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Description

Messenger RNA encoding the full-length SARS-CoV-2 spike glycoprotein.

Schematic

sig| S protein_mut|3°-UTR | poly(A)

%"-UTR

UTR = Untranslated region; sig = extended signal sequence of the S glycoprotein; S protein_mut =S
glycoprotein sequence containing mutations K986P and V987P; poly(A) = polyadenylate signal tail.
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5~ capping structure
cap G'A? = m’G'm?*-5'-ppp-5'-Am?-3'-p- m*W = 1-methyl-3'-pseudouridylyl
[m” = 7-CHs; m* = 3'-0-CHs; m? = 2'-0-CHs;
-ppp- = -PO;H-0-PO,H-0-PO;H)-; -p- = -PO,H-]
Table of features
Element Description Position
cap A modified 5’-cap1 structure (m’G*m?*-5'-ppp-5'-Am) 1-2
5’-UTR 5’-untranslated region derived from human alpha-globin 3-54
RNA with an optimized Kozak sequence
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sig S glycoprotein signal peptide (extended leader sequence),
which guides translocation of the nascent polypeptide chain | 55-102
into the endoplasmic reticulum.
S protein_mut Codon-optimized sequence encoding full-length SARS-CoV-2 | 103-3879
spike (S) glycoprotein containing mutations K986P and
VI987P to ensure the S glycoprotein remains in an
antigenically optimal pre-fusion conformation; stop codons:
3874-3879 (underlined)
3’-UTR The 3 untranslated region comprises two sequence | 3880-4174
elements derived from the amino-terminal enhancer of split
(AES) mRNA and the mitochondrial encoded 12S ribosomal
RNA to confer RNA stability and high total protein
expression.
poly(A) A 110-nucleotide poly(A)-tail consisting of a stretch of 30 | 4175-4284
adenosine residues, followed by a 10-nucleotide linker
sequence and another 70 adenosine residues.
Sequence / Séquence / Secuencia
GAGAAVYAAAC VYAGYAYYCYY CYGGYCCCCA CAGACYCAGA GAGAACCCGC 50
CACCAYGYYC GYGYYCCYGG YGCYGCYGCC WCYGGYGYCC AGCCAGYGYG 100
WGAACCYGAC CACCAGAACA CAGCYGCCWC CAGCCWACAC CAACAGCYYY 150
ACCAGAGGCG YGWACWACCC CGACAAGGYG WWCAGAWCCA GCGYGCYGCA 200
CYCWACCCAG GACCYGYYCC WGCCYYWYCWY CAGCAACGYG ACCYGGYYCC 250
ACGCCAYCCA CGYGYCCGGC ACCAAYGGCA CCAAGAGAYY CGACAACCCC 300
GYGCYGCCCY WCAACGACGG GGYGYACYYY GCCAGCACCG AGAAGWCCAA 350
CAVYCAVCAGA GGCYGGAYCY WCGGCACCAC ACWYGGACAGC AAGACCCAGA 400
GCCYGCYGAY CGYGAACAAC GCCACCAACG WGGYCAWCAA AGYGYGCGAG 450
YYCCAGYYCY GCAACGACCC CYWCCWGGGC GWCWACWACC ACAAGAACAA 500
CAAGAGCYGG AVYGGAAAGCG AGYYCCGGGY GWACAGCAGC GCCAACAACY 550
GCACCYYCGA GYACGYGYCC CAGCCYYYCC WGAYGGACCY GGAAGGCAAG 600
CAGGGCAACY WCAAGAACCY GCGCGAGYYC GYGYWWAAGA ACAYCGACGG 650
CYACYWCAAG AVYCWACAGCA AGCACACCCC WAWCAACCYC GWYGCGGGAYC 700
WGCCYCAGGG CYYCYCYGCY CWGGAACCCC YGGYGGAWCY GCCCAYCGGC 750
AVCAACAVYCA CCCGGYWYWCA GACACYGCYG GCCCWYGCACA GAAGCYACCY 3800
GACACCYGGC GAWAGCAGCA GCGGAYGGAC AGCYGGYGCC GCCGCYYACY 3850
AVGYGGGCYA CCYGCAGCCY AGAACCYYCC WGCWYGAAGYA CAACGAGAAC 900
GGCACCAYCA CCGACGCCGY GGAYYGYGCY CWGGAWCCYC WGAGCGAGAC 950
AAAGYGCACC CYGAAGYCCY WCACCGYGGA AAAGGGCAYC WACCAGACCA 1000
GCAACYYCCG GGYGCAGCCC ACCGAAVYCCA YCGYGCGGYY CCCCAAVAYC 1050
ACCAAYCYGY GCCCCYYCGG CGAGGYGYYC AAWGCCACCA GAVWCGCCYC 1100
WGYGYACGCC WGGAACCGGA AGCGGAWCAG CAAVYGCGYG GCCGACWACY 1150
CCGYGCYGYA CAACWCCGCC AGCYWYCAGCA CCYWYCAAGYG CWACGGCGYG 1200
WCCCCWACCA AGCYGAACGA CCYGYGCYYC ACAAACGYGY ACGCCGACAG 1250
CYYCGYGAYC CGGGGAGAYG AAGYGCGGCA GAVYGCCCCY¥ GGACAGACAG 1300
GCAAGAYCGC CGACWACAAC WACAAGCYGC CCGACGACYY CACCGGCYGY 1350
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GYGAYYGCCY
CAAYYACCYG
GGGACAYCYC
GYGGAAGGCY
CACAAAYGGC
AACYGCYGCA
CYCGYGAAGA
CGGCGYGCYG
GCCGGGAYAY
GAAAYCCYGG
CCCYGGCACC
ACYGYACCGA
YGGCGGGYGY
YCYGAYCGGA
YCGGCGCYGG
AGAGCCAGAA
GGGCGCCGAG
CCAACYYCAC
AAGACCAGCG
CWYCCAACCYG
CCCYGACAGG
GCCCAAGYGA
CYYCAAYYYC
GCYYCAYCGA
YYCAYCAAGC
GAYYYGCGCC
CCGAYGAGAY
ACAAGCGGCY
YAVYGCAGAYG
YGYACGAGAA
AAGAYCCAGG
GGACGYGGYC
YGYCCYCCAA
AGACYGGACC
CAGACYGCAG
CCGAGAYYAG
GYGCYGGGCC
GAYGAGCYYC
CAYAYGYGCC
CACGACGGCA
CACCCAYYGG
CCACCGACAA
GYGAACAAVA
AGAGGAACYG
YGGGCGAVAY
AVCGACCGGC
CCYGCAAGAA
YCYGGCYGGG
AVGCYGYGYY
CYGYGGCAGC
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GGAACAGCAA
YACCGGCYGY
CACCGAGAYC
YCAACYGCYA
GYGGGCYAYC
YGCCCCYGCC
ACAAAYGCGY
ACAGAGAGCA
CGCCGAYACC
ACAYCACCCC
AACACCAGCA
AGYGCCCGYG
ACWYCCACCGG
GCCGAGCACG
AAVYCYGCGCC
GCGYGGCCAG
AACAGCGYGG
CAYCAGCGYG
YGGACYGCAC
CYGCYGCAGY
GAYCGCCGYG
AGCAGAYCYA
AGCCAGAYYC
GGACCYGCYG
AGYAVYGGCGA
CAGAAGYYYA
GAYCGCCCAG
GGACAYYYGG
GCCYACCGGY
CCAGAAGCYG
ACAGCCYGAG
AACCAGAAYG
CY¥CGGCGCC
CYCCYGAGGC
AGCCWCCAGA
AGCCYCYGCC
AGAGCAAGAG
CCYCAGYCYG
CGCYCAAGAG
AAGCCCACYY
YYCGYGACAC
CACCYYCGYG
CCGYGYACGA
GACAAGYACY
CAGCGGAAYC
YGAACGAGGY
CYGGGGAAGY
CYYWYAYCGCC
GCAYGACCAG
YGCYGCAAGY

CAACCYGGAC
YCCGGAAGYC
YAVYCAGGCCG
CYWYCCCACYG
AGCCCYACAG
ACAGYGYGCG
GAACYYCAAC
ACAAGAAGYY
ACAGACGCCG
YYGCAGCYYC
AVYCAGGYGGC
GCCAYYCACG
CAGCAAYGYG
YGAACAAVYAG
AGCYPACCAGA
CCAGAGCAVYC
CCYACYCCAA
ACCACAGAGA
CAYGYACAYC
ACGGCAGCYY
GAACAGGACA
CAAGACCCCY
YGCCCGAYCC
YYCAACAAAG
YYGYCYGGGC
ACGGACYGAC
YACACAYCYG
AGCAGGCGCC
YCAACGGCAVY
AVYCGCCAACC
CAGCACAGCA
CCCAGGCACY
AVCAGCYCYG
CGAGGYGCAG
CAYACGYGAC
AAYCYGGCCG
AGYGGACYYY
CCCCYCACGG
AAGAAVYWCA
YCCYAGAGAA
AGCGGAACYY
YCYGGCAACY
CCCYCYGCAG
YYAAGAACCA
AAYGCCAGCG
GGCCAAGAAY
ACGAGCAGYA
GGACYGAYYG
CYGCYGYAGC
YCGACGAGGA

YCCAAAGYCG
CAAYCYGAAG
GCAGCACCCC
CAGYCCYACG
AGYGGYGGYG
GCCCYAAGAA
YWCAACGGCC
CCYGCCAYYC
YYAGAGAYCC
GGCGGAGYGY
AGYGCYGYAC
CCGAYCAGCY
YYYCAGACCA
CYACGAGYGC
CACAGACAAA
AVYYGCCYACA
CAACYCYAYC
YCCYGCCYGY
YGCGGCGAYY
CWYGCACCCAG
AGAACACCCA
CCYAYCAAGG
YAGCAAGCCC
YGACACYGGC
GACAYYGCCG
AGYGCYGCCY
CCCYGCYGGC
GCYCYGCAGA
CGGAGYGACC
AGYYCAACAG
AGCGCCCYGG
GAACACCCYG
YGCYGAACGA
AVCGACAGAC
CCAGCAGCYG
CCACCAAGAY
YGCGGCAAGG
CGYGGYGYYY
CCACCGCvYCC
GGCGYGYYCG
CWYACGAGCCC
GCGACGYCGY
CCCGAGCYGG
CACAAGCCCC
YCGYGAACAVY
CYGAACGAGA
CAYCAAGYGG
CCAYCGYGAY
YGCCYGAAGG
CGAYYCYGAG
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GCGGCAACYA
CCCYYCGAGC
YYGYAACGGC
GCYYWCAGCC
CYGAGCYYCG
AAGCACCAAY
YGACCGGCAC
CAGCAGYYYG
CCAGACACYG
CYGYGAYCAC
CAGGACGYGA
GACACCYACA
GAGCCGGCYG
GACAvYCCCCA
CAGCCCYCGG
CAAYGYCYCY
GCYAvYCCCCA
GYCCAYGACC
CCACCGAGYG
CYGAAYAGAG
AGAGGYGYYC
ACPYYCGGCGG
AGCAAGCGGA
CGACGCCGGC
CCAGGGAYCY
CCYCYGCYGA
CGGCACAAYC
YCCCCYYYGC
CAGAAYGYGC
CGCCAYCGGC
GAAAGCYGCA
GYCAAGCAGC
YAVCCYGAGC
YGAYCACAGG
AVCAGAGCCG
GYCYGAGYGY
GCWACCACCY
CYGCACGYGA
AGCCAYCYGC
YGYCCAACGG
CAGAYCAYCA
GAYCGGCAYY
ACAGCYYCAA
GACGYGGACC
CCAGAAAGAG
GCCYGAYCGA
CCCYGGYACA
GGYCACAAYC
GCYGYYGYAG
CCCGYGCYGA

1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2900
2950
3000
3050
3100
3150
3200
3250
3300
3350
3400
3450
3500
3550
3600
3650
3700
3750
3800
3850
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AGGGCGYGAA
CGCAAYGCYA
ACCYCGGGYC
CYGCYAGYYC
YPAGCCYAGC
YAAACGAAAG
YGCCAGCCAC
AAAAGCAVYAY
AAAAAAAARA
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ACYGCACYAC
GCYGCCCCYY
CCAGGYAYGC
CAGACACCYC
CACACCCCCA
YUPWAACYAAG
ACCCUGGAGC
GACYAAAAAA
AAAAAAAARA

ACAYGAVGAC
YCCCGYCCYG
YCCCACCYCC
CCAAGCACGC
CGGGAAACAG
CYAVACYAAC
YAGCAAAAAA
AAAAAAAARA
AAAAAAAARA

l-methyl-3'-pseudouridylyl

YCGAGCYGGY
GGYACCCCGA
ACCYGCCCCA
AGCAAYGCAG
CAGYGAYYAA
CCCAGGGYYG
AAAAAAAARA
AAAAAAAARA
AAAA
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ACYGCAYGCA
GYC¥CCCCCG
CYCACCACCY
CYCAAAACGC
CCYPYAGCAA
GYCAAYTPYCG
AAAAAAAARA
AAAAAAAARA

3900
3950
4000
4050
4100
4150
4200
4250
4284



