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Supplementary Figure 1 | Phylogenetic tree of mammalian astrovirus RdRp sequences. All
full-length mammalian astrovirus genome sequences were obtained from NCBI on 26 July 2018 and
the ORF1b amino acid sequences were extracted and aligned with MUSCLE!. A maximum likelihood
phylogenetic tree was estimated using the Bayesian Markov chain Monte Carlo method implemented
in MrBayes version 3.2.3%, sampling across the default set of fixed amino acid rate matrices, with one



million generations, discarding the first 25% as burn-in. The tree was visualized with FigTree
(http://tree.bio.ed.ac.uk/software/figtree/). Genogroups (based on the scheme of Yokoyama et al®) are
indicated with coloured text: green — genogroup I, yellow — genogroup II, red — genogroup 111, blue
— genogroup IV, magenta — genogroup VI, unclassified sequences — black. Subgroups of sequences,
defined on the basis of RdRp phylogeny for the purposes of this study only, are indicated in blue at
right (G-Ia, G-Ib, etc). Taxa that have a putative ORFX (ORFY) are indicated in red (yellow) at right.
The tree is midpoint rooted and deeper nodes are labelled with posterior probability values.
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Supplementary Figure 2 | Phylogenetic tree of mammalian astrovirus CP sequences. All full-
length mammalian astrovirus genome sequences were obtained from NCBI on 26 July 2018 and the



ORF2 amino acid sequences were extracted and aligned with MUSCLE!. A maximum likelihood
phylogenetic tree was estimated using the Bayesian Markov chain Monte Carlo method implemented
in MrBayes version 3.2.3%, sampling across the default set of fixed amino acid rate matrices, with one
million generations, discarding the first 25% as burn-in. The tree was visualized with FigTree
(http://tree.bio.ed.ac.uk/software/figtree/). Genogroups (based on the scheme of Yokoyama et al®) are
indicated with coloured text: green — genogroup I, yellow — genogroup II, red — genogroup 111, blue
— genogroup IV, magenta — genogroup VI, unclassified sequences — black. Subgroups of sequences,
defined on the basis of RdRp phylogeny (Supplementary Fig. 1) for the purposes of this study only,
are indicated in blue at right (G-Ia, G-Ib, etc). Taxa that have a putative ORFX (ORFY) are indicated
in red (yellow) at right. The tree is midpoint rooted and deeper nodes are labelled with posterior
probability values.
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Supplementary Figure 3 | Synonymous site conservation analysis of astroviruses. In each
subfigure, a genome map is shown at top, indicating the nsP1a, RdRp and CP ORFs (blue) and the
putative additional ORF where present (pink — ORFX; yellow — ORFY). Below, is shown the analysis
of conservation at synonymous sites in the nsPla, RdRp and CP ORFs. The red line shows the
probability that the observed conservation could occur under a null model of neutral evolution at
synonymous sites, whereas the brown line depicts the ratio of the observed number of substitutions
to the number expected under the null model. Peaks in synonymous site conservation may indicate
functionally important overlapping elements such as the —1 PRF signal between the nsP1a and RdRp
ORFs, sgRNA promoter sequences, and overlapping coding sequences (i.e. the putative X and Y
ORFs). Each synonymous site conservation analysis is based on an alignment of virus sequences in
the indicated clade (Ia, Ib, Ic, etc) using the genome coordinate system of the indicated reference
sequence / isolate name. The subgroup designations are defined in Fig. 1b and the sequences used in
each alignment are as shown in Supplementary Fig. 9.
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Supplementary Figure 4 | Phylogenetic tree of mammalian astrovirus CP sequences.
Mammalian astrovirus sequences with complete or nearly complete coverage of ORF2 were obtained
from NCBI on 26 July 2018, and the ORF2 amino acid sequences were extracted and aligned with
MUSCLE!. A maximum likelihood phylogenetic tree was estimated using the Bayesian Markov
chain Monte Carlo method implemented in MrBayes version 3.2.3%, sampling across the default set
of fixed amino acid rate matrices, with five million generations, discarding the first 25% as burn-in.
The tree was midpoint rooted and visualized with FigTree (http://tree.bio.ed.ac.uk/software/figtree/).
Related groups of sequences (indicated by isosceles triangles) have been replaced in the figure by a
single representative accession number and virus name; the total number of sequences in each group
is shown in red. The 26 groups and 16 singletons correspond to those used in Supplementary Fig. 5
and Supplementary Fig. 7, respectively. The complete list of 415 sequences is shown in
Supplementary Table 2.
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Supplementary Figure 5 | Comparative genomic analysis of CP ORF alignments. Sequences with
coverage of the capsid coding region of mammalian astroviruses were obtained from NCBI, CP ORF
sequences were extracted, and clustered into 26 multi-sequence and 16 singleton groups based on CP
amino acid identity (see Methods; Supplementary Fig. 4). For each multi-sequence group, duplicate
sequences were removed and remaining sequences were aligned with MUSCLE! and analysed with
synplot2*. The header of each plot indicates one sequence (accession number and virus name) from
the group, genogroup (G-I, G-II etc; where defined), and whether the group is predicted to contain
ORFX, ORFY or neither. The upper three panels show the positions of alignment gaps (grey), stop
codons (black) and AUG codons (green) in each of the three reading frames in each sequence in the
alignment. Below, is shown the analysis of conservation at synonymous sites. The red line shows the
probability that the observed conservation could occur under a null model of neutral evolution at
synonymous sites, whereas the brown line depicts the ratio of the observed number of substitutions
to the number expected under the null model. Peaks in synonymous site conservation may indicate
functionally important overlapping elements such as overlapping coding sequences (i.e. the putative
X and Y ORFs) besides regulatory elements (e.g. functional RNA structures). See Supplementary Fig.
7 for the singleton groups.
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[ [0 [ ) ) ) 11111
Shift site 5'stem 1 5' stem 2 3' stem 1 3' stem 2
FJ890351 GCA AAA AAA GAU GCC CAG CGI CGG AGU GCC CCG AAC CGI CGC UGG AAG GGU CAA CGG GGC AAG CAG ACC AAA
CCC e (((C [ OO0 [CC ) ))) ) )) 111 111 1
Shift site 5' stem 1 5' stem 2 3' stem 1 3'stem 2
KC692365 ACA AAA AAU GGC CAA GGG CCC CGG AAG UGG CAU CGU CCG GGG CCC AAG AAA AAC AAU CAG AAC AAA GGC CAA
CCC e 0 (¢ [0l I ) ))) ) ))) 11 11
KC692365 PIAPEVASSGAQEIQSEQIPNESIT
KM017741 I HQPAPESALEAL-AQEGPSHAQEWQQ
KX599354 HQPAPESALEAL-VQEGPPHAQNQQQ
FJ890351 V CPAAECPEPSLEGSTGQA
AY179509 L.CAAQPRPGEALEQQEGPPYAQEQQQ
GU985458 LITAQP PGEALEQQAGPPYAQEQIE
KC692365 Q————DTTDCAEGCIQETQEGGI GSTFSFFCPCFC
KM017741 EQQIQDQPDCGQGC TEKGGIRGSTFSFFCPCFC!
KX599354 EDQQPDQTDCGEIC TEKGGIRGSTFSFFCPCFC!
FJ890351 = @ ----- DQTDCPQGGQQOETQKGGIRGSSASFFCPCIC
AY179509 QG---DETDCG* *GQTETQKGGIRGSTFTFFCPCLCYHW (truncated by PTCs)
GU985458 E----DQTDCNQGGHQETQEGGIRGSSAS FFCPCICYYI
* :*::******: :*****:* s,

K1

I Hydrophobic position

E Basic position

¥ Tyrosine or Histidine

D Acidic position S Other polar position P Proline

Supplementary Figure 6 | A putative —1 PRF overlapping ORF in subgroup Ilc astroviruses. (a)
Comparative genomic analysis of subgroup IIb full-length sequences AY 179509, GU985458,
KC692365 and KM017741. Top — genome map indicating the nsP1a, RdRp and CP ORFs (blue) and
the putative additional Y ORF (yellow). Bottom — analysis of conservation at synonymous sites in the
nsPla, RdRp and CP ORFs. The red line shows the probability that the observed conservation could
occur under a null model of neutral evolution at synonymous sites, whereas the brown line depicts
the ratio of the observed number of substitutions to the number expected under the null model. Peaks
in synonymous site conservation may indicate functionally important overlapping elements such as
the —1 ribosomal frameshifting signal between the nsPla and RdRp ORFs, sgRNA promoter
sequences, and overlapping coding sequences (i.e. the putative Y ORF). (b) Synonymous site
conservation plot for the CP ORF for AY179509, GU985458, KC692365, KM017741 and two
additional partial-genome sequences with CP ORF coverage, FJ890351 and KX599354 (lower two
panels). In the upper three panels, alignment gaps (grey), stop codons (black) and AUG codons
(green) are indicated in each of the three reading frames. The location of the putative A AAA AAZ
—1 ribosomal frameshifting site is indicated in pink. (¢) Predicted —1 PRF shift sites and 3'-adjacent



RNA secondary structures in each of the six sequences. Predicted base-pairings are indicated with
matching highlights and “()”’s (stem 1) or “[]”’s (stem 2). (d) Alignment of the predicted —1 PRF
product. The location of the A_ AAA AAN shift site is indicated with two red circles. The upstream
sequence is encoded by the 5’ end of the CP ORF whereas the downstream sequence is encoded by
the overlapping —1 frame Y ORF. Amino acids are colour-coded according to their physicochemical
properties. In AY 179509, the Y ORF is truncated by two tandem premature termination codons (red
asterisks).



EU847145 - Mamastrovirus 16
MRLEINLTRRISTRVSKSMLGRRLRRKRGRMVMVDLNLNLLLMLLLLLGLLRAVMSLL

2222222222222222222222?
FJ890355 - Bottlenose dolphin astrovirus 1
MLALRLKPPAHREAKVVPVQGLEEEHPLSKSQLIPKORDLPEDQVDALLELKI IVSNNKLE INSRNKVSQGPPORLSRPRRLLLALLDQILAMMORGRFPST

222222222222222222
HQ668129 - Bottlenose dolphin astrovirus 3
MAARSQLKSSPEPELRLVKAITRELVEEEKEVIRT IKRMLANNQEI I ITRLGVSEQRYHVQLTAWAYADPNOKIKSSSLOCLVPSVETHOEGSKWRRWFSLTRCSLRKSQGITT

LDHCK

HQ668143 - Minke whale astrovirus 2
MPHNLERNASVSGVTQEELELLEILTAILESHDEVIVDVINRMEGRLELRLNAWDSEGLSQHSHRLSRPRWAPLVPMRRLFLRLEKGFFTSTPHSLRRSPGVWRLDRFRP

JN420352 - California sea lion astrovirus 5
MAATGANLVPAPRVGAGNQMSRSQS IQNPEEQEVELDAVNVNLITVSVNLSNNSLTSLVLODOSQPSDRRPLLRLALSTLIRLIRRSLRR

?22227222222°222°°2°

JN420359 - California sea lion astrovirus 11
MENPTGAILAAAHNPEAATROSRSPSIQRSQEVETDAVNVNLVSVSVQLS INNSGNRVSQDOKCOLNSGOQQHSEPLEPTPLGSQSLRRASFVTRFLSRTVQVLRLLAQFRC

KT963069 - Water buffalo astrovirus
MAMGGMPRAWWFRPLRVTNRHRTKVDGVDGARLRSMSTSQTRODHOEDQODNNNNLRDNVNFGCGATAALRAVKLRFS IRYARR

222222222222222227

KT963070 - Water buffalo astrovirus
MDQHPQEQVDDVDGVEPNPENPKLLCCLPLRKFRFRVSGPAVRAS I TMWFGRESPPPLEQLEPTPTGK

KX645667 - Mamastrovirus sp.
MEDQHNPPPNPSRDETDGRD IMRRLRRLYALYKELENVADQILOEDVVEGGLYCREKLOORSEQLDOMLOKQSKTSSQSSSIPPP

MG693176 - Bat astrovirus
MPSLRTRRLRLRSRLNLISNILRNTNRNRPRARVRLEQSLRRLRRTLRRSVLRGRNRGROSVSRPLSASLTGPPRRARCWLLVQIFILLLPRNLKVALLSALWLRRRPSLANGA

FLGLLSVLPPWLALLLLLALSLAFPSIQQAGPFQ

Supplementary Figure 7 | Potential XP sequences in unclustered astroviruses. Sequences with
coverage of the capsid coding region of mammalian astroviruses were obtained from NCBI, CP ORF
sequences were extracted, and clustered into 26 multi-sequence and 16 singleton groups based on CP
amino acid identity (see Methods). Potential XP peptides encoded within 10 of the 16 unclustered
sequences are shown. Amino acids are colour-coded according to their physicochemical properties.
Transmembrane regions predicted by Phobius are indicated with pink bars. Potential transmembrane
regions (hydrophobic regions scored below threshold by Phobius) are indicated with pink question
marks. See Supplementary Fig. 5 for the multi-sequence groups.
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Supplementary Figure 8 | Transmembrane domain predictions for HAstV XPs.
Transmembrane domains for representative sequences (see Fig. 1f) were predicted with Phobius®. An
above-threshold TM was predicted only for HAstV3.



I Hydrophobic position I Basic position I Tyrosine or Histidine

D Acidic position S Other polar position P Proline

Bat astrovirus

MG693176 MPSLERTRRLRLRSRLNLISNILENTNRNRPRARVRLEQSLRRLRRTLRRSVLRGRNRGROSVSRPLSASLTGPPRRARCWLLVQIFILLLPRNLEVALLSALWLRRRPSLANGAFLGLLSVLPP

WLALLLLLALSLAFPSIQQAGPFQ

Genogroup lid - bovine astrovirus etc

KF233994 I TLGLGSLCLLLL
KX266906 T! TLGLGLLFLLLL
KX266902 T! TLGLGLLFLLLL
LC341267 IS! TLGLGLLCLLLL
KX266903 T! TLGLGLLFLLLL
KX266905 T! TLGLGLLFLLLL
KX266908 T! TLGLGLLFLLLL
KM035759 T! TLGLGLLFLLLL
KX266901 T! TLGLGLLFLLLL
KX266904 T! TLGLGLLFLLLL
KX266907 T! TLGLGLLFLLLL
¥15937  ---------MGSSILRRM----- LLGLGLLSLLLLA
LT706530 - NINSSLAVI LGLGLMFLLL:
LT706531 --------- NINSSLAVI LGLGLMFLLL:
KY859988 - TNINSKLAVI LGLGLMFLLL:
KT956903 --------- TNINSKLAVI LGLGLMFLLL!
LN879482 -----------—-] TNISSKLAVIGRPNLDLRLDSLTLRLRR-------- LGLGLMFLLL!

Genogroup IV - MLB astroviruses

FJ402983 STSTMONGSLALPITSELELLGQT [PNLGNVGIFLIGIAVVGKILVQLGLNLRC]
FJ222451 STSTMONGSLASPITSELDLLGQT [PNLGNVGLFLIGIAVVGKILVQLGLNLRC]
LC064152 LTSTMONGSLASPITSELDLLGQT [PNLGNVGIFLIGIAVVGKILVQLGLNLRC]
JQ086552 LTSTMONGSLASPITSELDLLGQT [PNLGNVGIFLIGIAVVGKILVQLGLNLRC]
AB823731 LTSTMONGSLASPITSELDLLGQT [PNLGNVGLFLIGIAVVGKILVQLGLNLRC]
AB823732 LTSTMONGSLASPITSELDLLGQT [PNLGNVGLFLIGIAVVGKILVQLGLNLRC]
HM450380 LTSTMONGCLASPITSELDLLGQT [PNLGNVGLFLIGIAVVGKILVQLGLNLRC]
JX857870 - -MSNASNVLQVTSELNLLDLVLSEHSNLGNVGIFLIGIAVVGRILIQLGLNLRC]
KX273058 ------- -MSNVSSVLPVTSELDLLGQVLSEHPSLGNVGIFLIGIAVVGRILIQLGLSLRC!
AB829252 ------- -MSNVSSVLPVTSELDLLGQVLSEHPSLGNVGIFLIGIAVVGRILIQLGLSLRC!
KT224358 - -MSNVSSVLPVTSELDLLGQVLSEHPSLGNVGIFLIGIAVVGRILIQLGLSLRC!
JF742759 - -MSNVSSVLPVTSELDLLGQVLSEHPSLGNVGIFLIGIAVVGRILIQLGLSLRC!
KX022687 ------- -MSNVSSVLPVTSELDLLGQVLSEHPSLGNVGIFLIGIAVVGRILIQLGLSLRC!

Rodent astrovirus

KT946732 PVALALVLLWVVTLGAVVAALVNVGLEDPTASALCAASLLOWAVV! QLODKCSGERDQEPLLANGQP
KT946733 PVALALVLLWVVTLGAVVAALVNVGLKDPTASALCAASLLOWAVV! QLODKCSGERDQEPLLANGQP
KT946734 PVALALVLLWVVTLGAVVAALVNVGLKDPTASALCAASLLOWAVV! QLODKCSGERDQEPLLANGQP
MF175073 LVALALAGLWVLTLGAVVAALVNVGLKDPVAASLCASSLIMWAMV RLPDGCS! HERLLGKDLP

Genogroup la - human astrovirus etc

22972292729222222222227227

KM017742 -MAEAGVDLDPDPDL LI GDRTDGANVSLLNVSVVLSINNSG ODLN

KF499111 -MAEAGVSPDPVPNL LTPEAVAKEDRTDGANVNLLNVSVTLS INNSGNRVSQDLN(

KF374704 -MAEAGASPGPALDLGD: IPEV DKTDGANVNLLNVSVTLS INNSGNRVSQDLN

KM017743 -MAEAGVSPDPAPNL TPEAVAREDKADGANVSLLNVSVTLS INNSGNRVSQDON!

JN420352 -MAATGANLVP; 0S IQNPEEQEVELDAVNVNLITVSVNLSNNSLTSLVLODQSQ

JN420359 'SODOKCQLNS!

DQ028633 LLIPET 'SQDON SE

JQ403108 LQLIPET]

MG571777 LOLTPGVEA-EDKTDATNISLINVSVTLSLNNSG!

KY271946 LOLTPGVEA-EDKTDATNISLINVSVTLSLNNSG!

L13745 SQSILTTKA-EDKTDATNINLISVSVKLSINNSG

AY720892 SIQEAEL-GDSPDATSVNLLNVSVTLSINNSGI

KF211475 SIQEAEL-GDSPDATNVNLLNVSVTLSINNSGI

JN887820 SIQEAEL-GDSPDATNVNLLNVSVTLSINNSGI

FJ755403 SIQEAEL-GDSPDATNVNLLNVSVTLSINNSGI

AY720891 LOSIPIIKA-EDRTDATNINLISVSVKLSINNSGI PPQHLEQLDQTPQEQQ!
225771 OSIQETEP-GDSPDATNVNLLNVSVTLSISNSGI OOQPLGQSGQTPVAP:
HQ398856 OSIQETEP-GDSPDATNVNLLNVSVTLSISNSGI OOQPLGQSGQTPVAP:
L23513 SIQETEP-GDSPDATNVNLLNVSVTLSISNSGI QQOQPLGRSGQTPVAP.
DQ344027 SIPIIKA-EDKTDATNINLINVSVKLSINNSGNKVSQDONLQFAKQPPQHLEQLDQTPQEQQ
KF039913 SIPIIKA-EDKTDATNINLINVSVKLSINNSGNKVSQDONLQ! PPOHLEQLDQIPQEQ
AF260508 ~EDRTDATNINLINVSVKLS INNSGNKVSQDONLO! PPQHLEQLDQTI PQE
FJ755404 SQLIQKTGP-EDSPDAANINLLNVSVTLSISNSGNKVSQDON: GQOQOPLEQSGQTPVAP.
KF039912 SIPIIRA-EDRTDATNINLINVSVKLS INNSGNRVSQDONLQ PPOHLEQLDQI POEQO)
JF327666 SQLIQKTGL-EDSPDAANINLLNVSVTLSISNSGNKVSQDON:

FJ755402 SQLIQKTGP-EDSPDAANINLLNVSVTLSISNSGNKVSQDON:

FJ755405 SQLIQKTGS-EDSPDAANINLLNVSVTLSISNSGNKVSQDON:

KP862744 LIPITKA-EDRTDATNINLINVSVKLSINNSGI

KF039910 LOSTPRIRA-EDKMDATNISLINVSVKLSISNSGI

DQ070852 LOSILIPKV-EDRTDATNINLINVSVKLSINNSG!

HM237363 LOSIPRIKA-EDKTDATNVSLINVSVTLSISNSGI

GQ495608 LOSIPRIKA-EDKTDATNVSLINVSVTLSISNSGI

GQ901902 LOSTPRIKA-EDNTDATNVSLINVSVTLSISNSGI

AF141381 TDATNISLINVSVTLSLNNSGI

GU732187 TDATNISLINVSVTLSLNNSG!

GU223905 -MAETGADLGPGLSLEAVASQS| TDATNISLINVSVTLSLNNSG!

JF491430 -MAETGADLGPGLSLEAVASQSKLQSIPGVEV-EDKTDATNISLINVSVTLSLNNSG

KF039911 -MAGTGASLEPDPNLEVEVDLSKSQSTLRIKE-EDKTDATNISLLNVSVKLSISNSG!

KC285152 -MAGTGASLEPDPNLEVEVDLSKSQSTLRIKE-EDKTDATNISLLNVSVKLSINNSGNRVSQDON:



Genogroup Ic - California sea lion astrovirus etc
edededededededededeode dede dede de be ]

JN420351 SL. TlVGLAANPVDGINLAAG TSRSQLIQS ELD. GLVNVSLNLSNVTLTNQVQODODLOFLSG: ILLAILSLRCVC

JN420354 SL. TLVDLAANPVAGOQS! G QLIQSOQ! DEPD! GLVNVSLILSDVSLTVQESQDQGILL QP! GL: ILLALLSLRCVC
SL. LAL

JN420358 SL. TPVDLAVSPVDDHS! QSION: DEPD! GLVNVSLTLSNVSLTVQELODODLPL LAL: ILLALLSLRCAC
SL. TPVDLAANPVGGOQS! QS TLN( SDEVD! GLINVSLQOLSNVNLTVQELODPEPLLDROLQ:

JN420357 TPVDLAVSPVDDIS QSION: DEPD. GLVNVSLTLSNVSLTVQELQODODLPL ILLALLSLRCAC

JN420356 ILLAILSLKCVC

Genogroup Ib - canine astrovirus etc
ededededededede e e de dede dedede 2ol

KX599351 MSP: PPEQNQHPPGANPGGETGMSKSLSTHNQSQTRGDETDLTIVVARELSLSLNGNS IROESQDONQOS! LLWVLLARI

KX599349 MLP: PPGQSQHPPGVNPGDGTGASRSLSTHNQGQIEGDETDLTIVV SLNGSSIRLESQDQDQOQS:! LLWGLLARI

KX599353 MLP: PPGQSQHPPGVNPGDGTGMSKSLSTHNQGQIEGDETDLTIVV SLNGSSIRLESQDQNQLS: LLWELLARI

KX756441 MLP: PPVONQHPPGANPGAGTGMSKSLSIHNQEQTEGDETDLTIVV SLNGSSIKLELQDQGQQS:! LLWELLARI

MF973501 MSPSRLNPPVQTITPPGANPGDVT QST PNHKK -DADETDLTIVV] LSLNGNLIRQELQODONQOS:! LLWGLLARI

KP404150 MLP: PPGONQHPPGANPGAETGMSKSLSTHNQGQTEGDETDLTIVV. SLNDSSIKLESQDQ LLWGLLARI

KP404149 MSP: PPEQNQHPLGANPGGGTGMSRSQST IGGDETDLTIVV] SLNDSSIKLESQDQ LLWELLARI

MF973500 MLPSRLNPPVQIITPPGASPGDVT QST -GADETDLTIVVARELSLSLNGNSIRQELQODONQQOS LLWGLLARI

KX599350 MLP: PPGQSQHPPGVNPGDGTGASRSLSTHNQGQIEGDETDLTIVVARELRLSLNGSSIRLESQDQDQOS! LLWGLLARI -
KX599352 MLPSRLNPPVQTTTPPGASPGGVT LOSIPNHKK-DADETDLTIVVAKELSLSLNGNSIRQELODONQOS:! LLWGLLARI
Genogroup lll - marmot astrovirus

KY855439 PSPLRLLVVVLGGFLAGCAVGELD) QTYNQPLLQPLLVELLQYPMLLALVVGTVLGVVATLLVAQLTRQSRPP TTLRONL
KY855441 PSPLRLLAVVLGGFLAGCAVGELERRGNNQTHSQPLLQPLLVELLQYPMLLALVVGTVLGVVATLLVVQLTRQOSRLP: TTLROSL
KY855442 PSPLRLLAVVLGGFLAGCAVGELERRGNNQTHSQPLLQPLLVELLQYPMLLALVVGTVLGVVATLLVVQLTRQOSRLP: TTLROSL
KY855440 PSPLRLLAVVLGGFLAGCAVGELERRGNNQTHSQPLLQPLLVELLQYPMLLALVVGTVLGVVATLLVVQLTRQOSRLP: TTLROSL

Genogroup llid - porcine astrovirus 4 etc

KY940075 ----MSN: CLTVVVGVAAGALT. LQLLQPLLGELILLN.LSGLWGAIIGLAILISILAPSSD ———=

LC201606 ----MSN LVVVVGVAAGAI L LLG.WQFLDNLVGLLAGALIGLAI LLNPAAPSSDKG-
LC201613 ----MSN LVVVVGVAAGGL: LLGGSPLLDNLVGLAVGAVIALALL! LAAS SQQI
KU764484 - LVVVVGAAAGAF: LIRPLLY PLLDNLVELLVGVAIALVNLA GAL
KU764485 LVVVVGAAAGAF: LIRPLLY PLLDNLVELLVGVAIALVNLA GAL ———=
KU764486 LVVVVGVAAGAL: LIRPLLY PLLDNLVEILVGVAIALVNLA LGASDKK----
JF713713 CLTVVVGVAVGALT. LQLLQPLLGELILLSILLGLAVGAI IGLAILT SS] ———=
LC201605 LVVVVGAAAGVL: LII IQPLLGKLPLLDNLLGLTVGAIIALAML LPASDRE----
KX060809 LVVVVGVAAGAL: LOLTRPLL PLLDNLVGLAVGAVIALALL!' LAASGNGSQQI
JQ340310 LVVVVGVAAGALLAQLHL LL QF LDNLVGLLVAALIGLAILINPAAQPS!
LC201609 LVVVVGVAAGAL: LL PLIDNLAGLVVGAVIALAL LEESD
KY933398 LVVVVGVAAGGL: LL PLIDNLVGLLVGAVLSLAILLS; ICT
LC201604 LVVVVGVAAGALI LLOPLLGKLPLLDNLIGLVVGAVIALAL. PSS
JX556692 CLTVVVGVAVGALT. LQLLQPLLGELIL LLGLAVGAIIGLAILI 'APSS]
LC201608 LVVVVGVAAGAL: LILTILLLGGSPLLD LVGLIVGAVIALATILV( LGAS
LC201603 LTVVVGAAAGVLI LNLVQPLLGISPLLDNLLGFAVGVV IGLAILT TSLS]
LC201600 LVVVVGVAVGGI LLGGLPLLDNLVGLAVGAVIAMALL! LVASD
LC201601 LVVVVGVAVGGI LLGGLPLLDNLVGLAVGAVIAMALL! LVASD
LC201602 LVVVVGVAVGGI LLGGLPLLDNLVGLAVGAVIAMALL! PSS
KX033447 LVVVVGVAAGALLAQLHL LL [QFLDNLVGLLVVALIGLAI LINPAAQIS
KY214437 LVVVVGVAVGGL. LL PLIDNLAGLVVGAVIALAL LGVS
KX060808 CLTVVVGVAAGVLIAHLNLVQPLLGKLPLLDNLVGLAVGAVIALVFLT PSSS]
LC201610 CLTVVVGVAAGVLIAHLNLVQPLLGKLPLLDNLVGLAVGAVIALVLLT PSS
LC201611 CLTVVVGVAAGVLIAHLNLVQPLLGKLPLLDNLVGLAVGAVIALVLLT PSS
LC201612 CLTVVVGVAAGVLIAHLNLVQOPLLGKLPLLDNLVGLAVGAVIALVLLT PSS

Genogroup llla - murine astrovirus etc

MF175075 SLLQLSLVAVVGGLA( GAALQALLT LFGLFFAATPGLAVIAAGVGLLS
JX544743 SLLQLSLVAVVGGLA( GAALQALLT

JX544744 SLLQLSLVAVVGGLA( GAALQALLT

KT946731 PSPLSLAIVAV-GGVVGGAVLAQLD

KT946730
KT946728
KT946729
KT946726
KT946727 LLOPQGLPPF--LLLLAVPGLVVVGLSAGLVAE:

* KT946731 lacks the ORFX AUG codon - possibly a defective sequence

Genogroup lll - Rodent astrovirus

KT946735 PL! .VALVSGLAVGLWCAGI TGLPQQOQLF: TPGLVGFALALSVLVGMLQTPSP! PLHLVP
KT946736 PL! .VALLSGLAVGLWCAG' TGLPQQOOQLF: TPGLVGFALALSVLVGMLQTPSP! LLHSVP

Genogroup lll - Bovine astrovirus
iedelededelede e leode dedededede b be 2ol d

LC047800 MAGRIGT SNLLQATI PPVGDVPDAELSMSTLIQ-DPHNSRRDSVPVQACACALTGVAA PQP---

KP264970 MVGRVGT: SNLLQAT GKLSMSMSTH- -GLSHRTDSEQMLGCACALTGVLEGVKLPRVSLLSIRR--—----

LC047798 MVGRTGT SSLLQAT GQQSMSMSTL--DLS! SAPALACVCGLTAVVA( IRYIKR-------
by

LC047790 MAGRTAT: CSLLOAT -PRCDLDAPDGPLSMSMSTQTEEILTETPMAPSLTCGCGLTAVFAGVNQT] LOPPSAP



Genogroup lllb - bovine astrovirus etc

LC047799 1 IPSSSSRG-|
LC047789 1
LC047794
LC047795
LC047801 B
LC047788 1
LC047791
LC047792
HQ916314
HQ916316
MG660832
KM822593
LC047797
HQ916313
KJ620979
KJ620980 M
HQ916317
LC047787 B
LC047796

LC201590 --MAP.
KP747573 --MAP!
KY940077 --MAP]
KP982872 --MAP]
LT898434 --MAP.
LC201588 --MAP.
KP759770 --MAP!
KY214438 --MAP!
KR868724 --MAPPQ
KR868723 --MAP!
KR868722 --MAP!
KR868721 --MAP!
LC201593 --MAP
KY940076 --MAP]
LC201592 --MAQ
LC201587 --MAP.
1LC201589 LP
LC201594 b3
LC201585 LP
LC201586 LPT|
KJ495986 LP
JF713710 LP
JF713712 LP
JX556690 LP

SLQSYSIPAQ
SLSSSTPAQ

Supplementary Figure 9 | Sequences of putative XP proteins encoded in diverse astroviruses.
Amino acid alignments of putative XP proteins in different astrovirus groups. Sequences were aligned
with MUSCLE!. Sequences are listed in the same order as in the ORF1b phylogenetic tree
(Supplementary Fig. 1). Amino acids are colour-coded according to their physicochemical properties.
Transmembrane regions predicted by Phobius® are indicated with pink bars above the alignment.
Potential transmembrane regions (hydrophobic regions scored below threshold by Phobius) are
indicated with pink question marks. Signal peptides predicted by Phobius are indicated with pink
“s”s. In all cases, predictions are based on the first sequence in each alignment.
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Supplementary Figure 10 | Assessment of ribosome profiling quality. Cells were harvested at 12
hpi and either flash frozen with no pre-treatment (NT), or pre-treated with lactimidomycin for 30 min
followed by flash freezing (LTM). (a) Relative length distributions for Ribo-Seq reads mapping to
virus (orange) and host (green) mRNA coding regions. (b) Phasing of 5’ ends of RPFs (>25 nt) that
map to the viral ORFs (excluding dual coding regions) or host mRNA coding regions. (¢) Histograms
of approximate P-site positions of RPFs (>25 nt) relative to annotated initiation and termination sites
summed over all host mRNAs. See Supplementary Table 4 for read counts. Source data are provided
as a Source Data file.
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Supplementary Figure 11 | Mutations introduced into pAVIC1. Nucleotide and CP (red) and XP
(blue) amino acid sequences for pAVIC1, pAVIC1-AUGm, pAVICI-PTCI1, pAVIC1-2xPTC and
pAVIC1-PTC2 mutants. Only nucleotide differences from wt pAVICI are shown for the mutants.
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Supplementary Figure 12 | Evolution of XP knockout viruses. Sanger sequencing

chromatograms of RT-PCR products obtained from passaged (a) pAVIC1-AUGm and (b) pAVIC1-
PTC1. Evolution occurred via a pseudo-reversion (pAVICI-AUGm) or 5- or 8-codon deletions
(pAVICI1-PTC1). See Fig. 3¢ for individually sequenced cloned virus RT-PCR products.
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Supplementary Figure 13 | Supporting data for Figure 4. (a-c) Relative replicon luciferase

activities representing translated product associated with activity of the subgenomic promoter,
measured after RNA transfection of Huh7.5.1 cells (mean + s.d.; » = 3 biologically independent
experiments). Values are normalized so that the maximum wt value for ORF2-frame translation is
100%. (d) Maximum replicon activities obtained in the assays presented in Fig. 4c, d, f (BSR cells).
(e) Maximum replicon activities obtained in the assays presented in Supplementary Fig. 13a, b, ¢
(Huh7.5.1 cells). (f) Representative bright field images at 48 hpe of BSR cells electroporated with
mock, pAVICI1, pAVICI-AUGm or pAVIC1-PTC1 RNAs. Scale bars represent 100 pm. (g) Cell
viability at 48 hpe for BSR cells electroporated with pAVIC1 or the indicated mutant RNAs,
calculated as the ratio of released to total lactate dehydrogenase (LDH) activity (i.e. ([LDH]test —
[LDH]negative) / ([LDH]max — [LDH]negative) (mean + s.d.; n = 3 biologically independent experiments).
Max = maximum LDH measured for fully lysed cells. Source data are provided as a Source Data file.
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Supplementary Figure 14 | Original western blot scans for Fig. Sb,h.
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Supplementary Figure 15 | Detection of XP-mCherry and mCherry-XP with anti-mCherry
antibody. HeLa cells were electroporated with pCAG-mCherry, pCAG-XP-mCherry or pCAG-
mCherry-XP. The plasma membrane (but not internal membranes) was selectively permeabilized
with digitonin, cells were stained with anti-mCherry antibody followed by Alexa 488-labelled anti-
rabbit IgG antibody, and visualized by confocal microscopy. The images are averaged single plane
scans. Scale bars represent 10 pm.



— HAstV1 XP
—— HAstV2 XP

HAstV3 XP

HAstV4 XP
— HAstV5 XP
— HAstV6 XP
— HAstV7 XP
— HAstV8 XP

hydrophobic score

position

Supplementary Figure 16 | Individual Kyte-Doolittle hydropathy plots for HAstV1-8 XPs.
Hydropathy plots for HAstV1 pAVICI and representative HAstV2—-8 sequences (see Fig. 1f) were
predicted with protscale with a 9-aa window size (https://web.expasy.org/protscale; May 2019).
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Supplementary Figure 17 | Predicted secondary structure of HAstV XPs. Protein secondary
structures for representative sequences (see Fig. 1e) were predicted with RaptorX®.
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Supplementary Figure 18 | Helical wheel representations for TM regions of other astrovirus
XPs used in Fig. 6e. TMs were predicted with Phobius® (http://phobius.sbc.su.se/) and helical wheels
were created and analysed using Heliquest’ (http://heliquest.ipmc.cnrs.fr; May 2019).
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Supplementary Figure 19 | Bacterial lysis assay for viroporin-like activity. (a-c) E. coli pLysS
cells were transformed with pOPT constructs expressing the indicated proteins, grown to an optical
density of 0.4 to 0.6, and then induced with IPTG. Optical densities were measured for induced and
non-induced samples in triplicate over a time course of 180 min post induction. Graphs show means
+ s.d. from n = 3 biologically independent experiments. (d) Non-induced, and 60 and 120 min post
induction samples were also collected for protein detection by western blot. (€) Original western blot
scans for (d). Source data are provided as a Source Data file.
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Supplementary Figure 20 | Toxicity assay for HMA-treated astrovirus-infected cells. Caco2
cells were infected with the indicated viruses at MOI 0.2 in the presence (dark blue bars) or absence
(light blue bars) of 5 uM hexamethylene amiloride (HMA) for 48 h. Supernatant was used to measure
cell viability, calculated as the ratio of released to total lactate dehydrogenase (LDH) activity (mean
+ s.d.; n = 4 biologically independent experiments). Max = maximum LDH measured for fully lysed
cells. Source data are provided as a Source Data file.



Supplementary Table 1

XP and YP statistics in different astrovirus groups

Group Protein | Number | Median Median Median Predicted
mass (kDa) pl length (aa) TM(s)

Bat astrovirus XP 1 17.1 13.4 148 yes

Genogroup I1d - XP 17 10.7 12.7 91 yes

bovine astrovirus etc

Genogroup 1V - XP 13 8.4 8.6 78 yes

MLB astroviruses

Rodent astrovirus XP 4 8.3 5.5 79 yes

Genogroup Ia - XP 39 12.3 8.0 112 no

human astrovirus etc

Genogroup Ic - XP 5 10.8 7.9 98 no

California sea lion

astrovirus etc

Genogroup Ib - XP 10 10.1 9.7 91 no

canine astrovirus etc

Marmot astrovirus XP 4 10.7 12.1 97 yes

Genogroup I11d - XP 25 7.6 12.5 70 yes

porcine astrovirus 4

etc

Genogroup Ila - XP 9 6.5 12.1 64 yes

murine astrovirus etc

Rodent astrovirus XP 2 8.0 12.5 77 yes

Bovine astrovirus XP 4 9.1 11.5 82 no

Genogroup IIIb - XP 19 8.3 11.3 73 no

bovine astrovirus etc

Genogroup Illc - XP 24 8.3 11.8 75 no

porcine astrovirus 2

etc

Genogroup Ilc YP 6 9.9 6.2 91 no

mamastrovirus 10 etc




Supplementary Table 2 | Accession numbers of the 415 astrovirus ORF2 sequences

AB000283
AB000291
AB000299
AB025803
ABO025811
AB308374
AF117209

AB000284
AB000292
AB000300
AB025804
AB025812
AB496913
AF141381

AB000285
AB000293
AB000301
AB025805
AB031030
ABg23731
AF248738

AB000286
AB000294
AB009984
AB025806
AB031031
ABg23732

AB000287
AB000295
AB009985
AB025807
AB037272

AB000288
AB000296
AB013618
AB025808
AB037273

AB829252 AB914705
AF260508 AY179509 AY720891 AY720892 DQO028633

AB000289
AB000297
AB025801
AB025809
AB037274
AB914706

AB000290
AB000298
AB025802
AB025810
AB290149
AF056197

DQO070852 DQ344027 DQ630763 EF138823 EF138824 EF138825 EF138826 EF138827 EF138828
EF138829 EF138830 EF138831 EF583300 EU847144 EU847145 EUR47155 FJ222451 FI375759
FJ402983 FJ571065 FJ571066 FI571067 FJ571068 FJ571070 FJ571071 FJ571072 FJ571073
FJ571074 FJ755402 FJ755403 FJ755404 FJ755405 FJ792842 FJ890351 FJ890352 FJ890355
FJ973620 FM213330 FM213331 FM213332 GQ267696 GQ405855 GQ405856 GQ405857
GQ415660 GQ415661 GQ415662 GQ495608 GQ502193 GQ891990 GQ901902 GQI914773
GU223905 GU376736 GU562296 GU732187 GU985458 HMO045005 HM237363 HM447045
HM447046 HM450380 HM450381 HM450382 HM756258 HM756259 HM756260 HM756261
HQ398856 HQ623147 HQ623148 HQ647383 HQ668129 HQ668143 HQ916313 HQ916314
HQ916315 HQ916316 HQ916317 JF327666 JF491430 JF713710 JF713711 JF713712 JF713713
JF729316 JF742759 JF742760 JF755422 JN052023 JNO88537 JN193534 JN420351 JN420352
JN420353 JN420354 JN420355 JN420356 JN420357 JN420358 JN420359 JN592482 JN887820
JQO81297 JQO086552 JQ340310 JQ403108 JQ408745 JX087963 JX087964 JX087965 JX544743
JX544744 JX544745 1X544746 JX556690 JX556691 JX556692 JX556693 JX684071 JX684072
JX857868 JX857869 JX857870 KC285152 KC342249 KC609001 KC692365 KC915034
KC915035 KF039910 KF039911 KF039912 KF039913 KF157967 KF211475 KF233994 KF374704
KF417713 KF499111 KF668570 KF787112 KF859964 KJ476832 KJ476833 KJ476834 KJ476835
KJ476836 KJ476837 KJ476838 KJ495986 KJ495987 KJ495991 KJ495992 KJ495993 KJ495994
KJ495996 KJ495999 KJ496001 KJ571486 KJ620979 KJ620980 KJ656124 KJ920196 KJ920197
KMO017741 KMO017742 KMO017743 KMO035759 KM358468 KM401565 KM822593 KP264970
KP404149 KP404150 KP404151 KP404152 KP663426 KP747573 KP747574 KP759770 KP862744
KP942582 KP942583 KP942584 KP942585 KP942586 KP942587 KP942588 KP942589 KP942590

KP942591
KR868721
KT946729
KT956903
KX033447
KX266906
KX599353
KY 073230
KY412125
KY855437
KY933399

KP942592
KR868722
KT946730
KT963069
KX060808
KX266907
KX599354
KY073231
KY412126
KY855438
KY933670

KP942593 KP982872 KR349488 KR349489
KR868724 KT224358 KT946726
KT946732 KT946733 KT946734

KT963071 KU764484

KR868723
KT946731
KT963070
KX060809
KX266908
KX645667
KY 073232
KY412127
KY855439

KX266901
KX273058
KX683863
KY073233
KY744137
KY855440

KX266902
KX599349
KX756441
KY214437
KY744138
KY855441

KU764485
KX266903
KX599350
KY 024237
KY214438
KY744139
KY855442

KR349490
KT946727
KT946735
KU764486
KX266904
KX599351
KY024238
KY271946
KY744140
KY859988

KR349491
KT946728
KT946736
KX022687
KX266905
KX599352
KY073229
KY412124
KY744141
KY933398

KY940075 KY940076 KY940077 KY940545 L06802 L13745 L23513

LC047787 LC047788 LC047789 LC047790 LC047791 LC047792 LC047793 LC047794 LCO047795
LC047796 LC047797 LC047798 LC047799 LC047800 LC047801 LC064152 LC201585 LC201586
LC201587 LC201588 LC201589 LC201590 LC201592 LC201593 LC201594 LC201595 LC201596
LC201597 LC201598 LC201599 LC201600 LC201601 LC201602 LC201603 LC201604 LC201605
LC201606 LC201608 LC201609 LC201610 LC201611 LC201612 LC201613 LC201615 LC201616
LC201617 LC201618 LC201619 LC201620 LC341267 LN879482 LT706530 LT706531 LT898424
LT898434 MF033385 MF033386 MF175073 MF175075 MF684776 MF973495 MF973496
MF973497 MF973498 MF973499 MF973500 MF973501 MGS571777 MG660832 MG693176
S68561 U15136 Y08632 Y 15937 Y15938 Z25771 Z33883 Z46658 266541



Supplementary Table 3 | List of primers used

Primer Purpose Sequence

PAVIC-ATGminus F | Site directed | CAGGTAACTGTTGAGGTCAGTAATAACGGCCGCAACAGGAGTAAATC

PAVIC-ATGminus R | Mutagenesis | GappTACTCCTGTTGCGGCCGTTATTACTGACCTCAACAGTTACCTG

pAVIC-PTC1_F CTAGGGGCCGAGATAAATCAGTGAAGATTACAGTCAATTCAAGAAACAGAG

pAVIC-PTC1_R CTCTGTTTCTTGAATTGACTGTAATCTTCACTGATTTATCTCGGCCCCTAG

pAVIC-PTC2 F CTAGGGGCCGAGATAAATCAGTGAAGATAACAGTCAATTCAAGAAACAGAG
cc

pAVIC-PTC2 R GGCTCTGTTTCTTGAATTGACTGTTATCTTCACTGATTTATCTCGGCCCCT
AG

pAVIC-PTC3 F CAGAGAGCAACAGCAACCCTAGGGACGGTCGGGTCAAAC

pAVIC-PTC3 R GTTTGACCCGACCGTCCCTAGGGTTGCTGTTGCTCTCTG

X-GS-mCh-F GTTTGGCCCTGTGCAGGCGCGGATCCGTGAGCAAGGGCGAGGAGG

X-SG-mCh-R: GAGGAGTGAATTCGAAGATCTTAAGTTACTTGTACAGCTCGTCCATGCC

mCh-GS-X-F GGCAAAGAATTAATTAAGCCACCATGGTGAGCAAGGGCGAGGAG

mCh-GS-X-R CTTGATTTACTCCTGTTGCGGCGGATCCCTTGTACAGCTCGTCCATGCC

pAVIC-5L F AGTCCTCGTCAAGGACGCTACAGGAAGCACACAGTTTGGCCCAGTGCAGGC
GCTAGGTGCAC

pAVIC-5L R TGGGCCAAACTGTGTGCTTCCTGTAGCGTCCTTGACGAGGACTGGGTTGAG
GAGAATACACGCC

XP-5L-1R GCTTCGGATAGCGTCCTAGTCGAGGAAGTGGTTGAGGAGAATACACGCCTC

XP-RR-1R CAGTAGCGTCCTTAACGAGGACAGGGTTGAGGAGAATACAGCAGCCAATCT
CAGTGGTGCCACTGG

XP-2R-R-BamHI CGCGGATCCTTATGCTGCGCACAGGGCCAAACTGAGTGCTTCCAGTAGCGT
CCTTAACGAGGAC

pAVIC-GNN-F GTTTATGGAAATAACAGGCTTTCTACAACACCTTCGG

pAVIC-GNN-R GTAGAAAGCCTGTTATTTCCATAAACTACAGTGTCATAGGTC

4714-02-2A-R Cloning of | GAGAAGGTCAAAATTCAAAGTCTGTTTCACCGGTGCCACAATTTTCTGTTT

replicon GTGTCTGGCTTCACCTAGCGCCTGCACAG

2A-RLuc-F CAGACTTTGAATTTTGACCTTCTCAAGCTGGCGGGAGACGTCGAGTCCAAC
CCCGGGCCCGCTTCCAAGGTGTACGACCC

RLuc-TAG-6148-R GCTGTGTTAGTTTTAAGTTCCACGTTACTACTGCTCGTTCTTCAGCACGC

4714-X-2A-R GAGAAGGTCAAAATTCAAAGTCTGTTTCACCGGTGCCACAATTTTCTGTTT
GTGTCTGGCTTCGCGCCTGCACAGGGCC

SINV_F_Aat2 SINV-repC | CCGACAGATTGTTCGACGTCAAG

SINV_R_Xhol cloning TTCCCCTCGAGGAATTCCCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTGAAATG

CP_R_NdeBam ATTAGGATCCATATATATACATATGTGCGGACCACTCTTCTGTCC

CP_F NdeBam tccgcaCATATGTATATATATGGATCCTAATCCGCTACGCCCCAATGATCC
G

mCh-Nde-F GGGAATTCCATATGGTGAGCAAGGGCGAGG

mCh-Bam-R CGCGGATCCTTACTTGTACAGCTCGTCCATGCC

Strep-2B-Ndel-F Cloning of | GGGAATTCCATATGTGGTCACATCCTCAGTTCGAAAAGTCCGCCGGGATCA

2B, XPs into | AGGACTATGTCGAAC
2B-BamHI-R pOPT, CGCGGATCCTTATTGGCGTTCAGCCATGGGTATTC
Strep-XP4-Ndel-F SINV-repC  ["GGGAATTCCATATGTGGTCACATCCTCAGTTCGAAAAGTCCGCCGCCGAAG

XP4-BamHI-R

CAGGAGCAAATCC

CGCGGATCCTTAGCGCCTGCACTGGGCCAAAC

pCAG-StrXP-F-Pac

pCAG-XP-R-Afl

pCAG-XP-f-Pac

pCAG-XP-HA-R-Afl

Cloning into
pCAG
vector

ATACCTTAATTAAGCCACCATGTCCGCCTGGTCACATCCTCAGTTCGAAAA
GGCCGCAACAGGAGTAAATCAAG

ATATACTTAAGTTAGCGCCTGCACAGGGCC

ATACCTTAATTAAGCCACCATGGCCGCAACAGGAGTAAATCAAG

ATATACTTAAGTTAAGCGTAATCTGGAACATCGTATGGGTAGGCGGAGCGC
CTGCACAGGGCC




pCAG-XPStr-R-Afl

pCAG-HAXP-F-Pac

ATATACTTAAGTTACTTTTCGAACTGAGGATGTGACCAGGCGGAGCGCCTG
CACAGGGCC

ATACCTTAATTAAGCCACCATGTCCGCCTACCCATACGATGTTCCAGATTA
CGCTGCCGCAACAGGAGTAAATCAAG

SINV-RT Reverse GTTGAAGAATCCGCATTGCATGG
HAStVI-RT transcription " pACTGCTGTAGCAATAAGGCCACG
SINV-gF qPCR GAAACAATAGGAGTGATAGGCA
SINV-qR TGCATACCCCTCAGTCTTAGC
HAStV1-qF TGCTATTGGTACTGTCATGGG
HASstV1-qR GGTGTGAAATGGAATTGTGGG

hamGAPDH-qF

hamGAPDH-qR

GGCAAGTTCAAAGGCACAGTC

CACCAGCATCACCCCATTT




Supplementary Table 4

Host and virus read counts for different Ribo-Seq samples

drug repeat time | total reads | host rRNA host vRNA
point mRNA
No treatment NT #1 | 12 hpi | 34,261,071 | 23,068,841 | 3,960,680 | 778,926
NT#2 | 12 hpi | 41,436,501 | 27,367,513 | 5,669,906 | 1,035,209
Lactimidomycin | LTM #1 | 12 hpi | 11,621,251 6,024,566 625,793 177,015
LTM#2 | 12 hpi | 12,903,118 | 9,177,384 828,982 | 240,408
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