 19/11/2001 Afica  South Afl WesternC Cape Town Affca  South A Western C genome 29746 Human 0 Male 811529 GR  PathCare, Divsionol esn Mar htosfun 2917200
Omicron hCov-13/SouthAfrcsTygerberg_3068/2021 VOC_Omicron_ hCov:13/SauthafricaTygerberg_3068/2021 n 19/11/2001 Afica  South ATl WesternC Cape Tows Affca  South A Western C genome 29746 Human 47 Male 81152 GR  PathCare, Divsionol esn Mar htosifun 2917200
Omicron hCov-13/SouthafrcaTygerberg_3054/2021 VOC_Omicron_ hCov:18/SauthAfricaTygerberg_3054/2021 betacoron 26/11/2001 Afica  South Afl WesternC Cape Tows Affca  South A Western C genome 29746 Human 35 Female 81152 GR  Divisonof Divson of Susan g htoss/on 2917200
Omicron hCov-13/SouthafrcaTygerberg_3083/2021 VOC_Omicron_ hCov:18/SouthAfrcaTygerbers_ betacoron 22/11/2001 Afica  South Al WesternC Cape Tows Affca  South At Western C genome 29746 Human 2 Femsle 81152 GR  Divisonof Divison of Susan€n htos/on 2917200
Omicron hCov-13/SouthafrcaTygerberg_3057/2021 VOC_Omicron_ hCov:13/SauthafricaTygerberg_3057/2021 betacoron 2/11/2001 Afica  South Afl WesternC Cape Tows Affca  South A Western C genome 29746 Human 50 Female 811529 GR athCare, Divison o Jean Mari hitos:/fu. 2917200
Omicron hCov-13/SouthafrcaTygerberg_3055/2021 VOC_Omicron_ hCov:13/SauthafricaTygerberg_3055/2021 betacoron 26/11/2001 Afica  South ATl WesternC Cape Tows Affca  South At Western C genome 29746 Human 3 Male 81152 GR  Diisonol Divsinol SusanEng hitosfun 2917200
Omicron - hCov-13/SouthafrcsTygerberg_3064/2021 VOC_Omicron_ hCov:18/SauthafricaTygerberg_3064/2021 n 20/11/2001 Afa  South Afl WesternC Cape Tows A South Al WesternC genome 28745 Human SLMale  B11529 GR  PathCare, Divsionol ean Mar htosyfun 291172021
Omicron hCov-13/SouthafrcaTygerberg_3065/2021 VOC_Omicron_ hCov:13/SauthafricaTygerberg._3069/2021 betacoron 23/11/2001 Affa South Afl WesternC Cape Tows Affica  SouthAff WesternC genome 25745 Human 27 Male 811529 GR  PathCare, Divsionol ean Mar hitosifun 291172021
Omicron hCoV-1/5pain/MD HGUGM-5821165/2021 VOC_Omicron_ hCov:13/Spain/MD-HGUGN 3821165/2021 betacoron 281172001 Evrope  Spain Madrid Ewope Spoin  Madrid genome 29754 Human SLMale  B11529 GR  HospitalG Hosptal G SergioBue hitosifon 2971172021
omicron. OC_omicron betacoron 281172001 Ewrope  Taly  Comparia Ewope faly  Campana genome 29645 Human 77 Femsle 811529 GR  Microbiok Microbiol Claudia T htoss//on 291172021
omicror OC_omicron betacoron 281172001 Ewrope  Taly  Comparia Ewope faly  Campaa genome 29795 Human 8 Femle 811529 GR  Mictobiok Micobiok Claudia Tl htosi//on 2971172021
omicron. VOC_omicron betacoron 281172001 Evrope  Taly  Comparia Ewope faly  Campaa genome 29488 Muman 81 Female 811529 GR wsifon 2971172021
omicron. OC_omicron ¥ ron 26/11/2001 Evrope  Caech Rep Liberec Re Rynoltice Europe  Crech Rep Liberec Re genome 29770 Human 60 Female 811529 GR tos:/fun 291172021
Omicron hCov-19/Reunion/PIMIT_Om1/2021 VOC_Omicron_ hCoV:13/Reunion/PIMIT_Om1/2021 betacoron 200 Afis  Reorion Afica Resnion ferome 29747 Human 53 Male 811529 GR osion 291172021
Omicron hCov-19/Scotand/QEUH 2046276/2021 Vo omicron P 19l BN Stz betacoron 23/11/2001 Evrope  United ki Scotind Europe  UnitedKin Scothnd genome 29747 Human  unknown unknown 811529 GR tos:/fun 3071172021
Omicron hCoV-19/Scotland/QEUH 2646060/2021 VoK omicron P 135t CBLN 2345020202 betacoron 23/11/2001 Ewrope  United K Scotind Europe  UnitedKin Scothnd genome 29747 Human unknown unknown 511529 GR s /v 3071172021
Omicron hCoV-19/Scoland/QEUH 26A650C/2021 VO Omiren Yoo 9l QEUN BAESOC202 betacoron B 23/11/2001 Ewrope  United ki Scotind Europe  UnitedKin Scotnd genome 29747 Human  unknown unknown 511529 GR tos:/fun 3071172021
Omicron hCov-19/Scoland/QEUH 20A4586/2021 VO Omiren Yoo 9 QEON 8AES86/201 betacoron 23/11/2001 Ewrope  United ki Scotind Europe  UnitedKin Scotlnd genome 29747 Human  unknown unknown 511529 GR s /o 3071172021
Omicron hCoV-19/Sweden/ 10130023/2021 VOC_Omicron_ hCov:19/Sweden/10190023/2021 betacoron o 191112001 Ewrope  Sweden  Skone Ewope  Sweden Skone  genome 29644 Human  unknown unknown 511529 GR i The Public Maximila htos//on 3071172021
Omicron hCoV-19/Germany/¥-MVP-000008717/2021 VOC_Omicron_ hCoV:13/Germany/BY-MVP-000008717/2021 betacoron 2/11/2001 Europe  Germany Gavaria Munich  Europe  Germany Bavaria genome 29752 Human 65 Female 811529 GR vonP Laborator Max Muer htos/fon 3071172021
Omicron hCoV-19/Germany/BY-NIVP-000008711/2021 VOC_Omicron_ hCoV-13/Germany/BY-MVP-000009711/2021 betacoron 2/11/2001 Europe  Germany Gavaria Munich  Europe  Germany Bavaria genome 29746 Human 6 Male  B1152 GR  MaxvonP Laborator MaxMuer hios/fun 3071172021
Omicron hCoV-19/Germany/BY-NIVP-000008706/2021 VOC_Omicron_ hCoV:13/Germany/BY-MVP-000009706/2021 betacoron 26/11/2001 Europe  Germany Gavaria Munich  Europe  Germany Bavaria genome 29747 Human 3 Male  B1152 GR  Maxvon Laborator MaxMuer hiosfun 3071172021
Omicron hCov-13/Portugal/PT21722/2021 VOC_Omicron_ hCov:18/PortugaPT21722/2021 betacoron 2172021 Europe Portugal wope  portugal Berome 29777 Human  unknown unkoown 511529 GR  Germanos Insututo Borses t. htosi/un 3071172021
Omicron hCov-13/Portugal/PT21715/2021 VOC_Omicron_ hCov:18/PortugaPT21715/2021 betacoron 2172021 Evrope  Portugal Europe  Portgal ferome 29796 Human  unknown unkoown 611529 GR  Germanos Insututo Borses t. htosi/un 3071172021
Omicron hCov-13/Portugal/PT21716/2021 VOC_Omicron_ hCov:13/PortugaPT21716/2021 betacoron 2172021 Evrope  Portugal Europe  Portgal ferome 29795 Human  unknown unknown 511529 GR  Germanos Insututo Borses t. htosi/un 3071172021
Omicron hCov-13/Portugal/PT21727/2021 VOC_Omicron_ hCov-18/PortugaPT21727/2021 betacoron 2172021 Evrope Portugal Europe  Portgal ferome 29793 Human  unknown unkoown 611529 GR  Germanos Insututo Borses t. htosi/un 3071172021
Omicron hCov-13/Portugal/PT21717/2021 VOC_Omicron_ hCov-18/PortugaPT21717/2021 betacoron 2172021 vrope  Portugal Europe  Portgal ferome 29795 Human  unknown unkoown 611529 GR  Germanos Insututo Borses t. htosi/un 3071172021
Omicron hCov-13/Portugal/PT21718/2021 VOC_Omicron hCov-19/Portugal/PT21718/2021 betacoron 272021 vrope  Portugal Europe  Portugal ferome 29763 Human  unknown unkeown 611529 GR  Germanos Insututo Borses t. htosi/un 30172021
Omicron hCov-19/Portugal/PT21719/2021 VOC_Omicron hCov:19/Portugal/PT21719/2021 betacoron £P ISL 61 27/11/2021 Europe  Portugal Europe  Portgal ferome 29794 Human  unknown unkoown 611529 GR  Germanos nsututo Borses t. htosi/un 30172021

(continued on next page)
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Table 1 (continued)

Virus Research 315 (2022) 198765

Omicron

Gamma
Gamma

Gamma

Gamma

heov-19/ortugal/PT21720/2021
heov-19/Portugal/PT21721/2021
heov-19/Portugal/PT1725/2021
PCov-19/Portugal/PT21726/2021
PCov-19/Portuga/pT1722/2021
PCov-19/ortuga/pTa1723/2021

PCoV-19/SouthAfica/NICO-N21446/2021
PCoV-19/SouthAfica/NICO-N21447/2021
e RhATica/NICO-N21448/2021

PCoV-19/SouthAfica/NICO-N21631/2021
PCoV-19/SouthAfica/NICO-N21633/2021
PCoV-19/SouthAfica/NICO-N21634/2021

PCoV-19/Ghana/TRA-2290/2021

voe omison vt

C_Omicron hCov-19/Portugal/PT21724/2021
VOC_omicron_hcav-19/Portugal/PT21723
VOC_Omicron_hCaV-19/SouthAlrica/NICO-N21256/2021

VOC_omicron_hav-19/Southalrica/ i o
VOC_Omicron_CaV-19/SouthAlrica/NICO-N21657/2021
VOC_OMmicron_CoV-19/SouthATrica/NICO-N21658/2021

VOC_Omicron_hCov-19/Ghana/TRA-2290/2021

voc_omiron.t

RO 8/l PR 45582021

"hCoV-18/Qatar/QA QU_18.10.812/2020

voc_omieron.t
VOC_Omicron_hCoV-19/Australa/NSW-ICOMR 14638/2021

vuc Beta_hCoV:13/Qutar/QAQU_18 10812/2020

COV-19/USA/SC-DHEC-1826/2020
RSN R0
- st OO
Moo 5 s IO 2020
Moo 5 st RITS2020

Vo
VO M bV AN OHECAE020

VOC_Beta_hCov-19/SouthAfrica/NICO-R21068/2020

peovIS IR

o 5/ sowo3r 620

w
VOC_Gamma_hCoV-19/USA/IN-SDHQ409/2020

PCoV-19/8rai/sp-18_112782/2020

VOC_Gamma_hCoV-19/Brac/5P-15_112782/2020

CoV-19/8razi/MS HRNS _1450/2020

VOC_Gamma_hCoV.-19/Brazi/Ms HRMS 1450/2020

P15 41200 5600371320

Vo a1/l B0 505732520

a5/ USAYWNC2021 15,2020

o oo oSl st rans

betacoron £ 1L 61
betacoron £ L 61
betacoron £ 1L 61
betacoron £ 1L 61

1L 6
betacoron £71 1L 61

ron 691 IS 6¢

betacoron £91 1L 6

H

11

H

g8

g8

£

£f

betacoron EP 1L 3
betacoron £P It 3
betacoron

betacoron £P It 2

betacoron EP 1L 61

21172021 Europe  Portgal Europe  Portugal genome
211/2021 Europe  Portugal Europe  Portugal genome
21172021 Europe  Portgal Europe  Portugal genome
21372021 Europe  Portugal Europe  portugal aenome
2137201 Europe  Portugal Europe  portuga genome
271372021 Europe  Portugal Europe  por senome
10/11/2021 s South Al Gauteng Afes South Afr Gauteng _genome.
10/11/2021 s South ATt Gauteng Atcs South Aff Gauteng _ genome.
9/13/2021 Affica  South Afi Gauteng Arcs South Afr Gauteng _ genome.
25/11/2021 South Am Brazi a0 Pau South A razi Paulo genome
25/11/2021 South Am Brazl  Sao Paulo A Brzzl  Sao Paulo genome
W10 Europe Awsuia Tyrol  Schwaz Ewope  Austia  Tyrol  gename
2021 Eurcpe  Ausria Tyrol  Schwss  Europe  Austia Tyrol  gename
s0/11/20: spain Eurr Madid  genome
27/13/2021 South Am Brasi SaoPavlo Guarulhos South A Brazl SaoPaulo gename
5/11/20: japan s sapan enome
S/11/2021 Afrca  South Al Gauteng Aftics South Afr Gauteng_genome.
10/11/2021 Afrca  South Al Gauteng Aftics South Afr Gauteng_genome.

frics  South Afr Gautens_genome
Aftics South Afr Gautens._genome.
B/11/2021 Affca  South Al Gauteng Aty South Afr Gautens_genome.

15/11/2021 s South Al Gautens Afics South Al Gauteng_ genome.
15/11/2021 s South Al Gauteng Atics South Aff Gauteng _ genome.
15/11/2021 Afiea  South ATt Gauteng At South Afr Gauteng _ genome.
5/13/2021 Affica  South Al Gauteng Arcs South Afr Gauteng _ genome.
16/11/2021 s South AT Gauteng Arcs South Afr Gauteng _ genome.
16/11/2021 s South Al Gauteng Arcs South Afr Gauteng _ genome.
16/11/2021 Afica  South Al Gauteng Arcs South Afr Gauteng _ genome.
16/11/2021 Afcs  South Al Gauteng At South Afr Gauteng _ genome.
16/11/2021 Aca  South Afr Gauteng Arics South Afr Gauteng _ enome.
16/13/2021 Arca  South Afr Gauteng At South Afr Gauteng_ enome.
16/13/2021 Arca  South Al Gauteng Afrcs South Afr Gauteng_genome.
5/11/2021 Affca  South Al Gauteng Aftcs South Afr Gauteng_genome.

2 Aftcs South Afr Gauteng_genome.
fica  South Al Gauteng_gename
frics  South Afr Gautens_ genome
Aftca South Afr Moumalar genome.
fica  South Al Gauteng  gename
A South ATt Gauteng_ genome.
Arcs South Afr Gauteng _ genome.
At South Afr Easter C: gename.
Arcs South Afr Gauteng _ genome.
Arics South Afr Gauteng _ gename.
At South Afr Gauteng _ genome.
frica  South Al Gauteng gename
At South Afr Gauteng _ enome.
Arcs South Afr Gauteng_ enome.
e South Afr Gauteng_genome
Al South Afr Moumalar genome.
e South Afr Gautenggenome
Aftics South Afr Gauteng_genome.
Aftics South Afr Gautens_genome.
Aftics South Afr Gautens._genome.
Aty South Afr Gautens_ genome.
Afis South ATt Gauteng_genome.
At South Aff Western € genome.

19/11/2021 s South ATt Gauteng i South AT Gauteng _ genome
2112021 a2 apan s tapan ename
25/11/2021 Europe  United Kin Enland Europe  United Kin England  gename
26/13/2021 Europe  United Kin England Europe  United Kin England  gename
25/11/2021 Europe  Urited Kin England Europe  United Kin England  gename
25/11/2021 Europe  Urited Kin Scotland Europe  United Kin Scotand gename
25/11/2021 Europe  Urited Kin England Europe  Urited Kin England  gename
3/11/2021 Europe  United Kin Scotland Europe  Urited Kin Scotland genome
23/11/2021 Europe  UnitedKin Scotand Europe  Urited Kin Scotand _genome
24/11/2021 Europe  UnitedKin Scotand Europe  Urited Kin Scotand _genome
29/11/2021 Europe Belgium  Snt Agatha Berchem Eurcpe  Belgum - SntAgatt genome
1200 A Ghana Acera Afier  Ghana A genome
5120 Afiea Ghona Acer At Ghana  Accra  genome
25112021 Aira Ghana Acera At Ghana  Accra  genome
26/13/2021 Arca Ghana Acera A Ghana  Accra  genome
211021 Aira  Ghana e A Ghana  Accra  genome
5112020 s Ghana  Accra A Ghana  Accra  genome
21021 Aira  Ghana e A Ghana  Accra  genome
25/11/2021 Airca  Ghana e A Ghana  Accra  genome
/112021 Afrca Ghana  Aecra A Ghana  Accra  genome
/1172001 Afvca  Ghana  Aecra A Ghana  Accra  genome
251172021 Affca  Ghana  Aecra A Ghana  Acra  genome
/1172001 Affca  Ghana  Aecra A Ghana  Acra  genome
21172001 Affca  Ghana  Aecra A Ghana  Acra  genome
1172021 Affica  Ghana Acera A Ghana  Acra  genome

Ghana e Afics  Ghana  Acra  genome
Ghana ccra Afics  Ghana  Aca  genome
hona e Afics  Ghana  Aca  genome
Ghana e Afis  Ghana  Acca  genome
Ghana e Afics  Ghana  Accia genome
Ghana ccra A Ghana  Accra  genome
Ghana cera A Ghana  Accra  genome
Ghana hcera A Ghana  Accra  genome
rans  hccra A Ghana  Accra  genome
Ghans e A Ghana  Acra  genome
Ghans e A Ghana  Accra  genome
Ghans e iica  Ghana  Accra genome
Ghans e A Ghana  Acra  genome
Ghans e A Ghans  Acra  genome

24112021 s Ghana  Acera Afics  Ghana  Accra  genome
5/11/2021 A hana Accra s Ghana  Accra  genome
a0 e Gl Awra Afics  Ghana  Accra  genome
51200 Al Ghana Acera Afics  Ghana  Acra  genome
21120 s Ghana  Accra Afis  Ghana  Accra  genome

rcand  Meath Euope ielnd  Meath  genome.
U\ Calforna Sanfranc North Amy USA Calforna gename.
st New Sout cania  Australa Now Sout gename.
Australla NewSout Sycney  Oceania  Australia Now Sout gename.
Ausralia NewSout Sydney  Oceania  Australia New Sout! gename
Germany. Hesse Euope  Germany Hesse gename
Germany. Hesse Euope  Germany Hesse gename
Germany e Euope  Germany Hese  gename
Germany. Hesse Euope  Germany Hesse gename
Germany. Hesse Euope  Germany Hesse gename.
Germany Europe  Germany Hesse  gename
South Korea s SouthKorea gesome.
South Korea s SouthKorea fesome.
South Korea s SouthKorea fesome.
United Kin Enland Europe  United in Englond gename.
United Kin Enland Europe  United Kin Englond  genome.
United Kin Enland Europe  United Kin Englond  genome.
Unitea Kin Enand Europe  UnitedKin England  gename.
Unitea Kin Engand Europe  United Kin England  genome.
Unitea Kin Engand Europe  UnitedKin England  gename.
Unitea Kin Enand Europe  UnitedKin England  gename.
Unitea Kin Engand Europe  UnitedKin England  gename
Unitea Kin Engan Europe  UnitedKin England  gename.
United Kin Enan Europe  United Kin England  gename
Urited Kin England Eurcpe  Unted Kin England  genome.
Uit Kin Enland Eurcpe  United Kin England  genome.
Uit Kin Enland Europe  Unted Kin England  genome.
Urited Kin Enland Europe  United Kin England  geome.
Uit Kin Enland Europe  Unted Kin England  genome.
Uit Kin Enland Europe  United Kin England  genome.
United Kin England Europe  Unied Kin England  genome.
Uit Kin Enland Europe  United Kin Englond  genome.
United Kin England Europe  United Kin England genome.
Unitea Kin Enand Europe  United Kin England  gename.
Unitea Kin Enand Europe  UnitedKin England  gename.
Unitea Kin Enand Europe  UnitedKin England  gename.
Unitea Kin Enand Europe  UnitedKin England  gename
Unitea Kin Engan Europe  UniedKin England  gename.
United Kin Engan Europe  UnitedKin England  gename.
Unite Kin Enan Europe  United Kin England  genme.
Unite Kin Enland Europe  Unted Kin England  genome.
Austria Europe  Austria gerome.
Zimbabe Atics  zimbabwe erome.
et 20l Europe  Netherlan ZudHoll gename.
asia o Doha genome

asia o Doha genome

snum/wmesme At South AT FreeState genome
SouthCare Laurens  North A USA. thCar genome
Soua ot fea South AT Easter C: genome
South Afica e South enome.
Soutn Afica At Soutn Africs senome.
Soutn Afica At Soutn A name
Zimbibe Masingo Arica Zimbabwe Masvinga. genome.
Zimbabae Masingo Arica Zimbabwe Masvinga genome
Soutn A, Gaute A South Afr Gauteng _ genome
Soutn A Free state At South Afr Free Sate genome.
South A Gauteng. Africs South Afr Gauteng _genome.
South A Gauteng. Africs South Afr Gauteng_genome.
South A Gauteng. Aftics South Afr Gauteng_genome.
South s G Affics  South Afr Gauteng._genome
South A Free state At South Afr Free state genome
o) Afis  fwanda Rosizi genome
Uit i 2w a United A Abu Dhabi genome
Soah Ak WA fca  South ATt NORTH W genome
France  Provence: Marselle Euope  France  Provence- gename.
UsA linos NorthAmi USA llinos  gename.
UsA i North A U Indiana  gename.
U\ Teas  Houston NomhAm USA  Tews genome
U\ Teas  Houston NomhAm USA  Tews  gename
U\ Teas  Houston NomhAm USA  Texss  gename
Bl SwoPao s A Brzal S0 Paulo genome
Teas  Houston North Am U Teas  genome

U\ Tea:  Houston NohAm USA  Tems gename
Bradl  MatoGror Campo Gr South Ami Brazl  Mato Gro genome.
pain Gl e Galca  genome
Braci Permambu Petrlina South A Brail  Pernamby gename.
[ A SouthAmd Brazil Paraiba genome.
Bl Parona  Curtha  SouthAmcranl  Parana  genome.
Bl Goi s SouhAmBracl  Goas  genome
Bl Siofado By SouhAmdranl  SaoPalo genome.
Bradl  Riodelan Volta Redk South A Brazl o deJan genome.
Brail  odelan TresRios SouthAmi Brazl  Rodean genome.
saumnmsmu RioGrand CampoBo South Am Bradl o Grand genome

0. Jabama pratile. North A Jabama genome

02003 Commam bt et dotu  Sommam oot Rains penome

22011 SouthAmbraml  RioGrandedoSu  SouthAm Brssi  RioGrand genome

2012 NonAm USA  Fods North A Frida  genome.

W0k othan U s ol oA USA s g
201 rhAm U\ Florids  Gainesvilk North Ami USA Florida  gename.
TS Norham U5 hewtok et orh A USh e me.
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Table 1 (continued)

Virus Research 315 (2022) 198765

Delta KCoV-19/USA/TCHMH-MCoV-49501/2020 C_Delta_NCoV-18/USA/TX-HMH-MCOV-49501/2020 beoron PLSLSL 00 Norh A USA T Nowton NerhAm U Tos  geame 25763 uman skrewn koo AVIZ2 G Howtonk Houten b tanl. Mo/ 20/10/2021
Delta  hCoV-19/USA/TCHMH-MCoV-48754/2020 VO bata oY SNV 467542020 betacoron P IS 5% 15/7/2020 NorthAmi USA  Texas  Houton NoithAm USA  Tess  genome 29783 Human usknown unknown AY100 GK  Houstonh Houston N RandalJ. htps: 2071072021
Deka  hCov- V12121 L hCoV-19/USA/W-WVU-WV121217/2020 vemcoon 1 154 D/oA0oD Monh A USA Wi NorthAm(USA  West Vigi genome 29818 Human e WIS Untedng Ve et b i 11072021
Delta  hCoV-1/Indonesia/JA-GS-EUK RSRM-0168/2020 . hCoV-19/Indonesia/)A-GS-EUK RSAM.0168/2020 betacoron €I S 52 29/7/2020 Asia  Indonesia Jambi  Jambi  Asia  Indonesia Jambi  genome 29775 Human 50 Male  AY23  GK  RadenMa Eilkman R Sukma O httosi/fw 2171072021
oelta betacoron €1 ISL 52 29/7/2020 Asia  Indonesia Jambi Asia Indonesia Jambi  genome 29769 Human 7Male  AYZ3  GK  RadenMs Eikman R LvdiaV Pa htos:/in 21/10/2021
oelta betacoron 9 ISLS: 29/7/2020 Asia  Indonesia Jambi Asiaindonesia Jambi  genome 29769 Human 39 Male A28 GK  RadenMa ilkman R Wil Agus hitosi//w 21/10/2021
Delta betacoron 9 ISL5¢ 29/7/2020 Asla  Indonesia Jambi AdaIndonesia Jambi  genome 20769 Human 46 female AY23  GK  RadenMa Eilkman R Jessica RS httpsi//w 21/10201
Delta betacoron 91 5L 5% 29/7/2020 Asla  Indonesia Jambi Ada Indonesia Jambi  genome 29769 Human 32 female  AY23  GK  RadenMa Eilkman R Sukma O httpsi/fw 217107201
Delta  hCoV-19/England/PHEP-1BYUT)/2020 . hCoV-19/England/PHEP-YYBYUT)/ 2020 betacoron EP1 ISL 51 3/8/2020 Ewrope  United Kin England Ewope  UnitedKin England genome 29769 Human unknown unknown AYA  GK  Respirator COVID-19 PHECovid htos://wn 18/10/2021
Delta  hCoV-19/USA/CA-LACPHL-AF03229/2020 VOC Delta_hCoV-19/USA/CA-LACPHL-AF03229/2020 betacoron Pl SLSC  12/8/2020 NorthAmi USA  Californa Los Angele NorthAm USA  California genome 29598 Human  unknown unknown AY3  GK  Torrancel Los Angle P, Hemara hitos://wn 12/10/2021
Delta  hCoV-19/USANI-Yale-10210/2020 . KCoV-19/USA/VI-Yale-10210/2020 betacoron 9L ISL 4% 21/8/2020 NorthAmi USA  USVirgin| St.Croix  NorthAmi USA  USVirgin genome 29775 Human  unknown unknown B16172 GK  VIDOH (Vi Grubaugh Joseoh Fa hitpsi//wn 29/9/2021
Delta hCoV-19/USANI-Yale-10211/2020 NCOV-18/USAVI-Yale-10211/2020 S USViiniSUCrox NorthAm USA  USVirginlgenome 29775 Human unknown unknown AY35  GK  VIDOH (Vi Grubaugh Joseoh Far hitosi//w 28/9/2021
Delta KCoV-19/Fi/F1493/2020 hCoV-18/ij/F1493/2 A Oceania Fil Benome 29835 Human  unknown unknown AYE2 G Fili Centre Microbiolc Sahukhan, htos://wn 4/10/2021
et hCoV-19/USA/CA SEARCH-103796/202¢ /19/USA/CA SEARCH-109796/2020 USA  Galifornia SanDiego NorthAmi USA  California genome 20804 Human  unknown unknown B16172 GK  SanDiego Andersen| SEARCH A hitps: 15/10/2021
Deta hCov-19, WYPHL21070860/2020 PHL21070660/2020 usa ming NorthAm(USA  Wyoming genome 29818 Human 10 Msle A3 K Wyoming Wyoming Jim Milder httos://n 28/9/2021
Delta hCoV-1/India/MP-NCDC-2509230/202 o-19/India/MP-NCDC-2509230/2020 inda  MadhaPradesh  Asia  India  MadwaPigenome 29778 Human 6 Male  AY122 GK Nationsl C NCDC Delt Radhaksis httosi//w 9/6/2021
Delta hCoV-19/USA/ND-NDDH-4397): 19/, NDDH-4397/202¢ us; North Da NorthAm(USA  NorthDak genome 29775 Human  unknown unknown AY48  GK  NorthDak North Dak Lisa Wings hiips://wn 47102021
Delta hCov-19/Rwanda/C o VOC_Delta_hCov-18/Rwanda/Cv2197/202 Rwanda  Nyarugenge rica  Rwanda  Nyarugeny genome 29804 Human Male  BL617.2 Gk AwandaN Africa Cen Enatha M hitpsi//wn /102021
Delta KCoV-19/Burkinafaso/CV1820/2020 /OC_Delta_hCoV-19/Burkinafaso/CV1820/2020 Burkinaf3 Ousgadougou  Affica  Burkina Fs Ouagadou genome 29842 Human  unknown unknown AY36  GK  Centre Ho Afrca Cen Olawove, hitosi/wn /972021
Delta  hCoV-19/BurkinaFaso/CV1921/2020 16/BurkinaFaso/CV1921/2020 Burkinaf: Ousgadougou  Afrca  Burkina Fs Ousgadou genome 29808 Human  unknown unknown AY36  GK  CentreHo Afrca Cen Olawoye, hitosi/fn /572021
Delta hCoV-19/Mexico/AGU-INDRE_FB18599_54467/2020 hCoV-19/Mexico/AGU-INDRE_FB18599_54467/2020 Mexico  Aguascalientes  North Am: Mexico  Aguascalic genome 29814 Human 22 female  AY100 GK  LESPAsua Institutod Cloudia W hitos:/fwn 14/7/2021
Delta hCoV-1/India/MH-ICMR-MCL_5716_5772/2020 oV-19/India/MH-ICMR-MCL_5716_5772/202¢ inda  Maharashtra Asia India Maharash genome 29873 Human 12 Male  AYS0  GK ndianCou Indian Cou Pragya Yar hs:/fw 18/8/2021
Delta KCoV-1/India/MH-ICMR-NICL S715_5771/2020 VOC_Defta_hCov-19/india/MH-ICMR-MCL_5715_5771/2020 inda  Maharashtr Aa  India  Maharash genome 29886 Human 17 Female  B16172 GK Indian ot Indian Cou Pragya Yar htps://wn 18/8/2021
oelta VOC_peta } France  Provences Marselle Europe France  Provence. genome 29689 Human unknown unknown AY.A3  GK  MEPH Al MEPHI A Anthony L hitosi/w 16/11/2021
My hCoV-19/Colombia/MAG-INS-VG-482/2021 1 Mu_HCoV-19/Colombia/MAG INS-VG-482/2021 betacoron P 5L 15 11/1/2021 South Am Colombia Magdalena South Am Colombia Magdslen genome 29494 Human  unknown Femsle 81621 GH  Universid: Insituto N Katherine hitos://n 117372021
My hCoV-19/UsA/CA Mo betacoron E91 IsL 2¢ 2021 NorthAmi USA Califoria NothAm(USA  Calfornia genome 29902 Human unknown unknown 81621 GH  Helx  Helx  CelinaAnc htos//n 23/6/2021
My hCoV-19/England/PHEC-31028C/2021 |_Mo_hCoV-19/England/PHEC-31028C/2021 betacoron E91 IsL 27 2021 Europe  United Kin England Euope  UnitedKin England genome 29819 Human unknown unknown B1621 GH  Resirator COVID-19 PHE Covid htos://wn 30/6/2021
My hCoV-19/England/PHEC-313887/2021 VOLMu_hCoV-19/England/PHEC-313887/2021 betacoron E91 ISL 27 2021 Europe  United Kin England Ewope  UnitedKin England genome 29818 Human unknown unknown B16211 GH  Respirator COVID-19 PHE Covid hips://wn 30/6/2021
My hCoV-19/England/PHEC-L306LEAC/2021 VOLMu_HCoV-19/England/PHEC-L306LE1C/2021 betacoron £91 I5L 27 2021 Europe  United Kin England Ewope  UnitedKin England genome 29835 Human  unknown unknown BL6211 GH  Respirator COVID-19 PHE Covid htos://wn 30/6/2021
My RCoV-19/England/PHEC-L306LE3A/2021 VOLMu_HCoV-19/England/PHEC L306LE3A/2021 betacoron E91 IsL 2 2021 Europe  United Kin England Ewcpe  UnitedKin England genome 29834 Human  unknown unknown 816211 GH  Respirator COVID-19 PHE Covid htos://wn 30/6/2021
M vory betacoron E91 I5L 23 2021 Europe  UnitedKin Northernlreland  Europe  Urited Kin Northern genome 29830 Human  unknown unknown B16211 GH  Respirator COVID-19 PHE Covid httos//w. 30/6/2021
My hCoV-19/USA/FL-Shands VTM-1545/2020 VOLMu_HCoV-19/USA/FL Shands-VTM-1545/2020 betacoron E91 ISL 26202012 NorthAmiUSA  Flonida NothAm(USA  Florida genome 29747 Human unknown unknown B16211 GH  UFHeakth SalemiLat Magalis Bl htosi//n 19/7/2021
My hCoV-19/USA/GA-GPHL-0609/2021 VOLMu_HCoV-19/USA/GA-GPHI-0609/2021 betacoron E91 I5L 31 2021 NorthAmi USA  Georgia NorthAmiUSA  Georgia genome 29835 Human unknown unknown B1621 GH  GADepart GADepart Stacy Reer htps://wn 277772021
My RCoV-19/USA/GAGPHLO611/2021 VOLMu_HCoV-19/USA/GAGPHL-0611/2021 betacoron £91 ISL 31 2021 NorthAmi USA  Georgia North Ami U Georgia genome 29835 Human unknown unknown BLG21 GH  GADepart GADepart Stacy Ree: hitpsi/fwn 27712021
My hCoV-19/Venezuela/Fal1944/2021 VOLMu_HCoV-19/Venezuela/Fal1944/2021 betacoron E°1 ISL 3t 21/1/2021 South Am Venezuela Falcon South Ami Venezuela Falcon  genome 29831 Human  unknown unknown B1621 GH  InstitutoV Laboratori Rossana C hitos://wn 18/8/2021
M VoL Myt ERBAHC.0767669/2021 betacoron E91 IsL 3t 2021 Euwope  France  lle-de-France Euope  France lodeFrar genome 29822 Human 28 female B1621 GH  L8M Porte CERBAHe, Bénddicte hitpsi//w 20/8/2021
M betacoron E91 IsL 3t 2021 Euwrope  France  Occitaie wope  France  Occitane genome 29817 Human 15 Female B1E2L GH  LBMCerb: CERBAHe: Bénddicte hitos://wn 20/8/2021
My hCoV-19/England/PHEC-345€6C/2021 bt e a0 betacoron E91 IsL 3¢ 2021 Europe  United Kin England Euope  UnitedKin England genome 29525 Human unknown unknown B1621 GH  Rescirator COVID-19 PHE Covid hitos://wn 23/8/2021
My Mo betacoron E91 ISL 37 201 Europe  France  le-de-Franc wrope  France le-de-Frar genome 29843 Human emale  B1621 GH  EVLAU-U CERBA Hes Bénédicte hitpsi//wn 26/8/2021
M o betacoron £91 ISL 3 2021 Gurope  France  CenreValdelore Europe  France  Centre-Va genome 29817 Human 6 Female 81621 GH  Laboratolr CERBAHe: Bénédicte hitos://wn 2/9/2021
My betacoron E91 IsL 41 2021 Europe  France  NowvelleAquitaine Europe  France  Nowwelle# genome 29827 Human 28 female B16211 GH  Cerballan CERBAHe, Bénédicte httpsi//w 15/9/2021
My hCoV-19/Colombia/VAC-UTP-VG-024/2021 Mu_HCoV-18/Colombia/VAC-UTP-VG-024/2021 betacoron E91 ISL 5¢ 2021 South Ami Colombia Valle del Cauca uth Ami Colombia Valle delC genome 29781 Human unknown Male  B1621 GH  SYNLABAI Laborator Fredy A.T. httosifn 2771072021
My hCoV-19/Colombia/VAC-UTP-VG-026/2021 VOL_Mu_HCoV-19/ColombialVAC-UTP-VG-026/2021 betacoron EP1 IsL 5¢ 2021 South Am: Colombia Valledel Cauca  South Am: Colombia ValledelC genome 29781 Human  unknown Female B1621 GH  SYNLABAI Laboratori Fredy AT, httos//wn. 2771072021
My hCoV-15/Colombia/NAC-UTP-VG-027/2021 VOLMu_hCoV-19/ColombialVAC-UTP-VG-027/2021 betacoron E91 ISL 5¢ 2021 South Am: Colombia Valledel Cauca  South Am: Colombia ValledelC genome 29781 Human unknown Female  B1621 GH  SYNLABAI Laboratori Fredy A.T: hts://n. 2771072021
My hCoV-15/Colombia/VAC-UTP-VG-029/2021 VOLMu_HCoV-19/Colombia/VAC-UTP-VG-029/2021 betacoron E91 ISL 5¢ 2021 South Am: Colombia Valle del Cauca  South Am: Colombia ValledelC genome 29775 Human  unknown Female B1621 GH  SYNLAB AT Laboratori Fredy A.T: hitps//w. 27/10/201
My hCoV-19/Colombia/VAC-UTP-/G:025/2021 9/Colombia/VAC-UTP-VG-025/2021 betacoron £91 IsL 5¢ 2021 South Am: Colombia Valle el Cauca  South Am« Colombia Valledel C genome 26778 Human unknown Male  B1621L GH  SYNLABAT Laborator Fredy A.T. https//n 2771072021
My Cov-1/Cambl VAC 821 YOLMuNC-A9/Combia/VAC TP -G 2672021 betacoron E91 IsL 5¢ 2021 South Ami Colombia Valledel Cauca  South Am: Colombia Valledel C genome 29781 Human  unknown Female B1621 GH  SYNLAB AT Laborator Fredy A.T: https//n. 2771072021
My hCoV-15/USA/IN-LHO0O111869/2021 X 9/ USA/IN-LH00D111865/20: betacoron E91 IsL 5 2021 North Ami U North Ami U indiana genome 29799 Human le B1E2L GH  PPHCPur AnimalDis Rebeccca  hitos://wn 29/10/2021
Mo Mera coomba/ANT pety0z0 e neovso/coomse T Lot 2020 etncoron E7 5L ¢ 14/10/2020 South A Colomsia Antionia Aparado. Seuth A Coloma Antonsis pename 25781 Human 8 Male  B1&21 G aborator Idabely Be https://wn 19/11/2021
betacoron 9L ISL 31 18/5/2021 Asia  Indonesia bl Asa Indonesia Jai nome 29782 Human 18 Female  BL64D GH  RSUDRack Eilkmanin Sukma Ok hiips://wn

aH 1/2021 VUM_GH ¢ 2809.21/2021 betacoron E°1 ISL 5t 28/9/2021 Ao Republico Brazzavile fica  Republico Brazzavil genome 29683 Human 39 female B1640 GH  Fondation Fondation Mfoutou b httpsi//w 277102021
GH  hCoV-19/Canada/QC-L00397423001/2021 VUM_GH_hCoV-18/Canada/QC-L00387423001/2021 betacoron E1 ISL 6¢  2/10/2021 North Am Canada ~ Quebec North A Canada 26734 Human 4 unknown 81640 G Laboratolr Laboratoir Sandrine P htos:/y 18/11/2021
aH VUM_GH} betacoron EP1 ISL 5t 6/10/2021 Europe  Switzerlan Vaud Ewope  SwitzerlnVaud  genome 29788 Human unknown unknown B1640 GH  Violler AG Departme: Chrstian hitos://n 26/10/2021
GH  hCoV-19/England/PHEC-3MOAEMFO/2021 VUM_GH_hCoV-19/England/PHEC-3MOIEMFO/2021 betacoron E91 ISL 5S¢ 11/10/2021 Europe  United Kin England Euope  UnitedKin England genome 29779 Human  unknown unknown B16M0 GH  Resgirator COVID-19 PHE Covid hitos://wn 25/10/2021
o VUM _GH t betacoron 91 ISLS¢  12/10/2021 Europe  France  Bretagne Bannalec Euwope  France  Bretagne genome 29799 Human 9 Femsle B1640 GH  Laboratolr CHU Pontc GROLHIER hitps://wn 28/10/2021
o VUM_GH Y betacoron £91 ISL 5S¢ 12/10/2021 Europe  France  Bretagne Bannalec Euope  France  Bretagne genome 29796 Human 9 Male  BLE0 GH  Laboratolr CHU Pontc GROLHIER htps://wn 28/10/2021
aH VUM_GH t betacoron E1 ISL S¢  12/10/2021 Ewrope  France  Bretagne Bannalec Europe  France  Bretagne genome 29821 Human 10 Male  B1640 GH  Laboratolr CHU Pontc GROLHIER htos://wn 287102021
aH VUM_GH t betacoron EP1 ISL 5¢  12/10/2021 Ewrope  France  Provence. AlpesMar Europe  France  Provence- genome 29728 Human 36 Male  B16A0 GH  LABORATCCNR Virus AtoninB: httpsi//w 4117201
aH VUM_GH} betacoron B 5L 5¢  14/10/2021 Ewrope  France  Bretagne Bannalec Ewope  France  Bretagne genome 29770 Human 10 Msle  B1EWD GH  Laboratolr CHU Pontc GROLHIER hitos://wn 28/10/2021
o VUM_GH betacoron £ ISL 5% 16/10/2021 Europe  F le-de-France Euope  France llederFrar genome 29822 Human 3 female  B1610 G LBM Porte CERBA He: Bénéeicte httos://wn 2771072021
GH  hCoV-19/Scotland/QEUH-27D6E81/2021 VUM_GH_hCoV-18/Scotland/QEUH-2706€81/2021 betocoron E4LISL 56 18/1072021 Europe United i St Ewope  UnitedKin Scotland genome 29434 Human  unknown unknown B1640 GH  Ughthousc Wellcome Harper Va 27/10/2021
= VUM_GH Y betacoron £91 ISL 5¢  18/10/2021 Europe  France  Bretagne Bannalec Europe  France  Bretagne genome 29770 Human Male  BL640 GH  Laboratoir CHU Pontc GROLHIER hitpsi//wn 28/10/2021
o VUM_GH t betacoron E1 ISL 5¢  18/10/2021 Ewrope  France  retagne Bannalec Europe  France  Bretagne genome 29829 Human 10 Male  B1640 GH  Laboratolr CHU Pontc GROLHIER hitos 287102021
aH M_GH.t btcron 9 0 S 18102021 Eurcpe e e ol Eugpe  Fce S gerame 29733 Huran 5 Female BL6M0 GH  Laboratolr CHU Pontc GROLHIER hitos://wn 2871072021
GH  hCoV-19/Congo/FCAM-115-12574/2021 VUM_GH_hCoV-19/Congo/FCRN-115-12574/2021 betacoron EP1 ISL 6C  19/10/2021 Afica  Republic o Brazzavile Remlcs szl gerone 29714 32 female B1640 GH  Fondation Fondation Mfoutou ! httosi/fw 1172021
H o betacoron 91 ISL 5¢  20/10/2021 Europe  France  Bretagne Bannalec Euwne retagne genome 29770 Human 12 female B1640 GH Laboratolr CHUPontc GROLHIER hitosi//w 28/10/2021
o VUG 201021/2021 beacoron EPLSLGC 20102021 s e e Renica bl enome 29649 hman 4 Femile B1640 GH  Fondation Fondation Mioutou D hips://wn 9/11/2021
GH  hCoV-19/France/BRE-PP32353/2021 VMG o fFane R PP 200 betacoron £91 ISL 6¢  21/10/2021 Europe  Fra retagne. Vannes Euvove Fran ewagne genome 26733 Human 16 Female  B1640 GH abo Anah National R Marion Ba htos://w 18/11/201
GH  hCoV-19/France/IDF HMN-21112080204/2021 VUM_GH_hCoV-18/FranceIDF-HMN-21112080204/2021 betacoron P ISL 61 22/10/2021 Ewrope  France llede-Francs Euope  France lle-deFrar genome 29741 Human 6 Male  BL6O GH  Hopital Lo Departme: Chrstoph htos:/y 1271172021
GH  hCoV-19/italy/LAZ FO-10233054/2021 VUM_GH_hCoV-18/1taly/LAZ IF0-10233054/2021 betacoron 91 5L 57 23/10/2021 Ewrope  laly  Lazio Europe  ltaly lo  genome 29774 Human unknown Male  B1610 GH  IRCCSSan IRCCS Red Frauke Go hitosi/fw 3171072021
GH  hCoV-15/Congo/FCAM-118-41/2021 VUM_GH_hCoV-19/Congo/FCRN-118-A1/2021 betacoron EPI ISL 6C  23/10/2021 Afica  Republc o Brazzavile Affica Reoublic o Brazauill genome 29714 Human 43 Female B1640 GH  Fondation Fondation Mfoutou ! httosi/fw 91172021
H VUM_GH ! betacoron EPI ISL 56 25/10/2021 Ewrope  France le-de-France Euope  France llederFrar genome 29814 Human 61 Male  B1640 GH  LBM Bois( CERBAHe, Bénedicte hitpsi//wm 4120
GH  hCoV-19/Congo/FCAM-120-42/2021 VUM_GH_hCoV-18/Congo/FCRM-120-42/2021 betcron £ 1 6 251072021 Afia - Reublco e Affica Reoublic o Brazzavillc genome 29683 Human 35 Male  B1640 GH  Fondation Fondation Mioutou  httpsi//w 9/11/2021
GH  hCoV-19/France/IDF-IPP31876/2021 VUM_GH_hCoV-18/FranceIDF-1PP31876/2021 betacoron EP1 ISL 6:  25/10/2021 Europe ledefrar Usses  Europe  France  llede-Frar genome 29745 Human 61 Male  BL6AD GH LaboAnah National R Marion Ba hitosi/wm 16/11/2021
Lambda  hCoV-19/Ecuador/UEES-12976/2021 betacoron E91 ISL 1€ o Soshsan comier o SouthAm Ecuador Guayas genome 29783 Human unknown unknown C37  GR  Omics Scie Omics Scie Derly And hitos://sn 19/4/2021
Lambda  hCoV-19/Peru/UIMINS-8425/2020 betacoron EPI ISL 5¢  21/7/2020 South Amc Peru  Lima SouthAmiPers  Uma  genome 29769 Human 3B Male €37 GR Laboratori Laborator Carlos Pac httosi/fw s/11/2021
Lambda  hCoV-19/Argentina/INEI096534/2020 betacoron 91 ISL 21 8/11/2020 South Am Argentina Ciudad Autonoma de. South Am: Argentina Ciudad Au genome 29792 Human 27 female €37 GR ServicoVi nsttuto N Baumelste hs://wn. 19/5/2021
Lambda  hCoV-19/Peru/LIV-INS-895/202 betacoron E91 ISL 1¢ 22/12/2020 South Am Peru  Lima SouthAmcPeru  Uma  genome 29496 Human 3 female €37 GRLaboratori Laborator Carlos Pac https:/fy /22021
Lambda  KCoV-19/Peru/UIM-UPCH-0372/2021 betacoron E91 ISL 1€ 1/1/2021 South Amc Peru Lima SouthAm(Peru  Lma  genome 29744 Human unknown unknown C37  GR  Institutod Laboratori Lenin Mat htos://n 18/2/2021
Lambda  hCoV-19/Peru/SANINS-2426/20: betacoron B ISL 3¢ 8/1/2021 SouthAmc Peru  SanMartin SouthAm(Peru  SanMarti genome 29791 Human male €37 GR aboratori Labratori Carlos Pac hito: /812021
Lambda  hCoV-19/Peru/SAMINS-2421/2021 betacoron £ SL 3¢ 9/1/2021 SouthAmc Peru  SanMartin SouthAm Peru  SanMarti genome 29786 Human 25 Male €37 GRLaboratori Laborator Carlos Pac httosi/fwn 14/5/2021
Lambda  hCoV-19/Peru/SAM-INS-2419/2021 betacoron B9 ISL 3¢ 11/1/2021 SouthAmc Peru  SanMartin SouthAmcPeru  SanMarti genome 29783 Human 40 female €37 GR laboratori Laborator Carlos Pac htos:/fwn. 14782021
Lambda  hCoV-19/Peru/UIMHINS-731/2021 betacoron 9L ISL 11 12/1/2021 South Am Peru Lima SouthAmcPeru  Uma  genome 29496 Human 47 female €37 GR laboratori Laborator Carlos Pac his://wn.

Lambda  hCoV-19/Peru/LIM-INS.734/2021 betacoron E9 ISL 11 12/1/2021 South Am Peru Lima SouthAm(Peru  Uma  genome 29496 Human 38 female €37 GR laboratori Laborator Carlos Pac httosi/w ap3/2001
Lambda  KCoV-19/Peru/UNEINS.737/2021 betacoron £ ISL 11 12/1/2021 South Amc Peru Lima SouthAm(Peru  Uma  genome 29496 Human 74 female €37 GR Laborator Laborator Carlos Pac https//n /2001
Lambda  hCoV-19/Peru/CALINS.670/2021 betacoron B ISL 11 17/1/2021 South Amc Peru  Callao SouthAmiperu  Callso  genome 29901 Human unknown unknown C37  GR  Laborstori Laboratori Ronie Ga hitos://wn 13201
Lambda  hCoV-19/Peru/UILINS-418/2021 betacoron 91 5L 11 17/1/2021 South Amc Peru  Lima SouthAmiPeru  Lma  genome 29890 Human unknown unknown C37  GR  Laborstori Laboratori Ronie Ga hitos://n 11372001
Lambda  hCoV-19/Peru/UIM-INS-419/2021 betacoron €1 ISL 11 17/1/2021 South Ame Peru  Lima SouthAmcPeru  Uma  genome 29901 Humen unknown unknown C37  GR  Laboratori Laboratori Ronnie Ga hitos://wn 1/312021
Lambda  hCoV-19/Peru/LIM-INS-420/2021 betacoron €9 ISL 11 17/1/2021 South Am Peru Lima SouthAmcPeru  Uma  genome 29898 Human unknown unknown C37  GR  Laboratori Laboratori Ronie Ga hiips://n 132021
Lambda  RCoV-19/Peru/UINKINS-421/2021 betacoron £ ISL 11 17/1/2021 South Am Peru Lima SouthAm(Peru  Uma  genome 29895 Human unknown unknown C37  GR  Laboratori Laboratori Ronie Ga htos://n 1372021
Lambda  KCoV-19/Peru/UIIINS-423/2021 betacoron E1 ISL 11 17/1/2021 South Amc Peru  Lima SouthAmiPery  Lma  genome 29899 Human unknown unknown C37  GR  Laboratori Laboratori Ronnie Ga hitos://n 137201
Lambda  KCoV-19/Peru/UILINS.424/2021 betacoron 91 5L 11 17/1/2021 South Amc Peru  Lima SouthAmcPeru  Lma  genome 29863 Human unknown unknown C37  GR  Laborstori Laboratori Roni Ga hitos://n 137201
Lambda  hCoV-19/Peru/UI-INS-430/2021 betacoron 91 5L 11 17/1/2021 South Amc Peru Lima SouthAmcPeru  Lma  genome 29895 Human unknown unknown C37  GR  Laborstori Laboratori Ronie Ga hitosi//n 11372001
Lambda  hCoV-19/Peru/UIM-INS-433/2021 betacoron EPLISL 11 17/1/2021 South Ame Peru Lima SouthAmcPeru  Uma  genome 29901 Humen unknown unknown C37  GR  Laboratori Laboratori Ronnie Ga hitps://wn 1137201
Lambda  hCoV-19/Peru/LIVHINS-434/2021 betacoron B9 ISL 11 17/1/2021 South Am Peru Lima SouthAmcPeru  Uma  genome 29887 Human unknown unknown C37  GR  Laboratori Laboratori Ronie Ga htpsi//wn 132021
Lambda  hCoV-1/Peru/UNLINS-436/2021 betacoron €91 ISL 11 17/1/2021 SouthAmcPeru  Lima SouthAmiPers  Lma  genome 20901 Human unknown unknown C37  GR  Laborator Laborator Ronnie Ga htosi/ws 1731201
Lambda  hCoV-19/Peru/UIV-INS-437/2021 betacoron €91 ISL 11 17/1/2021 SouthAmcPeru  Lima SouthAmcPeru  Lima  genome 29874 Human unknown unknown C37  GR  Laborator Laboratori Ronnie Ga htps://wi 130201
Lambda  RCoV-1/Peru/UFINS-443/2021 betacoron €1 ISL 11 17/1/2021 South Am Peru Lima SouthAmcPer  Lima  genome 29901 Human unknown unknown C37  GR  Laborator Laboratorl Ronnie Ga htps://ws 1/32021
Lambda  hCoV-19/Peru/CALINS-668/2021 VOI_Lambda_hCoV-19/Peru/CALINS-668/2021 betacoron €1 ISL 11 18/1/2021 SouthAmcPeru  Callao SouthAmiPery  Calio  genome 29888 Human unknown unknown C37  GR  Laborator Laboratorl Ronnie Ga httpsi/ws 11312021

2. Results

2.1. Phylogenomics suggests common ancestry of omicron and lambda
variants

Whole genome-based phylogeny (n = 478 genomes) representing
VOC (alpha, beta, gamma, delta, and omicron), VOI (mu and lambda)
and VUM depicts two major phylogroups PG-I and PG-II (Fig. 1 and
Table 1). Here, the reference strain of SARS-CoV-2 (Wuhan-Hu-1,
NC_045512.2) is taken as an outgroup. PG-I has VOC: gamma, beta, and
delta; VOI: mu and VUM: GH. Whereas, PG-II includes VOC: alpha,
omicron and VOI: lambda. Interestingly, two VOCs, delta and omicron,
belong to different phylogroups. Phylogeny depicted that omicron
shares a common ancestry with VOI lambda represented by a black
asterisk in Fig. 1. Interestingly, three isolates from Italy (EPL-
ISL_6854346, EPI ISL_6854347, and EPI_ISL_6854348) form a diversi-
fied sub-lineage among the omicron population. Additionally,
EPI ISL_6886594 from Germany is a diversified omicron strain.

2.2. Very high non-synonymous mutations give rise to omicron

Mutation is driving the evolution and emergence of new variants of
COVID-19 worldwide (Islam et al., 2021; Kumar & Bansal, 2021; Tha-
kur et al., 2021). Availability of genomic resources have enabled the
research community in tracking mutational events and linking them to
new variants (Mercatelli & Giorgi, 2020; Rambaut et al., 2020). Analysis
and routine surveillance from South Africa suggested omicron ability to
evade immunity from prior infection as compared to other VOCs (Pull-
iam et al., 2021). In the present study, we intend to understand the
evolution and emergence of omicron by its mutational landscape at
population level.

We have performed a mutational analysis with respect to the refer-
ence genome of SARS-CoV-2 (NC_045512.2) (Fig. 2). Total mutations
detected in the dataset were 24,189, and omicron genomes constituted
18,261 mutations (supplementary table 1). For all the strains under
study, we have calculated the total number of mutations detected
(supplementary table 2). Average mutations per genome for the omicron
variant were detected to be 60.5. For the limited genomes of VOCs, VOIs
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Fig. 2. Mutational analysis of omicron. Six panel image displays the most mutated samples, overall mutations per samples, most frequent events per class of mutation
category, changes of nucleotide per type, nucleotide wise most frequent events and protein level most frequent events for the genomes used in the study.

and VUMs, average mutations for GH, delta, mu, gamma, alpha, lambda
and beta were 48, 39, 38.5, 37.8, 30.7, 27.4 and 24.2 respectively. This
clearly depicts high number of mutations in the omicron variant as
compared to other variants of SARS-CoV-2. Except for omicron, average
mutations for other variants were calculated on the basis of limited
genomes, which might not represent the true mutational events for
them. Since, omicron is the recently emerged variant, aim of present
study was to understand its mutational landscape at population level.

Interestingly, >97% (n 17,703 mutations) of the mutations in
omicron were in the coding region, and remaining 558 were detected in
the extragenic region of the genome. Amongst the coding gene muta-
tions, 2965 were indels while 14,738 were SNPs constituting non-
synonymous (n = 11,995 mutations) and synonymous mutations (n =
2743 mutations). Single nucleotide transitions are shown to be major
mutational types amongst the SARS-CoV-2 genomes (Kumar & Bansal,
2021; Mercatelli & Giorgi, 2020).

Interestingly, mutational events are highly skewed towards the spike
protein, which constitutes ~60% (n = 10,658) of the total mutations in
the coding genomic region (n = 17,703) (Fig. 3). The majority of spike
protein mutations encompass A67, T547K, D614G, H655Y, N679K,
P681H, D796Y, N856K, Q954H, which are reported in all the omicron
genomes analysed (Table 3). Count of mutations in the spike was fol-
lowed by RNA dependent RNA polymerase (rdrp) (n = 4142) consti-
tuting A1892T, 1189V, P314L, K38R, T492I, V57V in all omicron
genomes analyzed (Fig. 3 and Table 3). Remaining 2903 mutations were
detected in rest of the coding genomic region (Table 2, 3, and supple-
mentary table 1), where M19M in ORF6, and RG203KR in nucleocapsid

protein are amongst the most prevalent mutations in omicron (Fig. 3).

2.3. Low intra-sequence diversity amongst omicron variant

Intra-strain diversity among the omicron variant strains reported
worldwide will be crucial in understanding the genome dynamics and
rapid evolution of SARS-CoV-2. We performed the mutational analysis
on the current dataset using omicron (OL677199) isolated from Canada
on 23rd November 2021 as the reference genome (supplementary table
3). Most of the strains (n = 298), irrespective of their geographic origin,
had less than ten mutations depicting low intra-strain diversity among
omicron strains. We found omicron variants had >55 mutations when
compared with other VOCs and VOIs. However, four of the isolates two
from Europe (Italy) (EPI_ISL_6854347 (n = 23 mutations) and EPI -
ISL_6854346 (n = 14 mutations) and two from South Africa (EPI -
ISL_6699742 (n 12 mutations) and EPIISL 6774091 (n 11
mutations) were most diversified among the omicron genomes.

3. Methods

3.1. Identification and procurement of SARS-CoV-2 genome from the
public repository

We have considered all the available genomes of omicron variant
available in public domain until 6 pm Indian Standard Time (IST) on 2nd
December 2021 from GISAID (n = 302 genomes). A total of 25 strains
from each variant of concern, namely alpha (B.1.1.7), beta (B.1.351),
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Fig. 3. Mutational analysis of omicron (A) Number of mutations in the coding region is in the centre of the pie-chart representing indels (black), synonymous
(yellow) and non-synonymous (red) SNPs. Type and number of mutations in the extergenic region is represented by pie charts blue, light blue and white as rep-
resented in the color legends. (B) Bar graph representing number of mutations in the genomic region of SARS-CoV-2. (C) Some of the top mutations (pl. refer Table 3
for all top mutations in omicron) among the omicron variant are represented by stars of black: indels, yellow: synonymous and red: non-synonymous mutations.

Table 2
Genomic region wise mutational count of the omicron isolates by taking
NC_045512.2 as a reference.

Genomic region Mutational count Annotation

5'UTR 309 5’ Untranslated region
NSP1 5 RNA dependent RNA polymerase
NSP2 31

NSP3 1572

NSP4 325

NSP5 317

NSP6 595

NSP7 0

NSP8 2

NSP9 9

NSP10 301

NSP11 0

NSP12a 0

NSP12b 632

NSP13 14

NSP14 319

NSP15 6

NSP16 14

S 10,658 Spike

ORF3a 313 ORF3a protein

E 296 Envelope

M 850 Membrane

ORF6 303 ORF6 protein

ORF7a 2 ORF7a protein

ORF7b 311 ORF7b protein

ORF8 4 ORFS8 protein

N 823 Nucleocapsid protein
ORF10 1 ORF10 protein

3'UTR 249 3’ Untranslated region

gamma (P.1) and delta (B.1.617.2) and variant of interest, namely
lambda (C.37) and mu (B.1.621). We have also considered 25 strains
from variant under monitoring, namely GH (B.1.640). These all strains
are from their respective earlier reports in the public domain. Pangolin
COVID-19 lineage assigner webserver (https://pangolin.cog-uk.io/) was
used to truly demarcate the strains of across variants. The investigation
suggested that 9 out of 25 strains does not belong to gamma (P.1) and 1
out of 25 strains doesn’t belong to VUM GH (B.1.640) and were wrongly

classified earlier. A detailed list of all the strains used in the study is
provided in Table 1.

3.2. Phylogenetic analysis

A total of 477 high-quality genomes, including the major variants
spread across the globe were taken into consideration. Multiple
sequence alignment was performed for all the genomes using MAFFT
v7.467 (Nakamura, Yamada, Tomii, & Katoh, 2018) followed by
phylogenetic tree construction using fasttree v2.1.8 with double preci-
sion (Price, Dehal, & Arkin, 2010) with gamma time reversal method.
Visualization of the obtained phylogenetic tree was performed using
iTol v6 (Letunic & Bork, 2019). Different variants were marked in
accordance with different colors as mentioned in the legends.

3.3. Mutational analysis

Mutational analysis of all the strains (n=477) in the study was per-
formed with two different reference genomes. First with NC_045512.2
(Wuhan-Hu-1) strain (reference SARS CoV-2 strain) and another with
first reported strain of omicron variant (OL677199.1) (https://www.
ncbi.nlm.nih.gov/nuccore/OL677199) using nucmer v3.1 (Delcher,
Phillippy, Carlton, & Salzberg, 2002). We have used a well-documented
R script described earlier (Mercatelli & Giorgi, 2020). Here, we have
used gff3 annotation and reference genome file to extract genomic co-
ordinate of SARS-CoV-2 proteins. R library package seqinr (https://cran.
r-project.org/web/packages/seqinr/index.html) and biostring package
(https://bioconductor.org/packages/release/bioc/html/Biostrings.ht
ml) of bioconductor was implemented to obtain the list of all the
mutational events. Mutational events were calculated with respect to
two different references (Reference SARS CoV-2 strain: NC_045512.2)
(https://www.ncbi.nlm.nih.gov/nuccore/NC_045512.2) and omicron
(0OL677199.1) (https://www.ncbi.nlm.nih.gov/nuccore/OL677199)
separately. Further, the average mutations for a variant were calculated
by adding up the mutations in each variant and dividing them by the
total number of genomes of the variant used in the present study.
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Table 3
Top mutations (>185 in count) in omicron variant as compared to the reference sequence NC_045512.2.
annotation protein variant varclass Count  Refpos refvar qvar  qpos qlength
Spike S A67 deletion_frameshift 575 21,762 C . 21,483 29,387
Predicted phosphoesterase, papain-like proteinase NSP3 A1892T SNP 302 8393 G A 8124 29,387
Transmembrane protein NSP6 1189V SNP 302 11,537 A G 11,259 29,387
RNA-dependent RNA polymerase, post-ribosomal frameshift =~ NSP12b  P314L SNP 302 14,408 C T 14,130 29,387
Spike S T547K SNP 302 23,202 C A 22,915 29,387
Spike S D614G SNP 302 23,403 A G 23,116 29,387
Spike S H655Y SNP 302 23,525 C T 23,238 29,387
ORF®6 protein ORF6 M19M SNP_silent 302 27,259 A C 26,972 29,387
Predicted phosphoesterase, papain-like proteinase NSP3 K38R SNP 301 2832 A G 2566 29,387
Spike S N679K SNP 301 23599 T G 23,312 29,387
Transmembrane protein NSP4 T4921 SNP 301 10,029 C T 9760 29,378
Nucleocapsid protein N RG203K* SNP 301 28,881 GGG AAT 28,806 29,693
Growth-factor-like protein NSP10 V57V SNP_silent 300 13,195 T C 12,917 29,387
Spike S P681H SNP 300 23,604 C A 23,317 29,387
Spike S D796Y SNP 300 23,948 G T 23,661 29,387
Spike S N856K SNP 300 24,130 C A 23,843 29,387
Spike S Q954H SNP 300 24,424 A T 24,137 29,387
Nucleocapsid protein N RG203KR SNP 300 28,881 GGG AAC 28,594 29,387
RNA-dependent RNA polymerase, post-ribosomal frameshift NSP12b N591IN SNP_silent 298 15,240 C T 14,962 29,387
Spike S T951 SNP 298 21,846 C T 21,562 29,387
Predicted phosphoesterase, papain-like proteinase NSP3 F106F SNP_silent 297 3037 C T 2771 29,387
Spike S G339D SNP 297 22,578 G A 22,291 29,387
ORF3a protein ORF3a T64T SNP_silent 297 25,584 C T 25,297 29,387
NA 5'UTR 241 extragenic 297 241 C T 187 29,693
3C-like proteinase NSP5 P132H SNP 296 10,449 C A 10,180 29,387
3’-to-5' exonuclease NSP14 142V SNP 296 18,163 A G 17,885 29,387
Envelope E TII SNP 296 26,270 C T 25,983 29,387
ORF7b protein ORF7b L17L SNP_silent 296 27,807 C T 27,520 29,387
Spike S N969K SNP 294 24,469 T A 24,182 29,387
Predicted phosphoesterase, papain-like proteinase NSP3 A889A SNP_silent 293 5386 T G 5120 29,387
Spike S L981F SNP 292 24,503 C T 24,216 29,387
Spike S D1146D SNP_silent 292 25,000 C T 24,713 29,387
Membrane M A63T SNP 289 26,709 G A 26,422 29,387
Predicted phosphoesterase, papain-like proteinase NSP3 S$1265 deletion 288 6513 GTT . 6246 29,387
Transmembrane protein NSP6 L105 deletion 287 11,286 TGTCTGGTT . 11,016 29,387
Spike S 168 deletion_frameshift 287 21,767 CATG . 21,486 29,387
Spike S E484A SNP 284 23,013 A C 22,726 29,387
Spike S S477N SNP 283 22,992 G A 22,705 29,387
Spike S T478K SNP 283 22,995 C A 22,708 29,387
Spike S Q493R SNP 282 23,040 A G 22,753 29,387
Spike S Q498R SNP 281 23,055 A G 22,768 29,387
Spike S N501Y SNP 281 23,063 A T 22,776 29,387
Spike S G496S SNP 280 23,048 G A 22,761 29,387
Spike S Y505H SNP 277 23,075 T C 22,788 29,387
Membrane M D3G SNP 275 26,530 A G 26,243 29,387
Membrane M Q19E SNP 272 26,577 C G 26,290 29,387
Spike S S371L SNP 270 22,673 TC CT 22,386 29,387
Spike S S373P SNP 270 22,679 T C 22,392 29,387
Spike S G142 deletion 260 21,987  GTGTTTATT . 21,702 29,387
Spike S S375F SNP 260 22,686 C T 22,399 29,387
ORF7b protein ORF7b E3* SNP_stop 253 27,762 G T 27,687 29,752
Spike S 1210 insertion_frameshift 243 22,193 T 21,901 29,387
Spike S R214 insertion_frameshift 243 22,203 . A 21,916 29,387
Spike S R214R SNP_silent 243 22,204 T A 21,917 29,387
Nucleocapsid protein N E31 deletion 243 28,362 GAGAACGCA . 28,074 29,378
Spike S L212* SNP_stop 243 22,197 T G 22,118 29,749
Spike S N211K SNP 242 22,195 T G 21,903 29,387
Spike S L212C SNP 242 22,197 TA GC 21,905 29,387
Spike S S214 insertion 242 22,201 . AGC 21,910 29,387
Spike S V213 insertion_frameshift 242 22,202 . A 21,914 29,387
NA 3'UTR 28,271 extragenic 242 28,271 A T 27,984 29,378
Nucleocapsid protein N P13L SNP 241 28,311 C T 28,024 29,378
Spike S N764K SNP 234 23,854 C A 23,567 29,387
Spike S G446S SNP 203 22,898 G A 22,611 29,387
Spike S N440K SNP 199 22,882 T G 22,595 29,387
Spike S K417N SNP 183 22,813 G T 22,526 29,387
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