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Abstract  32 

SARS-CoV-2 Spike amino acid replacements in the receptor binding domain (RBD) occur 33 

relatively frequently and some have a consequence for immune recognition. Here we report 34 

recurrent emergence and significant onward transmission of a six nucleotide deletion in the 35 

Spike gene, which results in loss of two amino acids: �H69/�V70. Of particular note this 36 

deletion often co-occurs with the receptor binding motif amino acid replacements N501Y, 37 

N439K and Y453F. In addition, we report a sub-lineage of over 350 sequences bearing seven 38 

spike mutations across the RBD (N501Y, A570D), S1 (�H69/V70) and S2 (P681H, T716I, 39 

S982A and D1118H) in England. Some of these mutations have possibly arisen as a result of 40 

the virus evolving from immune selection pressure in infected individuals. Enhanced 41 

surveillance for the �H69/�V70 deletion with and without RBD mutations should be 42 

considered as a priority.  43 

 44 

Background 45 

SARS-CoV-2’s Spike surface glycoprotein engagement of ACE2 is essential for virus entry and 46 

infection1, and the receptor is found in respiratory and gastrointestinal tracts2. Despite this 47 

critical interaction and related mutational constraints, it appears the RBD can tolerate 48 

mutations in this region3,4, raising the real possibility of virus escape from vaccines and 49 

monoclonal antibodies. Spike mutants exhibiting reduced susceptibility to monoclonal 50 

antibodies have been identified in in vitro screens5,6.  Some of these have been found in 51 

clinical isolates7. The unprecedented scale of whole genome SARS-CoV-2 sequencing has 52 

enabled identification and epidemiological analysis of transmission. As of December 11th, 53 

there were 246,534 SARS-CoV-2 sequences available in the GISAID initiative 54 

(https:gisaid.org/). 55 

 56 

We recently documented de novo emergence of antibody escape mediated by Spike in an 57 

individual treated with convalescent plasma (CP), on the background of D614G8. Similarly,  58 

deletions in the NTD have been reported to provide escape for N-Terminal Domain-specific 59 

neutralising antibodies11. Dynamic changes in prevalence of Spike variants �H69/�V70 (an 60 

out of frame deletion) and D796H variant followed repeated use of CP, and in vitro the 61 

mutant displayed reduced susceptibility to the CP and multiple other sera, whilst retaining 62 

infectivity comparable to wild type8. We hypothesised that Spike �H69/�V70 arises either 63 
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as a compensatory change and/or antibody evasion mechanism as suggested for other NTD 64 

deletions1, and therefore aimed to characterise specific circumstances around emergence of 65 

�H69/�V70 globally. Here we analysed the publicly available GISAID data for circulating 66 

SARS-CoV-2 sequences containing �H69/�V70.  67 

 68 

Results 69 

A deletion H69/V70 was present in over 3,000 sequences worldwide (2.5% of the available 70 

data) (Figure 1), and largely in Europe from where most of the sequences in GISAID are 71 

derived (Table 1). Many are from the UK and Denmark where sequencing rates are high 72 

compared to other countries. �H69/�V70 is observed in multiple different lineages, 73 

representing at least five independent acquisitions of the SARS-CoV-2 Spike �H69/�V70 74 

deletion (Figure 1). The earliest samples that include the �H69/�V70 were detected in 75 

Thailand and Germany in January and February 2020, respectively, and are independent 76 

deletion events. The prevalence has since increased in other countries since August 2020 77 

(Table 1). Further analysis of sequences revealed firstly that single deletions of either 69 or 78 

70 were uncommon and secondly that some lineages of �H69/�V70 alone were present, as 79 

well as �H69/�V70 in the context of other mutations in Spike, specifically those in the RBD 80 

(Figure 1).  81 

 82 

The structural impact of the double deletion was predicted by homology modelling of the 83 

spike NTD possessing �H69/�V70 using SWISS-MODEL. The �H69/�V70 deletion was 84 

predicted to alter the conformation of a protruding loop comprising residues 69-76, with 85 

the loop being predicted to be pulled in towards the NTD (Fig 2A). In the pre- and post-86 

deletion conformations, the positions of the alpha carbons of residues 67 and 68 are 87 

roughly equivalent whereas the position of Ser71 in the post-deletion structure is estimated 88 

to have moved by approximately 6.7Å to approximately occupy the position of His69 in the 89 

pre-deletion structure. Concurrently, the positions of Gly72, Thr73, Asn74 and Gly75 are 90 

predicted to have changed by 6.5Å, 6.5Å, 4.7Å and 1.9Å respectively, with the overall effect 91 

of drawing these residues inwards, resulting in a less dramatically protruding loop; the 92 

position of Thr76 in the post-deletion model is roughly equivalent to its position in the pre-93 

deletion structure.  94 

 95 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 15, 2020. ; https://doi.org/10.1101/2020.12.14.422555doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.14.422555
http://creativecommons.org/licenses/by/4.0/


We next examined the lineages where Spike mutations in the RBD were identified at high 96 

frequency, in particular co-occurring with N439K, an amino acid replacement recently 97 

reported to be expanding in Europe and detected across the world3 (Figure 3, 98 

Supplementary figure 1). N439K appears to have reduced susceptibility to a small subset of 99 

monoclonals targeting the RBD, whilst retaining affinity for ACE2 in vitro
3.  The proportion of 100 

viruses with �H69/�V70 only increased from August 2020 when it co-occurred with the 101 

second N439K lineage3 (Figure 3). As of November 26th, remarkably there were twice as 102 

many cumulative sequences with the deletion as compared to the single N439K (Figure 3). 103 

Due to their high sampling rates the country with the highest proportion of N439K+ 104 

�H69/�V70 versus N439K alone is England. The low levels of sequencing in most countries 105 

indicate N439K’s prevalence could be relatively high3. In Scotland, where early growth of 106 

N439K was high (forming N439K lineage i that subsequently went extinct with other 107 

lineages after the lockdown3), there is now an inverse relationship with 546 versus 177 108 

sequences for N439K and N439K+�H69/�V70respectively (as of November 26th). These 109 

differences therefore likely reflect differing epidemic growth characteristics and timings of 110 

the introductions the N439K variants with or without the deletion.  111 

 112 

The second significant cluster with �H69/�V70 and RBD mutants involves Y453F, another 113 

RBD mutation that increases binding affinity to ACE2, along with F486L and N501T related 114 

to human-mink transmissions in Denmark9 (Figure 4). This sub-lineage, termed ‘Cluster 5’ 115 

was part of a wider lineage in which the same deleted region (�H69/�V70) was observed. In 116 

Y453F lineages, the mutant virus demonstrates reduced susceptibility to sera from 117 

recovered COVID-19 patients (https://files.ssi.dk/Mink-cluster-5-short-report_AFO2). The 118 

�H69/�V70 was first detected in the Y453F background on August 24th and thus far appears 119 

limited to Danish sequences.  120 

 121 

A third lineage containing the same out of frame deletion �H69/�V70 has arisen with 122 

another RBD mutation N501Y (Figure 5, supplementary figure 2). Based on its location it 123 

might be expected to escape antibodies similar to COV2-24995. In addition, when SARS-CoV-124 

2 was passaged in mice for adaptation purposes, N501Y emerged and increased 125 

pathogenicity10. Early sequences with N501Y alone were isolated both in Brazil and USA in 126 

April 2020. N501Y + �H69/�V70sequences appear to have been detected first in the UK in 127 
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September 2020, with the crude cumulative number of N501Y + �H69/�V70 mutated 128 

sequences now exceeding the single mutant (Figure 5).  Of particular concern is a sub-129 

lineage of around 350 sequences (Figure 6) bearing six spike mutations across the RBD 130 

(N501Y, A570D) and S2 (P681H, T716I, S982A and D1118H) as well as the �H69/�V70 in 131 

England (Figure 7). This cluster has a very long branch (Figure 6).  132 

 133 

Discussion 134 

We have presented data demonstrating multiple, independent, and circulating lineages of 135 

SARS-CoV-2 variants bearing a Spike �H69/�V70. This deletion spanning six nucleotides, is 136 

mostly due to an out of frame deletion of six nucleotides, has frequently followed receptor 137 

binding amino acid replacements (N501Y, N439K and Y453F that have been shown to 138 

reduce binding with monoclonal antibodies) and its prevalence is rising in parts of Europe, 139 

with the greatest increases since August 2020. 140 

 141 

A recent analysis highlighted the potential for enhanced transmissibility of viruses with 142 

deletions in the N terminal domain, including �H69/�V7011. The potential for SARS-CoV-2 143 

mutations to rapidly emerge and fix is exemplified by D614G, an amino acid replacement in 144 

S2 that alters linkages between S1 and S2 subunits on adjacent protomers as well as RBD 145 

orientation, infectivity, and transmission12-14. The example of D614G also demonstrates that 146 

mechanisms directly impacting important biological processes can be indirect. Similarly, a 147 

number of possible mechanistic explanations may underlie �H69/�V70. For example, the 148 

fact that it sits on an exposed surface might be suggestive of immune interactions and 149 

escape, although allosteric interactions could alternatively lead to higher infectivity. 150 

 151 

The finding of a sub-lineage of over 350 sequences bearing seven spike mutations across the 152 

RBD (N501Y, A570D), S1 (�H69/�V70) and S2 (P681H, T716I, S982A and D1118H) in England 153 

requires careful monitoring. The detection of a high number of novel mutations suggests 154 

this lineage has either been introduced from a geographic region with very poor sampling or 155 

viral evolution may have occurred in a single individual in the context of a chronic infection8.   156 

 157 

Given the emergence of multiple clusters of variants carrying RBD mutations and the 158 

�H69/�V70 deletion, limitation of transmission takes on a renewed urgency. Concerted 159 
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global vaccination efforts with wide coverage should be accelerated. Continued emphasis 160 

on testing/tracing, social distancing and mask wearing are essential, with investment in 161 

other novel methods to limit transmission15. Detection of the deletion by rapid diagnostics 162 

should be a research priority as such tests could be used as a proxy for antibody escape 163 

mutations to inform surveillance at global scale. 164 

 165 
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 174 

Methods 175 

Phylogenetic Analysis 176 

All available full-genome SARS-CoV-2 sequences were downloaded from the GISAID 177 

database (http://gisaid.org/) 16 on 26th November. Duplicate and low-quality sequences 178 

(>5% N regions) were removed, leaving a dataset of 194,265 sequences with a length of 179 

>29,000bp. All sequences were realigned to the SARS-CoV-2 reference strain MN908947.3, 180 

using MAFFT v7.473 with automatic flavour selection and the --keeplength --addfragments 181 

options17. Major SARS-CoV-2 clade memberships were assigned to all sequences using the 182 

Nextclade server v0.9 (https://clades.nextstrain.org/).    183 

  184 

Maximum likelihood phylogenetic trees were produced using the above curated dataset 185 

using IQ-TREE v2.1.2 18. Evolutionary model selection for trees were inferred using 186 

ModelFinder 19 and trees were estimated using the GTR+F+I model with 1000 ultrafast 187 

bootstrap replicates20. All trees were visualised with Figtree v.1.4.4 188 

(http://tree.bio.ed.ac.uk/software/figtree/), rooted on the SARS-CoV-2 reference sequence 189 

and nodes arranged in descending order. Nodes with bootstraps values of <50 were 190 

collapsed using an in-house script. 191 
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 192 

Pseudotype virus preparation 193 

Viral vectors were prepared by transfection of 293T cells by using Fugene HD transfection 194 

reagent (Promega). 293T cells were transfected with a mixture of 11ul of Fugene HD, 1µg of 195 

pCDNAΔ19Spike-HA, 1ug of p8.91 HIV-1 gag-pol expression vector22,23, and 1.5µg of pCSFLW 196 

(expressing the firefly luciferase reporter gene with the HIV-1 packaging signal). Viral 197 

supernatant was collected at 48 and 72h after transfection, filtered through 0.45um filter 198 

and stored at -80˚C as previously described24. Infectivity was measured by luciferase 199 

detection in target TZMBL transduced to express TMPRSS2 and ACE2. 200 

 201 

Normalisation of virus titre by SG-PERT to measure RT activity in lentivirus preparation 202 

Supernatant was subjected to SG-PERT as previously described.25 203 

 204 

Homology modelling 205 

Prediction of conformational change in the spike N-terminal assessed by homology 206 

modelling of the NTD (residues 14-306) predicted by homology modelling using SWISS-207 

MODEL26 with template chain A of PDB 7C2L27 and aligned with 7C2L using PyMOL. Figures 208 

prepared with PyMOL (Schrödinger) using PDBs 7C2L, 6ZGE28 and 6ZGG28. 209 

 210 
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Figure 1. Global spike-only phylogeny of SARS-CoV-2 sequences carrying the Spike ΔH69/V70
deletion. All sequences carrying the double-deletion were downloaded from the GISAID database and
aligned to the Wuhan-Hu-1 reference strain using MAFFT. A series of global background sequences
were also downloaded and used to place mutants into context. All duplicate sequences were removed.
The inferred phylogeny suggests that there are multiple lineages of sequences carrying the ΔH69/V70,
by itself (red), as well as with RDB mutations N501Y (dark blue), N453F (cyan) and Y439K (green).
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69_70Spike|hCoV-19/CotedIvoire/BKE0201/2020|2020-06-16|EPI_ISL_614361|Original|hCoV-19__Boauk_u00e9|Human|Molecular_diagnostic

Spike|hCoV-19/Guangdong/DG-S41-P0056/2020|2020-02-28|EPI_ISL_413896|Original|hCoV-19__Guangdong|Human|Guangdong_Provincial

439K_69_70Spike|hCoV-19/Czech_Republic/NRL_8997/2020|2020-09-16|EPI_ISL_626584|Original|hCoV-19__Prague|Human|The

69_70Spike|hCoV-19/England/SHEF-C88C0/2020|2020-04-27|EPI_ISL_475410|Original|hCoV-19__England|Human|Virology_Department|COVID-19

439K_Spike|hCoV-19/Scotland/CVR1679/2020|2020-04-06|EPI_ISL_448124|Original|hCoV-19__Scotland|Human|West_of

Spike|hCoV-19/Panama/335406/2020|2020-04-02|EPI_ISL_496812|Original|hCoV-19__Colon|Human|Gorgas_Memorial

Spike|hCoV-19/DRC/16145/2020|2020-06-01|EPI_ISL_591085|Original|hCoV-19__Kinshasa|Human|Viral_Respiratory

Spike|hCoV-19/Iceland/523/2020|2020-03-25|EPI_ISL_424544|Original|hCoV-19__Reykjavik|Human|deCODE_genetics|deCODE

Spike|hCoV-19/India/DL-NCDC7549-CSIR-IGIB/2020|2020-05-27|EPI_ISL_482640|Original|hCoV-19__Delhi|Human|National_Centre

Spike|hCoV-19/DRC/2369/2020|2020-04-14|EPI_ISL_437195|Original|hCoV-19__Kinshasa|Human|Viral_Respiratory

439K_Spike|hCoV-19/England/QEUH-9F48FF/2020|2020-09-25|EPI_ISL_588327|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Canada/MB-NML-1101/2020|2020-08-03|EPI_ISL_582446|Original|hCoV-19__Manitoba|Human|Cadham_Provincial

69_70Spike|hCoV-19/Scotland/QEUH-A1F6B7/2020|2020-10-01|EPI_ISL_599028|Original|hCoV-19__Scotland|Human|Lighthouse_Lab

501Y_69_70Spike|hCoV-19/England/MILK-ACCBAB/2020|2020-10-21|EPI_ISL_634338|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/Switzerland/BS-42419052/2020|2020-08-31|EPI_ISL_581998|Original|hCoV-19__Basel-Stadt|Human|University_Hospital

Spike|hCoV-19/India/GJ-GBRC10/2020|2020-04-24|EPI_ISL_437438|Original|hCoV-19__Gujarat|Human|Department_of

69_70Spike|hCoV-19/England/CAMC-9EBF32/2020|2020-09-23|EPI_ISL_584432|Original|hCoV-19__England|Human|Queens_Medical

Spike|hCoV-19/France/PAC-MEPHI-2133/2020|2020-09-28|EPI_ISL_644383|Original|hCoV-19__Provence-Alpes-Cote-d_u2019Azur|Human|MEPHI|MEPHI|Levasseur|France

Spike|hCoV-19/USA/WY-WYPHL-00055/2020|2020-03-24|EPI_ISL_462947|Original|hCoV-19__Wyoming|Human|Wyoming_Public

Spike|hCoV-19/South_Korea/CNUHV03-CA22/2020|2020-05-20|EPI_ISL_591070|Vero|hCoV-19__South

69_70Spike|hCoV-19/England/NORW-F171C/2020|2020-10-20|EPI_ISL_626702|Original|hCoV-19__England|Human|Quadram_Institute

Spike|hCoV-19/Iceland/278/2020|2020-03-17|EPI_ISL_417606|Original|hCoV-19__Reykjavik|Human|The_National

439K_69_70Spike|hCoV-19/England/SHEF-CED34/2020|2020-09-25|EPI_ISL_572618|Original|hCoV-19__England|Human|Virology_Department|COVID-19

439K_69_70Spike|hCoV-19/Wales/PHWC-4894F0/2020|2020-10-30|EPI_ISL_638129|Original|hCoV-19__Wales|Human|Wales_Specialist

439K_69_70Spike|hCoV-19/England/LIVE-1E080D/2020|2020-10-07|EPI_ISL_612021|Original|hCoV-19__England|Human|Liverpool_Clinical

501Y_69_70Spike|hCoV-19/England/CAMC-B21D16/2020|2020-11-02|EPI_ISL_646085|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Israel/2089698/2020|2020-04-01|EPI_ISL_447368|Original|hCoV-19__Jerusalem_District|Human|Clinical

Spike|hCoV-19/CotedIvoire/BKE0016/2020|2020-05-29|EPI_ISL_614349|Original|hCoV-19__Boauk_u00e9|Human|Molecular_diagnostic

Spike|hCoV-19/Canada/AB-Z0002/2020|2020-07-15|EPI_ISL_515466|Original|hCoV-19__Alberta|Human|Discovery_DNA|Discovery

Spike|hCoV-19/Sweden/20-07012/2020|2020-04-06|EPI_ISL_475538|Original|hCoV-19__Vastra_Gotaland|Human|Omtanken

Spike|hCoV-19/Ukraine/203100358/2020|2020-05-07|EPI_ISL_512637|Original|hCoV-19__Ukraine|Human|National_Laboratory

Spike|hCoV-19/Egypt/MASRI-011/2020|2020-05-05|EPI_ISL_482762|Original|hCoV-19__Egypt|Human|Medical_Ain

Spike|hCoV-19/Norway/1443/2020|2020-02-27|EPI_ISL_417490|Original|hCoV-19__Oslo|Human|Oslo_University

Spike|hCoV-19/India/WB-S65/2020|2020-05-24|EPI_ISL_508455|Original|hCoV-19__West_Bengal|Human|ICMR-National

439K_69_70Spike|hCoV-19/England/204191900/2020|2020-10-10|EPI_ISL_603191|Original|hCoV-19__England|Human|Respiratory_Virus
439K_69_70Spike|hCoV-19/England/204191907/2020|2020-10-09|EPI_ISL_603192|Original|hCoV-19__England|Human|Respiratory_Virus

Spike|hCoV-19/Canada/BC_20425011/2020|2020-03-00|EPI_ISL_462773|Original|hCoV-19__British_Columbia|Human|BCCDC
Spike|hCoV-19/Lithuania/MR-LUHS-Eilnr40/2020|2020-04-07|EPI_ISL_541857|Original|hCoV-19__Marijampoles_apskritis|Human|Lithuanian

Spike|hCoV-19/env/Belgium/VWV-92949-I/2020|2020-04-02|EPI_ISL_549009|Original|hCoV-19__West_Flanders|Environment|KWR

Spike|hCoV-19/Ecuador/2343/2020|2020-03-16|EPI_ISL_574292|Original|hCoV-19__Guayaquil|Human|Instituto_Nacional

Spike|hCoV-19/Mexico/DUR-InDRE-09/2020|2020-03-11|EPI_ISL_455432|Original|hCoV-19__Durango|Human|Instituto_de

Spike|hCoV-19/Luxembourg/LNS2209136/2020|2020-04-12|EPI_ISL_434497|Original|hCoV-19__Luxembourg|Human|Laboratoire_National

501Y_69_70Spike|hCoV-19/England/CAMC-B36534/2020|2020-11-05|EPI_ISL_645233|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Serbia/Kraljevo-00152307/2020|2020-07-22|EPI_ISL_644569|Original|hCoV-19__Kraljevo|Human|Veterinary_Specialized

439K_Spike|hCoV-19/England/QEUH-A36A72/2020|2020-10-05|EPI_ISL_638691|Original|hCoV-19__England|Human|Wales_Specialist

Spike|hCoV-19/CotedIvoire/BKE0992/2020|2020-09-09|EPI_ISL_614394|Original|hCoV-19__Boauk_u00e9|Human|Molecular_diagnostic

Spike|hCoV-19/Netherlands/NB-EMC-312/2020|2020-10-01|EPI_ISL_632665|Original|hCoV-19__Noord_Brabant|Human|Dutch

Spike|hCoV-19/Wales/PHWC-485272/2020|2020-10-26|EPI_ISL_627167|Original|hCoV-19__Wales|Human|Wales_Specialist

Spike|hCoV-19/Northern_Ireland/NIRE-FC7D5/2020|2020-04-20|EPI_ISL_459342|Original|hCoV-19__Northern

Spike|hCoV-19/Netherlands/ZH-EMC-767/2020|2020-10-08|EPI_ISL_632603|Original|hCoV-19__Zuid_Holland|Human|Dutch

Spike|hCoV-19/DRC/10902/2020|2020-05-23|EPI_ISL_527490|Original|hCoV-19__Kinshasa|Human|Viral_Respiratory

439K_69_70Spike|hCoV-19/England/QEUH-B1198E/2020|2020-11-02|EPI_ISL_642237|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_Spike|hCoV-19/Denmark/DCGC-6372/2020|2020-09-28|EPI_ISL_622320|Original|hCoV-19__Hovedstaden|Human|Department_of

439K_69_70Spike|hCoV-19/Northern_Ireland/QEUH-96DA73/2020|2020-08-20|EPI_ISL_530769|Original|hCoV-19__Northern

Spike|hCoV-19/France/ARA-12759/2020|2020-03-23|EPI_ISL_420615|Original|hCoV-19__Auvergne-Rh_u00f4ne-Alpes|Human|Institut_des

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-73/2020|2020-09-24|EPI_ISL_641465|unknown|hCoV-19__Denmark|Neovison_vison|Department

439K_Spike|hCoV-19/Wales/PHWC-47FAA0/2020|2020-10-07|EPI_ISL_612767|Original|hCoV-19__Wales|Human|Wales_Specialist

439K_69_70Spike|hCoV-19/England/MILK-B01F16/2020|2020-10-24|EPI_ISL_642837|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/Wales/PHWC-48938A/2020|2020-11-02|EPI_ISL_638125|Original|hCoV-19__Wales|Human|Wales_Specialist

Spike|hCoV-19/Peru/LIM-INS-172/2020|2020-03-18|EPI_ISL_536565|Original|hCoV-19__Lima|Human|Instituto_Nacional

439K_69_70Spike|hCoV-19/Switzerland/BS-42376604/2020|2020-08-01|EPI_ISL_581933|Original|hCoV-19__Basel-Stadt|Human|University_Hospital

439K_69_70Spike|hCoV-19/England/SHEF-C45DC/2020|2020-10-19|EPI_ISL_611520|Original|hCoV-19__England|Human|Virology_Department|COVID-19

69_70Spike|hCoV-19/England/MILK-9EF4F3/2020|2020-09-25|EPI_ISL_589603|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Denmark/DCGC-8259/2020|2020-10-26|EPI_ISL_617285|Original|hCoV-19__Hovedstaden|Human|Department_of

Spike|hCoV-19/Egypt/CUNCI-HGC5I029/2020|2020-06-02|EPI_ISL_479734|Original|hCoV-19__Egypt|Human|Egyptian_National

69_70Spike|hCoV-19/Thailand/NIH-15/2020|2020-01-05|EPI_ISL_434692|Original|hCoV-19__Nonthaburi|Human|Bamrasnaradura_hospital|National

Spike|hCoV-19/Israel/2086034/2020|2020-04-01|EPI_ISL_447376|Original|hCoV-19__Jerusalem_District|Human|Clinical

Spike|hCoV-19/Canada/ON-PHL-20-01762/2020|2020-07-00|EPI_ISL_636915|Original|hCoV-19__Ontario|Human|Public_Health

Spike|hCoV-19/South_Korea/A2/2020|2020-03-08|EPI_ISL_485001|Original|hCoV-19__Seoul|Human|University

439K_Spike|hCoV-19/Scotland/CVR2382/2020|2020-04-14|EPI_ISL_477922|Original|hCoV-19__Scotland|Human|West_of

Spike|hCoV-19/Netherlands/Zeeland_18/2020|2020-04-03|EPI_ISL_461256|Original|hCoV-19__Zeeland|Human|Dutch_COVID-19

69_70Spike|hCoV-19/Wales/PHWC-47D556/2020|2020-10-05|EPI_ISL_586159|Original|hCoV-19__Wales|Human|Wales_Specialist

Spike|hCoV-19/Brazil/SP-358/2020|2020-06-23|EPI_ISL_547576|Original|hCoV-19__Sao_Paulo|Human|Secretaria

Spike|hCoV-19/France/PAC-MEPHI-1839/2020|2020-08-25|EPI_ISL_644447|Original|hCoV-19__Provence-Alpes-Cote-d_u2019Azur|Human|MEPHI|MEPHI|Levasseur|France

439K_69_70Spike|hCoV-19/Denmark/DCGC-8722/2020|2020-10-26|EPI_ISL_625796|Original|hCoV-19__Hovedstaden|Human|Department_of

439K_69_70Spike|hCoV-19/Czech_Republic/NRL_9179-1/2020|2020-09-19|EPI_ISL_626571|Original|hCoV-19__Central

Spike|hCoV-19/Denmark/DCGC-8668/2020|2020-10-26|EPI_ISL_625716|Original|hCoV-19__Hovedstaden|Human|Department_of

69_70Spike|hCoV-19/Turkey/Pen07/2020|2020-03-17|EPI_ISL_491476|Vero_P10|hCoV-19__Sakarya|Human|BSL3
Spike|hCoV-19/Northern_Ireland/QEUH-969E20/2020|2020-08-14|EPI_ISL_530941|Original|hCoV-19__Northern
Spike|hCoV-19/Denmark/DCGC-8609/2020|2020-10-26|EPI_ISL_625984|Original|hCoV-19__Nordjylland|Human|Department_of

Spike|hCoV-19/Singapore/809/2020|2020-07-08|EPI_ISL_516809|Original|hCoV-19__Singapore|Human|National_Public

Spike|hCoV-19/Netherlands/NoordBrabant_97/2020|2020-03-19|EPI_ISL_422891|Original|hCoV-19__Noord_Brabant|Human|Dutch

Spike|hCoV-19/Panama/334396/2020|2020-03-30|EPI_ISL_496777|Original|hCoV-19__Panama_Center|Human|Gorgas

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-62/2020|2020-09-22|EPI_ISL_641454|unknown|hCoV-19__Denmark|Neovison_vison|Department

Spike|hCoV-19/Ecuador/USFQ-109/2020|2020-07-01|EPI_ISL_486844|Original|hCoV-19__Chimborazo|Human|Institute_of

Spike|hCoV-19/Beijing/SX011F/2020|2020-02-00|EPI_ISL_637083|Vero|hCoV-19__Beijing|Human|WHO_WPRO

Spike|hCoV-19/Iceland/33/2020|2020-03-03|EPI_ISL_417702|Original|hCoV-19__Reykjavik|Human|The_National

Spike|hCoV-19/USA/AZ-TG273310/2020|2020-04-01|EPI_ISL_426566|Original|hCoV-19__Arizona|Human|AZ_SPHL|TGen

69_70Spike|hCoV-19/England/QEUH-9FFBCE/2020|2020-10-02|EPI_ISL_600341|Original|hCoV-19__England|Human|Lighthouse_Lab

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-66/2020|2020-09-22|EPI_ISL_641458|unknown|hCoV-19__Denmark|Neovison_vison|Department

439K_69_70Spike|hCoV-19/Faroe_Islands/HFS-122/2020|2020-09-19|EPI_ISL_614300|Original|hCoV-19__Faroe

Spike|hCoV-19/Canada/QC_AE6/2020|2020-04-06|EPI_ISL_463906|Original|hCoV-19__Quebec|Human|Laboratoire_de

439K_Spike|hCoV-19/England/QEUH-943466/2020|2020-07-26|EPI_ISL_532543|Original|hCoV-19__England|Human|Lighthouse_Lab
439K_Spike|hCoV-19/Denmark/DCGC-8584/2020|2020-10-26|EPI_ISL_625951|Original|hCoV-19__Midtjylland|Human|Department_of

Spike|hCoV-19/Latvia/107/2020|2020-08-05|EPI_ISL_515194|Original|hCoV-19__Latvia|Human|E._Gulbja

439K_69_70Spike|hCoV-19/Switzerland/BS-42378851/2020|2020-08-03|EPI_ISL_581935|Original|hCoV-19__Basel-Stadt|Human|University_Hospital

439K_69_70Spike|hCoV-19/England/PORT-2D459B/2020|2020-09-09|EPI_ISL_577217|Original|hCoV-19__England|Human|Centre_for

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-57/2020|2020-09-22|EPI_ISL_641449|unknown|hCoV-19__Denmark|Neovison_vison|Department

Spike|hCoV-19/Norway/2596/2020|2020-05-12|EPI_ISL_481207|Original|hCoV-19__Norway|Human|Ostfold_Hospital

Spike|hCoV-19/India/HR-IGIB-1130052/2020|2020-06-00|EPI_ISL_641328|Original|hCoV-19__Haryana|Human|Devki_Devi

Spike|hCoV-19/Thailand/Bangkok-CONI-0167/2020|2020-03-26|EPI_ISL_498260|Original|hCoV-19__Bangkok|Human|Hospital_for

439K_69_70Spike|hCoV-19/Scotland/QEUH-A9AE61/2020|2020-10-20|EPI_ISL_625384|Original|hCoV-19__Scotland|Human|Lighthouse_Lab

Spike|hCoV-19/Czech_Republic/NRL-7944/2020|2020-07-28|EPI_ISL_545957|Original|hCoV-19__Olomouc

Spike|hCoV-19/Equatorial_Guinea/9516/2020|2020-05-20|EPI_ISL_648355|Original|hCoV-19__Bioko

69_70Spike|hCoV-19/Slovenia/874/2020|2020-03-07|EPI_ISL_635202|Vero_5d/4p|hCoV-19__Slovenia|Human|Institute

Spike|hCoV-19/Turkey/GLAB-CoV157/2020|2020-05-02|EPI_ISL_480255|Original|hCoV-19__Istanbul|Human|Genomic_Laboratory

Spike|hCoV-19/Uruguay/UY-667/2020|2020-05-25|EPI_ISL_480341|Original|hCoV-19__Rivera|Human|Microbial_Genomics

439K_69_70Spike|hCoV-19/Scotland/QEUH-AADCAD/2020|2020-10-22|EPI_ISL_624176|Original|hCoV-19__Scotland|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/England/PORT-2D4513/2020|2020-09-09|EPI_ISL_577215|Original|hCoV-19__England|Human|Centre_for

69_70Spike|hCoV-19/mink/Denmark/mDK-56/2020|2020-09-17|EPI_ISL_641448|unknown|hCoV-19__Denmark|Neovison_vison|Department

501Y_69_70Spike|hCoV-19/England/CAMC-B22A4B/2020|2020-11-02|EPI_ISL_647190|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/Czech_Republic/NRL_9179-5/2020|2020-09-20|EPI_ISL_626573|Original|hCoV-19__Prague|Human|The

Spike|hCoV-19/Netherlands/UT-EMC-130/2020|2020-10-23|EPI_ISL_632392|Original|hCoV-19__Utrecht|Human|Dutch_COVID-19

439K_Spike|hCoV-19/Switzerland/BL-ETHZ-270140/2020|2020-08-28|EPI_ISL_541451|Original|hCoV-19__Basel-Landschaft|Human|Viollier_AG|Department

439K_Spike|hCoV-19/England/QEUH-9B7D62/2020|2020-09-04|EPI_ISL_590628|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/England/CAMC-B21578/2020|2020-11-02|EPI_ISL_647565|Original|hCoV-19__England|Human|Lighthouse_Lab

69_70Spike|hCoV-19/England/CAMC-9BFE67/2020|2020-09-09|EPI_ISL_572952|Original|hCoV-19__England|Human|Oxford_Viromics|COVID-19

439K_69_70Spike|hCoV-19/England/MILK-B063AC/2020|2020-10-24|EPI_ISL_643027|Original|hCoV-19__England|Human|Lighthouse_Lab

453F_69_70Spike|hCoV-19/Denmark/DCGC-6595/2020|2020-10-12|EPI_ISL_619643|Original|hCoV-19__Nordjylland|Human|Department_of

Spike|hCoV-19/Scotland/CVR106/2020|2020-03-13|EPI_ISL_425652|Original|hCoV-19__Scotland|Human|West_of

439K_Spike|hCoV-19/Denmark/DCGC-6886/2020|2020-10-12|EPI_ISL_619731|Original|hCoV-19__Hovedstaden|Human|Department_of

439K_69_70Spike|hCoV-19/Wales/MILK-A56265/2020|2020-10-09|EPI_ISL_595144|Original|hCoV-19__Wales|Human|Quadram_Institute

439K_Spike|hCoV-19/Scotland/QEUH-9903C7/2020|2020-08-26|EPI_ISL_568295|Original|hCoV-19__Scotland|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/England/PORT-2D44DA/2020|2020-09-07|EPI_ISL_577213|Original|hCoV-19__England|Human|Centre_for

Spike|hCoV-19/Portugal/PT1304/2020|2020-03-17|EPI_ISL_511263|Original|hCoV-19__Portugal|Human|Instituto_Nacional

439K_69_70Spike|hCoV-19/England/NORW-F15E5/2020|2020-10-19|EPI_ISL_627213|Original|hCoV-19__England|Human|Quadram_Institute

69_70Spike|hCoV-19/Australia/VIC1606/2020|2020-05-12|EPI_ISL_456517|Original|hCoV-19__Victoria|Human|Victorian_Infectious

439K_Spike|hCoV-19/Scotland/CVR4699/2020|2020-09-21|EPI_ISL_611710|Original|hCoV-19__Scotland|Human|West_of

Spike|hCoV-19/env/Wuhan/IVDC-HBF13/2020|2020-01-01|EPI_ISL_408511|Original|hCoV-19__Hubei|Environment|Institute_of

501Y_69_70Spike|hCoV-19/England/MILK-B01F43/2020|2020-10-23|EPI_ISL_643020|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/New_Zealand/20VR2072/2020|2020-04-07|EPI_ISL_456359|Original|hCoV-19__Canterbury|Human|Canterbury

Spike|hCoV-19/New_Zealand/20VR3852/2020|2020-00-00|EPI_ISL_548142|Original|hCoV-19__Auckland|Human|LabPLUS|Institute

439K_69_70Spike|hCoV-19/England/MILK-B0258C/2020|2020-10-24|EPI_ISL_643043|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/Scotland/QEUH-AAE574/2020|2020-10-22|EPI_ISL_624010|Original|hCoV-19__Scotland|Human|Lighthouse_Lab

Spike|hCoV-19/India/UT-58384-CSIR-IGIB/2020|2020-08-03|EPI_ISL_636782|Original|hCoV-19__Uttarakhand|Human|National_Centre

Spike|hCoV-19/Singapore/446/2020|2020-04-15|EPI_ISL_475977|Original|hCoV-19__Singapore|Human|National_Public

Spike|hCoV-19/Latvia/062/2020|2020-07-07|EPI_ISL_492997|Original|hCoV-19__Latvia|Human|E._Gulbja

439K_69_70Spike|hCoV-19/Czech_Republic/NRL_9179-4/2020|2020-09-20|EPI_ISL_626572|Original|hCoV-19__Prague|Human|The

Spike|hCoV-19/India/TG-CDFD-N3674/2020|2020-05-13|EPI_ISL_528612|Original|hCoV-19__Telangana|Human|National_Genomics

69_70Spike|hCoV-19/CotedIvoire/BKE0256/2020|2020-06-19|EPI_ISL_614367|Original|hCoV-19__Boauk_u00e9|Human|Molecular_diagnostic

Spike|hCoV-19/Finland/6A959SIIC/2020|2020-04-06|EPI_ISL_481711|Original|hCoV-19__Uusimaa|Human|Department_of

Spike|hCoV-19/Brazil/RJ-1966/2020|2020-04-13|EPI_ISL_456097|Original|hCoV-19__Rio_de

Spike|hCoV-19/South_Africa/LR00043/2020|2020-07-06|EPI_ISL_515170|Original|hCoV-19__GP|Human|National

Spike|hCoV-19/Gibraltar/204641755/2020|2020-00-00|EPI_ISL_637223|Original|hCoV-19__Gibraltar|Human|Microbiology|Respiratory_Virus

453F_69_70Spike|hCoV-19/Denmark/DCGC-8900/2020|2020-10-26|EPI_ISL_625722|Original|hCoV-19__Nordjylland|Human|Department_of

Spike|hCoV-19/England/SHEF-D277B/2020|2020-04-28|EPI_ISL_475504|Original|hCoV-19__England|Human|Virology_Department|COVID-19

439K_Spike|hCoV-19/Wales/PHWC-47DD4F/2020|2020-10-12|EPI_ISL_595357|Original|hCoV-19__Wales|Human|Originating_lab|COVID-19

453F_Spike|hCoV-19/Denmark/DCGC-1996/2020|2020-07-20|EPI_ISL_618297|Original|hCoV-19__Nordjylland|Human|Department_of

Spike|hCoV-19/France/BRE-BR9056/2020|2020-08-15|EPI_ISL_613546|Original|hCoV-19__Bretagne|Human|CHRU_Pontchaillou

439K_Spike|hCoV-19/Scotland/GCVR-1714FE/2020|2020-03-29|EPI_ISL_489622|Original|hCoV-19__Scotland|Human|NHSGGC_West

439K_Spike|hCoV-19/Scotland/CVR2705/2020|2020-04-18|EPI_ISL_484647|Original|hCoV-19__Scotland|Human|West_of

69_70Spike|hCoV-19/England/MILK-A7A09E/2020|2020-10-15|EPI_ISL_606692|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Austria/CeMM0090/2020|2020-03-25|EPI_ISL_437953|Original|hCoV-19__Innsbruck|Human|Universitaetsklinik_f_u00fcr

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-12/2020|2020-10-21|EPI_ISL_641406|unknown|hCoV-19__Denmark|Neovison_vison|Department

Spike|hCoV-19/USA/CA-ALSR-0681-IPL/2020|2020-05-16|EPI_ISL_483298|Original|hCoV-19__California|Human|UC_San

453F_69_70Spike|hCoV-19/Denmark/DCGC-8789/2020|2020-10-26|EPI_ISL_625725|Original|hCoV-19__Sjaelland|Human|Department_of

Spike|hCoV-19/Netherlands/NB-RIVM-10299/2020|2020-10-21|EPI_ISL_636551|Original|hCoV-19__NoordBrabant|Human|Dutch_COVID-19

69_70Spike|hCoV-19/England/QEUH-A49B97/2020|2020-10-04|EPI_ISL_595963|Original|hCoV-19__England|Human|Quadram_Institute

Spike|hCoV-19/Canada/BC_26060645/2020|2020-04-00|EPI_ISL_477038|Original|hCoV-19__British_Columbia|Human|BCCDC

Spike|hCoV-19/India/MP-NCDC-4877/2020|2020-04-20|EPI_ISL_436461|Original|hCoV-19__Madhya_Pradesh|Human|National

439K_69_70Spike|hCoV-19/Wales/MILK-A47EDC/2020|2020-10-06|EPI_ISL_609280|Original|hCoV-19__Wales|Human|Lighthouse_Lab

Spike|hCoV-19/Singapore/546/2020|2020-05-27|EPI_ISL_482693|Original|hCoV-19__Singapore|Human|Singapore_General

439K_69_70Spike|hCoV-19/Germany/NW-HHU-88/2020|2020-08-17|EPI_ISL_539604|Original|hCoV-19__North_Rhine-Westphalia|Human|ZOTZ

Spike|hCoV-19/Italy/ABR-IZSGC-TE10002/2020|2020-04-01|EPI_ISL_528990|Original|hCoV-19__Abruzzo|Human|Ospedale_Civile

Spike|hCoV-19/Austria/CeMM0372/2020|2020-03-26|EPI_ISL_475817|Original|hCoV-19__Mayrhofen|Human|Institut_f_u00fcr

Spike|hCoV-19/Austria/CeMM0072/2020|2020-03-11|EPI_ISL_583560|Original|hCoV-19__Ischgl|Human|Universitaetsklinik_f_u00fcr
Spike|hCoV-19/Hungary/MH-975/2020|2020-04-20|EPI_ISL_526231|Original|hCoV-19__Pest_county|Human|Hungarian

Spike|hCoV-19/Hong_Kong/HKU-200723-085/2020|2020-06-24|EPI_ISL_497852|Original|hCoV-19__Hong

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-9/2020|2020-10-29|EPI_ISL_641403|unknown|hCoV-19__Denmark|Neovison_vison|Department

Spike|hCoV-19/Hungary/MH-1106/2020|2020-04-21|EPI_ISL_526238|Original|hCoV-19__Pest_county|Human|Hungarian

Spike|hCoV-19/Brazil/SP-L16-CD384/2020|2020-04-02|EPI_ISL_476293|Original|hCoV-19__Sao_Paulo|Human|DB

Spike|hCoV-19/Belgium/ULG-10610/2020|2020-09-02|EPI_ISL_626245|Original|hCoV-19__Li_u00e8ge|Human|Department_of

Spike|hCoV-19/Bangladesh/DNAS-isl-75/2020|2020-05-24|EPI_ISL_605911|Original|hCoV-19__Bangladesh|Human|NGS_Lab|NGS

439K_Spike|hCoV-19/England/MILK-AC91CA/2020|2020-10-22|EPI_ISL_629728|Original|hCoV-19__England|Human|Lighthouse_Lab

69_70Spike|hCoV-19/Turkey/BUU434/2020|2020-06-24|EPI_ISL_510533|Original|hCoV-19__Bursa|Human|Faculty_of

439K_69_70Spike|hCoV-19/Faroe_Islands/HFS-132/2020|2020-09-21|EPI_ISL_614303|Original|hCoV-19__Faroe

Spike|hCoV-19/Puerto_Rico/CDC-S4/2020|2020-03-23|EPI_ISL_434544|Original|hCoV-19__Puerto

501Y_Spike|hCoV-19/Wales/PHWC-486921/2020|2020-10-28|EPI_ISL_639091|Original|hCoV-19__Wales|Human|Wales_Specialist

Spike|hCoV-19/Hong_Kong/VM20002450/2020|2020-02-09|EPI_ISL_426387|Original|hCoV-19__Hong

Spike|hCoV-19/India/UN-A349/2020|2020-00-00|EPI_ISL_497766|Original|hCoV-19__India|Human|CSIR-CDRI/SGPGI|CSIR-CDRi/SGPGI|Rajender_Singh|India

439K_Spike|hCoV-19/Australia/WA383/2020|2020-10-12|EPI_ISL_605859|Original|hCoV-19__Western_Australia|Human|PathWest

Spike|hCoV-19/Luxembourg/LNS6264620/2020|2020-03-31|EPI_ISL_429731|Original|hCoV-19__Luxembourg|Human|Laboratoire_National

Spike|hCoV-19/Iran/K1r-4/2020|2020-03-22|EPI_ISL_568483|Original|hCoV-19__Iran|Human|Virology|Virology|Mohammad_Mehdi

439K_69_70Spike|hCoV-19/Switzerland/AG-42412432/2020|2020-08-26|EPI_ISL_581987|Original|hCoV-19__Aargau|Human|University_Hospital

69_70Spike|hCoV-19/South_Africa/N00042/2020|2020-08-12|EPI_ISL_622981|Original|hCoV-19__EC|Human|National

Spike|hCoV-19/Italy/ABR-IZSGC-TE4891/2020|2020-03-17|EPI_ISL_528920|Original|hCoV-19__Abruzzo|Human|Presidio_Ospedaliero

69_70Spike|hCoV-19/England/PORT-2D4540/2020|2020-09-10|EPI_ISL_577216|Original|hCoV-19__England|Human|Centre_for

Spike|hCoV-19/Italy/VEN-IZSVe-12666/2020|2020-06-11|EPI_ISL_636465|Original|hCoV-19__Veneto|Human|ULSS6_Euganea|Istituto

Spike|hCoV-19/Ghana/84279_S42/2020|2020-05-25|EPI_ISL_515108|Original|hCoV-19__Ghana|Human|Department_of

Spike|hCoV-19/Australia/WA73/2020|2020-07-07|EPI_ISL_512726|Original|hCoV-19__Western_Australia|Human|PathWest

69_70Spike|hCoV-19/England/MILK-A7ADE2/2020|2020-10-16|EPI_ISL_606879|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/England/CAMC-B0AB19/2020|2020-10-30|EPI_ISL_643363|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Beijing/DT-travelES04/2020|2020-03-19|EPI_ISL_452346|Original|hCoV-19__Beijing|Human|Laboratory_of

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-122/2020|2020-10-07|EPI_ISL_641501|unknown|hCoV-19__Denmark|Neovison_vison|Department

Spike|hCoV-19/Switzerland/ZH-ETHZ-321527/2020|2020-10-15|EPI_ISL_603736|Original|hCoV-19__Zurich|Human|Viollier_AG|Department

Spike|hCoV-19/Bangladesh/G-184/2020|2020-06-07|EPI_ISL_600515|Original|hCoV-19__Chattogram|Human|Institute_of

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-41/2020|2020-09-29|EPI_ISL_641434|unknown|hCoV-19__Denmark|Neovison_vison|Department

501Y_69_70Spike|hCoV-19/England/CAMC-B1FCD2/2020|2020-11-02|EPI_ISL_647773|Original|hCoV-19__England|Human|Lighthouse_Lab

69_70Spike|hCoV-19/Taiwan/CGMH-CGU-22/2020|2020-03-18|EPI_ISL_444275|Vero_E6|hCoV-19__Taoyuan|Human|Laboratory

Spike|hCoV-19/France/GES-8524/2020|2020-04-23|EPI_ISL_560586|Original|hCoV-19__Grand-Est|Human|Hopital|National_Reference

439K_69_70Spike|hCoV-19/Faroe_Islands/HFS-98/2020|2020-09-30|EPI_ISL_614316|Original|hCoV-19__Faroe

Spike|hCoV-19/Gibraltar/204641738/2020|2020-00-00|EPI_ISL_637208|Original|hCoV-19__Gibraltar|Human|Microbiology|Respiratory_Virus

69_70Spike|hCoV-19/England/NORW-EFF73/2020|2020-10-09|EPI_ISL_595165|Original|hCoV-19__England|Human|Quadram_Institute

501Y_69_70Spike|hCoV-19/England/MILK-AB799A/2020|2020-10-21|EPI_ISL_644092|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Kenya/C2579/2020|2020-04-25|EPI_ISL_457882|Original|hCoV-19__Kenya|Human|KEMRI-CGMR-C|KEMRI-Wellcome_Trust

439K_69_70Spike|hCoV-19/England/QEUH-B2CA50/2020|2020-11-02|EPI_ISL_646644|Original|hCoV-19__England|Human|Lighthouse_Lab

439K_69_70Spike|hCoV-19/England/CAMC-B35E49/2020|2020-11-05|EPI_ISL_645492|Original|hCoV-19__England|Human|Lighthouse_Lab

Spike|hCoV-19/Portugal/R1237/2020|2020-06-12|EPI_ISL_491271|Original|hCoV-19__Portugal|Human|Instituto_Gulbenkian

69_70Spike|hCoV-19/England/QEUH-A027C3/2020|2020-09-29|EPI_ISL_595841|Original|hCoV-19__England|Human|Quadram_Institute

Spike|hCoV-19/env/Netherlands/UT-92503-N/2020|2020-03-25|EPI_ISL_539305|Original|hCoV-19__Utrecht|Environment|KWR_Watercycle

Spike|hCoV-19/Kenya/C2041/2020|2020-04-23|EPI_ISL_457869|Original|hCoV-19__Kenya|Human|KEMRI-CGMR-C|KEMRI-Wellcome_Trust

Spike|hCoV-19/Scotland/QEUH-A9EFF1/2020|2020-10-20|EPI_ISL_625359|Original|hCoV-19__Scotland|Human|Lighthouse_Lab

69_70Spike|hCoV-19/Wales/PHWC-16C39F/2020|2020-09-23|EPI_ISL_572469|Original|hCoV-19__Wales|Human|Wales_Specialist

69_70Spike|hCoV-19/Germany/BAV-PL-virotum-nacq/2020|2020-02-15|EPI_ISL_582134|unknown|hCoV-19__Bavaria|Human|Protzer_Lab|Protzer

439K_69_70Spike|hCoV-19/Denmark/DCGC-8546/2020|2020-10-26|EPI_ISL_625774|Original|hCoV-19__Sjaelland|Human|Department_of

Spike|hCoV-19/Austria/CeMM0926/2020|2020-03-18|EPI_ISL_583778|Original|hCoV-19__Austria|Human|Dr._Gernot

Spike|hCoV-19/Iran/K1r-108/2020|2020-03-20|EPI_ISL_568491|Original|hCoV-19__Iran|Human|Virology|Virology|Mohammad_Mehdi

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-33/2020|2020-09-25|EPI_ISL_641426|unknown|hCoV-19__Denmark|Neovison_vison|Department

Spike|hCoV-19/Germany/BY-MVP-0073/2020|2020-03-28|EPI_ISL_437269|Original|hCoV-19__Bavaria|Human|Max_von

Spike|hCoV-19/Iran/K1r-7/2020|2020-03-00|EPI_ISL_596379|Original|hCoV-19__Iran|Human|Virology|Virology|Ranjbar|Iran

439K_Spike|hCoV-19/England/MILK-A796E8/2020|2020-10-14|EPI_ISL_606777|Original|hCoV-19__England|Human|Lighthouse_Lab

69_70Spike|hCoV-19/England/NORT-283A23/2020|2020-00-00|EPI_ISL_478515|Original|hCoV-19__England|Human|Northumbria_University

Spike|hCoV-19/Bahrain/340861258/2020|2020-10-14|EPI_ISL_632260|Original|hCoV-19__Bahrain|Human|Communicable_Disease

Spike|hCoV-19/South_Africa/LR00016/2020|2020-07-03|EPI_ISL_515146|Original|hCoV-19__GP|Human|National

Spike|hCoV-19/Brazil/SP-L5-CAMPI106/2020|2020-04-28|EPI_ISL_476411|Original|hCoV-19__Sao_Paulo|Human|Laborat_u00f3rio

Spike|hCoV-19/New_Zealand/20CV0127/2020|2020-08-20|EPI_ISL_548013|Original|hCoV-19__Combined

Spike|hCoV-19/Kenya/C6507/2020|2020-05-15|EPI_ISL_568802|Original|hCoV-19__Kwale|Human|KEMRI-Wellcome_Trust

Spike|hCoV-19/Switzerland/ZH-ETHZ-310441/2020|2020-10-08|EPI_ISL_603514|Original|hCoV-19__Zurich|Human|Viollier_AG|Department

Spike|hCoV-19/Israel/701002792/2020|2020-03-29|EPI_ISL_447281|Original|hCoV-19__South_Coast

Spike|hCoV-19/Germany/BY-MGZ-02/2020|2020-04-21|EPI_ISL_490206|Original|hCoV-19__Bavaria|Human|M_u00fcnchen_Klinik

439K_69_70Spike|hCoV-19/Wales/PHWC-48942D/2020|2020-10-25|EPI_ISL_638127|Original|hCoV-19__Wales|Human|Wales_Specialist

Spike|hCoV-19/Netherlands/Gelderland_86/2020|2020-05-19|EPI_ISL_460985|Original|hCoV-19__Gelderland|Human|Dutch_COVID-19

69_70Spike|hCoV-19/Wales/PHWC-482020/2020|2020-10-20|EPI_ISL_612156|Original|hCoV-19__Wales|Human|Wales_Specialist

Spike|hCoV-19/Spain/VC-IBV-98004310/2020|2020-03-24|EPI_ISL_538648|Original|hCoV-19__Comunitat_Valenciana|Human|Servicio

Spike|hCoV-19/Gibraltar/204462915/2020|2020-10-29|EPI_ISL_632813|Original|hCoV-19__Gibraltar|Human|Microbiology|Respiratory_Virus

Spike|hCoV-19/Equatorial_Guinea/29422/2020|2020-07-02|EPI_ISL_648373|Original|hCoV-19__Litoral|Human|Laboratorio

NC_045512.2

Spike|hCoV-19/India/UT-IMT-BY60/2020|2020-08-24|EPI_ISL_547584|Original|hCoV-19__Uttarakhand|Human|CMS|CSIR-Institute_of

69_70Spike|hCoV-19/England/NORW-EF957/2020|2020-09-24|EPI_ISL_572785|Original|hCoV-19__England|Human|Quadram_Institute

439K_69_70Spike|hCoV-19/Denmark/DCGC-8694/2020|2020-10-26|EPI_ISL_625794|Original|hCoV-19__Hovedstaden|Human|Department_of

Spike|hCoV-19/England/SHEF-D1EFF/2020|2020-09-11|EPI_ISL_559943|Original|hCoV-19__England|Human|Virology_Department|COVID-19

Spike|hCoV-19/Netherlands/NH-EMC-90/2020|2020-10-14|EPI_ISL_632350|Original|hCoV-19__Noord_Holland|Human|Dutch

69_70Spike|hCoV-19/CotedIvoire/BKE0257/2020|2020-06-19|EPI_ISL_614368|Original|hCoV-19__Boauk_u00e9|Human|Molecular_diagnostic

439K_69_70Spike|hCoV-19/England/LIVE-1E06C7/2020|2020-10-07|EPI_ISL_611995|Original|hCoV-19__England|Human|Liverpool_Clinical

Spike|hCoV-19/Belgium/ULG-10658/2020|2020-10-26|EPI_ISL_636635|Original|hCoV-19__Li_u00e8ge|Human|Department_of

439K_Spike|hCoV-19/Scotland/CVR5009/2020|2020-10-08|EPI_ISL_594748|Original|hCoV-19__Scotland|Human|West_of

Spike|hCoV-19/Wales/QEUH-AD1781/2020|2020-10-24|EPI_ISL_634752|Original|hCoV-19__Wales|Human|Lighthouse_Lab

Spike|hCoV-19/United_Arab

453F_69_70Spike|hCoV-19/mink/Denmark/mDK-42/2020|2020-09-29|EPI_ISL_641435|unknown|hCoV-19__Denmark|Neovison_vison|Department
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Australia 1 1 1 2 5
Burkina 

Faso 1 1 2

Canada 1 1
Cote 

d’Ivoire 5 5

Czech 
Republic 12 53 65

Denmark 1 53 281 611 3 949
England 3 2 184 253 572 449 1465

Faroe 
Islands 9 9

France 1 9 10
Germany 1 1 3 5

Italy 3 3
Malaysia 1 1 2

Netherlands 9 9
New 

Zealand 1 1

Northern 
Ireland 20 1 1 22

Norway 1 1
Saudi Arabia 1 1

Scotland 25 68 83 2 178
Slovenia 4 4

South Africa 1 1
Sweden 1 1 1 3

Switzerland 9 9
Taiwan 1 1

Thailand 1 1
Turkey 2 2

USA 1 1 2
Wales 14 101 174 20 309

Grand Total 1 1 13 7 1 7 3 308 742 1506 474 3065
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) Denmark 28 109 212 4 353
Faroe 

Islands 3 3

Turkey 1 1
United 

Kingdom 2 6 6 14

Grand Total 1 30 118 218 4 371

Table 1. Number of reported SARS-CoV-2 sequences with the 𝚫H69/V70 deletion. All sequences
containing the 𝚫H69/V70 deletion were extracted from the GISAID database (Accessed 26th Nov
2020) and tabulated according to both reporting country of origin and date in which they were
posted online. The lineages carrying 𝚫H69/V70 began to expand in both Denmark and England in
August 2020.
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Figure 2. Structural aspects of ΔH69/V70 A) Prediction of conformational change in the spike N-terminal domain due to
deletion of residues His69 and Val70. The pre-deletion structure is shown in cyan, except for residues 69 and 70, which are
shown in red. The predicted post-deletion structure is shown in green. Residues 66-77 of the pre-deletion structure are shown
in stick representation and coloured by atom (carbon in cyan, nitrogen in blue, oxygen in coral). Yellow lines connect aligned
residues 66-77 of the pre- and post-deletion structures and the distance of 6.5 Å between aligned alpha carbons of Thr73 in
the pre- and post-deletion conformation is labelled. B) Surface representation of spike homotrimer in closed conformation
(PDB: 6ZGE, Wrobel et al., 2020) homotrimer viewed in a ‘top-down’ view along the trimer axis with each monomer in shown
in different shades of grey and locations of RBD mutations at residues 439, 453 and 501 highlighted in red. C) Spike in open
conformation with a single erect RBD (PDB: 6ZGG, Wrobel et al. 2020) in trimer axis vertical view with the locations of deleted
residues His69 and Val70 in the N-terminal domain and RBD mutations highlighted as red spheres and labelled on the
monomer with erect RBD. Residues 71-75, which form the exposed loop undergoing conformational change in A, are omitted
from this structure.
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Figure 3. The relative increase in frequency of sequences bearing Spike mutants 439K and 501Y based
on sampling dates. Between August and October 2020, an exponential increase in mutants carrying
both 439K and 𝚫H69/V70 saw the latter become dominant in terms of cumulative cases.
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Figure 4. Maximum likelihood phylogeny of all Mink-origin SARS-CoV-2 Spike sequences. All 753
publicly available Mink origin Spike sequences were downloaded from the GISAID database
(accessed 12th December) and aligned to the Wuhan-Hu-1 reference sequence using MAFFT.
Acquisition of the Spike mutant Y453F, an exposed region in the RBD, occurred early on in Dutch
Mink (green circles). Later in infection, 453F was acquired by Danish Mink (red) and subsequently,
those with the 453F mutant also acquired the 𝚫H69/V70 double deletion (purple).
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Figure 5. The relative increase in frequency of sequences bearing Spike mutant 501Y based on
sampling dates. Between October and November 2020, the sequences carrying both 501Y and the
𝚫H69/V70 also became dominant.
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Figure 6: Lineage bearing multiple Spike mutations including 𝚫H69/V70: Global maximum likelihood
phylogeny of all 𝚫H69/V70 sequences downloaded from the GISAID database (3066 sequences,
accessed 26th November 2020). A distinct sub-lineage of 𝚫H69/V70 sequences (red) developed with six
linked S mutations, two of which are in the RBD (N501Y and A570D) and four others in S2 (P681H,
T716I, S982A and D1118H). All five mutations occur together in all cases with the deletion.

2.0E-4

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted December 15, 2020. ; https://doi.org/10.1101/2020.12.14.422555doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.14.422555
http://creativecommons.org/licenses/by/4.0/


Figure 7. Spike residues in a highly mutated circulating strain with 𝚫H69/V70. Spike
homotrimer in open conformation with one upright RBD (PDB: 6ZGE, Wrobel et al., 2020)
with different monomers shown in shades of grey. To the left, surface representation
overlaid with ribbon representation and to the right, opaque surface representation
accentuating the locations of surface-exposed residues. The deleted residues 69 and 70 and
the residues involved in amino acid substitutions (501, 570, 716, 982 and 1118) are
coloured red. The location of an exposed loop including residue 681 is absent from the
structure, though the residues either side of the unmodelled residues, 676 and 689, are
coloured orange. On the left structure, highlighted residues are labelled on the monomer
with an upright RBD; on the right structure, all visible highlighted residues are labelled.
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Supplementary Figure 1. Circularised maximum likelihood phylogeny of global sequences carrying
Spike mutant 439K. All sequences in the GISAID database containing S:439K (3820 sequences, 26th
November 2020) were realigned to Wuhan-Hu-1 using MAFFT. Viruses carrying the Spike double
deletion 𝚫H69/V70 (red) emerged and expanded from viruses with S:439K (black).
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Supplementary Figure 2. Circularised maximum likelihood phylogeny of global sequences carrying
Spike mutant 501Y. All sequences in the GISAID database containing S:501Y were downloaded and
realigned to Wuhan-Hu-1 using MAFFT. Sequences were broadly split into four major clades; sequences
carrying the Spike double deletion 𝚫H69/V70 (red) formed an entirely separate clade from non-carriers.
Sequences carrying 501Y but an absence of 𝚫H69/V70 formed a second lineage and appeared to expand
only in Wales (green). Another major clade (blue) was limited entirely to Australia and finally a fourth
clade (black) was limited to several African countries and Brazil.
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