
Supplementary Fig. 1 Vegetatively and seed-propagated coleus plants used in this 

work.
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Supplementary Fig. 2 Predicted secondary structures of relatively long coleviroids.

The secondary structures of relatively long coleviroids and potato spindle tuber 

viroid (PSTVd) were predicted using mfold (ver. 2.3) under " 25℃" and "circular" 

conditions. The blue- and yellow-highlighted regions in the left terminal domain of 

the secondary structure indicate the terminal conserved region (TCR). The bases 

highlighted in yellow represent those that differ in coleviroids compared to the TCR 

sequence of PSTVd.



Coleus blumei viroid 2 (X95365)

        10        20         30         40        50         60         70         80        90        100        110       120 130       140            150 
 G    A    C U-     A   -     AA  C   CUA   GA    -  A     U-      -      UU   U   UU  CUG    -    -  AAC  AA     U  C--   -      GCCA    G   -----      C 
C GAUC UUUU UUGUGGUUCC GUGGU CAC CUCCG  GG GCG   GGC  GAAG AG GUAAA  AGAGGA GAGAGC  ACC GGG  CC   GCAG CGCU GC   GG  UCCAG GC   CAC CGGAGC    GUUC UGCGA   GAGCCG  
                                                                                                                             U
U CUAG GAAA AGCGCCAGGG  CACUA GUG GGGGC  CC CGC   CCG  CUUC UC CAUUU  UCUUUU CUCUCG  UGG CCC  GG   CGUU GCGA CG   CC  GGGUC CG  GUG GCCUCG    CAAG GCGCU     UUCGGC  
 C    C    -          CC     A   A     --  -   CAG   A-    A  -     UU      C      CU   -   U-  AAA    A    G  C--  CA     -  CAU   C      G---    -     UCUUC    U 
          290       280       270          260        250        240       230       220         210       200         190      180          170        160         

Coleus blumei viroid 3 (X95290)

        10        20        30         40        50         60         70         80        90         100       110       120  130       140       150        160       170          180
 G    A    C           U     A   -     AA  C   C    CGA    -  A       -      -     UU   U    UC   G-    -      AAC   AUC    GC     C--    A     UUU    U    A  G   -       ACU  ---     AU     U
C GAUC UUUU CUUGUGGUUCC GUGGU CAC CUCCG  GG GCG UCGG   GAAG AG GUAAAUA GAAGAG AGAGC  ACC GGGU  CCU  GCAG CGCUGC   GGA   CAGG  GUUGG   CCCG UGGAG   CCGA GAGC CC GUG AGAAGAA   GUCUC   GCAGA  AGAAG 
                                                                                                                             C
U CUAG AAAA GAGCGCCAAGG CACUA GUG GGGGC  CC CGC AGCC   CUUC UC CAUUUAU CUUUUC UCUCG  UGG CCCA  GGA  CGUU GCGGCG   CCU   GUCC CGACC   GGGC GCUUC   GGCU CUCG GG CAC UCUUCUU   CAGAG   CGUUU  UCUUC 
 C    G    A           U     A   A     --  -   C    AGA    G  -       U      C     CU   -    --   AA    A      CAC   C--    AA     CAU    -     UC-    U    -  A  C       ---     UUU     GU     U
  360       350       340       330          320       310        300       290        280         270       260         250   240        230        220        210          200       190

Coleus blumei viroid 6 (FJ615419)

        10        20         30         40        50         60          70         80        90         100       110       120         130       140        150       160        170
 G    A    C U-     A   - AA   C  CUA  CGA    -  A     --        -     UU   U    UC   G-    -      AAC   AUU     CA-     U-    GCCA    G    -  UU    GCCA    G     -   C    C
C GAUC UUUU UUGUGGUUCC GUGGU CAC CUCCG  GGC GC   GG   GAAG AG GUAAA  UAGAGGAG AGAGC  ACC GGGU  CCU  GCAG CGCUGC   GGA   CAGGG   CGGAG  CGGU    GAUC UGCG GC  CGGC    GUUC UGCGA GAG UUCG U

U CUAG GAAA AGCGCCAGGG  CACUA GUG GGGGC  CCG CG   CC   CUUC UC CAUUU  AUCUUUUC UCUCG  UGG CCUA  GGA  CGUU GCGACG   CCU   GUCCU  GCCUU  GCCG    CUAG GUGC CG  GCCG    CAAG GUGCU CUC AAGC C
 C    C    -          UC     A   A     --   -  CAG  AGA    G  -     UA        C     CU   -    --   AA    A      CAC   C--     UGG     CU    G---    -    U  CU    G---    -     U   -    G
 340        330       320       310          300       290        280       270       260          250       240         230  220          210        200           190        180

Potato spindle tuber viroid (M16826)

        10        20         30        40        50         60          70        80          90        100        110       120       130        140       150       160       170
 G     A C UGU    C-      GAC    U      AA    AAAA-         --     A  AGC       GGA--   -     GAAAC-         ACU   AAA     AC       A   C-  A    C  AC     UA  U    CC    C--     U
C GAACU AACU GUGGUUCC GGUU  ACACCU   CUCC GAGCAG  AAGA     AGAAGGCGG  CUCGG GG   GCUUCAG     UCC CCGGG      CUGGAGCGA   GGC   AAAGG  GGUGGGG GUG  CC GCGG CG  AGGAG  AU CCCG  GAAA   AGGGU U

U CUUGG UUGA CGCCAAGG   CCGA  UGUGGG   GGGG UUCGUU  UUCU     UUUUUCGCC  GAGCC CU   CGAAGUC     AGG GGCCC      GGCUUCGCU   UCG   UUUCC  CCGCUCC CAC  GG CGCC GC  UCCUU  UG GGGC  CUUU   UCCCA U
 C     -    -        UUC    UU      AGC    C      CA    AUCUC         AA     -  ---       AACAA   U     AUCAUC         G--   CG-     C-       C   CA  A    C  GC     CC  U    UU    CCU     C
        350        340       330       320       310       300       290           280       270       260       250          240        230       220       210       200       190       180



Supplementary Fig. 3 Predicted secondary structures of hostuviroids and 

cocadviroids. The secondary structures of hostuviroids and cocadviroids were 

predicted using mfold (ver. 2.3) under " 25℃" and "circular" conditions. The yellow-

highlighted regions in the left terminal domain of the secondary structure indicate the 

terminal conserved hairpin (TCH). 



Hop stunt viroid (X00009)

        10          20        30          40          50        60        70          80         90       100         110       120       130       140
U AAU  UC   UUG--    AUCA    A--  AA   AAAA    --      AA  U  UU   U    AAG  -   -    G-  AAC    C  A   U--    C      C       -     CC     GCUC   A  A--  -   U
GGGG   UC  GAG     CCGC    GGCA   GC  AGA    ACAA  GGCAGG  GG AC  ACC GAGA   GA GCC CCGG  GC   UCUU UC GAA   CCAG GAGAGG GUGGAGA GAGGG  GCGGU    UGG GU   GA GGC 

C                                                                                                                             C
CCCC   AG  CUC     GGCG    CCGU   CG  UCU    UGUU  UCGUCC  CC UG  UGG CUCU   CU CGG GGCC  CG   AGAG AG CUU   GGUC UUCUUC CAUUUCU CUUCC  UGCUA    ACC CA   CU CCG

U    G--  UU   UCCUA    ----    CUC  AG   AUC-    UU      AA  C  CU   -    CCA  A   U    AG  C--    U  C   CUC    -      -       U     C-     GCU-   A  AAG  U   U
        290       280           270       260        250       240        230       220         210       200        190        180        170        160       150

Citrus bark cracking viroid (X14638)

        10           20        30           40        50        60           70         80         90       100          110    120       130         140
U AAUU    U---     A   AAUAAA--   -      U   G      U    G     GG--    -     GAAA-   C-     AC   U         -    - CG-     CAC   C U ACC    C--     CU
GGGG    UCUC    GCGGG CCA        AAC AGCUUG GGA GGAACA ACCU AAGAG    AUCC CCGGG     UCU  UUCAG  UCG CGAGGGGAG GGCG C   CGGAU   UGG G CCAGC   GGAA   AGGAG  

C                                                                                                                             C
CCCC    AGAG    CGCCC GGU        UUG UCGGAC CCU CCUUGU UGGG UUCUC    UAGG GGCCC     AGA  GAGUC  AGC GCUUCCUUC UCGC G   GCCUA   ACC C GGUCG   CCUU   UCCUC  

U    ----    UUUG     -   AAAAAUAA   U      -   -      -    -     AACA    U     AUCAA   UA     C-   -         U    U CUA     C--   U -     CUA    CCU     UG
   280           270        260       250         240         230       220       210       200         190       180       170 160      

Hop latent viroid (NC_003611)

        10             20        30          40         50           60          70        80          90       100       110   120
U AAUA    AC----   -    AC     U   --   AA  -    G     GG--    -     GAAA--  U    GA  GA  C--     UC    GCCA    G       C   CU------    UU  U
GGGG    CACU      GUG ACUU  CUGUA GGU  GGC  GG GCUC AAGAG    AUCC CCGGG      CC ACUC  GC  GG   GGAGA  GAGC    GUUC UGCGCGG GAC      GAAG  GC U

C
CCCC    GUGA      CAC UGAA  GACGU CCA  UCG  CC CGAG UUCUC    UAGG GGCCC      GG UGAG  CG  CC   CUUCU  CUCG    CAAG GUGCGUC CUG      CUUC  CG C

U    ----    AAAAUA   U    --     -   UU   AG  G    -     AACA    U     AUCAAA  U    GC  A-  ACA     UC    G---    -       -   CGCUUGUU    UU  G
         250       240         230        220        210       200       190       180        170       160           150       140       130

Coconut tinanangaja viroid RNA (M20731)

        10         20         30        40         50           60         70        80         90       100       110         120
U AAUUCCCA   -    -  AAAAUAAAA     AGA   A    U-    GG--    -     GAAAC-  C     ACCGA   -        UA  U       CC   U  U-   -  UU   - U
GGGG        CGG CUCG GC         GCACA   GCG CUGC  AGAG    AUCC CCGGG      CC UAGCA     GGU AGGGAGCG  CC GGUGUCG  GAU CG  GCU GG  GGG C 

C                                                                                                                             U
CCCC        GCC GAGC CG         UGUGU   CGC GACG  UCUC    UAGG GGCCC      GG AUCGU     CCG UCCUUCGC  GG CCGCAGC  CUA GC  CGA CC  CCC G

U    GCGUUUG-   U    U  AAAAUAA--     CC-   -    UU    AACA    U     AUCAGA  C     CGAAG   C        C-  C       --   -  UU   G  UU   U C
   250        240       230         220         210       200       190       180       170       160        150          140   130

Coconut cadang-cadang viroid (NC_001462)

        10           20         30         40         50           60        70         80        90       100       110        120
U AAAU     ---       CCAAAA-  C-  U     A   -     U    GG--    -     GAAACG-       AA  U    A   A   UAC     U  A   U-  -   UU    G
GGGG    CUACA   GGGCACC       AC  AC GCAGG GAG GCCGC UGAG    AUCC CCGGG       UCAAGCG  UC GGGA GGG GCG   CUGGG CG UCG  GC GCG  GGAG A

C
CCCC    GAUGU   CCUGUGG       UG  UG UGUCC UUC CGGCG ACUC    UAGG GGCCC       GGUUCGC  AG UCCU CCC CGC   GGCCC GC AGC  CG UGC  CCUC G

U    ----     UUC       AAAAAAA  AU  U     A   U     C    AACA    U     AUCAGAG       C-  C    -   -   C--     -  -   UU  A   UU A
         240       230       220       210       200       190       180       170        160         150           140       130



Supplementary Fig. 4 Predicted secondary structures of relatively short coleviroids.

The secondary structures of relatively short were predicted using mfold (ver. 2.3) 

under " 25℃" and "circular" conditions. The yellow-highlighted regions in the left 

terminal domain of the secondary structure indicate the terminal conserved hairpin 

(TCH). 



Coleus blumei viroid 1 (X52960)

           10         20        30          40        50         60        70          80        90          100       110      120       
G AA---   -     AAC     UA      A--    UU   U  A   -  UU   U   UU  CUG    -    -  AAC  AAU    U  C--   -      GCCA    G     -   UU- U 
GCUCG     CUG ACUAG   GGUUU  AGAAAA   GUUC  ACC GG GUU GC  ACC GGG  CC   GCAG CGCU GC   GG   CCAG GC   CAC CGGAGC    GUUC UGCGA GAG  GC U

U 
CGAGC     GAC UGAUC   CCAAA  UCUUUU   CAAG  UGG CC CAG CG  UGG UCC  GG   CGUU GCGA CG   CC   GGUC CG   GUG GCCUCG    CAAG GUGCU CUU  CG C

U     AAUUC   U     ---     --      CUC    CU   -  -   U  CU   -   U-  AAA    A    G  C--  AGU    -  CAU   C      ----    -     U   CUU  G 
       240       230            220       210         200        190        180         170        160       150            140 130   

Coleus blumei viroid 5 (FJ151370)

            10         20        30         40        50        60         70        80         90        100       110        120       130        140 
G AA----   -      ACA    UA     A   -    U   UU   U      CCUG    -      AAC   AUU     - A    - U  GU   A    G     CUU     -  A    G -    C    C 
ACCUC      UUG ACUAGA   GUAG  AAGAA AGG CAGG UGC  ACC GGCUUC    GCAG CGCUGC   GGA   CAGGG C CGGA G CG  GCC GAUC UGCGG   CGGCG CC GUUC UGCG AGAG UUCG U

U
UGGAG      AAC UGAUCU   CAUC  UUCUU UCC GUCC GCG  UGG UCGAGG    CGUU GCGGCG   CCU   GUCCU G GCCU C GC  CGG CUAG GUGCU   GCUGC GG CAAG GUGC UCUC AAGC C

U     AAAUUC   U      ---    --     A   U    U   CU   -      AAA-    A      CAC   C--     U G    U U  --   -    -     C--     C  -    -    A    -    G 
   270       260          250         240       230        220        210       200         190         180         170         160        150         

Coleus blumei viroid 7 (MW883069)

            10         20        30         40        50        60          70        80           90       100         110     
G AA----   -      ACA    UA     A   -    U   UU   U   UU  CUG    -    -  AAC  AAU    U  C--   -      GCCA    G     --   U   U 
ACCUC      UUG ACUAGA   GUAG  AAGAA AGG CAGG UGC  ACC GGG  CC   GCAG CGCU GC   GG   CCAG GC   CAC CGGAGC    GUUC UGCGA  GAG AGC U

U
UGGAG      AAC UGAUCU   CAUC  UUCUU UCC GUCC GCG  UGG UCC  GG   CGUU GCGA CG   CC   GGUC CG   GUG GCCUCG    CAAG GUGCU  UUC UCG C

U     AAAUUC   U      ---    --     A   U    U   CU   -   U-  AAA    A    G  C--  AGU    -  CAU   C      G---    -     UC   U   G 
   230       220          210         200       190         180       170         160        150       140           130       120 

Coleus blumei viroid 8 (consensus sequence in this work)

        10            20         30          40        50        60         70         80        90        100       110        120         130
G AA---  -    AA   U-   C       A--   UU        G   UU   U    UC   G-    -      AAC   AUU     -  U       CAC   UU   --      CGC  AA--      UC
GCCCCU     GC GAUA  AGC  GUG AAGAAAA   GAC  GGCGAGAG AGC  ACC GGCU  CCU  GCAG CGCUGC   GGA   CAGGG GU GGGGCGC   CGC  GAA  AGUAGC   UC GUUUCC  U

U
CGGGGA     CG CUAU  UCG  CGC UUCUUUU   CUG  CCGUUCUC UCG  UGG UCGA  GGA  CGUU GCGGCG   CCU   GUCCU CG CCUCGCG   GCG  CUU  UCAUCG   AG CAAAGG  C

U      AAAUC  A    --   UC   -       CUC   UU        -   CU   -    --   AA    A      CAC   C--     U  C       A--   CU   CC      U--  CCUC      UC
       260       250          240       230       220         210         200       190         180       170         160       150         140



Supplementary Fig. 5 Detection of Coleus blumei viroid 8 (CbVd-8) in graft-

inoculated coleus seedlings. Vegetatively propagated coleus plants co-infected with 

CbVd-1 and CbVd-8 were grafted as scions onto rootstock clones generated via 

cuttings from a CbVd-free, seed-propagated coleus plant (phenotype 1; see 

Supplementary Fig. S1). One month after grafting, total RNA was extracted from 

newly developed leaves of both the rootstocks and scions, and subjected to Northern 

blot hybridization. Monomeric and dimeric forms indicative of CbVd-8 infection 

were detected in both scions and rootstocks. In vitro-transcribed dimeric CbVd-8 

RNA was used as a positive control. An RNA sample from the healthy (CbVd-free), 

seed-propagated coleus plant (phenotype 1) served as the negative control (H1).
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