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Figure S1. Structure of Virpl. Plant BET (bromodomain(s) and extraterminal domain) proteins typically have only one
bromodomain (marked in red; amino acids 192-290; Prosite entry PS50014), whereas they have mostly two bromodomains
in animals; six amino acids (marked by red lines; aa 216, 223, 226, 265, 269, and 275) are responsible for the acetyl-lysine
recognition of histones and other proteins.! The structure of the extraterminal domain (lightblue; aa 407-471; PS51525) has
an acidic patch that may interact with other proteins or nucleic acids.? Furthermore, SCANPROSITE? predicts an ATP/GTP-
binding site (green; aa 21-28; PS00017) and a bipartite nuclear localization signal (orange; aa 328—-344; PS50079). Virpl A
(aa 290-602) is sufficient for binding to PSTVd*.
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Figure S2. Structural alignment of terminal right hairpin.
Left: Sequence names (viroid abbreviation + GenBank UID).
From top to bottom: sequences [with background colors green
for loops, red for consensus base pairs, pink for consensus base
pair changes (covarying pairs), and white for non-base pairs
in paired regions], the consensus sequence, and the consensus
structure in bracket-dot notation and character-encoded (both
with background colors from white to red proportional to se-
quence conservation resp. pairing probability). At the bottom
are named the respective structural regions, for which ROSETTA
modelling was done: IL1, internal loop 1; IL2, internal loop 2;
HP, hairpin loop.
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Table S1. Leontis & Westhof nomenclature’

cis Watson-Crick/Watson-Crick cWW -@-
trans Watson-Crick/Watson-Crick tWW -~
cis Watson-Crick/Hoogsteen cWH on
trans Watson-Crick/Hoogsteen tWH OO
cis Hoogsteen/Watson-Crick cHW [ 2 )
trans Hoogsteen/Watson-Crick tHW 0=O
cis Watson-Crick/sugar cWS o>
trans Watson-Crick/sugar tWS o>
cis sugar/Watson-Crick cSW <9
trans sugar/Watson-Crick tSW <O
cis Hoogsteen/Hoogsteen cHH --
trans Hoogsteen/Hoogsteen tHH -
cis Hoogsteen/sugar cHS >
trans Hoogsteen/sugar tHS o>
cis sugar/Hoogsteen cSH <a
trans sugar/Hoogsteen tSH <O
cis sugar/sugar cSs >
trans sugar/sugar tSs —>—
cis sugar/sugar csS —
trans sugar/sugar tsS —-
GC =
AU —
stacking  —
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Figure S3. Results of ROSETTA modeling of HP loop. Results for a typical loop of most pospiviroids is shown in (a); a
loop typical for CEVd, IrVd, and CBCVd is shown in (b); an exceptional loop of TCDVd is shown in (¢). The numbering
of the CEVd loop in (b) is arbitrary due the additional loop nucleotide; the numbering of the closing pair, however, fits to
the consensus structure (Fig. 1c). Top: Interactions identified by X3DNA-DSSR. Middle: 3D view produced by PYMOL.
Bottom: Logos produced by RNA REDESIGN.

Figure S4. Histone mRNA stem-loop. The overlay on the left is identical to Fig. 7a; each further overlay is turned by 90°
along the vertical axis.
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Figure S5. Structure of a hairpin loop from the Triticum aes-
tivum 80 S ribosome. The model (PDB entry 4V7TE®) is based
on cryo-electron microscopy with a resolution of <35 A. The
hairpin loop is identical in sequence to TCDVd (GenBank
ID GQ169709), but the closing pair is C:G instead of an A:U in
the TCDVd.

5/8



Table S2. Structures and infectivity of HP variants.”

Mutant? R+ 1 2 3
v o . c —
BaeS i EBALDEEERY g orencrogety BILEIEY e
Lobl bede, ¢ [N cu [ v Trpn nirry Iy A c Iy
ceuCac ccey CeU CCuc CuUY yeccucy Ceoucy Ccu CCCACU
b 570 wh 620 DS 610 .
Structure(s) Iy |
C
HICIHEY o B it
cc AC NN cC uc My
-5.50  UttqAc) -7.10 Uetiucl
C
Root 0 2 2 1
d
Root 0 3 1 1
d
Leaves 0 6 0 0

4The synthetic variant R+ differs from PSTVd intermediate (WT; AC M88678) by an insertion +Gy7¢ and two replacements
Uy77U178 — AA; variants 1-3 are the progeny from Agrobacterium tumefaciens-mediated infections of tomato plants with
a corresponding plasmid containing a R+ cDNA insertion in (+) orientation.

®On the left are given relevant structures and their AG3; o values (in kcal/mol) as predicted by RNAFOLD;® mutations are
marked in bold. On the right are give annotations by RNAVIEW of top HP models predicted by ROSETTA.

“In 90% of infected plants, viroid progeny was only detected in galls and roots, but not leaves. Numbers give sequence
variants present in six cDNA clones from root.

4In 10% of infected plants, viroid progeny was detected in galls, roots, and leaves. Numbers give sequence variants present
in six cDNA clones from root (upper row) and leaf (lower row), respectively.

Table S3. Predicted structure of IL2 mutants.’

Mutant? WT MT1 MT2 MT3 MT4 MT6
15? ‘174 16? u ‘174 16? CA ‘174 15? ‘174 15? }74 155‘1 ‘174
Structure® 2ohee 3ee pee $2°YSS pacaes 220458
ructure vy uce l‘Jc Sﬁ: U 253 Uy ACC Uy uce l‘JUA ACC‘
100 €V 1e3 190 “cy~ 183 19 “Ccu 183 195 CcV ‘133 100 6cY  1e3 191 CGA 1s3
169 174 169 174 169 174 169 174 169 174 168 a 174
AA C AGe An CU Gl AA C A G An Couct AAC AGH AAU vl
Structure® H/ Ll I \HH I W H/\\HH AT tee
Uu/ ucc uu/ CcC uu CC uu ACC uu ucc U U Ay ACC
100 U e 100 CcuY e 100 CCUA 1e3 100 CcU e w0 CU g3 101 Al
Infectivity! infectious non-infectious reverts non-infectious non-infectious non-infectious
Percentage
of bound
RNAE 100 13 16 25 17 16

2Wild-type (WT) and mutant (MT1-4, MT6) names; the TR fragments (nt. 145-223) are named R79-wt, R79-mt1-4, and
R79-mt6, respectively, in Gozmanova et al’®

®Nucleotides mutated in comparison to WT are in red; these structures were used as input for ROSETTA modelling.

¢ Annotation by RNAVIEW of top models predicted by ROSETTA.

dLonger-than-unit-length viroid (based on variant KF440-2, AC X58388) RNA transcripts were assayed for infectivity on
tomato plants.’

®The binding of a Virpl fragment to TR RNA fragments was determined by EMSA; the fraction of bound WT RNA was set
to 100%.”
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Table S4. Structures and ability to replicate and traffick of synthetic TR mutants.'”

Mutant?® 25 (IL1) 26 (IL2) 27 (HP)
163‘ }68 15‘.‘3 c ‘173 175‘ (\U
CGCCGA AA C AG Gy
Structure of WT® [IREIN L f /L INENE
GCuucy wul Auc cAlY
19é ‘191 10 CcY 1ss 182
175
163‘ ‘168 16? ‘173 o é A\/\A
c CGAAGA AAGGAAG GAA, R
Structure of mutant [N (NN [
GCuucCuy yuccuuc CACS CUc
106 101 190 184 183" 182
Replication efficiency/%¢ 29 46 53
Trafficking® 0/12 0/12 1/12f

2The loops in the secondary structure of PSTVd (see Fig. 1a) were numbered from left to right in Zhong er al.;'° that is,
loops 25, 26, and 27 correspond to IL1, IL2, and HP, respectively. The internal loops IL1 and IL2 were closed by canonical
WC base pairs; in the HP loop a replacement U;76U — AA was made.

b Annotation by RNAVIEW of top models predicted by ROSETTA for the WT sequence.

¢ Annotation by RNAVIEW of top models predicted by ROSETTA for the mutant sequences. The red letters denote introduced

mutations from the WT.

d Accumulation level of circular genomic RNA in inoculated protoplasts of Nicotiana benthamiana cultured cells expressed

as percentage of wild-type PSTVd.

¢Number of plants showing systemic infection over total number of plants inoculated.

In the one plant that got systemically infected an additional mutation (A1g; —Uj see structure on the right) occurred that

restored the loop-closing basepair.
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