
Supplemental Figure 1 – Sequence alignment of 3a from Betacoronavirus Sarbecovirus 
(a) Alignment of fifteen 3a protein sequences colored by conservation in a ramp from white (not
conserved) to dark blue (highly conserved). Accession numbers are indicated. Sequences were selected
to maximize diversity among annotated Sarbecovirus 3a proteins. Secondary structure for SARS-CoV-2 is
drawn above the sequence with unmodeled sequence drawn as dashed lines. (b) Neighbor-joining tree
calculated from the alignment in (a).
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Q L A L SKG I HF I CN L L L L F V T VYSH L L L VAAG L EAPF L Y L YA L VY F LQS I NF VR I I MR LWL CWKCRSKNP
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Q L A L YKG I Q L VCN L L L L F V T I Y SH L L L L AAGMETQF L Y I Y AV I Y I LQVVSF CR L I MRCWL CWKCKSRNP
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L L YDANYF L CWHT NCYDYC I P YNS I T SS I V I T SGDGT PSP I T DHDYQ I GGYT EKWESGVKDCVT L HGYF
L L YDANYF VCWHT HNYDYC I P YNSVT DT I V V T EGDG I S T PK L KEDYQ I GGYSEDRHSGVKDYVVVHGYF
L L YEANYF VCWHT HNYDYC I P YNSVT DT I V V T EGDG I S T PK L KEDYQ I GGYSEDRHSGVKDYVVVHGYF
L L YDANYF VCWHT NCYDYC I P YNSVT DT I V L T SSDGT NVPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
L L YDANYF VCWHT NCF DYC I P YNS I T DT I V L T SGDGT TQPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
L L YDANYF VCWHT NNYDYC I P YNGVT DT VV I T SGDG I NEPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
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L L YDANYF VCWHT YNYDYC I P YNSVT DT I V V T SGDG I S T PE L KEDYQ I GGYSEDWHSGVKDYVVVHGYF
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Q L A L SKGVHF VCN L L L L F L T VYSH L L L L AGG L EAT F L F L YA L AYC LQT VNF VR I I MRFWL CWKCRSKNP
QF A L SKGVHF ACN L L L L F V T VYSH L L L VAAG L EAQF L Y L YA L VY F LQSVNACR I I MR LWL CWKCRSKNP
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L L YDANYF VCWHT NNYDYC I P YNGVT DT VV I T SGDG I NEPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
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L L YDANYF VCWHT YNYDYC I P YNSVT DT I V V T SGDG I S T PE L KEDYQ I GGYSEDWHSGVKDYVVVHGYF
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Q L A L SKGVHF VCN L L L L F V T VYSH L L L VAAG L EAPF L Y L YA L VY F LQS I NF VR I I MR LWL CWKCRSKNP
Q L A L SKG I HF I CN L L L L F V T VYSH L L L VAAG L EAPF L Y L YA L VY F LQS I NF VR I I MR LWL CWKCRSKNP
Q L A L SKGVHF VCN L L L L F L T VYSH L L L VAGG L EAT F L F L YA L AYC LQT VNF VR I I MRFWL CWKCRSKNP
Q L A L SKGVHF VCN L L L L F L T VYSH L L L L AGG L EAT F L F L YA L AYC LQT VNF VR I I MRFWL CWKCRSKNP
QF A L SKGVHF ACN L L L L F V T VYSH L L L VAAG L EAQF L Y L YA L VY F LQSVNACR I I MR LWL CWKCRSKNP
Q L A L YKGFQF I CN L L L L F V T I Y SH L L L VAAGMEAQF L Y L YA L I Y F LQC I NACR I I MRCWL CWKCKSKNP
Q L A L YKGFQF I SN L L L L F V T I Y SH L L L VAAGMEAQF L Y L YA L I Y F LQC I NAGR I I MRCWL CWKCKSKNP
Q L A L YKGFQF I CN L L L L F V T I Y SH L L L VAAGMEAQF L Y L YA L I Y F LQC I NACR I I MRCWL CWKCRSKNP
Q L A L HKG I Q L VCN L L L L F V T I Y SH L L L L AAGMEAQF L Y I Y A L I Y I LQ I V S F CRF I MRCWL CWKCRSKNP
Q L A L YKGVQF VCN L L L L F V T I Y SH L L L L AAGMEVQF L Y I Y A L I Y I LQ I V S F CRF VMRCWL CWKCRSKNP
Q L A L YKG I Q L VCN L L L L F V T I Y SH L L L L AAGMETQF L Y I Y AV I Y I LQVVSF CR L I MRCWL CWKCKSRNP
Q L A L YKG I Q L VCN L L L L F V T I Y SHF L L L AAG I E VQF L Y I Y A L I Y I LQ I L S F CRF VMRCWL CWKCKSKNP
Q L A L NKGFQ L VCN L L L L F V T I Y SHF L L L AAG I E VQF L Y I Y A L I Y I LQT L S F CRF I MRCWL CWKCKSKNP
QRC L YQSFQ L L CNV L L I A L T VYSH L L L VAAG L EAPF L Y L L A L I Y F LQCVVFGR L L VRCWL CWKCKSKNP
QRC L YQSFQ L VCS L L VGF L T VYVH L L L AAAG L EAPF L Y L L A L I Y F LQCVVFGRF L L RCWL CWKCKSKNP
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L L YDANYF L CWHT NCYDYC I P YNSVT SS I V I T CGDGT T NP I S EDDYQ I GGYT EKWESGVKDCVV L HSYF
L L YDANYF L CWHT NCYDYC I P YNS I T SS I V I T SGDGT PSP I T DHDYQ I GGYT EKWESGVKDCVT L HGYF
L L YDANYF VCWHT HNYDYC I P YNSVT DT I V V T EGDG I S T PK L KEDYQ I GGYSEDRHSGVKDYVVVHGYF
L L YEANYF VCWHT HNYDYC I P YNSVT DT I V V T EGDG I S T PK L KEDYQ I GGYSEDRHSGVKDYVVVHGYF
L L YDANYF VCWHT NCYDYC I P YNSVT DT I V L T SSDGT NVPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
L L YDANYF VCWHT NCF DYC I P YNS I T DT I V L T SGDGT TQPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
L L YDANYF VCWHT NNYDYC I P YNGVT DT VV I T SGDG I NEPK L KEDYQ I GGYSEDWHSGVKDYVV I HGYF
L L YDANYF VCWHT HNHDYC I P YNSVT DT I V I T AGDG I SRPK L HEDYQ I GGYSEDWHSGVKDYVVVHGYF
L L YDANYF VCWHT YNYDYC I P YNSVT DT I V V T SGDG I S T PE L KEDYQ I GGYSEDWHSGVKDYVVVHGYF
L L YDANYF VCWHT YNYDYC I P YNSVT DT I V V T AGDG I S T PEVKEYYQ I GGYSEDWHSGVKDYVVVHGYF
L I YDSNYF VCWHT HT HDYC I P YNS I T NT I V L T AGDGVT I P I RTQDYQ I GGYF EKWESGVKDY L T L I GP F
L I YDASYF VCWHT HT HDYC I P YNS I T E T I V L T AGDGVT I P I K TQDYQ I GGF VEKWESGVKDYVT L I G L F

T SDYYQ L YSTQ L S T DTGVEHVT F F I YNK I V - DEPEEHVQ I HT I DGSSGVVNPVMEP I YDEP T T T T SVP L
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T SDYYQ L YSTQVST DTGVEHVT F F I YNK I V - DEPEEHVQ I HT I DGT SGVVNPAMEP I YDEP T T T T SVP L
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T EVYYQ L ESTQ I T T DTG I ENAT F F I F NK L V - KDP - PNVQ I HT I DGSSGVANPAT DP I YDEPT T T T SVP L
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MD L FMR I F T LGT V T L KQGE I KDAT PSDSVRAT AT I P I QAS L P FGWL I VGVAF L AV FQSASK I I T L K KRW
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MD L F I S I F T LGS I T R - - GSVQNAVPANS L HAT A T I P LQAT L P FGWL I VGVA L L AV FQNASKV I P F NS LW

Q L A L SKGVHF VCN L L L L F V T VYSH L L L VAAG L EAPF L Y L YA L VY F LQS I NF VR I I MR LWL CWKCRSKNP
Q L A L SKG I HF I CN L L L L F V T VYSH L L L VAAG L EAPF L Y L YA L VY F LQS I NF VR I I MR LWL CWKCRSKNP
Q L A L SKGVHF VCN L L L L F L T VYSH L L L VAGG L EAT F L F L YA L AYC LQT VNF VR I I MRFWL CWKCRSKNP
Q L A L SKGVHF VCN L L L L F L T VYSH L L L L AGG L EAT F L F L YA L AYC LQT VNF VR I I MRFWL CWKCRSKNP
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Q L A L YKGFQF I CN L L L L F V T I Y SH L L L VAAGMEAQF L Y L YA L I Y F LQC I NACR I I MRCWL CWKCRSKNP
Q L A L HKG I Q L VCN L L L L F V T I Y SH L L L L AAGMEAQF L Y I Y A L I Y I LQ I V S F CRF I MRCWL CWKCRSKNP
Q L A L YKGVQF VCN L L L L F V T I Y SH L L L L AAGMEVQF L Y I Y A L I Y I LQ I V S F CRF VMRCWL CWKCRSKNP
Q L A L YKG I Q L VCN L L L L F V T I Y SH L L L L AAGMETQF L Y I Y AV I Y I LQVVSF CR L I MRCWL CWKCKSRNP
Q L A L YKG I Q L VCN L L L L F V T I Y SHF L L L AAG I E VQF L Y I Y A L I Y I LQ I L S F CRF VMRCWL CWKCKSKNP
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Supplemental Figure 2 - Cryo-EM processing pipeline for dimeric apo 3a in MSP1E3D1 lipid 
nanodiscs. 
Overview of Cryo-EM data processing pipeline in cryoSPARC and Relion. See Methods for details. 
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Supplemental Figure 3 - Cryo-EM processing pipeline for dimeric 3a in MSP1E3D1 lipid nanodiscs 
with emodin added 
Overview of Cryo-EM data processing pipeline in cryoSPARC and Relion. See Methods for details. 
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Supplemental Figure 4 - Cryo-EM processing pipeline for 2.1 Å dimeric apo 3a in MSP1E3D1 lipid 
nanodiscs. 
Overview of Cryo-EM data processing pipeline in cryoSPARC and Relion. See Methods for details. 
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Supplemental Figure 5 - Sequence alignment of 3a-like proteins across Coronaviridae 
(a) Alignment of twenty-eight 3a-like protein sequences colored by conservation in a ramp from white (not
conserved) to dark blue (highly conserved). Accession numbers are listed in Table 2. Sequences were
selected from representative species from each Coronavirus subgenus. Alphacoronavirus and
Betacoronavirus clades are indicated. Within Betacoronavirus the subgenus Merbecovirus is also indicated
with a bar. (b) Neighbor-joining tree calculated from the alignment in (a).
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