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Sample 1 — RNA free Samble 2 - core Sample 2 - Full-
Full-length P length
EMD-51765 EMD-51770 EMD-51785
9H1G 9H1Q 9H1Y
Data collection
Microscope Titan Krios G3i (OPIC)
Voltage (kV) 300
Detector Falcon 4 - SelectrisX
Magnification 130,000
Movie/micrograph pixel size
(A) 0.932
Dose rate (e-/px/sec) 6.2
Movie exposure time (s) 7
Total dose (e-/A?) 50
Defocus range (um) 1410 2.6
EM data processing
Number of 17,665 14,249
movies/micrographs
Box size (px) 300
Particle number (total) 428,267 588,492
Ea”ic'e number (used in 158,264 264,568 106,976
inal map)
Symmetry A C1
Map resolution (A, FSC
0.143) 3.07 2.95 3.07
Local resolution range (A) 2.8-30 2.8-30 2.8-30
I(\g‘?;) sharpening B-factor 121 125 111
Model Building and
Validation
Initial model used AlphaFold2 9H1G 9H1G
Model composition
Non-hydrogen
protein atoms 14581 10313 14036
Protein residues 1848 1302 1777

B factors (A?) -
min/max/mean
Protein
RMSD from ideal
Bond length (A)
Bond angles (°)
Validation
Molprobity score
Clashscore
FSC (0.5) model-
vs-map
CCmodel-vs-map
(mask)
Ramachandran plot
Favored (%)
Allowed (%)
Outliers (%)

64.1/361/193

0.004
0.496

1.93
9.1

3.6

0.74

93.1
6.9
0

69.3/261/145

0.004
0.533

1.78
8.26

3.3

0.77

95.3
4.7
0

77.9/403/188

0.004
0.520

1.9
9.6

3.7

0.77

94.3
5.7
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Supplementary Table 1.

CryoEM collection and refinement parameters
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Supplementary figure 1. Sample 1 CryoEM processing workflow. a) representative
electron micrograph image. b) 2D classification result showing the diversity of orientations
present. c) CryoEM processing scheme.



1 10 20 30 40 so 60 70
BoDV-1 FHASLLREEETPRP VIAGINRTDQSLKNPLILGTEVS|FIC. . Ksssipmﬁnka [GorxkaARNLASC...... BJYYLLFRQ
Nipah DELSI.SDIIYPECH Dsvascxr'rhnvz QLRHNQP|SDDKRLSENIRLNLHGKRKSLYILRQ. . .SKQGUYI. ...RNN
Ebola TQHTQYPDARLS|SP IV . LDQCDLVTRACGLYS|S Y/S|LNPQLRQCKLPKH I YRLKFDTIVSKFLSDTPVATLPI[JYLVP . . ./IL
Rabies DPGEVYDDP IDPIESEAEPRGTP TVPNILRNSD YNLNSPLIEDSAKLMLEWLKTGNRP YRMT LTDNC SRS YKHJLKD YFKKVD
89 99 109 119 129 13? 149 159
BoDV-1 pFEvyp:c nuu: ILTVIVS. .[.]. . AWKLDHEMTKTLY[SSVIRYALTNPRVRAQEELHIAYORIVIGOVISYSREADIGPK. . .
Nipah KNLKEF.MHIAYPECNNILFSITSQGM..TSKLDNIMKKSFK..AYNIISKKVIGMMON. .[ITRNLITODRRDEIINIHECLIRLG
Ebola SLTGBGDRPTPTCNQFLDEII YTLHDAAFLDYYLKA. . TGAQDHLTNIATRE EILNNDYVHQLFFWHDLSILAREKIGRL
Rabies GSLKV.....[.|... GGTAAQSMISLWLYGAHSESNRSRRCI/TDLAHFYSKSSP IEKMLNCTLGNRGL . RIPPEGVLSCLE . VDY
160 170
BoDV-1 .LGN.......[. MSLOEIQSHV. .. ... ... ........... FarIorTs.].[]. ... .......[]. [Jeeeeeennn LMTYNHF
Nipah DLGKNMSQSKWYECFLGWFTIKTEMRAVIKNSQKPKFRSDSCIIHMRDK|STEIILNPN. ... .LICIFKSDKTGKK. .CYYLTPEM
Ebola NRGNNRS..TWFVHDEQIDILGY........... GDYIFWKIPLSLL ID|GVPHAATDWYQP TLFKESILGHSQILSVSTAET
Rabies DKAFGRYLANTYSSYL[JFHVITLYMNALDWEEEKTILALWK .DL/TSVDTGKDLVKFKDQIWGLLIVTKDFVYSQSSNCLFDRNYT
189 199 200 219 22? 25!_)
BoDV-1 E AARTAKSECH.LLIASVVQ. . . GATIWEQ[G|. . JFLiDHT INMIFI[TjDS[TNL]P) .GLVMGRHNVS. . ...
Nipah LMYCBIVLEGH!. . . MMMETTVK . . . SDIKYQPLIERSNALWGLIPPL/. . FPVM .ALLOLKDEARILRGA
Ebola 1 CKIITCIFNTSLIASIAKLEDVDV|SDYPDPEIDILKI YNAGEYV|. .|ISI|L .AKIQLCSKFTERKGR
Rabies |[L.MLKPLFLSEFNSLMILLSPP...EPRYSDDLIEQLICQLYIAGEQV. . LSLC EVIKILEJJYVVNSLVORAEKFRPL. . .
26? 279 28? 29? 30(? 31(.)
BoDV-1 . ....... SDFASVFA...... IPELCPQ[ s| BET. . .RMViD| snwn?uﬁuﬁn.z
Nipah FLHH....CIKEMHQELSECGFTDQKIRSMF I T HILEAKVAAEKVREHMLADKY|. LE
Ebola FLTQMHLS DLRELISNRRLKDYQQ. .EKT H I LHSEKAIQKVKRH 'r}ﬂ‘ LR
Rabies ..IH....SLGDFPMFIKDKVNQLEGTFGPSA H| IHYIDY GL) LYDQVHIKEKV.|. .
320 330 340 350 360 370 380 390
BoDV-1 TPQALLSYGHTLLS[TFRAEFIKGYVSKNA.K[PPVH. .. .LLPG.CDKSIKNARELGRWSPAFERR. .WQLFEKVVILRTADLDM
Nipah YAPIMKAH.....AIFCGTIINGYRDRHGG ppy ..... LPAHASKHIIRLKNSGESLT|IDRICVKNWE|SFICGIQFDC ‘x-:x.x
Ebola PNVIFETY.....CVFKYNIAKHYFDSQG.T/YSVISDRNLTPG. . LNSFIKRNHFPSLPMIKALL . . WEFYH.LNHPP[LFSTK
Rabies ...IDKSYQECLASDLARRILRWGFDKYS. Y.LDSRFLADHPLAPY 'TQTWPP . KH|I V[3L| .._DTHH meqxrur
409 41(? 429 43? 459 459 47(?
BoDV-1 DPRFNDIVISHJKAIISSRRDW. . VFEY| VKKYGERLE LVNALIDGRLDNIP EPF|YRGA . VEFEDRLTVL
Nipah DSPLISMYMKMKALSPIKDE ns}v PREVLSY......... LVDVFVNDENFDPYNMMEYVLSGAYLEDEQFNVSY
Ebola IS[LSIFIK®RATAVEQTCWDAVFEPNVLGY......... VPEQF|LEQEDF|SIESVIANYAQELHYLLPONRNFSF
Rabies SMPPSEILDPKSHSFTRTRLASWLSENRGG.|. .. ....... . . KVIITALSQPPVNPREFKSIDL G.éPDDLIIGL

52(.7 53.
BoDV-1 P YUK THS[ZTMSS TAT/THLE .
Nipah KYFKENGVKDEHELLKTFQLSISSVPRGNSQGNDPQSINNIERDFQ
Ebola KAFPSNMUVV/TEREQKESHL. . H.
Rabies PLEDALTYTDNLNKVFKKAT
549
BoDV-1 NRLSHTI[KGD. .[.]
Nipah YFKGVTTNVKDKKNNSFNKVKSALNNPCQADGVHHNMSPNTRNRYKCSNjYSKSFL
Ebola ) ASWHHEISDDFG
Rabies .. .RVEYGQGLL]D
559 56(? 579 58(.) 599 609 519
BoDV-1 . ....... VINLFYSSWcNGFRIPELOAP I CRQLDQMFNCG Y FJRTGC/TLP CF[TTF I[IQRFNPP|Y[SLISGERPVE. . . . . ’E&v‘?cnv
Nipah TKFDTVSAFLTTMLKKFCLNWSIY/JSMAIFAERLDE|IYGLPGFJNWMHKRLE IYVARP .NCPPNID . KHMELEKTPEDDIFIH
Ebola ..... RGSSFVTELEKYNLAFIY/SF TAPF IEYCNHCYGVRN WMHYLIPQCYMHVSEYYNPPHNVNLSNREY . . PPEGPS|SYR
Rabies ........ AFHL]|YEKWNNHQEILES TEDVFSVILDQVF GLKR RTHEFFQKSWIYYSHRSDL|.|IGLREDQI YCLDMSNGP/TICWN
64(_) 659 660. S'Iq ssq 69?
BoDV-1 EITALRE INVTFNILGOELLOTIITHKSASQON. . . . .. .NQLTAERFL. . . GALlYKHRARLA
Nipah FLSAYETNTRIAAIVQEWES IAITQKVHPNLPYK. . . VKKEICA OLYFERLRMNLRAL
Ebola SLVEIKTGFKLRSAVM C/I|TVLSVFPLKTDPE. . . EQEQSAEDN/NARVAAS|LAKVT/SAC
Rabies DRESQTRNTRTKILAQINOVLICPTYMLSPGLSQEGLLYELES|I/SRNL\LSIYRAIEEGASKL
72(_) 73? 7‘9 759 76?
BoDV-1 i3 PVEccLFE0 UsEVITD s[TIGELF PNLYSKLACLTS S|CLSAAMAD[TS|. . .PWVA . TGVC
Nipah D| . LSQALIISMSEICCFWS[ETLVDETRSACSNISTTIAKAIENGLS|. . .|.|. RNVGYCINIL
Ebola N[ . ViQLPQS|LIATAARIMAP LISDAIFDD/LQGT/LAS IGTAFERAT . SETRHILPCRIVAAFHTYF
Rabies FRENILVPES VIS C I/SINDIQIT VNIL/AN|]IMS|T VS TNA[L TVAQHSQ SLIKPMRDF LLMSVQA
779 789 BU.O 819 BB?
BoDV-1 [LYLIELYVELPP.ATIQDEST..... vGes [TpATLPSVEFEIGM .. .@eFQLaLl.LoTLIKTTG
Nipah IQQLLISTEF.SINETLTLDVTSP IPAP -NYLNLSRIFVEINIGEIJVTASHA . DLKRMIDHSIMTES
Ebola RILQYHHLGFNKGIDLGQLSLSKP . VEQV . S|FILNPEK|/CFYENFGEVTSGH . FQLRVYLE . MVUNMKD
Rabies VFHYLLFSPILKGRVYKILSAEGESF LDPS .sleMs LGRFHIEQOF s[¥vSEGSFWREIWLS SHESWIH
849 869 879 889 899 90? 919
BoDV-1 T[CSLVN| YPD LSLTDTSLIAQVYRP nqxxaTanfnr@snEsﬁ E' QP . ..LTEMAQLLARDASTMM
Nipah LOKVMN| FLDW. . . ASDHYSGYLPDSQSITKTIKNITARTILRNSPNPMLKGLHDK . . . SFDEDLELASH RR
Ebola CPLIS| AIDF|...VLNESGLY|VPGSQDLTSFLRQIVRRS|ITL mmxz.mz. HAS...ADLEDEMVCKWHLSSN
Rabies ALCQEAG). Lzsp-nu.zorn.xxscnspnngn_m 1. YDEVDKVENSERREAILLSKTHRDNF ILFIJKSVE PRNTase
94? 959 969 979 989 99(_) domain
AlYGLSHIDLFQKSSTVV. ... .. SalSQAVHTIEDVALE[SVRY] I[TQGLLDTTE/GYNMQPYLE . . GETY
GAREEMAGLLDTTKGLIRSGLRKSGLOPKLVSRL. . .|SHHDYNQF/LT .[LNKLLSNRRQNDLISSNT[S
GKRLIOMLGY EGTRTLLASKII TPVLDKLRKITLQR SYLDHCDO . . LLADALOKIS/S
(GIPE/SHIGLIQNSRT . IRRQFRKSLISRT . . LEE[. . ..|...SF E|IHGINRMTQTPQRVGRVWP . .[ds|s




1000

1030 1040 1050 1060

BoDV-1 LARKQMIRL EEpLVEVTMEFVAEQFH. . .[ PHSSVGAKAELY . . LDAI[T|Y[CPQETLRSHHLTTRGD[.Q. .. . .. PLIL
Nipah DLIRAINISH MVGRYITGSLECQICEQGNTMYGWEFFVPRD S/OLDY {vnn HSSIR......
Ebola DLHEQIISIEY QFKVKWLGQYEPCPECLNKKGSNAYV[SVAVKDQVVISAWPNTSRISWTIGSG
Rabies ERLDLIFIET MLG. . LLPKS|SISCTC/GATGGGNPRV/SVISVLP/SFDQSFFSRGPLK. . .. ...
1079 1089 1090_ 1109 1119 1129 1130_ PRNTaSE
BoDV-1 i%) QRGEITGLAKSRAANLVRDEVZHE‘V;Y . varn[ﬂm.ﬂ’rfnnﬁx.zxcy SDAR...... Bs1Q.GeTiTfElLPS
Nipah WDERSD. . .IKLGNVKRPTKALRSAIRIATVYTWAY. .GDNEECWYEAWYLASQRVNIDLDVLKAIT|VST. SNNLSERILRD domain
Ebola EDIGQP”- IKPRCPSSALKEAIELASRLTWVITQGGS Q.LIRPFL.EARVNLSVSEVLQOMT|JSHY . SGNIVEEIYND
Rabies [SMS|TQL . . FHAWEKVTNVHVVKRAISLKES INWFINRNSNLAQTL IRNIMS LTGPDF S|LEE. . . . AIQVFKRTGS ALERIFKS
1149 1159 1169 1199 1209 1219

BoDV-1 RGD[SRQGLITGYV.NILSTWIRFESDY

VETYGCLYADSVIRSGGVT TPYLLSASCKTEFEK
Nipah KS.TQFKFAGSVL RFSR!J NIENDN 0
N
L

LLGLSVLEGKFRLRLETDDYNGIYHLHV|KD|.|NC| E
NLAVALYDIRFRNTNTSDIRHNRAHLHLTEC|. . E

Ebola Q.YSPHSFMANRM TRLIVETNT

Rabies ARYSEGGY/SSVCP s|. HzlsvETDT LMLYAQTWTSELVIQR . . DTRLRD[S/TFHWHLR . CN P
122? 1239 1249 1259 1269 1279
BoDV-1 [IDSEEFVLACEPQY.[|.[|. RGAEWLI|SKP e P...EQITDAEV]. . .[EFD|. .. .PlcVEA.[]. SYCLGILIGKSFLVD
Nipah [VADVG.QVDAELPIPEYTEVDNNHLIYDPDPVS....... EIDCSRLSNQESKSRELD|. . . FPLWETEELHDVLAKTVAQTVLEI
Ebola [VPAQYLTYTSALNL.DLSRYRDNELIYDSNPLKGGLNCNLTIDSPLVKGPRLNMIEDDLLRFPHLEGWE . .. .LAKTVVQSIISD
Rabies IEDITLETSQIFEFPDVS.KRISRMV|SGA R T FOKLPDIRLRPGDFE. . . . . SLEGREKSRHIGS..AQGLLYS
1289 129(? 130(‘) 1319 1339
BoDV-1 [I[RASG| Iﬁnn-rmmx.zmrsvsnnq prSIVx[ﬁ]sn L. ...QFE RAleLIRML]YAATGP C t
Nipah |ITKADKEVLKOHL..AIDSDDNINSLITEFLIVDPE sI1 .. .KWa prspLvsnrsk —ONNECIOr
Ebola SNSS prstTRsrT’ran’rpr G.LLY FlcA LWTKKLDYEQFLYYLHNQLHNLP HRALRVFKPTFKHASV .
Rabies |[ILVAIH[.|..SGYNDGTIFPVNIYGKV/SPRD YLRGIL Coveenns FLTRMTN. ........ [INzxRPLELISGV domain
1349 135? 1369
BoDV-1 .[T|........ s K.oowunnn r DSAL.]. ..o [ .. .[.@MDpcRAPLDRLS
Nipah HT........ SN....... ALSHPRVFKRFVNCGLL . .[LPTQGPYLHQQ. .DF. . EKLSQNLLVT|/SYMI|YAMNWCDFKKSP
Ebola RLMEIDSNES mcrscpnss ARLFLRTAIASFLQFLKSWIIDRQKTIPLWIVYPLEGQQ.PESINEF/AHKILGLLKQG
Rabies IS........ ILLR........ DNHPSLYIMLREPS....LRGEIFSIPQKIPA..AYPTTMKEGNRS/ILCYQHVLRYEREV
1370 1380 1390
BoDV-1 PR..... INFHS...... RGD....... LVAKLVLLPF[IN.......... [].[]. - pcIVEIEVSE.[]........[]..[ .. .[INs
Nipah FL..... IAEQDETVISLRED. ...... IITSKHLCVI[IDLY . [KPPWIIDLNPOEKI.CVLRDFISKSR..HVDT
Ebola PKSIPKEVSIQNDGHLDLAENNYVYNSKSTASNFFHASLAYWRSRKSRKTQDHNDFSRGDGTL EPVRKFSSNHQSDEKYYNVTC
Rabies IT..... ASPENDWLWIFSDF....... RSAKMTYLTLITY......... QSHLLLORVERNLS/KSMRATLQQOMGSLMRQ . .[VLG
1‘09 1419 142? 1‘39 144? 1459
BoDV-1 KYHAVSEANMBJLYI. . ......................... .AAKSVGVIKP/TQFVEETNDF TARGHHHG(C .[.]. .Y SLSWSKS
Nipah SSRSWNTSDLMFVIFYAS...... LTYLRRG.IIKQLRIRQVTEVIDTTTMLRDNIIVENPP IKTGVLD IRGC|IT NLEEILS
Ebola GKSP Quersqvksuusorusuaaix GKFHKWNP CKMLMESQRGTVLTEGDYFQNNTPPTDDVSSPHRLILPFFKLGNHNH
Rabies GHGED/TLESD[JDIQRLLKD....... SLRRTRWVDQ. ...... RHAARTMSGDYSPNKRVSRKAGCSEWVCSAQ .|. QVAVSTS
1‘6? 1479 148? 1499 1509 151? 1529
BoDV-1 RNQSQVLKMVVRKLKLCVLYIYP/TVDPAVALDL. . ..[.|. CHLPALTIILVLGGDPAYYERALEM EaN. .[1]. .[1]. . s[SRViDIP
Nipah MNTKSASK.....|. KIFNLNSRP|SVENHKYRRIGLNS/S|SCYKALNLSPLIQRYLP SGAQRIAF I [SMMLLIYQS/TLGOS/I|SFY
Ebola AHDQDAQELMNQNIKQYLHQLRSMLDTTIYCRFTGIV/S[SMHYKLDEVLLEYNSFDSAIT.JAE EALLLL|. . OKYSTRLLFL
Rabies ANPAPVSELDIRALSKRFQN..PLISG...LRVVQWATGAHYKLKPILDDLNVFPSLC. .V GlZSRAVLNMEPDSKLVF | octjye
1530 1540 1550 1560 1570 MTase
BoDV-1 HSLAl. ...[..ARTHRGFAVGPDAGPG............ vxkﬂn ..... ﬂ [1]. .mEs cﬁacmi: LEFNAY .
Nipah ﬁ:semcbupcqnz:. LFPSEYSIAEEDPSLTGKLKGLVVPLFNGRPETTWIGNLDSYEYIIN. . RTAGRSIG domain
Ebola TLATEHSIESEVVSGFSTPRMLLPIMQKVHEGQV. . . TVILNN. . .SASQI DI|T/SSMWLSNQKYNLPCOQVE
Rabies NSLLEVNDLMASGTRPLPPSAIMSGGDDIISR. . ...vmgnIwzxpsm_nm_mm-gx_qvqx VNMS YD
1539 1599 160? 1619
BoDv-1 []...[0....... ISD. ... .vieee cLp|. .. .[]. TPCKALF .|. . ... RP 1| RLALMDNYSFV. . ...
Nipah NVEEILVEHSHLISIAINVMMEDGLLVSKIAYTPGF.PISRLFNMYRSYFGLVLVCFPV LCLOKTVKTIVPPQK
Ebola qux.xmwvm.}unsxbpqyn..xvvvx. FLSDIEGILWINDYLAPLFGAGYLIKPI .CLSNLISTN. .
Rabies |SINRITLLMSDFALSIDGPLYLVFKTYGTMLVNPDYKAIQHLSRAFPSVTG. . .FITQV .RFSKRGKFF
162? 163? 164? 155?
BoDV-1 IMIRGLDIRPHEE. .. ...  EFDELLVVGOHILGQP. .. .. [.[]. - - |.VRvEVViYY.[]. ..
Nipah IFKIKNSQSKQFHDDLKKY|YQIDQPFFVPTKITSDEQVLLQAGLKLNGPE . IAKSE[ISYDIGSD
Ebola GVIRDALQAQVQRGV. . . YWLSHIAQYATKNLHCEY. . . .IGLGFPSLE YHR|. YNLVDTG|
Rabies ...RDAEYLTSSTLREMSLVLFNCSSPKSEMQRARSLNYQ.DLVRGFPEEIISNPYNEMIITLIDSDVESFAVHKMVDDLELQ)
1660
BoDV-1 VVRKR............. [efde e eeeennnnnnnn. VLARHE.P....[]..... [ []. "‘ ............... |-
Nipah TLRDT.IIIML..... NE YFDDNRSPSHHLEPYPVLESIT.R. . IKTIMNCVTKKV. .. ... IVYS[LIKFKDTKSSELYHIKN
Ebola PLSSVI.......... RHLTNLQAEIRD. . ..LVLDYNLMZE. SRT.QTYHFIKTAKG. . . ... RITKLVNDFLKFSLIVQALKN
Rabies TLSKVAIIISIMIVFSNRVFNISKPLTDPLFYPPSDPKILKHFNICCSTMMYLSTALGDVPSFARLHDLYNRPITYYFRKQV|IRG
1679
BoDV-1 []...... SADLK. .. .RIT
Nipah NI.....|[ RRKVLILDFRSK,
Ebola S....SWYTELKKLPE xn
Rabies NIYLSWSWSDDTPVFKRVACN
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34  Supplementary figure 2. Sequence alignment of non-segmented negative sense RNA

35  virus L-proteins. Sequence alignment for BoDV-1 (UniProt POC799), Nipah virus (UniProt
36  Q997F0), Ebola virus (UniProt Q8JPX5), and Rabies virus (UniProt Q8Bé4J5).
37
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Supplementary figure 3. BoDV-1 sample 2 dataset CryoEM processing workflow. a)
design and putative base pairing between the template and primer. b) cryoEM processing
workflow.
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Connector Domain MTase Domain C-terminal Domain

BoDV-1 x by
(9H1G)

1254-1419 1420-1591

VISV
(6U1X)

NDV
(7YOU)

1375-1717

RABV
(6UEB)

PIV3
(8KDC)

1396-1706

PIV5

(6V86) 1435-1730

MuV
(81ZL)

Supplementary figure 4. Comparison of the C-terminal regions from a selection of
nsNSV L-proteins. BoDV-1 domains are shown for comparison in grey and are conserved
between all panels. Domains from other nsNSV polymerase are coloured N-to-C termini in
rainbow colouring (blue to red). Values next to the images are the residue range for the nsNSV
domain.



Human Parainfluenza virus 3 (8KDC)
— Nipah virus (9FUX)
_: Mumps virus (81ZM)

Parainfluenza virus (6V86) Paramyxoviridae

_: Human Metapneumovirus (6U50)
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—
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51 Supplementary figure 5. Structural phylogenetic analysis of experimentally determined

52 Mononegavirales L protein models. PDB codes are shown in brackets.
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a b C-terminal
domain

PRNTase

domain
Connector

domain

Additional C-terminal

/ domain

Supplementary figure 6. Observation of an additional copy of a CTD. a) Reconstruction
and b) model showing the extra map density. c) potential fit of the copy of the CTD (purple).
The fit shown is for illustrative size and shape of the density, but it cannot be positioned
unambiguously given the quality of electron density.



