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Supplementary Figure 1 | Computational analysis of enterovirus sequences. (a) Sequences of the
UP peptide for Enterovirus A, B, C, E, F and G reference sequences. Transmembrane domains are
predicted in A, B and C but not or only weakly in E, F and G. Thus UP may have a different function in
Enterovirus E, F and G, or may simply have an unusual poorly predicted transmembrane region. (b)
Coding potential in the three reading frames (indicated by the three colors) for Enterovirus E, F and G as
measured with MLOGD, for sequences that contain the uORF. Positive scores indicate that the sequence
is likely to be coding in the given reading frame. Reading frame colors correspond to the genome maps
shown above each plot, indicating the polyprotein ORF and uORF in the corresponding reference

sequences.
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Supplementary Figure 2 | Nucleotide and amino acid alignments of EV7 mutants. (a) Alignment of
EV7, EV7-PTC, EV7-Loop and EV7-mAUG mutants. Only nucleotide differences from wt EV7 are
shown for the mutants. Amino acid sequences are shown for wt UP (EV7) and the truncated UP in the
PTC and Loop mutants. The polyprotein amino acid sequence is underlined in blue. (b) Alignment and



tagging strategy for EV7-StrUP and EV7-StrUP-PTC mutants. Since the uORF overlaps the polyprotein
ORF, in order to add a C-terminal Strep tag to UP the overlap region was duplicated upstream of the
polyprotein ORF initiation site and the duplicated region was synonymously mutated to prevent
recombination. Sequence encoding a Strep tag was appended to the end of the duplicated uORF sequence,
the polyprotein ORF initiation context was maintained, and an AUG codon in the duplicated region was
mutated (AUG to AUC, underlined; Met to Ile change in UP) to avoid inhibiting scanning 43S
preinitiation complexes from reaching the polyprotein AUG.
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Supplementary Figure 3 | Analysis of wt and mutant EV7 viruses. (a) Plaque morphology for EV7
and mutant viruses EV7-PTC, EV7-Loop, EV7-mAUG (before and after reversion), EV7-StrUP and EV7-
StrUP-PTC. (b) Sequencing chromatograms of RT-PCR products for the competition experiment of EV7,
EV7-PTC and EV7-Loop mutants at initial infection (P1) and after five passages (P5). Experiments were
repeated three times independently with similar results (a-b).
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Supplementary Figure 4 | Assessment of ribosome profiling quality for EV7 libraries. (a)
Histograms of RPF approximate P-site positions relative to annotated initiation and termination sites



summed over all host mRNAs. (b) Relative length distributions for Ribo-Seq reads mapping to virus
(green) and host (red) mRNA coding regions. Note the degradation in host, but not virus, Ribo-Seq quality
at the later timepoint (cf. ref. !). (¢) Phasing of 5’ ends of Ribo-Seq reads that map to the viral polyprotein
ORF (VRNA) or host coding regions (mRNA). (d) Single-nucleotide resolution view of RPF densities
(reads per million mapped reads; RPM) in the uORF and flanking regions of the EV7 genome. RPF
phasing colors are shown relative to the polyprotein reading frame. Note that nucleotide-to-nucleotide
variation in RPF counts may be influenced by technical biases besides ribosome codon dwell-times. Reads
in the orange phase may derive from translation of short non-AUG initiated overlapping ORFs
(annotated), though we have no reason to suspect that these encode functional protein products and
ribosomes which translate such short ORFs may be competent for reinitiation at the polyprotein AUG.
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Supplementary Figure 5 | Assessment of ribosome profiling quality for PV1 libraries. (a)
Histograms of RPF approximate P-site positions relative to annotated initiation and termination sites
summed over all host mRNAs. (b) Relative length distributions for Ribo-Seq reads mapping to virus



(green) and host (red) mRNA coding regions. Note the higher quality (sharper peak) of the virus reads
compared to the host reads (cf. ref. !). (¢) Phasing of 5’ ends of Ribo-Seq reads that map to the viral
polyprotein ORF (VRNA) or host coding regions (mRNA). (d) Single-nucleotide resolution view of RPF
densities (reads per million mapped reads; RPM) in the uORF and flanking regions of the PV1 genome.
RPF phasing colors are shown relative to the polyprotein reading frame. Reads in the blue phase may
derive from translation of short non-AUG initiated overlapping ORFs (annotated), though we have no
reason to suspect that these encode functional protein products and ribosomes which translate such short
ORFs may be competent for reinitiation at the polyprotein AUG.
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Supplementary Figure 6 | Assessment of ribosome profiling quality for EV-A71 libraries. (a)
Histograms of RPF approximate P-site positions relative to annotated initiation and termination sites



summed over all host mRNAs. (b) Relative length distributions for Ribo-Seq reads mapping to virus
(green) and host (red) mRNA coding regions. (¢) Phasing of 5" ends of Ribo-Seq reads that map to the
viral polyprotein ORF (VRNA) or host coding regions (mRNA). (d) Single-nucleotide resolution view of
RPF densities (reads per million mapped reads; RPM) in the uORF and flanking regions of the EV-A71
genome. RPF phasing colors are shown relative to the polyprotein reading frame. Reads in the blue phase
may derive from translation of a short non-AUG initiated overlapping ORF (annotated), though we have
no reason to suspect that this encodes a functional protein product and ribosomes which translate such
short ORFs may be competent for reinitiation at the polyprotein AUG.
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Supplementary Figure 7 | Nucleotide and amino acid alignments and properties of HA-tagged PV1
mutants. (a) Alignment and tagging strategy for PV1-HA, PV1-HA-PTC and PV1-HA-Loop mutants.
Since the uORF overlaps the polyprotein ORF, in order to add a C-terminal HA tag to UP the overlap
region was duplicated upstream of the polyprotein ORF initiation site, the duplicated region was
synonymously mutated to prevent recombination, and sequence encoding an HA tag was appended to the
end of the duplicated uORF sequence. (b) Titers of the viruses after one passage in RD cells (P1),
comparative plaque sizes, and RT-PCR analysis of viral RNA isolated after three passages in RD cells.
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Supplementary Figure 8 | Differentiation of human intestinal organoid cultures. Results of qRT-
PCR showing fold change in transcript levels in differentiated terminal ileum organoids (day 3 and 5)
relative to transcript levels in undifferentiated organoids (day 0). HPRT1 transcript was used for
normalization. Shown are (a) a stem cell marker, leucine-rich repeat-containing G-protein coupled
receptor 5 (LGRYS), (b) a mature enterocyte marker, alkaline phosphatase (ALP), and (c) an epithelial cell
marker, villin (means =+ s.d.; N = 3 biologically independent experiments each).
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Supplementary Figure 9 | Immunofluorescence analysis of EV7 UP expressed in HeLa cells.
Confocal images of HelLa cells transfected with pCAG or pCAG-UP, and the HeLa-UP cell line, stained
for UP (green), ER (calnexin, red) and nuclei (Hoechst, blue). The images are a projection of a z-stack.
Scale bar: 25 um. The experiment was repeated three times independently with similar results.
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Supplementary Figure 10 | A repeat of the Fig. 3¢ growth curve assay for EV7 and mutants.
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Supplementary Figure 11 | Original western blot scans for Fig. 3a (a), 3b (b), 4d (¢), 4f (d), 6¢ (e).
Gels for structural protein immunoblotting were loaded with the same samples used for UP
immunoblotting but at 1:20 dilution (a, b, ¢, d). The bands were quantified where possible (a, b, c, d).
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Supplementary Figure 12 | Ribosome profiling repeat datasets. (a) Ribosome profiling of PV1-
infected cells at 4 and 6 hpi. (b) Ribosome profiling of EV-A71-infected cells at 5 and 7.5 hpi. Note that
the repeat 1 datasets are the same as those shown in Fig. 4. Ribo-Seq RPF densities in reads per million
mapped reads (RPM) are shown with colors indicating the three phases relative to the main ORF (blue —
phase 0, green — phase +1, orange — phase +2), each smoothed with a 3-codon sliding window.
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Supplementary Figure 13 | Phylogenetic tree of the Picornaviridae family. All RefSeqs annotated as
family Picornaviridae were obtained from NCBI on 28 June 2018, the polyprotein amino acid sequences
were extracted and aligned with MUSCLE, and the RNA-dependent RNA polymerase (RdRp) region was
excised and used for phylogenetic analysis. 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 10 million generations, discarding the first 25% as
burn-in. The tree was visualized with FigTree. Taxa that have a putative additional 5’ or 3" ORF are
indicated in red; it is possible that other taxa also have additional ORFs as limited sequence data for some
taxa precludes the ability to analyse purifying selection.
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IN867757 MATRGLLLITFMLTSIMALLMLHPRVSVLTLLL
FJ555055 MAIKGLLLITFMLTSIMALLMLLPRGSVAILLLK
FJ438908 MAIRVLLSIIFMLTHIMLLLTLLPPQSGAILLLK
KJ194505 MAIRELLSTTFEMLT! LLLMLLPPQSGAILLL
FJ438907 ---MAQLLITEMLIIMALLMLLPREL
KX545380 ---MELQLIFMQTITMALLMLLP
FJ438903 MATRELLLITFIQTSTMLLLMLLP
JN867759 MATRELLVITFIQTSIMLLLMLLPK AMYLAFLDLQAVLLURLSLFS KERNKTESKKIESELEMLUATHL
JN867756 MATREQLLITFIQTSIMLLLMLLP AMYLAFLDLQVVLLMLSLFSHPPE--------------------

AB920345 MATREQLLITFIQTSIMLLLMLLP AMYLAFLDLQVVLLMLSLFSPPQ---------------------

GU968209 MATREQLLITFIQTSIMLLLMLLP AMYLAFLDLQVVLLMLSLFSBPRG--------------------

FJ438904 LATREQLLITFIQTSIMLLLMLLPK MYLAFLDLQVVLLMLSLFSPPP---------------=-----

KJ396940 MATREQLLITFIQTSIMLLLMLLPK AFLDLQAVLLMLSLFSPRRE--------------------

FJ438902 MATREQLLITFIQTSIMLLLMLLP ATYLAFLDLQVVLLMLSLFSPHHEPRQE----------------
JN867758 MAMRELQLTIFMQTITMALLMLL MVMFLAFSDLQVVLLMLYLYWP GﬁRI'HILRTES ---------
KM516909 --MRALWLTIFMQTIIMALLMLLP VMFLAFSDLQVVLLMLYLF

MVMYLAFLDLLLEHSTLULDFW LRTQPIWRTEF
VLSLAFLDLQLLLLMRPDFLQ KTLRTWVIEF---------
LY\\[FSEVLLLLSLPLH ...............

VLYLVFSEVLLUHSLPLHYWLNOR----------emmmmeen
YLVFLEWQVLLLMH =T - (E——
MSLVFLDLHLVLLMPYLSLQHPV--------------------
VMFLAFLDLQVVLLMLSLFSPLPE---

*: * k% % % *% . *.*
I Hydrophobic position II Basic position YI Tyrosine or Histidine
D Acidic position S Other polar position P Proline

Supplementary Figure 14 | Putative additional 5’ ORF in cosaviruses. (a) Comparative genomic
analysis of genus Cosavirus sequences (see part B for accession numbers; reference sequence in red). Top
— Genome map of reference sequence indicating the polyprotein ORF (blue) and the putative additional
ORF (green). Middle — Coding potential in the three reading frames (indicated by the three colors
corresponding to the genome map colors). Positive scores indicate that the sequence is likely to be coding
in the given reading frame. Bottom — Analysis of conservation at polyprotein-frame 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. MLOGD is generally more appropriate for
detecting non-overlapping ORFs whereas SYNPLOT?2 is appropriate for detecting overlapping ORFs
(pink arrow). Other peaks in synonymous site conservation likely correspond to functional RNA elements
embedded within the polyprotein coding sequence (cf. ref. 2). (b) Amino acid alignment of the putative
additional protein. Amino acids are color-coded according to their physicochemical properties.
Transmembrane regions predicted by Phobius to be present in every sequence in the alignment are
indicated with pink bars above the alignment.
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MG846480 MFYE-LLIIAALVVILVSPH
MG846487 MLLELLLVVVTLVIVVASPG
MG846482 MLIEISLVVVALVVVVVSHS
KF741227 MFLEISLVTWTLIIVVVSPSE
KT880665 MLVEIFLVIIALIAVVVSPNE
MG846484 MFLESLLVAITLVIVVASPS
MG846481 MLVETLLIIALALVVVSSSE
MG846485 MLLEFLLVTTALTIVVLSPS
MG846486 MLLEFLLVTTALAIVVLSPS
MG846483 MFLEVFLVIVALVVVVLSP
KY069113 MFLEVFLVIVALVVVVLSPS
KY069112 MLLESLLVIVALVVVVVSPS
KP779642 MIVE LLVVIVLAIVISSPNE

*** * -*-****-** ***

CLIVVCLVNFLVYFLWTIPGL
QLLAICTYNFLLIFLWLVGLI
QLLTVCIYNFALTFLWLFG
QLLIICAYNFVLIFFWLIGLIEL
LLIVCVYN
LFTICV
LLAICVYNFALIFLWLLGILE
LLAICVYNFALIFLWLLGIL
LLAICVYNFALIFLWLLGIL
LSOQLLTICIYNFVLIFLWLFGT
SQLLTICIYNFVLIFLWLFGTL
PQLFAICIYNFVLIFLWLFGTL
QLLAICIY VLIFLWLFGILEL
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MG846480 FMLWFISPISPVVFTLDPP

MG846487 LLLWFILPTSPIVFALDPPTQ
MG846482 FMFWFETLPTSPIVETLDPPT
KF741227 FMLWFILPTSPVVFTLDPPT!
KT880665 FMFWFIAPTSPVVFTLDPP
MG846484 FLLWFILPASPIVFTLDPPAQ
MG846481 FMLWFILPTSPIVFTLDPPA!
MG846485 FMLWFILPTSPIVFTLDPPA!
MG846486 FMLWFILPTSPIVFTLDPPA!
MG846483 FMFWFILPTSPIVFTLDPPA
KY069113 FMFWFILPTSPIVFTLDPPAQ
KY069112 FMFWFILPTSPIVFTLDPPAQ
KP779642 FMFWFILPTSPIVFTLDPPA

serkk ok kkekkekkkkees

Supplementary Figure 15 | Putative additional 5’ ORF in siciniviruses. (a) Comparative genomic
analysis of genus Scinivirus sequences (see part B for accession numbers; reference sequence in red).
Top — Genome map of reference sequence indicating the polyprotein ORF (blue) and the putative
additional ORF (orange). Middle — Coding potential in the three reading frames (see Fig. S14 for details).
Bottom — Analysis of conservation at synonymous sites (with the reading frame of the polyprotein being
used where the two ORFs overlap) (see Fig. S14 for details). MLOGD and SYNPLOT2 detect,
respectively, the non-overlapping and the overlapping portions of the additional ORF (pink arrows). (b)
Amino acid alignment of the putative additional protein. Amino acids are color-coded according to their
physicochemical properties (see Fig. S14). Transmembrane regions predicted by Phobius to be present in
every sequence in the alignment are indicated with pink bars above the alignment.
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KX783422 -MATR
KX783421 -MAAREV
V

LRFLLVLLL
LKFLLVLLL

TLSLVSQLPVPLLLFSSQSLLL HLLGFLLSLMVCLILLELKSVRVQLLLI
TLSLVFQLPMPLLLFSSQSLLL RDLHLLGFLLSLMACLILLUELRSVRVQLLLI

KX783423 -MAA TLSLVSQLPMPLLLFSSQSLLL RDLHLLGFLLSLMVCLILLELRSVRVOQLLLIVFLRFLLVLLL
KX783431 MENAL SRDWLLLGSLLPLMVFL ALKLAMLQALBIGFLKWLLVQLL
KX783432 MENAL SRDWLLLGFLLPLMVSL ALKLAMLQALEBIGFLKWLLVQLL
KX156156 MENVQ LSRDWLLLGSLLPLMVCLMIQALKLEMCQGLLIGCLKWLLVLPL
KX783428 MENAQ LSRDWLLLGFLLPLMVCLMIQVLKLAMFQAELIGFLKWLLVLPL
KX783425 MENVQ LSRDWLLLGSLLPLMVCLEMIQVLKLAMLQALELIGFLKWLLVLPL

KX783429 MENAQ SRDWLLLGSLLPLMVSLTIQALKLAMFQA
KX783430 MENAQ SRDWLLLGSLLPLMVSLTIQALKLAMFQA

IGCLKWLLVLPL
IGCLKWLLVLPL

KX783433 MENVQ LSRDWLLLGSLLPLMGCLMIQALKLAMFQALLIGCLKWLLVLPL
KX783426 MENVQ LSRDWLLLGSLLPLMGCLITIQALKLAMFQAELIGCLKWLLVLPL
KX783427 MENVQ LSRDWLLLGSLLPLMGCLITIQALKLAMFQALELIGCLKWLLVLPL
KX783424 MENVQ LSRDWLLLGSLLPLMGCLMIQALKLAMFQALLIGCLKWLLVLPL

* k Kk« kkkkkek k% * k% kkk kk *kk k. * kkk Kk kkk *

KX783422 CLLRMLLLLEMGG-QAM LAPYLLP
KX783421 CLLRMLLLLEMGG-QVM LAPYLLP
KX783423 CLLRMLLLLGMGG-QAM LAPYLLP

TLQTLTLFLMSPNPL

KX783431 FLH LQLD
KX783432 FLH LQLDRDTLQTLILFLMSPNLP

KX156156 Y LQLDRDTLQTLIQSLMIPSPP
KX783428 Y LQLDRDTLQTLTQSLMIPNPP
KX783425 LQLDRDTLQTLIQSLMIPNPP
KX783429 Y LQLDRDTQQILIQSLMIPNPL
KX783430 Y LQLDRDTQOILIQSLMIPNPL
KX783433 Y LQLDRDIQKILILFLMSPNPQ
KX783426 Y LQLDRDTQKILILFLMSPNPQ
KX783427 Y LQLDRDTQKILILFLMSPNPQ
KX783424 Y LQLDRDTQKILILFLMSPNPQ
* k* k% % *

Supplementary Figure 16 | Putative additional 5’ ORF in rosaviruses B and C. (a) Comparative
genomic analysis of rosavirus B and C sequences from genus Rosavirus (see part B for accession numbers;
reference sequence in red). Top — Genome map of reference sequence indicating the polyprotein ORF
(blue) and the putative additional ORF (green). Middle — Coding potential in the three reading frames (see
Fig. S14 for details). Bottom — Analysis of conservation at polyprotein-frame synonymous sites (see Fig.
S14 for details). MLOGD is generally more appropriate for detecting non-overlapping ORFs whereas
SYNPLOT?2 is appropriate for detecting overlapping ORFs (pink arrow). (b) Amino acid alignment of the
putative additional protein. Amino acids are color-coded according to their physicochemical properties
(see Fig. S14). Transmembrane regions predicted by Phobius to be present in every sequence in the
alignment are indicated with pink bars above the alignment.
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GU182410 TALWSVKKII K
GU182411 TALWSVKKTI |
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LLDILLSTTSLLAEILLSGLR CHLIPNHEPAGIQNLLYLLHLTAKRSTPWIPISLLA|
LLDILLSTTSLLAETLLSGLRLI LIPNHFPAGIQNLLYLLHLTAKPSTPWIPISLLARG
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GU182410 RETRWSLEMV LTRVOMGLLROFRST RVRLLLGLLAILQ N RNRRLLMGKSLGTL CSPTRRM
Gu182411 IRWSLEMV LTRVOMGLLRQFRST:! VRLLLGLLAILQ R IRRRNRRLLMGRSLGTLLRNYSLTHRM
*% * *% * * *kk *kk *kkkkkkkkkk *% * *kk *kk *kk *% k % k%

GuU182410 LCSRLIEFLLSPLLVLLLLCNLIYHLCLLM LS
Gu182411 LCSRLIEFLLSPLLVLLLLCNLIYHLCLLM LS

Supplementary Figure 17 | Putative additional 5' ORF in turdivirus 3. (a) Comparative genomic
analysis of turdivirus 3 sequences from genus Oscivirus species Oscivirus A2 (see part B for accession
numbers; reference sequence in red). Top — Genome map of reference sequence indicating the polyprotein
OREF (blue) and the putative additional ORF (green). Middle — Coding potential in the three reading frames
(see Fig. S14 for details). Bottom — Analysis of conservation at synonymous sites (with the reading frame
of the polyprotein being used where the two ORFs overlap) (see Fig. S14 for details). MLOGD is generally
more appropriate for detecting non-overlapping ORFs whereas SYNPLOT?2 is appropriate for detecting
overlapping ORFs (pink arrow). (b) Amino acid alignment of the putative additional protein. Amino acids
are color-coded according to their physicochemical properties (see Fig. S14). Transmembrane regions
predicted by Phobius to be present in every sequence in the alignment are indicated with pink bars above
the alignment. The ORF is predicted to start at an ACG codon (a known non-AUG initiator) * in a strong
initiation context (A at —3, G at +4); while the ACG is expected to be decoded as Met by initiator Met-
tRNA, for convenience the standard decoding (Thr) is shown in the above alignment.
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Penguin, duck and goose megriviruses

MF405436 MGNTITTTIQQTIVNIY PSSDISIDSKOTSVSMVVVFSTISLLFLLTFIFLIYCFC
C

SL
KC663628 MGNTVTQTENIVNNYIILNHSPNSQVSTGSSQSATSTVVVFSALGVFLFICIIFESYCIER Q
KY369299 MGNTITQTINQTIHNIFITNSPNSHVSSGSSQSASSSVVVFSILGVFIFFLVVFFSYCIEKN
KY369300 MGNTITQTINQTIHNIFITNSPNSHVSSGSSQSASSSVVIFSVLGVFVFFLVVFELYCIEK Q
ceoee ke kke K cakke .

****:* * . * **.* :* ** * **:** .
F ERKIFERVIIMQR
F R RKIFERVEMOR
F R RKIFERVEMQR
F R EKKIFERVIMQR
F R ERKIFERVLMOR

Tty

LKLLE
L

Chicken megriviruses

KF961187 MGNIASTNN
KF961186 MGNIASTNN

IVNNLAMGTGATAAAVTENTTMIVLITIGALVLVILCGVI
IVNNLAMGTGATAAAVTENTTMIVLITIGALVLVILCGVII
MG846464 MGNIASTN IVNNLAMGTGATAAAVTENTTMIILITIGALVLVILCGVII
MG846465 MGNIASTN IVNNLAMGTGATAAAVTENTTMIVLITIGALVLVILCGV
MG846463 MGNIASTN IVNNLAMGTGATAAAVTENTTMIVLITIGALVLVILCGV

KF961187 AREPP AFAESIYAGNIRRST Y
KF961186 AHLPP FAESIYAGNIRRST Y
MG846464 ARLPP AFAESVYAGNIRRS MY
MG846465 AHLPP AFAESVYAGNIRRS MY
MG846463 AHLPP AFAESVYAGNIRRS MY

* kkkkkkkkkkkk kkkkkkkkkkkkkkkkk -k

Turkey and chicken megriviruses

KF961188 MGITVSTINNINQIFATGSTVTSFTLQSASIVVMTIGVLVLIIVAGVVIYYEW g KIEARLIEKGIVS
KF979336 MGITVSTINNINQIFAVGSTVTSFTLQSASIVVMSIGILVLVILAGVVIYYEW EKIEARLIEKGLVS
KF979335 MGITVSTINNINQIFAVGSTVTSFTLQSASIIVMSIGVLVLVILAGVVIY GQ EKIEARLIEKGLVS
kk

vkkekkokkkoke

KF961188 PD P IESI
KF979336 PD P NEVIESI
KF979335 PD PDGGNEVIESI

Kkkkkkkk kkkkkkkk

Supplementary Figure 18 | Putative additional 3' ORF in megriviruses. (a) Comparative genomic
analysis of genus Megrivirus sequences (see part B for accession numbers; reference sequence in red).
Top — Genome map of reference sequence indicating the polyprotein ORF (blue) and the putative
additional ORF (orange). Middle — Coding potential in the three reading frames (see Fig. S14 for details).
Bottom — Analysis of conservation at synonymous sites (see Fig. S14 for details). MLOGD is generally
more appropriate for detecting non-overlapping ORFs (pink arrow) whereas SYNPLOT?2 is appropriate
for detecting overlapping ORFs. (b) Amino acid alignment of the putative additional protein in three
subgroups of megriviruses. Amino acids are color-coded according to their physicochemical properties
(see Fig. S14). Transmembrane regions predicted by Phobius to be present in every sequence in the
alignment are indicated with pink bars above the alignment. The 3’ ORF was previously noted in *, and is
likely expressed via a ribosomal reinitiation mechanism.
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KT944214 TDLEL-GK QVLIFL-LRTAGLRSLTSLKMSSALCFS ASRSQVIPITQETMV
KY432925 TDLEF-GK QVSIFL-LRTAGLKXLTSLKTSSALCFES VSRSQAIQTIQGTMV

KJ950971 TDEL-GK
MF352430 TDLL-GK

QVSIFL-LRTAGLRSLTSLKMSSALCFES SRNQAIQTIQETMV
QVLIFL-LRTAGLRSLTSLRMSSAQCFS KASRSQAIQTIQETMV

KT944212 TDLL-GK QVLIFL-LRTAGLRSLTSLKMSSALCFS NRNQATPIIQETMV
KT944213 TDLEL-GK QVLIFL-LRTAGLRSLTSLKMSSALCFES NRNQATPIIQETMV
JQ941880 TDLLFT FQQWILICLVTSGMRRPTLNLMESRLCF DKVSRNLATQTIQETME
KX156157 TELL-GK QSSILIWLTTSGMKTQTLSLMLSRLCFF ANRNLATPTIQATME
MF352413 TELL-GK QLSILIWLTTSGMKTQTLSLMLSRLCFY ANRNLAIPTIQATME
HM153767 TDLL-G LOQSWILICLVTSGYRNPTLILMLSRLCFS VSKNLETPITLATMA

*%

Kkeks kkkkkeokkk ok koo ok keke * *  kk kkkkk kkk o k%

Supplementary Figure 19 | Putative additional 5 ORF in hunniviruses. (a) Comparative genomic
analysis of genus Hunnivirus sequences (see part B for accession numbers; reference sequence in red).
Top — Genome map of reference sequence indicating the polyprotein ORF (blue) and the putative
additional ORF (green). Middle — Coding potential in the three reading frames (see Fig. S14 for details).
Bottom — Analysis of conservation at polyprotein-frame synonymous sites (see Fig. S14 for details).
MLOGD is generally more appropriate for detecting non-overlapping ORFs whereas SYNPLOT?2 is
appropriate for detecting overlapping ORFs (pink arrow). (b) Amino acid alignment of the putative
additional protein. Amino acids are color-coded according to their physicochemical properties (see Fig.
S14). The OREF is predicted to start at an ACG codon (a known non-AUG initiator) * in a strong initiation
context (A at —3, G at +4); while the ACG is expected to be decoded as Met by initiator Met-tRNA, for
convenience the standard decoding (Thr) is shown in the above alignment.
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KM396707 MRLTMPSGLDLFF-TRVWRNPAPLTTTMTLELRTQRAMILS LHRPEYRLL FOKRIVVLEPLLSHVVQSLLS
KM396708 MLLMQN IWFSTQTW'.\IISH(II'QRVTISP QRRLVL PLLEQTFVI DFRRTAIVTLPLUSYVYRHFLK

* * % ek ok **-*-*- ***-** * ******* -*

KM396707 AELVGWLSRMFL GHPGLT EIMESSITLFETPTTKIPWTYRTLVAEQALVMDMTV
KM396708 SELDTWLLRTLW YP PEPPGW TEIT'SLITHF PTTRTPWTFETLLGLRQQIMDMTV

ki kk ok . * ****** ** * *% **** *% ** *% ****** *** ** * *****

KM396707 VLLTSTTPPGTGPTLLQPVLV! LSCPCW RI TGLT PHS
KM396708 VIQTMTSPQESGLIYCQPVS HSCCPCW IES RRHS
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SYNPLOT2 MLOGD

Supplementary Figure 20 | Putative additional 5’ ORF in lesavirus 1 and 2. (a) Comparative genomic
analysis of lesavirus 1 and 2 sequences (see part B for accession numbers; reference sequence in red). Top
— Genome map of reference sequence indicating the polyprotein ORF (blue) and the putative additional
OREF (green). Middle — Coding potential in the three reading frames (see Fig. S14 for details). Bottom —
Analysis of conservation at polyprotein-frame synonymous sites (see Fig. S14 for details). MLOGD is
generally more appropriate for detecting non-overlapping ORFs whereas SYNPLOT?2 is appropriate for
detecting overlapping ORFs (pink arrow). (b) Amino acid alignment of the putative additional protein.
Amino acids are color-coded according to their physicochemical properties (see Fig. S14).
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MF352428 MDIPMCVLGAQPLTLSLTTTTFCWQTEN
MF352411 MDTQACVLFAQPLTKVPTECICSWQITNG
MF352420 MDTQTCVLYAQPLTLLLTLNTCSWQTEN
EU815052 MDTQACVLFAQPLEVPTECICSWQITNG

QRIFLLWTWMMTSS
AB090161 MDTQACVLFAQPLTKVPTECICSWQITNGSQRIFLLWTWMMTSS
EU542581 MDTQACVLFAQPLTKVPTECICSWQITNG
MF172923 MDIQTCVLYAQPLTLLPTLTICSWQTVN
JX443418 MDTQMCALFAQPLTLLPDLNICSWQTVNG
M20301 MDTQMCALFAQPLTLLPDLNICSWQTVNG
EU718733 MDTQMCVPFAQPLTLLPALNICSWRTEN
KJ191558 MDTQTCALFAQPLTLLPALNICSWRTENG
MF416403 MDTQTCVLFAQPLTLLPTLNICSWQTENG
HQ652539 MDTQMCAPFAQPLTLLPDLNICSWQTVN
M20562 TDTQTCALFAQPLTLLPTLNICSWQTENGS
X56019 TDTQTCALFAQPLTLLPTLNICSWQTENGS
EU718732 MDTQTCALFAQPLTLLPTLNICSWQTENG
DQ401688 MDTQMCALFAQPLTLLPALNICSWQTEN

EU723238 MDTQMCALFAQPLTLLPTLNICSWQTEN

*  k  kkkkk * k% * %k k kkk * k- » o ovkkkkkEkk kK ok Kk

MF352428 TVLKBPGMRALLSTTTTQTNTRTQLISQQTTAMPVVEPAPQGNWQTYLVILQMHFEELARBY YIET
MF352411 TTLSPLGMRVLSLTITIPTST STFLPMLVAPETVALALNS;\//SSATSLVVLLTL ------------

MF352420 VTPSLQVMKELLLTTSIPISTKIQLTSLPTAATPAAL DNWRAFWVMLQMHSLLWL
EU815052 VTPSLQAMKELLLTTSIPISTKIQLTSLPTAGTPVALL DNWGTYLVMLOMHFPLWLL
AB090161 VTPSLQAMKELLLTTSIPISTKIQLTSPPTAETPAALL DNWGTYLVMLOMHFPLWLL
EU542581 VTPSLQAMKELLLTTSIPISTKIQLTSLPTVETPAALL DNWGTYLVMLQMHFPLWLL
MF172923 VTPSLQEMKGLSLITSIPINTKTQLIFLPAAATPAELPRLKDSCPTFWVALLTPLLPWLLS
JX443418 VTPSPQVTKGSLLTTSIPINTKIQLICLPAVAMLATPPKTTDNCRTSWAALOQMLLLLWHLS
M20301 VTPSPQVTKGSLSTTSIPINTKIOLICLPAVAMLATPPKITDNCRTSWAALQMLLLLWHLS
EU718733 ATPSPREMKGLLLTTSIPISTKIQLICLPVVAMQAMLPKPTDNCQTSWAALQMLLLLWHL
KJ191558 VTPSPQEMKGLLLTTSIPISTKIQLICLPAVAMQVTLPKPTDNCPTSWAVLOMLLLLWHLS
MF416403 VTPSPQEMRGLLLTTSIPINTKIQLICLPVVAALAMPPRPKDNCPTSWAELLMPLLLWHL
HQ652539 VTPSPQEMRGLLLTTSIPINTKTQLICLPVVATLAMLPKTTDSCPTFWVELQMLLLLWHL
M20562 VTPSPQEMRGLSLITSIPINTRTOLICLPVVATLAMLPRTMDNCPAFWVELQMLLLLEWHLS
X56019 VTPSPQEMRGLSLITSIPINTRTOLICLPVVATLAMLPRTMDNCPAFWVELOQMLLLLWHLS
EU718732 VTPSPQEMKGLLLTTSIPINTKTQLICLPVVATLAMLRRTADNCPTSWVELQMLLLLWHL
DQ401688 VTPSPQEMKGLLLTTSIPINTKTOQLICLPVVATLAMLRPRPMDNCPTSWVELOQMLLLLWH
M16020 VTPSPQEMKGLLLTTSIPINTKFQLICLPVVATLAMLPRPMDNCPTSWVELQMLLLLWHL
EU723238 VTPSSQEMKGLLLTTSIPINTRTQLICLPVVATLAMLRRTMDNCPTSWVELQMLLLLWHLSS

. * % . *
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Supplementary Figure 21 | The established L* ORF in Theiler's murine encephalomyelitis virus
and relatives. (a) Comparative genomic analysis of Theiler's murine encephalomyelitis virus, rat
theilovirus and related sequences from genus Cardiovirus species Cardiovirus B (see part B for accession
numbers; reference sequence in red). Top — Genome map of reference sequence indicating the polyprotein
OREF (blue) and the L* ORF (green) >°. Middle — Coding potential in the three reading frames (see Fig.
S14 for details). Bottom — Analysis of conservation at polyprotein-frame synonymous sites (see Fig. S14
for details). MLOGD is generally more appropriate for detecting non-overlapping ORFs whereas
SYNPLOT?2 is appropriate for detecting overlapping ORFs (pink arrow). (b) Amino acid alignment of the
L* protein. Amino acids are color-coded according to their physicochemical properties (see Fig. S14). In
two sequences, the ORF starts at an ACG codon in a strong initiation context (A at —3, G at +4) %; while



the ACG is expected to be decoded as Met by initiator Met-tRNA, for convenience the standard decoding
(Thr) is shown in the above alignment. Note that cardioviruses have another additional ORF — 2B*
(orange) — that is accessed via a —1 ribosomal frameshift 7.
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KP054277 LVLIHLOCLKNLT LARALPLPW ESSL EKWF HLKFP
KP054274 LVLIHLQCLK LARALPLPW ESSL EKWF HLKFP
KP054275 LVLIHLQCLKNLT LARALPLPW ESSL EKWF HLKFP
KP054273 LVLIHLOQCLK LARALPLPW ESSL EKWF HLKFP
KP054276 LVLIHLOQCLK LARALPLPW ESSL EKWF
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JQ814851 AITMKVPLSTTSMLITIMDPSTQLAQPLAQAGALSLLWVPSLVLLVLWLEEPY ----------------

KP054278 HLLITMKVSSSTTIMPTTIMVPSMQLAQPLVQAGALSLLWVPSLVLLD
KP054277 HLLITMKMSSSTTIMPTIIMVPSMQPAQPLVQAGALSLLWVPSLVLLDL
KP054274 HLLITMKVMSSSTTIMPTIIMVPSMQPAQPLVQAGALSLLWVPSLVLLDL
KP054275 HLLITMKVSSSTTIMPTIIMVPSMQLAQPLVQAGALSLLWVPSLVLLDL
KP054273 HLLITMKVSSSTTIMPTIIMVPSMQLAQPLVQAGALSLLWVPSLVLLDL
KP054276 HLLITMKVSSSTTIMPTIIMVPSMQLAQPLVQAGALSLLWVPSLVLLDL
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Supplementary Figure 22 | Putative additional 5’ ORF in Miniopterus schreibersii picornavirus 1
and relatives. (a) Comparative genomic analysis of Miniopterus schreibersii picornavirus 1 and related
sequences from genus Mischivirus (see part B for accession numbers; reference sequence in red). Top —
Genome map of reference sequence indicating the polyprotein ORF (blue) and the putative additional
OREF (green). Middle — Coding potential in the three reading frames (see Fig. S14 for details). Bottom —
Analysis of conservation at polyprotein-frame synonymous sites (see Fig. S14 for details). MLOGD is
generally more appropriate for detecting non-overlapping ORFs whereas SYNPLOT?2 is appropriate for
detecting overlapping ORFs (pink arrow). (b) Amino acid alignment of the putative additional protein.
Amino acids are color-coded according to their physicochemical properties (see Fig. S14).
Transmembrane regions predicted by Phobius to be present in every sequence in the alignment are
indicated with pink bars above the alignment. The ORF is predicted to start at a CUG codon (a known
non-AUG initiator) * in a strong initiation context (A or G at —3, G at +4); while the CUG is expected to
be decoded as Met by initiator Met-tRNA, for convenience the standard decoding (Leu) is shown in the
above alignment.
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FR727144 MASTRFCCRFGMSHVGDVVTGVCF IRKQSLEEFWKLMDNIKFPLRSSCI HKIEN TEDARBWRDQCCK
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Supplementary Figure 23 | Putative additional 5’ ORF in pigeon picornavirus B. (a) Comparative
genomic analysis of pigeon picornavirus B sequences (see part B for accession numbers; reference
sequence in red). Top — Genome map of reference sequence indicating the polyprotein ORF (blue) and
the putative additional ORF (orange). Middle — Coding potential in the three reading frames (see Fig. S14
for details). Bottom — Analysis of conservation at synonymous sites (with the reading frame of the
polyprotein being used where the two ORFs overlap) (see Fig. S14 for details). MLOGD and SYNPLOT2
detect, respectively, the non-overlapping and the overlapping portions of the additional ORF (pink
arrows). (b) Amino acid alignment of the putative additional protein. Amino acids are color-coded
according to their physicochemical properties (see Fig. S14).



Supplementary Table 1 | uORF and UP statistics in different enterovirus groups

species n median | median | median dN/dS median % frame of
length | mass pl (mean £s.d.) | overlap overlap with
(aa) (kDa) with main main ORF
ORF (+1/+2)
EnterovirusA | 1182 64 7.3 9.5 0.14+0.03 27 431/751
Enterovirus B 357 67 8.1 11.2 0.12+0.03 26 357/0
Enterovirus C 345 65 7.5 8.5 0.22+0.04 23 16/329
Enterovirus E 9 76 9.0 9.2 0.08 +=0.03 32 1/8
Enterovirus F 11 56 6.5 8.9 0.04 +0.02 13 11/0
Enterovirus G 16 67 7.9 9.1 0.09 +0.03 10 16/0
Supplementary Table 2 | Host and virus read counts for different Ribo-Seq samples
virus repeat time total reads | host rRNA host VRNA
point mRNA
EV7
1 4 hpi 9,316,308 4,508,754 | 1,751,701 2,452
2 4 hpi 9,843,860 5,706,711 | 1,545,561 4,273
1 6 hpi 9,941,585 3,644,716 | 1,821,542 | 401,949
2 6 hpi | 10,626,765 4,074,181 | 2,641,240 | 459,564
PV1
1 4hpi | 20,899,214 | 13,652,594 992,512 | 944,353
2 4hpi | 19,753,522 | 13,452,101 697,185 | 683,735
1 6 hpi 8,400,577 4,225,244 223,021 178,996
2 6 hpi | 11,745,343 6,431,870 543,444 | 411,096
EV-AT71
1 Shpi| 19,901,615| 10,178,049 | 2,618,450 | 320,634
2 Shpi| 19,164,709 8,252,591 | 2,647,234 | 303,239
1 7.5hpi | 12,172,109 3,836,010 | 1,473,426 | 310,292
2 7.5hpi | 13,629,131 3,968,251 | 1,820,243 | 338,542

Supplementary Table 3 | Statistical analysis of data from organoid-derived samples
Please see the accompanying Supplementary Table S3 excel file.

Supplementary Table 4 | Statistical analysis of dual luciferase data
Please see the accompanying Supplementary Table S4 excel file.
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Supplementary Table 3 | Statistical analysis of data from organoid-derived samples

All t-tests are two-tailed and assume separate variances for the two populations being compared.

TI200 - patient#1, clarified supernatants, growth curve timepoints titers

TI365 - patient#2, clz

hpi EV7 PTC Loop T-test [(n =3, 6)| hpi EV7
2.6E+04 2.7E+04 2.5E+04 2.8E+04
0 2.4E+04 2.6E+04 2.2E+04 0 6.4E+04
2.5E+04 2.4E+04 1.8E+04| 0.3917 4.0E+04
2.4E+04 1.8E+04 2.3E+04 3.6E+04
3 2.5E+04| 2.1E+04 2.2E+04 3 4.0E+04
2.4E+04 1.9E+04 2.2E+04| 0.0057 2.4E+04
8.4E+03 1.6E+04 1.1E+04 4 .8E+04
6 1.2E+04 1.4E+04 8.4E+03 6 6.6E+04
9.2E+03 1.7E+04 1.1E+04| 0.1272 3.8E+04
4.0E+05 5.2E+05 4.0E+05 6.8E+05
9 3.2E+05 5.2E+05 8.0E+05 9 5.6E+05
2.8E+05 4.4E+05 6.8E+05] 0.0157 1.0E+05
1.2E+06 4.0E+06 6.4E+06 2.8E+06
12 2.0E+06 3.6E+06 3.6E+06 12 2.4E+06
3.2E+06| 4.4E+06 5.6E+06| 0.0237 4.0E+06
3.6E+07 2.0E+07 2.0E+07 2.0E+07
24 4.0E+07 2.0E+07 2.8E+07 24 1.6E+07
4.0E+07 2.0E+07 4.0E+07] 0.0072 3.2E+07
6.4E+06 2.4E+06 1.2E+06 4.0E+07
36 7.8E+06 1.6E+06 1.6E+06 36 3.6E+07
1.2E+07 2.4E+06 1.6E+06| 0.0523 3.6E+07
1.4E+06 3.0E+05 2.0E+05 3.6E+06
48 1.6E+06 2.0E+05 2.0E+05 48 6.4E+06
1.6E+06 2.0E+05 3.0E+05] 0.0012 4.4E+06

TI200 - patient#1, clarified supernatant derived virus

36h # Titer Protein Titer/prot |T/Pnorm| T-test |RNA Titer/RNA
1 6.4E+06 483 13251 0.800( 0.0266 0.0981| 6.53E+07
EV7 2 7.8E+06 494 15789 0.953|(n =3,6)| 0.1016| 7.67E+07
3 1.2E+07 581 20654 1.247 0.1292| 9.29E+07
1 2.4E+06 347 6916 0.418 0.1060| 2.26E+07
PTC 2 1.6E+06 331 4834 0.292 0.0725| 2.21E+07
3 2.4E+06 363 6612 0.399 0.0865| 2.77E+07
1 1.2E+06 450 2667 0.161 0.0855| 1.40E+07
Loop 2 1.6E+06 343 4665 0.282 0.0975| 1.64E+07
3 1.6E+06 306 5229 0.316 0.0863| 1.85E+07
48h # Titer Protein Titer/prot [T/P norm| T-test |RNA Titer/RNA
1 1.4E+06 96.3 14538 0.943( 0.0086 0.0705| 1.99E+07
EV7 2 1.6E+06 87.6 18265 1.185( (n=3,6)| 0.0736| 2.17E+07
3 1.6E+06 119 13445 0.872 0.0897| 1.78E+07
1 3.0E+05 91.5 3279 0.213 0.0664| 4.52E+06
PTC 2 2.0E+05 65.9 3035 0.197 0.0636| 3.15E+06
3 2.0E+05 74.4 2688 0.174 0.0639| 3.13E+06




1 2.0E+05 90.3 2215 0.144 0.0493| 4.06E+06
Loop 2 2.0E+05 49 4082 0.265 0.0567| 3.53E+06
3 3.0E+05 53.8 5576 0.362 0.0344| 8.72E+06
36h wt avg 16565 7.83E+07
48h wt avg 15416 1.98E+07
TI365 - patient#2, clarified supernatant derived virus

36h # Titer Protein Titer/prot [T/P norm| T-test |RNA Titer/RNA
EV7 1 4.0E+07 249 160643 0.917| 0.0083 1.2468| 32083218
2 3.6E+07 175 205714 1.174( (n=3,6)| 0.7923| 45435892
3 3.6E+07 226 159292 0.909 0.9599] 37502508
PTC 1 3.2E+06 206 15534 0.089 0.8341| 3836265
2 4.8E+06 165 29091 0.166 0.5672] 8462655
3 4.0E+06 167 23952 0.137 0.8740| 4576807
Loop 1 4.8E+06 161 29814 0.170 0.9521| 5041687
2 5.6E+06 194 28866 0.165 0.6345| 8825748
3 4.0E+06 260 15385 0.088 0.7034| 5686656
48h # Titer Protein Titer/prot [T/P norm| T-test |RNA Titer/RNA
EV7 1 3.6E+06 203 17734 0.924| 0.0020 1.0571] 3405629
2 6.4E+06 293 21843 1.137( (n=3,6)| 0.9772] 6549220
3 4.4E+06 244 18033 0.939 0.9688| 4541490
PTC 1 1.4E+06 228 6140 0.320 0.8040| 1741238
2 1.4E+06 176 7955 0.414 0.7734] 1810172
3 1.2E+06 186 6452 0.336 0.7324| 1638412
Loop 1 1.2E+06 178 6742 0.351 0.7472] 1605942
2 6.8E+05 214 3178 0.165 0.7396] 919420.8
3 1.0E+06 258 3876 0.202 0.7821| 1278595

36h wt avg 175216 4E+07

48h wt avg 19203 5E+06

Neutralisation assay, % of membrane-associated virus not neutralised by EV7 neutralisation serum an

Virus Neutralization serum (NS) Average |St. Dev T-test
EV7 144 9.4 10.0 9.0 10.7 2.5 0.0057
Patient 1|{PTC 13.0 10.7 10.0 10.0 10.9 1.4 0.0008
Loop 13.3 10.8 10.0 10.0 11.0 1.6] 0.0011
EV7 16.0 10.0 12.5 14.0 131 2.5 0.0029
Patient 2|PTC 13.3 12.5 8.8 10.0 11.2 2.1 0.0029
Loop 13.3 11.9 8.0 10.0 10.8 2.3| 0.0043
EV7(RD) 2.2 1.6 2 2 2.0 0.3
Virus anti-DAF antibody Average |St. Dev T-test
EV7 32.8 29.4 32.9 29.0 31.0 2.1 0.00003
Patient 1|PTC 33.0 23.0 50.0 55.0 40.3 14.9| 0.0207
Loop 26.7 26.7 43.8 25.0 30.6 8.9 0.0127
EV7 50.0 50.0 47.5 45.0 48.1 2.4 0.00001
Patient 2|PTC 40.0 47.5 50.0 41.0 44.6 4.9| 0.0004
Loop 56.6 52.3 42.7 36.0 46.9 9.3| 0.0032
EV7(RD) 7.8 6.2 8 6.4 7.1 0.9
|Virus NS + anti-DAF antibody Average |St. Dev T-test




EV7 13.6 8.2 10 8 10.0 2.6 0.0056

Patient 1|PTC 13 9.3 8 11.7 10.5 2.3| 0.0032

Loop 10 9.2 10 8.1 9.3 0.9 0.0002

EV7 18 10 10 7.5 114 4.6| 0.01859

Patient 2|PTC 13.3 12.5 8 7.5 10.2 3.1| 0.0090

Loop 16.6 9.5 7 8.0 10.2 4.4 0.0232

EV7(RD) 0.6 0.6 0.8 0.9 0.7 0.2

T-test (RD neutralization serum vs. NS + anti-DAF antibd 0.000444
T-test (RD anti-DAF antibody vs. NS + anti-DAF antibody 0.000672




irified supernatants, growth curve timepoints titers

PTC Loop T-test (n=3,6)|
1.6E+04 3.2E+04
3.2E+04 2.0E+04
3.6E+04 6.0E+04( 0.4167
1.2E+04 3.6E+04
2.0E+04 2.8E+04
1.6E+04 2.8E+04| 0.1664
2.1E+05 2.2E+05
2.1E+05 2.4E+05
2.6E+05 3.3E+05( 0.0000
2.0E+06 2.0E+06
2.3E+06 1.7E+06
2.4E+06 1.9E+06] 0.0025
2.4E+06 4.0E+06
4.4E+06 2.8E+06
2.0E+06 2.0E+06| 0.8430
1.1E+07 7.2E+06
6.4E+06 4.4E+06
9.2E+06 6.4E+06| 0.0815
3.2E+06 4.8E+06
4.8E+06 5.6E+06
4.0E+06 4.0E+06| 0.00089
1.4E+06 1.2E+06
1.4E+06 6.8E+05
1.2E+06 1.0E+06| 0.0460
TI200 - patient#1
T/R norm T-test |36h # TiterNT  |TiterTX |[Fold | T-test
0.833| 0.0142 1| 5.6E+06| 7.2E+06| 1.29 | 0.0194
0.980| (n=3,6) EV7 2| 4.2E+06| 4.8E+06| 1.14 [n=3, 6)
1.187 3| 4.8E+06| 5.6E+06| 1.17
0.289 1| 2.0E+06| 3.6E+06| 1.80
0.282 PTC 2| 5.6E+05| 9.6E+05| 1.71
0.354 3| 2.0E+06| 3.6E+06| 1.80
0.179 1| 1.2E+06| 5.2E+06| 4.33
0.210 Loop 2| 8.0E+05]| 2.8E+06| 3.50
0.237 3| 8.0E+05[ 2.8E+06| 3.50
T/R norm T-test |48h # TiterNT TiterTX |Fold | T-test
1.003( 0.00024 1| 9.0E+05| 1.2E+06| 1.33 | 0.0059
1.097| (n=3,6) EV7 2| 1.6E+06| 1.6E+06| 1.00 [n=3, 6)
0.900 3| 1.2E+06| 1.2E+06| 1.00
0.228 1| 2.0E+05| 6.0E+05| 3.00
0.159 PTC 2| 1.6E+05]| 3.2E+05| 2.00
0.158 3| 3.2E+05| 5.6E+05| 1.75




0.205 1| 2.8E+05| 6.0E+05| 2.14
0.178 Loop 2| 1.2E+05]| 3.2E+05| 2.67
0.440 3| 2.0E+05| 8.0E+05| 4.00
NT - not treated
TX - Triton X100 treated
TI365 - patient#2
T/R norm T-test 36h # TiterNT TiterTX |Fold | T-test
0.837( 0.0112 (EV7 1| 1.9E+07| 1.9E+07| 1.00 | 0.0448
1.185| (n=3,6) 2| 1.1E+07| 1.2E+07| 1.09 [n=3,6)
0.978 3] 1.6E+07| 1.8E+07| 1.13
0.100 PTC 1| 4.0E+06| 5.6E+06| 1.40
0.221 2| 4.4E+06] 9.2E+06| 2.09
0.119 3| 6.0E+06| 1.6E+07| 2.67
0.131 Loop 1| ©5.2E+06| 7.2E+06| 1.38
0.230 2| 4.8E+06| 1.4E+07| 2.92
0.148 3| 8.0E+06| 8.0E+06| 1.00
T/R norm T-test |48h # TiterNT  |TiterTX |Fold | T-test
0.705| 0.0653 |EV7 1| 3.0E+06| 4.4E+06| 1.47 | 0.0095
1.355| (n=3,6) 2| 5.6E+06| 5.2E+06] 0.93 [n=3, 6)
0.940 3| 4.8E+06| 6.4E+06| 1.33
0.360 PTC 1| 6.4E+05| 1.2E+06| 1.88
0.375 2| 1.4E+06] 2.0E+06| 1.43
0.339 3| 7.2E+05| 1.5E+06| 2.08
0.332 Loop 1| 1.1E+06] 3.2E+06] 2.91
0.190 2| 8.4E+05| 2.4E+06| 2.86
0.265 3| 8.4E+05| 2.0E+06| 2.38

d/or anti-DAF antibody

Comb. T-test

4.79E-10

1.05E-08

Comb. T-test

1.53E-06

1.69E-11

Comb. T-test

(n=12,4)

(n=12,4)

(n=12,4)

(n=12,4)

NT - not treated
TX - Triton X100 treated



2.80E-09

1.75E-06

(n=4,4)
(n=4,4)

(n=12,4)

(n=12,4)



TI200 - patient#1, lysed cell derived virus, 48hpi

48h # TiterNT [TiterTX Fold T-test
1| 2.0E+06 4.0E+06 2.00 0.0146
EV7 2| 5.2E+06 9.6E+06 1.85 (n=3,6)
3| 2.0E+06 4.4E+06 2.20
1| 8.0E+05 2.8E+06 3.50
PTC 2| 5.6E+05 3.6E+06 6.43
3 9.2E+05 3.2E+06 3.48
1| 1.2E+06 4.4E+06 3.67
Loop 2| 8.0E+05 4.8E+06 6.00
3| 4.4E+05 4.0E+06 9.09

TI200 - patient#1, clarified supernatant derived virus used in flotation

36h TiterNT  [TiterTX Fold Fract. 1-3 | Fract. 8-12 [(8-12)/(1-3) |norm wt
EV7 4.60E+06| 5.40E+06 1.17 1.60E+04 1.73E+04 1.08 1.0
PTC 1.20E+06]| 5.20E+06 4.33 2.94E+04 1.58E+05 5.37 5.0
Loop 1.60E+06]| 8.80E+06 5.50 3.56E+04 7.30E+04 2.05 1.9




TI365 - patient#2, lysed cell derived virus, 48hpi

48h # TiterNT  [TiterTX Fold T-test
EV7 1| 4.8E+06 9.6E+06 2.00 0.0059
2| 7.6E+06 1.4E+07 1.84 (n=3,6)
3| 4.8E+06 9.6E+06 2.00
PTC 1| 8.0E+05 6.2E+06 7.75
2| 1.6E+06 6.4E+06 4.00
3| 2.8E+06 9.6E+06 3.43
Loop 1 2.4E+06 9.4E+06 3.92
2| 2.0E+06 1.2E+07 6.00
3| 2.0E+06 9.6E+06 4.80

TI365 - patient#2, clarified supernatant derived virus used in flotation

36h TiterNT  [TiterTX Fold Fract. 1-3 | Fract. 8-12 |(8-12)/(1-3) [norm wt
EV7 7.20E+06| 8.80E+06 1.22 1.43E+04 2.40E+04 1.68 1.0
PTC 8.00E+05( 3.20E+06 4.00 3.84E+03 | 1.80E+04 4.69 2.8
Loop 7.60E+05| 2.50E+06 3.29 1.32E+03 6.44E+03 4.88 2.9

T-test (membrane-bound to free virus in flotation assay)

patient 1 |patient 2 |Fold change|T-test
EV7 1.08 1.68
PTC 5.37 4.69 3.1 0.026
Loop 2.05 4.88

(n=2,4)
















T-test

0.0428




Luciferase measurement data from Figure 2d

EV7-wt [Loop |[PTC  |mAUG [strup StrUP-PTC  [2A-stop (NC)

FF-bkg
#1 8067 13083 13258 2249 13494 13824 84
#2 8122 11296 13007 1980 11761 13050 84
#3 9517 11507 12873 1759 13232 13715 110
RL-bkg
#1 24749 34268 39851 41042 51331 52094 80354
#2 24673 34904 40032 40210 47449 49232 72713
#3 27128 32714 42168 37799 46512 52577 67824
FF/RL
#1 0.3260| 0.3818| 0.3327 0.0548 0.2629 0.2654 0.0010
#2 0.3292| 0.3236( 0.3249 0.0492 0.2479 0.2651 0.0012
#3 0.3508| 0.3517( 0.3053 0.0465 0.2845 0.2609 0.0016
FF/RL, mean 0.3353| 0.3524| 0.3210 0.0502 0.2651 0.2638 0.0013
FF/RL, SD 0.0135| 0.0291( 0.0141 0.0042 0.0184 0.0025 0.0003
IRES activity, % 100.0 105.1 95.7 15.0 79.1 78.7 0.4
SD 4.0 8.7 4.2 1.3 5.5 0.8 0.09
Luciferase measurement data from Figure 6e-f
NC (Negative Control): 2A-stop (stop codon introduced before FFLuc in both ORFs)
3 hpt IRES cap IRES/cap PPORF/uORF
not infected n FF-bkg |[RL-bkg |[FF/RL ppPORF/uORF |mean SD

1 37041 484731 0.07642 12.64

2 34777 476957 0.07291 12.23
IRES-ppORF 3 34773 465106 0.07476 11.86 11.86 050

4 32136| 449960 0.07142 11.65

5 33260| 459279 0.07242 11.35

6 35915| 485611 0.07396 11.39

1 3380] 559090| 0.00605

2 3482 584274] 0.00596
IRES-UORF 3 3498 555132 0.00630

4 3170] 517291| 0.00613

5 3752 587799] 0.00638

6 3374| 519819| 0.00649(signal/ORF n=3

1 224 774701 0.00029 0.0039
IRES-ppORF NC 2 178 709994 0.00025 0.0034

3 214] 765378 0.00028 0.0038

1 652]| 625990| 0.00104 0.17
IRES-uORF NC 2 588| 616949| 0.00095 0.15

3 548| 616855| 0.00089 0.14
6 hpt IRES cap IRES/cap pPPORF/uORF
not infected n FF-bkg |[RL-bkg |[FF/RL pPpPORF/uORF |mean SD

1 51270| 502471] 0.10204 13.06

2 50518| 480531 0.10513 14.51
IRES-ppORF 3 50037| 484038 0.10337 12.72 13.89 1.04

4 51428 466946| 0.11014 13.79




5 56596| 468766| 0.12073 15.59
6 50109| 469368 0.10676 13.65
1 3895| 498584| 0.00781
2 3807| 525428 0.00725
IRES-UORF 3 3709| 456364| 0.00813
4 3577| 447851 0.00799
5 3809| 491876| 0.00774
6 3771| 482007 0.00782|signal/ORF n=3
1 217] 655593| 0.00033 0.0031
IRES-ppORF NC 2 201] 645203| 0.00031 0.0029
3 233] 670679| 0.00035 0.0032
1 815 618327 0.00132 0.17
IRES-uORF NC 2 793 588577| 0.00135 0.17
3 801| 635167| 0.00126 0.16
9 hpt IRES cap IRES/cap PPORF/uORF
not infected FF-bkg |[RL-bkg |[FF/RL pPpPORF/uORF |mean SD
1 35224 205930 0.17105 15.90
2 35837| 194682| 0.18408 17.78
IRES-ppORF 3 35224 212861| 0.16548 14.63 15.96 107
4 38680 204254 0.18937 16.43
5 38117 222618| 0.17122 15.48
6 38203| 205418 0.18598 15.54
1 2196( 204145| 0.01076
2 2082 201092| 0.01035
IRES-UORF 3 2304 203745 0.01131
4 2258 195930 0.01152
5 2530 228786| 0.01106
6 2716| 226884| 0.01197|signal/ORF n=3
1 114] 231293] 0.00049 0.0028
IRES-ppORF NC 2 122] 260675| 0.00047 0.0026
3 132] 270523] 0.00049 0.0027
1 446| 269947 0.00165 0.15
IRES-uORF NC 2 438| 263203 0.00166 0.15
3 412 286905 0.00144 0.13
12 hpt IRES cap IRES/cap ppORF/uORF
not infected FF-bkg |RL-bkg |FF/RL PPORF/uORF |mean SD
1 23917 86455 0.27664 19.15
2 18729 70331] 0.26630 16.82
IRES-ppORF 3 17210 70774 0.24317 14.65 16.98 178
4 19766 79935] 0.24728 15.61
5 17059 69460| 0.24559 18.93
6 16149 63409| 0.25468 16.70
1 990 68514| 0.01445
2 1238 78216] 0.01583
IRES-UORF 3 1100 66285 0.01660
4 968 61114] 0.01584
5 1042 80303| 0.01298
6 1038 68045 0.01525(signal/ORF |n =3




1 44| 79863| 0.00055 0.0022
IRES-ppORF NC 2 60| 82084| 0.00073 0.0029

3 36/ 82984| 0.00043 0.0017

1 124 79618] 0.00156 0.10
IRES-uORF NC 2 130 80672| 0.00161 0.11

3 164 79923| 0.00205 0.14
Titer, PFU/ml [#1 #2 #3 mean SD log10
3 hpi 1.6E+02| 2.8E+02| 4.0E+02| 2.8E+02 1.2E+02 2.447
6 hpi 4.2E+04| 2.8E+04| 5.6E+04| 4.2E+04 1.4E+04 4.623
9 hpi 4.4E+05| 3.6E+05| 5.2E+05| 4.4E+05 8.0E+04 5.643
12 hpi 2.4E+06| 2.4E+06| 2.4E+06| 2.4E+06 0.0E+00 6.380




3 hpt IRES cap IRES/cap pPPORF/uORF
infected FF-bkg RL-bkg FF/RL ppORF/uORimean

1 110239 157996 0.69773 24.60

2 100644 155177] 0.64858 21.62
IRES-ppORF 3 92597 151233] 0.61228 17.72 20.14

4 93163 153331 0.60759 18.76

5 89623 154762 0.57910 18.62

6 87620 149135| 0.58752 19.52

1 5044 177856 0.02836

2 4746 158189 0.03000
IRES-UORF 3 5532 160137] 0.03455

4 5378 166072] 0.03238

5 5196 167048 0.03110

6 5026 166945| 0.03011(signal/ORF [n =3

1 501 207052] 0.00242 0.0039
IRES-ppORF NC 2 569 216978 0.00262 0.0042

3 615 224732 0.00274 0.0044

1 1347 190958| 0.00705 0.23
IRES-uORF NC 2 1399 182686| 0.00766 0.25

3 1377 185504| 0.00742 0.24
6 hpt IRES cap IRES/cap ppORF/uORF
infected FF-bkg RL-bkg FF/RL ppORF/uORImean

1 299902 112103 2.67524 25.45

2 294808 120601 2.44449 23.52
IRES-ppORF 3 282333 116265| 2.42836 20.62 2204

4 283958 124990] 2.27185 20.02




5 293082 119426 2.45409 23.04

6 319161 128332 2.48699 25.00

1 12387 117828 0.10513

2 11961 1151001 0.10392
IRES-UORF 3 13131 111513] 0.11775

4 12279 108207 0.11348

5 12281 115315] 0.10650

6 11530 115883 0.09950|(signal/ORF |n =3

1 1235 151745] 0.00814 0.0033
IRES-ppORF NC 2 1401 148205| 0.00945 0.0038

3 1353 151235| 0.00895 0.0036

1 4173 140949] 0.02961 0.27
IRES-uORF NC 2 4195 141497 0.02965 0.28

3 4037 137781 0.02930 0.27
9 hpt IRES cap IRES/cap pPPORF/uORF
infected FF-bkg RL-bkg FF/RL ppORF/uORImean

1 291030 50285| 5.78761 24.45

2 280233 50580 5.54039 24.43
IRES-ppORF 3 293852 54065| 5.43516 21.15 23.05

4 277057 56362 4.91567 20.56

5 267315 51416] 5.19906 23.75

6 293263 54013| 5.42949 23.94

1 11134 47037 0.23671

2 11026 48621 0.22677
IRES-UORF 3 11570 45021 0.25699

4 11851 49565 0.23910

5 11222 51272] 0.21887

6 11488 50662 0.22676(signal/ORF |n =3

1 953 59268 0.01608 0.0030
IRES-ppORF NC 2 991 62701| 0.01581 0.0029

3 997 61860 0.01612 0.0030

1 3115 64860 0.04803 0.21
IRES-uORF NC 2 3297 69307| 0.04757 0.20

3 2887 61238 0.04714 0.20
12 hpt IRES cap IRES/cap ppORF/uORF
infected FF-bkg RL-bkg FF/RL ppORF/uORfmean

1 89243 15304 5.83135 20.79

2 93167 16237| 5.73794 15.47
IRES-ppORF 3 94090 15782| 5.96186 19.81 19.67

4 99096 16057 6.17151 20.29

5 81439 14694| 5.54233 18.75

6 84627 14549| 5.81669 22.91

1 4061 14481| 0.28044

2 5416 14605| 0.37083
IRES-UORF 3 4444 14770 0.30088

4 4295 14123| 0.30411

5 4341 14682| 0.29567

6 3957 15586/ 0.25388|signal/ORF |n =3




1 275 15160 0.01814 0.0031
IRES-ppORF NC 2 227 14976 0.01516 0.0026
3 335 17172] 0.01951 0.0033
1 841 19856| 0.04235 0.14
IRES-uORF NC 2 717 19163 0.03742 0.12
3 831 19556 0.04249 0.14




SD

2.55

SD

2.23




SD

1.73

SD

2.48




