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Supplementary 1. 

Nucleotide alignment of codon-optimized mutated pUNO1His-SARS2-S1 D614G/L452R/E484Q against the original plasmid.

                                                      10        20        30                    
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TACCTGAGATCACCGGTCACCATGGAGATCAAGGTGCTGTTTGCCCTCATCTGTATTGCTGTTGCTGAGG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   TACCTGAGATCACCGGTCACCATGGAGATCAAG..................................... 
  
 
 
 
 
 
 
 
                                      40        50        60        70        80        90       100                   
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CACTCGAGGTTAATCTCACCACCCGAACTCAACTCCCACCCGCATATACAAATTCCTTCACCAGAGGAGT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 

 
 
 
 

                                    110       120       130       140       150       160       170              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GTACTATCCTGACAAAGTGTTTCGGTCAAGTGTCCTCCACTCTACTCAGGACCTCTTTCTGCCTTTCTTT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                    180       190       200       210       220       230       240              
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TCTAACGTTACATGGTTTCATGCAATCCATGTGTCTGGGACAAACGGCACCAAACGCTTCGACAACCCTG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
                                     
 

hEF1-HTLV promoter 
AgeI NcoI 

Lucia SS 

Spike S1 

   250       260       270       280       290       300       310              
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TATTGCCATTCAATGATGGGGTGTACTTTGCCTCCACAGAGAAATCCAACATCATTCGAGGATGGATTTT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
                                  
 
 

   320       330       340       350       360       370       380              
                                    ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CGGGACTACTCTGGACTCAAAGACACAGAGCCTGCTGATCGTTAACAACGCCACAAACGTTGTCATCAAA  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
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                        390       400       410       420       430       440       450              

                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GTGTGCGAATTCCAGTTTTGCAATGATCCCTTCCTGGGAGTGTACTATCACAAGAATAACAAGTCCTGGA  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
                                  
 
 
              460       470       480       490       500       510       520              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TGGAGAGCGAATTTCGGGTCTACAGCAGCGCAAACAACTGCACCTTCGAGTACGTGAGTCAACCCTTTCT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
                                     
 
 

                     530       540       550       560       570       580       590              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GATGGACCTGGAAGGGAAACAGGGAAACTTCAAGAACCTGAGAGAGTTTGTCTTTAAGAACATCGACGGC  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
                                   
 
 

   600       610       620       630       640       650       660              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TATTTTAAGATCTATAGTAAGCATACGCCTATCAACCTGGTAAGGGATCTTCCCCAGGGCTTTTCAGCCC  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
                                      
 
 

               670       680       690       700       710       720       730              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TGGAACCTTTGGTTGACTTGCCTATTGGTATCAATATCACCAGATTTCAGACCCTTCTGGCATTGCATCG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
                                     
 
 

               740       750       760       770       780       790       800              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GTCTTATCTTACTCCAGGTGATTCCTCCTCCGGGTGGACTGCCGGCGCCGCTGCCTACTATGTCGGCTAT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
                                     
 
 

                810       820       830       840       850       860       870              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CTGCAACCAAGAACGTTCCTGCTCAAGTACAACGAAAACGGCACTATTACGGATGCTGTTGATTGTGCCC  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
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                                       880       890       900       910       920       930       940              
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TGGACCCTCTGTCTGAGACTAAATGCACCCTCAAGAGCTTTACCGTTGAGAAGGGGATTTACCAAACCAG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
                                      
 
 
                                       950       960       970       980       990       1000      1010             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TAATTTCCGGGTCCAACCCACCGAAAGCATTGTGCGGTTCCCAAATATCACCAATCTGTGTCCCTTTGGC  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                   1020      1030      1040      1050      1060      1070      1080             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GAAGTGTTCAATGCTACAAGGTTTGCTTCTGTGTACGCATGGAATAGGAAACGCATCTCCAATTGTGTCG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
                                      
 

1090      1100      1110      1120      1130      1140      1150             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CTGATTACTCCGTGCTGTACAATTCCGCCTCTTTCTCAACCTTCAAGTGTTATGGCGTTTCACCTACCAA  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                    1160      1170      1180      1190      1200      1210      1220             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      ACTTAACGACCTGTGCTTCACTAATGTGTATGCCGACTCTTTTGTGATACGAGGCGATGAAGTGAGACAG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                    1230      1240      1250      1260      1270      1280      1290             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      ATTGCACCAGGGCAGACCGGCAAAATTGCCGACTACAACTACAAGCTTCCAGATGACTTTACCGGATGTG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                         1300      1310      1320      1330      1340      1350      1360            
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TTATTGCATGGAACTCAAACAATCTGGATTCCAAGGTGGGTGGCAACTATAACTACCTGTATAGACTGTT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   .........................................................G............  
 
 
                                     
 
 

L452R nucleotide mutation at 
position 1350, CTG  CGG  
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         1370      1380      1390      1400      1410      1420      1430             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CAGGAAATCCAACCTGAAACCATTCGAGCGAGATATAAGCACAGAAATCTACCAGGCTGGAAGTACGCCC  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                     1440      1450      1460      1470      1480      1490      1500             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TGCAACGGCGTGGAAGGGTTCAACTGCTACTTCCCATTGCAGAGTTACGGATTCCAGCCTACAAACGGGG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ............C.........................................................  
                                                                                                                                                                                                                                                                                                               
 
 
 
 
 
                                       
 

         1510      1520      1530      1540      1550      1560      1570             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TGGGTTACCAACCCTATCGTGTCGTAGTCCTGAGTTTTGAGCTCCTCCATGCCCCAGCCACAGTCTGTGG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                      1580      1590      1600      1610      1620      1630      1640             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CCCCAAGAAAAGCACCAATCTGGTGAAGAACAAATGCGTGAACTTTAACTTTAACGGACTCACAGGAACC  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
                                     
 
 

E484Q nucleotide mutation at 
position 1450, GAA  CAA 

         1650      1660      1670      1680      1690      1700      1710             
                                      ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GGCGTATTGACGGAGAGTAACAAGAAGTTCCTGCCATTCCAGCAGTTCGGTCGCGATATTGCCGACACTA  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                      1720      1730      1740      1750      1760      1770      1780             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CCGACGCTGTCCGAGATCCCCAGACATTGGAGATTCTTGATATCACACCCTGTAGTTTCGGCGGAGTGAG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                    1790      1800      1810      1820      1830      1840      1850             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CGTGATTACGCCCGGAACCAATACCAGCAATCAGGTTGCCGTCCTGTATCAGGACGTGAATTGCACCGAG  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   .....................................................G................  
 
 
 
 
 

D614G nucleotide mutation at 
position 1841, GAC  GGC 
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                                    1860      1870      1880      1890      1900      1910      1920             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      GTACCTGTCGCCATCCACGCTGACCAACTTACACCCACATGGCGAGTATATTCCACCGGCTCCAACGTCT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 

                                    1930      1940      1950      1960      1970      1980      1990             
                                  ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      TTCAGACACGTGCTGGATGTCTGATCGGTGCAGAACACGTTAATAATAGCTACGAGTGTGATATCCCCAT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
 
                                    2000      2010      2020      2030      2040      2050      2060             
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CGGTGCTGGAATATGCGCCTCTTATCAAACTCAAACCAACTCTCCTAGGCGGGCACGTGGATCCGGCCAT  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ......................................................................  
 
 
 
 
 
 
 
                                     2070      2080       
                                   ..|....|....|....|....|....|....|....|....|....|....|....|....|....|.. 
pUNO1His-SARS2-S1 (S1 Wuhan D614)      CATCATCACCATCACTAAAGCTAGCTGGCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACA  
pUNO1His-SARS2-S1 D614G/L452R/E484Q   ....................CTAGCTGGCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACA  
 
                                  
 
 

His 

SV40 late Poly A 

Spike S1 

DNA sequence alignment of commercially available pUNO1His-SARS2-S1 (S1 Wuhan D614) and mutated pUNO1His-SARS2-S1 
D614G/L452R/E484Q generated by site-directed mutagenesis. The alignment was performed using the ClustalW multiple alignment.  A 
sequence chromatogram of mutated pUNO1His-SARS2-S1 D614G/L452R/E484Q was included. A red box indicates the mutation site. The 
hEF1-HTLV promoter, Lucia SS and SV40 late poly A were identified in mutated plasmid 5’ and 3’-ends sequence, validated the original 
plasmid pUNO1His-SARS2-S1 (S1 Wuhan D614).
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