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Supplementary Fig. 1. Molecular biology and biochemistry strategies applied to find other segment proteins interacting with TiLV segment 1.
a. Strategy applied to clone and express the ten TiLV viral proteins from one plasmid. TiLV segment 1 is coloured in blue, segment 2 in orange and segment 3 in 
green. Symbols are defined at the top right. At the bottom right, the agarose gel represents a screen by digestion of ten colonies for selecting a correct psBIG2ab 
plasmid. A simulation of the digestion is shown to the left of the gel.
b. SDS-PAGE analysis of TiLV polymerase following an initial immobilized metal affinity chromatography (IMAC) purification step, with PB1 subunit bearing a 
C-terminal (Cter) poly-histidine purification tag (his-tag). The molecular ladder (MW) is on the left. “SNP” corresponds to the total fraction. “SN” to the soluble fraction. 
“FT” to the flow through. “W” to the wash. “E” to the elution. Deduced TiLV segments are annotated based on their molecular weight.
c. SDS-PAGE analysis of TiLV polymerase following a second heparin affinity purification step, with PB1 subunit bearing a C-terminal (Cter) poly-histidine purification 
tag (his-tag).  “IN” corresponds to the input. “FT” to the flow through. “E” to the elution. Deduced TiLV segments are annotated based on their molecular weight. 
Stoichiometry and degradation problems of TiLV segment 2 are visible necessitating the relocation of the his-tag to the C-terminus (Cter) of segment 2.
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Supplementary Fig. 2. Comparison of TiLV, Thogoto and influenza polymerase PA-N domains.
PA ENDO or ENDO-like domains of (a) TiLV, (b) Thogoto and (c) influenza polymerases. Domains are aligned based on their conserved β-sheets, and coloured from 
the N-terminus (Nter; light green) to the C-terminus (Cter; dark green). Overall and close-up views of each catalytic (or putative) active site are shown, and 
corresponding residues are displayed. PDB IDs are indicated.
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Supplementary Fig. 3. Comparison of TiLV, SFTSV, Thogoto and influenza polymerase PB2 cap-binding domains.
PB2 CBD or CBD-like domains are shown for (a) TiLV polymerase, (b) SFTSV-L (inhibited), (c) SFTSV L (cap-bound), (d) Thogoto and (e) influenza polymerases.  
Domains were aligned based on their cap-binding site and are coloured from the N- (Nter; light orange) to C-terminus (Cter; dark orange). TiLV polymerase and 
SFTSV-L PB2 link domains are coloured in magenta. m7GTP atoms are displayed as spheres (overall view) or sticks (zoom view) and coloured in purple. Close-up 
views of each cap-binding (or putative) site are shown, and corresponding residues are displayed. Hydrogen bonds are represented as grey dotted lines. PDB IDs 
are indicated.
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Supplementary Fig. 4. TiLV polymerase promoter binding mode A.
a. Schematic summary of all the interactions between TiLV polymerase and the promoter bound in mode A. The 5' and 3' vRNA ends are respectively in pink and 
gold. Nucleotide differences between vRNA to cRNA are annotated in red. Flexible nucleotides are in transparent. Water molecules are red spheres and magnesium 
ions (Mg2+) green spheres. The 3' end nucleotides are numbered from the 3' to 5'. Interacting residues are coloured according to subunit, green for PA, blue for PB1 
and dark red for PB2-N. In mode A, the 3' end is in the RdRp active site. In the vRNA initiation state, CTP (dark grey) is in the position +1 of the active site.
b. Extracted RNA density from TiLV polymerase in vRNA pre-initiation state (mode A) cryo-EM map. The +1 active site position is indicated by a dotted line.
c. Extracted RNA density from TiLV polymerase in cRNA pre-initiation state (mode A) cryo-EM map. The v to cRNA nucleotide differences are labelled in red. The +1 
position is indicated by a dotted line.
d. Extracted RNA density from TiLV polymerase in vRNA initiation state cryo-EM map. The +1 position is indicated by a dotted line, which encompasses the incoming 
CTP.
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Supplementary Fig. 5. TiLV polymerase promoter binding mode B.
a. Schematic summary of all the interactions between TiLV polymerase and the promoter bound in mode B. The 5' and 3' vRNA ends are respectively in pink and gold. Nucleotide differences 
between vRNA to cRNA are annotated in red. Flexible nucleotides are transparent. Water molecules are shown as red spheres. The 3' end nucleotides are numbered from the 3' to 5'. 
Interacting residues are coloured according to subunit, green for PA, blue for PB1 and dark red for PB2-N. In the closed core conformation, the 3' end nts A7-G15 are not visible, whereas in the 
open core conformation, they are visible and interact with specific residues that are surrounded by dotted rectangles.
b. Extracted RNA density from TiLV polymerase in vRNA pre-initiation state (mode B, close core) cryo-EM map. 
c. Extracted RNA density from TiLV polymerase in vRNA pre-initiation state (mode B, open core) cryo-EM map. 
d. Extracted RNA density from TiLV polymerase in cRNA pre-initiation state (mode B, close core) cryo-EM map. The v to cRNA nucleotide differences are coloured in red.
e. Comparison of the distal duplex orientation in mode A and B. TiLV polymerase PA, PB1 and PB2 subunits are shown as surfaces and respectively coloured in green, light blue and red. The 5' 
and 3' vRNA ends are respectively in pink and gold. Flexible nucleotides are represented as dotted lines.
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Supplementary Fig. 6. Comparison of 5' hook structures from viral polymerases belonging to the Articulavirales and the Bunyavirales orders.
5' vRNA hooks are shown for (a) TILV, (b) influenza, (c) Lassa virus (LASV), (d) La Crosse virus (LACV), (e) Hantaan virus (HTNV) and (f) severe fever with 
thrombocytopenia syndrome virus (SFTSV).  Nucleotides are numbered and sequentially coloured from the 5' end (light pink) to the 3' end (dark pink). For TiLV, 
flexible nucleotides are indicated by a dotted line. PDB IDs are indicated.
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Supplementary Fig. 7. TiLV polymerase, from pre-initiation to elongation state focussing on the active site. 
a. Left: TiLV polymerase active site in vRNA pre-initiation state mode A. The 3' vRNA end is coloured in gold and nucleotides are numbered from the 3' to 5', with G1 and G2 being in the 
respective -1/+1 active site positions. RdRp motifs A, B, C, D, and F are respectively coloured in dark turquoise, purple, grey, light green, and blue. Key residues are displayed. Hydrogen bonds 
are grey dotted lines. Arrows indicate the +1 active site and the NTP entry channel. Right: schematic of the overall RNA conformation with the +1 active site position indicated with a dotted 
rectangle. Flexible nucleotides are in italic.
b. Left: TiLV polymerase active site in cRNA pre-initiation state mode A. The 3' cRNA end is coloured in gold and nucleotides are numbered from the 3' to the 5', with C1 and G2 being in the 
respective -1/+1 active site position. TiLV RdRp motifs are coloured as in (a). Water molecules and magnesium ions (Mg2+) are respectively represented as red and green spheres. Hydrogen 
bonds are represented as grey dotted lines. Right: as in (a) with nucleotide differences between vRNA and cRNA coloured in red. 
c. Left: TiLV polymerase active site in vRNA initiation state. Annotations as in (a) with water molecules and magnesium ions (Mg2+) represented as red and green spheres respectively. The 
incoming CTP in the +1 active site position is coloured in dark grey. Right: as in (a). 
d. Left: TiLV polymerase active site in stalled vRNA elongation state. TiLV RdRp motifs and RNA are coloured as in (a). Water molecules and magnesium ions (Mg2+) are respectively 
represented as red and green spheres. Hydrogen bonds are represented as grey dotted lines. The incoming CpNHpp in the +1 active site position is coloured in dark grey. For more clarity, only 
the last incorporated nucleotide from the product is shown, and coloured in cyan. Right: as in (a) with the +1 active site position and the CpNHpp indicated with a dotted rectangle. The 13-mer 
capped primer ending in ...CC-3' is coloured in magenta and the incorporated nucleotides are coloured in cyan.
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Supplementary Fig. 8. TiLV polymerase in early and late elongation states. 
a. RNA density extracted from the cryo-EM map of TiLV polymerase in the elongation state with the v40 template. The 5' vRNA end is in pink, the 3' end in gold. The 
13-mer capped primer is in magenta and the incorporated nucleotides in blue. The CpNHpp in the +1 active site position is dark grey. Flexible nucleotides are 
represented as dotted lines.
b. RNA density extracted from the map of TiLV polymerase in the elongation state with distal duplex. Excess 3' vRNA end is able to bind in the secondary site, 
reforming a distal duplex with the 5' vRNA end. The RNA colour code is identical to (a).
c. Left: Schematic of the RNA conformation in the early elongation state. CpNHpp is indicated at the +1 position with a dotted rectangle. The capped primer ending 
by ...CC-3' (13-mer) is in magenta and the incorporated nucleotides are in cyan. TiLV polymerase encloses an 11 bp RNA duplex in this structure. Right: Interactions 
between TiLV polymerase, the transcription-like product and the 3' vRNA template with RNA colours as in (a). The 3' end nucleotides are numbered from the 3' to the 
5'. Flexible nucleotides are dotted. Water molecules and magnesium ions (Mg2+) are respectively represented as red and green spheres. Interacting residues are 
coloured by their subunit origin, PA (green), PB1 (blue) and PB2-N (dark-red). 
d. Schematic of the overall RNA conformation of TiLV polymerase in the pre-termination state with the v40-S template (the mutation “C23U” is highlighted in red). 
The +1 active site position and the GpCpp are indicated with a dotted rectangle. The only visible incorporated nucleotides of the capped product are in cyan. TiLV 
polymerase encloses a 10 bp RNA duplex in this structure. Flexible nucleotides are in italic or represented as dotted points.
e. RNA density extracted from the sharpened (left) and unsharpened (right) cryo-EM maps of TiLV polymerase in the pre-termination state, annotated as in (a). The 
incorporated nucleotides are coloured in cyan. The GpCpp in the +1 active site position is dark grey. The unsharpened map shows continuous template density from 
the 5' to the 3' end with unbuildable nucleotides indicated by the black arrow.
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Supplementary Fig. 9. Comparison of TiLV polymerase initiation and elongation states with FluPol and LACV-L.
a. Structural comparison of TiLV polymerase in initiation state with FluPol in pre-initiation state and LACV-L in initiation state. PA is coloured in green, PB1 in light 
blue and PB2-N in dark red. 5' vRNA ends are coloured in pink. 3' vRNA ends are coloured in gold. FluPol priming loop and LACV-L template exit plug are coloured 
in red and residues are shown as spheres. The template entry, template exit, and the secondary site are indicated. PDB IDs are indicated.
b. Structural comparison of TiLV polymerase, FluPol and LACV-L in their respective early-elongation states. Domains and RNAs are shown and coloured as in (a). 
Upon elongation, FluPol priming loop and LACV-L template exit plug are extruded. The template entry, template exit, and the secondary site are indicated. PDB IDs 
are indicated.
c. Structural comparison of TiLV polymerase and FluPol in in the pre-termination state with LACV-L in the late-elongation state. Domains and RNAs are shown and 
coloured as in a. Upon late-elongation, the 3' end is able to bind back to the secondary site. Flexible nucleotides are shown as dotted line. The template entry, 
template exit, and the secondary site are indicated.PDB IDs are indicated.
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Supplementary Fig. 10. Alternative configurations of TiLV polymerase. 
a. TiLV polymerase transcriptase conformation. Close-up view of PA ENDO-like, PB2-N, and PB2-C domains coloured as in Fig. 1d. TiLV polymerase ENDO-like and 
CBD-like residues analogous to those in the respective FluPol ENDO active site and FluPol cap-binding site are shown as spheres. The PB1 subunit is displayed as 
a blue surface.
b. TiLV polymerase replicase conformation, annotated as in (a). TiLV PB2 627 domain is flexible in this conformation.
c. The transcriptase to replicase transition. Domains are coloured as in (a). To switch from transcriptase to replicase, PA ENDO-like domain rotates ~160 degrees 
and PB2 NLS domain translocates to interact with it. PB2 CBD-like domain rotates ~180 degrees and packs against TiLV polymerase PB1 subunit (left). In the 
transcriptase conformation, TiLV polymerase PA ENDO-like and PB2 CBD-like residues, analogous to the respective FluPol PA ENDO active site and FluPol PB2 
cap-binding site, are 32 Å apart. In the replicase conformation the corresponding residues are 50 Å apart (right).
d. Close-up view of the TiLV polymerase PA ENDO-like / PB2 NLS domain interaction. Domains are coloured as in (a). Hydrogen bonds are shown as grey dotted 
lines. Key interacting residues are shown as sticks.
e. In full-length structures, compared to core-only structures, packing of TiLV polymerase 627-like domain against the PB1 subunit induces a conformational change 
that propagates towards the RdRp active site. The PB2 627-like domain is coloured in pink. PB1 subunit is coloured in light blue with the palm domain in orange. The 
RdRp motif C (285-295) is indicated. The main movements between TiLV polymerase in vRNA initiation state (core only and complete structure) are indicated with 
arrows. TiLV polymerase structures are aligned with each other using PB1 as reference.



Supplementary Table 1a. Cryo-EM data collection, refinement and validation statistics 

of TiLV polymerase structures (samples 1-3). 

 

 vRNA initiation cRNA pre-initiation mode A 
cRNA pre-

initiation mode B 

vRNA pre-

initiation mode A 

Structure No. 1 2 3 4 5 6 

Short name 

Full vRNA 
initiation with 

CTP 

Core vRNA 

initiation with CTP 

Core cRNA pre-

initiation mode A 

Core with endo 
cRNA pre-initiation 

mode A 

Closed core with 

endo cRNA mode B 

Core vRNA pre-

initiation mode A 

 
PDB ID 8PSN, 

EMD-17857 
PDB ID 8PSO, 

EMD-17858 
PDB ID 8PSQ, 

EMD-17860 
PDB ID 8PT7, 
EMD-17869 

PDB ID 8PSS, 
EMD-17861 

PDB ID 8PSU, 
EMD-17862 

Data collection 

and processing 

ESRF CM01 ThermoFisher Krios TEM 

| Gatan K3 direct electron detector 

mounted on a Gatan Bioquantum 
LS/967 energy filter 

ESRF CM01 ThermoFisher Krios TEM | Gatan K3 direct electron 

detector mounted on a Gatan Bioquantum LS/967 energy filter 

ThermoFisher 
Glacios TEM | 

Gatan K2 Summit 

Magnification 105000 105000 36000 

Voltage (kV) 300 300 200 

Electron 

exposure 

(e–/Å2) 

51 51 40 

Defocus range 

(μm) 
-0.8 / -2.0 -0.8 / -2.0 -0.8 / -2.0 

Pixel size (Å) 0.84 0.84 1.1 

Symmetry 

imposed 
C1 C1 C1 

Initial/Final 

micrographs  
6000 / 4133 6000 / 3463 968 / 953 

Final  particle 

images (no.) 
46595 271170 107798 153101 109188 67042 

Map resolution 

(Å) 

FSC threshold 

0.143 

2.73 2.40 2.65 2.80 2.83 3.18 

Map resolution 

range (Å) 
2.6-3.8 2.3-3.1 2.6-3.8 2.6-3.8 2.6-3.8 3.2-4.0 

Refinement       

Model resolution 

(Å) 

FSC threshold 

0.5 

2.7 2.4 2.6 2.8 2.8 3.2 

Map sharpening 

B factor (Å2) 
-40 -54 -58 -40 -40 -81 

CC (mask) 0.8726 0.8841 0.8868 0.8949 0.8870 0.8198 

Composition 

Non-H atoms 

Protein  

Nucleotides 

Water 

Ligands 

 

11301 

1361 
29 

2 

3 x Zn 2 x Mg 

 

8264 

971 
29 

44 

1 x Zn 2 x Mg 

 

8181 

969 
28 

1 

1 x Zn 1 x Mg 

 

9032 

1071 
29 

0 

1 x Zn 1 x Mg 

 

8697 

1068 
15 

0 

1 x Zn 1 x Mg 

 

8212 

971 
29 

0 

1 x Zn 

B factors (Å2) 

Protein 

Nucleotides 

Water 

Ligands 

 

38.03 

63.64 
19.39 

66.15 

 

32.03 

54.21 
24.31 

38.48 

 

36.52 

65.87 
72.78 

23.03 

 

66.89 

102.87 
- 

62.76 

 

72.72 

85.07 
- 

65.56 

 

49.64 

91.53 
- 

72.80 

RMS deviations 

Bond lengths (Å) 

Bond angles (°) 

 
0.002 

0.519 

 
0.002 

0.482 

 
0.003 

0.471 

 
0.002 

0.436 

 
0.002 

0.440 

 
0.003 

0.446 

Validation 

MolProbity score 

Clashscore 

Poor rotamers 

(%) 

 

1.50 

3.50 
2.57 

 

1.18 

2.41 
1.55 

 

1.14 

2.79 
1.19 

 

1.35 

3.66 
1.29 

 

1.55 

2.96 
1.73 

 

1.22 

3.46 
0.0 

Ramachandran  

Favored (%) 

Allowed (%) 

Disallowed (%) 

 

97.79 

2.14 
0.07 

 

97.93 

2.07 
0.0 

 

97.92 

1.97 
0.10 

 

97.46 

2.44 
0.09 

 

95.85 

4.15 
0.0 

 

97.62 

2.18 
0.21 

 
 
 



Supplementary data Table 1b. Cryo-EM data collection, refinement and validation 

statistics of TiLV polymerase structures (sample 4) 

  

 vRNA elongation vRNA mode B Replicase 

Structure No. 7 8 9 10 11 12 

Short name 

Full vRNA 

elongation 

with CpNHpp 

Full vRNA 
elongation with 

CpNHpp and 

additional mode 
B promoter 

Full with open core 
vRNA mode B 

Open core with 

rotated endo-NLS  

vRNA mode B 

Closed core with 

rotated endo-NLS  

vRNA mode B 

Replicase initiation 
with CpNHpp 

 

PDB ID 

8PSX, EMD-
17864 

PDB ID 8PSZ, 

EMD-17865 

PDB ID 8PT2, 

EMD-17866 

PDB ID 8PTH, 

EMD-17871 

PDB ID 8PTJ, 

EMD-17872 

PDB ID 8PT6, 

EMD-17868 

Data collection 

and processing 
ESRF CM01 ThermoFisher Krios TEM | Gatan K3 direct electron detector mounted on a Gatan Bioquantum LS/967 energy filter 

Magnification 105000 

Voltage (kV) 300 

Electron 

exposure 

(e–/Å2) 

51 

Defocus range 

(μm) 
-0.8 / -2.0 

Pixel size (Å) 0.84 

Symmetry 

imposed 
C1 

Final particle 

images (no.) 
29892 103012 80382 36587 53296 80175 

Initial/Final 

micrographs 

(no.) 

6000 / 5831 

Map resolution 

(Å) 

FSC threshold 

0.143 

2.96 2.42 2.59 2.73 2.86 2.9 

Map resolution 

range (Å) 
2.6-4.2 2.3-3.5 2.4-4.0 2.5-4.1 2.5-4.1 2.8-4.8 

Refinement       

Model resolution 

(Å) 

FSC threshold 

0.5 

2.9 2.4 2.6 2.7 2.9 3.0 

Map sharpening 

B factor (Å2) 
-40 -30 -20 -20 -20 -60 

CC (mask) 0.8368 0.8803 0.8835 0.8854 0.8938 0.8378 

Composition 

Non-H atoms 

Protein residues 

Nucleotides 

Water 

Ligands 

 

11486 

1357 
38 

0 

3 x Zn 2 x Mg 

 

11903 

1356 
53 

109 

3 x Zn 2 x Mg 

 

11190 

1355 
27 

1 

3 x Zn 

 

9245 

1104 
27 

1 

1 x Zn 

 

9034 

1102 
15 

2 

1 x Zn 

 

10397 

1243 
29 

0 

3 x Zn 2 x Mg 

B factors (Å2) 

Protein 

Nucleotides 

Water 

Ligand 

 

37.62 

39.86 
- 

81.58 

 

29.60 

44.81 
16.22 

60.93 

 

54.98 

98.50 
28.66 

115.45 

 

59.26 

82.32 
36.24 

91.94 

 

65.11 

72.32 
44.34 

101.42 

 

80.08 

95.52 
- 

122.29 

R.m.s. deviations 

Bond lengths (Å) 

Bond angles (°) 

 
0.003 

0.505 

 
0.009 

0.866 

 
0.002 

0.446 

 
0.002 

0.438 

 
0.004 

0.485 

 
0.003 

0.535 

Validation 

MolProbity score 

Clashscore 

Poor rotamers 

(%) 

 

1.61 

3.37 
1.71 

 

1.57 

2.52 
2.06 

 

1.36 

2.40 
1.37 

 

1.64 

3.02 
1.88 

 

1.80 

3.52 
2.82 

 

1.64 

5.67 
1.59 

Ramachandran  

Favored (%) 

Allowed (%) 

Disallowed (%) 

 

95.69 

4.31 
0.00 

 

95.69 

4.31 
0.00 

 

96.43 

3.57 
0.0 

 

95.16 

4.84 
0.0 

 

95.50 

4.50 
0.0 

 

96.92 

2.92 
0.16 



Supplementary Table 1c. Cryo-EM data collection, refinement and validation statistics 

of TiLV polymerase structures (sample 5) 

  Pre-termination 

Structure No. 13 

Short name Full vRNA pre-
termination with 

GpCpp 

 PDB 8QZ8 
EMD-18772 

Data collection and 

processing 

ThermoFisher 

Glacios TEM | F4i 

- SelectrisX  

Magnification 130000 

Voltage (kV) 200 

Electron exposure 

(e–/Å2) 

40 

Defocus range (μm) -0.8 / -2.0 

Pixel size (Å) 0.878 

Symmetry imposed C1 

Final particle images 

(no.) 

107403 

Initial/Final 

micrographs (no.) 

2433 / 2253 

Map resolution (Å) 

FSC threshold 0.143 

3.13 

Map resolution range 

(Å) 

3.1-4.0 

Refinement  

Model resolution (Å) 

FSC threshold 0.5 

3.3 

Map sharpening B 

factor (Å2) 

-116 

CC (mask) 0.8385 

Composition 

Non-H atoms 

Protein residues 

Nucleotides 

Water 

Ligands 

 
11552 

1356 

42 
0 

3 x Zn 1 x Mg 

B factors (Å2) 

Protein 

Nucleotides 

Water 

Ligand 

 
81.90 

96.46 

- 
106.25 

R.m.s. deviations 

Bond lengths (Å) 

Bond angles (°) 

 

0.003 

0.457 

Validation 

MolProbity score 

Clashscore 

Poor rotamers (%) 

 

1.38 

3.62 
0.09 

Ramachandran  

Favored (%) 

Allowed (%) 

Disallowed (%) 

 

96.51 

3.34 
0.15 
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Supplementary Note 1. Cryo-EM image processing strategy applied to obtain TiLV polymerase structures in the vRNA initiation state. 
Schematics of the image processing strategy used with the data collected on a Titan Krios equipped with a Gatan K3 direct electron detector mounted on a Gatan 
Bioquantum energy filter. Representative cropped micrograph, 2D class averages and 3D class averages are displayed. Full and cutaway views of each local 
resolution filtered EM maps are shown. Fourier shell correlation curves (FSC) are displayed. Scale bar = 100 Å.
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Supplementary Note 2. Cryo-EM image processing strategy applied to obtain TiLV polymerase structures in the cRNA pre-initiation state (mode A/B). 
Schematics of the image processing strategy used with the data collected on a Titan Krios equipped with a Gatan K3 direct electron detector mounted on a Gatan 
Bioquantum energy filter. Representative cropped micrograph, 2D class averages and 3D class averages are displayed. Full and cutaway views of each local 
resolution filtered EM maps are shown. Fourier shell correlation curves (FSC) are displayed. Scale bar = 100 Å.
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Supplementary Note 3. Cryo-EM image processing strategy applied to obtain TiLV polymerase structure in vRNA pre-initiation state (mode A). 
a. Representative realigned micrograph. Scale bar = 200 Å.
b. Representative 2D class averages obtained from cryoSPARC.
c. Schematics of the image processing strategy used with the data collected on a Glacios equipped with a Gatan K2 direct electron detector. Representative cropped 
micrograph (see a) and 3D class averages are displayed. Full and cutaway views of the local resolution filtered EM map are shown. Fourier shell correlation curves 
(FSC) are displayed.
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Supplementary Note 4. Cryo-EM image processing strategy applied to obtain TiLV polymerase structures in the vRNA elongation states, vRNA pre-initia-
tion state (complete mode B, open/close core mode B), and TiLV replicase in vRNA initiation state. 
Schematics of the image processing strategy used with the data collected on a Titan Krios equipped with a Gatan K3 direct electron detector mounted on a Gatan 
Bioquantum energy filter. Representative cropped micrograph, 2D class averages and 3D class averages are displayed. Full and cutaway views of each local 
resolution filtered EM maps are shown. Fourier shell correlation curves (FSC) are displayed. Scale bar = 100 Å.
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Supplementary Note 5. Cryo-EM image processing strategy applied to obtain the structure of TiLV polymerase in the vRNA pre-termination state.
a. Representative realigned micrograph. Scale bar = 200 Å.
b. Representative 2D class averages obtained from cryoSPARC.
c. Schematics of the image processing strategy used with the data collected on a Glacios equipped with a F4i direct electron detector and a SelectrisX energy filter. 
Representative cropped micrograph (see a) and 3D class averages are displayed. Full and cutaway views of the local resolution filtered EM map are shown. Fourier 
shell correlation curves (FSC) are displayed.



        TT       TT                                      TT Tilapia_lake_virus-Seg1   
      1       10        20        30        40        50    

Tilapia_lake_virus-Seg1                   G               A  S  R   I                       M A        N    P     P       I  A     GK  N V    L   ...... W FQEGVCK  LLSG TSMKA DSA RE  D  SE MT  SY A HTGD SKL

Flavolineata_virus_aa_seg1                 G               A  S  R   I                       M          N         TG       V  A     G   NTV    M   ...... AFLLGPGSK  LLPGQSRHC  EDD VK  E  TT LN EEF   HTGT DPA

Namensis_virus_aa_seg1                    G               A  S  R   I                         V        N   VP    NP  P    V  A      R  N V    I   .....MSV SLEAYTK  LFG  GIGI  EI  LE  E  KK RID SQ M HSRE PKT

Asotus_virus_1_aa_seg1                    G               A  S  R   I                       M L        T   AP    NP  P    V  A     GK  TNA    V   ...... N LRAFCSL  SSP  IFSC  AF  FE  K  EN RR  GP   AATP R..

Asotus_virus_2_aa_seg1                    G               A  S  R   I                       M I        N   AP    NP  P    V  A     GR  TNA    V   ...... N LRQYCSL  CSP  IFGS  CF  YE  K  RD RA  GP   KAGP KPD

Przewalskii_virus_aa_seg1                 G               A  S  R   I                       M L        N   AP    N   P    V        GK   N         FSLTEP N TREYPGL  SSR  IFCS AAF  CA  L SRD LS  TEL SEPKPRSRG

Stewartii_virus_aa_seg1                   G               A  S  R   I                       M L        N   AP    N   P    V        GK   N         ...... N TRDYPGL  SSR  IFSS AAY  CK  I SRE LS  TEL SEPRPRRKE

   TT                      TT                               Tilapia_lake_virus-Seg1   
    60        70        80        90       100       110    

Tilapia_lake_virus-Seg1                        C            S                         P         V        S   V E       K   L   M  L   T    P  LI   NQGESPLRI DSDLYSER C W I KEGRVVC  TT TRG AS LNT KCSS SE  CK

Flavolineata_virus_aa_seg1                      C            S                                            S   L        LR   L   V  L   T       LV  AKVLG.RLPVDEGEFWSSR C I DGEK....   VQ AKG NI LKR LSPSIEE  TK

Namensis_virus_aa_seg1                         C            S                         G                  S   M D      LR   L   L  I    G   P  VL   YKPVVKCPID....FTTR C M K EK....   VP TAG TE LNQI LSS LE  RE

Asotus_virus_1_aa_seg1                         C            S                                   I            L D      VR       L  L    G   P  L   ATATK..PVH KWSDLASSKS A P ...GEK   GVCGDE YK SVRA GLS WE FDH

Asotus_virus_2_aa_seg1                         C            S                         G         L            V D      MR       L  L   SG   P  VV   GPLP..SVK SWGSLSSSRA V I ...GDK   GVCGDE YK AEK  FQP EV  NL

Przewalskii_virus_aa_seg1                      C            S                         G         V        N   V D      LR   L   M      TG   P   L   VPYKRILPE DWSELGGP S C Y HL.GSK   AP GDS YAFSKT  GRK AAF LE

Stewartii_virus_aa_seg1                        C            S                         G         M        N   V D      LR   L   M  L   TG   P   I   IMYKRTLPE DWSELGGP S C Y HI.GGK   AP GDA FK SKT  GRK ASF LD

      TT   T..T                     TT                      Tilapia_lake_virus-Seg1   
   120         130       140       150       160       170  

Tilapia_lake_virus-Seg1                              FK      ER     RAIF     FR      EVL V  L   IG  D  V   L        ALR     K       LS P   LL  VV   T ES SEK  .. TS EEL SHGRY  C   DQ  G PKS      H F    SS   

Flavolineata_virus_aa_seg1                            FK      ER     RAIF     FR      EV  V  L   IG  E  L   M        AARL    R       LSNP   VMA VM  TK GS DEP  .. TT LEL KEGTL  C    G  G KAP        F     S   

Namensis_virus_aa_seg1                               FK      ER     RAIF     FR      E L A  L   VG     L   L         IR     K       MSTP   IL   L T R DS NSD  ..KVK RHL SEAVY  PS  SG  G PVP        Y    SAY  

Asotus_virus_1_aa_seg1                               FK      ER     RAIF     FR      EVA A      IP  E      V        AIKA    R       LSS     MA VA   R TDPRVK  GT IIPEEF DRAGV  C    C  R QAS       AE  T  G   

Asotus_virus_2_aa_seg1                               FK      ER     RAIF     FR      EV  A      LP  D  A   I         IKA    K       L T    LLA     CS ADPDQK  GC YS GDF EAARH  AS   S  R QAC     C SQ     GYC 

Przewalskii_virus_aa_seg1                            FK      ER     RAIF     FR      ELL L  I   L   E  I   I        AIKA    K       LSTP   MVA LV   A PD TSN SGT WC ERF DESMY  A    S  R QDA        T     A   

Stewartii_virus_aa_seg1                              FK      ER     RAIF     FR      ELL L  M   L   E  L   I        AIKA    K       LSTP   LVA LV   A PD NTN SGT WS GRY EESVY  S    S  R QDA        T     A   

                                                            Tilapia_lake_virus-Seg1   
     180       190       200       210       220       230  

Tilapia_lake_virus-Seg1                         R                GD TK NE               A  VL           S    A M   V      VLN     Y     A  L  V   TH RS  SKVSAVYTATA AEQ  M AAQ VESRKH     C     AID DT LK WDA

Flavolineata_virus_aa_seg1                       R                GD TK NE               A   L    P      SPL   S            LS     Y     A  V  I   AT KKT EMCC VGCVSR   V C TGACTLQFENLC    C     AID ST RK GLA

Namensis_virus_aa_seg1                          R                GD TK NE                E AM    P  L   S V  A A   L      V N     Y        L  V   YNC R  ERID LF KNS S M  A GAK TRHKKY C   C     CINSDT LK WTS

Asotus_virus_1_aa_seg1                          R                GD TK NE               AE AL    P  M   SPL  AQ    L      I N     Y     V  L      AA  E  K.DM IN ARA   A   RANE YPEGVF C   M     SQG EV AGGLAV

Asotus_virus_2_aa_seg1                          R                GD TK NE               AE AL       M   SP    QA   L      LMN     Y     V  L      AH  K  G.GLACN AKC  FA S  ARE FPPGAF     M     SQG EV QAGLAR

Przewalskii_virus_aa_seg1                       R                GD TK NE               AE AL    P  L    PI  ASA   A      VLN     F     A  L  A   NR  E  R.SC GG SCLA  G    TNL CQGTPL     M     TQS RV GG AYK

Stewartii_virus_aa_seg1                         R                GD TK NE               AE AL    P  L    PI  ASA   A      VLN     F     A  L  A   SR  E  R.SC GG SCLA  G    TNL CQGTPL     M     TQS RV GG AYK

                                             TT             Tilapia_lake_virus-Seg1   
     240                               250       260        

Tilapia_lake_virus-Seg1                   K                                     GMLMGMI  G I  MLA MV                              I    V CPG       GM S GV   Y  RR ........................CVL KDTL E         

Flavolineata_virus_aa_seg1                 K                                     GMLMGMM  G I  IVA MV                              L      CPG       GL R AE   S  RG ........................SVL KGELKP         

Namensis_virus_aa_seg1                    K                                     GMLMGML    I  LVA VI                              I    V  P        GMRK GS   G  TR ........................KVL K.EM DA E      

Asotus_virus_1_aa_seg1                    K                                     GMLMGM   P M  VLL VV                              I    L CPG      CLP H SA   S  LT RVYRGKAPKSAQTGLECEDADFEDLGF PSSG L         

Asotus_virus_2_aa_seg1                    K                                     GMLMGM     V  VML VV                              L    L CPG      CVSEG AA   A  LG VVHRSRAPKDKRTGEDWGDEHFEDLGF PSFG S         

Przewalskii_virus_aa_seg1                 K                                     GMLMGMI  P V  L V LL                              I    L CP        LP Q AG F I  SN RVYRAKGPKDKFSGRELDDSIWEERGF PSEG S  A      

Stewartii_virus_aa_seg1                   K                                     GMLMGMI  P V  L V LL                              I    L C P       LP Q AG F I  AN EVYRAKGPKDKYSGREMDDSLWEERGF PSEG R Q       

           ....         TT                                  Tilapia_lake_virus-Seg1   
270           280        290       300       310       320   

Tilapia_lake_virus-Seg1   FN   T                SFSDDF                        S KK       TA LAL                   I    S   L      LF     L    S IS  A      QG....TTD.RFL       TSFN PAE REIEDL  ASCHN  L   Y  

Flavolineata_virus_aa_seg1 FN   T                SFSDDF                        S KK       SA AA                    V  GRNL  VE  L  M           TSIS  Y     NLL....YSK.DSY       LG    AE  YR EE RKRVHNT V      

Namensis_virus_aa_seg1    FN   T                SFSDDF                        S KK       TA AAL           I       I    NV  LE  L  L D    I    TTVS  C      QL....VCKGE L       FGFD  EE  QK KM T CCHN  W      

Asotus_virus_1_aa_seg1    FN   T                SFSDDF                        S KK       T  L L           I          GRSL  LD  I  MWD    L    STIT  S S  G HVRLSNKTECP L      TAA    AA  DT RQ   EGCC  H      

Asotus_virus_2_aa_seg1    FN   T                SFSDDF                        S KK       T  LAL           V       V  GR L  L   I  MWD    I    STVT  N S    HVRLSERTPLP L       TG  D PS GGT RK   AGCC  H      

Przewalskii_virus_aa_seg1 FN   T                SFSDDF                        S KK        A  AL           V       V  GHSI  IE  L  MWE    V    TTVT  YL  F  HCETSPR...P Y       VT    DQ  ST EH   MCNC  F      

Stewartii_virus_aa_seg1   FN   T                SFSDDF                        S KK        A   L           I       V  GHSI  IE  L  MWE    V    TTIT  YL  FS QCETSPR...P Y       VT    EQ  GT EH   LCNC  F      

      TT    TT                                              Tilapia_lake_virus-Seg1   
    330            340       350       360       370        

Tilapia_lake_virus-Seg1       E NS    R                      GP                       V SL      L  D              T        L  L   A   S  V  G M    A   I  CT T  GD.....LATGLGC AGVPFR   VT KQT AML GA DS V PFH

Flavolineata_virus_aa_seg1     E NS    R                      GP                       L  M      MR        R      Y         MN L  WV      L    IS   NR  L  VV   SGKGTPF LAKQTM FGVPPIA    S KT  ETLANM DLNL  VP

Namensis_virus_aa_seg1        E NS    R                      GP                       L  A      L  D                       LQ V   V      V  G IS   VK  L  CA Q  GLP.....FKGIGSMGAPRMC    T KMA EALATG EL F  SD

Asotus_virus_1_aa_seg1        E NS    R                      GP                       V TL      IK D      H      FS        IT    FV   Q  V  G  Q   Q   F  MC    .GTPIT CPPLPS  .....W    AFTS  RDA TS AA IS PA

Asotus_virus_2_aa_seg1        E NS    R                      GP                       V TV      IR D      R      FS        IS    FV   Q  I  G  S   R   F  FT    SGASVT TAPLPS  .....W    AFTG  RSC TS AI VT IE

Przewalskii_virus_aa_seg1     E NS    R                      GP                         TL      LH E      K      FS        IS V  FL   Q  V  G LS  SE   F  MA    SGFPIY CCPLPG  .....Y    A TG  RDC PL AT G  IE

Stewartii_virus_aa_seg1       E NS    R                      GP                         TL      LH D      K      FS        IS V  FL   Q  V  G LS  SE   F  MA    SGFPVY CPPLPG  .....Y    A TG  RDC PL AS G  IK
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                                TT                          Tilapia_lake_virus-Seg1   
380       390           400        410                       

Tilapia_lake_virus-Seg1                   Y                  P   GG                    AE L  I   E   R                  L  CL                     S  R FQ KQQ CAY  N....NPTYTTR.NEDF  T    ...................

Flavolineata_virus_aa_seg1                 Y                  P   GG                    AD L  I                              L                     S  R LN RQAVLYVY N....NSQHLPQPVPEWY VY   ...................

Namensis_virus_aa_seg1                    Y                  P   GG                    A  V      E                      M   M                     E SD FDSTKR MTVA T....GKQFQCE..NDD  IW   ...................

Asotus_virus_1_aa_seg1                    Y                  P   GG                    ID V  A   D   R                  L  CL                     E  L LA LED TAD  G..AAFWPTYSEQERET  Y    RKRWTYMDWVTGDQIEGVT

Asotus_virus_2_aa_seg1                    Y                  P   GG                    VD I  A   D   R                  L  CL                     E  A LY LED CAD  G..SVFWPDYTAEERAA  Y    HCRWSYMDWLTGCKTNTMV

Przewalskii_virus_aa_seg1                 Y                  P   GG                              D   R                  L  CL                     XXXXXXXXLDQ LYS  VSPGVFFPDWDPANKTS  A    CASFRYLDYFSSVRRDAAL

Stewartii_virus_aa_seg1                   Y                  P   GG                     D V  A   D   R                  L  CL                     DC Q LE LDR LYS  VSAGVFYPDWDPVNKTS  V    CASFRYLDYFCSTRRDAAL

                                                            Tilapia_lake_virus-Seg1   
        420       430       440       450       460         

Tilapia_lake_virus-Seg1                L             P                                     K VI                      D I   VL        RRR  L       ..... T  SFQS LTWDCHPFWYQVH DGP T DQK  SVLASKTR   TR EALSDLD

Flavolineata_virus_aa_seg1              L             P                                     K VL          P GLL             AL        KKR  AP T    ..... T  NWEK ASREV D   CLV GGDSPPDIK  AMAADEMA   RR  F GFEA

Namensis_virus_aa_seg1                 L             P                                     KV                V             VI        KR    P      .....  DPTYED CLRRIRGTC CLS FAMPCPEQE  RAAAKYG.  LKRK EVQVFT

Asotus_virus_1_aa_seg1                 L             P                                      AAM          P GI        E V   V          RR  LP T    GG....   LLAQ VPQPG S  CQFQ LDL I RER RKSKR.IRRS  VG  T R..V

Asotus_virus_2_aa_seg1                 L             P                                      A            P GLL       E I   VL         KR  LP T    PR.... DRLLAQ VPNPG S   SFK VDV I RHR  KSKR.LRRS  AG  S S..V

Przewalskii_virus_aa_seg1              L             P                                     KAVV          P GLA       E I   AA        RRR  LP N    QHGAR    LLDA SPEVG S   LFR MDQ I MAA  KKKRETRQ   CG  E EKIY

Stewartii_virus_aa_seg1                L             P                                     KAVV          P GLA       E I   AA        KRR  M  N    MAGGR    LLDK SPEVG S   LFR MDQ I AAS  TKNRLARQ   CK ED EKVY

TT  TT                                                      Tilapia_lake_virus-Seg1   
470       480       490       500       510                   

Tilapia_lake_virus-Seg1    LV             I V   A                                     P  PHRLLVSESDVSK R ARQ HLKSLGLEQPTNFNYAIYKAVQPTAGC......... 

Flavolineata_virus_aa_seg1  L             DV              RK    I                      D PPFTNSSTPVSRA  QNAK.........R  ENFQ KVKDVWKDISLA......... 

Namensis_virus_aa_seg1     M   V         EM V   M          K   M                      D PLF GDQDVIGWE  G YKK RE.....EQL ALG DKAARWED............. 

Asotus_virus_1_aa_seg1      I  A         EL M   M        KRR   I                      KD QA CAEPLNPTW  G ATV EWASKRVA   AED QGPEPRKRVRLSGPPEGTNLE 

Asotus_virus_2_aa_seg1      V  A          L V   M        KRK   V                      RD QL LREPLTSCEA P GEL DWARPRVL   QGE FDLGIKRLRKAAGPAGEPEQP 

Przewalskii_virus_aa_seg1  LV  A         EA M   L        KRK                          G  KE IWETLDIPR  K EEV SWSSKRTS   AAEEDLPGTSSAKKAKGATPKLS.. 

Stewartii_virus_aa_seg1    LV  A         EA M   L        KRK   V                      G  KE IWETFDLPR  E GEV KWSEGRTS   SED SVSLEERKRQRRSDPSELL.. 

α12 η3 

α13 η4 α14 

β14 α15 α16 

 

SUPPLEMENTARY NOTE 6 (2/2)

Thumb

Thumb Bridge

Bridge

Supplementary Note 6. Multiple alignment of TiLV polymerase PB1 subunit (segment 1) with the putative PB1 from other Amnoonviridae family viruses.
TiLV PB1 secondary structures are shown and numbered. Domain positions and TiLV RdRp motifs are indicated. Insertions in the PB2 of Asotus, Przewalskii and 
Stewartii viruses are indicated with a coloured rectangle.



                                                            Tilapia_Lake_virus_seg2
1       10        20        30        40        50        60

Tilapia_Lake_virus_seg2               T  E          R   TAD  L     F  AL           P               I   R               K            NQF       L MSQFEKSFKGRTEV  T Y SHTVKDVH SLL    S RKSFC RN     LDKDLPL  
Namensis_virus_aa_seg2               T  E          R   TAD  L     F  AL           P               L   K               R            TTY       I ..MACYKIPTARGF  K A ALLYEPEP GTR    A MNKGA LR     KP.....  

                                                            Tilapia_Lake_virus_seg2
        70        80        90       100       110       120

Tilapia_Lake_virus_seg2   P                         E   DLYNKG    S       R     V   IR                Q S    L    A       Y  D VS      V           KLESRVAVKKSKLRS L FRPG TQ E I       DG    GALQD  VNEP AYS
Namensis_virus_aa_seg2   P                         E   DLYNKG    S       R     V   LK                T T    M    M       F  E IT      A           YKVVSTETTMGCYGY R IGEI LV Q Q       SR    ....S  NVSK TMI

 TT                                       TT                Tilapia_Lake_virus_seg2
       130       140        150       160       170         

Tilapia_Lake_virus_seg2 S        GL   G T         CE  F R  P   CG  CCG G     L   I                   L      D           T P   I       K          ADNDKFHR  AAL Y  ADK.AF T  SG V AI  T   F    P SF DS GFV KI
Namensis_virus_aa_seg2 S        GL   G T         CE  F R  P   CG  CCG G     L   I                   I      E           Q G   V       R          CYGPNVVP  GDK A  TAESSV A  LS R ET  G   C    I PM KG IMR IT

TT                                            TT            Tilapia_Lake_virus_seg2
180       190       200       210       220       230         

Tilapia_Lake_virus_seg2 GE  H  DG  H                         R                 C K W     MY      V               W    LA   N V       T    P   V   FW     FQ F AVEDAKFLASKSPSF LAKR  K L L PKEDPSV AAEC  K   
Namensis_virus_aa_seg2 GE  H  DG  H                         R                 C K W     VF      L               F    ML   T A       S    G   A   TT     RG A ERGGE.......... KGPA  M Y K TEKISGE EHCE  I   

            TT      TT     TT                               Tilapia_Lake_virus_seg2
240       250       260       270       280       290         

Tilapia_Lake_virus_seg2            D      F       H      T            A              AS    P  L  F               V  A    ISQ  L     S       G   E  FARA TA  P GGRA CDQGWVY RD GY  ANH   ET FQQ L VRNLGPQ SAN
Namensis_virus_aa_seg2            D      F       H      T            A              LN    G  I  Y               M  V    VTT  I     T       P   G  HRVT DP  K .... RNCATGI VA KD  FPM   N. NDV K CLECYIR RKV

                                            TT     TT       Tilapia_Lake_virus_seg2
300       310       320       330       340       350         

Tilapia_Lake_virus_seg2   G   T                R  L G    IT         L  R        S   V  SI  A   L  A          I Q LAN   P   N                     S   H  LDR RA YSRGTPAS S       L   VGE FECD DK KLNIKALR PER
Namensis_virus_aa_seg2   G   T                R  L G    IT         L  R        S   M  NA  L   M  L          L T AIQ   G   S                     R   P  QTL YH ERCSDAGG V       G   DRI SAPR TP .......N VQI

                                 TT                         Tilapia_Lake_virus_seg2
360       370       380       390          400       410      

Tilapia_Lake_virus_seg2   TI G          G    K    VLS SKW GY   ED       GTF C    A            LD V        A          M         Q   N   Y R  K MLYI  E LVVN  D VR FYLD  KVT   R      ...  LP KPP       KR    
Namensis_virus_aa_seg2   TI G          G    K    VLS SKW GY   ED       GTF C    A            IE L        I          I         S   S   W K  R IIIH  K EFCR  S KS NIPG  VRR   A      PST  CM ERE       SC    

                                                            Tilapia_Lake_virus_seg2
 420       430       440       450                          

Tilapia_Lake_virus_seg2 LIS              Q            R V     L                                   V    D      V                                    CSPGTYAKKRK AV E RFKDMR ENF E AENMD NQ                   
Namensis_virus_aa_seg2 LIS              Q            R V     L                                   I    E      A                                    KP......... RS V TVDKYA YKT K EIDES M.                   
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Supplementary Note 7. Multiple alignment of TiLV polymerase PB2 subunit (segment 2) with Namensis virus (segment 2) from the Amnoonviridae family.
TiLV PB2 secondary structures are shown and numbered. Domain positions are indicated. Residues coordinating Zn2 and Zn3 are respectively labelled with grey 
and dark circles. Putative TiLV PB2 cap-binding residues are labelled with orange (PB2 CBD-like) and purple (PB2 link) circles. TiLV NLS sequence (427-430) is 
indicated in a rectangle.



                 .                                                Tilapia_Lake_virus_seg2  
            1        10        20        30        40        50   

Tilapia_Lake_virus_seg2                             T                   D  L         L                 M         G   V I            R    A K  R     R    Q L ............ SQFE.KSFK RTE   TEYRSHTVKDVH SLLT   S  KSFCF NA N F D
Namensis_virus_aa_seg2                              T                   D  L         L                 M         G     L  A  L      RG   A RA            T   ............ ACYKIPTAR ...F  KE KA LYEPEP  TRT     MNKGAFLRA T YK.
Asotus_virus_1_aa_seg2                              T                   D  L         L                   PGG     G E V VD A  L P     P   A KL K    LR    QLM ........TIKMSQ   LQPWT P D    Q SC A EVSYN PLF      ..GA  NR E   A
Asotus_virus_2_aa_seg2                              T                   D  L         L                   PGG     G D   AD A  L P         A KI K    LK    TLM .......MLRPGDQ   LQPWT P KC   A SC A EYSVTAPLV      ..HN  AA N   L
Przewalskii_virus_aa_seg2                            T                   D  L         L                 M PGG       E V  D A  L P    RP     KA K    LK     IA ............ E   QRELLNR T  F Q ML C PPRL  SFAP     QGYS  RR LD  E
Stewartii_virus_aa_seg2                             T                   D  L         L                 M PGG       E V  D A  L P    RP     KA K    LK     IA FSGNISYTQSLV E   QRQLASR V  F Q ML C PARL  SFAP     QGLS  KK EE  S

                     ..                                           Tilapia_Lake_virus_seg2  
     60        70          80           90       100       110    

Tilapia_Lake_virus_seg2                                    G     E                          D   LPI P     VA       L       P    LT  EA    N G  G  V    Q R V K LPL   R KLESR  VKKS..K RSQLSFR . ..  Q   IDLY K YD DS SGAL D V N
Namensis_virus_aa_seg2                                     G     E                             PIPL P     VV  E    M    Y       M    M    N G     I    N   V ....    K Y...K  ST T..T GCYG TRTI EI LV Q QDLY K FSRES TSRA VSK T
Asotus_virus_1_aa_seg2                                     G     E                           G PVP         A  E PG V    YV     E T  E D YLNGG  G  LK   Q H  REK E   FTAF...RR HA Q  P KTGV  QA. R P Q  K N     IS QV  QLT G VY 
Asotus_virus_2_aa_seg2                                     G     E                          DG   PI       VV    PG V    YV P   E T  E E YLNGG  G  LK   S K VRA  VVT  PLP...V  DAQA  A RTGT  L . R P P  K A     LS GD  ELT S G  
Przewalskii_virus_aa_seg2                                   G     E                          EG PL L G     LL  E PG L    FI P   EIS  DID WVNG   G  LR   N R IRG  .  M Q R...G  SR R  S QESS  L . E   P    D    RVP GP  ERR T N  
Stewartii_virus_aa_seg2                                    G     E                          EG PL L G     LL  E PG L    FI P   EIT  EME WVSG   G  LR   N R VRG  .  M L R...G  SK R  T QESS  L . S   P    S    RTP GP  EKR T N  

       TT                                                        TTilapia_Lake_virus_seg2  
   120       130       140        150            160          170 

Tilapia_Lake_virus_seg2      Y           L   G           C     R           C    C   G G                           L  K      E               P G I            EPVA SSADNDKFHRG AAL YT AD .AFDT  SGFV .....AIPTT   F C ... P SFKD
Namensis_virus_aa_seg2       Y           L   G           C     R           C    C   G G    MIS     V        G     IT        ELS R          GG G V         M     C GPN V....PG  DK AT  AESSVEA    F  .....ETPQ    C C ... I P RK
Asotus_virus_1_aa_seg2       Y           L   G           C     R           C    C   G G    VAS    EI G      GT   VLQ K    C   N   F  GL    GP   IL S T    L     R PR  S V..AV   E S   D EGTS  SG HG  KA  ELVK   EG    R  T Y TS
Asotus_virus_2_aa_seg2       Y           L   G           C     R           C    C   G G    VAS    EL G      GS   VL       C  IN R F  GL    GP   LL S S    L     R DR  N K..AV   H S  VKLTTEP  Q  Y   CS  DPIV   EK    V  T H SS
Przewalskii_virus_aa_seg2     Y           L   G           C     R           C    C   G G    VAS    EL G      GT   A T K    C ELN H F  GL    G  G IL N S    L     V QS  K V..CF   E R P G RGQN     L   KC  PSTR A  S    L  A R CK
Stewartii_virus_aa_seg2      Y           L   G           C     R           C    C   G G    VAS    EL G      GT   A T R    C DLN H F  GL    G  G VL N S    L     I QS  R V..CF   E R P G RGQK     L   KC  SSQR A  S    L  A R CK

T       T...T                                            TT       Tilapia_Lake_virus_seg2  
      180          190       200       210       220       230    

Tilapia_Lake_virus_seg2                     G                                                G VI IG   E  HM     H V  E    LA   P   LA      L  V K   S   A   SL F  K  ... FW  YD FQ F AV DAKF  SKS SFW  KRLAKR NL P EDP VTA ECP
Namensis_virus_aa_seg2                      G                                                GLIM I    E  HV     HAL            P MLM        E I             ..    R ITG. TT  FD RG   E.RGGEF...KG A   ..RYTKAT K SGESEHCEG....
Asotus_virus_1_aa_seg2                      G                                                 LMV  G  FE GRL    ARVV       ILID GRIA A      A  LV TV TRGRLS S..D   YQ PA  H   GS T    SPGRHAL    D    Y GGYGEN KD  T  S      W 
Asotus_virus_2_aa_seg2                      G                                                 LML LG  YE G L    V  L  D    LLID  RVV A      AE MLRTV TRGRVS S..N   V  AH  Y S RS P QC GP SGLN    SK   Y AGFGPE  A     C      C 
Przewalskii_virus_aa_seg2                    G                                                GLMV LG  F  GKL    ARV   E    ILID GRVVAA      AE MVRTV TRGKLT S..    Y  PK KD   EG T   YSL GAGI    A      SVTSFE  E     A      L 
Stewartii_virus_aa_seg2                     G                                                GLMV IG  F  GKL    ARV   E    ILID GRVVAA      AE MVKTV TRGKLT S..    Y  PA KD   ES T   YSL GSGI    S      SVTSFE  E     S      L 

                 TT      TT     TT           TTT                  Tilapia_Lake_virus_seg2  
   240       250       260       270        280       290         

Tilapia_Lake_virus_seg2                                  R                                 C      S       LD     A    G       G A      S   L             G    KKVWEA FARAPTA  PFGGR FCDQ WVYH DV Y TANHI. QET FQQALSVRNLGPQ SAN
Namensis_virus_aa_seg2                                   R                                 C      N      PID                 C  A       M  VT                 IKAWGL HRVTGD   K............YF N .. TGIHV.A KD  .........FPMVTTN
Asotus_virus_1_aa_seg2                                   R                                   L    T     LGL   V     I G      CGIAD   G SVWAIS            G  KGE N... LVRED   TAG EYTRW L ..PY C     TVP H      ............ RA 
Asotus_virus_2_aa_seg2                                   R                                   I    S     LPI   V  A  V G       GIME   G SIWAVT            G  RVP A... GERAD   GEG ER NH R ..PI LP    AAS .      ............ TA 
Przewalskii_virus_aa_seg2                                 R                                 C I    S     VGVE  A  A  I G      CGIAE   G QIWAIT            G  K E S... ISWED    EK KE LH L ..NL V     GTP .      ............ KT 
Stewartii_virus_aa_seg2                                  R                                 C I    S     VGIE  A  A  I G      CGI E   G  IWAVT            G  K E N... TSWES    EK KG LH M ..NM V   S GTP .M     ............ KS 

      .   . ...                              ........    TT      TTilapia_Lake_virus_seg2  
300            310               320       330               340    

Tilapia_Lake_virus_seg2  V G IH TAL D   RL      G         P         AN        LI PV     C   S S  .   . ...  RAAYSR T........ ASRSILQGL  ........  T  GENFE DL
Namensis_virus_aa_seg2   I   AK T L E   R      G A        P L          S    R LL GAI        NDV  . C . CYI PRKVMR N ........ T QTLMYHLERC DAGG V  T   QGITGDR
Asotus_virus_1_aa_seg2   LGG  R   I EV   AL    GGA   QL   P AG     WA  SHG NK VL  LAR  MCG    KR VPG S  VAL  TCAR   .AS  SCD N  DACAR  HG   M  D  TA   ..   F
Asotus_virus_2_aa_seg2   LGG  H TAL EL  RAL    GGA   QL   P AG     WAS  RG NK VL  MAR  M G    RS S   P  IS   SEWR   RGP  MAD D  LTLAR   CA  P  D  MA   .. V H
Przewalskii_virus_aa_seg2 MGG IH NA   L  RAL    GGV   TV     AG     FAT SKG SK IL GLAR  MCG    Q  L  G.Q FS   GSRE   ..T  RCSEG  VSCAY   K   T  Q  K    ..   V
Stewartii_virus_aa_seg2  VGG IH NA   L  RAL    GGV   TV     AG     FAT SKG SK IL GL R  MCG    Q  L  G.Q FS   GSRQ   ..T  RCSEG  ISCSY   K   T  Q  K  S ..   V

TT     TT          TT                             TT              Tilapia_Lake_virus_seg2  
   350       360       370        380        390          400     

Tilapia_Lake_virus_seg2                    I G                       L                    G  R             I      V LDDV  G      A  V V S     G     D  Q   N DK KLNIKALRSPERY T E LV N    VR F.YLDK .K T   RSKWM Y...E LP KPP  
Namensis_virus_aa_seg2                     I G                       L                    G                         IE L  G  IP  I    V S     G     D  S   S ISSAPRLTPRNSVQIIHT K EFCR  S KS N.  GK .VRR   ASKWI YPSTE CM ERE  
Asotus_virus_1_aa_seg2                     I G                       L                    G        W     S VR     I VED S    IP GA GV V T     G     E  Q L   ..SGPLRP IPGTP V   G HP P   W RASR  A  .  V   TKARK C.AVA VD P PC 
Asotus_virus_2_aa_seg2                     I G                       L                    G  K     W     T VR     V AE  S    IP GA G  L T           E    L N .. GPERP RPGTK H   G LI P  QY RTCR  I  R HV   TRPGSSC.QKG MDEP A  
Przewalskii_virus_aa_seg2                   I G                       L                    G  R     W     Q VK     L L DIS G  LP G  GV V             D    L N IP D.DAS SRKVS Y   A HQ N Q   S FS  G C.  K  MRPPKESA.KVA PSFV P  
Stewartii_virus_aa_seg2                    I G                       L                    G  R     W     Q VK     L L DIS G  IP G  GV V       G     D  S L N IP E.DTP SRKVS Y   G HQ N Q   T FS  G C.  K  MRPPKE T.RIA PS T A  

                                                                  Tilapia_Lake_virus_seg2  
  410       420       430       440       450                     

Tilapia_Lake_virus_seg2                                D                                    F      A LLIS      A  R VA     F   R                             T YCRKRK M    CSPGTY KK K  VQE R KDM VENFREVAENMDLNQ              
Namensis_virus_aa_seg2                                 D                                    F      A ILIS         R  V     Y AYK                             T WCKSCR I    ......KPI SQ ETV K A   TRKVEIDESLM....              
Asotus_virus_1_aa_seg2                                 D                                   EY    G  FLVL     L A   A      LF AFK                               VTPD VH    AGC.. P AVP KP.AV   S   ...............              
Asotus_virus_2_aa_seg2                                 D                                   EY    G  FMVMS    L A   AVA    LF AFK                               VDSK NH     GC.. P PVP   .PT   A   ...............              
Przewalskii_virus_aa_seg2                               D                                   EY    G AFVV N    V M  RAVA    LF AFK                               RTES L    F SA.. L EK    EAS   A   ...............              
Stewartii_virus_aa_seg2                                D                                   EY    G AFVV N    L M  RAVA    LF AYK                               RTDS L    Y SA.. L ER    EAT   S   ...............              
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Supplementary Note 8. Multiple alignment of TiLV polymerase PB2 subunit 
(segment 2) with the putative PB2 from other Amnoonviridae family viruses.
TiLV PB2 secondary structures are shown and numbered. Domain positions are 
indicated. Residues coordinating Zn2 and Zn3 are respectively labelled with grey 
and dark circles. Putative TiLV PB2 cap-binding residues are labelled with orange 
(PB2 CBD-like) and purple (PB2 link) circles. TiLV PB2 putative NLS sequence 
(427-430) is indicated in a rectangle



                           ..       TTT                     Tilapia-lake-virus-seg3   
                1       10          20        30            

Tilapia-lake-virus-seg3                                F D F                                          MDSRF QL      C D    EG RRFL  Y TVE         ................     A  TGV..     TYS  S    SS S   R........
Flavolineata_virus_aa_seg3                              F D F                                          MDSKWRQIFA    C D I G G  RF  DW S DD        .............MSK          TK.      E . LP  QP  K G  ........
Asotus_virus_1_aa_seg3                                 F D F                                             R R AYA        V GD  R  V E   V E        MDDRPESLRNLQLKGLKGH L H   CVL K A  H  KD FL L LGV P DRERMSLL

 TT                      TT           TT                    Tilapia-lake-virus-seg3   
      40        50        60             70        80       

Tilapia-lake-virus-seg3             D                                                 RPGV  P  G  YD L   WIA  L         RK    TVRC LN D   VC  QE      .. VE  C  C KNK   FE EGQP.....  FPKA    I  N ATY  SE  YQ
Flavolineata_virus_aa_seg3           D                                                 R  V       L E VT    I SV AG  L A RR   SQ K   NPE    CC S IK VV IR....  K K  LAIG D  H  DY T K  AFF  Q TGQ   DVDY  Y .  
Asotus_virus_1_aa_seg3              D                                                 KPG   P  G LFD AT  FI  SV VG  A A K    S I C V P    A C SELH   ... WP     T  GD  EI  S  AA R W EGVT A V T D LGRG T V    

                         TT           ...                   Tilapia-lake-virus-seg3   
 90              100       110          120       130       

Tilapia-lake-virus-seg3                                    A                           IC  Q       F D L   G V V   AS   EL     RLL LPH  S   P I  VQ  KV ....... K Y EID V K GHK  YD   RE...   E   PK GPK L EW 
Flavolineata_virus_aa_seg3                                  A                            C CT  HD   YS  L E  P  VE   NM  EM     RLI  P A Q AQP  YKLEG C  GD  HET  SR N SK TY  IVE  P   LSEMR   GN I Q R   SS   
Asotus_virus_1_aa_seg3                                     A                           V  CS  RD   YSD   E GGA AE  A A   A      VL L RV   AN  VYR R IG  VS  IGC   EFG H   S  SG E A H QP...W  N L  EMA  SC   P

                                                            Tilapia-lake-virus-seg3   
     140       150       160       170       180       190  

Tilapia-lake-virus-seg3                               C                RE  L           P     PRL DI      L  QYG        AC EE  L  EA  LI  EYA DR   A .....   A  SKETAE KR   FFE SKFL  G  CG DQ       N   R  EFE
Flavolineata_virus_aa_seg3                             C                RE  L                VP L EV    R   A FG    G L VC ED  VT DV  A  M WM EK  TREVSEM  L E  VEKA MTV E  GVC  V E  V  MF  E     C  G  A  CR 
Asotus_virus_1_aa_seg3                                C                RE  L           P    V R        K A VNF     G L V      AS      A VE A     TP .... M FGRFKMSP P P   ....  G C AFTGTT  PLE  E    E TKLKM 

  TT                                                        Tilapia-lake-virus-seg3   
     200       210        220       230       240        250

Tilapia-lake-virus-seg3                           P             L        G   H     S     GGWI R T  S  P   KIL    A A LA ELLM IAR TTQA KVL S  N  ILFRN    Q Y VA HK ATQ   . LP S P  R        S          .D T   
Flavolineata_virus_aa_seg3                         P             L        G   H     S     G   V    PTG PG RRL     L  E V DLLL L R  SS  RIV S     LVDSK RQY VPKP   T  R   CQ KE AP R V      N GL  N      VYGF   
Asotus_virus_1_aa_seg3                            P             L        G   H     S      GWVLR Q P G  G HKLL    V LEI       LL  S  L RV     Q  ILQGVK     A R K DK D    R EK D   FYSWQR   DA RC    T G.N V   

        TT                      TT    TT                    Tilapia-lake-virus-seg3   
       260       270       280       290       300       310

Tilapia-lake-virus-seg3    VPV     K                     C             H                  MR SG     R    T HLVV L  P  EH     G  A V VM LDP Q   IG A     D   HSKR PTAS H    G SK G   DFEFD YR A    H   K SAN  E
Flavolineata_virus_aa_seg3  VPV     K                     C             H                   R      PY       R L  V GG  DK  S GG  L I MM LD   INMLGTT   Q KVK PG  T...... F TA A  V   HG P  .. G    C  SLA      
Asotus_virus_1_aa_seg3     VPV     K                     C             H                  L  SG   PYK    T  LVL A G    H  S GP  V V      P QLSAV NP    MG   ID   .... GV   T G ND K VS R  .. C  RSFYQ Q     V 

                     TT         TTT            .   .        Tilapia-lake-virus-seg3   
       320       330            340             350         

Tilapia-lake-virus-seg3                        R      G L             R     L    C     DFVSTR         L PI  K      D   A G       T WD     LL  L  TQ      EIYKLDMLE P  S  .....   DR S L.....E    .VI .  E  DS 
Flavolineata_virus_aa_seg3                      R      G L             R     L    C    ADFLT H        AM  V  K GLA    N LG       SS  D  W  A   LSGN     A ........  VD V  E   S G  S  ADWEPVG   L AF  . CH     
Asotus_virus_1_aa_seg3                         R      G L             R     L    C    L    TH        A  G   R GLL  D T VGG      S  W   W  VL   TP  APRA  .....ACQ FE SG  L   .    V   T..... E  VQD  F  S T  D

      .........   .....                  ..               ..Tilapia-lake-virus-seg3   
360                     370        380         390           

Tilapia-lake-virus-seg3                  A                           G                R SQAV          QH     FNR  LA  V    E R     QL S IR  I L    V    .........   .....   HR  LS CK.D F K.. Y  A E  GT P S..
Flavolineata_virus_aa_seg3                A                           G                R SQAVT    K    SH     F  E  VE LM  AD         CQ   NA LI    W     SLQH FYE   ..... VD GP  E  EW  CTD.. SKY  TDL  S  ...
Asotus_virus_1_aa_seg3                   A                           G                   S AS    K           WTRE LLD IA  AE K     TLC  ARNALA    GSH C  ATLS LQV CEDPEGL    M   L  TE  A TAA A   RI      FAHR

                                                            Tilapia-lake-virus-seg3   
400       410                                                 

Tilapia-lake-virus-seg3             L                                                  L  SLC V     VH                                            S YY   A R RMT  PFAK                                        
Flavolineata_virus_aa_seg3           L                                                      VC  N I   K                                            .....  CS   RKF TN..                                        
Asotus_virus_1_aa_seg3              L                                                  L  Q   VN L  V                                             D DG GEG    ED .....                                        
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Supplementary Note 9. Multiple alignment of TiLV polymerase PA subunit (segment 3) with the putative PA from other Amnoonviridae family viruses.
TiLV PA secondary structures are shown and numbered. Domain positions are indicated. Putative TiLV PA ENDO-like residues are labelled with green circles. 
Residues coordinating Zn1 are labelled with grey circles.
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