Parameter or statistic Full CsfrRNAV Empty CsfrRNAV
Data collection and processing
Magpnification 79,000 79,000

Voltage (kV) 300 300

Electron exposure (/A% 30 30

Defocus range (um) -0.10 to 4.00 -0.10 to 4.00

Pixel size (A) 1.1041 1.1041

Symmetry imposed I I

Initial micrographs (No.) 10,310 10,310

Final micrographs (No.) 9,947 9,772

Initial particle images (No.) 174,942 152,127

Final particle images (No.) 3,984 1,302

Map resolution (A) 3.0 3.1

FSC threshold 0.143 0.143

Map resolution range (A) 2.696 to 3.406 2.4 to 3.588
Refinement

Map sharpening B factor (A%) 91.6 82.9

Model composition

Non-hydrogen atoms 6171 5689
Protein residues 785 718

B factors (A%)
Protein (min./max./mean)
RMSD*
Bond lengths (A)
Bond angles (°)
Validation
MolProbity score
Clashscore
Poor rotamers (%)
Ramachandran plot
Favored (%)
Allowed (%)
Disallowed (%)
CC (mask)
EMRinger score
Data deposition
EMDB
PDB

17.34/122.72/55.06

0.003
0.680

227
5.86
3.72

90.99
9.01
0
0.88
3.21

EMD-15823
8B38

20.66/131.81/64.13

0.005
0.627

1.88
7.52
0

92.39
7.61
0
0.88
3.25

EMD-15830
8B3J

*RMSD, root mean square deviation

Table S1. Cryo-EM data collection, refinement, and validation statistics.



Accession Average
Genus Species Virus name Abbreviation en Y 'VP1 sequence used for Alphafold
number (%)
Chaetoceros  Chaetoceros
socialis forma  socialis f.
Bacillarnavi AB469ETA frANAV N/A N/A
claMmaviiS  odians ANA  radians ANA G / h
virus 1 virus 01
Croetoceros - Chaetoseros ATHPTAL WSOV GOPPYFGRALASTTPAGRAPTMENMRNSLARMSR
Bacillarnavirus - tenuissimus  tenuissimus - AB37SA7E - CrenRNAVOL 8 DHVILDPTECKGGTIVCPFVYPKPYLSLDTADLASLDGVGRVDIMSFEALQNTSADTSTPINISVYAW
RNA virus 01 RNA virus 01 MEDVALSGPTYLRSESKM
Rhizosolenia . Rhizosolenia NYASIRRKLENV:;;.‘RGSlKLQIFINGRTSO[.FHVGKGIVA\T’:FPLFGAAQHPFRTPGS:\L::;:\L"QYSQD@HV
Bacillaravirus setigera ANA  setigera RNA  A8243297  RSRNAVOL 80 Lo s VRN AYMEDD
wvirus 01 virus 01 VALSGSTQFSS
o DLGSF
Asterionelops e —— oo
Kusamavirus  Astarnavirus s glacialis  AB973945  AglaRNAV %0 VERNYLDQDLVQASQKPHFFLMPTKNTGGEICMPFFWEKNYLSLSDKDYENMGELTIKSFGNLLHA
RNA virus NGGNDPVTVTIVLWAEDVVLTMPTSLNRL
Aurantiachytri Aurantiochytri ESKEVGEMSMGGIDHTETHQNVQDHTGEASDAVTVGSSIQETGDGSGTQYSLNSFFERPVAIYDAT
N um single- um single- WDSGTEY ANY TGTPYHYGTIMASYQPYGVYNQ
Labyrnavirus stranded ANA  stranded RNA AB193726  ASSRNAVOL 68 NLIKYDEMMNATTPGPGPTLPAYKCYLSQAPGVAYIDVKENQPVELEIPFISHKPKFRLFNNSPOVITH
virus 01 virus 01 ATSFVDFKEAGELRLVTLNKLAVANDDFDSDVSLNIYAWVTOVELGNITATOMD
QSSOIEMTPESTGNTMQEENVGFDGQQDPILTIPNDLSRVAVDQSQNVTLGNFLKRPVQIATATW
Locarnavirs  JEricamavirus  Marine RNA s 5 TVGSTLDOLVENFDPWHLYFNHAPIRRKLDNYYLVRCNLHLKFVWNASPEFYGCTLASYQPLTNFAP
a virus JP-B8 GFTPTGTAGQERTAYTQRPHIWIYPQDSQGGEMVLPFLYYKNWLDATSAVDLTNMGTLSFQSFGSL
ANANGATGDIEIIVYAWAEDIEVAGPTVALAY
VQADVIPSVETGVTGDQRQTVTFL TADQTPNADL w
Srmfumwims Marine RNA LESDAVGTSHTFNPWNLYFTDQRVKYKLNNFAFIQAELEIKILVNASPFYYGQMLCAYQPLPGLTPSTI
Locamavirus 1 virussF-q NSRS sF1 %0 TNDTGTRYFIPYSQRPHVWLI T NAQSAQL TFLNYTTLAS
ANGVAGSGVTVSVFASAKNVRLSGPSVGLAV
VATNLPTTDFNDQVAGVTVSPDTNWAEADVGDANTLADLSGFLORPVRIHTLNWLESDPVGYLGL
Sanfornavirus  Marine RNA NTID INYAFLRATLKIKIIINSTPFNYGAAKVVYTPLWTTHGRIPTSTNALNLVP
Locamavirus 2 wvirus SF-2 KFa12301 b L asaLs QGCELS T LSFLVYSALKSANGVTATGVSIAV
EKQSDESTPMETSSATNETTQETVSFMDEGTTYATGTAAAPPSSAPADAL TGAELGDFLGRPAQIASF
_ Sanfarnovirus  Marine RNA TWSQSDYVGTTRSYNVWQNFFNNAAIRRKLENFAWLRCDLKVKIMVNASPFYYGAMLATYQPLPN
Locarnavirus 3 virussF3 7R3 SF-3 86 RYFIPLTGRPHAWIYPQN STLS| LSLVSFT
DLLSANGATGSGATFTIYAWAENVTLNGPTCGLIM
Heterosigma _ Heterosigma ICTPHLDEKLLTETL:;;:_HFYDTSGLRENSHQTMSNGILEGR::;EV\:EGELASIGRPIF;V:IETWKPG
Marnavirus Ukﬂlh’_m ANA aka!h[wﬂ RNA - AY337486 HaRNAV 7 VPDPAEWIQIMOKPHVSFDATTTTGATMELPMLLPNDWIDLTDEDMIARLGTLYIHDLNTLEHANA
virus virus GTDELTVTLVAWMEDVELYLPTSTSEI
ADGTTND ENVCFSDQVOP QDTGDATLOY Qve
Salishamaviry Marine RNA WATSSOLIFDVNPWEAYFGNTRVANRLSNFNLLRAKLHVKIVINGNGFQYGRAIASYLPFSIVDTLST
s Britornavirus 4~ B MAITII0 BC4 89 NAGLIRQDLVOASQOPHLFLDPT FYNYWNYSSIPD QFRSINDLKHSN
GASDVWTVSVFAWAEDVEMSVLTSVDQD
FNVNINTDTKMMSSQNVTFKDQTPSYSY T
Salisharnaviru Palmarnavirus  Marine RNA TLRESENPWTOYFTNPRULNRITNFGLLRSKLCL GRIICSYIPLRODOI
B 473 virus PAL473 Kr7z0ze PALATS &7 DIVGASQRPHIYLDPTTSSGGTMCLPFFWYNNCLI Q
ATISVFAWAEDVTLAVPTSSEPG
GTIQEQGVANFSEEITOFNEQDAGWT TMNLGSSGDSTLGSFLGRTRIADFSWYVDQ
— Marine RNA PFFEKFDPWSLFLNDPRVAEKIANYELYRSKLHVKMVISGTGFHYGRALVSYNPYSGYDDITVERNFLQ
Sogamavirus Britarnavirus 2 = 1% R Mosed1ss BC-2 86 ADLYARSCPLEFLBTINT s .
NITVYAWASDVELTMPTSLTTL
EGSAAATEQITAFSDOEAGWTTCIKGGSDATMNLSSNSDSDLGNFLERPIRIHEAPWIMGQPLFTTF
) N Marine RNA NPWVDFMSNPRVKEKIAHYELLRMNLHVKFVISGTGFHYGRALASYNPYLFDEITIQRNYLDVDLVQ
Sogarnavirus Britarnavirus 3 ST T MGssatas BC3 88 ASOKPHIFLNPTTNSGG0LOLPY TikerDut A
WASDVVLTMPTSLT
chaetoceras DSNSPSGGAYSVSKAAEQISTONVHFVDGDTPWSYDISSSPOVTTOLAGFSDAELGSFLGRPIKIKEFQ.
sogarmavirys Chaetarmavirus o o Asea CooRNAVE 70 WTRESTRLEEVENPWTEFFSNAOVLEKINRYRNLRCNLRMKMLINGNSFYYGRALVSYNPYLTNDSY
ogarnavirus 2 species 9040 P TLNRAFFEQDLVGASQKPHFMLDPTTSQGGEMLLPFLWPENFLDITQPNWTADMGRVTIHDFDILR
virus 02 HANGGTDPITVTVFVAWAEDVVLSVPTTVOAQ
Chaetoceros
hoetenuissor  tenuissimi
Sogarnavirus d 'e. s tenu s’, US AsezissL CtenRNAVII N/A N/A
navirus It RNA virus
type Il
NSEGDT DGOT ADETTKLAAFTDAELGDFLSRPIKIKEYQ
. s Jericamnavius MarineRNA A 0 WTPGVALSAPRFNPWREFFNNSDVLDKINRYRNLRCNLRMKVLUNGNSFYYGRALLTYNPYIGNDE
ogarnavirus A virus JP-A - VTVNRTFIEEDLIQASQKPHLLLDPTTSQGGEMLLPFIWPENYLNITVAGWNANMGEVDIHDFDVL
QHANGGTDPISITIFCWAENLTLAIPTTAQYS
GTSQKPGTTNLTQEITAFSDOSAGWTTTIGSGSDPTMDLAATVDSDLGNFLGRPVRIAEYNWGVGS
s s POlmamovirus MarineRNA o . GFFERFNPWREFLNDERVKEKTAHFELYRSKLHVKMVVSGTGFHYGRALVSYNPLYGRODVTIQRSF
ogEmavins 156 virus PAL156 LOSDLVAASQKPHFFINPTTNAGGQLDLPFFYPONYLSLTRGTDAQEMGEITIKSFDSLRHANGGTGN

VTVTVYAWASDVVLAMPTSVNLL

Table S2. Related Marnaviridae virus species used for AlphaFold2 and the average

pLDDT

scores.
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Figure S1. Summary of the cryo-EM data analysis. A) Flowchart of the CsfrRNAV
capsid data analyses of the cryo-EM micrographs using cryoSPARC. Yellow
arrows point out full CsfrRNAYV particles in the cryo-EM micrographs. B) Overall
3D reconstruction of the full CsfrRNAV capsid. Left: The overall capsid map.
Right: The back half of the capsid shows the interior features. Capsid is colored
from blue to red according to its calculated radius. C) The gold standard FSC
resolution curves of both full and empty particles in icosahedral (I) symmetry.
The resolutions of these cryo-EM models are estimated as 3.0 (full) and 3.1
(empty) A (FSC cutoff = 0.143). D) The cryo-EM map and the backbone fitting
with the atomic models of the capsid VP1 (pink), VP2 (blue), and VP3 (light
green). E) Representative (3-sheet, loops and a-helix show the refined side chains
in full capsid of CsfrRNAV.



200

| | + trace 0

3 trace 1
trace 2
trace 3
trace 4
trace 5
trace 6

Golkz: trace 7
trace 8
trace 9

Z 40
trace 10
trace 11
29 trace 12
2 trace 13
1 trace 14
& | +  trace 15
)
< trace 16
& ~200 +  trace 17
Pig $ / =150 .+ trace 18
”~ o 100 x trace 19
[~ =50
Y: < S 0
S
~

Figure S2. 3D variability display. The 3D variability display performed in
cryoSPARC 3.3.2. The symmetry expanded empty particles are sorted into 20
clusters in total. Only the map in cluster 8 (pale pink) shows clear secondary
structure and therefore is used for further 3D refinement.

AVG GOOD
270 VPZ 284 285
CsfRNAV [AQQPELISSESEVDEY - - - -~ -~ == === == === ——————m—momom o SGVISA
* % * ww
CtenRNAVII |[AAQEDFT TS IELDEFGE‘PKPE‘ELQAQTKSKKKAPKKSTNTTKDD
230 244 278
; 340
CsfiRNAV PASSIARAAGKLKTIPQIAPFALATELGAGAIAEIAKIFGRCRPVVIDEH
i T P S T R I O
CtenRNAVII [PASAVAKAADALSMIPY IAPYAKATSMVADKIGKIARIFGY[SRPAVLSDI
i 333
VP4 ‘X’ VP3
B AVG GOOD VP1 VP2 VP3
Bl 877 Bl 256 P Bir 586 _ 0k
CsffRNAV Yy VAAGDDFNLSWMLSCP TITVFAYLDNVELVAP NWEVKGAPSEEVASRDTKF
iy H . ,. * ¥
CtenRNAVI FVSVGEDETLGMFVGAP TVSIFAWAEDVSLLIP QVWVSAGDDEAVAVPGVGL
] B48 w2 [0 567 T @l

Figure S3. Self-cleavage sites and partial sequence alignments of CsfrRNAV and
CtenRNAVIL. AVG: average sequence identities. GOOD: good sequence
identities. * Identical residues. A) Partial sequence alignment result and the
putative VP4 VP3 proteolytic site in CsfrRNAV and CtenRNAVII. Blue, green,
and red boxes represent parts of VP2, VP3, and VP4, respectively. Red dashed
line represents the proteolytic site between VP4 and VP3. Modeled residues are
in black. Unmodeled residues are in gray. B) Putative self-cleavage sites in the
VP1, VP2, and VP3 of CsfrRNAV and CtenRNAVII. Residues that are potentially
involved in self-cleavage in each VP are colored red. Sequences are aligned using
the T-COFFEE (version 11.00) server [59].
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Figure S4. RMSD per residue for VP1-3 (CsfrRNAV vs CtenRNAVII). Residues
are highlighted from blue to red, showing low to high RMSD values. VP2 does
not show apparent structural differences apart from the N-terminal arm. VP3
shows some structural differences in the surface loops adjacent to the VP1 E1E2-
Loop.
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Figure S5. AlphaFold2 structural prediction error (predicted vs. experimental)
and VP1 structural differences between two representative Marnaviridae viruses
(CsfrRNAV vs. CtenRNAVII). A) The structural prediction error per residue
between the experimental and predicted CsfrRNAV VPls. The residues are
colored from low to high deviations (blue to red) by the attribute of their local
RMSD. B) The overall comparison between experimental CsfrRNAV VP1 and
CtenRNAVII VP1 structural differences (purple) and the AlphaFold2 prediction
errors (red), which were calculated using CsfrRNAV VP1 atomic model as a
reference.
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Figure S6. Superimposition of the predicted Marnaviridae viruses VP1s and the
representative residue pLDDT score plot. A) Superimposition of VP1s from all 16
predicted Marnaviridae viruses. All models are colored according to their pLDDT
scores by residue from yellow (backbone modeled well) to blue (high accuracy).



B) Predicted VP1 model of a locarnavirus (JN661160) is shown as an example plot
of pLDDT score per residue.



