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Detailed descriptions of variants

Type I SL1 and NSP1 variants

In some bat sequences, the type I SL1 hairpin presents very minor variations (Figure 2), except importantly for a change in the TRS sequence in the SL3 hairpin to UUUAAAC from UCUAAAC (Figure S1). Although the number of mutations in the 5’UTR is small (Figure S1), the corresponding NSP1 variants display between 9 and 13 mutations compared to the other type I sequences (Figures S6). These variants have been observed only in bats up to now. At this stage, with the available sequences, it is not statistically relevant to attempt to correlate the types I depending on the bat species or the sample geographic location.

Type II SL1 and NSP1 variants

The type II variants are interesting (Figure 4 for SL1 and Figure S7 for NSP1). For the sequences isolated from human, the 5’UTR has one mutation but none in the NSP1 protein. However, the Guangdong Pangolin (Liu et al. 2020) and the R. shameli (Hul et al. 2021), also with a single mutation in the 5’UTR, present between six and seven NSP1 mutations with type III NSP1 (Figure S7). Thus, the pangolin sequence from Guangdong (EPI_ISL_410721) (Liu et al. 2019), which has a type II SL1, presents NSP1 sequence with variations departing strongly from the consensus NSP1 of type II. Interestingly, its NSP1 sequence is identical to that of MT121216 (or MP789) but for which, unfortunately, the 5’UTR is lacking (Liu et al. 2020) (Figure S12). In two sequences (BtKY72 and BM38-41), variations in NSP1 amount to 30 and 29 changes respectively, and several fall in identical new positions (Figure S12). For the Bt_KY72, a sequence from a bat captured in Kenya (Tao and Tong 2019), the 5’UTR belongs to type II. Unfortunately, the corresponding 5’UTR sequence for BM38-41, from a bat captured in Bulgaria (Drexler et al. 2010), is not available; by homology, one could suggest that it belongs to such a type II variant. The bat sequences RmYN02 and RpYN06 have two mutations in the 5’UTR and the NSP1 protein, which amounts to slightly less than for RaTG13. Interestingly, the sequences RmYN08 and RsYN04 (Zhou et al. 2021), although they have only about five mutations in the 5’UTR, present more than 22 changes in their NSP1 proteins. 

Further SL1 and NSP1 variants

Two unusual types of 5’UTR segments were noticed in the available sequences. The type IV variants (Figure S2 for the 5’UTR and Figure S12 for the corresponding NSP1) occur in sequences isolated only from pangolins (Lam et al. 2020) and the type V from either infected bats or humans (Figure S12). The type IV sequences are close to type II with the apical UCCC apical loop of SL1 surrounded by A residues. The consensus secondary structure is shown on Figure S2. The NSPS1 sequences are all very similar and they contain signatures attached to both types I and III with up to 16 point mutations compared to type III. These NSP1 sequences differ from those already observed in pangolins (Figures S6 and S12). 

The sequences observed in type V are surprising. They have been observed in infected humans as well as in bats. For those from humans, the NSP1 sequences are those normally attached to type III; while those from bats derive from type II (Figure S13). The bat sequences come from a single bat isolate (RacCS203) (Wacharapluesadee et al. 2021). The 5’UTR sequences are unusual because they fold as a long hairpin with a GGGA apical loop, which is the reverse complement of the usual UCCC tetraloop at the top of SL1. The reverse complementarity can be extended (in cyan in Figure S13), leading to the formation of a very long hairpin. Other sequences also show the complementarity, but they are shorter. In two human sequences the complementarity occurs only in the flanking regions. If such sequences do not reflect errors in sequence processing, they would indicate errors in the viral replication machinery. In any case, genomes with such 5’UTR sequences should be unable to be translated or replicated.

Comments about variants

Up to now, the 5’UTR type I sequences could be derived from infected civets, bats, or humans; type II mainly from bats (with five cases from humans, two cases from pangolins collected in Guangdong (Liu et al. 2019; Lam et al. 2020; Liu et al. 2020)); with type III sequences coming only from infected humans. The types I and III are, respectively, linked to SARS-CoV-1 and SARS-CoV-2, and the intermediate type II gathers sequences like RmYN02 (Zhou et al. 2020), RaTG13 (Zhou et al. 2021), ZXC21 (Hu et al. 2018), ZX45 (Hu et al. 2018), Rc-0319 (Murakami et al. 2020), with BM48-31 (Drexler et al. 2010) and BtKY72 (Tao and Tong 2019) well separated. The first sequences have been suggested as being the closest to the SARS-CoV-2 sequences. 

Concerning the NSP1 protein, two and three mutations separate, respectively, the RmYN02 and RaTG13 sequences from the type III NSP1 sequence. The recently identified PrC31 sequence from bats in Yunnan province (Li et al. 2021) has four mutations with the common type II sequence. The other bat sequences have more than six mutations in NSP1 with 30 and 29 mutations for BtKY72 and BM38-41, respectively. Interestingly, the Guandong pangolins have 6 mutations in NSP1. In contrast, the Guanxi pangolins, linked with type IV 5’UTR, have 15 mutations in their NSP1 sequences compared to type III (and 26 against type I sequences). A very recent publication (Zhou et al. 2021) reported retrospective genome data on four new bat genomes related to SARS-CoV-2 viruses. One of them, RpYN06, is a variant of type II (with two point-mutations from the type II sequence) with a NSP1 sequence that is separated by two mutations from SARS-CoV-2 type III NSP1. The two mutations occur at the same locations than those in RmYN02 discussed above. The other three sequences (RsYN04, RmYN05, RmYN08) present a hitherto unknown type II 5’UTR with NSP1 sequences departing by many mutations from type II NSP1 sequences. Those numbers of mutations between sequences are summarized in Table S1.

Supplementary Figure and Table legends

Figure S1: Selected sets of aligned variant sequences of the first 80 nucleotides of SARS-CoV-1 (type I) and SARS-CoV-2 (type III) genomes. Same annotations as in Figure 1. The nucleotides in bold vary.

Figure S2: Selected sets of aligned sequences of the first 80 nucleotides of SARS-CoV-2 (type IV) genomes isolated from Guangxi pangolins (Wacharapluesadee et al. 2021) compared to the standard Type III. Same annotations as in Figure 1. The consensus secondary structure of the Type IV SL1 hairpin is shown below. See Figure S10 for the NSP1 sequences.

Figure S3: Consensus sequences and secondary structures of SL1 for Types I to IV of the first 80 nucleotides of SARS beta coronaviruses. The Type IV sequences are 9 mutations away from Type III sequences (SARS-CoV-2) and the Type III sequences are 8 mutations away from Type I sequences (SARS-CoV-1). Please note that the secondary structure for Type II sequences refer to those derived from bats; for sequences derived from infected humans the SL1 hairpin is identical to that of Type III sequences (see main text and Figure 4 for details).

Figure S4: CLUSTAL-W alignment of the NSP1 protein sequences of various betacorona viruses. The 16 aligned identical residues are highlighted in cyan. The important residues Y/F157 and R/K175 are indicated by #. The residues highlighted in red are in contact with ribosomal elements (Schubert et al. 2020; Thoms et al. 2020).

Figure S5: Two Pymol views of the binding of NSP1 observed in cryo-EM maps. Left: Detailed view of the NSP1 binding to the small subunit with in green, ribosomal proteins and orange, ribosomal RNA both as backbones surrounding the entry site. The NSP1 sequence between E148 and G180 is shown in red and in cyan are shown residues 160NWNT, Y154, 157FQE, S166, T170, and M174. Data are from (Thoms et al. 2020). Right: View of the small subunit with h44 in cyan and the NSP1 sequence between E148 and G180 is shown in red. Data are from (Schubert et al. 2020).

Figure S6: Examples of sequences that are variants of Type I 5’UTR (SARS-CoV-1). The residues characteristic of Type I are shown in cyan and mutations observed are shown in red. The number of point mutations is indicated.

Figure S7: Examples of sequences that are variants of Type II 5’UTR (SARS-CoV-1). The residues characteristic of Type II are shown in green and of Type III in white on blue background, and mutations observed are shown in red. The number of point mutations is indicated. The last three bat sequences deviate by more than 22 mutations.

Figure S8: (A) Translation inhibition mediated by SARS-CoV-1 and SARS-CoV-2 NSP1 using a reporter mRNAs containing the -globin 5’UTR upstream of the Renilla coding sequence in RRL. (B) Viral evasion measured by translation of reporter mRNA containing the -globin 5’UTR or the SARS-CoV-1 5’UTR in the presence of increasing concentrations of SARS-CoV-1 NSP1. (C) Viral evasion measured by translation of reporter mRNA containing the -globin 5’UTR or the SARS-CoV-2 5’UTR in the presence of increasing concentrations of SARS-CoV-2 NSP1. The curves represent the average relative activities measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of each NSP1. The averages are obtained from three independent experiments. Standard deviations or translational activity for each transcript are shown and calculated from four independent experiments. ns: non-significant; *: 0,05 > p value > 0,01; **: 0,01 > p value > 0,001; ***: p value < 0,001; based on Student‘s t-test. 

Figure S9: Evasion to NSP1-mediated translation inhibition with NSP1 variants containing mutations in the N-terminal domain of NSP1.  
(A) Curves representing the average relative activities with SARS-CoV-2 SL1 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of wild type NSP1, 12 and P6L/F8V. (B) Curves representing the average relative activities with mut3 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of wild type NSP1, 12 and P6L/F8V. (C) Curves representing the average relative activities with SARS-CoV-1 SL1 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of wild type NSP1, 12 and P6L/F8V. The averages are obtained from four independent experiments. Standard deviations or translational activity for each transcript are shown four independent experiments. 

Figure S10: Viral evasion measured by translation of reporter mRNA containing the -globin 5’UTR or the SARS-CoV-2 5’UTR in the presence of increasing concentrations of SARS-CoV-1 NSP1, SARS-CoV-2 NSP1 and mutant SARS-CoV-2 NSP1 P6L F8V. The curves represent the average relative activities measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of each NSP1. The averages are obtained from three independent experiments. Standard deviations or translational activity for each transcript are shown and calculated from four independent experiments. ns: non-significant; *: 0,05 > p value > 0,01; **: 0,01 > p value > 0,001; ***: p value < 0,001; based on Student‘s t-test. 

Figure S11: Evasion to NSP1-mediated translation inhibition with NSP1 variants containing mutations in the N-terminal domain of NSP1.  
(A) Curves representing the average relative activities with SARS-CoV-2 SL1 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of mutant NSP1 R77L/T78S/A79T/P80N, R77L/T78S/A79T/P80N/V84K/M85V, E102I. (B) Curves representing the average relative activities with SARS-CoV-2 SL1 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of mutant NSP1 V84K/M85V, L92M/E93D, L92M/E93D/E102I. (C) Curves representing the average relative activities with mut3 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of mutant NSP1 R77L/T78S/A79T/P80N, R77L/T78S/A79T/P80N/V84K/M85V, E102I. (D) Curves representing the average relative activities with mut3 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of mutant NSP1 V84K/M85V, L92M/E93D, L92M/E93D/E102I. (E) Curves representing the average relative activities with SARS-CoV-1 SL1 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of mutant NSP1 R77L/T78S/A79T/P80N, R77L/T78S/A79T/P80N/V84K/M85V, E102I. (F) Curves representing the average relative activities with SARS-CoV-1 SL1 measured after translation in RRL in absence or in the presence of 0.1, 0.2, 0.3, 0.4 or 0.5 M of mutant NSP1 V84K/M85V, L92M/E93D, L92M/E93D/E102I. The averages are obtained from four independent experiments. Standard deviations or translational activity for each transcript are shown four independent experiments. 

Figure S12: Sequences of the NSP1 proteins of the Type IV pangolin infected coronavirus (Wacharapluesadee et al. 2021). The alignments show that these sequences (at least 16 mutations away from typical Type III sequences) contain conserved residues belonging to type I (cyan), to type II (green) and to type III (white on blue).

Figure S13: The special case of Type V 5’UTR sequences which can form long hairpins of various lengths (highlighted in cyan) with an apical loop (GGGA, complementary to the conserved UCCC tetraloop) in several cases. These long hairpins do not evade NSP1 inhibition of initiation (data not shown). Notice that while the human sequences display typical Type III NSP1 sequences, the bat sequences are 9 mutations away from the conserved Type III NSP1 sequence. Such nonfunctional 5’UTR could either result from errors in the sequencing data treatment or from errors of the RdRp during which the copied negative RNA strand is attached to a positive strand.

Table S1: Summary for some selected sequences of the number of mutations in the 5’UTR and NSP1 protein compared to values of whole genome similarities or the Spike protein, with in parentheses the RBD domain. Data of genome comparisons are from (Wacharapluesadee et al. 2021). The evolution patterns of the 5’UTR coupled with the NSP1 protein appear decorrelated from that of the Spike and especially the RBD domain, as shown by the sequences RpYN06 and RmYN02. However, above a threshold (around 10 total mutations in both 5’UTr and NSP1), the percentage similarities converge to lower values.
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VARIANTS TYPE I

TYPE I (SARS-CoV-1)
MESLVLGVNEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEAREHLKNGTCGLVELEKGVLPQLEQPYVF IKRSDALSTNHGHKVVELVAELDGIQYGRSGITLGVLVPHVGETPIAY
RNVLLRKNGNKGAGGHSFGIDLKSYDLGDELGTDPIEDYEQNWNTKHGSGVLRELTRELNGG

Zero to 2 mutations
KF367457.1 (WIV1)
MESLVIGINEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEARIHLKIGTCGLVEIEKGVLPQLEQPYVFIKRSDA-HGH-VELVAELlGIQYGRSG'I‘LGVLVPHVGETP.AY
RNVLLRKNGNKGAGGHSFGIDLKSYDLGDELGTDPIEDYEQNWNTKHGSGVLRELTRELNGG
DG022305 HKU3.1
MESLVLGVNEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEAREHLKNGTCGLVELEKGVLPQLEQPYVF IKRSDALSTNHGHKVVELVAELDGIOfGRSGITLGVLVPHVGETPIAY
RNVLLRKNGNKGAGGHSFGIDLKSYDLGDELGTDPIEDYEQNWNTKHGSGELRELTRELNGG

4 to 6 mutations
JX993987 Rp/Shaanxi2011 2012 Incomplete 5'UTR
MESLVLGVEEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEAREHLKNGTCGLVELEKGVLPQLEQPYVFIKRSDABSTNHGHKVVELVAELNGHOYGRSGETLGVLVPHVGETPIAY
RIVLLRKNGNKGAGGHSYG.DLKSIDLGDELGTDPIED-NWNTKHI(S;GVIRELTRELNGG
KJ473814 BtRs-BetaCoV/HuB2013 Incomplete 5'UTR
MESLVLGVNEKTHVQLSLPVLOVRDVLVRGFGDSVEEALUMEAREHLKNGTCGLVELEKGVLPQLEQPYVF TKRSDABSTNHGHRVVELVAELNGHOYGRSGHTLGVLVPHVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGDELGTDPIEDYEQNWNTKHGSGELRELTRELNGG
KJ473815 bat GX2013 2014
MESLVLGVEEKTHVQLSLPVLQVRDVLVRGFGDSVEEALEAREHLKNGTCGLVELEKGHLPQLEQPYVFIKRSDABSTNHGHKVEELVAELPGIQYGRSGITLGVLVPHVGETPIAY
RlVLLRKNGNKGAGGHSYGIDLKSIDLGDELGTDPIED-NWNTKHI(S;GVIRELTRELNGG

More than 9 mutations

RsYN03/07/09
MESLVLGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEALSEAREHLKECTCCEVELEKGVLPOLEQPYVF IKRSDABBIEHGEKVEELVAELECHoF GRS GliTL.GVLVPEVGETPIAY
RVLLRKNGNKGAGGHSYGIDLKSYDLGDELGTDPIEDYEQNWNTKHGSGELRELTRELNGG
KY938558 16B0133 2017
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALMEAREHLKNGTCGLVELEKGVLEOLEEPYVF IKRSEALSTlHGERVVELVAEfING ToficRsGlfiTT.cvL.VPEVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGDELNTDPIEDYEQKWNTKHGHCELRELERELNGG
KJ473811 BtRf-BetaCoV/JL2012 2017 5'UTR non-alignable
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALMEAREHLKNGTCGLVELEKGVLROLEEPYVF IKRSEALSTHGERVVELVAEfING ToficrRsGlfiTT.cvLvPEVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGDELNTDPIEDYEQRWNTKHGRGELRELERELNGG
KU182964 JTMC15 2016
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALMEAREHLKNGTCGLVELEKGVLEOLEEPYVF IKRSEALSTlHGERVVELVAEING ToficrRsGlfiTT.cvL.VPEVGETPIAY
RNVLILRKNGNKGAGGHSYGIDLKSYDL.GDELNTDPIEDYEORWNTKHGRGELREL TRELNGG
KJ473812 BtRf-BetaCoV/HeB2013
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALMEAREHLRNGTCGLVELEKGVLEOLEEPYvF IKRSEALSTliHGHRVVELVAEMNG T OficRSGlITL.GVILVPHVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGDELNTDPIEDYEQRWNTKHGHCELRELERELNGG
KJ473813 SX2013 2014 Incomplete 5'UTR
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALMEAREHLKNGTCGLVELEKGVLEOLEEPYVF IKRSEALSTlHGERVVELVAEING T oficrRsGlfiTT.GvL.VPEVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGDKLNTDPIEDYEQRWNTKHGRGELRELERELNGG
DQ412042 Rfl 2006
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALEAREHLKNGTCGLVELEKGVLEQLEEPYVF IKRSEALSTHHGHRVVELVAEENG T OfiGRSGETLGVLVPHVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGDELNTDPIEDYEQRWNTKHGHCELRELERELNGG
DQ412043 Rml 2006
MESLVLGVNEKTHVQLSLPVLQVSDVLVRGFGDTVEEALMEAREHLKNGTCGLVELEKGVLROLEEPYVF IKRSEALSTliHGERVVELVAEING ToficrRsGlfiTT.cvL.vPEVGETPIAY
RNVLLRKNGNKGAGGHSYGIDLKSYDLGVELGTDPIEDYEQNWNTKHGEGVLRELIRELNGG
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NC 045512 (Wuhan HU 1) Type III

MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEARGHLKDGTCGLVEVEKGVLPQLEQPYVF IKRSDARFAPHGHUMVELVAELEGIQYGRSGETLGVLVPHVGETPHAY
RRVLLRKNGNKGAGGHS¥GADLKSEDLGDELGTDPFEDEQENWNTKHESGVERELVRELNGG

VARIANTS TYPE II
EPI_ISL_1730489 1 mutations
MESLVBGENEKT HVQLSLPVLQVRDVLVRGFGDSVEEVLSEARIHLK&TCGLVEVEKGVLPQLEQPYVF IKRSDARFAPHGHUMVELVAELEGIQYGRSGETLGVLVPHVGE[fPiAY

REVLLRKNGNKGAGGHS¥GADLKSEDI.GDELGTDPHED EOBNWNTKHEYSGVERELIRELNGG

EPI_ISL_1699446 RpYNO6 2 mutations
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEARGHLKDGTCGLVEVEKGVLPQLEQPYVF IKRSDARTABHGHIMVELVAELDGIQYGRSGETLGVLVPHVGEfrfiay
REVLLRKNGNKGAGGHS¥GADLKSEDIL.GDELGTDPIEDEOENWNTKHESGVERELIRELNGG

EPI_ISL_412977 Bat RmYNO2 2 mutations
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEARGHLKDGTCGLVEVEKGVLPQLEQPYVF IKRSDARFAPHGHUMVELVAELDGIQYGRSGETLGVLVPHVGE[fpliAY
REVLLRKNGNKGAGGHS¥GADLKSEDL.GDELGTDPHEDEQENWNTKHESGVERELYRELNGG

MN996532 Bat RaTG1l3 3 mutations
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEARGHLKDGTCGLVEVEKGVLPQLEQPYVF IKRSDARTAPHGHMVELVAELHGIQYGRSGETLGVLVPYVGET Pl
REVLILRKNGNKGAGGHS¥GADLKSEDI.GDELGTDPREDEOBNWNTKHESGVERFLYRELNGG

MW703458 Bat PrcC31 4 mutations
MESLVBGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEALSEARBHLKBGTCGLVEVEKGVLPQLEQPYVF TKRSDARTAPHGHIMVEL VAELDGIQYGRSGETLGVLVPHVGETPAY
RKVLLRKNGNKGAGGHS¥GADLKSEDL.GDELGTDPHEDEQENWNTKHGSGVERELERELNGG

hCoV-19/Pangolin/Guangdong/1/2019 EPI_ISL 410721 6 mutations
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEEARSEARGHLKBGTCGLVEVEKGVLPQLEQPYVF IKRSDARFAPHGHVMVELVAELHGH0YGRSGETL.GVLVPEVGETPAY
REVLILRKNGNKGAGGHS¥GADLKSYDI.GDELGTDPIEDYOBNWNTKHGSGVIERELYRELNGG

MT121216 Pangolin MP789 (also called P1lL) 6 mutations
MESLVBGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEASEARGHLKBGTCGLVEVEKGVLPQLEQPYVF TKRSDARTAPHGHIMVEL VAELficlloverRsGBTLGVIL.VPHVGETPIAY
REVLLRKNGNKGAGGHS¥GADLKSYDL.GDELGTDPHEDYOENWNTKHGSGVERELIRELNGG

EPI_ISL_410544 Pangolin P2S 6? mutations
MESLVBGENEKTHVQLSLPVLQVRDVLXRGFGDSVEEAHSEXXBHLKBGTCCLVEVEKGVLPQLEQPYVF IKRSDARFAPHGXXXVELVAELHGH0YCRSGETL.GVLVPEVGETPAY
REVLLRKNGNKGAGGHS¥GADLKSYDL.GDELGTDPHEDYQENWNTKHGSGVERELYRELNGG

MG772934 Bat ZXC21 6 mutations
MESLVBGENEKTHVQLSLPVLQVEDVLVRGFGDSVEEALSEARGHLKDGTCGLVEVEKGVLPQLEQPYVF IKRSDARTARHGHIMVEL VAELDGIQYGRSGETLGVLVPHVGEfiPlAY
REVLLRKNGNKGAGGHS¥GADLKSFDLGDELGTDPIEDEOENWNTKHGSGVERELERELNGG

MG772933 Bat ZC45 7 mutations
MESLVBGENERTHEBL.SL.PVILOVRDVLVRGFGDSVEEALSEARGHLKBGTCGLVEVEKGVLPQLEQPYVF TKRSDARTAPHGHIMVEL VAELDGIQYGRSGETLGVLVPHVGEfPliAY
REVLLRKNGNKGAGGHS¥GADLKSEDL.GDELGTDPIEDEQENWNTKHGSGVERELERELNGG

EPI_ISL 852605 R. shameli 7 mutations
MESLVBGENERTHVQLXLPVLQVEDVLVRGFGDSVEEALMEARGHLKBGTCGLVEVEKGVLPQLEQPYVF IKRSDARTABHGEVMVELVAELDGIQYGRXGETLGVLVPHVGETRAY
RREVLLRKNGNKGAGGHX¥GADLKSHcT.eDELGTDPHEDEQENWNTKHGSGVERELERELNGG

EPI_ISL 852605 R. shameli 7 mutations
MESLVBGENEKTHVQLXLPVLQVEDVLVRGFGDSVEEALMEARGHLKBGTCGLVEVEKGVLPQLEQPYVF IKRSDARTABHGEVMVELVAELDG IQYGRXGETLGVLVPHVGETPAY
REVLLRKNGNKGAGGHX¥GADLKSHCL.GDELGTDPIEDEQENWNTKHGSGVERELERELNGG

RsYNO4 2021 22 mutations

MESLVIGINEKTHVQLSLPVLQVRDVLVRGFGDSVEGA#A%HLETSﬁHEVEKGVLPQLEQPIVFIKRSDA_HGH.VELVAEL.G'QYGRSGlI‘LGVLVPHVGEIPVAY
NENTKESEG

RKELLRKNGNKGAGGHSHGADLKSYDLGTDLVTDPHED LURELNGG

RmYNO8 2021 22 mutations
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEGALMEARGHLEDGTCGHBEVERGVLPOLEQPEVFliKRS DARBABHGHTMVEL VAELDGllQYGRSGETLGVLVPHVGEffPVAY
REEL1RKNGNKGAGGHSHGADLKSYDL.GTDLVTDPEEDEERNEN TR G LIRELNGG

P Ra7909 22 mutations

MESLVIGINEKTHVQLSLPVLQVRDVLVRGFGDSVilAﬁA%HLETSﬁEEVEKGVLPQLEQPIVFIKRSDA_HGH.VELVAEL.G'QYGRSGlI‘LGVLVPHVGEIPVAY
EDEEENENTREEGGVERN

REKELLRKNGNKGAGGHSHGADLKSYDLGTDLVTDP LURELNGG





image8.png
RLU

1.4

1.2

1.0

0.8 -

0.6 -

0.4 -

0.2 -

1.4 -

1.2

1.0

NSP1 translation inhibition by NSP1 (CoV1 and CoV2)

B-globin S’UTR
Renilla luciferase

me——

NSP1

B Wt NSP1 (CoV2)
B Wt NSP1 (CoV1)

0.8 1

RLU

0.6 1

0.4 1

0.2 1

0.2

04 05

NSP1 evasion in SARS-CoV-1 1.4- NSP1 evasion in SARS-CoV-2
Wt NSP1 (CoV1) 19 ex Wt NSP1 (CoV2)
Il bglo-mRNA B bglo-mRNA
B 5UTR-CoV1 o B 5UTR-CoV2

0.1

02 03 04 05
NSP1 (uM)

X¥¥

0.1

02 03 04 05
NSP1 (uM)




image9.png
RLU

RLU

RLU

1.4- SARS-CoV2 SL1
1.2- NSP1
B SARS-CoV2 Wt
1.0 B NSP1-A12
0l _ B P6L/F8V
0.6-
0.4-
0.2-
; | | | | —
0 0.1 0.2 0.3 0.4 0.5
1.4-
Mut 3
1.2- NSP1
B SARS-CoV2 Wt
1.0- B NSP1-A12
B P6L/F8V
08{- — — — — -
0.6- \
0.4-
0.2' Ca—
—
R LT T
O T T T T T
0 0.1 0.2 0.3 0.4 0.5
1.4- SARS-CoV1 SL1
1.2-
NSP1
1.0- B SARS-CoV2 Wt
B NSP1-A12
0-81- B P6L/F8V
0.6-
0.4-
0.2' B S
O T T T T T
0 0.1 0.2 0.3 0.4 0.5

NSP1 (uM)

NSP1 (uM)

NSP1 (uM)




image10.png
NSP1 evasion in SARS-CoV-1 with NSP1(CoV1) NSP1(CoV2) and mutant P6L/F8V(CoV2)

SARS-CoV-1 5'UTR

SL1
12aa Renilla luciferase
m7G I

1.4- NSP1

1.2- B Wit NSP1 (CoV2)

10 B WitNSP1 (CoV1)

=1 NSP1-P6L/F8V (CoV2)

5 0.84- —
-
Y

0.6 -

0.4 -

0.2-

O LS

o 01 02 03 04 05
NSP1 (uM)




image11.png
1.4- SARS-CoV2 SL1 1.4 - SARS-CoV2 SL1
1.24 B NSP1-R77L/T78S/A79T/PS8ON 1.2 NSP1-V84K/M85V
10- B NSP1-R77L/T78S/A79T/PSON 10. B NSP1-L92M/E93D
' V84K/M85V '
B NSP1-E102l " NSP1-L92M/E93D
_, 0.87- — — - L, 084 - E102l
- -
Y Y
0.6- 0.6 -
0.2- 0.2 e — I
O T T T ‘_{ O 1 T T T ‘3_
0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
NSP1 (uM) NSP1 (uM)
1.4 - Mut3 1.4- Mut3
192 B NSP1-R77L/T78S/A79T/PSON 19, NSP1-V84K/M85V
B NSP1-R77L/T78S/A79T/PSON B NSP1-L92M/E93D
1.0- V84K/M85V 1.0+
B NSP1-E102l "~ NSP1-L92M/E93D
E102l
-, 0.8- — —\— — _ 08{- — — — N — —
- -
Y Y
0.6- 0.6- ‘
0.4- 0.4 I
I
0.2- — 0.2 > "
0 : : : m_ 0 : : : : I‘-.I_
0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
NSP1 (uM) NSP1 (uM)
1.4 - 1.4-
SARS-CoV1 SL1 SARS-CoV1 SL1
19. B NSP1-R77L/T78S/A79T/PS8ON 1. NSP1-V84K/M85V
B NSP1-R77L/T78S/A79T/PSON B NSP1-L92M/E93D
1.0- V84K/M85V 1.0+
B NSP1-E102l "~ NSP1-L92M/E93D
E102l
-, 0.8- — - L, 08{- — — — — — -
— —
Y Y
0.6- 0.6-
0.4- i
0.2- ~ i
—
O | | | O 1 1 1 1 |_'|—
0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
NSP1 (uM) NSP1 (uM)




image12.png
VARIANTS

MT040335
MT040333
MT040334
MT072864
MT040336

MT324062

of TYPE IV (9 mutations)

GX-P5L  GCUUUAA CCAACCAACUCU! cuuG UUAAAA 2020
GX-P4L  GCUUUAA CCAACCAACUCU! CcuUG UUAAAA 2020
GX-P1E  GCUUUAA CCAACCAACUCU! CcuUG UUAAAA 2020
GX-P2V CCAACCAACUCU! CcuUG UUAAAA 2020
GX-P5E  GCUUUAACHUU-BERSRA~UCCC CCAACCAACUCU CUUG UUAAAA 2020

2020

Type IIT AUUAAAGGUDUANEEEE- -ucc - EEEHHA cBARSEEAACCAACUUUCEAUCTCUUGUAGAUCUGUUCUCUARACGAACUUUARAA

NC 045512 (Wuhan HU 1) Type III
MESLVBGENEKTHVOL SLPVLQVRDVLVRGFGDSVEEVLSEAR.HLKIGTCGLVEVEKGVLPQLEQPYVF TKRSDARTABHGHVMVELVAELEGTQYGRSGHTLGVLVPHVGETPRAY

REVLLRKNGNKGAGGHS¥GADLKSEDLGDELGTDP¥EDEQENWNTKH

SGVERELJRELNGG

Variants of TYPE IV (16 mutations)

MT040334 Pangolin GX-PlE
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEE LSEAR.HL‘GTCG EKGVLPQLEQPYVFIKRS DARFABHGHWMVEL VAELDGHQYGRSGETLGVLVPHVGETPHAY
HGSG

RRELLRKNGNKGAGGHSFGIDLKSYDLGDELGTDP WNTK

ELJRELNGG

MT040335 Pangolin PCoV_GX-P5L
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEE LSEARIHL1GTCG EKGVLPQLEQPYVFJKRSDARTAPHGHVMVELVAELDGHQYGRSGETLGVLVPHVGETPVAY
.g-N HGSG

RKELLRKNGNKGAGGHSFGIDLKSYDLGDELGTDP

WNTK ELURELNGG

MT0728.1 PCoV_GX_P2V
MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEE LSEAR.HL‘GTCG EKGVLPQLEQPYVFIKRS DARFAPHGHVMVEL VAELDGHQYGRSGETLGVLVPHVGETPUAY
HGSG

RKE1.LRKNGNKGAGGHSFGIDLKSYDLGDELGTDP WNTK

ELURELNGG
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VARIANTS TYPE V (palindromiques)
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MT461612
MT079844
MT079849
MT079845
MT079850

NC 045512 (Wuhan HU 1) Type III
MESLVBGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEVLSEARGHLKBGTCGLVEVEKGVLPQLEQPYVF IKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVLVPHVGETPHAY
RKVLLRKNGNKGAGGHS¥GEDI KSEDLGDEL GTDP¥EDEOENWNTKHS SGVERELTIRELNGG

Variants TYPE V (palindromiques)

MT079850 H.s.

MESLVBGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEVLSEARQHLKBGTCGLVEVEKGVLPQLEQPYVF IKRSDARTFABHGHUMVEL.VAELEGIQYGRSGETL.GVL.VPHVGEE PRIAY
RRVLLRKNGNKGAGGHS#GADL.KSEDLGDELGTDP¥EDEQENWNTKHS SGVERELURELNGG

MT079845 H.s.

MESLVBGENEKTHVQLSLPVLOVRDVLVRGFGDSVEEVLSEARGHLKBGTCGLVEVEKGVLPQLEQPYVF IKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVLVPHVGEEPVAY
RKVLLRKNGNKGAGGHS ¥GEDI KSEDLGDEL GTDP¥EDEQENWNTKHS SGVERELFIRELNGG

MW251308 RacCS203 Bats from type III 9 mutations
MESLVIGINEKTHVQLSLPVLQVRDVLVRGFGDSVEEWR‘HLKIGTCGLVEVEKGVLPQLEQPYVFIKRSDA-HGH-VELVAELIGIQYGRSG'I‘LGVLVPHVGE'P.AY
RRVLLRKNGNKGAGGHS¥GADLKSEDLGDELETDPYE WNTKHGSGVERELERELNGG

MW251311 RacCS264 Bats

MESLVBGENEKTHVQLSLPVLQVRDVLVRGFGDSVEERLBEARGHI KBGTCGLVEVEKGVLPQLEQPYVF IKRSDARTABHGHVMVELVAELEGIQYGRSGETLGVLVPEVGEEPIAY
RRVLLRKNGNKGAGGHS¥GEDI KSEDL.GDELErDr¥E WNTKHGSGVERELERELNGG

2021
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