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TABLE S1: List and sequences of oligonucleotides used in the study. Related to STAR

methods
1 N gene gpcr fw: aaattttggggaccaggaac
rev: tggcacctgtgtaggtcaac
2 E gene fw: acaggtacgttaatagttaatagcg
qpcer rev: atattgcagcagtacgcacac
3 NSP 14 fw: tggggytttacrggtaacct
qpcer rev: aacrcgcttaacaaagcactc
4 mCherry fw: gaacggccacgagttcgaga
qpcer rev: cttggagccgtacatgaactgage
5 Luciferase fw: ttatgecggtgttgggege
qpcer rev: ttttggaaacaaacactacggtagoct
6 TIP t7 fw: taatacgactcactatagggattaaaggtt
rev: ttttttettttetttttgtcattctcctaagaage
7 mCherry t7fw:taatacgactcactataatggtgagcaagggegaggag
rev: ttacttgtacagctcgtccatgecge
8 ORFlainternal | tggtgcaagtagaacttcgt
rev
9 Luciferase t7fw:taatacgactcactataggatggaagacgccaaaaacata
rev:ttaggggggooooagagagectecctgcaggttaaccttactcgagtttggactt
10 | GAPDH gper fw: ttcgacagtcagccegceatctt
rev: caggcgceccaatacgaccaaa
12| IFNLI gper fw: cgccttggaagagtcactca
rev: gaagccttaggtcccaatte
13 | IL6 gper
fw:aacctgaaccttccaaagatgg
rev:tetggettgetectcactact
14 | TNF gper
fw:atgagcacggaaagcatgatcc
rev:gagggctgaatagagaggggc
15 | CCL5 gper
fw: aggtctecgtggetgeecteg
rev:ggagcacttgccactggtgtg
16 | CCL2 gper
fw: acctccagcatgaaagtctc
rev: aagtgacgggggcattgat
17 | ISG20 gper
fw: tgagggagagatcaccgatt
rev: tagcggctcatgtcctettt
18 | ISG54 gper
fw:ggtcttttcagegtttattggg
rev: tgeegtaggctgetctcca
19 | CXCL10 gpcr
fw: gtggcattcaaggaatacctc
rev: gecttagattctggattcagea
20 | Mwith3 t7 m: fw:taatacgactcactatagggatggcagattcctaataataaaacggtactattaccgttg
stopcodons rev with ires overlap: gttagggggggeggagggattactgtacaagcaaagcaatatt
control RNA ires fw with s overlap: aatgaaaatggaaccattacagatccctccecceccectaacg
m overlap: atattgctttgcttgtacagtaatccetcceecceecctaac
mcherry rev: ttacttgtacagctcgtccatgecge
21 | S with 3 stop fw:taatacgactcactataggatgtttgttttttaataataacttgttttattgccactagt
codons control s rev with ires overlap: cgttaggggggggggagggatctgtaatggttccattttca
RNA ires fw with aatgaaaatggaaccattacagatccctceccceeccctaacg
mcherry rev: ttacttgtacagctcgtccatgecge
22 | 5 UTR Control | t7 fw: taatacgactcactatagggattaaaggtt
RNA mcherry rev: ttacttgtacagctcgtccatgecge
23 | 3° UTR Control | fw: taatacgactcactataggtccctccecceeccctaac
RNA rev: tttttttttttttttttgtcattctcctaagaage
24 | b-actin hamster | fw: actgccgcatcctettect
qpcer rev: tcgttgccaatggtgatgac
25 TIP1 sequence attaaaggtttataccttcccaggtaacaaaccaaccaactttcgatctcttgtagatctgtictctaaacgaactttaaaatctgtgtggetg
tcactcggcetgeatgcettagtgecactcacgcagtataattaataactaattactgtcgttgacaggacacgagtaactegtctatcttctge




aggctgcttacggtttcgtccgtgtigeagecgatcatcageacatctaggtttegtccgggtgtgaccgaaaggtaagatggagage
cttgtcectggtttcaacgagaaaacacacgtccaactcagtttgectgttttacaggttcgegacgtgctegtacgtggctttggagact
ccgtggaggaggtcttatcagaggeacgtcaacatcttaaagatggeacttgtggettagtagaagttgaaaaaggegttttgecteect
cccceecccctaacgttactggecgaagecgettggaataaggecggtgtgegtttgtctatatgttattttccaccatattgecgtetttt
ggcaatgtgagggcccggaaacctggecctgtcttcttgacgagceattectaggggtcetttccectetcgecaaaggaatgeaaggte
tgttgaatgtcgtgaaggaagcagttcctctggaagcettcttgaagacaaacaacgtetgtagegaccctttgecaggcageggaacce
cccacctggegacaggtgcctetgeggccaaaagecacgtgtataagatacacctgecaaaggeggcacaaccccagtgecacgtt
gtgagttggatagttgtggaaagagtcaaatggctctectcaagegtattcaacaaggggetgaaggatgeccagaaggtaccccatt
gtatgggatctgatctgggecctcggtacacatgcetttacatgtgtttagtcgaggttaaaaaaacgtctaggecccecgaaccacggg
gacgtggttttcctttgaagaacacgatgataatatggtgagcaagggegaggaggataacatggecatcatcaaggagttcatgege
ttcaaggtgcacatggaggectccgtgaacggccacgagttcgagatcgagggegagggcgagggccgeccctacgagggeac
ccagaccgcecaagcetgaaggtgaccaagggtggccccctgeecticgectgggacatcetgtecectcagttcatgtacggetccaa
ggcctacgtgaagcaccccgecgacatceccgactacttgaagetgtecttcececcgagggcttcaagtgggagegegtgatgaactt
cgaggacggceggcgtggtgaccgtgacccaggactecteectgecaggacggegagttcatctacaaggtgaagetgegeggeac
caacttccecteegacggecccgtaatgcagaagaagaccatgggetgggaggcctectecgageggatgtaccecgaggacgge
geectgaagggcgagatcaagcagaggcetgaagetgaaggacggeggecactacgacgetgaggtcaagaccacctacaagge
caagaagcccegtgeagetgeccggegectacaacgtcaacatcaagttggacatcacctcccacaacgaggactacaccategtgg
aacagtacgaacgcgccgagggcecgecactccaccggeggeatggacgagetgtacaagtaagaccacacaaggeagatgggc
tatataaacgttttcgcttttccgtttacgatatatagtctactcttgtgcagaatgaattctcgtaactacatagcacaagtagatgtagttaa
ctttaatctcacatagcaatctttaatcagtgtgtaacattagggaggacttgaaagagccaccacattttcaccgaggecacgeggagt
acgatcgagtgtacagtgaacaatgctagggagagctgectatatggaagagecctaatgtgtaaaattaattttagtagtgctatceee
atgtgattttaatagcttcttaggagaatgacaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

26

TIP2 sequence

attaaaggtttataccttcccaggtaacaaaccaaccaactttcgatctcttgtagatctgttctctaaacgaactttaaaatctgtgtggctg
tcactcggcetgceatgettagtgcactcacgcagtataattaataactaattactgtcgttgacaggacacgagtaactegtctatettetge
aggctgcttacggtttcgtecgtgttgecagecgatcatcageacatctaggtttcgtccgggtatgaccgaaaggtaagatggagage
cttgtcectggtttcaacgagaaaacacacgtccaactcagtttgectgttttacaggttcgegacgtgctegtacgtggctttggagact
ccgtggaggaggtcttatcagaggceacgtcaacatcttaaagatggeacttgtggettagtagaagttgaaaaaggegttttgectcaa
cttgaacagccctatgtgttcatcaaacgttcggatgctcgaactgeacctcatggtcatgttatggttgagetggtagcagaactegaa
ggcattcagtacggtcgtagtggtgagacacttggtgtecttgtcectcatgtgggegaaataccagtggcettaccgeaaggttettctte
gtaagaacggtaataaaggagctggtggccatagttacggegccgatctaaagteatttgacttaggegacgagettggeactgatee
ttatgaagattttcaagaaaactggaacactaaacatagcagtggtgttacccgtgaactcatgegtgagcettaacggaggggcataca
ctcgetatgtcgataacaacttetgtggecectgatggetacectettgagtgcattaaagaccttctageacgtgetggtaaagettcatg
cactttgtccgaacaactggactttattgacactaagaggggtgtatactgctgecgtgaacatgageatgaaattgcttggtacacgga
acgttctgaaaagagctatgaattgcagacaccttttgaaattaaattggcaaagaaatttgacaccttcaatggggaatgtccaaattttg
tatttcccttaaattccataatcaagactattcaaccaagggttgaaaagaaaaagettgatggctttatgggtagaattcgatctgtctate
cagttgcgtcaccaaatgaatgcaaccaaatgtgcctttcaactctcatgaagtgtgatcattgtggtgaaacttcatggcagacgggeg
attttgttaaagccacttgegaattttgtggcactgagaatttgactaaagaaggtgcecactacttgtggttacttaccccaaaatgcetgttg
ttaaaatttattgtccagcatgtcacaattcagaagtaggacctgagcatagtcttgccgaataccataatgaatctggcettgaaaaccatt
cttcgtaagggtggtcgeactattgectttggaggetgtgtgttctcttatgttggttgecataacaagtgtgectattgggttccagaatta
gatctctcgaggttaacgaattctgetatacgaagttatcecteteccteccecceccctaacgttactggecgaagecgettggaataa
ggccggtgatgcgtttgtetatatgttattttccaccatattgecgtcttttggcaatgtgagggcccggaaacctggecctgtettettgacg
agcattcctaggggtcetttccectetcgecaaaggaatgeaaggtetgttgaatgtegtgaaggaageagttectetggaagcettcttga
agacaaacaacgtctgtagcgaccctttgcaggeageggaacccecccacctggegacaggtgectetgeggecaaaagecacgtg
tataagatacacctgcaaaggceggcacaaccccagtgecacgttgtgagttggatagttgtggaaagagtcaaatggcetcetectcaag
cgtattcaacaaggggctgaaggatgcccagaaggtacccecattgtatgggatctgatctggggecteggtacacatgcetttacatgtg
tttagtcgaggttaaaaaaacgtctaggecccccgaaccacggggacgtggttttectttgaagaacacgatgataatatggtgageaa
gggcegaggaggataacatggccatcatcaaggagttcatgegcttcaaggtgcacatggagggcetecgtgaacggecacgagttcg
agatcgagggcgagggcgagggccgeccctacgagggcacccagaccgecaagetgaaggtgaccaagggtggccccetgee
cttcgectgggacatectgteeccteagttcatgtacggctccaaggectacgtgaageacceegecgacateccegactacttgaag
ctgtecttcccegagggcttcaagtgggagegegtgatgaacttcgaggacggeggcgtggtgacegtgacccaggactecteect
gecaggacggcgagttcatctacaaggtgaagctgcgeggceaccaacttceectccgacggecccgtaatgecagaagaagaccatg
ggctgggagocctectecgageggatgtaccecgaggacggegecctgaagggcgagatcaagecagaggctgaagetgaagga
cggceggcecactacgacgetgaggtcaagaccacctacaaggcecaagaageccgtgeagetgeccggegectacaacgtcaacat
caagttggacatcacctcccacaacgaggactacaccatcgtggaacagtacgaacgegecgagggccgecactccaccggcgg
catggacgagctgtacaagtaaatttgcccccagegcttcagegttettcggaatgtcgegceattggeatggaagtcacaccttcggga
acgtggttgacctacacaggtgccatcaaattggatgacaaagatccaaatttcaaagatcaagtcattttgetgaataagcatattgac
gcatacaaaacattcccaccaacagagcctaaaaaggacaaaaagaagaaggctgatgaaactcaagecttaccgcagagacaga
agaaacagcaaactgtgactcttcttcctgetgeagatttggatgatttctccaaacaattgcaacaatccatgagcagtgetgactcaac
tcaggcctaaactcatgcagaccacacaaggcagatgggctatataaacgttttcgettttcegtttacgatatatagtctactettgtgea
gaatgaattctcgtaactacatagcacaagtagatgtagttaactttaatctcacatagcaatctttaatcagtgtgtaacattagggagga
cttgaaagagccaccacattttcaccgaggccacgeggagtacgatcgagtgtacagtgaacaatgetagggagagetgectatatg
gaagagccctaatgtgtaaaattaattttagtagtgctatccccatgtgattttaatagettcttaggagaatgacaaaaaaaaaaaaaaaa
22aaaaaaaaaaaaaaa




Table S2: Parameters used for simulating within-host upper and lower respiratory tract
infection. Related to Figure 1 and Figure S1. With exception of p and v, all parameters were
obtained from (Ke et al., 2020), which resulted from calibration to clinical samples. Sensitivity
analysis to the initial viral inoculum (V; (¢ = 0)) was varied from 1 to 100, where 100 is at the

limit of detection. *For entries where a set of nine values is listed in brackets, this corresponds

to the nine individual patient simulations.

Parameter Description Value
T,(t =0) Initial target cells in URT | 4 x 10° cells
T,(t = 0) Initial target cells in LRT | 4.8 x 108 cells
Li(t=0) Initial infected cells in URT | O cells
Vi(t =0) Initial virus in URT 1-100 virion swab’!
c Virus and TIP clearance 10 day"!
rate
Rate of progression to
k productive infection (1/k is | 4 day’!
eclipse period)
Virus and TIP transport rate 1 Al
r from URT to LRT 0.001 swab ml™ day
*[21.45x 10°, 1.31 x 10, 13.35x 106, 2.4
Br Infectivity (URT) x 10, 1.41 x 10°%,6.94 x 10, 18.21 x 10°®,
5.12x 10°, 1.53 x 10°%] swab! day!
s Death rate of infected cells | *[0.86, 1.82, 1.16, 3.55, 1.42, 0.76, 0.38,
1 (URT) 3.53,4.06] day!
: . *[3.68, 15.53, 11.61, 11.53, 12.47, 5.89,
Tr Virus production (URT) | ¢4 "4 59 657 swabr! day"!
*[0.17 x 107, 0.8 x 107, 2.63 x 1077, 1.35 x
Bs Infectivity (LRT) 107,1.06x 107,0.17x 107,9.19x 107, 4.9
x 107,0.29 x 1077] ml"! day!
s Death rate of infected cells | *[2.2,2.18,4.17,1.6,2.17,3.33,0.41, 2.04,
2 (LRT) 3.96] day!
: . *[10.89, 2.46, 1.67, 1.7, 1.08, 10.34, 0.15,
g Virus production (LRT) 1.64. 8.15] ml"! day"
, Tarcet cell extension timin *[14.7, 15, 6.5, 15.7, 22, 17.3, 17.85, 8.3,
T & €1 17.11] days




logqo Ty

Number of new target cells
that appear in LRT, log 10

*[8.21, 8.44, 7.92, 10.99, 8.21, 8.79, 9,
6.89, 9.47]

Adaptive immune response
parameter

*[0.06, 0.18, 0, 2.4, 0, 0.15, 0.22, 1.89,
0.66] day™!

Production rate of TIP
genomes relative to SARS-
CoV-2 genomes in cells
containing both TIP and
wildtype virus

1.5

Production rate of SARS-
CoV-2 genomes in cells
containing both TIP and
wildtype virus, compared to
the production rate of
SARS-CoV-2 genomes
containing only wildtype
virus

0.02




Table S3. Parameters used for within-host model cross-validation. Related to Figure 1 and

Figure S1G.
Patient ID Y B () Vo
Singapore 2 3.998 6.64 x 106 0.71 6605
Singapore 3 3.999 1.26 x 10°° 0.43 6380
Singapore 4 3.999 5.81 x10° 0.72 6514
Singapore 6 3.999 3.08 x 10 0.47 6498
Singapore 8 3.997 1.96 x 10 0.36 6850
Singapore 9 3.999 1.56 x 10 0.28 6558
Singapore 11 | 3.999 8.46 x 10° 1.38 6860
Singapore 12 | 3.999 7.77 x 106 0.78 6506
Singapore 14 | 3.997 3.52x 107 1.03 5337
Singapore 16 | 3.999 4.88 x 10°° 0.54 6489
Singapore 17 | 3.998 1.32x 10 1.01 5891
Singapore 18 | 3.999 5.80 x 10 0.38 6537
China C 4.002 7.95x 106 1.29 6596
China D 3.999 1.69 x 10°° 0.76 6752
China E 3.999 5.87x 10 0.84 6517
China H 3.999 1.05x 10 1.45 7059
China | 3.999 6.15x 107 0.45 6251
China L 3.999 1.73x 10°° 0.77 6178
China O 3.999 4.57x 10 1.9 8541
China P 3.997 1.02 x 103 1.03 6808
Germany 1 3.999 7.28 x 106 0.98 6610
Germany 2 3.999 2.88x 10° 1.51 6262
Germany 3 3.999 1.11x 103 1.32 5894
Germany 4 3.996 6.65 x 106 1.6 6678
Germany 7 3.999 3.08x 106 1.11 6259
Germany 8 3.999 3.29x 10 1.08 6375
Germany 10 | 3.999 2.67x10° 0.61 6268
Germany 14 | 3.996 8.91x 10° 1.61 6350
Korea 13 3.999 9.67 x 106 1.15 7674
Korea 15 3.999 1.44x 10 1.16 5802




