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Abbreviation
BL
BLAST
bp

BSA
CAZymes
cDNA
CDS
CHI
CHV1
CP
CTAB
CwW
DMSO
DNA
dNTPs
D-RNA
DRS
dsRNA
EDTA
EtOH
FbLFV1
FGSC
FgVli

FLDS

: Black light

: Basic local alignment search tool

: Base pair

: Bovin serum albumin

: CarbohydrateActive enZymes: CAZymes
: Complementary DNA

: Coding sequence

: Chloroform/isoamylalchohol

: Criphonectria hypovirus 1

: Coat/capsid protein

: Hexadecyltrimethylammonium bromide
: Calcofluor white

: Dimethilslfoxided

: Deoxyribonucreic acid

: Deoxyribonucleotide triphosphates

: Defective RNA

: Direct RNA seqgencing

: Double-stranded RNA

: Ethylenediaminetetraacetic acid

: Ethanol

: Fusarium boothii large flexivirus 1

: Fusarium graminearum species complex
: Fusarium graminearum virus 1

: Fragmentation and Loop primer ligated dsSRNA sequencing



Gly : Glycosyltransferase

Hel : Helicase

ICTV : International Committee on Taxonomy of Viruses
IDR : Intrinsically disordered region
indel : Insertion and deletion

IPTG : Isopropyl B-D-1-thiogalactopyranoside
ITS : Internal transcribed spacer

LB : Luria-Bertani

LLPS : Liquid-liquid phase separation
MCG : Mycelial compatibility group

MP : Movement protein

Mtr : Methyltransferase

NGS : Next generation sequencing

NJ : Neighbor-Joining method

nt : Nucleotides

ORF : Open reading frame

PASrp : Proline-alanine-serine-rich protein
PCI : Phenol/chloroform/isoamylalcohol
PCR : Polymerase chain reaction

PDA : Potato dextrose broth agar

PDB : Potato dextrose broth

PEG : Polyethilene glycol

Pep : Peptidase

RdRp : RNA dependent RNA polymerase

RLM-RACE : RNA ligase mediated rapid amplification of cDNA ends



RNA
RNA-seq
RT-PCR
satRNA
SNA
SSC
SsHADV-1
virus 1
SSI
ssRNA
STC

TE
TEF1la
THSM
Tris
TvVVI
UTR
VC
VCG
VLS
YPSA

Znf

: 2-N-tris

: Satellite RNA

Sclerotinia

: Tris-EDTA

: Virus-cured

: Zinc-finger

: Ribonucreic acid
: RNA sequencing

: Reverse transcription-polymerase chain reaction

: Synthetic low-nutrient agar

: Saline-sodium citrate

sclerotiorum hypovirulence-associated DNA

: Single spore isolate
: Single-stranded RNA

: Sorbitol/Tris/Calcium chloride

: Transcription elongation factor la

: Trichoderma harzianum selection medium
(hydroxymethyl) aminomethane
: Trichoderma viride victorivirus 1

: Untranslated region

: Vegetative incompatibility group
: Virus-like sequence

: Yeast extract/Peptone/Sucrose/Agar medium
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1. EELHEY

FHEILIEWEHEEEZ - THRPICHA L TR Y HER B2 220 7
~380 HFREMEET D & MH & LTV % (Hawksworth and Liicking, 2017) ,
HOWOLRBEICERBOICMAEL, EERAVEET D59 X TEHERES
FHoTWND, BEICBWTHICEERDIT LEHRIZHFAET L2HET
b, TOZL T LEREEOLZLZEL THYOAEFITHERNIZE D
LZN, HRESCHNAEREE LTHYOEFTZ2RESIEDI LD, H 2D \WVITHE
MICERER L EZ ST bORE, BEENICATIZESG TS0 0
b Z BT D,

2. =42y )VRA

IR T D2 UA N AT A aUANVAERIEND, R TY]
DTHEHBEIVANVARREISNTZOIX 1962 FFOZ & T, BHFX/ =

(Agaricus bisporus) @ Die-back J% @ JF JF K & L T H B & 717z (Hollings,
1962), ZTHNLLREEAZ RIEENPOEBE VAL ABHE SN TEY | BF
Mo ANAZFER NNV REEEZR OV AL AR EL RS
N T 5 (Chiba et al., 2020a; Hillman and Cai, 2013; Hisano et al., 2018;
Nuss et al., 2005; Sato et al., 2020a) , R {8 2 — 4 ¥ — (Next generation
sequencing: NGS) 2 X257/ LA EITOREZ 2T THAFOHRH LR
ERRTD~A 2 UA NV ADORELPHERNTE Y HEICITmRD TH
WEMEE L ST VANV ZARANIER > T0D ETFHIRTWD (T3
HOKES and #8515 594, 2014), ~ A 22 U A L AT WHBE LS O AW % 18 &
ETDHUANAERERIZYT 7 2B 7 AR, K2R, 6 E R,
DR R E Lo THEHINDD, BHEH Y A LR LKL T



ZO—RIIERICKRELS BB ANHFET D, fIZIE,. v~ 12304 LR
D% < 1% 2 K8 RNA (dsRNA) &7/ KMIZFFDERE U A LA TH DD,
B 2B LW —AKEH RNA (ssRNA) VA LABEDON>THEDY
(Hillman and Suzuki, 2004), ZHIEMOBEEAMEHFEE LT LU AL
ZIFERONB VB TH DL, 0. 7V TA T EFBEME L 3 Koo E
HEREETNLIZE- T, 4 a U A ADOKRKK FHEEDOEY R
BRThHHIELHLMNZR S TWD (Luqueetal.,2018), 2D X HIZ~
A A TANAFFEVANVABERONGLLE L TCERBEATWS, Ly
L.~ A 27 A VR TEE ., MDD OR AR 2 B 73 s i) 23 Hi
NREEEIZIR DD (FARFEEORAIC L AKEEET D) 2o, EHRIE
~DOBBHERIRNETCHY, VANVADEMMREEZITH) Z &N TE
MW EWS AT RN D D (BARIEGL,2014), TOTOEEM T A
VAL L CE ORISR A TH Y, —EOE EHE/ ~ A
ATANADRERVTER RO N RKREZRFEE > TWVD,

3. ;A ayANVADFIH (FYrAfaarbr—))

YA ATANA (FHEUVANLVR) TEBAICIASERLTVWDIN, £0

ZLIFEEFFEBICHBEZSI SRS 20, LML, —HO~ A 2T AL
Z03E EEBEICE AR O R EE R T AR EAE ORI O R
REDEBERFTT, ZoOMEZFM L, MY EE (KRIITHSDIZ
ROEBRW) I~ A a A NV AEEPESIETHERT 2 HEZX, UVr A ra
Y ha— (AR EHWTZAYBLER, virological control, virocontrol)
EEFRIN (TESH,2010), Z OEFTFEMAICTIE 2009 2P itk =
nTW2% (Chibaetal,2009), V7 A= b —LOFERIZIE, OF
JFARE O T 2R N2 ZBIEL VANV ADRER, QU A



VADRKRE ~OHAERFE, OFIE T2 REBIE T AL A EYHE
DALFRE (B 5 TEE ORI EK A~ T A L ARG S & 5 8 fiE) OB %
WL D, KIEOFEMAEH & LTiZ, R 3IKREHFEOOESTHD
27 U BAALEJ% (Chestnut blight) BT o b, I —a v 307 U KO
%7 (2. Cryphonectria hypovirus1 (CHV1) ZFf|H L=V 7 A m a2k
2= AN L2 s, RIEIIAEHREMBOBRED 1 2L LT
HEHZBWORTWD (Nuss,2005), L2rL—H T, AkRORALEZITo2T
AU B ARETIIENEO ZHEENEREL 2 K EL S, K& A
MEZELTWD, 20, QOEHEAZ MM 72 5 F&FETIZB N THIl
TR REANBH N ML L 72D, £72, CHVI 235 3295 i M o il 18 58
EUANARIRE ) E RWIMERE T 2 MHEE A RBEL TV LR 7 VI
MiBIcs T3y may ha— LRI EELTWEREL S
T# Y (BrynerandRigling,2012), V7 A 2 a3 b —)LORIITITH

MM EEZFROSUANVZAEMORER O ELEELRD,

4. ZhETOHRE

INFETEFLIX, FLILAXFOREERFEO -2 THDH 2 LAFR
DOVFIZB#E T D Fusarium BEICHT DT 74 a3 ha— /LD
FEHMELT. AHUA NV ZAEMBEREZIT> T&E 72, HifE#H O Abraham
Adane L IF = F AT THR LI AXFREOOHEERBIE L a2 A F
R 2 0 BEIR & L TR 400 BE O Fusarium BHEZ HEEL, ~(4 a3 v AL
AEGDFIE T 2 dsRNA FfE (dsSRNA U A L A DS ) Loy s
IZ ssRNA U A V2 DOFE-PEILSF) OFEZESNTI6 KO T AV
ARPREREEE L, MIETORMEBERBIZLIVZDOI OV 20
FUANAERS TR, 11 251X dsRNA OFEERRD LT



(KA (2016)), F7o, I EI VAN U A VAT ) LAY %
BAFL., ZSHICESWIZ 0 TR OFER, e v A VR 2 Gt Z ik
BRUANVANERET D ERALNER ST, FTH U AL REBK
Yu F boothii Ep-BL13 ¥R E COABFTREZ RT LD, KEKE
WCRERT D IANAE Ty Amay b — LVEMBEME L TEEL.
PER AT 24T > C& 72 KB (2018)),

5. KBFFED B

UEDEENS, ~ A AU NVZADEEMNE, Ty ua bo—
IVEMAEM T A VAT D Ep-BLI3 BRIEKRYL 7 A L 2 DMARIEN ., 7 A
WAREG XD BREEDHEEROXRAM~D K BOMHA O = K2 AL

LT EIT -T2,



ERH 1: ~A a2 UL NVADHY ) LABFIEHT
1. MAEEZR

1-1. ~A4avANVAREK

RO~ A ZTANARFERENTOLLEEE TOR 60 FH T,
Bx HBEBEEEZRNBLE LEYA 2LV ABERBITORLTE
(Hollings, 1962; Sutela et al.,2019), %V 7 A mwa v b — L&KL
LTOMMBAZEMNELT, EICHEDFHRECEET LI~ 3T AR
DYERNE DT TE Y (Jiang et al., 2013; Kotta-Loizou and
Coutts, 2017; Li et al., 2019b; Pearson and Bailey, 2013), \\ < 22D 7 A
JVANZDOWTIEZ OEYIC X 5 5 ER B 0 82 B3 2 3L Ml 72 fg 4T
N7 X TW5 (Lee et al., 2011; Milgroom and Cortesi, 2004; Moriyama
et al., 2018; Sasaki et al., 2016; Yu et al., 2010), /KD~ A =3 7 A )L A
WRIZV TN b OB O HBER . MO RNA U A L A &G D IE1E
T % dsRNA EFREOAEIZ LD 7 A )V R RPERRO B ZSLE L T 50,
COFETHEMMFEEFER OB EMEEAZE LTI VA LA
dsRNA Zff &N R WIBERY 7 A L 2O B & O IZ R T8 Tdh
5, SHIC, ZLOMRIFTFEICHEFICRBEMAFT L5 RSV A1
AEXMBLELTEBD, A3 TUANADORYEEEDD E LD B
(RPAME) R T A NV ADFEIIBRE SN LB H o7z, VA NLAS
J LOEBNENTILT 2 cDNA 7477 VDOHBELY T —v—7
YV E DL DT, MW EM RS ) LAEE X FFO RNA U A L A
ThoTbEOERYT ) LEGIZE ORMZ L8 & L, 2000 £/
AIHICHEBLENGSIFINETRARBISINTE YA 3 ULV ADM
METRERICL, ~4 2T AV ADOSEEIMRICHE D270 Lz, &



B HWTHDIEREO A2 b TRES VAL EEOHE &
KGE LTI ANVAERDBE NI ITOND L o272 FHEICITEE
FONBRICITIBE SR VRBEICEZHRR VANV ARK L IERET L 2
EMNB B L 72 o 7= (Bartholomius et al., 2016; Ikeda et al., 2012; Kondo

et al.,2016; Osaki et al., 2016; Al Rwahnih ef al., 2011),

1-2.  MRHBES|BEAT OR S
NGS IZ & 5 RNA B %1 o iffd & /Y i #r F 1% T & 5 RNA sequencing (RNA-
seq) FHWIEUANLVADST 7 AEAIENTICIZ, 207 7 AOMEE I
KT 22008BERHDL, 1 2lF, 7oy AL 2ALHN SO/
FIZREMENT VA7 v 7 ) O REEEMEIT2Z2L THD, RNA U
AV ADEIEEFE (RNA KFE RNA R Y 2 —+F¥:RdRp) T 7 —FN
M, HREINEBR YA NLVADYT ) AT LIELIEAEREZE T (Vignuzzi
et al.,, 2005), TDH, H—DU A NLVAKTH->ThEEMBNIZE
WY ) AIC SRk BB & & de v A L A YRR (quasispecies) D[
& L TCHEIET D (Domingo and Perales, 2019), — kAR 7 2 7 U Y —
JNIEBEDO T ) L7p Y ZERMEDO K DNA BSOS 42 B /Y &
LTBY, VANV ADESICERKEZZ GLEHICHRkT T —4
TIERENE LN 2 WEM A H 25 (Hunt ef al., 2015; Yang et al., 2012),
2B, UANART ) ARIBICH58 ) — KA NL vy Y0 R&E
NRERZ ETHD, VAINVADS 7 A RNA TN BV THE MR
VIEREEEER L TBYD, FUoRTEOFMRLERIZE W TEHE 2K
e % > (Ferré-D’Amaré et al., 1998; Zhou et al., 2013), Z D XL 9 72 &
KIEIE X RNA-seq D7 A4 7 7 VERTHHADO R ThH 2 #1455 (RT)
FIEZHFL, RENICHEOLNLIEINT —FBICRY 2 AEIED



(Boivin et al., 2020; Nasheri et al., 2017; Yang et al., 2012) ., s 72 56
ZE7 L B = PR ERIBOLRRWEENAEL, 7T U OE
Za T 4 JERAINOB Ak E E LT D,

1-3.  Fragmentation and Loop primer ligated dsRNA
sequencing (FLDS)

dsRNA % #8 & L 7= RNA-seq f##T 1375 3= 2k DNA, RNA 45 O
FORBREICEIVREBFOT AL AHE RNA OEAEBREMT 5729,
EHEENDRVWT ANV (BERYE) ORBICADRFETH DL, L
LERDIRES, GIHC%D T ) 2E2FOUA NV ABRERE TN 2R EHTE
WL, dsRNA 70 5 sSRNA ~D BB RN KT A )V AT ) L THRIR
% 7-%, Wi#s5 | Polymerase chain reaction (PCR) Stz D= IZHR 0 A
AU %, FLDS X, RNA VAV ADEEEY /) AR ERET DD
B ENT-747 7 VMETFTIETH D (Urayama et al., 2016), K Fik
X, (1) BERICXVEEY A Xk A{b L7 Y A /b X dsRNA % § 5
ELTHWDZ E, KO (2) =TT X7 ¥ —%4% dsRNA B 12k A
L. PCRIJGZEATHD Z L2 ELTEBY, —M7 RNA-seq ® 7 A
7T UREHFETIIREERY — ) — R AN Ly U E K E S O B
ARE L T2 (Fig. 1-1), ZOHEIC LD RREZ Sk~ ofiEmED
5ZEk7e RNA U A NV ADERE Y 7 LRI S 1T 5 (Chiba et

al., 2020a, 2020b; Fukasawa et al., 2020; Urayama et al., 2016, 2018),

1-4. Nanopore Direct RNA Sequencing (DRS)
RNA-seq D7 A4 7 7 VIEEIZBWTCHEERINIMNAETH D0, [FH
FEIZ AN Ly PORY OJIK & S 72 %, Oxford Nanopore Technologies fI:

?D BA % L 7= Nanopore Direct RNA Sequencing (DRS) [X. RNA 43 DI



5’ )
37 5‘)

{} Fragmentation by ultrasound
=1 5 i i
{} Loop primer ligation

™ _“TITIITTT- 1D

{} Denature and Reverse transcription

LIITITTTITTD

I

< RNA degradation and annealing

CEBEE [~ )

{} Fill with DNA polymerase

" [TITTITTIT =
{L PCR

i >3’
3= EEEEEEEEE 5

(Urayama et al., 2016)

Figure 1-1. Schematic work-flow of FLDS.

1. Fragmentation of dsRNA by ultrasound. 2. Ligation of a loop primer on 3'-terminal ends and
reverse transcription. 3. Selective duplex formation of cDNA from dsRNA, and PCR
amplification. This figure is adapted from Urayama et al., 2016.



RS & B AR D HINFCTH D, DRS Tk, 7r—t&/L EICH®IA
IR T R EO L E RNA S BT D8, SEE0(%
MiEEDOENEZBROMELR L L THRIHL BT —ZICEHT 5 (Fig.
1-2)s 74 7 7 VHEEICWHERE L PCR 243 & L7728, RNA-seq &
DB =7 Ny URHIFETE LS, £/, DRS TG TE 55K
ORFANEGH EFAEE T, —ARDSF 7 A RNA O H b i £ T ol
FlZ 1 S>ORFT—2 L LTREBT L2 ENRAIETH D,

1-5. ZhETOHRE

INET, 2 AFRNOIEZRIE L PR AR>S s -
7 AV AEY Fusarium J& #2127 > 3 > (LLF ., Fusarium head blight
(FHB) FEREK L7 v a ) OUANAT ) NELIIRNT 2 T & L
¢cDNA 74 77 VDY v H—v—4 7 kO RNA-seq (2L V{T»
T&/l, TOFME . FHBMEE 2L 7 ¥ 3 »IC FbMVI1 2 &t 7 D &
BRAOBUANVABEREST D ERHALNER ST (KA, 2018), Ll
7235, RNA-seq ICX 0V ELNT VA NV AEIIOZ L TWA{EL TE
D.BEEY ) ARSI EEILT DI RT-PCREH OV H—v—F v
VT HFEELTHLEMERNPLETCH -7, o, UWFEETITHEREKE
BKEEDOHEIZEL > T, FHEBGEEDEEAFEKaL 7 >3 v (U
T. Beneficial secondary metabolites (BSM) BiHEEK 2L 7 >3 >) 7
B, UANVAEERE BHRARKL B, —HOUA L AITODNTH
J NERHIREAT 21T > C& 7= (CKH, 2018;2020), ABFZE TIE, BIMER
ZRoTHLNTETANART 7 LAOBRFIfENIZINZ ., FLDS, DRS % H
WTHMABEKaALZ va v 25 0ERREKRICERET DI04 V2D

J LRI ZR R, TN O GIEOFM AT oI,



ACCCATGCGAACAAATA CGCTGCCATGAATGCAAAATTAACGGC

Figure 1-2. Illustration of how Nanopore sequencing works.

A biological nanopore mounted on a synthetic membrane sequences individual nucleic acid
molecules by converting the sequence of nucleotide bases as disruptions of current across a
membrane.



2. ME ROk

2-1.  HREK
TFAETHEMTHELNTE 2 A X ORHMEE S ML KOOI
Lo THBisn7- FHBBERE 2L 7 v a v 6 k. KRFHEKF L0
FAFIEIC K-> CHBE S 7 BSMBEREK L7 > a D U A L R R
ERE 138 (KH,2018). KO AHEKOBRNEKBEINY T b
SEELT-HEEREBEON. WAL ARYEEE L CRBKLE 2 o4 E 31
BREMRERRE L CHWE (Fig. 1-3~1-5), 245 OFEERIX 20°C T PDA
[2.4% potato dextrose broth, 1.5% agar, w/v] & U' Synthetic low-nutrient
agar (SNA) [0.1% KH2PO4, 0.1% KNO3, 0.05% MgS04-7H20, 0.05% KClI,
0.02% Glucose, 0.02% Sucrose, 2% Agar, w/v] [EEEH# EI1C THE R L. 4°C
TRAF L7, £7-. PDA il FORK A & BIKRAFIK [10% Glycerol,
5% Trehalose] & & B2 2ml F 2 — 7T AN, -80°CTHEHMEIFEL -, W
REIKZ AT DERICIE 30°CTRUEMIR L, Bk A& PDA £ M (2 82

fEL 72,

2-2. HHBOAFTHE
AiEE&E L LT, 20ml @ PDAZMATZERZ 6cm DY ¥ — L DOH LI
PDA 6 EI0 L7z 3 mm WHOE A A B E L, 20°CF T 5 HMEE
L, ag=—0%HEMELD 3mm W HFOEREZT)0 H L, 20 ml
D PDAZMMAZTZERZ6cm DY Y —LOFLICKHELZ, Ziix 20°C

FTTHEEL, an=—0EBZEHE L,

11
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Figure 1-3. Colony morphology and dsRNA accumulation pattern of Ethiopian Fusarium
spp. strains isolated from FHB-developing wheat tissue.

Colony morphologies of fungal strains on PDA (A) and dsRNA banding patterns visualized by
agarose gel electrophoresis and EtBr (B). A white arrowhead indicates visible dSRNA band.
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Figure 1-4. Colony morphology and dsRNA accumulation pattern of beneficial secondary
metabolites-producing strains.

Colony morphologies of fungal strains on PDA (A) and dsRNA banding patterns visualized by
agarose gel electrophoresis and EtBr (B). A white arrowhead indicates visible dsSRNA band.
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Figure 1-5. Colony morphology and dsRNA accumulation pattern of fungal strains isolated
from environmental samples.

Colony morphologies of fungal strains on PDA (A) and dsRNA banding patterns visualized by
agarose gel electrophoresis and EtBr (B). A white arrowhead indicates visible dsSRNA band.



2-3. £ DNA #ity

20°CF., PDA L CH&E L/-HE R %, PDB20ml & de 200 ml =4 7
TAACHEBEL,200CT 7T HIMHHERBRE L, -2 M0 THEER
L, KoEREL TCHEHEZEIR L7z, o TEEE I ékP T
HREZRZMZ 2D LEMRL, HIAHAK L CTAB extraction buffer [100 mM
Tris-HCI, 1.4 M NaCl, 25 mM EDTA, 2% CTAB, w/v] 700 ul % 1.5 ml F =
—TICMATHE L%, 65°CT 1 RIS S®7-, S8&DO 7 ook
LAEMZCHEBL, ZO0H (14,000xg, HE. 104) Lz, EiE%E
600 pl ® A Y 7R ) — U2z TimLoy B (14,000 x g, IR, 5 43)

L. EtOH JLJEIZ & - TR L=k % 100 ul @ TE IZEfE L 72,

2-4. 57 vy 7 PCR
WAL L7z DNA 8% & L T, Go Taq Green Master Mix % ]
WT PCR Z{T-7-, fFbh7c DNA Wika2 7 U n— ZAEXKKENIZ &L -
THBEEL., £ 1.7kbp OESD/N RZY)Y H L., NucleoSpin Gel and

PCR Clean-up (TaKaRa) Z MW THRE T 1 F o Licit- THEL =,

2-5. £ RNA O#iH

LR FE R 2> 5 D 4 RNA fl %, LU O 56 THr - 72, 20°CT PDA
TR E R LAl Bk 2 . PDB [0.25% potato dextrose broth,
w/v] 20 ml Z &30 200 ml = 7 T A3 [CHERE L, 20°CF 7 HFEEL
7o BEEBWRIIT—F (V774 F—, pigeon) ZH W THEME L, ~X—
ZANTKpEREL TEHEZBEIN L, FoNZEKZ I ekT THK
RERZMZ 72N BER L., 3ml @ Extraction Buffer [200 mM NaCl, 100
mM Tris-HC1  (pH8) ,4 mM EDTA-Na, 2 % SDS, w/v]. 3 ml @ PCI[50%

Acid Phenol / 48% Chloroform / 2% Isopropanol, v/v/v] (2% % . 15ml F

15



2 — 7B L CiEDLaEE (2,000xg, HiE, 15%) L7, PCI3ml &5
t1sml Fa—7I2HEonl RIEEZB L, BiHE L% O0HBE (1,710
xg, Wik, 1547) L7, 3ml ® CHI [96% Chloroform / 4% Isopropanol,
vivl] ZEEe 15 ml Fa—7IC EEEMx THEE L, =008 (2,000 x
g, WL, 15%y) L, 2ml Fa—7 12 EEA 400pul o0 EL. Th
ZH 40 pl ® 3 M NaOAc, 1 ml ® 100% EtOH % il 2 T, -80°CT 15 4y
MEFE Lz, To%ELmE (17,000x g, 2547) 1& X > T % B
L. 70% EtOH T¥E#, MEmE L7-%. XL v M &ZJKE K 300 ul 23R
RS-, BoNT-ERNAY A 3ul2HNWTT H e —RERIKE

ATV, Y v 2R L,

2-6.  dsRNA D HiH

2 RNARK 270 ul 28 L\ F = — 7 (2B L. 10x STE [100 mM Tris-
HC1 (pHS8.0) ,10 mM EDTA (pH8.0) ,1.5MNaCl] % 30pul iz T 1
x STE & L7=, 100% EtOH % 57 ul /l 2= [16% EtOH, 84% STE, v/v].
& @ cellulose column powder (ADVANTEC) # /X C, =n—7 — ¥ —%
MAWT=HIRT 1 REMU ERE L7, =058 (17,000xg, 347) LTE
1% % B & . Wash buffer [16% EtOH, 84% STE, v/v] % 500 pl Jl z CT# L
SHEBLE®H, BOELOHE (17,000xg, 347) Lz, ZO%kE TLES
2, 3V IR Lok, B A ENR L, BT F T L7z, 1xSTE & 60
ul Nz THH L T dsRNA ZEH & &, =008 (17,000x g, 343) L.
cellulose column powder Z R A S H R WL I IZ EFEZ 1.5ml F 2 —7IZ
BLl, B6i7c dsRNA B IZE K Z M Z T 3545 upl & L., RQI
DNase (Promega) 5 ul., 10 U/pl S1 nuclease (Promega) 0.5 pl. 10 x

Double Digestion Buffer [0.9 M NaOAc, 0.3 M NaCl, 0.15 M MgCl, 0.03 M

16



ZnSO4]140pl ZiRE L, B C3FMXISSE, FE&DO PCIZMZ T
PRER L. &=L EE (14,000xg, 4°C, 1543) L72#%., LiE%& 1.5ml F =
— 7B L, F&O CHI N x TH# L T 0= O 57 B (14,000 x g,
4°C, 15%y) L., B A2 15 ml F2—71CB L7, EtOH Ik % 1T - /=
%, LB Z 20l OPWEKICEMHE L, Ry T e L, KiEYw3-9
wlZHWTT e —RAT7 )VEKE TY AV AHRK dsRNA O H 21T

> 77,

2-7. ¥ x vy 7R, RIREF] O W&
2-7-1. Gap-filling RT-PCR
K72 b il ] L 72 Totar RNA ik # # % & L T, ReverTra Ace
(TOYOBO) (T £V —A&8H cDNA G EZIT o7, 774 ~—I21F 20 uM
Random Primer (9 mer) (TOYOBO) 1pul ZfEH L. ISEMAHITE MO
HeE 7o ha LicitoTm, 672 cDNARIR 1 ul 288 & L T, Go
Taq Green Master Mix (Promega) ., KOD FX NEO (TOYOBO). PrimeSTAR
(TaKaRa) O W3 4Lh % AT PCR KIS & ATV, 2 A8 cDNA % &
Lo 794 —1ZIETANATT ¢ THH| & FEITHER L 72 F8 B
TIA =L, KSR FEFRBEOHERT 0 k3 Vil -7z,
2-7-2. 3'RNA ligase-mediated rapid amplification of cDNA
ends (3'RLM-RACE)
dsRNA A% 10 ul {Z Dimethilslfoxided (DMSO) 90 pl % il . T EAZL M
(65°C. 20 %y) . EtOH ILBIZ & > T ssRNA # IR L7z, 10 mM
3RACE-adapter 2 ul, 10 x T4 RNA ligase buffer 5 pl, 0.1% BSA 3 pl. 40%
PEG 31.25 pl Z#RA& L7221 2 < EtOH IR TIlEIY L 72 ssRNA % &

fi£ L. 33 U/ul T4 RNA ligase 2 pl Z /1 2 T 5~16°C T 16~18 FEfl] &K Jix &
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7o, H0 DMSO ¥ & EtOH JLE:Z 1T > T L7z ssRNA # 5 x
RTbuffer 5 pl, 2.5 mM dNTP 5 pl, 20 uM 3RACE-1°% primer 2 pl, RNase
inhibitor 1 pl, RiverTra Ace 1 pl, J&E /K 8.5 pl A L7k &Z Mz T
VL. 42°CT 1 Kefi, 51°CT 30 43, 68°CT 15 S ¥, £D
%, 774~ —LLTI0 yM DU A INVAFERPT T 4~ —KDO 10 uM
3RACE-2" primer 2 pl 2 F T 2 A8 cDNA & &5k L 7=,

Gap-filling RT-PCR & T 3'RLM-RACE (2 X W & 57z 2 A8 cDNA
I . PGEM-T easy vector kit (Promega) . Zero Blunt™ TOPO™ PCR Cloning
Kit (Thermo Fisher) DWWz H W TR ¥ —jc/7uv—=27 L7,
HFOoNT-EE iR {K ) 5 GenElute Plasmid Miniprep kit (SIGMA) % A
WTZIAIRNDNAZHIHLEZ, X7 F—~D7u—=27 RIHE
DHEERBE T T A FORMBITREOHELE 7 v b 2 LIt > TT
> 72,

2-7-3. =1 =—RT-PCR

BE¥R 0 28k FIH (Urayama et al., 2015) (225 %F, T O T A L X
RNA % §§# & L7z RT-PCR 1T > 7=, W& L 72 TG A TR H b o
an=—ZRER L, LWRICHELLEMEOEIKEZ PCR F a2 —7 DIE
M EEY 11 TEEfE L 72, RT-PCR X PrimeScript™ One Step RT-PCR Kit

(TaKaRa) % F\ 72, PrimeScript 1 step Enzyme Mix 0.2 ul, 10 pl Primer
0.4 ul/each, 2 x 1 step buffer 2.5 pul, RNase-free water 1.5 pl Zi{EH& L T/
SRR AR L, B AR L7 PCR F =2 — 72z iz, B oHE
7ok I LI Ey, HERE (50°C, 1 REE) . B (94°C. 203) D%, &
Pt (94°C, 30 ®)., 7=—U 7 (60°C, 30 ¥). &bt (72°C. 90

) OFBET3I0 YA 7 VDK EIT > 72,
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2-8. Y uAH—v—brrvo7ickRIBE

Big Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) %
A, #EE7 m b a2t > TROSIK Z R L7z, I DNA &K 6.5
pul, Big Dye 1 pl. 5 x sequencing buffer 1.5 ul, 2 uM Primer 1 pl Z &S
Lleboa e L, £ (96°C, 10 ), 7=—1U 27 (50°C, 5
) RIS (60°C, 4 77) DRMET25 VA4 7 VOIS EIT T2, X
JRE D DNA ¥ > 7V % EtOH TEEXIZ & - THIR L, Hi-Di /L A7
TR I5 pl ICEME L 72, 96 well plate I L T — 7 > R M I
L7z, fifEMTIXy — % % —ABI3100 (Applied Biosystems) % H\»THT -
oo Y= VAT = Z O KT v 7L GENETYX ver. 14 K&

N ATGC ver. 14 (GENETYX) 2 TAT - 7=,

2-9.  RNA-seq 2 & A B 5

Protocol for use with NEBNext Poly (A) mRNA Magnetic Isolation
Module (NEB) & —#{tEZ LI FIETT 47 7 VU Z{ER L7z, WK

(F8924 ¥k, FA1837 KK Je OF FA2242 #k) 7S il ¥R L 72 dsRNA 200
ng & ¢» 13 ul O PE /K2 10x first-strand cDNA synthesis buffer 4 pl,
random primer 1 ul Z 1 2. &M (94°CT 157%3) L7=, K L 7KK
\Z NEBNext First Strand Synthesis Enzyme Mix 2 pl Z /il X ,25°C7C 10 47 .
42°CT 15 43, 70°CT 15 RS SH D 2 & T, —AH cDNA Z &k L
720 2 A8 cDNA & kD b il Rk O FNRIC 2V Tk, 71 k=3
7€ > TAT o 7= (Chapter 1.4-1.6), B Htf5 % lllumina Hiseq (77 bp, X
TTUR)IZEVITok, BonkciiT—2n6, 74V 7T 0 U
v 7 & L T Sickle version 1.33 (Joshi and Fass, 2011) Z HWTVU — Ft5

FEQ30LATF, U—KE20bp A FOESIZBRELTE, T /KT LTV
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TRV I T HROBINT —Z %A 7 v FE LT, SPAdes version
3.13.0 (Bankevich et al.,2012) ®F 7 /)L h R E M 5 -k auto & (X--meta
DATvaraefREL TTo7, b ica 7 4 Z L4l % National
Center for Biotechnology Information (NCBI, http://www.ncbi.nlm.nih.gov/)
D3 % Basic Local Alignment Search Tool (BLAST) f##TIZ 5 L,

Mmoo~ A av A 2ARHEEROBUMEZ R LIZES., &2 W0 IiTF

ANy PR 10 L ETH - 2B FI O, BE b REY & FEEME 2 0R

STt AEHE T A VARSI E L T®E L (Fig. 1-6),

2-10. FLDS IZ & % B 5| 2 #7

REH o FBR FIE (Urayama et al., 2018) (29t > TiT > 7=, HIK (F956
#k. F6134 Bk, F8850 £k, F8979 ¥k, FA2241 ¥k, AH-1 & ¢ U° AH-4 f£)
oA, FFH L 72 dsRNA %, Covaris S220 ultrasonicator (Woburn)
AW THEE I CW A1t (run time 35 s, peak power 140.0 W, duty factor
2.0% and 200 cycles/burst) L7z, WrA{k L 72 dsRNA % Zymo Clean Gel
RNA Recovery Kit (Zymo Research) (2 XV ® G OHERE 7 v b 2 L9 -
TH®R Lz, B dsRNA & U2 77 A ~v— (5 -p-GAC GTA AGA ACG
TCG CAC CA-p-3') #&T 30 ul T A 7 —3 3 VKR [50 mM
HEPES/NaOH, pH 8.0, 18 mM MgCI2, 0.01% BSA. 1 mM ATP, 3 mM
DTT. 10% DMSO. 20% PEG 6,000, 30 U T4 RNA Ligase (TaKaRa) %
fER L., 37°CT 16 Keffl K& & ¥ 72, KIS % MinElute Gel Extraction Kit

(Qiagen) ZH W THFOHRE T o ha it TERLE, U2 775
A ~—DOMWHES TH D U2-comp 77 A4 ~v— (5-OH-TGG TGC GAC
GTT CTTACG TC-OH-3') % fEH dsRNA JFIRIZHIM L, 95°C, 3 /o

BEMEDOHBKAK FICB L TABEIZHEI L7, SMARTer RACE 5'/3' Kit
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v
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Figure 1-6. Flow chart of viral genomic de novo sequencing.



(TaKaRa) # H W TR OHESE T 1 h 2 L9 > T cDNA # Ak L 72,
G D RNA % RNase H (TaKaRa) Tibf{k L7=#%. U2-comp K O
UPM (SMARTer RACE 5'/3'Kit IZfF &) 77 A4 ~—%& T 96°CT 2 47
W OBEMED%, 98°CT 10 B, 60°CT 15, 68°CT 2 /3% 30~35 4
A 7 VATV 2 K8 cDNA Z#§lE L 72, 1.25 x SPRIselect Reagent Kit

(Beckman Coulter) Z W TR G OHERE 7 o F v 4 XERFIEIZ
o> T/HhEW ¢cDNA MO T T A ~v~—F A ~—%FRELL, (Covaris T
300 pb (W frfk) &k L7z 2 A8 cDNA I RNA-seq fE#T CH W72 % v
K @ Chapterl.6 [ZHE W R UL EE 21T o 7o 12 . BEAIFAEAT ICHEEK L 72, Bd A1
4% 1% Illumina Hiseq (85bp, Y > Z v N) Ik W ito7=, 56 h
FELAIT — % O kU 2 v 7SI E S AR BR R R N UE T B 9 B R B

(JAMSTEC) 2B LI A T4 2R LT, AT T4 DF
AEUTOEBY THDL, 7 X 7% — ROMKEE OB, Trimmomatic
version 0.32 (Bolger et al.,2014) T K VU I > 7 L7-, cDNA & kMK O
W& fEH L7z 77 A4 ~—ME 5%, Cutadapt versionl.10 (Martin, 2011) T
MU X7 L, 50AE XV WY — FiX Trimmomatic version 0.32 %
HWTEHRELRE, OB T — & & HIZ, SPAdes DT 7 4 /L b &
ED D -k auto fr W--careful DA 7 g & EL TITo 2, Bbhkz =
YT 4 JEH % BLAST T ICHR L, BB DO~ A 27 4 L AEH] & &
RKOFUMEZ R LIRS, &D5WITEH T ALy IR 10U ETho T2
BEHIDOWN, EEHREY & FHUMEZ RS R o BRI ZHE T A L A
Blgl e L CiE R L7z (Fig. 1-6), HEE VANV AEINIZKH L TY — F~ v
B2 7 %47V, IGV version 2.8.0 (Robinson et al.,2017) & XV AT L L
72, (Urayamaetal.,2016) \ZfEWV, 27 4 7 OREMTITIBWTIHE LT

MLEDN R & 2580810V —FUERZT NS E. £TOME A
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7 AREE LT,

2-11. DRS IZ X % B2 5 R AT

BESR 0 EBR FIE (Wongsurawat ef al., 2019) 25 &7 A 7 7 U fE 4
1T o> 7=, BiiA (Ep-BL13 £k, FA1837 k. FA2242 ¥k) 7 &l ksl
L 7= dsRNA 200-1,000 ng % & T2 J& & 7K 40 pl iZ DMSO 360 ul Z /1 %,
BIEME (65°C, 2043) L7c, M OHELE 7 v s 2 L2465 T E. colli Poly

(A) Polymerase (NEB) & W\ TZ& % D 7 A /L A ssRNA (Z Poly (A)
ZML7=O5H, SQK-RNA002 (Oxford Nanopore Technologies) O #E 4%
T haniioTIATTIMEEIToT, SN T7A4 77V
it % R9.4/FLO-MIN106 7 n—t Vi Mx, 2 - 18 FEfiE@ ¥ 25 = &
TEF T — & & B3 L 7=, MinKNOW Core version 3.6.0 & Guppy version
328 DT 74NV MRETERT — X OBMGERLOR—R 3 — )L &1T 57z,
5 o=l 87 — # /> 5 Nanofilt version 2.6.0 (De Coster et al., 2018)
rHWT 7 AY T 4227 7T, U— FK 300 bp LL T DR & Br &
L7, 7 /A7 %7 VX Minimap 2 version 2.17-r941 (Li, 2018) ® 7
7 4V N E K& Y Miniasm version 0.3-r179 (Li, 2016) ® 7 7 # /b F %
EMNDH-s0.1, cl0LW-el DA T a v EREL IrTolz, bz
a7 4 VB O T — & IE X Pilon version 1.23 (Walker et al., 2014)
DT 7NV ENREICEVIToTZ, ZOFIRIZES T — % ODEIEN{TD
N EFTHVELE, Bbhiar 7 « 7 E % BLAST fEHTIC
L, BB~ a v A VAR EEROBEUMEZR LTS O % #
ETVANARYE L CEEK LT,

RNA-seq. FLDS, DRS OZNZEND FIETHLNTZHE 7 A L AR

x4+ %Y — K~ v 72X Minimap2 version 2.17-r941 K& ¥
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SAMtools version 1.7 (Li et al.,2009) %, 71 /N L v ¥ @ a4 IZ 1% SparK
version 2.6.2 (Kurtenbach, 2019) Zf#i i L 72, FASTG /X A2 O " k2 1%
Bandage Version 0.8.1 Z W72, KmDEABN TSI Niza T 47O
7 &7 UlX GENETYX-ATGC Version 14 7 7 4 /b h & E TIT > 7=,

ORF ¥ 22 1% GENETYX Version 14 |2 X V4T o 7=,

2-12. oy ¥R
~ VT TNNT T A A MENT KONGRS A 75 (Neighbor-Joining
method) R HtAEHT IX. MAFFT ver. 7
(http://mafft.cbrc.jp/alignment/software/) Z H T, FASTA 7 + —~ v
FOBRSIEHREZAD L CHBHRE L, S R2MEHFICHWEY I/
BREL A1 O GenBank 7 7 & v ¥ 3 V& &L Table 1-1 705 Table 1-7 1278

L7z,
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Table 1-1. Genbank accession list of replicase of viruses in the phylum Pisuviricota used for multiple alignment and phylogenetic analysis .

Class Order Family Genus Virus name Acclf(s)smn
Duplopiviricetes Durnavirales Hypoviridae  Alphahypovirus Alternaria alternata hypovirus 1 QFR36339
Cryphonectria hypovirus 1 AAA67458
Cryphonectria hypovirus 2 AAA20137
Fusarium graminearum hypovirus 1 AGC75065
Macrophomina phaseolina hypovirus 1 ALD89099
Wauhan insect virus 14 APG76086
Betahypovirus Cryphonectria hypovirus 3 AAF13604
Cryphonectria hypovirus 4 AAQ76546
Fusarium oxysporum f. sp. dianthi hypovirus 2 QHI00074
Phomopsis longicolla hypovirus 1 AIG94930
Sclerotinia sclerotiorum hypovirus 1 AEL99352
Valsa ceratosperma hypovirus 1 BAMO08994
Gammahypovirus Sclerotium rolfsii hypovirus 1 AZA15168
Sclerotinia sclerotiorum hypovirus 2 AHA56680
Unclassified Agaricus bisporus virus 2 AQM49946
Beihai hypo-like virus 1 APG76085
Beihai sipunculid worm virus 6 APG76084
Fusarium graminearum hypovirus 2 AKB94065
Fusarium langsethiae hypovirus 1 APL96674
Fusarium poae hypovirus 1 BAV56305
Rosellinia necatrix hypovirus 1 BBC21049
Rosellinia necatrix hypovirus 2 BBB86794
Sclerotium rolfsii hypovirus 3 AZF86108
Sclerotium rolfsii hypovirus 4 AZF86109
Sclerotium rolfsii hypovirus 5 AZF86110
Sclerotium rolfsii hypovirus 7 AZF86112
Sclerotium rolfsii hypovirus 8 AZF86113
Fusariviridae Fusarivirus Alternaria brassicicola fusarivirus 1 ALW95411
Fusarium graminearum dsRNA mycovirus-1 AATO07067
Macrophomina phaseolina single-stranded RNA virus 1 ALD89094
Penicillium aurantiogriseum fusarivirus 1 ALO50125
Penicillium roqueforti ssRNA mycovirus 1 AII99895
Pleospora typhicola fusarivirus 1 ALO50136
Rosellinia necatrix fusarivirus 1 BAP16392
Sclerotinia sclerotiorum fusarivirus 1 AKJ26309




Table 1-1. (continued)

Class Order Family Genus Virus name Accrf(s)swn

Duplopiviricetes Durnavirales Partitiviridae ~Alphapartitivirus Amasya cherry disease-associated mycovirus CAG77604.1
Arabidopsis halleri partitivirus 1 BAVS56959.1

Beet cryptic virus 1 ACAS81389.1

Bipolaris maydis partitivirus 1 ARJ58793.1
Carrot cryptic virus ACL93278.1

Cherry chlorotic rusty spot associated partitivirus ~ CAH03668.1
Chondrostereum purpureum cryptic virus 1 CAQ53729.1
Dill cryptic virus 1 AGY36136.1
Flammulina velutipes browning virus BAHS56481.1
Fusarium poae partitivirus 2 BAV56299.1
Helicobasidium mompa partitivirus V1-2 BAD32678.1
Heterobasidion partitivirus 1 ADV15441.1
Heterobasidion partitivirus 12 AHL25151.1
Heterobasidion partitivirus 13 AHL25153.1
Heterobasidion partitivirus 14 AHL25161.1
Heterobasidion partitivirus 15 AHL25162.1

Heterobasidion partitivirus 17 AIF33767.1
Heterobasidion partitivirus 3 ACO37245.1
Heterobasidion partitivirus 4 ADV15443.1
Heterobasidion partitivirus 5 ADV15444.1
Heterobasidion partitivirus 9 AEX87909.2
Raphanus sativus cryptic virus 1 AAXS51289.2
Raphanus sativus partitivirus 1 ALT00589.1

Red clover cryptic virus 1 AGY36138.1
Rhizoctonia fumigata partitivirus AJE25830.1
Rhizoctonia solani dsRNA virus 2 AGY54938.1
Rhizoctonia solani dsRNA virus 3 AMWO07365.2
Rosellinia necatrix partitivirus 2 BAM78602.1
Rosellinia necatrix partitivirus 5 BAM36403.1
Rosellinia necatrix partitivirus 7 BAT32942.1
Sclerotinia sclerotiorum partitivirus S ACT55329.1
Sophora japonica povy(.iery mildew-associated AOF47283.1

partitivirus

Soybean leaf-associated partitivirus 1 ALM62245.1
Spinach cryptic virus 1 APX42419.1

Vicia cryptic virus AAX39023.1

White clover cryptic virus 1 AAU14888.1
Betapartitivirus Atkinsonella hypoxylon partitivirus NP_604475.1
Cannabis cryptic virus AO0034473.1
Ceratobasidium partitivirus AOX47567.1
Crimson clover cryptic virus 2 AGJ83769.1

Dill cryptic virus 2 AGJ83771.1

Fusarium poae virus 1 AAC98734.1

Fusarium solani partitivirus 2 BAQ36631.1
Helicobasidium mompa partitivirus V1-1 BAD32677.1
Heterobasidion annosum P-type partitivirus AAL79540.1
Heterobasidion partitivirus 2 ADL66905.1
Heterobasidion partitivirus 7 AEX87907.1
Heterobasidion partitivirus 8 AFW17810.1

Hop trefoil cryptic virus 2 AGJ83767.1
Lentinula edodes partitivirus 1 AQS27950.1
Pleurotus ostreatus virus 1 AAT07072.1
Primula malacoides virus China/Mar2007 ABWSg2141.1
Rhizoctonia solani virus 717 AAF22160.1
Rosellinia necatrix partitivirus 1-W8 BAD98237.1
Rosellinia necatrix partitivirus 3 BAM36401.1
Rosellinia necatrix partitivirus 4 BAM36402.1
Rosellinia necatrix partitivirus 6 BAT24481.1
Sclerotinia sclerotiorum partitivirus 1 AFR78160.1
White clover cryptic virus 2 AGJ83763.1
Cryspovirus Cryptosporidium parvum virus 1 AAC47805.1




Table 1-1. (continued)

Class Order Family Genus Virus name Acclf(s)smn
Deltapartitivirus Alphacryptovirus JF-2012 AF065948.1
Beet cryptic virus 2 ADP24757.1

Beet cryptic virus 3 AAB27624.1

Carnation cryptic virus 3 ARIJ58791.1

Diatom colony associated dsRNA virus 14 BAU79511.1
Fig cryptic virus CBW77436.1
Fragaria chiloensis cryptic virus AAZ06131.2

Pepper cryptic virus 1 AEJ07890.1

Pepper cryptic virus 2 AEJ07892.1

Persimmon cryptic virus CCH50609.1

Raphanus sativus cryptic virus 3 ACJ76981.1
Rosa multiflora cryptic virus ABVE89762.1

Rose cryptic virus 1 ABZ10945.1

Sinapis alba cryptic virus 1 ALT00590.1

Spinach deltapartitivirus 1 ARO72610.1
Gammapartitivirus Aspergillus fumigatus partitivirus-1 CAY25801.2
Aspergillus ochraceous virus ABV30675.1

Beauveria bassiana partitivirus 1 CUS18591.1

Beauveria bassiana partitivirus 2 CUS18593.1
Botryotinia fuckeliana partitivirus 1 CAM33266.1

Colletotrichum acutatum RNA virus 1 AGLA42312.1

Colletotrichum truncatum partitivirus 1 ALF46547.1
Discula destructiva virus 1 AAG59816.1
Discula destructiva virus 2 AAKS9379.1
Fusarium solani virus 1 BAA09520.1

Gremmeniella abietina RNA virus MS1 AIl16004.1

Gremmeniella abietina RNA virus MS2 AAT48886.1

Magnaporthe oryzae partitivirus 1 APP18151.1

Ophiostoma partitivirus 1 CAJ31886.1
Penicillium stoloniferum virus S AANR6834.2
Pseudogymnoascus destructans partitivirus-pa AKR15080.1
Ustilaginoidea virens partitivirus AGO004402.1
Ustilaginoidea virens partitivirus 2 AGR45851.1

Ustilaginoidea virens partitivirus 4 AGJ03719.1

Verticillium albo-atrum partitivirus-1 AIE47664.1

Unclassified Alternaria alternata partitivirus 1 APT70073.1
Botryosphaeria dothidea partitivirus 1 AGZ84316.1




Table 1-2. Genbank accession list of replicase of viruses in the phylum Lenarviricota used for multiple alignment and phylogenetic analysis .

Class Order Family Genus Virus name Acclf(s)smn
Amabiliviricetes Wolframvirales — Narnaviridae Narnavirus Saccharomyces 20S RNA narnavirus 37-4C AAC98925
Saccharomyces 23S RNA narnavirus 37-4C AAC98708
Howeltoviricetes Cryppavirales Mitoviridae Mitovirus Botrytis cinerea mitovirus 1 ABQ65153
Cryphonectria parasitica mitovirus 1-NB631 AAA61703
Fusarium circinatum mitovirus 1 AHI43533
Fusarium circinatum mitovirus 2-1 AHI43534
Fusarium coeruleum mitovirus 1 BAQ36630
Fusarium globosum mitovirus 1 BAQ36629
Fusarium poae mitovirus 1 BAV56289
Fusarium poae mitovirus 2 BAV56290
Fusarium poae mitovirus 3 BAV56291
Fusarium poae mitovirus 4 BAV56292
Gremmeniella abietina
mitochondrial RNA virus S1 AANOS633
Helicobasidium mompa mitovirus 1-18 BAD72871
Ophiostoma novo ulmi mitovirus 7 AGTS55877
Ophiostoma novo-ulmi mitovirus la CAJ32466
Ophiostoma novo-ulmi mitovirus 1b CAJ32467
Ophiostoma novo-ulmi mitovirus 3a OnuLd CAA06228
Ophiostoma novo-ulmi mitovirus 3b CAJ32468
Ophiostoma novo-ulmi mitovirus 4 OnuLd CAB42652
Ophiostoma novo-ulmi mitovirus 5 OnuLd CAB42653
Ophiostoma novo-ulmi mitovirus 6 OnuLd CAB42654
Rhizoctonia mitovirus 1 AHL25281
Rhizoctonia solani mitovirus 2 ALD89121
Sclerotinia sclerotiorum mitovirus 1/KL-1 AEX91878
Sclerotinia sclerotiorum mitovirus 2/KL-1 AEX91879
Sclerotinia sclerotiorum mitovirus 3/NZ1 AGC24232
Sclerotinia sclerotiorum mitovirus 4/NZ1 AGC24233
Sclerotinia sclerotiorum mitovirus 5/11691 AHX84130
Sclerotinia sclerotiorum mitovirus 6/14563 AHX84133
Sclerotinia sclerotiorum mitovirus 7/Lu471 AHX84135
Thanatephorus cucumeris mitovirus AADI17381
Thielaviopsis basicola mitovirus AAZ99833
Tuber aestivum mitovirus AEG79311
Tuber excavatum mitovirus AEP83726
Miaviricetes Ourlivirales  Botourmiaviridae — Botoulivirus Botrytis ourmia-like virus CEZ26310.1
Sclerotinia sclerotiorum ourmia-like virus 2 ALD89139.1
Magoulivirus Acremonium sclerotigenum ourmia-like virus 1 QDB75006.1
Cladosporium cladosporioides ourmia-like virus 1~ QDB74999.1
Cladosporium uredinicola ourmia-like virus 1 QDB75001.1
Magnaporthe oryzae ourmia-like virus 1 SBQ28480.1
Penicillium citrinum ourmia-like virus 1 AYP71797.1
Phacoacremonium minimum ourmia-like virus 2 QDB75007.1
Rhizoctonia solani ourmia-like virus 1 ALD89131.1
Ourmiavirus Cassava virus C ACI03053.1
Epirus cherry virus ACF16357.1
Ourmia melon virus ACF16360.1
Scleroulivirus Sclerotinia sclerotiorum ourmia-like virus 1 ALDg89138.1
soybean leaf-associated ourmiavirus 1 ALM62238.1
soybean leaf-associated ourmiavirus 2 ALM62250.1
Allassoviricetes  Levivirales Leviviridae Allolevivirus Enterobacteria phage QB ABK60124.1
Enterobacteria phage F1 AAM33128.1
Levivirus Enterobacteria phage MS2 CAA23991.1
Enterobacteria phage BZ13 ACT66728.1




Table 1-3. Genbank accession list of replicase of viruses in the phylum Kitrinoviricota used for multiple alignment and phylogenetic analysis -

Class Order Family Genus Virus name Acclf(s)swn
Alsuviricetes  Tymovirales — Alphaflexiviridae Allexivirus Shallot virus X-Russia AAA47787.1
Botrexvirus Botrytis virus X-New Zealand:Auckland AAL17722.1
Lolavirus Lolium latent virus-US1 ACAS53374.1
Mandarivirus Indian citrus ringspot virus-K1 AAK97522.1
Platypuvirus Donkey orchid symptomless virus AHAS56694.1
Potexvirus Potato virus X-X3 BAA00249.1
Sclerodarnavirus Sclerotinia sclerotioru‘m debil'itation—associated RNA AANG64332.2
virus-China

Betaflexiviridae Capilovirus Apple stem grooving virus-P-209 BAA03639.1
Citrivirus Citrus leaf blotch virus-SRA-153 CAC39422.1
Foveavirus Apple stem pitting virus-PA66 BAA04853.1
Trichovirus Apple chlorotic leaf spot virus-P863 AAA42587.1
Vitivirus Grapevine virus A-Is 151 CAAS3182.1

Deltaflexiviridae  Deltaflexivirus Fusarium graminearum deltaflexivirus 1 ANS13830
Sclerotinia sclerotiorum deltaflexivirus 1 AMD16208

Soybean leaf-associated mycoflexivirus 1 ALM62223

Unclassified Agave tequilana deltaflexivirus 1 QQG34632

Agrostis stolonifera deltaflexivirus 1 QQG34628

Lentinula edodes deltaflexivirus 2 QOX06049
Rhizoctonia solani flexivirus 1 ANR02706.1

Sclerotinia sclerotiorum deltaflexivirus 2 AWT24701

Sclerotinia sclerotiorum deltaflexivirus 3 QOE77942

Triticum polonicum deltaflexivirus 1 QQG34637
Gammaflexiviridae Mycoflexivirus Botrytis virus F-New Zealand: Auckland AAG23416.1
Unclasiffied Unclassified Pistacia-associated flexivirus 1 QDO72745.1
Entoleuca gammaflexivirus 1 AVD68667.2
Entoleuca gammaflexivirus 2 AVD68668.2

Leptosphaerulina chartarum flexivirus 1 QDB74984.1

Tymoviridae Tymovirus Turnip yellow mosaic virus - Europe CAA30322.1
Marafivirus Maize rayado fino virus - Costa Rica AAKS2838.2

Maculavirus Grapevine fleck virus - Italy CAC84400.1
Martellivirales  Closteroviridae Ampelovirus grapevine leafroll-associated virus 3 AAC40705.3
Closterovirus beet yellows virus CAAS51871.1

citrus tristeza virus AAC59624.1

Crinivirus lettuce infectious yellows virus AAA61798.1

Velarivirus grapevine leafroll-associated virus 7 CCD33051.1




Table 1-4. Genbank accession list of replicase of viruses in the phylum Duplornaviricota used for multiple alignment and phylogenetic

analysis .

Class Order Family Genus Virus name Accris)swn
Chrymotiviricetes Ghabrivirales Chrysoviridae Alphachrysovirus Amasya cherry disease associated chrysovirus CAG77602.1
Anthurium mosaic-associated virus ACU11563.1

Aspergillus fumigatus chrysovirus CAX48749.1

Brassica campestris chrysovirus 1 AKU48197.1

Colletotrichum gloeosporioides chrysovirus 1 ALW95408.1

Cryphonectria nitschkei chrysovirus 1 ACT79255.1

Fusarium oxysporum chrysovirus 1 ABQS53134.1
Helminthosporium victoriae virus 145S AAMO68953.1

Isaria javanica chrysovirus 1 APR73428.1

Macrophomina phaseolina chrysovirus 1 ALD89090.1
Penicillium chrysogenum virus AAMI5601.1

Persea americana chrysovirus AJA37498.1

Raphanus sativas chrysovirus 1 AFE83590.1

Shuangao chryso-like virus ASA47445.1

Verticillium dahliae chrysovirus 1 ADG21213.1

Chrysoviridae Betachrysovirus Alternaria alternata chrysovirus 1 BB(C27878.1
Botryosphaeria dothidea chrysovirus 1 AGZ84312.1

Colletotrichum fructicola chrysovirus 1 AXP19674.1
Fusarium graminearum dsRNA mycovirus 2 ADW08802.1

Fusarium graminearum mycovirus China9 ADU54123.1

Fusarium oxysporum f. sp. dianthi mycovirus AKPA45145.1

Magnaporthe oryzae chrysovirus 1-A BAJ15133.1

Magnaporthe oryzae chrysovirus 1-B BA020927.1

Penicillium janczewskii chrysovirus 1 ALOS50142.1

Penicillium janczewskii chrysovirus 2 ALOS50149.1

Totiviridae Giardiavirus Giardia lamblia virus AABO1579
Leishmaniavirus Leishmania RNA virus 1 - 1 AAB50024

Leishmania RNA virus 1 - 4 AAB50028

Leishmania RNA virus 2 - 1 AAB50031

Totivirus Saccharomyces cerevisiae virus L-A AAA50508

Saccharomyces cerevisiae virus L-BC AABO02146

Ustilago maydis virus H1 AAA81884

Trichomonasvirus Trichomonas vaginalis virus 1 AAA62868

Trichomonas vaginalis virus 2 AAF29445

Trichomonas vaginalis virus 3 AAL37370

Victorivirus Botryotinia fuckeliana totivirus 1 CAM33265

Coniothyrium minitans RNA virus AAO14999

Epichloe festucae virus CAKO02788

Fusarium asiaticum victorivirus 1 AYDA49682

Fusarium poae victorivirus 1 BAV56302

Gremmeniella abietina RNA virus L1 AAK11656

Helicobasidium mompa totivirus 1-17 BAC81754
Helminthosporium victoriae virus 190S AAB94791.2

Magnaporthe oryzae virus 1 BADG60833

Magnaporthe oryzae virus 2 BAF98178

Sphaeropsis sapinea RNA virus 1 AAD11601

Sphaeropsis sapinea RNA virus 2 AAD11603

Totiviridae suspected Unclassified Eimeria brunetti RNA virus 1 AAK26438
Infectious myonecrosis virus AAT67231.2

Alternaviridae Alternavirus Alternaria alternata virus 1 BAF94335.1
Aspergillus foetidus dsSRNA mycovirus CCD33020.1

Aspergillus heteromorphus alternavirus 1~ AZT88575.1
Aspergillus mycovirus 341 ABX79997.1
Fusarium graminearum alternavirus 1 AUG68999.1

Fusarium incarnatum alternavirus 1 AYJ09265.1
Fusarium poae alternavirus 1 BAV56306.1
Stemphylium lycopersici mycovirus AXU25965.1




Table 1-5. Genbank accession list of replicase of viruses in the proposed family Polymycoviridae and the family Astroviridae and
Caliciviridae used for multiple alignment and phylogenetic analysis .

Class Order Family Genus Virus name Accs(s)swn
Pisoniviricetes  Picornavirales Caliciviridae Bavovirus Chicken calicivirus ADNS88287.1
Lagovirus European brown hare syndrome virus CAA93445.1
Lagovirus Rabbit hemorrhagic disease virus AAA47285.1
Minovirus Fathead minnow calicivirus AQM56929.1
Nacovirus Turkey calicivirus AFH89833.1
Nebovirus Newbury-1 virus AAY60849.1
Norovirus Norwalk virus AAB50465.1
Recovirus Tulane virus ACB38131.1
Salovirus Atlantic salmon calicivirus AHX?24375.1
Sapovirus Sapporo virus ADG03646.1
Valovirus St-Valérien calicivirus ACQ44559.1
Vesivirus Feline calicivirus AAA79326.1
Vesicular exanthema of swine virus AAG13641.1
Stelpaviricetes Stellavirales Astroviridae Avastrovirus Avian nephritis virus 1 BAA92848.1
Duck astrovirus C-NGB ACNS82428.1
Turkey astrovirus 1 CAB95006.3
Mamastrovirus Human astrovirus 1 CAAS81033.1
Mink astrovirus 1 AA032082.1
Ovine astrovirus 1 CAB95003.1
Unclassified Unclassified ~ Polymycoviridae Polymycovirus Aspergillus fumigatus polymycovirus 1 AXE72937
Aspergillus fumigatus tetramycovirus 1 CDP74618.1
Aspergillus spelacus tetramycovirus 1 AYP71805
Beauveria bassiana polymycovirus 1 CUS18598
Beauveria bassiana polymycovirus 2 CUS18599
Beauveria bassiana polymycovirus 3 CUS18606
Botryosphaeria dothidea RNA virus 1 AKE49495
Cladosporium cladosporioides virus 1 AIIB0567
Colletotrichum camelliae filamentours virus 1 ASV63092
Fusarium redolens polymycovirus 1 QDH44656
Magnaporthe oryzae polymycovirus 1 QAU09249
Penicillium brevicompactum tetramycovirus 1 AYP71801
Penicillium digitatum polymycovirus 1 AVZ65983
Phaeoacremonium minimum tetramycovirus 1 QDB74985
Sclerotinia sclerotiorum tetramycovirus 1 AWY10945
Unclassified Unclassified Unclassified Unclassified Hadaka virus 1 BBU94038.1




Table 1-6. Genbank accession list of replicase of viruses in the family Tombusviridae and their unclassified relatives used for multiple

alignment and phylogenetic analysis .

Class Order Family Subfamily Genus Virus name Acclf(s)smn
Tolucaviricetes Tolivirales Tombusviridae Procedovirinae Betacarmovirus Beihai tombus-like virus 1 APG76346
Turnip crinkle virus AAA96969
Gamma- Cowpea mottle virus AAC54603.1
carmovirus
Machlomovirus Maize chlorotic mottle virus ACA57840.1
Pelarspovirus Rosa rugosa leaf distortion virus AGF70694.1
Rose yellow leaf virus AGF70700.1
Tombusvirus Tomato bushy stunt virus AABO02535
Zeavirus Trailing lespedeza virus 1 ADY69093.2
Calvusvirinae Umbravirus Carrot mottle mimic virus ACJ03572.1
Pea enation mosaic virus 2 AAU20330.2
Tobacco bushy top virus AANG62863.2
Unclassified  Unclassified Beihai tombus-like virus 6 APG76145.1
Beihai tombus-like virus 8 APG76205
Changjiang tombus-like virus 8 APG76241
Diaporthe ambigua RNA virus 1 AAF22958
Hubei tombus-like virus 11 APG76556
Hubei tombus-like virus 12 APG76520.1
Macrophomina phasi(i)l{;r;a;mgle-stranded RNA ALDR9104.2
Magnaporthe oryzae virus A AJA41112.1
soybean leaf-associated ssRNA virus 1 ALM62232.1
soybean leaf-associated ssSRNA virus 2 ALM62236.1
soybean leaf-associated ssSRNA virus 3 ALM62246.1
Verticillium dahliaec RNA virus 1-B4.3 AQM49992.1
Wenling tombus-like virus 1 APG76584.1
Wenzhou tombus-like virus 5 APG76630.1
Sclerotinia sclerotiorum umbra-like virus 1~ AHE13862.1




Table 1-7. Genbank accession list of replicase of viruses in the phylum Negarnaviricota and their unclassified relatives used for multiple
alignment and phylogenetic analysis .

Subphylum Class Order Family Genus Virus name Acclf(s)swn
Haploviricotina Monjiviricetes Mononegavirales Nyamiviridae — Nyavirus Nyamanini virus ACQ94985.1
Socyvirus soybean cyst nematode virus 1 AEF56729
Berhavirus Beihai rhabdo-like virus 3 APG78650.1
Orivirus Orinoco virus ANQ45640.1
Crustavirus Wenzhou crab virus 1 AJG39154
Tapwovirus Wenzhou tapeworm virus 1 APG78764.1
Bornaviridae Bornavirus Borna disease virus 1 AAA20228.1
Lispiviridae  Arlivirus Lishi spider virus 2 AJG39111
Sanxia water strider virus 4 AJG39115
Tacheng tick virus 6 AJG39142
Polyploviricotina Ellioviricetes  Bunyavirales Leishbuviridae Shilevirus Leptomonas moramango leishbunyavirus ANJ59510
Unclassified Phytomonas sp. TCC231 leishbunyavirus 1 ~ AUF41956
Hubei bunya-like virus 5 APG79301
Phenuiviridae Beidivirus Hubei diptera virus 3 APG79285
Coguvirus Citrus virus A AYN78568
Citrus concave gum-associated virus AST13127
Watermelon crinkle leaf-associated virus 1~ ASY01340
Watermelon crinkle leaf-associated virus2 ~ ASY01343
Goukovirus Gouleako virus AEJ38175
Horwuvirus Wuhan horsefly virus AJG39260
Hudivirus Hubei diptera virus 4 APG79298
Hudovirus Hubei lepidoptera virus 1 APG79261
Mobuvirus Mothra bunyavirus AQOF41426
Phasivirus Badu virus AMA19446
Phlebovirus Rift Valley fever virus ABDS51507.1
Pidchovirus Pidgey virus AOX47534.1
Rubodvirus Apple rubbery wood virus 1 AWC67511
Apple rubbery wood virus 2 AWC67530
Tenuivirus Rice stripe tenuivirus BAA06677.1
Wubeivirus Wauhan fly Virus 1 AJG39259
Unclassified Unclassified Beihai bunya-like virus 1 APG79237
Beihai sesarmid crab virus 5 APG79283
Entoleuca phenui-like virus 1 AVD68666.1
Fusarium poae negative-stranded virus 2 BAV56313
Hubei bunya-like virus 3 APG79267
Hubei bunya-like virus 4 APG79335
Ixodes scapularis associated virus-5 AUW34407
Laurel Lake virus ASU47549
Lentinula edodes negative-strand RNA virus 2 BBI93118.1
Rhizoctonia solani negative-stranded virus 4 ~ ALD89133
Sclerotinia sclerotiorum negative-stranded
RNA virus 5 AHF48633
Severe fever with thr\(;gl&asocytopenla syndrome ATW62994
Shahe bunya-like virus 1 APG79317
Shayang ascaridia galli virus 1 APG79325
Wuhan Spider Virus AJG39269




3. ME

3-1. R THRHFHBITICLI2EREROBOHE

FHB BHEH 2 L 7 v 3 VIZHEND 16 HHK, BSM BEREK = L 7
vaiZEEND 13 HEKRIC O W T, Transcription elongation factor 1a &
¥ (TEFla) 3 %\ X Internal transcribed spacer (ITS) FH K D M & &6
SYEFVFELMEIC DWW F RN L0 PR R O HEE & 1T
o7 Ok (2016) , KH (2018)), AHFIE TH 2T HE S LT BRBE
B 4 BRSPS 247 9 729 . BLASTn f@HTIC X 0 ITS fHIK
O IEEIVELUMEICE SV RO EZIT o7, TOREK. AH-1 .
AH-4 BRIZ P OEER & L CH S D Trichoderma viride (58 4 X
Hypocrea rufa) & 1TS fEI O R HVHALIERE2—F L TH Y | AR
DELD2WKTH D EHEE SN (Table 1-8), AH-2 ¥k, AH-3 BRI
Diaporthe longicolla. D. phaseolorum & & b & WECFEBME (2

99.13%.98.80%) A/ R L7 MO . INLOMIZET D EHTE I LT,

3-2. UANARPREROERK
dsRNA OEFRO A EALFRR L LT, REDHE 4 K015 U A L XK
Ye k2 @ L7z K58 dsRNA 27 e — A F VERIKENC L 0 0B,
AT L L 72sE /. AH-1 Bk, AH-4 BRiICZ N £ 1K 4 kbp, £ 5 kbp @
dsSRNA O BN FER S iz v A L 2P E Ik & L Ci®k L 7= (Fig.

1'5)0

3-3.  RNA-seq IZ X 5 EEFI 45
FHATHAET (kB (2018)) THLATWEHREREFH=2 L7 v a v
WCERET DA NRTHEO T ) LI Z RICFRRERN T T4 ~—%
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Table 1-8. BLASTN hit table of ITS region of environmental fungal strains.

Fungal strain Experimental fungal species (ITS) Identity
AH-1 Trichoderma viride (Hypocrea rufa) 100.00%
AH-2 Diaporthe longicolla 99.13%
AH-3 Diaporthe phaseolorum 98.80%

100.00%

AH-4

Trichoderma viride (Hypocrea rufa)




& L. RT-PCR K& O 3'RLM-RACE {2 & 2 F ¥ v 7 E I KB 41 o B
HrRslz, TORME, sHOUVA NVADEE2EY 7 AB5, KO3 HE
DY ANADFERE 2 — REEE S| (CDS) % 1572 (Table 1-9), BLASTX
it HT D fE F . Ep-N27 ¥k 2 1L Hypoviridae Bt . Mitoviridae £+ O v A /L A 3
LSO 2HERT D, ZN6EENENISH+ssRNA T/ Lz b
DU A INAToH D, Hypoviridae FHIZ R 726 3 2O 7 v —7F
(Alphahypovirus J& . Betahypovirus J&., Gammahypovirus J&) ~® 43 JH
DI I LT A A (Khalifa and Pearson, 2014; Suzuki et al., 2018; Xie,
2014; Yaegashi et al., 2012) ., K7 A /L ZEF]I% Betahypovirus J& 7 A /L
A Fusarium oxysporum dianthi hypovirus 2 (FodHV2) @ RdRp & i KD
7 X R AIFELIYE (E-value: 0 e, Identity: 58.97%) %/~ L7, Z Ofk
£ 5, Betahypovirus O VANV AL LTEHEMIZZDOT A ILVA%E
Fusarium nelsonii hypovirus 1 (FnHV1) &4 L 72, Ep-N27 @ Mitovirus
I Plasmopara viticola lesion associated mitovirus 7 (PVaMito7) @ RdRp
E e R OBV (E-value: 0 e, Identity: 80.42%) Z/RL72, Z O
RPBART ANV A% FaMVL S RFEO R T A L Ak E L TEH ERIZ
Fusarium nelsonii mitovirus 1 (FanMV1) & 4 L7z, AE K2 1L FnHV1,
FnMV1 PIAHIZ, NCBI 7 — 2 R — 2 L B RE S L ~r 7 X/ BRI
I N THUBMEZ R TESPABREHS A 2RI ARSI A TWD
(Table 1-9) o AEHNITIXELA D KEB Sy & 5 % Open reading frame (ORF)
EHTLHEINEHINSGD, TOHKRPAHTHLLI O ENICY
A )V AKEL S (Virus-like sequence: VLS) 1 &4 L7=, Ep-BL12 ££(Z
BT D20 A NVADT ) NEFNT Mitoviridae B Mitovirus J& O v A b X
T & % Ophiostoma mitovirus 7 (OnuMV7) @ RdRp & #x K O B 51 %86 {2

(E-value: 4 e%7, Identity: 36.22%) /R L7272 KU A )L A % Mitovirus
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Table 1-9. Summary of viral sequences detected from FHB-associated Fusarium strains.

Host Virus Seq completion
Strain Fungal Genus Virus Abbreyv. Segment Length (nt) CDS Genome
species name no.
Ep-N27 F. nelsonii Betahypovirus  Fusarium nelsonii hypovirus 1 FnHV1 1 10,571 v v
Mitovirus Fusarium nelsonii mitovirus 1 FnMV1 1 2,388 v
Unknown Virus-like sequence 1 VLSI1 - 2,552 V4
Ep_Ble ......... F boorh”Mlmwms Fusarlum bOOthu mltowmsz .............. FbMV2 ................ 1 ................ 3 ’033 .............. ‘/ .......................
Ep9625 Fagsporum  Alemavins Fusariumoxysporumaltemavis | FoxAVI 1 354 & o
2 2,474 v v
3 2,460 v v
EpBL2l F agsporum  Unclassified Fusarium oxysporum hadaka virus 2 FoxHadV2 1 2538 & o
2 2,339 v v
3 2,187 v v
4 1,335 v
5 1,135 v
6 1,049 v v
7 1,022 v v
8 918 v
9 911 v
10 905 v v
11 866 v
Ep_BL13* ........ Fbwth”UnCIaSSIﬁedFusarlumbomhulargeﬂexwlms1FbLFVl ................ 1 ............... 1 2’579¢ ........... \/ .......
D-RNA 2,408 v v
Mitovirus Fusarium boothii mitovirus 1 FoMV1 1 2,802 v v
Ep-BLM* ........ FbooﬂmlewmsFusarlumbOOthllmltOVlmSI .............. FbMVl ................ 1 ................ 2 801¢ ........... \/ .......
Ep_N28* ......... F boorh”Mlmwms Fusarlum bOOthu mltowmsl .............. FbMVl ................ 1 ................ 2 ’8 02 .............. ‘/ ........... ‘/ .......

*Mizutani et al., 2018



Table 1-9. (continued)

BLASTX
Host Virus Description C(S:‘:';Ze E-value Identity Accrf(s).sion
Ep-N27 FnHV1 polyprotein [Fusarium oxysporum dianthi hypovirus 2] 77%  0.E+00 58.97% QHI00074.1
FaMy]  RTVA-dependent RI\;‘:S ggﬁﬁf&gﬂjﬁj’p ara viticola lesion 500, 409 80.42%  QIR30231.1
VLS1 No significant similarity found - - - -
EpBLI2  FbMV2  RNA-dependent RNA polymerase [Ophiostoma mitovirus 7] 59% ~ 4E-87  3622%  AGTSSS77.1
Ep-9625 FoxAvl  ‘NA-dependent RN/: 1It):r1ny$frr2:el ][F usarium incarnatum g5, o p o 86.38%  AYJ09265.1
ORF?2 protein [Fusarium incarnatum alternavirus 1] 87%  0.E+00 81.64% AYJ09266.1
ORF3 [Fusarium graminearum alternavirus 1] 90%  0.E+00 82.91% AUIR0777.1
EpBL2I  FoxHadV2  RNA-dependent RNA polymerase [Hadaka virus 1] 95% O.E+00  9440%  BBUSAO3S.1
hypothetical protein [Hadaka virus 1] 92%  0.E+00 94.31% BBU94039.1
methyltransferase [Hadaka virus 1] 89%  0.E+00 94.51% BBU94040.1
hypothetical protein [Hadaka virus 1] 57%  2.E-58 54.30% BBU94041.1
hypothetical protein [Hadaka virus 1] 61% 3.E-152 93.13% BBU94042.1
hypothetical protein [Hadaka virus 1] 30%  6.E-65 93.52% BBU94043.1
hypothetical protein [Hadaka virus 1] 36% 2.E-26 46.03% BBU94045.1
No significant similarity found - - - -
hypothetical protein [Hadaka virus 1] 48%  1.E-48 55.41% BBU94047.1
hypothetical protein [Hadaka virus 1] 53% 1.E-42 49.38% BBU94046.1
hypothetical protein [Hadaka virus 1] 16%  4.E-05 54.17% BBU94048.1
Ep-BLI3* FbLFy] PUive RNA'depegﬁ;ﬁ;ﬁ?ﬂ%‘;gﬁﬁﬁf [Leptosphaerulina  cho  (£100 31.67%  QDB74984.1
FbMV1 RNA-dependent RNﬁl ﬁ(o’lvylrrnuesrﬁe [Nigrospora oryzac 83%  0.E+00 50.95%  AZP53928.1
Ep-BL14*  FbMVI RNA-dependent RN‘; ﬁ(o’lvyl‘rnuesrﬁe [Nigrospora oryzae 83%  0.E+00 51.07%  AZP53928.1
epagr pomyi  RNA-dependent RNA polymerase [Nigrospora oz gso oni soose azpsions

mitovirus 1]

*Mizutani et al., 2018



J& 7 A /b A & L T Fusarium boothii mitovirus 2 (FbMV2) &4 L7z,

Ep-BL13 ¥k (2% Mitovirus J& & Y Tymovirales H D7 A )L A5 1 T D
YT %, Mitovirus J& 7 A /v AL BLASTX fi##T 7> & Nigrospora oryzae
mitovirus 1 (NoMV1) @ RdRp 7 I / BEE I & & KR OESIZELLME (E-
value: 0 e, Identity: 50.95%) Z/R L7-72® ., Mitovirus BV A /v A & LT
#j 7E WJ1Z Fusarium boothii Mitovirus 1 (FbMV1) & fiv4 L 7=, Ep-BL14 £
F OV Ep-N28 ¥R 121X FOMVI1 & L UL TH 98% D Bl FIEE B 2 /x4
DANANEGELTEY, ZALITFOMVI ORL DT A VAR TH D
EEZ b, Tymovirales B ® 7 A /b ZAEFIX BLASTX AT D # R
Leptosphaerulina chartarum flexivirus 1 (LcfV1) @ RdRp 7 X / EEEL %I &
&K OB HEB M (E-value: 0 e, Identity: 31.67%) % /x L7272,

Tymovirales H ® 7 A )b A2 & L T ¥ & M T Fusarium boothii large
flexivirus 1 (FbLFV1) & L7z, £72, RERICIEL FOLFVI O N ER AL
O KRE S (1,066 nt -11,235 nt) 23 KK L 72K & 2,408 nt @D Defective
RNA (D-RNA) RWEMET 52 L b b0 &7 o7, Ep-96/25 FRIC T AR TK
AN AR T ® 5 Alternaviridae £} Alternavirus JE D 7 A L A |

Fusarium incarnatum alternavirus 1 (FiAV1) ¢ RNA1 }& " 2, Fusarium
graminearum alternavirus 1 (FgAV1) @ RNA3 & i K @ Bl FI1FE U4 (RNAT:
E-value: 0 e, Identity: 86.38%; RNA2: E-value: 0 e, Identity: 81.64%; RNA3:
E-value: 0 e, Identity: 82.91%) /"3 3 DO HE %5 dsRNA BNEHET 5,
ZDFRERIN B AR T A )V A % Alternaviridae BHIZE T H5 VA VA E L TH
7E WJ|Z Fusarium oxysporum alternavirus 1 (FoxAV1) & 4 L 7=, Ep-BL21
FRICIZE S8 800 bp - #J 2.5 kb @ dsRNA MREMET 25 (Fig. 1-3B),

BLASTX T O fii K. /AW OB Y A )L X T % Hadaka virus 1

(HadV1) @ RdRp 7 X / BB A & i K OB FE LM (E-value: 0 e,
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Identity: 94.40%) Z R~ T AN EZEN DL Z L BB E 72 o 7 (Table 1-
3), HadV1 % 11 438 RNA 7/ L2 A9 57, Ep-BL21 kx5 1% D
N RNA7 ZBr< 10 i &R Z 79 10 Bldl, KO h b onTh
EHLHUMEEZ RS2V 1 DORAMPEBEINTEY, KU AL ARD
< B 10FEDO RNAZF 7 A L THSZ ENHENIENL, RdRp
DT 2 BRESIELENRBEEFEICHE N END AT AL A% HadVI & [A]
BMORZDUANAKE L TEEMIZ Fusarium oxysporum hadakavirus
1 (FoxHadV1) &4 L7=, RT-PCR X O* 3'RLM-RACE |2 £ ¥ FnHVI,
FbMV1/Ep-BL13, FbMV1/Ep-BL14, FbMVI1/Ep-N28, FbLFV1, FbLFVI
D-RNA. FoxAV1 D% aK 7 / LS KN FaMVL, VLS1, FbMV2,
FoxHadV1 ® 74K CDS B4 % G L 7z,

BSM Bk = L 7 v 3 O, F8924 k. FA1837 ¥k UF FA2242
R bH U AL ZHk dsRNA Zfili . K58 L | Illumina Hiseq (2 & % #8 #&
R BL A B AG 21T o 7o, BESIAREATIC LR L 72 & H #k © dsRNA H 7r O B X
KEN D RERIL Fig. 1-7I R Lc, B TANBHELNTLERINT — 2 D
BEEE Table 1-10 1R L2, T/ AT 7 U OFEF F8924 Kk, FA1837
. FA2R242 BKO®SN T —Z Inb 2 E4 83, 35 KON 98 D a7 1 7
A NESENTZ, T—H_X—=Z2 LOBEMD T A )V A & O FLHIEE P
M. T 4 TEIIOFE AN v DI ESE FEENPOZREN 13

(851 nt—2,544nt), 1 (13,109 nt), 7 (2,418 nt-2,725nt) D =2 > T A
JRANEHEE T A VAR E LTk L7z (Table 1-11), F8924 £k D #
E DA VAR A% BLASTX fiE#T I 30 L 72 5 2 .NODE_2 % ) NODE 4
MBEH DO~ A a7 A4/ AD RARp 7 X / BEELHI] & FALIME % 7= L 7= (Table
[-11)s NODE 2 I RSBV A /LA ToHh 5 Hadaka Virus 1 (HadV1l) @

RdRp B (RNA1) & & KO EFNFEL M (E-value: 0 e, Identity: 86.35%)
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Figure 1-7. Agarose gel electrophoresis of dsSRNA samples used for RNA-seq analysis.
White arrowheads indicate visible dsSRNA bands.



Table 1-10. Sequence information of RNA-seq analysis.

Sample num_seqs sum_len min_len avg_len max_len
F8924 231,024 15,230,509 20 65.93 77
FA1837 80,978 5,391,822 20 66.58 77
FA2242 588,732 39,558,717 20 67.19 77




Table 1-11. Results of de novo assembly and BLASTX analysis using RNA-seq data.

Strain NODE Length Average Description E-value Identity Accession
name no. (nt) coverage (x) no.
F8924 2 2,544 146.2 RNA-dependent RNA polymerase [Hadaka virus 1] 0.E+00 86.35%  BBU94038.1

RNA-dependent RNA polymerase [Plasmopara viticola

0,

4 2,393 11.5 Jesion associated mitovirus 7] 0.E+00 90.06% QIR30231.1
5 2,376 255.7 hypothetical protein [Hadaka virus 1] 0.E+00 83.47% BBU94039.1
6 2,182 167.1 methyltransferase [Hadaka virus 1] 0.E+00 83.23% BBU94040.1
9 1,354 159.7 hypothetical protein [Hadaka virus 1] 4.E-107 62.60% BBU94041.1
10 1,239 160.2 hypothetical protein [Hadaka virus 1] 3.E-39 6542% BBU94043.1
13 1,175 192.0 hypothetical protein [Hadaka virus 1] 1.E-123  76.42% BBU94042.1
15 1,037 335.5 hypothetical protein [Hadaka virus 1] 8.E-127 77.45% BBU9%4044.1
16 958 103.6 No significant similarity found - - -

17 940 187.8 hypothetical protein [Hadaka virus 1] 7.E-04 27.03% BBU94046.1
18 917 128.7 No significant similarity found - - -

19 882 184.4 No significant similarity found - - -

21 851 89.1 No significant similarity found - - -

FAIS37 1 13,110 1398 hypothetical protein FgHV1gp2 [ Fusarium 0.E+00  39.06% YP_009011065.1
graminearum hypovirus 1] -
FA2242 2% 2,725 220  RNA-dependent RNA gﬁzﬁ;‘se [Ophiostomaminus o b oo 70400  CAI34336.1
3 2,650 3637 RNA-dependent RNA polymerase [Soybean leaf- - k.00 g3 1205 ALM62240.1
associated mitovirus 5]
4 2629 44721  RNA-dependent RNA polymerase [Botryosphacria ;& 130 41 6400 QMU24933.1
dothidea mitovirus 1]
6 2,577 341.1 RNA-dependent RNA polymerase [Soybean leaf- ) b1 76 9600 ALM62249.1
associated mitovirus 4]
7 2473 926.8 RNA-dependegt RNA pc.)lymera.se [Plasmopara viticola 0.E+00 59.11%  QIR30249.1
lesion associated mitovirus 26]

8* 2,421 15.2 coat protein [Botrytis cinerea victorivirus 1] 6.E-165 48.04% QBA69888.1
9 2,418 186.6 RNA-dependent RNA polymerase [Plasmopara viticola 0.E+00 73.52%  QIR30269.1

lesion associated mitovirus 46]




o L7l HadVl SRFEDOR Y A V2K E L THEMIZ Fusarium
equiseti hadakavirus 1 (FeHadV1) &4 L7-, HadV1 % 11 43 &i® RNA
DYET I LELTHESDUVANVLATHY, #ET ANV AR HIZIX
HadV1 O 53857 7 5 DN, RNAL Z#BR< 72048 7 7 & (RNA2-7 K&
Y RNA9) &7 2 /L~ T RKOBEPME (E-value: 0 e - 7.0 ¢,
Identity: 27.03% - 83.47%) % <7 & & 940 nt - 2,376 nt DEFI GO 5
Aulz (Table 1-11), £72, AEKOHEE 7 A /L ABLF) H112 1% BLASTX fif
MroOfERE NCBI F— X _X—2 LD 7T I 7 BRES O W &b ELHIEEL
2RIV ABRITINEEND, ZNOLOBRIOFEE L v (89.1
X - 184.4 x) 1315 = RNA HRDE S DR BN v Y (K 6x) £V
LRI RKRE NI &6, dsRNA & LT F8924 #RICERE T 5 Z & AR
BEhz, TS ORI FeHadVl O3 7 7 LH K TH D 5 % 4
WZiE, B—=TU A V2 THRAFESIN D RUELY O L 72 & O RRGEN LB T
» 5., NODE 4 X Mitovirus J& A > " — L HE STV 5 Plasmopara
viticola lesion associated mitovirus 7 (PVaMito7) & & K @ B FIE LU (E-
value: 0 e, Identity: 90.06%) %/~ L7272 . PVaMito7 L RIFfED #7225 ¥
AV ARRE LT, ®EMIC Fusarium equiseti mitovirus 1 (FeMV1) & fi
£ LTz,

FA1837T KR B b 7o ME— D HEE 7 A /L A EL ] 2 BLASTX fig #7 1 fit
# L 72 #% % . Alphahypovirus J& 7 A /L A | Fusarium graminearum hypovirus
1 (FgHV1) O=a— RT25E8MEZEOT I 7 BEY] & i KO B S EE P

(E-value: 0 e, Identity: 39.06%) %/~ L7c (Table 1-11), Z DR NG |
HEMIZA T A )V A% Hypoviridae £} Alphahypovirus J& 7 A /L A O — i
L L T Fusarium sambucinum hypovirus 1 (FsamHV1) & 4 L 7=, 3'RLM-

RACE |2 X 2 KB HN G ZIT W AT A NV ADEEREYT /) AELF &2 R
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E L7,
FA2242 R DHETE ¥ A /v AFLS % BLASTX fENTICHER L7258, 7B
BT RTBBEMO~ A 2T AV ADa— KT 55 0 378 EHEUM
RL72 (Table 1-11), £® 5 H o 2 EF| (NODE 2 &' NODE 8) (&
Totiviride F} Victorivirus J& 7 A /v A C & % Botrytis cinerea victorivirus 1
(BcVV1) @ RdRp. Ophiostoma minus totivirus (OmTV1) D #%k % /3
78 (CP) & ROESVEML M (£ £ 4, E-value: 0 e, Identity: 70.40%
S TN E-value: 6 €719, Identity: 48.04%) %~ L 7=, Totiviridae FHIZJBT %
TANVAT IS E O dSRNA 7/ L2 B LTEBY, 2Ok R
$H B2 CP XY RARp & Z DJEIZ = — R4 5 2 DD K& 72 ORF 2
ELTWB, H#E T AV ABHIFITIZZ NS LA Totiviridae B A
WA ERANBEUEZ TR T bORABEINAT. 26D 2 DORSINE
— @ Totiviridae B VANV AD T 7 MWK T L EHESINT, T %
TN ICH W S5 RARp BLAI DS Victorivirus J& 7 A /v A & e K O KL
EE R L, AU A )L A% B EMIC Fusarium sambucinum
victorivirus 1 (FsamVV1) &4 L7c, T4 6 DORELHIZ FIZ RT-PCR &
Y 3'RLM-RACE %47\, KU A NV ADEERES ) LRI ZRE LT,
Y o 5EF (NODE 3-7 & O NODE 9) X7 X TREZEI D Mitovirus J&
U A LA @D RARp BLAI & e K DB LM (E-value: 0 e - 0 e, Identity: 41.64%
- 82.12%) R L), HEMNIZZIN S OY A /L X% Fusarium
sambucinum mitovirus 1 (FsamMV1), Fusarium sambucinum mitovirus 2
(FsamMV2) . Fusarium sambucinum mitovirus 3 (FsamMV3) . Fusarium

sambucinum mitovirus 4 (FsamMV4) . Fusarium sambucinum mitovirus 5

(FsamMVS) &4 LT,
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3-4.  FLDS IZ X 53 BiE

BSM BH# EkE 2 L 7 >3 DWW, F956 £k, F6134 fk, F8850 £k, F8979
PR & OY FA2241 ¥k BR 55 70 B Trichoderma J& H AH-1 Kk} OV AH-4 ¥k 2>
. K8 L 72 dsRNA Z W\ T FLDS IZ L % ¢cDNA 74 7 7 U Ek %
ATV, Hlumna Hiseq (2 & 2 BAAIFAEAT (5K L 72, BB AR AT (5K L 72 A
Bk D dsRNA [H 5y 8 KK B O 5 BT Fig. 1-8 12, &6 7-8HT —% D
BEZE L Table 1-12 2R LTz, T /R T BT U OFER. FI56 . F6134
B, F8850 Bk. F8979 #k. FA2241 #k. AH-1 kXK O AH-4 Kk D/ 7 —
ZINDHENZEI 30, 55, 52, 19, 44, 13K R21 DT 0 7R3 {F60
oo T—HX—=2LOBEMDO T A NVAFIEORIEELME, 2T 4 7
AN DYERE TN Ly DICHESE  FEKR NS TN L 3 (1,634nt-2,477
nt), 18 (733 nt-3,368nt), 19 (354 nt-5,008nt), 10 (111 nt-3613nt)
17 (213 nt - 10,547 nt) . 3 (2,667 nt - 7,755 nt) } O* 10 (220 nt - 2,706
nt) OaALT 4 VR EHETE T AL ARSI E L C@BE L7 (Table 1-13
to 1-19),

FO56 Bk B 4G LT HEE ¥ A /v ABLF| % BLASTX fEHTIC 3K L 72 %
R, O~ A a4 2N EBHUMELZRTESN 3> (NODE_S -
7) BF b7z (Table 1-13), NODE_5 X Mitovirus J& DHETE A v X —Th
% Bremia lactucae associated mitovirus 1 ® RdRp 7 X / BREZ 51| & iz K D
MM (E-value: 0 e, Identity: 58.11%) Z#/R L7, ZORENL., Av
A v A BB & Mitovirus J& O HEE A N — & L THE EMIZ
Cylindrocladium peruvianum mitovirus 1 (CperMV1) & 4 L 7=, NODE_6
&% O NODE 7 1% #LZ 4 Gammapartitivirus J& 7 A /v A T & % Fusarium
solani virus 1 (FsV1) ® RNA1, RNA2 & = Z ik KOBELHIFELIME (B-

value: 0 e, Identity: 99.23% }% T E-value: 0 e, Identity: 82.64%) %~ L 7=,
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Figure 1-8. Agarose gel electrophoresis of dsRNA samples used for FLDS-mediated
sequencing analysis.
White arrowheads indicate visible dsSRNA bands.



Table 1-12. Sequence information of FLDS-mediated sequencing analysis.

Sample num_seqs sum_len min_len avg_len max_len
F956 33,882 2,516,083 30 74.3 80
Fo134 174,382 12,916,702 30 74.1 80
F8850 79,366 5,733,951 30 72.2 80
F8979 103,861 7,655,133 30 73.7 80

FA2241 56,732 4,195,529 30 74 80
AH-1 228,275 16,534,805 30 72.4 80
AH-4 74,468 5,110,199 30 68.6 80




Table 1-13. Results of de novo assembly using FLDS data of F956.
BLASTX
NODE Length Average Description Query E-value Identity Accession
no. (nt) coverage (x) coverage no.
5 2,477 224 RNA-dependent RNA polﬁ\t?rsues [{B]remla lactucae associated 85% 0.E+00 58.11% QIP68024.1

6 1,826 138.3 RNA-dependent RNA polymerase [Fusarium solani virus 1] 85% 0.E+00 99.23% NP_624350.1

7 1,634 75.9 capsid protein [Fusarium solani virus 1] 78% 0.E+00 82.64% NP_624351.1




Table 1-14. Results of de novo assembly using FLDS data of F6134.

BLASTX
NODE Length Average Description Query E-value Identity Accession
no. (nt) coverage (X) coverage no.
3% 3,368 61.9 hypothetical protein [F usarlu]lm redolens polymycovirus 62% 0.E+00 66.33% QDHA44657.1
5 2,686 6.2 RNA-dependent Riﬁnﬁ?‘lﬁferavsfr E]“a““m OXYSPOTUM = 7804 0.E+00 90.31% QPO14979.1
7 2463 87.5 RNA-dependent R}i‘?ﬁ‘;}ﬁiﬁ:i SF usarium redolens 93%  0.E+00 76.01% QDH44656.1
8 2,107 112.0 methyltransferase [Fusarium redolens polymycovirus 1] 88% 0.E+00 59.13% QDH44658.1
9 1,825 1304 RNA-dependent RNA polyril]erase [Fusarium solani virus 85% 0.E+00 99.23% NP _624350.1
10 1,655 76.2 capsid protein [Fusarium solani virus 1] 77% 0.E+00 82.64% NP_624351.1
1 1,368 141.1 putative Caps};gll;fz;‘zﬁlvgllsﬁr]lum redolens 62%  4.E-134 69.72% QDH44659.1
12 1,187 585 hypothetical protein [F usarlu]lm redolens polymycovirus 76% 4E-02 33.43% QDH44660.1
13 1,186 27.6 No significant similarity found - - - -
14 1,171 11.9 No significant similarity found - - - -
15 1,154 19.3 No significant similarity found - - - -
17%* 1,145 72.6 No significant similarity found - - - -
13 1118 4642 hypothetical protein [Fusarlu]lm redolens polymycovirus 41% SE-38 4641% QDHA44661.1
19%** 1,035 22.6 No significant similarity found - - - -
20%** 1,008 106.6 No significant similarity found - - - -
21%* 1,005 14.5 No significant similarity found - - - -
2 961 171 hypothetical protein [F usarlu]lm redolens polymycovirus 64% 1E-18 37.80% QDH44664.1
25 733 24.1 No significant similarity found - - - -

*Merged contig containing two independent genomic sequences

**Contigs possessing large ORF

***A contig possessing terminal sequence conserved among FsoPmV1 genomic segments



Table 1-15. Results of de novo assembly using FLDS data of F8850.

BLASTX
NODE Length  Average Description Query E-value Identity Accession
no. (nt) coverage (x) coverage no.
1* 5008 577 RNA-dependent RNAalIt):rlny:\l/?rrz:el ][F usarium INCarmatm — czo. 0 E+00 81.83%  AYJ09265.1
2 4,273 6.1 hypothetical protein [Rhizoctonia solani ambivirus 1] 24%  1.E-37 30.43% QMP84024.1
4 2,513 33.0 hypothetical protein [Fusarium poae alternavirus 1] 88%  0.E+00 77.79% YP_009272950.1
5 2,505 369 RNA dependent RNA polymergse .[Plas.mopara viticola lesion 79%  0.E+00 48.73% QGY72543.1
associated ourmia-like virus 13]
6 2,505 19.7 hypothetical protein [Aspergillus foetidus dsSRNA mycovirus]  86%  0.E+00 50.00% YP_007353983.1
7 2,163 54.3 ORF?2 protein [Fusarium incarnatum alternavirus 1] 95% 0.E+00 73.77%  AYJ09266.1
8 2,160 73  RNA-dependent RNA pgty;nngiisreumperglnus heteromorphus  o50.  £100 66.91%  AZT88575.1
10** 1,575 11.2 hypothetical protein [Aspergillus foetidus dSRNA mycovirus]  96%  0.E+00 38.67% YP_007353982.1
hypothetical protein WICANDRAFT 63510
sk _ 0 N o
11 1,442 44 [Wickerhamomyces anomalus NRRL Y-366-8] 10%  3.E-03 45.10% XP_019038216.1
12%% 1,369 16.3 RNA dependent Riﬁﬁgygirjjfn[l’;fperg‘”“s foctidus 95%  0.E+00 52.52% YP_007353985.1
13 1,279 69.1 No significant similairty found - - - -
14 1,087 44.1 No significant similairty found - - - -
16% 1,042 103 hypothetical protein AheAVI1_s2gpl [Aspergillus 89% 2.E-96 54.78% AZT88576.1
heteromorphus alternavirus 1]
17#*%* 1,003 60.2 No significant similairty found - - - -
18 743 38.9 No significant similairty found - - - -
20 513 19.9 No significant similairty found - - - -
21 460 493 No significant similairty found - - - -
25 366 324 No significant similairty found - - - -
27*%% 354 3.1 ORF2 protein [Fusarium incarnatum alternavirus 1] 48%  4.E-17 73.68%  AYJ09266.1

*Merged contig containing two independent genomic sequences
**Fragmented contigs
***A contig possessing terminal sequence conserved among FsoPmV1 genomic segments
***%A contigs possessing large ORF



Table 1-16. Results of de novo assembly using FLDS data of F8979.

BLASTX
NODE Length Average Description Query E-value Identity Accession
no. (nt) coverage (x) coverage no.
| 3.613 104.5 RNA-dependent RNA polyrperase [Fusarium sacchari 94% 0.E+00 97.89% QIQ28417.1
chrysovirus 1]
2 2,880 118.3 P2 protein [Fusarium sacchari chrysovirus 1] 91% 0.E+00 97.04% QIQ28418.1
3 2,845 105.3 putative coat protein [Fusarium sacchari chrysovirus 1] 87% 0.E+00 98.31% QIQ28419.1
5 2.428 789 PREDICTED: zinc finger .protelng homolog isoform X1 25%  3.E-08 30.95% XP_01319455
[Amyelois transitella] 8.1
6 1810 140.2 RNA-dependent RNA polymerase [Fusarium solani virus 1] 88% 0.E+00 99.20% NP_624350.1
7* 1,787 105.2 P4 protein [Fusarium sacchari chrysovirus 1] 99% 0.E+00 97.31% QIQ28420.1
8 1,663 68.6 capsid protein [Fusarium solani virus 1] 77% 0.E+00 82.64% NP_624351.1
10* 677 116.7 P4 protein [Fusarium sacchari chrysovirus 1] 87% 0.E+00 96.95% QIQ28420.1
13* 331 108.9 P4 protein [Fusarium sacchari chrysovirus 1] 67% 0.E+00 97.33% QIQ28420.1
19* 111 76.6 P4 protein [Fusarium sacchari chrysovirus 1] 97% 0.E+00 97.22% QIQ28420.1

*Fragmented sequences derived from a chysovirus genomic segment (RNA4)



Table 1-17. Results of de novo assembly using FLDS data of FA2241.

BLASTX
NODE Length Average Description Query E-value Identity Accession

no. (nt) coverage (x) coverage no.

1 10,547 23.6 polyprotein [Fusarium oxysporum dianthi hypovirus 2] 78%  0.E+00 56.87% QHI00074.1

2 3535 1521  RIVA-dependent leslzoifityerge;zfzv[ﬂa:%pm viticolalesion 500, 5100 59.11% QIR30249.1

3 2,690 116 RNA-dependent RNA p;li{;lzleizzesgsoybean leaf-associated 87%  0.E+00 82.12% ALM62240.1

4 2613 42.4 RNA-dependent RNA pglliyt;nveirrissel[]B otryosphaeria dothidea  ¢70. 5100 41.64% QMU24933.1

5 2.602 147 RNA-dependent RNA p;)lli)t/(r::/ehrize“gSoybean leaf-associated 54%  0.E400 78.86% ALMG62249. 1

6 2442 130  RNA-dependent R?&‘Zﬁ’xﬁiﬁzvﬂfﬁpara viticolalesion g 00 (5100 73.52% QIR30269.1
75 1,189 08 RNA dependent RNA polyiltilzzsle] [Sphaeropsis sapinea RNA 99%  0.E+00 67.68% NP 047558.1
g 787 2.1 RNA-dependent RNA foilizri’;s;‘i‘se [Ophiostoma minus 71%  0.E+00 79.26% CAJ34336.1
g 677 0.6 RNA dependent RNA pmyi?fizsf] [Sphaeropsis sapinea RNA 93%  0.E+00 54.72% NP 047558.1
13* 480 0.5 CP [Botryosphaeria dothidea victorivirus 2] 97%  0.E+00 75.64% QBAS82442.1
14* 469 0.8 CP [Botryosphaeria dothidea victorivirus 2] 99%  0.E+00 67.31% QBAS82442.1
15* 444 4.1 coat protein [Sclerotinia sclerotiorum victorivirus 1] 33% 1.E-06 50.00% AWY10936.1
17¢ 416 1.0 putative RNA depend:fyt;:gﬁrﬁglly]merase [Magnaporthe 650, 5 k05 3020% YP 122352.1
21% 388 0.6 RdRp [Botryosphaeria dothidea victorivirus 2] 98%  0.E+00 58.27% QBAS82443.1
32% 295 1.0 coat protein [Aspergillus foetidus slow virus 1] 95%  0.E+00 59.57% YP—22915082
35% 264 0.7 coat protein [Botryotinia fuckeliana totivirus 1] 96%  0.E+00 48.24% ADO60938.1
44% 213 05 RNA dependent RNA polymerase [Sphaeropsis sapinea RNA 98%  7.E25 67.14% NP 047558.1

virus 1]

*Fragmented sequences derived from single victorivirus genome



Table 1-18. Results of de novo assembly using FLDS data of AH-1.

BLASTX
NODE Length Average Description Query E-value Identity Accession
no. (nt) coverage (x) coverage no.
1 7,830 43.0 replicase [Entoleuca phenui-like virus 1] 88%  0.E+00 45.39% AVD68666.1

RNA-dependent RNA polymerase [Soybean leaf-associated
ssRNA virus 1]

3 2,741 39.8 movement protein [Entoleuca phenui-like virus 1] 34%  7.E-112 51.76% QCF40769.1

2 4,526 57.6 34% 1.E-164 52.62% ALMG62232.1




Table 1-19. Results of de novo assembly using FLDS data of AH-4.

BLASTX
NODE Length Average Description Query E-value Identity Accession

no. (nt) coverage (X) coverage no.

1 2,706 96.6 RNA dependent RNA pdygilfljzsf] [Sphaeropsis sapinea RNA 93%  0.E+00 62.02% NP 047558.1
2% 2,370 46.4 CP [Botryosphaeria dothidea victorivirus 2] 86% 0.E+00 73.86% QBAS2442.1
6** 453 0.3 replicase [Entoleuca phenui-like virus 1] 42%  3.E-17 54.69% AVD68666.1
12%* 344 0.3 hypothetical protein H2Bulk345013_000002 [Arenavirus sp.] 94%  5.E-30 46.30% QDHS88832.1
13%** 323 0.4 hypothetical protein [Soybean leaf-associated ssSRNA virus 1]  91%  4.E-11 35.51% ALMG62233.1
14%* 321 0.2 RNA-dependent RNA polymerase [Arenavirus sp.] 100% 2.E-33 50.47% QDH88831.1
16+ 253 03 RNA-dependent RNAS[;;){II}\/&e\rI?:LTS[IS]oybean leaf-associated 06% 2F-23 6543% ALM62232.1
17%** 250 0.5 replicase [Entoleuca phenui-like virus 1] 97%  6.E-23 56.79% AVD68666.1
19%** 243 0.4 RNA-dependent RNA polymerase [Riboviria sp.] 92%  1.E-26 68.00% QDH89546.1
21%* 220 0.3 replicase [Entoleuca phenui-like virus 1] 94%  3.E-02 34.25% AVD68666.1

*Fragmented sequences derived from single victorivirus genome
**Fragmented sequences derived from a phenui-like virus and an umbra-like virus



ZOFRERNPD, R ANV AELH|Z FsV1 ERIFEO R D07 A VAKE L
T E ) IZ Cylindrocladium peruvianum partitivirus 1 (CperPV1) & 4
L7z, U= KAV v P %7TIT CperMV1, CperPV1 O K il 51 & i &
L. B2 Z B L7,

F6134 R LG T HEE ¥ A NV AL H|Z BLASTX fEMTICHEE L 7=
FER. 3 OOEYINBEM DO~ A 27 A4 /LD RdRp 7 X / BEELHI & AL
%~ L7z (Table 1-14), 9 & NODE 5 % Botourmiaviridae ¥t Magoulivirus
J& O H#t E A > XN — T & % Fusarium oxysporum ourmia-like virus 1

(FoOuLV1) @ RdRp 7 X / R4 & & R O BLAIHLLH (E-value: 0 e,
Identity: 90.31%) /R L7z, ZDORENSEER Y A )V A % Magoulivirus J&
7 A LA L L THEMIZ Fusarium solani magoulivirus 1 (FsoMUV1) &
4 L7z, NODE 7 [ZKRKFR Y A VA TH D Polymycoviridae Fh
7 A )b A, Fusarium redolens polymycovirus 1 (FrPmV1) ® RdRp 7 X /
fefil ¥ & e KR OBLHIFELLPE (E-value: 0 e, Identity: 76.01%) % =k L 7=,
RKIANVABDA L N=L LTRBINLTWVWD U AL RIE 4 -8 55
RNA 7/ L&FHOZ LENRME SN TEY (Satoetal.,2020a), BLASTX
EMT DOFE R HEE 7 A L AEH I RARp & 22— R4 5 RNAL Ot (24
i/ 57 K4 T (RNA2 - RNAR) & i RO EASIFEBYE (E-value: 0 - 4
e?, Identity: 33.43 - 69.72%) Z I EIDBEEND Z EDBHLMNE RS
o ZORERNOL 2D 8ESNE T ) AL LTEHEDLAY A VA% FrPmV1
i o v A4 AL L CHEMIZ Fusarium solani polymycovirus 1

(FsoPmV1) & s Lic, 7/ ARMESNIL Y A v A ORI E 2 e 1%
HEH-TEBY, BET /) 22OV ANV A TIEENZE DR GRES
NETE SN TW5D (Kotta-Loizou et al., 2020; Patton and Spencert, 2000;

Vainio et al., 2018), ~/VF 7T T A4 A b2 XY FsoPmV1 O 48~
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JAD S -RKImE AN X & E ISR S B AI S RLH S v 7e (Fig. 1-9),
EFE O RNAL-8 (2% . BLASTX fif#r T7 — Z X— X L OB OEL S &
FERIME Z ) S 720 ELF (NODE 20) O KU IZ b R 7F S 7= B8 28 R 72
i, REHID FsoPmV1 7 ) AD—5HiThHDHZ EMBL R I
(Fig. 1-9), NODE_9 % CperPV1 ® RNAI1 & HEJEF L~/ T 100%D
BLA BRI 2 R LTz, HEE 7 A LV ABLHI 2L CperPV1 @ RNA2 LI
R LT 100% D EAVEE M 2 Rm TS b RIS, K
HERIZ X CperPVI1 & &< A U EE SO 7 A VAN EGET 5 2 &R
BENTZ, TOFRENSLART AL A% FsV1 KT CperPVI1 & [FFE D 57
LAV ARRE L CHERIC Fusarium solani partitivirus 1 (FsPV1) &
i Lic, AWEEKIZITZZNAGUSANZ, @m0 EH T ALy DE 2R T B
WTOREBENTWD (Table 1-14), L2 L7ZR235H NCBI 7 — % ~N— R
Rl ofdsl & BRI Vv T X ALY L L THE LM
R T ELHIA R S 4T, FsoPV1 X° FsoPmV1 IZ R 17 4 5 KBl 51 %
bLiolwniaw, BEMNIC VLS2-8 Em4 Lz, ZiauH DN VLSS, 6 K&
W 7T ELH DO K 0% S5 ORF S TRl & iz (Table 1-14), U —
RNy DIZESWTRImALS ZRE L, RNA6 ZFr< FsoPmV1 7
J I, FsoPV1 %7 /7 A, ROV VLSS -7 g2 RS Z s Lz,

F8850 MM B LN HEE ¥ A /L ABLH| Z BLASTX AT ICHEE L 72
R OBEMO~A a7 AL AD RIRp 7 2/ BEELH & P EZ RT 45
DOELHI MR 5 7z (Table 1-15), = ® W, NODE_1 (X BLASTX f##r & O°
=Ry BV ITO/RENDL 2 DOFINDOIATECTVIZEVAL
rEARINTHD EEZLN, 2 oD/ %] (NODE 1-1, NODE 1-2) (2
7 E L7, NODE 1-1 [ZRAEFB Y A L X558 #E D Alternaviridae Ff

Alternavirus J& 7 1 /L A T & 5 Fusarium incarnatum alternavirus 1 (FiAV 1)
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5 —END

RNA1 GGAUAAUACACCUUAACCCACUCUAGCGUCCCUAAUGACGUCUUU
RNA2 GGAUAAUACACCUUAACCCCGACUUGUCUCGCUAAAAACGUAUUU
RNA3 GGAUAAUACACCUUAACCCACUCUUGUGAGCCGAAAUACGUCAGA
RNA4 GGAUAAUACACCUUAACCGUCUCUUGACUCCCAAUCUACGUAAGU
RNAS GGAUAAUACACCUUAACCGCGCCUUGCAGUUCGUUCUACGUUGCU
RNAG6 GGAUAAUAAGAAAUAACCGUCUCUAGCUCCCCAAAAAACGUAGCU
RNA7 GGAUAAUACACCUUAACCGCCGCUAGCCGUUCUGUGUAGGUUGCG
RNA8*  GGAUAAUACACCUUAACCGUCCCUAGCGUUGCGUUUUACGUUGCU
RNA9 GGAUAAUACACCUUAACCGUCCCUAGCAGUCCGCAAUACUUGACU

kkkkkkokk | kkkokk *%k %k * )%k >k

Figure 1-9. A multiple alignment of 5’-termini of FoxPmV1 genomic segments.
Identical nucleotide positions were highlighted by asterisks and yellow boxes. Highly conserved
nucleotide positions were highlighted by periods and light yellow boxes. A star indicates the
contig which showed no similarity to any sequences in NCBI database (NODE_20).



® RdRp 7 X / Ml 4 & & RO FHLLM (E-value: 0 e, Identity: 81.83%)

R L7, NODE 1-2 135 — &% X— 2 FIZHEBPME A2 R TRV A HH S
72> 7=, NODE_8 & T NODE_12 IZ Alternavirus J& O #i > TiTifx 72 A
> N—"T% 5 Aspergillus heteromorphus alternavirus 1 (AheAV1) K& O
Aspergillus foetidus dsRNA mycovirus (AfV-F) RdRp ® C Kui il & O N
Kyl & . R OESIFELL M (E-value: 0 e, Identity: 66.91%; E-value: 0
e, Identity: 52.52%) #~ L7z, 2D OES O REHBITIZTAWVICEBET
LEFINBEDO O, TEHUCVTAVICEOVE—Da T ¢ ZEFIE L TH
NENlO, F—DORNAZGZFHKRTHL LEZXDNZ, 2D DR
R/ 5. NODE 1 O NODE 8 & NODE 12 O & HEl%]% Alternavirus
B D A N — & L TCEFEMIZ Fusarium solani alternavirus 1 (FsoAV1) K&
OF Fusarium solani alternavirus 2 (FsoAV2) &4 L=, 2k THdE X
ALTWD 4 6 D Alternaviridae £t 7 A4 /L Z X RARp Z HZ L0 B FF3-4 D
4y &1 dsRNA %7 / L% %> (Zhang et al., 2019), KREKOHEE 7 A L A
BL A2 iE 2 2@ RdARp ELAIIZ N 2. Alternavirus @ %7/ AELHI & FA LM
EaRT 6 OORINEENDS, THOES OKN NODE 7 & W
NODE 27 iX NODE 8 & NODE 12 [f#k7 &> 7 iz L » CTH— DR
ELTH &, BLASTX fi#HT 2> 5 AiAVI @ RNA2 (22— K &S5 #fE
EXNTEOT I B &R KOS ELEEZ R L7z, NODE 10
} Y NODE_16 [T £ Z L7 2 Bk D Alternavirus @ RNA2 (222 — R
SNDHH RN TEO N KM RO C R &k ROBELUMEEZRL =72
D, 1 DD dsRNA & 7 X MR 5 L 7z (Table 1-15), F
7. NODE_4 & U8 NODE_6 1% 5% #t FHIIZHft 4172 Alternavirus @ RNA3 2
a— RINLHIHEELX U NNTEHEOT I 7 RES & K OBIIFEB M Z R
L7 (Table 1-15), ZH 5 OEFI O 5'-Kull 5 O gz L 0 & B 5 O
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mEZHE LR, b 2O Alternavirus BV A LV A XTI b
4 C® Alternavirus fi] CRIF 72 2 DD 4 fi dsRNA 7 A&k Ffo kL
HEZ2 & (Zhangetal.,2019) (Fig. 1-15). = h Alternavirus J& D A
Y N— L L T& L TEERIZ Fusarium solani alternavirus 1 (FsoAV1) K&
O Fusarium solani alternavirus 2 (FsoAV2) & fn4 L7-, FsoAV2 &b

& Tod D AV-F L 4 5857 7 & (RNAL1-4) #H T 55, RNAL-3
SIS T DEHNBHEE T A NV ARINZE E Tz —F T, RNA4 & F
PZ2 R TERINIBD N2 oTe, o HEE TV A NV ARSI HIZITT —
ZR_X—2Z2 FOBMOT I 7 BEA, EERS B E RS RV,
B XLy P OMED FsoAV2 7 ) A EIF WA N EREGER TWS, £
OW EFL® NODE 1-2 & O NODE 11 (X% ® 5'-Kui# 20 nt O F |23
FsoAV2 7/ LD 5'-Rim & mWEE M Z /R Lz (Fig. 1-10), Z O HR
MH L, 2D DRI FsoAV2 D437 7 A& LT F8850 RN I & R4
% dsRNA R Th 5 L H#HEZ2 X 72, NODE 5 (% 2019 T S vl v
A v ARG HERE T ® D Botourmiaviridae B Magoulivirus J& D * 73— & Hf
£ &N TV 5 Plasmopara viticola lesion associated ourmia-like virus 13

(PVaOLV13) @ RdRp 7 X / BRI & & K OBLHIEEIME (E-value: 0 e,
Identity: 48.73%) Z /R L7z, TORKNL, KU A VA% Magoulivirus
B OHEE A N — L L T ERIZ Fusarium solani magoulivirus 1

(FsMUV1) & m#4 L7-, £7. NODE 2 X BLASTX fi##ric L v
Rhizoctonia solani ambivirus 1 (RsaV1) OREEERMZ X7 EDT I/
fefic ¥ & e K OFELIME (E-value: 1.0 e737, Identity: 30.43%) %/~ L7= 2
EMD, HEPIZAY AV ADIEM L LT Fusarium solani ambivirus
1 (FsoAmV1) &4 Liz, 7 H 8 —AF VERKEORKRE D AR EK
ICIEARBINCAH S T 5 R & D dsRNA OERITMER TE TWnians, K
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FsoAV1/F8850

5 -END

RNA1 GGCUGUGUGUUUGUUCUGGU
RNA2 GGCUGUGUGUUUGUUCUGCU
RNA3 GGCUGUGUGUUUGUUCGAGU

kokkokkokkskkkkkkkkk |k

FsoAV2/F8850

5 -END

RNA1 GGCUGACAGCCUGAGUGAUG
RNA2 GGCUAACAGUCCGUGUAGGG
RNA3 GGCUGACAGCCUGAGUGGAC
RNA4%  GGCUGACAGCCUGAGUGGUU
RNAS*  GGCUGACAGCCUGAGUGGGU

kokkk | kkkk k k ckk, |

Figure 1-10. Multiple alignments of 5’-termini of FsoAV1 and FsoAV2 genomic segments.
Identical nucleotide positions were highlighted by asterisks and yellow boxes. Highly conserved
nucleotide positions were highlighted by periods and light yellow boxes. Stars indicate the
contigs which showed no similarity to any sequences in NCBI database (RNA4: NODE 1-2,
RNAS5: NODE 11).



LS DYLE T N Ly URBFITRNZ ENBART AL R 1L F8850 HKIC
BWTHEEKREST D EHLINT (Fig. 1-8, Table 1-15), KEFIXT /
RTRCTZTIVORENPOCRERREEL LD EHESI N, £70. AFEKIZ
ZZNHUAT, MW ALy DEZRTESI 7T DR ST
W5 (Table 1-15), L2 L7225 NCBI 7 — 4 X—R ElZiZZid Ofd
FlEHEEA L ~or 0 7 X BREA L w TR &2 R 9B AN R
EN T, FsoAV1 X° FsoAV2 7/ AICRF SN 5 KGR A 2 & 7272\ iz
. HEMIZ VLS9 - 15 A Lz, b OWN VLSIL IZIXE S O K
WMoy aE®H»D ORF A THlan/z, V— RNV y DITEDW TR B
IO PR TE Z 1TV, FsoAV1, FsoMUVI1, RNA2 % f< FsoAV2 7/ A,

VLS11 O 5e e RE A 2 B Lz,

F8979 MM B LN HEE ¥ A )V ABLH| Z BLASTX AT ICHEE L 72
fE . NODE 1 X Chrysoviridae F} Betachrysovirus J&©7 A VA T 5
Fusarium sacchari chrysovirus 1 (FsCV1) ® RdRp 7 3 / BRELHI & i KD
Bl A HE L PE (E-value: 0 e, Identity: 97.89%) % 7x L 7= (Table 1-16),
Chrysoviridae B D 7 A )L 2L — KT 4 - 5 KD dsRNA 7 L%
ALTEY, FsCVI b 4 KD dsRNA 3 Hi 7 7 LA &RFET 5 L HE SN
TW % (Kotta-Loizou et al., 2020; Yao et al., 2020) , #EE 7 A /L ZAFLHIIC
I RdRp @D 4% RNA1 %< FsCV1 @ 3 KDy Hi dsRNA 7/ A

(RNA2 -RNA4) R KOELEEZ RTEIINEEILDH, 59 H NODE 2
J% UV NODE_3 % FsCV1 @ RNA2, RNA3 IZxf it~ 9 5, RNA4 &P %
AT 4 EIETECT VLIRS EL TSR, U—F
TNy DIZHSNTEET A ORGSO WRE ZITV SIEFIER
1% (Untranslated region: UTR) FEE¥I Z L L7255, T E @ EIC
RSN T RKmEF N R Sz (Fig. 1-11), ZThb 45 %75
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5 —END

RNA1 CGCAAAAAAGAGAAUAAAGCCUUAA-CGCACAUAGG
RNA2 CGCAAAAAAGAGAAUAAAGCUCAAA-CACGCACGUG
RNA3 UGCAAAAAAGAGAAUAAAGCCUUAA-CGCACGUGGG
RNA4 UGCAAAAAAGAGAAAAAGGCUUUCU-CGUUGCUGGC
RNAS*  CGCAAAAAAGAGAAUAAAGCACAAAACGCACAUGG-

kkksoloksksololokdok koK, ok . .
3" —END

RNAT ——UACAAAACAAAAAUAAGAUAAGCCCUUAUUUUGGC
RNA2 ——CCUAAUUGGUUAAUAAUGUUCCAACAUUAUUUGGC

RNA3 UGAUAGAGAAAAUAACACGA--CCCGUGUUAUUUGGC
RNA4 AUAUAAAUUAAAUAACAUUA--CCUAUGUUAUUUGGC

RNAS*  —GCACCAAACAACAAGAUGGU-UACGCCUAUUUUGGC
X . kk ok Lk skokkskolok

Figure 1-11. Multiple alignments of 5’-and 3’-termini of FoxCV2 genomic segments.
Identical nucleotide positions were highlighted by asterisks and yellow boxes. Highly conserved
nucleotide positions were highlighted by periods and light yellow boxes. A star indicates the
contig which showed no similarity to any sequences in NCBI database (NODE 5).



J AL LTHT DU AIAR% Betacrysovirus J& D A /3 — L L CTHEM
|Z Fusarium oxysporum chrysovirus 2 (FoxCV2) & 4 L7z, NODE 5 i%
NCBI 7 —# X—X LORBEMO 7 A )V AHET I/ BEELS, LAY &
JEWIME 2 R S 720 A8, FoxCV2 7 ) AELHI LT W EH D N v VEE A
T 5, S-RumBL A O I LY B ORI SIA NODE_5 @ Kbl b R
SN LD, RELHID FoxCV2 @ 5 KH D4y i dsRNA 7/ L H K
TdHDHEHTE L (Fig. 1-11), NODE 6 K " NODE 8 % CperPVI @
RNA1, RNA2 EHiHEFEISI L~ T 100%DEFIELUMEEZ R Lo,
F6134 £k & RIEEICARE R IZ B CperPV1 (FsoPV3) & &< [A U ER S| D
DANANEREST DI ERNRBINT, ZO/EPEART A VA%
FsV1 & N CperPV1 LRI DO R 2 7 A )V A8 E L THEBIZ Fusarium
oxysporum partitivirus 1 (FoxPV1) & 4 L7z,

FA2241 D D DN HEE 7 A v AELS % BLASTX AT I 3 L 72
R CBEmO~A a7 AL AD RIRp 7 2/ BREYI&E L ELUM 2 RT
12 DELHI 3 vz (Table 1-17), % @ N NODE_1 & Betahypovirus J&
7 A )V A T 5 Fusarium oxysporum dianthi hypovirus 2 (FodHV2) & %
KOEFNFEMBNE (E-value: 0 e, Identity: 56.87%) %7~ L7, NODE 2-6
X X TBEA D Mitovirus J& 7 A /v A ® RdRp BLA & & K DL (E-
value: 0 e, Identity: 41.64% - 82.12%) Z R L7z, ZiLHD U A L ZARLH
IX FA2242 £ @ 5 F @ Mitovirus, FsamMV1 -5 & ¥ 5 EL S L~ L CHi o
TEWEIBELEZ R LEZZ e, TRENFEEORLR DL T AL X
BRThdEEZLLNT, HEE T A NV ABINTIT Victorivirus J& 7 A v A
ERRNOEINELEEL RTH, ALy UKL (051 x-4.10x), b
WA (213 nt- 1,189 nt) EFIA I EENTHEY, Zhbikzh®

AU FA2242 #£ @D FsamVV1 IR L <)L CTEWESIEELIME 2 R L 72

64



72, FsamVV1 L RIEDORR LU ANV AKBKROEITHD EE XD
N, 727 VICX0 60BN AZERT L LT TER2-
oo V=R ALy DIZHESWTREGR S DORE 21TV, FsamHV2,
FsamMV1, FsamMV2, FsamMV4, FsamMV5 7/ A @ 58 4 K i 51 % B f%
L7z, F72. FsamMV3 [Z2OW Tl S'- K ¥ 2 EBRAICIRE L 7=,

AH-1 O/ 6N THEE Y A LV ABLF %2 BLASTX AT ICHEE L 72
RO~ a2 ANV 20T I 7 BEY & FENEL R T RSN 3O
#3547 (Table 1-18), NODE 1 } O" NODE 3 I% Phenuiviridae Ft & Lt
W Tk D AR 3 FE U A v A T % Entoleuca phenui-like virus 1 (EnPLV 1)
O RARp M OBATZ# /N7 EF (MP) & & ROBELHIFELIME (E-value: 0 e,
Identity: 45.39%; E-value: 7 e!!2, Identity: 51.76%) % =~ L 72, EnPLV1 |Z
2 45 Hi-ssRNA % ) LEFHOTUA N ZATHD EHESNTEY (Velasco
etal ,2019), 2N 5 25D A L AFSIA EnPLV] Ok Y A /L A D 2
ST AThD RSN, TORENDLART AR EEEMIC
Trichoderma viride phenui-like virus 1 (TVPLV1) & 4 L 7= (Table 1-18),
NODE_2 1% Tombusviridae FHIZFHE O & 5 K53V A /L X Soybean leaf-
associated ssRNA virus 1 (SlaSSRV1) @ RdRp 7 X / f&Hl %] & & K D Hd
SIFELLME (E-value: 1 e'%, Identity: 52.62%) %/~ L7z, ZDOREENDL,
DU A AR & SlaSSRVI O irfx v A L A L L CTEERIC
Trichoderma viride umbra-like virus 1 (TvULV1) &m& L7z, U— K7D
Ny DKW TREmEL S DR E Z 1Ty, TvPLVIL & OF TVULVL 7/
L DOFERRRA 2 BE LT,

AH-4 BRI D/ ONTHEE Y A LV ABE % BLASTX MEATIZHER L 72
R, £ & 2,706 nt &N 2,370 nt OEFNITBEE O Victorivirus J& v A L

A®D RdARp LN CP O 7 X / By & s KO EAIVELME (E-value: 0 e,
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Identity: 62.02%; E-value: 0 e, Identity: 73.86%) % s~ L 7= (Table 1-19),
HEE D AV ABLHIHIZIE 2 B USMT Victorivirus J& 7 A v A & BLAIFH
PEZ R T HORRHIAT . 206D 2 DODEFH N E— O Victorivirus
BUANADYT ) MZHET D EHES N, ZOBENPLARY AV
A % ¥ W1 Trichoderma viride victorivirus 1 (TvVV1) &4 L=, #
ED ANV ARSI FIILTVVVL S 2 AELHILLAMZ & TvPLV] & Y TvULV
EHAEBRA L AN TEWE IR 2 R TR P ER G ENR TR,
THHED T AR TR T A VAN AH-4 BRICEERLET 5
ATREME R S iz (Table 1-19), U — RN by DIZHS < Rimhld 41 O
W, KO RT-PCR IZ X 5 ¥ x v 7 kOB fFEHN 21T, TvwVl 7
J LDOSERRER S ZBS LT,

PLE. RNA-seq. FLDS ({2 X 2 7 A v AELH| D EAG & fEHTIZ L D . 29
MO ANLAN 18 OMMEKRTICERST DI LEPHALNERS T
(Table 1-9, 1-20, 1-21) , 2T I BIEZENZENDO T A IVADT ) LM,
TR FERRE IO W TS S CiER T 5,

3-5.  Hypoviridae B 7 A )V R

Bl A g AT D 5 R . Hypoviridae FHZIE$ 25 D A )L X 3 #% (FnHV1: Ep-
N27 #. FsamHV1: FA1837 #. FsamHV2: FA2241 ) O %2 E Y / AR
FI 315G 5 7z, BLASTX fi# 4T 72> 5 FsamHV1 | Alphahypovirus J& ® # >
N—To 5% LHEZINT (Table 1-20), FsamHV1 |Z&E & 10,571 nt (3'¥
D poly (A) ZFr<) OF /) A EICH—-O ORFEZHATH, 2— R3hd
% 37 EIZIX Alphahypovirus J& A U N — D EEEE X X7 BITHRTT
SND 4 DD KA A X F X —E (Pep) . DUF3525 (B RE AR H1) |
RARp L'~ YU 1 —F (Hel) 2 bOMEX v R/ BERa—Fah5b

66



Table 1-20. Summary of viral sequences detected from BSM-associated fungal strains.

Seq

Host Virus .
completion

Length (nt)
& CDS Genome
NODE no.

Fungal Genus Virus Abbrev. Segment

Strain .
species name

Cylindrocladium Mitovirus Cylindrocladium peruvianum

F956 . o
peruvianum mitovirus 1

CperMV1 1 2,444 (NODE_5)

Gamma- Cylindrocladium peruvianum

partitivirus partitivirus 1 CperPVl ! 1755 (NODE_6)

AN
AN

1,588 (NODE_7)
L L B o
2 2276 (NODE 3-1) «
3 2,042(NODE 8)
4 1302(NODE_11) «
5  1,144(NODE_12) «
6  1,062(NODE_18)
7 1,002(NODE_3-2) «
8 939 (NODE 20) «
9 913 (NODE 22) «
1 2,686 (NODE_5) «

v

v

AT T T Y Y W S G

Magoulivirus Fusarium solani magoulivirus I FsoMUV1

Gamma-

L Fusarium solani partitivirus 3~ FsoPV3 1 1755 (NODE_9)
partitivirus -

A SN

2 1,588 (NODE_10)

£ “ZZ{IIZ’Z;SP' Alternavirus ~ Fusarium solani alternavirus 1~ FsoAV1 1 3,528 (NODE_1-1)

2,468
(NODE_7&27)

3 2,458 (NODE _4)

3,475
(NODE_8&12)

2-1 1,567 (NODE_10)
1,013 (NODE_16)
2,461 (NODE_6)
1,443 (NODE_1-2)
1,416 (NODE_11)
2,495 (NODE _5)
Fusarium solani ambivirus 1~ FsoAmV1 4,272 (NODE 2)
F8924  Fequiseti Mitovirus ~ Fusarium solani mitovirus I~ FeMV1 1 - 2393(NODE 4) «
2,544 (NODE 2)
2,376 (NODE _5)
2,182 (NODE_6)
1,354 (NODE_9)
1,239 (NODE_10)
1,175 (NODE_13)
1,037 (NODE_15)
940 (NODE_17)
958 (NODE_16)
917 (NODE_18)
882 (NODE _19)
851 (NODE _21)

L N N N N
) N N N ¥

Fusarium solani alternavirus 2 FsoAV2 1

w W
[\

Magoulivirus Fusarium solani magoulivirus 2 FsoMUV2

LS
A N N N G N

Unclassified Fusarium equiseti hadaka virus 1 FeHadV1

0 N N R WD = =

L N N U U U U0 U U U U SR

o]
N

*KH, 2020
**The largest fragmented sequence



Table 1-20. (continued)

Host Virus Seq .
completion
. Length (nt)
Strain f “e“c%:sl Genus :;:l‘: Abbrev. Segn'(')‘e“t & CDS Genome
P NODE no.
F. oxysporum f. sp. . Fusarium oxysporum
F8979 niveum Chrysovirus chrysovirus 2 FoxCV2 1 3,555 (NODE 1) v v
2 2,807 (NODE_2) v Vv
3 2,785 (NODE_3) v v
2,649
4 (NODE 7&10&13&19) ¥ Y
5 2,350 (NODE_5) v Vv
Gamma- Fusarium oxysporum g pyy 1,755 (NODE_6) v
partitivirus partitivirus 1 -
2 1,,588 (NODE _8) v v
FAIS37  F. sambucinum  Alphahypovirus | USarium sambucinum = p ooy 13,095(NODE_1) «
hypovirus 1
FA2241  F. sambucinum Betahypovirus | USarium sambucinum - p o, 10,523(NODE_ 1) « «
hypovirus 2
Victorivirys T USAUM sambucinum - p oG 1,189 (NODE_7)**
victorivirus 1 -
Mitovirus T USATIUM sambucinum o gy 2,666 (NODE,_3) v
mitovirus 1 -
Mitovirus L USATUM sambucinum oy 2,594 (NODE_4) v
mitovirus 2 -
Mitovirys T usArium sambucinum g s 2,596 (NODE_5) v
mitovirus 3 -
Mitovirus T USAIUM sambucinum oy 2,481 (NODE_2) v
mitovirus 4 -
Mitovirus ~ USAIUM sambucinum o ros 2,435 (NODE_6) v
mitovirus 5 -
FA2242  F. sambucinum Victorivirys T USAUM sambucinum - p oGy 5,069 (NODE2&8)  +
victorivirus 1
Mitovipys T usarium sambucinum g gy 2,650 (NODE_3) v
mitovirus 1 -
o Fusarium sambucinum
Mitovirus mitovirus 2 FsamMV2 1 2,629 (NODE4) v
Mitovipys T usArium sambucinum g s 2,577 (NODE6) v
mitovirus 3
Mitovipys T usArium sambucinum g gy 2,473(NODE _7 v
mitovirus 4 -
Mitovirus ~ USAIUM sambucinum o ros 2,418 (NODE_9) v

mitovirus 5




Table 1-20. (continued)

BLASTX

Fungal Abbrev. Segment Description Query E-value Identity Accession
Strain no. coverage no.

RNA-dependent RNA polymerase [Bremia lactucae associated
mitovirus 1]

CperPV1 1 RNA-dependent RNA polymerase [Fusarium solani virus 1] 88% 0.E+00 99.23% BAA09520.1
2 capsid protein [Fusarium solani virus 1] 80% 0.E+00 82.64% BAA09521.1

F6134 FsoPmV1 1 RNA-dependent RNA—polymf:rase [Fusarium redolens 94%  0.E+00 76.01% QDH44656.1
polymycovirus 1]

F956 CperMV1 1 86% 0.E+00 58.11% QIP68024.1

2 hypothetical protein [Fusarium redolens polymycovirus 1] 92% 0.E+00 66.33% QDH44657.1
methyltransferase [Fusarium redolens polymycovirus 1] 91% 0.E+00 59.13% QDH44658.1
4 putative capsid protein [Fusarium redolens polymycovirus 1] 65% 2.E-134 69.72% QDH44659.1
5 hypothetical protein [Fusarium redolens polymycovirus 1] 79%  4.E-02 33.43% QDH44660.1
6 hypothetical protein [Fusarium redolens polymycovirus 1] 43%  3.E-38 46.41% QDH44661.1
7 hypothetical protein [Fusarium redolens polymycovirus 1] 37%  2.E-32 50.79% QDH44662.1
8 No significant similarity found - - - -
9 hypothetical protein [Fusarium redolens polymycovirus 1] 68%  1.E-18 37.80% QDH44664.1
FsoMUV1 1 RNA-dependent RNA polyn'lerase.: [Fusarium oxysporum ourmia- 78%  0.E+00 90.31% QPO14979.1
like virus]
FsoPV3 1 RNA-dependent RNA polymerase [Fusarium solani virus 1] 88% 99.23% BAA09520.1
2 capsid protein [Fusarium solani virus 1] 82.64% BAA09521.1

F7772*% FcHV1 1 polyprotein [Fusarium oxysporum dianthi hypovirus 2] 56.83% QHI00074.1

F8850 FsoAVl 1 RNA-dependent RNA polymerase [Fusarium incarnatum 94%  0.E+00 81.83% AYJ09265.1
alternavirus 1]

ORF?2 protein [Fusarium incarnatum alternavirus 1] 89%  0.E+00 73.69% AYJ09266.1
hypothetical protein BHR91_s3gp! [Fusarium poae alternavirus 1]  89%  0.E+00 77.79% BAV56308.1
RNA dependent RNA polymerase [Aspergillus foetidus dsSRNA

FsoAV2 1 96%  0.E+00 61.29% CCD33020.1

mycovirus]
2-1 hypothetical protein [Aspergillus foetidus dSRNA mycovirus] 96%  2.E-91 38.67% CCD33021.1
2 hypothetical protein AheAVl_s2gp 1 [Aspergillus heteromorphus 89% 2.F-96 54.78% AZT88576.1
alternavirus 1]

3 hypothetical protein [Aspergillus foetidus dSRNA mycovirus] 86% 0.E+00 50.00% CCD33022.1

4 No significant similarity found - - - -

hypothetical protein WICANDRAFT 63510 [Wickerhamomyces 0 o

5 anomalus NRRL Y-366-8] 10%  3.E-03 45.10% ODQ59009.1
FsoMUV2 1 RNA dependent RNA polymerase [Plasmopara viticola lesion 79%  0.E+00 48.73% QGY72543.1

associated ourmia-like virus 13]
FsoAmV1 1 hypothetical protein [Rhizoctonia solani ambivirus 1] 24%  1.E-37 30.43% QMP84024.1




Table 1-20. (continued)

BLASTX
l;ltl:agizl Abbreyv. Segment Description conl:*;ig,e E-value Identity Acclf(s)smn
FR924  FeMV1 1 RNA-dependent RNA po'lymera'se [Plasmopara viticola lesion 89%  0.E+00 90.06% QIR30231.1
associated mitovirus 7]
FeHadV1 1 RNA-dependent RNA polymerase [Hadaka virus 1] 93% 0.E+00 86.35% BBU94038.1
2 hypothetical protein [Hadaka virus 1] 90% 0.E+00 83.47% BBU94039.1
3 methyltransferase [Hadaka virus 1] 90% 0.E+00 83.23% BBU94040.1
4 hypothetical protein [Hadaka virus 1] 56% 4.E-107 62.60% BBU94041.1
5 hypothetical protein [Hadaka virus 1] 25%  3.E-39 65.42% BBU94043.1
6 hypothetical protein [Hadaka virus 1] 58% 1.E-123 76.42% BBU94042.1
7 hypothetical protein [Hadaka virus 1] 67% 8.E-127 77.45% BBU94044.1
8 hypothetical protein [Hadaka virus 1] 46%  7.E-04 27.03% BBU94046.1
S1 No significant similarity found - - - -
S2 No significant similarity found - - - -
S3 No significant similarity found - - - -
S4 No significant similarity found - - - -
F$979  FoxCV2 | RNA-dependent RNA polymeraie]: [Fusarium sacchari chrysovirus 96% 0.E+00 97.89% QIQ28417.1
2 P2 protein [Fusarium sacchari chrysovirus 1] 93% 0.E+00 97.04% QIQ28418.1
putative coat protein [Fusarium sacchari chrysovirus 1] 89% 0.E+00 98.31% QIQ28419.1
4 P4 protein [Fusarium sacchari chrysovirus 1] 94% 0.E+00 97.24% QIQ28420.1
PREDICTED: zinc finger protein 2 homolog isoform X1 N o, XP_01319455
> [Amyelois transitella] 26%  3.E-08 30.95% 8.1
FoxPV1 1 RNA-dependent RNA polymerase [Fusarium solani virus 1] 88% 0.E+00 99.23% BAA09520.1
2 capsid protein [Fusarium solani virus 1] 80% 0.E+00 82.64% BAA(09521.1

FA1837 FsamHV1 1 hypothetical protein F lglpr\;iﬁllﬁ [1? usarium graminearum 82% 0.E+00 39.06% AGC75065.1

FA2241 FsamHV2 1 polyprotein [Fusarium oxysporum dianthi hypovirus 2] 78%  0.E+00 56.87% QHI00074.1
FsamVV1 1 RNA dependent RNA polyirillirl:sle] [Sphaeropsis sapinea RNA 99%  0.E+00 67.68% AADI11601.1
FsamMV 1 | RNA-dependent RNA pr?lli}tfcr)tz/ei:iizesgsoybean leaf-associated 88%  0.E400 82.12% ALM62240.1
FsamMV2 | RNA-dependent RNA prc;li}g)n\f:irrissel[]Botryosphaerla dothidea 68% 5.E-130 41.64% QMU24933.1
FsamMV3 1 RNA-dependent RNA pI?lli}tf(r)r‘lleiiize“gSoybean leaf-associated 549%  0.F+00 78.86% ALM62249.1
FsamMV4 1 RNA-dependent RNA pglymergse [Plasmopara viticola lesion 84%  0.E+00 59.11% QIR30249.1

associated mitovirus 26]
FsamMV’5 | RNA-dependent RNA pglyrnergse [Plasmopara viticola lesion 85%  0.5+00 73.52% QIR30269.1
associated mitovirus 46]

FA2242 FsamVV1 1 RNA-dependent RNA polymerase [Ophiostoma minus totivirus] ~ 25%  0.E+00 70.40% CAJ34336.1
FsamMV 1 1 RNA-dependent RNA p;)lli}tf(r)r‘lziizesgsoybean leaf-associated 88%  0.F+00 82.12% ALM62240.1
FsamMV?2 1 RNA-dependent RNA pgii};gizrrisse 1[]Botryosphaerla dothidea 67% 7.E-130 41.64% QMU24933.1
FsamMV3 | RNA-dependent RNA pr?lli}tfcr)tz/ei:iize“%Soybean leaf-associated 54%  0FE+00 78.86% ALM62249 1
FsamMV4 | RNA-dependent RNA pqumerqse [Plasmopara viticola lesion 84% 0.E+00 59.11% QIR30249.1

associated mitovirus 26]
FsamMV5 1 RNA-dependent RNA polymerase [Plasmopara viticola lesion 85%  0.E+00 73.52% QIR30269.1

associated mitovirus 46|




Table 1-21. Summary of viral sequences detected from Trichoderma strains.

Host Virus Seq completion
. Length (nt)
Strain :"u;%:sl Genus :;::Z Abbrev. Segnl::ent & CDS Genome
P : NODE no.
AH-1 T. viride Unclassified Trichoderma viride Phenui-like virus 1 TvPLV1 1 7,759 (NODE _1) v v
2 2,671 (NODE _3) v v
Unclassified Trichoderma viride Umbra-like virus 1 TvULV1 1 4,429 (NODE 2) v v
B S L Saap
AH-4 T. viride Victorivirus Trichoderma viride victorivirus 1 TvVV1 1 (NODE_1&2) v v
BLASTX
Fung.al Abbrev. Segment Description Query E-value Identity Accession
Strain no. coverage
AH-1 TvPLV1 1 replicase [Entoleuca phenui-like virus 1] 89%  0.E+00 45.39% AVD68666.1
2 movement protein [Entoleuca phenui-like virus 1] 35% 4.E-112 51.76% QCF40769.1
TVULVI | RNA-dependent RNA polymer'flse [Soybean leaf-associated 3500 8E-165 52.62% ALM62232.1
ssRNA virus 1]
AH-A TWVI | RNA dependent RNA polymerase [Sphaeropsis sapinea RNA 48%  0.B+00 62.02% NP_047558.1

virus 1]




(Li et al., 2019a, 2020; Wang et al., 2013) (Fig. 1-12A), 7. ORF E
it D FV (1,559 nt) 5'-UTR IZIE, 708 nt 2 > THIE=a RN FEEL
RWEIE S HEFR S 7z (Figs. 1-12A and B), AFEIIT AUG % Mt — o B
tha R & L72BRIZIE 297 nt (98 aa) LA R ORF (FH#EE S AL/ 023,
Neurospora crassa \Z 3 TFH AUG Bifr 2 K& L Ty M2 I A
S5 GUG Btk = F & L7ZBRITIE 208 aa, 47 F & 23.72 kDa O H#E
EH NI EEa— 35 ORF B TFHISN (Weietal, 2013) (Figs.
1-12A and B), Z OHEE X > /37 B L FgHV1 ® ORFA |22 — K& L5
g7 'E (gpl) &R ROEINELIME (Query cover; 91% E-value: 4 ¢
24 identity: 31.94%) % ~3 Z &6, gpl-like & 35, FgHVI gpl IT1Z
RTFHE—BRAAL P HEESNTEBY, TOEMRIZHLER 2 DOT
I iR (Cys'® KUY His'™) & BIErEAL (Gly'"®) BIRFES LTV D
(Wang et al.,2013) , gpl-like & Hypoviridae Ft 7 A /v A D FfFD X T F &
— B RAAL LV OT X VBRI ERICYNVTTIANT T4 A N EITo 2
R, 2FRMZESEUEIIRDONDE —~FTERED 3 2O7 2/ #E
BENDRAFINTE LT, gpl-like T X X7 EELTHIL TN &
LTHERTFX—BiEHIT kbR TWd EHR Sz (Fig. 1-120),
BLASTX fi##7 7> & FnHV1 K O FsamHV2 (% Betahypovirus J& D A > /3 —
ThdEHTE ST (Tables 1-9 and 1-20), FnHVI K& Of FsamHV2 |X %
nNENT 7 LAY A X 10,524 nt, 10,571 nt (3'5i D poly (A) ZFR<) T
b, T LAOEMICHESE D ORF BT Iz (Fig. 1-13),
FnHV1 & T FsamHV2 @ 22— K9 % ORF {ZiZWF b 4 DORERE R

A4, ZVayv kI A7 =7 —1F (Gly)., Pep. RdRp. Hel O 1F1E
MY, 7/ LAERICEDLREZRHE - ORFIZZINDH 45D KA
A v EHTDHE WD KT Betahypovirus BICHAI 2 b o TH Y, F
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Figure 1-12. Genomic information of FsamHV1.

(A) Schematic diagram of FsamHV1 genome. A white box indicates an ORF. A white box with
dashed line indicates a putative ORF. A vertical line indicates a terminus determined by RLM-
RACE. Numbers above the boxes indicate start and stop nt position of the ORFs. Colored boxes
indicate the positions of functional domains; red: peptidase (C7 family), gray: DUF3525, green:
RNA dependent RNA polymerase, and dark blue: helicase. Colored lines below the white boxes
indicate the areas of specific features; blue: non-cytoplasmic region, yellow: transmembrane
region, light blue: cytoplasmic region and pink: intrinsically disordered region. (B) Prediction of
the coding regions larger than 100 bp on the sense strand of FsamHV1 (upper panels). Prediction
of the initiation codon (AUG) and the termination codons (UAA, UAG and UGA) positions on
each reading frame (lower panels). Black bars indicate positions of initiation codons, and gray
bars indicate those of termination codons in the lower panels. A red triangle indicates a putative
OREF initiated by non-AUG codon.



v Vv
CHV1_ORFA AQFGQ: GYCYLSAIVDSARWRVARTTGWCVRVADYL-—--————RLLQWVGRRSFGSFQTEKSAVDHVYHVVVDAEYQ-—SEQDGA-—-—-
CHV3 KDFGM: GYCALSVLRPKLRWRSARVLGPDCLLGDFD----—---KVFNWAGLKQFKAMTF-VEVYRGF YHLVTVPGAKGVDLEAGE-——-——
FgHV1_ORFB SWFGM DQCWASALRPKLATRAVRVAAYELLSDFQ--—-—-——RLLELCGKCEGKPMRL-IKVHSGL YHLEVEKDKK-TSKSAGA-————-
FsamHV1 VKVKELPDYLSVLAEEDGMIRNTQTP QALTVFGKKENYPMQL-VQVDGDLYHLYVHTTGK-WSKNSGE—————
CHV1_ORFB VPVEEG——----—--—--—-——-RCFELLFNNQVT--——-—--—-——--PAIFDKKPLLKDVLGVFEENVCTMDSLE I SHSDQCVHIV——-—-—————- AGETFRNYD
CHV2 VPCKEG —-PGDNYTGYH
CHv4 AGRD —-DGS-—-—
FgHV1_ORFA TTECEG—-—--—-——-——-——-HCWRELFLSYDTF TF~-—--—-——--DFTGNKSLSRRQLLQLVAKSTLKSETF GVVRHGTQLHV T ————-—————-] EGK-——-—
FsamHV1_ORF-Iike TGQ——————- VEQAKSGLDTPAPPPSVVGVGQV-LEWRSLFNGP 1 SGNY————-———-——PWK INEALTKRQLLELVSSQTVSLGKFALLGAGPDYVT-—————— QGR—-—
* . : *

v
CHV1_ORFA -—LFYQAILGLAEKDPLARIG
CHV3 ——NLKNEISKILEKNPDARVG
FgHV1_ORFB ~—KLYRDVSFAVAGSPGARIG
FsamHV1 ——ELLRQATF IANGAPGARVG
CHV1_ORFB EIKAVLEVI--LENEPDILVG
CHV2 QIVARLRECEGISEEP-CVVG
CHv4 ——MSAREVLASLTKR--ARLG
FgHV1_ORFA ——IAPMEI TRSMVNK--ERLG

FsamHV1_ORF-1ike ——LSVVELINSLPNK--SRLA

Figure 1-12. (continued)

(C) Amino acid sequence alignment of the region corresponding to the peptidase domain. Amino
acid residues, which are required for the autoproteolytic activity are indicated by black triangles,
and an amino acid residue of the putative cleavage site is indicated by a red triangle.



FnHV1/Ep-N27

10,571 nt
739 2,942 aa/335.46 kDa 9,567
] C W
FsamHV2/FA2241
10,523 nt
509 2,950 aa/336.72 kDa 9,361

H B B — e

FCHVA/F7772
10,526 nt

512 2,950 aa/336.70 kDa 9,364

H b B — e

1 kb B Gly PepC8 == IDR
RdRp B Hel

Figure 1-13. Schematic diagram of Betahypoviruses’ genome.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by RLM-RACE or FLDS. Colored
boxes indicate the positions of functional domains; purple: Glycosyltransferase, beige: peptidase
(C8 family), green: RNA dependent RNA polymerase, and dark blue: helicase. A pink line below
the white boxes indicate intrinsically disordered region.



J LREENS L IS O T A LA D Betahypovirus B~ DI JE N R IE X
iz, F7-. FsamHV2 X F7772 #RIZ/& Y7 % Fusarium concentricum
hypovirus 1 (FcHV1) & #ZEE F] L~V T 99.99% D ELHIFELIE TH 1 |

FRDORLLVANVAKTHL EE X b (CKE (2020)) (Table 1-
20), AT THOLNTE 3EDONA KT ANVA L FT772 £ FcHVI1
W2 %, LD Hypoviridae B 7 A v A it #%k 7 /v — 7 T & % Fusariviridae
B A A SREE LT Partitiviridae B 7 A /L AD RdARp KA A DT
X BB A T2 oy SRR AT o T2, E ORE R . BLASTX f##T O
FEWR L —E L T, FsamHV1 IZ FgHV1 % & ¢ Alphahypovirus J& D A > 3
— LN LB B2k L 7= (Fig. 1-14), £7- . FnHV1 & (Y FsamHV2
I% FodV2 % & T Betahypovirus J& O A > 23— & TN L 72k 2 R L
7= (Fig. 1-14), T b OFEE 5 FsamHV1 |E Alphahypovirus J& @ .
FnHV1 & OY FsamHV2 X Betahypovirus JE D A > X —Tdh 5 & #HEE I 1L
7=, EEET A VA4 ¥Z%E 52 (International Committee on Taxonomy of
Viruses: ICTV) 1% Hypoviridae FFIN OFE D 53 FAFEHEZ 1T TV R WD,

ARUANVARTHERKBINTWVWD 4 HOUA NV ZADOERFESZ DT
J BRECHIFERIME DY 60% KR TH D Z L 2 EE T 5 & FnHVI, FsamHVI
KON FsamHV2 [ZWF b HifE s L CRRB LD TREMEZ &V (Suzuki

etal., 2018),

3-6.  Gammapartitivirus & 7 A /v R
CperPV1, FsoPV3 K& O FoxPVI1 28 Z 1L L5 L~ LT 100% D Bl 51| JE
PUHZ R LD AEORLRLZ VA NVAKTHLIEZE AN, Th
SIEVWT L EE 1,755 nt (RNAL) J T8 1,588 nt (RNA2) @ 2 4y i RNA

FIAEHLTEBY ZNENRIRp XM TNCP 2 =2— K3 5 (Fig. 1-15),
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£l Rosellinia necatrix fusarivirus 1

Pleospora typhicola fusarivirus 1
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L
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Figure 1-14. Phylogenetic placements of FnHV1, FsamHV1, and FsamHV2 based on the

replicase sequences.

Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FnHV1, FsamHV1, FsamHV2
and on other definitive and tentative members of the families Hypoiviridae and Fusariviridae.
Six members of Partitiviridae tamily were used as the outgroup. Bootstrap values obtained with
1,000 replicates are indicated on branches. Branch length corresponds to the genetic distance;
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the scale bar at the lower left corresponds to a genetic distance of 0.50.
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55 536 aa/61.41 kDa 1,665
RNA1
I?
1,755 nt }{ I | Poly(A)?

71 432 aa/46.33 kDa 1,369

RNA2
’?
1,588 nt H I | Poly(A):

500 bp RdRp

IDR

Figure 1-15. Schematic diagram of partitivirus’s genome commonly detected from F956,
F6134, and F8850.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined FLDS. A green box indicate the
positions RNA dependent RNA polymerase. A pink line under the white box indicate the areas of
intrinsically disordered region.



Partitiviridae Bt 7 A4 )V A (Xt 7 A > b D 3'-KIHIZ Poly (A) 8% 7
%P, FLDS IZ XV RE L7 RGBS X Poly (A) $HIZE £,
RYANVALEBEZRTH D FsVL X Poly (A) HEH T HZ &0 b,
3-RIE A OREICE L BN CERMWARTEITILER D 5,
Partitiviridae Ft 7 A4 /v 2 ® RdRp 7 X / BEBL S & H W72 5 1 R AT O
fE S, CperPV1 X Gammapartitivirus J& 7 A /v A & LIS L7 % #
% U7z (Fig. 1-16) . Gammapartitivirus J& 237 5 HfE O KLU T ICTV (12
X TEBEMmdD A N—dD RdRp, CP L O 7 2 /B AELEMENZN T
90%LL T 80%LL T LEDOLNTEY | KU A )L A7 FsV1 L [AFED 3
DDERIRDUANAKRT D D &l T,

3-7.  Mitovirus J&. Magoulivirus BV A /v X

FHBPRHEE 217 > 3 > ®W Ep-BL12 £ . Ep-BL13 £, Ep-BL14 ¥
Ep-N27 ¥k B OY Ep-N28 Bk > 5 kR 7226 3 Fioo, BSM #Ek=a L 7 &
2 > DN F956 #k. F8924 Kk, FA2241 ¥R % OY FA2242 ¥k D 4 EEN D 7
i D HL 72 % Mitovirus 23 & 47z (Table 1-9,1-20), Ep-BL13 #&. Ep-
BL14 £} O Ep-N28 #RIC 4l L TG 3 5 FOMV 1 L AW 23 KB 31 v
LT 98.50% - 99.00% DL A R T RO R VA VA TH D,
Mitovirus (X — %A, H—® ORF BN EJ 5K X 2.3 kb - 2.7 kb DI
Sy &, BBk +ssRNA &7/ A& b > (King ef al., 2011a), X k= R
TaRy7T =70 BNT, UGA FIEa R TR VY P Mo 7
> & L CHIGR &4 5 A3, Mitovirus ® ORFIZZ DI b KU 7 a Ry
S a2 AWEBEIZOA RARp RA A V2R 2GRN X v X8
2 — R4 % (Hillman and Cai, 2013), AMHFZE TR E S 4172 Mitovirus

7 AEEANE, TRTZOREEZAET D (Fig. 1-17), FbMV2 & R KD

79



_ Alphapartiti-
" virus

= _ Betapartiti-
el Virus
Deltapatrtiti-
a virus
100 Alternaria alternata partitivirus 1 ] e
&0 :mryosphaeria dothld:a partitivirus 1 _ Unclassified
. Cryptosporidium parvum virus 1 Cryspovirus

L Magnaporthe oryzae partitivirus 1

75
ilj Ustilaginoidea virens partitivirus 3
100

Ustilaginoidea virens partitivirus 2

59

Colletotrichum acutatum RNA virus 1

Verticillium albo-atrum partitivirus-1

100 1 FsoPV3/F6134 @
a8

Fusarium solani virus 1

63

™ Aspergillus ochraceous virus

Penicillium stoloniferum virus S

99 - Gremmeniella abietina RNA virus MS2 o
— Gammapartiti-
Gremmeniella abietina RNA virus MS1 .
vIirus

94

45

s Pseudogymnoascus destructans partitivirus-pa

Beauveria bassiana partitivirus 1

23

Ophiostoma partitivirus 1
= Beauveria bassiana partitivirus 2
Colletotrichum truncatum partitivirus 1
Discula destructiva virus 2

Discula destructiva virus 1

Botryotinia fuckeliana partitivirus 1

Ustilaginoidea virens partitivirus

Aspergillus fumigatus partitivirus 1

® This study (BMS-associated)
Sequences from Fusarium spp.

0.50

Figure 1-16. Phylogenetic placements of FsoPV1/F6134 based on the replicase sequences.
Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FsoPV1 and on other definitive
and tentative members of the Partitiviridae. Bootstrap values obtained with 1,000 replicates are
indicated on branches. Branch length corresponds to the genetic distance; the scale bar at the
lower left corresponds to a genetic distance of 0.50.



195 823 aa/93.02 kDa 2,666

FbMV1/Ep-BL13
2,802 nt

179 714 aa/83.77 kDa 2,323

FnMV1/Ep-N27 I I_
2,388 nt

FbMV2/Ep-BL12 719 aa
3,033 nt /84.05 kDa

216 >742 aal>84.75 kDa >0 444
CperMV1/F956 I
2,444 nt

182 713 aa/82.73 kDa 2,323
FeMV1/F8924 I_
2,393 nt I

198 783 aa/89.23 kDa 2.549
FsamMV1/FA2241
2.666 nt

500 bp

Figure 1-17. Schematic diagram of genomic structure of mitoviruses.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by RLM-RACE or FLDS. A green box
indicate the positions RNA dependent RNA polymerase. Colored lines below the white boxes
indicate the areas of specific features; purple: non cytoplasmic region, blue, transmembrane
region, light green: cytoplasmic region, pink: intrinsically disordered region, and yellow: signal
peptide. Arrows along the circular ORF of FbMV?2 indicate the primers used for RT-PCR.
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777 aal88.93 kDa 2,483
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2,594 nt

771 aal/89.78 kDa 2,503
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2,418 nt
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Figure 1-17. (continued)
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BRI 2 7R L 72 OnuMV7 @57 7 Adfth o> Mitovirus & 5720 | B
W, &5 WVIFHEMESI N EE Lcary T~ —fETh DA REENTR
SN T2 (Hintzeral.,2013), WIRIRWNZ &IC, T /AR T BT VI
L0/ HINT FOMV2 O 7 7 ABLH 5, 3-SR (2 1% 55 nt O 28 fid 41 23
RSN TEBY., OnuMV7 FRER DL 20T a DT ~—WHED s/
LEAHATHZ ENRBRENT (Fig. 1-17), ORF ®KuiE /5 UTR % # 7
AL T E LTI A4 ~—% Wi 2 0 = —RT-PCR %17 > 7=l &
3RE R 2 E CUTRERICH Y T 2 HMIBEY 15 67z (Fig. 1-18),
FC B fEATIC 0 2 @ PCR EEW A FbMV2 @ UTR B4 CTdH 5 Z & A flEqd
N7z, dsRNA OBERIKEOFE LS Ep-BL12 #RICIZE &4 3 kbp @
BN FOARRBRHEINTEY (Fig. 1-3), BIRZY /) 2 2HT 50
REPEDN m VN, Mitovirus JEWN TERIR T/ D2 BT 25U A V2 O#EHIE
R VABRT-PCR ARSIV T ) AEEEZMATILER DD, £72.
CperMV1 @ ORF (Z#& 1k = R 237/ LAEAIHICE T, 3'-2K b Bl 41
MELKRETETWRWATREERH D, ZHIZE L TH RLM-RACE
WZE D EBRBICHRIET 2L ERH D,

F 7o, F6134 #k| F8850 #i 2> b i H & 7z FsoMUV1 & UF FsoMUV?2 I
Mitoviridae F+ & £ 12 Lenarviricota M IZ & + 2 B TH 5
Botourmiaviridae ® Magoulivirus JED VA VA THDH EHEINT-, K
U A VA JEIX 2019 FIT ICTV IR S 72 3 FE#E T H U . Magnaporthe
oryzae ourmia-like virus 1  (MOLV1) & U" Rhizoctonia solani ourmia-like
virus 1 (RsOLV1) @ 2 ffiZ & Tr (Ayllén et al., 2020), MOLV1 O 54
B 7 ARINIMHE S TE Y, 2,364 nt © Iy Hi+ssRNA &7/ A (3'-
poly (A) ZBr<) ICHEHELELZ a— R4+ 2H ~® ORF # > (Illana

etal.,2017), RsOLVI1 IZEB5BELHI D LN fiRFE SN TW A, MOLVI &

83



Repeat1 Repeat2

§ [0} 9 [0}
e (U e
s 8 <& 8
B > ol o ro¥
< o 2 o
Z 3 B o

()] — (q\] o

(kbp)

1

0.5

0.3

Figure 1-18. Confirmation of continuity of FbMV2 UTR region by colony RT-PCR.

(A) Display of read mapping to the sequence consists of a tandem repeat of FbMV2 genomes. A
white arrow indicates the ORF of FbMV2. A set of black arrows indicates the primer sets used
for RT-PCR. The read alignments are shown in the lower panel. (B) UTR region was amplified
using a specific primer set indicated in Fig. 1-17 and visualized by agarose gel electrophoresis. A
black triangle indicates PCR products in expected length, and a gray one indicates PCR products
generated by mis-annealing of one of the primers. The PCR products were gel-extracted and

sequenced.



[FERH — D ORF N PRI SN TW 5, FsoMUVI KT FsoMUV2 7/ A4 1
Wb ENZENH—D ORF R THIESN, =2—FFT 52 "7HF EIZiZ
RdRp ODHERE R A A PRI S vz (Fig. 1-19), MOLVIL X7/ LD 3'-
KU IZ poly (A) $HZ2H 9 52, FLDS IZ X VR E L 7= FsoMUV2 @ K i
BLAIZ 1 poly (A) ST & EN WD, EBRALKBIEICE Y Z 04 %
ZHBITHMLERD D,

ARWEIETHE LT 9 FE 16 £ D Mitovirus & WY 2 fii © Magoulivirus {2
N % . Lenarviricota M % # %7 % 4 > D F (Narnaviridae F+ . Mitoviridae
Bl Leviviridae Bt . Botourmiaviridae ) 2@+ %5 7 A /L 2D RdRp K
AA DT X EBEINE AN THFREENT 21T o Tc, T OREER ., A
7 TH R S L7z Mitovirus (X4 T BLASTX T OfER E—F L T
Mitovirus J& 7 A VA LI 1 DDV T AZ =% LTo, Mitovirus J&
NIZiX 4 DO 27 L — R (Cladel-1V) OFENRE 7= (Fig. 1-20),
7 L — FIZIX FeMV1, FanMV1 K& Y FsamMV3 728, 7 L — RFIIIZ X
FsamMV1, FsamMV4, CperMV1 Kk Y FbMV1 728, 7 L — RIIIZ X
FsamMV2 & TF FaMV1, FeMV1 & ' FsamMV3 (& CperMV1, FsamMV 1,
FsamMV2, FsamMV4 & O FsamMVS5 28, = L CTZ L — RIVIZiZ FbMV2
NEgFEFnsd (Fig. 1-20), #TH 7 L— KIVIZZ L — FI-IIIO ZH A Al 37
LI ZEZRT D2 ERTALMNE /572 (Fig. 1-20), FsoMUV1 K&
FsoMUV2 iZ, OLV1 K& " RsOLVI1 (201 2 Magoulivirus J& & B ME 2N &
LDINKOGFETHD SO U A VA LMD Botourmiaviridae F D U A
)V A J& (Botoulivirus J&. Ourmiavirus J& & O Scleroulivirus J&) 7> & Az
L7 2R L TEB Y. Magoulivirus J&~DIF @B /"B S iz (Fig. |-
20), ICTV X Mitovirus J&. Magoulivirus J&\Z ¥ \F 5 B e 72 O 4y F6 5

ELRIT TR KRB IV A )V AFFE LD RdRp 7 X/ RS
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46 702 aa/78.84 kDa 2,154

FsoMUV1/F6134 I
2,686 nt 'I

35 672 aal/76.89 kDa 2,053

FsoMUV2/F8850
2,495 nt

500 bp RdRp Cytoplasmic

== Transmembrane e= Non cytoplasmic

Figure 1-19. Schematic diagram of genomic structures of FsoMUV1 and FsoMUV2.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by FLDS. A green box indicate the
positions RNA dependent RNA polymerase. Colored lines below the white boxes indicate the
areas of specific features; light green: cytoplasmic region, purple: non cytoplasmic region, and
blue, transmembrane region.
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Figure 1-20. Phylogenetic placements of putative mitoviruses and magouliviruses based on the
replicase sequences.

Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of putative mitoviruses and
magouliviruses sequenced in this study, and on other definitive and tentative members of the
Phylum Lenerviricota. Bootstrap values obtained with 1,000 replicates are indicated on branches.
Branch length corresponds to the genetic distance; the scale bar at the lower left corresponds to a
genetic distance of 0.50.



HRERZNZN 40%, 0% U T THL Z b, RFETERLI L
FbMV2 X Mitovirus J& @ . FsoMUV2 IX Magoulivirus J& O 7 A L A

Th b EHE N (Ayllon et al., 2020; King et al., 2011a),

3-8.  Tymovirales H U A VX

Bl B EAT O #E . FOLFVI (3£ & 12,579 nt O +ssRNA 7/ A% L T
B, 7F 7 20FEEE (97.1%) [Zb7 DB —® ORF BNE L+ 5 & #
E S iz, Tymovirales B 7 A /v A1X 3'-KuilZ poly (A) &2 b HE X
59kb-10.6kb D7 /) L&EHFT LHH, FoLFVI O 7 J LA XL BRI D
KIANVARB A R=DKR KT ) LY A4 X% KiEICEER->TEBY, 7
J 5D 3-KEIZE poly (A) SHNFFE L 72w (Fig. 1-21A), 22— FK&i
HARYANTF RITERE S 4,070 aa, 4y 13 443.6 kDa TH YV, 3 >DDOHE K
3 N A A >, Mtr, Hel, RdRp 728 N K&/ 6 C K2/ T Z DJEIC
Bl ST Dd (Fig 1-21A), ZOHEMEER N A A U OFLE MY U A
WAEGZLT VT 7 DA NVAEA—=/N—=T 7 I U — [CTHBE 22 E T
&Y | Tymovirales H O 7 A )V A2 b kfF STV D (King et al., 2011b) ,
IR A 3 PETICHERERE N A A > PHAO03247 HHEM S 417z, D-
RNA [ & 2,408 nt TH Y, 716 aa DHE X VX7 B hr a— R+ 5 H
—® ORF #H T %7, FbBLFVI O NTEFIN 7 L —L v 7 R &2
ERVWETRKBELEMBEAELTRE RNA LAV RTHD EEZLNT
(Fig. 1-21A), D-RNA & FbLFV1 [T S L L THR & T & WO
YEWIME 2 77328, D-RNA @ ORF O &1k 2 KU EFTO 1 HEKEIC
TZL—Av 7 ERALTEY, FBLFVI @ ORF £V & 3'f]iZ 108 nt
E9% (Fig. 1-21B), FbLFVI1, Tymovirales B ® 7 A VA QI BELE L
T Closteroviridae F} 7 A4 /L 2 @ RdRp 7 X / WEEL A 2 H W7 43 F R fi
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A

FbLFV1/Ep-BL13

12,579 nt
162 4,070 aa/443.98 kDa 12,374
| Deletion ‘
1,066-11,235
D-RNA/Ep-BL13
2,408 nt
PHAQ03247 == Non cytoplasmic
716 aa/76.84 kDa
162 2,247 1Kb Hel Cytoplasmic
H | II — o Mt Transmembrane
FbLFV1 GGACCACCACGCCGGCCCGACCCGGCAGCUGGGCCGUUUGCUCCUGGCUGACCACCCGCG

FbLFV1_D-RNA  GGACCACCACCCCGCCCCGACCCGGCAGCUGGGCCGUUUGCUCCUGGCUGACCACCCCCG

A4
FbLFV1 CUGACCUCCGCUGAcacacucuuccuuguguaccacccuaaggeccagcgcuccceccac
FbLFV1_D-RNA CUGACC—CCGCUGAGACACUCUUGCUUGUGUACGACCCUAAGGCCCAGCGCUGGGCCCAC

FbLFV1 ccccgaugecugugguugagegacgeocgacgecgacauuuugeucucacacaccuccggg
FbLFV1_D-RNA CCGCGAUGCCUGUGGUUGAGCGAGGCGGACGGCGACAUUUUGCUCUGACAGACCUGCGGG
FbLFV1 uagaaauccuaagagaaccccaugaccugacggeccceccggeccgecccgecaaccuggu

FbLFV1_D-RNA UAGaaauccuaagagaaccccaugaccugacggccccccggcccgccccgccaaccuggu

Figure 1-21. Schematic diagram of FbLFV1’s and its D-RNA’s genomes.

(A) A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position
of the ORFs. A vertical line indicates a terminus determined by RLM-RACE. Colored boxes
indicate the positions of functional domains; gray: PHA03247, blue: metyltransferase, beige:
helicase, and green: RNA dependent RNA polymerase. Colored lines below the white boxes
indicate the areas of specific features; blue: non-cytoplasmic region, yellow: transmembrane
region, light blue: cytoplasmic region and pink: intrinsically disordered region. (B) An
alignment of 5’-terminal sequences of FbLFV1 and D-RNA. Nucleotides included in the ORF
are capitalized. Identical nucleotides are indicated by asterisks. A red arrowhead indicates the
deletion position.



fEAT O #E B FObLFV1 (X Gammaflexiviridae Bt Mg — O Td 5 BotFV &
BKHLITWREBBICH D2, M LEERK L (Fig. 1-22), ICTV
X Tymovirales HINDOF, J&., FEO M /2 o HIEHEZ T TR0,
BEHmDOU AN EDRNESVELMEL CREN R T ) AEENOARY
ANVAZAHOHETH D &M< RE I NI,

3-9.  Chrysoviridae B 7 A )L A

B AR T 7> & FoxCV2 1% 5 /081 RNA #°/ & (RNAL - 5) #HT 5%
Betacrysovirus JBD A 2 N—ToH 5 L HE L7, FoxCV2 OFT X TOD

SEIT ) AT — DK E 7 ORF N L, RNAL IZa—RF&anb ¥
Yo7 (P1) (21X RARp OFEHE R A A A HERI S 47z, RNA2-4 @ =
— RTL2 NI EHP2-4)IZIFERE R A A TR S e d o 7z (Fig.
1-23)s 7= _X—=Z2 LIZUA NV AHREKROFLES D S L7272
RNAS a2 — K525 % 878 (P5) @ C- KMk C2H2 & Zinc-
finger (Znf) EF — 7 M SN, g L ORI GRS D R"E I iz (Fig
1-23) s FoxCV2., Crysoviridae Ft D 7 A )V X LR 7 A v A 53 FHE T
& % Totiviridae Ft. Alternaviridae Bt 7 A /L 2@ RdRp 7 X / BRFL 4]
EHWTH T RN 21T o T2, & DR E . BLASTX f#HT O 5 F & —
L T Betacrysovirus B DR T D ONEICMET 5 Z ENH L E 2
- 7= (Fig. 1-24), LLE2 S FoxCV2 IX Betacrysovirus J& @ FsCV1 & [A]

FBOBRGLDITOANABETHD EHESINT,

3-10. Victorivirus J& U A /L A
FE B FEAT 2> 5 FsamVVI1 &Y TvVVI X% 230 SCHT dSRNA 7 A
A9 D Victorivirus JBD A N—"Th % L HiE S iz, FsamVV1 X
FA2241 Bk e O FA2242 BR O 5 7 B S 4, FA2242 [ZJkGe 32 U A
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o5 | Agrostis stolonifera deltaflexivirus 1
55 | ' Triticum polonicum deltaflexivirus 1
56
Soybean leaf-associated mycoflexivirus 1
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100
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—
13 —
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Figure 1-22. Phylogenetic placements of FbLFV1 based on the replicase sequences.
Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FbLFV1 and on other definitive and
tentative members of the order Tymovirales. Five members of Closteroviridae tfamily were used as
the outgroup. Bootstrap values obtained with 1,000 replicates are indicated on branches. Branch
length corresponds to the genetic distance; the scale bar at the lower left corresponds to a genetic
distance of 0.50.



82 1,139 aa/129.27 kDa 3,501

RNA1
3,555 nt
86 878 aa/95.09 kDa 2,722
RNA2
2,807 nt
95 852 aa/91.92 kDa 2,653
RNA3
2,785 nt
98 832 aa/92.22 kDa 2,596
RNA4
2,649 nt
97 607 aa/68.03 kDa 1,920
RNA5
2,350 nt
RdR C2H2-type Znf
500 bp P P
IDR

Figure 1-23. Schematic diagram of FoxCV2 genome.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by FLDS. Colored boxes indicate the
positions of functional domains; green: RNA dependent RNA polymerase and beige: C2H2-type
zinc-finger domain. Pink lines below the white boxes indicate intrinsically disordered regions.
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Figure 1-24. Phylogenetic placements of FoxCV2 based on the replicase sequences.

Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FoxCV2 and on other definitive and
tentative members of the family Crysoviridae. Members of Totiviridae and Alternaviridae family
were used as the outgroup. Bootstrap values obtained with 1,000 replicates are indicated on branches.
Branch length corresponds to the genetic distance; the scale bar at the lower left corresponds to a

genetic distance of 0.50.



WARRDE I Z IR ) AR REES L7z, FsamVVI KO TvWVI
T DI WIS Victorivirus JE T A VA BT DRETH DA — A
— T v 7T52OOKEWVORF #FLTHY ., 5Kl (ORFA) X
CP # . 3'-Kuifll (ORFB) /X RdRp # = — K3 % (Ghabrial and Nibert,
2009) (Fig. 1-25), Victorivirus J& 'V A )V 2 X7/ A Lt © ORF @ FH&R
KTEZOVRY —LANEHE RNA IZfEA L T RO ORF OFIR % B
%53 % Ribosome termination-reinitiation ##% (2 X W CP &L U' RdRp % &
B% 3 % (Ghabrial and Nibert, 2009), FsamVV1 & TvVV1 @ ORF DI
X # N Z1 UAAUG. AUGA &9 Victorivirus HIZ S E TRV S
NAA—N"—=Z v 7RI EHFLTEY, LLOoEELZFHL T X
JEAEREAT O 2 EBNRE I e (Jamal et al., 2019) (Fig. 1-25),
FsamVV1, TvVVI1, Totiviridae F O 7 A )V A R R D A /v A 53 BERET
& % Chrysoviridae £, Alternaviridae £ ® 7 A /L 2 ® RdRp 7 X /
Bl W ToH TR 217 > 72, £ DR R, FsamVVI, TvVVI |3
T b MO Victorivirus J& D A >N — & A\ Totiviridae £+ O NI ST
L7k zRk Lic (Fig. 1-26), YL EDOFEFR S FsamVVI X O TvVV1
IX Victorivirus J& D A X —To 5 EHEE L7z, ICTV X Victorivirus J&
NIZB T 2O MR DHEELRIT TV 2RV, TvwVl I8 Ao
Victorivirus & @ FL AN BT 23 L s AR < | FFRAGICHTRE & L TR R
DAL D,

3-11. Alternaviridae & (REFE) A IV X
il F1 i AT D fiE R Ep-96/25 ¥k 7> 5 FoxAVI1 23, F8850 #7225 FsoAV1 K&
Y FsoAV2 23 & 7=, BLASTX f#AT K OMRIFE S L72 S'-RKuifc 21 @

T IVFTILT T4 A R FoxAV1 & X FsoAV1 13 3 5 &i D . FsoAV?2

96



FsamVV1/FA2242 2,468

5,096 nt :
CGCAGUAAUGGCCAA
| |
195 I 5.011
757 aa/78.13 kDa 847 2a/91.76 kDa
TVWV1/AH-4 2,614
5,221 nt 2,(‘?17
CGCAACAUGACGGGC
| |
101
5148
1
| 838 aa/89.66 kDa
844 aal/92.48 kDa
1 kbp CP
RdRp
IDR

Figure 1-25. Schematic diagrams of FsamVV1 and TvVV1 genomes.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by RLM-RACE or FLDS. Nucleotide
sequences of overlap region of two ORFs are indicated above the genome. Colored boxes
indicate the positions of functional domains; light blue: capsid protein and green: RNA
dependent RNA polymerase. Pink lines below the white boxes indicate intrinsically disordered

regions.
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Figure 1-26. Phylogenetic placements of FsamVV1 and TvVV1 based on the replicase

sequences.

Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FsamVV1, TvVVI1 and on other
definitive and tentative members of the family Totiviridae. Members of Chrysoviridae and
Alternaviridae family were used as the outgroup. Bootstrap values obtained with 1,000 replicates are
indicated on branches. Branch length corresponds to the genetic distance; the scale bar at the lower

left corresponds to a genetic distance of 0.50.
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X5 HEiOT ) AEFETDHI ENRB I (Tables 1-9, 1-20, Figs. 1-
10,1-27) BUANAIZHBET HMHEEEL LT, RNAILIZZ—RFRENRD X
VX7 E (P1) W3 s RARp OFEEE K A A4 N PHI S Uiz 23,
RNA2 L ORNA3 D 22— R4 25 % 878 (P2 N P3) ICIXHERE I A
A TR E 20> 72, FsoAV2 @ RNA2 O I35y O EL A IE 5 S 1
TELHT, MMOEPDOKEE R A A N Z OMFEBIC TR D A REESH
%, FSoOAV2 |X RNA1-3 2/l % ., 2 DD Hi%7 /7 & (RNA4 J2 Y RNAS)
AT HEHP N, ZTBHIFTVTALHE—O ORF A3 %7,
RNASIZa— K& ¥ 878 (PS) FREAITIC Znf € F — 7 B
HEh, PS BB L WIEIMoZ o 7B EMEERT S Z L NRE
S fL7e (Fig. 1-27), Alternaviridae Bt 7V A4 L X K OPEHK TH 5
Chrysoviridae F+. Totiviridae B+ 7 A /v 2 ® RdRp 7 X / BEELH % W\ 7=
oy FRAEMEAT DGR . BLASTX AT DGR & — 8 L T FoxAVl KO
FsoAV 1 |3l © Fusarium J&H % 15 & & 3 2 Alternavirus J& D A /3 — &
HATIANE L7k &2 Rk L 72 (Fig. 1-28), — J7 T FsoAV2 [ O Fusarium
B % BRME £ & T 5 Alternavirus &1L 0 | Aspergillus J&H » 5 %
H S 7z Alternavirus & BRI IT#% CTh H 2 & AR S vz (Fig. 1-28),
FiAV1, FgAV1 K& " Fusarium poae alternavirus 1 (FpAV1) (& ZEh
RdRp ® 7 X / BAELFIEAMIME 23 i < (Identity: 87.36% - 98.13%) Z L5
DT AINAKREF T A /L AFE L LT Fusarium alternavirus 1 (FAV1)
NEEE XL TW5D (Zhangetal.,2019), BLASTX fi##T & DNy 1 % i fig #T
DFER D FoxAV1 & FsoAV1 [L3LIZ FAVI ICBRT AR5 7 A VA
Th o EHEINT, £/, FsoAV2 X FAVI &3R5 R HEICET S
ML ThHDHZ ERRBRINT,
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FoxAV1/Ep-96/25

82

1,123 aa/127.00 kDa

3,453

RNA 1
3,524 nt H

I- Poly(A)

79

757 aa/84.20 kDa

RNA 2
2,474 nt H

78

743 aal/81.56 kDa

RNA 3
2,460 nt H

FsoAV1/F8850

83

1,123 aa/127.09 kDa

500 bp

3,454

RNA1
3,528 nt

I— Poly(A)

7

757 aa/83.68 kDa

RNA2
2,468 nt

76

743 aa/81.55 kDa

RNA3
2,458 nt

Figure 1-27. Schematic diagram of alternaviruses’ genomes.
A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by RLM-RACE or FLDS. Colored
boxes indicate the positions of functional domains; green: RNA dependent RNA polymerase,
and light purple: zinc-finger domain. Colored lines below the white boxes indicate the areas of
specific features; light blue: non-cytoplasmic region, light green: transmembrane region, dark
purple: cytoplasmic region and pink: intrinsically disordered region.
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FsoAV2/F8850
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RNA1
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RNA3
2,461 nt H I— Poly(A)
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76 1,213 -
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Figure 1-27. (continued)
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s, [ Fusarium solani alternavirus 1/F8850
“ Fusarium oxysporum alternavirus 1/Ep-96/25
100

r— Fusarium incarnatum alternavirus 1

Fusarium poae alternavirus 1

29 55

Fusarium graminearum alternavirus 1

Fusarium solani alternavirus 2/F8850
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Aspergillus foetidus dsRNA mycovirus
100
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100
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Figure 1-28. Phylogenetic placements of Alternaviruses sequenced in this study based on the
replicase sequences.

Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FoxAV1, FsoAV1, FsoAV2, and on
other putative members of the proposed family Alternaviridae. Members of Chrysoviridae and
Totiviridae family were used as the outgroup. Bootstrap values obtained with 1,000 replicates are
indicated on branches. Branch length corresponds to the genetic distance; the scale bar at the lower
left corresponds to a genetic distance of 0.50.



3-12. Polymycoviridae Bt (R&AZR) 7 ANV X

Ep-BL21 #£. F6134 ¥ & U F8924 #RIZI1XZ /0 Hi RNA 7/ L2 HT 5
HKIT¥E T A )V A FoxHadV1, FsoPmV1 & O FeHAdV1 BERET 25 2 &2
B 572y & 72 > 72, RNAI-RNA3 [X Polymycoviridae £t v A /L 2 @ i T4k
BOEZ AL M THY ., RNALIZIE RdRp 28, RNA2 ([ZIXHERE R Jn & o
N7 RNA3 IZIE Met 28 23— R &35 (Sato ef al., 2020a) (Fig. 1-
20), T BT %, FsoPmV1 ® RNA4 (213 Colletotrichum camelliae
filamentous virus 1 (CcFV-1) OB T 2 OB IR 77 H M H S v 7o HEE
CP LHPMEZRT X NI EHENa—RRaInd (Jia et al., 2017),
FsoPmV1 @ RNAI1-7 & 9 X FrPmV1 @ RNAI1 - 8 MM Z R L 72
23, RNAS IX FsoPmV1 IZReBE D Hi 7 7 5 ThH Y | 47 F & 1631 kDa @
MREERMZ R EE2a— 425 (Fig. 1-29), FoxHadV1 & O FeHadV1
LT EWIZERRTVANVATHLN, BT D507 7 LAOBENER
STEY, WTFThbTF—ZX—2 BICHUE S DN FEE LRV RNA
A 3% (Tables 1-9, 1-20), F 72, FeHadV1 MR EY7 % F8924 F£ i1
B AR D 4 KOHEE D A L AFF] (RNAST-S4) ST s,
INBDOTUANAIMAZ, T—4_X—ALETHRLEERTVANVATH
% HadVl OF X COSEYT /) L OHIEFH] 2 v CTREMT 21T - 72,
Z O R  FeHadV1 O H#E & 4y &i~7° / 2 RNAS3 IX FoxHadV1 @ RNAS & |
RNAS4 |X FoxHadV1 & OY HadV1l @ RNAI1 & L A3ERL L 7Bl &2 A
THZEN RSN (Fig. 1-30), £72., BLASTX f##TIZ X ¥ FeHadV1
® RNAS8 % HadVl @ RNA9 & RKOFHBMZ R L TE Y, RNASI,
RNAS2 /% FoxHadV1 & " HadV1 ® RNA9, RNA10, FeHadVl ¢ RNAS
ciZ 1 o7 v =Rz L, UE2 S RNASI & TF RNAS2 /&
RNAS IZAE BN EET H L TALLIIRENE T A N Th 5 AHEME
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FoxHadV1/Ep-BL21

40 804 aa/90.21 kDa 2,454
RNA1
2,538 nt
76 720 aa/80.19 kDa 2,238
RNA2
2,339 nt
55 671 aal/73.64 kDa 2,070
> 187 L]
2,187 nt
255 aal27.74 kDa 153 aa/16.60 kDa
70 837 95 556
RNA4 _I | RNAS8
1,335 nt | 918 nt
233 aa/25.21 kDa 149 aa/16.65 kDa
73 774 95 544
RNA5 _I RNA9
1,135 nt 911 nt
69 aa/8.05 kDa 163 aa/17.52 kDa
252 461 95 586
RNAG | RNA10
1,049 nt | 905 nt
128 aa/14.90 kDa 37 aal/4.46 kDa
211 597 364 477
RNA7 RNA11
1,022 nt 866 nt
500 nt RdRp C2H2-type Znf

B Mr == IDR

Figure 1-29. Schematic diagram of FoxHadV1, FsoPmV1, and FeHadV1’s genomes.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by RLM-RACE or FLDS. Colored
boxes indicate the positions of functional domains; green: RNA dependent RNA polymerase,
blue: methyltransferase, and beige: zinc-finger domain. Colored lines below the white boxes
indicate the areas of specific features; yellow: signal peptide, light blue: non-cytoplasmic region,
and pink: intrinsically disordered region.



FsoPmV1/F6134

35 771 aa/86.10 kDa 2,350
RNA1
2,453 nt
73 699 aa/ 76.10 kDa 2,172
RNA2
2,276 nt
59 622 aa/67.11 kDa 1,927
RNA3
042 i H L H
304 aa/32.62 kDa 158 aa/16.31 kDa
105 1019 111 587

RNA4 RNAS8
1,302 nt 939 nt
211 aa/22.85 kDa
92 304 aa/32.10kDa 1,006 98 733

RNAS RNA9
1,144 nt 913 nt

161 aa/17.57 kDa

134 619
RNAG I RdRp e= IDR
1,062 nt
B Mtr

167 aa/17.65 kDa

112 615
RNA7
1,004 nt

500 nt

Figure 1-29. (continued)



FeHadV1/F8924

30 804 aa/90.58 kDa 2,444
RNA1 _l I_
2,544 nt
112 720 aa/80.37 kDa 2,274
RNA2 _I I_
2,376 nt
47 674 aal/74.03 kDa 2,071
RNA3
2,182 nt 'I - I_
254 aa/27.74 kDa 150 aa/16.93 kDa
71 835 87 539
RNA4 _I | RNAS1
1,354 nt | 958 nt
333 aa/110 kDa 159 aa/17.82 kDa
120 452 89 568
RNA5 RNAS2
1,239 nt 917 nt
233 aa/24.97 kDa 152 aa/16.69 kDa
89 790 81 539
RNA6 _I RNAS3
1,175 nt I 882 nt
257 aa/28.31 kDa 85 aa/9.83 kDa
150 923 275 532

1,037 nt _I I— 851 nt

153 aa/16.78 kDa
90 551

RdRp Signal peptide
RNAS8
940 nt B Mtr Non cytoplasmic
500 nt == IDR

Figure 1-29. (continued)



FePmV1 RNAS2

o 0.2
32 01
i . FePmV1 RNAS1 |
o] o FePmV1 RNA8
0.0
97 - FoxHadV1 RNA8 <
85 S 5 FePmV1 RNAS3
0.1
10057 FoxHadV1 RNA9
] ' T HadV1RNA10
53 0.0
— 985, FoxHadV1 RNA10
0.1
—5; HadV1RNA9
. = FoxHadV1 RNA4
03 S5 FePmV1RNA4
1] 0. -
ol 5 HadV1 RNA4
93757 FoxHadV1 RNA2
100l 1 —————HadV1 RNA2
0.4 .
= FePmV1 RNA2
39 -
0.1 100| 02 FoxHadV1 RNA7 Znf
K 2 * ™ HadV1 RNA8 Znf
0.0 e
N 5 FePmV1 RNA5
05 100|:0.0FoxHadV1 RNA6
0.2
o5 HadV1 RNAG
100 v FePmV1 RNA7
36 o o1 HadV1RNA7
0.1
] - - FePmV1 RNAT RdRp
04 9757 FoxHadV1 RNA1 RdRp
®! ———HadV1 RNA1 RdRP
885 FoxHadV1 RNA5
100 0 ———HadV1 RNAS
0.4 )
v FePmV1 RNA6
d 87 03 FoxHadV1 RNA11
0.0
100 0.1
~ o HadV1 RNA11 4
61 v FePmV1 RNAS4
0.1 —
. " FePmV1 RNA3 Mitr
04 9 o1 FoxHadV1 RNA3 Mtr

' ——7"HadV1RNA3 Mtr

Figure 1-30. Phylogenetic analysis of nucleotide sequences of hadakaviruses’ genomic

segments.
A triangle indicates a clade which consists of FeHadV1 accessory RNA segment(s).



23 S 4v7e (Table 1-20 and Fig. 1-30), L 72>L ., RNASI -S4 7% FeHadV1
DT ) ALNTHLIPERETDICITEBRMNLRIENMLETDH 5,

Polymycoviridae £ 7 A /L A | LLEGHYUT #% 72 Astroviridae F . Caliciviridae
B> RdRp 7 2 / WREAH 2 W72+ 2 MMM I XV . FsoPmV1 (&
Polymycoviridae £ ® N 12 . FoxHadV1 } O" FeHadV 1 |Z Polymycoviridae
BEONBICHEEF R B L TMET LS ERHALNE o2 (Fig
1-31)s Z O RIE BLASTX T O R L —%H L TH Y. FsoPmV1 H®
Polymycoviridae D A X —TdH 5 L #EE S /-, 72, FoxHadV1 &
" FeHadV1 | HadV1 % & ¢ Polymycoviridae BTk 72 AL L 72 B

RLICIwRT D EHEES N,

3-13. Umbra-like 7 £ /L X

Tombusviridae FHZIZBIE 16 DT A NV AZABNEEN DB, THE, AU
AN AR D Umbravirus JBIZEZRKRAKBE T ANV ZABERERESINLTE
Y . Umbra-like 7 A /L A L PR LTV % (Cafiizares et al., 2018; Tahir
et al., 2021), Tombusviridae Ft 7 A4 VW A 3fW % ARIEFE L LTEY
X 3.7-48kb OH3Hi+ssRNA 7/ A L2 4 DO ORF #6775
(Rochon et al., 2009), Z i1 5 @ ORF {Zi% RdRp. CP, MP, RNA ¥ A
vyt —na— FETW5A D, Umbravirus (L CP XY
RNA ALy v 7Ty —2RNTEY, O A NVADZ
NRIBEHEUMEDIR WS NI EH % a— K7 %5 ORF(ORF4) = H 7 5,
Umbra-like 7 A L Z X EFHHYSCEHENLHE AL SN TEHB Y CP.MP,
RNA YA Lo 737V yd — KO Umbravirus @ ORF4 (22— F
SN F N TEONTAL BT T RIS N7 H L RdRp & =
— K9 % 225D ORF DA% 3 % (Cadizares etal.,2018), BLHIfEAT D
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100

- —_ﬂ ......................................................

Caliciviridae

Astroviridae

100

Sclerotinia sclerotiorum tetramycovirus 1

100

= |~ Hadaka virus 1/7n

T Magnaporthe oryzae polymycovirus 1
] Beauveria bassiana polymycovirus 2

29

9 Fusarium solani polymycovirus 1/F6134 @

Fusarium redolens polymycovirus 1

3 . P .
27) Colletotrichum camelliae filamentours virus 1

Cladosporium cladosporioides virus 1

Penicillium brevicompactum tetramycovirus 1

29 Phaeoacremonium minimum tetramycovirus 1

—— Botryosphaeria dothidea RNA virus 1

Penicillium digitatum polymycovirus 1

37 Aspergillus spelaeus tetramycovirus 1

77 Aspergillus fumigatus tetramycovirus 1

" Aspergillus fumigatus polymycovirus 1

o4 Fusarium oxysporum hadaka virus 1/Ep-BL21
’-‘ Fusarium oxysporum hadaka virus 2/F8924 @

I

Polymycoviridae?

Polymycoviridae

This study (FHB-associated)
® This study (BMS-associated)
Sequences from Fusarium spp.

Figure 1-31. Phylogenetic placements of FoxHadV1, FsoPmV1, and FeHadV1 based on the
replicase sequences.
Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of FoxHadV1, FsoPmV1, FeHadV1,
and on other putative members of the proposed family Polymycoviridae. Members of Astroviridae
and Caliciviridae family were used as the outgroup. Bootstrap values obtained with 1,000 replicates
are indicated on branches. Branch length corresponds to the genetic distance; the scale bar at the
lower left corresponds to a genetic distance of 0.50.



R G AH-1 K225 Umbravirus BB RDTZEIANATH D
TVULVI At &Nz, KU ANV ZTERE 44290t D4 ) A 225D
ORF # % 7 LIZH D, ORF THIK O /37 Eiwe THIN 6 o
Umbra-like ¥ A /L A R £R, 5'-K Uil ORF (ZHEREAR I & X7 H % |

3'- Rl O ORFIZRARpZ = — R4 % & HEW 472 (Fig. 1-32) , TvULV1
EXEDEkERT A NA KO Unbravirus J& & Tombusviridae £t A 73— D
RdRp 7 X / BB BLHI % BE 250 F R AT 24T » T i /. TvULVI 1T EE
EfEEE T DHUAINA LN Unbravirus J&, Tombusviridae F+ 5> & Jl ST
LI ZERT 2 oIl BR T 2 e R (Fig 1-33),

3-14. Phenui-like 7 1 /L A

Phenuiviridae #1312 73 fi-ssRNA U A V2 2 G 3 IETH L8, 2
ETRRIRRIKFE T A NV A FAREDAFAED R H AT Y | Phenui-like ¥

AN A LR SNTWD (Diaz-Lara et al., 2019; Navarro et al., 2018)
INLORND 3 oD N —FIZELTIEERNR Y A2
(Coguvirus J&. Laulavirus J& . Rubodvirus J&) & L T ICTV IZAR I 1
TW5 (Walkeretal., 2020), AH-1 Bk 68 H S 7z TVPLVL X A X

DREL B DH 2505585 /7 A (RNAL: 7,759 nt L O° RNA2: 2,671 nt)
43 % (Fig. 1-34A), Phenuiviridae Bt 7 A4 )V A X — Bl &2 Fr & 3 5 Hi7
JLEFTLHN, TOIBEX U RIEEa—RRT L7 A (M
segment) (ZHH Y T 5 EHIE AH-1 k0 S i3 S 7e 2> 72 (Linetal.,
2019) (Table 1-18), KRIGELHI DT 7 A4 A v MEHIZL V. RNAT K
RNA2 @ 5'-. 3'-jlj K2 1L, Phenuiviridine Ft 7 A v A T X < /17 &S
7o Bl (5'- ACACA - UGUGU -3") 25 ) & #u 7= (Diaz-Lara et al., 2019)

(Fig. 1-34B), AR ML —RA 72 -ssRNA 7 A /L A [6) £ B N AH #0972
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TvULV1/AH-1
4,429 nt

396 aa 487 aa
308 /143.99 kDa 1498 1676 /54.44 kDa 3139

H i |

500 nt RdRp IDR

Figure 1-32. Schematic diagram of TvULV1 genome.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by FLDS. A green box indicate the
positions RNA dependent RNA polymerase. A pink line under the white box indicate the areas of

intrinsically disordered region.



39 Beihai tombus-like virus 1

turnip crinkle virus

20 cowpea mottle virus

30 [ Rosa rugosa leaf distortion virus
100

rose yellow leaf virus

maize chlorotic mottle virus

trailing lespedeza virus 1
60

tomato bushy stunt virus

Changjiang tombus-like virus 8
100

66

72 Wenzhou tombus-like virus 5

pea enation mosaic virus 2

e : carrot mottle mimic virus
42 tobacco bushy top virus

Hubei tombus-like virus 12

80

Beihai tombus-like virus 6

— Beihai tombus-like virus 8

100 - Wenling tombus-like virus 1

Hubei tombus-like virus 11

89
80 |

soybean leaf-associated ssRNA virus 1

Sclerotinia sclerotiorum umbra-like virus 1

100 Diaporthe ambigua RNA virus 1

Magnaporthe oryzae virus A

92

& Verticillium dahliae RNA virus 1-B4 3

45 soybean leaf-associated ssRNA virus 2

100 soybean leaf-associated ssRNA virus 3

010

Trichoderma viride umbra-like virus 1/AH-1

Macrophomina phaseolina single-stranded RNA virus 3

J|

J|

J|

I\

Tombusviridae

Unclassified

Umbravirus

Unclassified

Unclassified

This study (Trichoderma strain)

Figure 1-33. Phylogenetic placements of TvULV1 based on the replicase sequences.

Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of TVULV 1, related sequences, and on
the definitive and tentative family Tombusviridae and genus Umbravirus. Bootstrap values obtained
with 1,000 replicates are indicated on branches. Branch length corresponds to the genetic distance;

the scale bar at the lower left corresponds to a genetic distance of 0.10.



A

TvPLV1/AH-1

43 2,545 aa/294.25 kDa 7,680
759 N
7,759 nt
<4==
328 aa 429 aa
136.64 kDa 147 .85 kDa
88 1,074 1,284 2,573 . RdRp (-ssRNA virus)
RNA2
2,671 nt H H H “r
= IDR
1 kb

B

RNAT 5" - ACACAAAGACGUCUAGGCUUAAAGCAC:--------- CUUUUGUUUAGCCUAGACUCUUUGUGU -3’
RNA2 5 — ACACAAAGAUUCCAAAGGAGAAACGAA:--------- ACGUUGUAUCCUUUGGACUCUUUGUGU -3’

skkkkokkkk, |k ok ok okkk % Lok k| ok sokskkokskokokskokokk
RNA1 RNA2
5" ~ACACAAAGACGUCUAGGCUUAA-AGCAC 5" —ACACAAAGAUUCCAAAGGAGAAACGAA
3’ -UGUGUUUCU-CAGAUCCGAUUUGUUUUC 3’ -UGUGUUUCUCAGGUUUCCUAUGUUGCA
sobokskotokkolok tokskolokdkokokk kk k. ok sotoksotokdook okskolokdkokokk kK

Figure 1-34. Schematic diagram of TvPLV1 genome and an alignment of their terminal
sequences.

(A) A white box indicates an ORF encoded by the negative strand, and gray boxes indicate ORFs
encoded by the sense strand. A vertical line indicates a terminus determined by FLDS. Numbers
above the boxes indicate start and stop nt position of the ORFs. An arrow indicates the direction
of the ORF. Colored boxes indicate the positions of functional domains; dark blue: RNA
dependent RNA polymerase and purple: capsid protein. A pink line under the white box indicate
the areas of intrinsically disordered region. (B) Identical nucleotide positions are highlighted by
asterisks. Highly conserved nucleotide positions are highlighted by periods. (C) Prediction of
panhandle structures formed by the 5" and 3’ termini of TvPLV1.



Byl CTH Y., 7 LDl EKESORtE N R S vz (Fig. 1-34C), TvPLV1
D RNALIZIEZT ) 2 DIFIEERICOTE D KREZ2H—0O ORF 28 L

RdARp RAA V2 BT H X X% =a— R+ 5, RNA2 IZITAM & D
250 ORF BJE L L. ZiEi CP & BT > /32 'E (Movement protein:
MP) Za— KT 5 EH#EI N, TVPLVI ¢t Z Dk v ALV A, KW
Phenuiviridae Ft . Leishbunyaviridae ¥t . Bunyavirales B U A /v 2 @ RdRp
T X BRELS & By T RIIRNT A AT o To S F . TVvPLVI BB T 5 kL
I% Coguvirus J& . Rubodvirus J& K& O\ Laulavirus JEIZER TH D Z & 1V H

Sk o7 (Fig 1-35),

3-15. Ambivirus

F8850 Bk 72 & i H & 7= BRIREL S (FsoAmV1) IZBEF DO WM D 7 A
L ARLH & b BRI A R S 720y Ambivirus & FEIEANLD U A L X EREL S
EIRWHEBMEE R T Z E BB B E A o7z (Table 1-20), Ambivirus (%
WFAHERRMEED RNA RICHmE D 250 ORF 2 F7T 52 &2
HEINTWD (Forgia et al., 2021; Sutela et al., 2020), 2 — KI5 ¥
YORNTEMNBIETANAOBERICINETH S RARp DEEE K A A4 0
M ENZ2NN, 2 20 ORF ONO—FHiZa— RREnbd ¥ 78,
S5iFEELUTCRIRp 27 EF—7 D 37 2 /EECH (GDD) A RH S
TWo, £/, HFED DNA g & L7 PCR THiH S 9. Northern
blot iRATIZC XV +BH LK - HOM G NI NI &nb, VA VA TH
5 EEZ BN TWS (Forgia et al., 2021; Sutela et al., 2020), FsoAmV1
LIOWMEL B L THERNZ V7B 2a— Nt 50MED 2 5
® ORF " s, D5 HLD—FH1L GDD EF—7 % (79 5% 3
JEEa—RNTH5Z BN ER ST (Fig 1-36), ZTO/RENDL.,

114



99

9

22

22

25

81

Citrus virus A

Citrus concave gum-associated virus
Watermelon crinkle leaf-associated virus 2
Watermelon crinkle leaf-associated virus 1
Laurel Lake VITUS sesssssasessssssnassnnnunannnnnanannnan:
Lentinula edodes negative-strand RNA virus 2
Entoleuca phenui-like virus 1

Trichoderma viride Phenui-like virus 1/AH-1

Apple rubbery wood virus 1

238 ! Apple rubbery wood virus 2

Sclerotinia sclerotiorum negative-stranded RNA virus 5
Rift Valley fever virus

Severe fever with thrombocytopenia syndrome virus
Rice stripe tENUIVINUS ~ sssesssssssnsssnsssnnssnnsannsnnns
Wuhan horsefly Virus — sessssssssssssssssssnssssnnnsnnnns
Gouleako VifUS ~ setsssssssssasssssasssnsassansnsnannnnn
Hubei lepidoptera virus 1~ sssesssssassassassassasnansan,
Pidgey virus ~ ***essssssssrrsssssssssssssnnnnn
Wuhan fly Virus 1 =eesssssssssssssssssssss,
Badu VIFUS ~ =ssssssssssssssssssssssssssssssssnsnsnnnn:
Hubei diptera Virus 3 =~ =ssssssssssssssssssnsssnssnnnnsn
HUbei diptera VirUS 4 ...........................
Rhizoctonia solani negative-stranded virus 4
Shahe bunya-like virus 1

Hubei bunya-like virus 4

Fusarium poae negative-stranded virus 2

Ixodes scapularis associated virus-5

Wuhan Spider Virus

Phytomonas sp TCC231 leishbunyavirus 1

—_

0.50

96

Mothra bunyavirus

Hubei bunya-like virus 3

Hubei bunya-like virus 5

e

Leptomonas moramango leishbunyavirus

Shayang ascaridia galli virus 1

{Beihai sesarmid crab virus 5

J |

I\

Coguvirus

Laulavirus

Unclassified

Rubodvirus
Unclassified
Phlebovirus
Banyangvirus
Tenuivirus
Horwuvirus
Goukovirus
Hudovirus
Pidchovirus
Wubeivirus
Phasivirus
Beidivirus
Hudivirus

aepLIAINUSY 4

Unclassified

Leishbunyaviridae

Unclassified
Mobuvirus |

Unclassified
Mononegavirales

This study (Trichoderma strain)

Figure 1-35. Phylogenetic placements of TvPLV1 based on the replicase sequences.
Neighbour-joining phylogenetic tree based on the multiple alignment of amino acid sequences of
conserved RdRp domain predicted on the putative replicases of TVvPLV1, related sequences, and on

the definitive and tentative family Phenuiviridae and Leishbunyaviridae.

Members of

Mononegavirales order were used as the outgroup. Viruses of Phenuiviridae are highlighted by
vertical lines and unclassified “phenui-like” viruses were highlighted by vertical dashed lines.
Bootstrap values obtained with 1,000 replicates are indicated on branches. Branch length
corresponds to the genetic distance; the scale bar at the lower left corresponds to a genetic distance

of 0.50.



A

42341 5,
FsoAmV1
4,272 nt
ORFB ORFA
612 aa 675 aa
/69.15 kDa [77.62 kDa

2
60

63‘96‘ ,Lg’l%

B )

FsoAmV1 SLERLGI————— NLVLRHSTAGFLGVYGNLITCTIPHGICLMTLYGNLITCT IPHGICLMTLTDTLMK-QWCAGDBAGTL—————- AKNDDVHFDNDVLNLMLS I GSVQWEKLFKRGE
RsaV1 SYERFPGFDK-—--DVISEHARASMLGIFGNLMSCTLAHG IAVAQT———-—-—-—————————- VETPDE-LNVAGDDAAVA-——-—- ENVEDPFLTDYAIR-—-SVGEYERSKTFYGDE
RsaV2 TYDRVSKKLKLWSTDTHPRQYTASMLGIFGNLMSCTFEHAAIMGAC——- ——1EDETQ-GGVAGDBGHLA-————— EDEHNEHY IRCSAC-——AIGVYEESKCFNTLE
TuAmV1 SYERFYKSQK--——GFRHAHHYAGMLGYYGNIASCTLMHGMLMMGY———- ——TGNDMK-FFVAGDBGGVA-———-- VNPETDEMVDQA IN---ATGRDQPDRRFRSDE
TuAmv2 SWRRFDSEFK-—--HIPRYHHHAGCLGVFGNMALSTVVHNALILAT-——— —-TGDMDI-FNVAGBDGAIAT——-—- TDPDMEHDLSVATV---HMGRDQPDRRFRSDE
TuAmV5 SVERIDKHLS-—--DRVFHMGQGGCLGIKGNIVLSTSLHGLALADL———- —=TNTVHN-DCVIGDRALTQ-———--' VLLQLTAVFIACVN-—-NLGDINSTK-FSMIK
TuAmV3 DVSRLLETFS-W—-VPYYKQLRSGMLGVQGNIGLSTLLHGIHISRF———- —-SGGLHKFTCCVEPBCLTR-————- VAEKHYDAFVSHVN---ILGSIQEER-FTQWE
CeAmV1 DVSRLKEDLF-W--VPSYHQLRNGMLGIQGNIGLST [LHGIHISRF———- ——ADGHWMH-1CCVEDBCLDR-———-- VHRDQYTEY IQHVN---ILGEISPDR-FTTWV
TuAmv4 DVNRIKEDLF-W--VPSYHQLRSGMLGIQGNIGLSTILHGIHISRF———- —-ADGHQH-1CCVEBBCLDR-————-" VHRDQYTEY IQHVN-—-ILGEISPDR-FTTWV
CpaV1 DASRVLGQSA--——GTTLLQHTCGMLGVEGNIFFATLLHG IHLRF | --—--—-—-—————-———AGLNR-SRCVGDDARMHHRVPF G IMDNTETDYLAWVL--AGCGDL SKEK-MGKFE

*, LKk Rkl k% Fokok . * :

FsoAmV1 L-——-————————-DAVVALKRQLVKLP-———-1 NLLALGPNILFPPFSSLFK—DD

RsaV1 —GATALKRP IHIEGDR-——-PVMS—VNIVPPSLTMILH—QL

RsaV2 —PCISLKRP1TQVPDS———-TIL IAGQMPIPPSFHLLKRLLQP

TuAmV1 P-————————————————GCICLKRSLSVPEGS———-IHPQHGVRVIPPSLYTIVH-HGF

TuAmv2 P———————————————GAICLKRPIWQDDEDFRIYPILKQGVSI IPPSLNSLLS-HGF

TuAmV5 p———— RSVDPLGETNFKF TKRPLSLDPIY-——-SVPVLGGLDFFPDFASVLY——-

TuAmV3 YAPYLNDWETELKPDGYQTFPFCKRPTD IDYFG-——-NVFTE-QLPPFPNLAPVL——-

CeAmV1 CPPGYYEEEQFTGED--ETFPFCKRPTLINAFG-———EVETE-YLPPFPNVAALL————

TuAmv4 CPPGYYEEEQF TGED--ETFPFCKRPTL INAFG-—-EVETE-YLPPFPNIAALL———-

CpaV1 S——————| GVDSEL--QAYRY IKRPIHRDG—————- SIMIEGILLTLPSIIPLL-——
*ok * .

Figure 1-36. Schematic diagram of FsoAmV1 genome and a multiple alignment of putative
replicases encoded by FsoAmV1 and related sequences.

(A) A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position
of the ORFs. (B) Identical nucleotide positions are highlighted by asterisks. Highly conserved
and relatively conserved nucleotide positions are highlighted by colons and periods, respectively.
Conserved “GDD” triplets are highlighted by a blue box.



FsoAmV1 & BE# @ Ambivirus & OFEKMEDN R I L7,

3-16. U A )L Z¥EBLF] (VLSs)

Ep-N27 #&. F6134 £k K& OF F8850 #R 7 b (T ImE A D & A )L AR ELF
(VLS1-15) sz, Zhbi3d@EL To A 2SI & %
¥ Ny D ERT R, NCBI 7 — & X — 2 E\CHEHLE 2 83
B Sz nwZ &, 774 F RNA (satRNA) Toh 5 & HEH
ST, satRNA IR —MANIZERST 27 A VA (N X—1T A )b
2) ILZDOEBEETFTHRNASFTHY, 2200t 2 HH 1.5kb Db
DORMBENTWND, %< OHE satRNA [~/ — 7 A )L 2 & DR
FERLME 2 2k & 97, ORF & Fi7= 72y (Wang and Smith, 2016), Z L5 D
9 H VLS1, 5-7. W7 DORETE S D ORF S LTS
(Fig. 1-37), a— RENDHHEX R 7 EITWT I HEERMTH D
M. VLSS -7 K1 IZa—RFRandZ o7 B2 E L TRALE M
fEiK (IDR) BNEET D, £ VLSILIZa—Rand ¥ v R 7GR
Bl A2/ L Th Y, FFMEEEMAICITa AL Ras v igEn T
Mz, LEFLO Ambivirus EIFRRD | VA /L ZAD RdRp 27 £ F
— 7 L THmbND GDD, SDD, GDNQ 2 FDEANTZ b D& N
JBENLIFREISRT, HEEHDOABIAHTH D,

117



Ep-N27
78 793 aa/92.36 kDa 2,459

VLS1 _I I_
2,552 nt

F6134

305 aa
77 /135.57 kDa 994

VLS5
(NODE_17) H H
1,096 nt

277 aa
75 /31.52kDa 908

VLS6
(NODE_19) H H
1,018 nt

263 aa
103 /29.99kDa 894

VLS7
(NODE_21) H H
969 nt

F8850 275 aa
70 /31.49 kDa 897
VLS11
(NODE_17) H H
950 nt

500 bp IDR == Non cytoplasmic

Cytoplasmic Coiled call

ea» Transmembrane

Figure 1-37. Schematic diagram of sequence structures of virus-like sequences.

A white box indicates an ORF. Numbers above the boxes indicate start and stop nt position of
the ORFs. A vertical line indicates a terminus determined by FLDS. Colored lines below the
white boxes indicate the areas of specific features; pink: intrinsically disordered region, light
green: cytoplasmic region, blue, transmembrane region, purple: non cytoplasmic region, and
beige: coiled coil.



3-17. DRS I Xk B3 B &
3-17-1.  S&A{EFEr (BL13 #K)

UANVARFIEICB W T DRS IXY 7 7 LU ARIINGEET DT A LA
DBHIZHNLNTEY KA Y ALV ZOELHIFENT T O FHE RS
SN TRV, RIFFETIEDRS BRHMY A )V ADG ) LEFIFEATIZF
TEDODERIAT LD, 7477 VHEEOKRT, RNA-seq IZ & -
THLNZ T ANV AES L OB EIT o 72, DRS IZHEEEY OBEIE T
HEBfREATZ BB E L CEH SN TE Y, 3'KiliIZ poly (A) ZEH D
RNA GG+ W™ T7A T 7 IEROSRERD, v~ 2T AL AT poly
(A) ZH 26D bRV HEODOM G BFLELTEY , KU AL
A DEHNEHTIZ X T A L A RNA @ 3K~ poly (A) fFnn %28 L
2%, SATHFZE (Wongsurawat ef al., 2019) Tl DRS % v 7= poly
(A) Zb7RWVW T ANV ADORINEN Z1T-TEBY, TOmIXDO T 1
NanLVzBEIZTAT7 T IVBELITo I,

DRS 7 A4 7 7 VIERFIEZONT, OF A 7 7 VU IERKEE O W EE K
JE. KTO@dAsRNA O 7 8]0 LER O 2 S8 RAEICE 2 D %

AMA L, REREMHEEZBRF L, ETHOIC, PEEE IS DEZEICD
WTHAE L7, DRS IZB W TR G RS IEMLH TILZR WA, RNA &
cDNA ZNA TV XA XIHHZ LT RNA OENIEZ EHRICEE
SELIMREBHY  WME T Fa L THEIATWLIFIETH D, —F
TW R B F 1T RNaseH JEPE2NH YV | cDNA AR OBRICEER & 72 %
RNA b FZ2Ulr+ 2206, METEHIESEZERT S 5 a6tk
WD, REBITTIFTT TICERET LI VANV ZADREREEREYT / AERYN
fiEFE S TW5D Ep-BLI3 R Z W7o, B L7 dsRNA 1 ug #88 & L
TWE GRS ZITOTICT A7 7 U Z24Epk L, 18 KF[H o Bl 51 iF A 12 fik
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AL, TOME, HREIEZ 4,880nt &3 2 113,403 Bl F % Bufs L
7z (Table 1-22), P U I U7X VK 63%D YU — FBWDY R, 5o
20— RKDK 76% 0137 A )V A/F|ToH o7, dsRNA OEBRKE D |
FbMV1 & FbLFVI D-RNA O EFEEIC K R ZRIIB O N> 2R
(Fig. 1-38), A L AELHIDF 61%5 FOMVI HK TH D Z E RNy do
72

WORENCTIix, B OHERE T o a gy, WERERIEEITWT A
7TV EAER L, 1ug® dsSRNA ZHWCTT7 A4 77 U Z/ERR L, 18 I
[#] D BE F R %2 4T - T2 B b KECHI R 10,7120t D U — F & & L9 136,580
BB 234G S vz (Table 1-22), FU I 702K VK 67%D U — RAERY
Brovdv, oo U — FOK 82%0 U A )V ARLHITod -7, 1 [EH O
[FEE., dsRNA OZFM&E O OHEWRIZK LT FbMVI B DV — R3K
67% & WO mWEIG 2R Lz, 2 [ B N OFE K26 (7 U dsRNA =
fEpr M b B ST 1 RIH O &L L TRRKY — FRAKE <,
Bonlc) = FENREho ez, FERERICHBHIER A2 m LS
% &l A T T,

1B H. 2 B EHOESGEH CTIXEIEOFHERZH £ 611.3 at,
53350t E U A NADYT ) AV A AL L CTHBICHWZ EAHS
Elrolz, FHNE L TRV T ArdicEEn s Wik 272 dsRNA
PERMICHEZAEIN TV DIAEERS X DR, T e —2 7
JVERIKENC X Sy EEL 724 dsSRNA O 7 8l H URER 2170, Wi
bt dsRNA O EEZRA AT, F80 B LR L7z dsRNA 400 ng = H
W, 2 B HOBRYIENT ERBEDOFIETT A4 7T VIEREIT > 72, 1.5 I
W O BSNfRHT O FE R, R KESIE 4,386 OV — K& & 51,650 Aol %
Bf%: L7z (Table 1-22), P U R U 702X 0 12%D U — R B,
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Table 1-22. Result of the sequencing from DRS with different library preparation procedure.

1st run Raw reads Trimmed reads Mapped reads FbLFV1 l;;il;\g FbMV1

_RT.’ -Ggl num reads 113,403 42,258 37,314 10,227 5,533 21,554

purification

Input RNA: 1 pg|sum len 37,953,361 25,832,185 21,226,716 4,482,115 2,533,647 14,210,954

Run time: 18 h  |max len 4,880 4,880 4,880 4,880 3,407 3,641
min len 19 300 300 300 300 300
avg len 334.7 611.3 657.8 630 688.9 661.5

2nd run

+RT’ _G?l num reads 136,580 49,362 40,675 7,642 5,494 27,539

purification

Input RNA: 1 pg|sum len 42,322,796 26,333,344 22,580,932 4,497,187 3,738,895 14,344,850

Run time: 18 h  |max len 10,712 10,712 10,712 10,712 2,424 2,785
min len 1 300 300 300 300 300
avg len 309.9 533.5 555.2 588.5 680.5 520.9

3rd run

+RT’ +Qel num reads 51,650 45,695 42,778 2,152 1,655 38,981

purification

il;put RNA: 400 sum len 48,716,115 47,356,462 45,219,246 1,226,404 1,156,927 42,835,915

Run time: 1.5h |max len 4,386 4,386 4,386 4,386 2,404 3,013
min len 4 300 300 300 300 300
avg len 943.2 1,036.40 1,056.80 569.9 699 1,099




DNA Marker
Ep-BL13

(kbp)
10 < FbLFV1
3 <« FbMVA1
2 ~ FbLFV1 D-RNA

Figure 1-38. Agarose gel electrophoresis of dsSRNA samples used for DRS.
An arrowhead indicates dSRNA band of each viral elements.



HolzU—FOK 93% N T A NVAES TH -7, 3 [BIHDMENIL 1
B B OfEHr & el U CfEH L7z dsRNA & AT S & b b2 n (%
ILEI 40%., £ 8%) ICHBL LT G LIcEEAR DKM 2 L0
S TEY ., FHRIE., FEHRSEEOBEE 2m EbiRO 6l (Table
1-22), =T, BUANZAEINIK T 5 FOMVI O EIE 28 KIFIZ E& L
TEY, B2 04 VA THASHDIEINEORKY 2i8ikd 5 2 &
MR INT, ZORRNG, F8 0 B UKRIIE ST O X7 4+ —
YU AERMESELIN, HBOBRRLI VAN A EELY TV ORI
RFTIC B W IR ERBEDO U A L 25 7 MBS TS %2 B 9 5 Al ke
End s LHEshlz, UEOBITRENS, DRS 12X D7 A/ AHE
FIFEATICIE 2 BIH O&ME (WEEEAE., A0y M URRE) 2@ L
72
3-17-2. T IRV —lT v

AN AT I s L2 E R O = 1 = —JB B e OY dsRNA ] 73 O & 5 VK B
DFER., T AN ELNTERST — 2 OMEIXIZN LI Fig. |
39, Table 1-23 /R L7z, FA2242 #R HLfliH L 72 dsRNA O FFE /NN —
7% RNA-seq X (NDRS O % > F L THRG > TEBY DRSOV 7 LiZ
X RNA-seq D% 7V H B 72 W) 10 kbp @ dsRNA 28 AT 6
N5z L, £72#5kbp ® dsRNA DEBENHEFIC LRV ENHS
mElpole, MM ETOan=—RbLINLDOY T ILETRRD
Z DFRBFMIEALIZ 10 kbp @ dsRNA 2B 53 2 Wl REME RN RIR S iz,
FAI3T KD T A 7 7 U b BGonziioig K — RE, EHY — R
BiXZn 21 10,571 nt, 7873nt Th oo, 7/ ATV T VICEY E
SRRt LT 0 TEAIN 1O T HMBE SN, 2 d BLASTX
FEATICHER L 72 45 JL . FgHV1 @® RdRp B %1 & & K O FH L (E-value: 6.0e
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FA1837 FA2242 FA2242
-10 kb dsRNA

B 0§ B
T I~ S N
= 8 = J
< 2 < 2
% L % L
(kbp)
10 R
5 -—
3 —
2

Figure 1-39. Colony morphology and agarose gel electrophoresis of dsSRNA samples used
for DRS of the fungal strains.

(A) Colony morphologies of FA1837, FA2242 and FA2242 lacking the 10 kb dsRNA. (B)
Agarose gel electrophoresis of dsRNA fraction used for extracted from the F. sambucinum
strains FA1837 and FA2242. The 1 kb DNA ladder (NEB) and dsRNA samples were loaded on
the left and right lanes, respectively. A triangle indicates the position of a viral dsSRNA band



Table 1-23. Sequencing information of DRS.

Run Number Read length Viral
Sample . Total bases o
time (h) of reads Minimum  Average Maximum reads (%)
FA1837 2raw_data 75,139 40,831,406 1.0 543.0 10,571
trimmed(>q7, >300 bp) 44,947 35,385,181 300.0 787.3 10,571 79.25
FA2242 12raw_data 530,510 263,876,004 1.0 497.4 7,664

trimmed(>q7, >300 bp) 346,720 227,987,879 300.0 657.6 7,664 73.34




"1 Tdentity: 25.83%) % s L 7= (Table 1-24), AE4]1Z RNA-seq @M T
G 5472 FsamHV1 L WESIR Th 0 | ARSI L~ )L Tm W
(E-value: 0 Identity: 96.74%) % /R L7=Z &b, DRST—X DK TY
ANVAT ) AOFBEENARTH D Z EBRI T, FA2242 KD T A
T2V ELNATEINORRY —FE, FHIY - FREIZENLEN
7,664 nt, 657.6 nt ThHho7o, T/ AT T VIZLVEX 2,292 nt -
10,380 nt D = 7 ¢ ZEFINN T OBE I Tz, Tivad BLASTX ffAT
IR L 72 /G R KD BLHIIE Hypoviridae Ft Betahypovirus J& @ 7 A
JV A, FodHV2 @ RdRp & RKOBEHIFEEE (B-value: 9 ¢, Identity:
29.36%) &R L7=, AREFIIL FA2241 Bk SR SN ANV ATH D
FsamHV2 & BBl 41 L~ L T WAL (E-value: 0 e, Identity: 94.65%)
AL ENL KUANVALFABOE Y A IVAKTH D LHES
N7 FsamHV2 # &< 6 FE D 7 A /L ZAFELHI 1T 7 7L F 41 FA2242 ¥k D RNA-
seq 7 — X 0B FEEE X L7z FsamVV1, FsamMVI1-5 © % /) LS & &
WAL (E-value: 0 e, Identity: 92.88% - 95.10%) Z/RL7=Z &b,
[/l — T A VAHKROEI ThH D EHEESNTZ, ZOMENL, HEOD
ANAEZLY T VICBWTE DRS T —HDHTIAINAT ) LD
BEENARETHLZ LB REINT,

DRS A AT 2EINIEENE < Hlumina 2 E DY 53— MU —F
RNA-seq & W L THER OB DO =T —% G (Leighetal., 2020), ¥
ANAD Gy FEMFRIEIR OATIZEMLR T /) 2Bl 2B & T 57
., DRS O RNA-seq THOLNEI & g3 5 2 & T, B DR E
A L7z, H#IZIX, Illumina & DRS [ T b & W ELFIEE LU 2 7=
L7z FsamHV1 OFF A2 H Wiz, ZOFER, DRSEIICEHEEN DL D
indel =7 =N 7 L —AT7 Maglxi I L, EMA ORF TN LD
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Table 1-24. The results of BLASTX using contigs generated from DRS reads

BLASTX
Sample  Name Contig Length Coverage Description Query E-value Identity Accession
no. cover no.

FA1837 FsamHV1 | 12721 3.012.0 polyprotein [Fusarium graminearum
? T hypovirus 1]

3,901,0 Polyprotein [Fusarium oxysporum dianthi  go0. g 05 69 29369  QHI00074.1
hypovirus 2]

27% 6.0E-11 25.83% AZT88611.1

FA2242 FsamHV2 2 10,380

RNA-dependent RNA polymerase [Botrytis
cinerea victorivirus 1]

coat protein [Botrytis cinerea victorivirus 1] 18% 1.0E-12 46.15% QBA69888.1

FsamVV1 3 5,119 10,061.3 24% 3.0E-37 47.42% QBA69889.1

RNA-dependent RNA polymerase
FsamMV1 4 2,791 1,940.4 [Plasmopara viticola lesion associated 53% 2.0E-52 37.08% QIR30247.1
mitovirus 24]

RNA-dependent RNA polymerase

*
FsamMV2 > 2,500 26,562.2 [Botryosphaeria dothidea mitovirus 1]

43% 3.E-13 28.86% QMU24933.1
RNA-dependent RNA polymerase

0, - 0,
[Soybean leaf-associated mitovirus 4] 35%  0.0E+00 78.86%  ALM62249.1

FsamMV3 6 2,560 1,424.7
RNA-dependent RNA polymerase
FsamMV4 7 2,468 21,908.7  [Plasmopara viticola lesion associated 81% 5.0E-40 30.04% QIR30249.1
mitovirus 26]

RNA-dependent RNA polymerase
FsamMV5 8 2,292 8843 [Plasmopara viticola lesion associated 78% 1.0E-55 35.19% QIR30269.1
mitovirus 46]

*Generated by second de novo assembly procedure



ilbka Frick o CTHESNDZZ ENEL N E 225 7= (Figs. 1-12 and 1-
40), ZORRNS, EMREIIERPLELRDL DA VAT ) LB
RENZIX DRS 233 S 72V 2 E SR S Tz,
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Figure 1-40. ORF prediction of FsamHV1 contigs derived from DRS reads.
Prediction of the coding regions larger than 100 bp on the sense strand of FsamHV1 (upper
panels). Prediction of the initiation codon (AUG) and the termination codons (UAA, UAG and
UGA) positions on each reading frame (lower panels). Black bars indicate positions of initiation
codons, and gray bars indicate those of termination codons in the lower panels.



4, BE
KRFRIZED BT TANZAEZTL 29O T AV ADES, B 50
SERRRA NG S iz, ICTV X 2019 FFIl2 U A LV 2D 3R RO K
g 72 B 217V, RNA VA V2% 2 DO, 6 DOMIC/HEL =
(Gorbalenya et al.,2020), = DN 1 Jt 1 T HEZI G RNA 7 A L A D 4y
ERECTHDYD ., FEV O 15 512 dsRNA 7 A /LA +ssRNA 7 A LA | -
SSRNA VA VARG END AN THITIINTZTANVLAFTING 5D
DMIZET 274NV AEZMEL TBY, RAEKFDO~MaT A 1R
DEEEMEDE S BRR & iz (Tables 1-9, 1-20, 1-21, 1-25) . ABFTE O L
Bk D% < (15 /18 ¥8) X Fusarium J{ & CToH > 7=, Fusarium J&HE O
Ib, MWIRIREERRE LI~ A 2 VA NV ABERIIEALICITDORT
WD, FERREICERET D2~ 27 A AOHEFUIMEIZ A7 <
FOARRESNLETVANVAFTETHEYRE#RRZBREELLTWD
(Lietal.,2019b), ABFIETHIEE 72T TR IEHRTE D b ZE D H
WA NVANERINTZZLE2EBETLE, WRHIZENLDUANLVAD
ZARMEZ L0 FEMIC AR T DI RIRE 2 R BRI 2 D R
boHeFEZOND, £, A AL VAR EZHWIE LT Fusarium
B OB E LTI RERE, 7 AV VERE. 4T U R OHAEAENRK
Y2 EDTEY . 77V ARE(ZFAET) 226508 L7 Fusarium J&
BHEMBELE~ATATANADRAT ) == T EIToZDILEHD
MOHEY KRB T DL, BRY A 7 AP EEMBEBATEST L~
AATANAFERBOILREZEEZICEKFETHEEZXH6, TDOHT
THIBE A R BRBE O B A M 2T D L PHEEIND, AFRICBWVW T
F A YT P Fusarium JBEE D THEO 7 A NV ABENPERI NN, 9

HA4MIIHELEHEINTZ, B TH FbLFV1 X° FbMV2 12757 7 Lt
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Table 1-25. List of viruses sequenced in this study.

Genome Phylum Class Order Family Genus Virus name  Collection
+ssRNA Lenarviricota  Howeltoviricetes  Cryppavirales Mitoviridae Mitovirus FoMV1 asfolgiljl;e d
FbMV2 FHB-
associated
FnMV1 FHB-
associated
BSM-
CperMVI associated
FeMV1 BSM-
associated
FsamMV1 BSM-
associated
FsamMV2 BSM-
associated
FsamMV3 BSM-
associated
FsamMV4 BSM-
associated
FsamMV5 BSM-
associated
S . Lo - BSM-
Miaviricetes Ourlivirales  Botourmiaviridae Magoulivirus  FsoMUV1 .
associated
FsoMUV2 BSM-
associated
Kitrinoviricota Alsuviricetes Tymovirales Ga“f“?laﬂex" Unclassified FbLFV1 FHB_
viridae? associated
Tolivirales? Unclassified Unclassified Unclassified TvULV1  Environmental
Pisuviricota Duplopiviricetes  Durnavirales Hypoviridae Alph.a ) FsamHV1 BSM-
hypovirus associated
. FHB-
Betahypovirus ~ FnHV1 associated
FsamHV2 BSM-
associated
Partitiviridae Ga’.n.m @ CperPVI1* BSM-
partitivirus associated
. . . .. . BSM-
+ssRNA? Unclassified Unclassified Unclassified  Polymycoviridae Polymycovirus FsoPmV1 associated
. . FHB-
Polymycoviridae? Unclassified FoxHadV1 .
associated
FeHadV1 BSM-
associated
-ssSRNA Negarnaviricota  Ellioviricetes Bunyavirales Unclassified Unclassified TvPLV1  Environmental
dsRNA Duplornaviricota Chrymotiviricetes Ghabrivirales — Chrysoviridae Beta-. FoxCV2 BSM-
chrysovirus associated
Totiviridae Victorivirus FsamVV1 BSM-
associated
TvVVl1 Environmental
L - . FHB-
Ghabriviridae?  Alternaviridae  Alternavirus FoxAV1 .
associated
FsoAV1 BSM-
associated
FsoAV2 BSM-
associated
Virus-like Ambivirus FoxAmV1 BSM-
sequence associated

*The partitivirus detected in multiple fungal isolates (F956, F6134, and F8979)



RPN IR ESITICBW TS THREMWTHLY . 77V B KEE S
HER L T2 AN A LV AERICKXAHERFEOLND,
FbLFV1 (37 — & X — X LD RS AR WP Z R L, 20 F R #tF I
ML TH D EHEE I Lz (Table 1-9, Fig. 1-22),

LcfV1 } U BotVF (X FbLFV1 @ RdRp & ElAE BRI 2/ r i CTh
% . BotVF X Gammaflexiviridae Ft ® Mg — D A > X — T hH U |
Mycoflexivirus J& DIEMEF TH 5 78, & K 6.8 kb (6827 nt) D H 4y Hi
+ssRNA 7/ 5 B2 CP L RARpZ =2 — R9%5 220 ORF " L L THE
D, FO 3K D Tymovirales H 7 A /v A [AfE Poly (A) 8% H 7
%, — T LefV1 X FbLFV1 L [AZE D E & (>12kb) @47 /7 A L2 RdRp
Za— FH—® ORF NELET 5, RIGBIIBRE S L TWRWTZD
Poly (A) $HO A MII AR TH 5723, BotVF L ITHRICE R 2 7 /) LK
EE2AT 5, BAVEBNE K O 7 RN O R K 2> 5 FbLFV (X LefVl
WX Vi TH Y, BotFVL L o dej@M N CP 2 RE LK RAEL T
IREW AT TANAGEBECE T2 LHEHN NS, v~/ 3T AR
WL CP 2RI Wb O L EZENDH (King et al., 2011a; Suzuki
et al., 2018) . Tymovirales HIZBWTH CP 2 L7272\ 7 A )L AN HE 7R
DB LA SN TEY (Bartholomius et al., 2017; Li et al., 2016; Xie
et al., 2006) . CP D RZKIL Tymovirales HIZF W CTHMAIL L CHEERI A T
rtEEZObND,

Mitovirus JB@ U A VA XEBEE EP bR BHEBEICRDND VA L AT
b5, LHEDERETH D Narnaviridae FHZER T2 2 BE O T A L A
Saccharomyces 20S RNA narnavirus & (% Saccharomyces 23S RNA
narnavirus (2B L CITE Yt 7 v — o MEH S h, 2o EMEE, &

NDFEI\ZOWTEEMZRMFIE N7 LTV A A, Mitovirus 13 h =2
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RUTWRETDEVOMENPLBEFHERNNETHY, 0K
BHEICHEOLL T ZALICET 28 AT TR 4L TWS (Esteban
and Fujimura, 2003; Esteban et al., 2005; Hillman and Cai, 2013), 3 f&¥H D
FL 72 % Mitovirus 28 il Y52 S, sclerotiorum O R ER TEEIZ B W
TIbhavrRI 707 ) ATHEBEORERBEINLTEBY., UAL
AELDEERBS RBINTWDLN, BENRIELITHE SN TN
(Khalifa and Pearson, 2013), FA2241 ¥ & OY FA2242 BRICIZZ L E 4 S
%o R 72 % Mitovirus BERT L5, ZNHOTA LA FETI ha v K
UTIWCREERRET D EZEZNLDD, TNENANE—-I ha s FUT
NIZEGET 200, T bhar RUITRHNIZBT2RETRERD DTN
TRLAATHDL, ZbH DO Mitovirus DN, 7 L — RIIZJE T 5
FsamMV2 & FsamMV5 @ 22— R34 % RdRp EIZIZZNn i — 0 D=
EREE AR S TR, IE U R ETH D RSN T (Fig. |-
17)s F72 FeMV1 O35 RdRp (I 7 F A X7 F REF#=H L TE
D, BEOLIT~ORIEDTRE I (Fig. 1-17), ZOREML

Mitovirus J& 7 A )L A X3 L TR CTHM 727/ AfEE (2-3 kb OB
45 Hi+ssRNA 7 L BICHE —~ D ORF 2 6 0) 2 HT 508, TDOHEEA D
S ALZEFNL O DOEHEERD D EE DL, dsRNA 4y O E KK
#, 7 /R 7 7Y, RT-PCR, OfERND, FOMV2 [TEBIK RNA 7
) LEHTSHZLENREENT (Figs. 1-3, 1-18), VT 481 & 8 ¥ 12 K Y
T2D2UANADOMEBEAMBITIC Z Y EE I Chuviridae Bt 7 A /L 2 D
—EBIEXRNA U A VA THE—BRIR YT /) %325 (Lietal,2015a), K
ROy ANAYT 7 Aid-ssRNA TH DM, TOHEMBERIZIAHTH 5,

FOMV2 DB T ) 2E2HT 5 Z ENGEH EiviE, +ssRNA 7 A L A
THOH|E LD, FMPOHEHERBIEIZLY 7/ ABEOIRE
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ZATOMEDN B D,
Polymycoviridae F} 1L 2% 77 i RNA 7 A /L A & & T ICTV KA D 4
HThbd, KOoEBIIBETO2UVANABZI VA NVABTRESNTE 4 4
Iz, &% TS HHORNAZHT S, ZhHO RNA TBH TS
R E <, VANV AMTEIVEBRER RV &5 W IiEmD Tz L
(Sato et al., 2020a,2020b), L/ ARKFO T A NV ZITHBNIZET %7/
L RNA DKREN L2 =—I NOZETHLH, KRUA VAR THRIIZ
& 1L7- Aspergillus fumigatus tetramycovirus 1 (AfuTmV1) % CP % £ 7=
. 7/ A RNA # HE& M 22— K7 5 proline-alanine-serine-rich protein
(PAStp) WE IR TX 7 v AT us7 A 2T 5HEBZB1x6LTNWD
(Kanhayuwa et al., 2015), —J7 T Colletotrichum camelliae filamentous
virus 1 (CcFV-1) 28— HDOU A VAT CPZza—FLTEY, O
HWRBL T 2R T D (Jia et al., 2017), 53 T RN S CP 2 H T 5
7 A b A X Polymycoviridae B O F O N ERICISL L7ZH — O Z BT
HZEMMH, PAStp D RKEFEONCP DEHBICIVALLZERETH D &
X5 (Fig. 1-31), T4, 2Bz, PAStp X OV CP DWW T 1
LA SRV 1 0HE Y ) A% AT 5D Hadakavirus (HadV1) 238 S iz
(Sato et al., 2020a) , AfuTmV1 (PASrp # & >) M O CcFV-1 (CP %
D) FHEELIZEVIA VAR FHLWVIEIX 7 VAT o T AL LT
A EETH S 2, HadVl ORFRIZZ O FETER DL TELT | U
ANVAT ) APNEEMBANTHD RNA & LTHEET D EHB ST
% (Sato et al., 2020a), HadV1 I%55 F R #H I Polymycoviridae #t & fix
LEEEZRT OO SEICINL Lk &2 3 % (Sato et al., 2020a)
(Fig. 1-31), FsoPmV1 X CP # H T % 7 A /L X (FrPmV1) & | FoxHadV1

KON FeHadV1 X HadVl ¢ b Cilifx TH DL Z ENHALMNE R o T2
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(Tables 1-9, 1-20, Fig. 1-31), T B WT NS Fusarium J&H % H ARG
FLLTHEY, BEMIIKELS ER2BEMEZBIT T 2HSIIR O
TWb LI NS, Z D5 H Hadakavirus (THIEEAYIZ K & < B 7- He
Wb oSzl b B 53 (FeHadVI: A#f, FoxHadVl: =F 4 ¢
TOEMMERFEILFE, HadV1: NF 2K 2o f 2T AHFE), BWVIZE D
RdRp 7 X / BAEC A IPE (identity: >86.35%) Z# /R L CEVH ., 2 bH D
TANADRBH RO FBRICHKAFZ S, RARp 25 & W ECSTSELEL
P£ % 77x 9" —J T Hadakavirus [ZW b M E O HI RNA 2 F T 5, 2
NODORINDEEITAHTH LN, 87 A FOEEENZ MW
S WA 1Z Hadakavirus @ 43 i RNA 28 — #5041 RNA O R LI LV
ACTAREMZ R L TRBY . B DHEE~OMILCE £ R ILE O H
WHEET S EHNEND,

NGS ZHWit v A VARG 7 AOMEAESIMENTIZE L WO F# v
ANAZRHBLTEEN, ZEALEDODHETET —FX—X ELDOEF
EDOHPUMEREIC VANV AR DOEKRZIT-TEBY, BBHO Y AL
Bl & FHPMEZ R S R VWESNL R % & & 415 (Forgiaetal., 2021), 1M
PER—Z2CIEREMMU EORESD ORF OF M A FRIE & L 7-B S 0%
B XV BER O D A L R LA BAVEEUEZ R S vy A4 0 A RRBR IR
RNA BAI OIS Lz & v o & 23® VY (Forgia et al., 2021), U
ANVABINEREDO NS T T4 OFBRFICEY ZNETORE LD B
Z DIANARINPHERLINDAREENDH D, RNA U AL ZATZED
T ALELT, &5 WITHERPEEE L TLT dSRNA 2 &R T 5, U
A Vv A FE YL RE O AL N IZ 5V T dsRNA [ Small interfering RNA 732
ED/INGrF RNA DAMZIFEE LR W2, dsRNA O FEFE O H (X RNA

DANVAEBDORRIE L LTSN D, ABFJE TIE DNA, ssRNA % %
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FIITER £ L7z dsRNA W7y & Bl A AT I+ 2 2 LT, v
MBI LD VAN ABEREINORE LA, ZTORR, 7 —FX—
AEOTANVAERENNET I JBLNL BELLOWTRICE
WTHHEMEEZ RS VRS B EE B Sz (Tables 1-9, 1-11, 1-14
0 1-16), F—=H T ANnbREINTZTANVAT ) 5O REGIZHRES
NI EZGETDHI 6, ZADHDONDWL D% FoxCV2, FsoAV2
KON FsoPmV1 D438 7 L Th 2 LHEE N7z, FR24 M B ILHIE
A DOELSN AN 4 BLH] (RNAST - S4) B S TWwW 525, FeHadVl ® 45
i, LE b ORS O ERS E HWIc RFAEHTIZ LV | FeHadV1
DT )LD THDARENRIEI N TS (Fig. 1-30), 7. Ep-
N27 k. F6134 £k, F8850 £k7» & it th & v 7z VLS I3 R um Bl 41 O FE# 7> &
WS R —EHRNICERET DA NV ADGE T ) ATV EHEFE
SNTEBY, HEMBANICKIT 5B EMEREHOFEZ ERL LM
FEWC KV LNCT 2R ERD D, BATHRLOERMFEOFH RIS, O
ANy Y @KuGEAIOLEE, @—EKU O ORF O FED = i %
EEICT 22T RROBIIFH TREL INTEZY A VA (FR)

B D RENFIRBICRD EZEZOND,

DRS % H W= B AT IZ L W FA1837 #. FA2242 BRIZIEYT 5 7 A
WADYT ) AERICHYT 50N EZRGICRIILEN, KbY 77 L
v ABHNZ T 5 MR S LIME 23 @ W FsamHV1 Bl F11E indel = 7 —
G A TEY ORF O LI A AHE TH o 7= (Table 1-24, Fig. 1-40) , DRS
U — ROESIFEE X, DNA #8758 & L 7= Nanopore v — 4> v > 7 (=
7 —R<5%) LB L THFIES, VAV ANIICEK T S DRS OF
MRS T OT ANV A, VA NVZT 7 5D RNAEHiD
fEAT. BROEMER VA NS ) AHEEOMNTIZIRE S5 (Depledge
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and Wilson, 2020; Keller et al., 2018; Kim et al., 2019; Lewandowski et al.,
2019; Quick et al., 2016; Wongsurawat et al., 2019), Z AL & O AT IZ N
NHLY 77 LU ABIIOHDLTANVADY V=7 ATHY, RAY
AV ADEFIREICH G DR BT IR, BITHFEIZCB N T, A LA
RKIGBL I FF R T X T2 — L VT 7 L AR—=ZADT BT 7 —Off
Iz, BWKEE (identity: 98.97%) 2 A T 2 ELH O EFIZH I L C
W5 (Kellereral.,2018), LxL., £ b D a2t ¥ ARFNTITKAR
LTI —REENTEY, BIEOHRTIZIDRS BT /A7 7
JIZHESSEINREIZHEHTERNWI L EZRBLTWD, KI5 TIX
f5 EH K RNA ZEEEMICERE L7z dsRNA 28R L5 LTl —
KDoA NVARKY - RFRE2H ESE, XA F A Tx~T 47 A
HWFECEL22 T —BRELZRAATZ, ZOME. Humina I XV H 5L
B Akt 3 2 Bl A O B ME 1L B K 96.74% F Tl k£ L 7=, Nanopore DNA
V= vy 7oREIR, BESFHRTHEMICH ELTEY (<60%0
59 95%) . BLIE TIE 99.99% D ¥ E D =2 > & v R ELF D B i 23 ml fE &
72> TW2% (Goodwin et al., 2016; Kono and Arakawa, 2019), DRS {Z D
Wb B IR EE o 1 Y AR S A, R OR A IS 1 B T oo B A R E IS A
WHNDHREMERDH D,

ARWFFETHR B 72 DRS U — FOF¥ R (672.5nt) 1%, fth D HFJE T
HENTELOXV EERICENMN-Te, ZOBM L LT dsRNA % §51 &
L2 EMEZHLN S, DRS (X mRNA OFLFIENT 2 B & L Tkt S
NTHEO, BITHEITNTNE ssRNAZT A4 77 UHEEICHNTWS
( Depledge and Wilson, 2020; Keller et al., 2018; Kim er al., 2019;
Lewandowski ez al., 2019; Quick et al., 2016; Wongsurawat et al., 2019),

KT TIEIT A7 7 VEEORIAE L L T dsRNA OB |Z L 5
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ssSRNA ~D T, BEF 72 Poly (A) $HofHn (KU 77 =11) %17
27, DRS U — FORE;ZIE, Rl H z 7 73— L TV 72 dsRNA D
NEELHITH Y . AU T 7 = b2 EITHNHE dsRNA fEIK TAHE L TV 5
L EREBELTWD (Fig. 1-41), ZDOIZENH, B —2A 8T L%
Wiz a~ 777 4 —BEBOBLOWRALT v 7 ZREAITLD,
dsRNA N EEE22Z 7. WTRh{E L7 RNA B R Y 77 = bR o LG &
o - A REME . B D WIXBAEEIZ £ D dsRNA @ ssRNA ~ O JeffE 738 K +
DTHoTRREERE 2 LT,

RNA 7 A )L AT LIE LIE 3'- K Poly (A) 882 H 45, V—FK~
v BT ORER NS, FsamHV1, FsamHV2 @ 3'-KEGIZHE W T S L w ¥
DOfm b N R S (Fig. 1-41), 3'- KD Poly (A) WNT7 A4 7 7 U R
DIERE R DB, RV T T = ICRIS DN RPIELS . UA VAT ) LD
P-RKEIZH &b ETFET D Poly (A) HRY T VO KRE 5% HD T
Wele BT EZ LN D, LA LA 5 FsamHV1 & U FsamHV2 L
ADTANAZONTIEEEMICH —72Y) = FHAL Y PRFLAT
FY . Illumina Z 72 RNA-seq fi#fT TIEWrRhfb S iz 2 DRI E
LTHI SN FsamVV]I O 2R EIIOETICHAE L T D (Tablel-
24, Fig. 1-41), FsamVV1 Z & e Victorivirus J& 7 A )V A137 ) & EIZ
G+C%Mm < BELGmRBEL AT 58I L A L T Y, RNA-seq i HT
T LI LIEWAfbS 2l & L CTH ) &5 (Marzano and Domier,
2016; Urayama et al., 2016) (Table 1-11, Table1-19), #E#EY >~ 7L hd
DNA 7 A /L A DEFIENTIZIWNT NGS B TiIxWrhifb LT L % 5
Y% o7 & &b 5 HAM T Nanopore DNA v — /7 > v 7 RFIH S
TH Y., DRS & NGS L DOOHFHIZ LY RNA 7 A )L R O FE W) fFEHT 12 F]

HTE5mEMENSH S (Warwick-Dugdale et al., 2018),
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FsamHV1 FsamMV2

DRS: Contigl DRS
46483.5 |: m) 38350.9 [ 500 bp
0 0
Illumina: Contig8 [llumina: Contigl2
1186.2 |: 37383.1 [
0 . . 0 : .
0 13095 0 2629
FsamMV3
DRS: Contig5
FsamHVZ 21303[ 500 bp
DRS: Contig2 B
10587.3 1 kb . .
y | [llumina: Contigl3
2669.7
0 L J
0 10380 [
0 L J
0 2577
FsamVV1 FsamMV4
DRS: Contig3 DRS: Contig6
20048.7 |: 1kb 335409 |: 500 bp
0 0
Illumina: Contig9/10 [llumina: Contigl4
2954 [ 14199.0 |:
0 - : 0= p
0 5096 0 2473
FsamMV1 FsamMV5
DRS: Contigd DRS: Contig7
2694.8 T 500 bp 14105 |: 500 bp
0= 0
Illumina: Contigll [llumina: Contigl5
3885.5 T 1464.1 |:
0 B L ] 0 L J
0 2650 0 2418

Figure 1-41. Comparison of coverage uniformity between DRS and Illumina HiSeq.
Genomic coverages of each viral contigs from DRS (upper graph) and Illumina HiSeq (lower
graph) visualised as histograms. The Illumina contigs of FsamHV1 and FsamMVs and the DRS
contig polished with Illumina reads of FsamVV1 were used as reference sequences for read
mapping. The x-axis indicates the nucleotide position of a viral genome, and the y-axis indicates
the coverage depth at each nucleotide position.



IEE B 2: WEMET Fusarium BE BL13 BRIZERET B U
A IV A D AR BRAT

1. MMAEY R

1-1. I AXFELPVR

TIAFIFIA X, PUERI LW A=RFEHLE L THX LN, A
RIZBWTEH 2 AFXFOFEMTHEIL 2013 FORFAT21 52 T ha &
JAH A 2RIC KT LT 1.7%2 G0 2 BEREM THY . BAEEO TR
NSO EOTBEFHE AT THLD, LA AWICRETH, 20
WESLHEITHEFRICIOHEEFICRESSELAIN GAEITL > TIE 60%
TELSWERBVT D5 ERHALNER > TS (Oerke, 2006), XA
RO (FHB) X2 AX 2 5 RMOINE, MEICFICERREE %
Hieb L, AXHOKELEFRED 1| 2L L CHREINLTWVWD, 1990 4
RIZT AV TRWATLEBRICIX, hEEREOTSGIC 3 B ML
WEEG 2 EREIN TS (Windels, 2000), F9 L 72 F 1L — 56,
HOLNEEEIBEIZRY HOoEATICHkEO AR FPAET D, B
KT H LM IN, ENXLY EEARREZE T (Fig.2-1), KA
@ X, Fusarium graminearum species complex (FGSC) 2@+ 5 +%E T
b, KEITFHFAEMEOARATEEW THY | EET H~Aa X (=
N )=V THEF=NL ) =72 ) Z ARCESHERT 5 L EM:
M., TR EOoRBEREZSIEREIT 200, INHERICHEZ 2R
Lo TWVD, HATIEH, BEGWEICL > T2002 FIZaLFICE
FOTAFRT =L )= LV OEEEEN 1.1ppm EED LBV | Bl T
TEY —BEE R FICRLE LIRS TWD, UL ER, 2 AFRHPBHEN
HHRFPTRERMEIZRSTWLHEHEBELTETOND, T4, HRER
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Figure 2-1. Fusarium head bright disease in wheat caused by a phytopathogenic fungus,
Fusarium graminearum species complex (FGSC).

(A) Spikes of wheat infected by FGSC. (B) Wheat grains affected by the pathogen. Infection of
the pathogen results in shriveled and mycotoxin-contaminated grains (The left side). These
figures were obtained from “/NEDDONREIIZK ¥ = 2 77/L” made by Food Safety and
Consumer Affairs Bureau, Japanese Ministry of Agriculture, Forestry and Fisheries. URL:
https://www.maff.go.jp/j/syouan/seisaku/risk analysis/priority/kabidoku/bousi/pdf/komugi DO
N_manual.pdf



B DR R A I e B T, BB~ O AR D A < Rt AT RE
RIBE~OBELPEE->TEBY BERAMOREWELFREEIZNRD D
BiRiEoRBE ICHERFELNTVDE, 20X ) 2tEamEREe% T
TAFXFHOAETRGIZE W TH, AMRIER OB ED ST
LR, T A MRFRREE, BibRghE e Eom CHRENZ <. EHN R
EOMENLIZIZE > TV,

1-2. IR Fusarium BEIZERT D5V A VA

FHB 2%+ 5V ry A mary ba— L OMNIZEY, a AFAEEICE
WTHRPICMBE L 2> TWOREONRICEBMTE 2 AIBEND 5,
FRHUANVZAEM &Y E B L LT Fusarium JEE IZERT D 7 A LA
DIRBPHE AT O TEY , ZRAEH VANV APRELZ S ERS
NTW5b, EHFHOKK (Lietal,2019b) XD & Fusarium BE» 5
HEES NI UA LV ZAORNINE TERREINRE SN TN DO 29
fiCd ¥ . Fusarium graminearum virus 1 (FgV1). Fusarium graminearum
virus 2 (FgV2). Fusarium graminearum virus ch9 (FgV-ch9). Fusarium
graminearum mycotymovirus 1 (FgMTV1) | Fusarium graminearum hypovirus
2 (FgHV2). fusarium oxysporum f.sp. dianthi mycovirus 1 (FodV1) (&%
DREGNC LV EEOHEENET T2 2 LREH SN TS (Chueral,
2002; Darissa et al., 2012; Lemus-Minor et al., 2015; Li et al., 2015, 2016,
2019b; Yu et al., 2009, 2011), H T F graminearum DK21 ¥k & Hr &7 U
ANAEL LTRRLINTE FgVl X2 0EWFRIMHERDZFEMICHH DO
TW5, KU A L A% Fusariviridae £} Fusarivirus JEDO A ' N—TH 0 |
4 5@ ORF MW L3 5 H 5 HEi+ssRNA 7/ L& L TH > (Chu et al.,

2002), FgV1 2N & Y« U 7= F. graminearum 385 E COAEFTRE . 2 A%
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SOFEME FEREDKR TR EDHE 2+ DRBMENEZ 2T 5 (Kwon
etal.,2007), N T A7 U T b— LMD FgVI1 LI I 15 £ 8 AR T
FE N = OREBLREHPBRINTEBY, mEMIANOETT
RBEAFGEGE LV THE T2 2L THRNAERRELZBET S &
EZ B TWb (Choetal.,2012; Lee et al.,2014) , & 31 O Hf 98 TiL ORF2
Za—RNIhkes X278 (pORF2) NEEOH VA LA TH 5
RNA A L v v 7 OEEFE . FgDICER2 B X O FgAGOl Ex 0~
7E— X —fEH A~ OBSI R RAREAIC K0T AT 5 EEEN H
WA SN (Yuetal, 2020),

1-3. ZhETOHSRE

Fusarium BE ORFEEZEKTIE L v A0 2 1F Bl X 9 I HI#
HEINTWDR, T LXRPDCIFIIER~ OIS BB O BB 72 v,
Adane M L7338k L7 FHBBERK = L7 v a VIZEHE£ND F boothii
Ep-BLI3BRIZ VA VMV RAICEBEEL TBY M EToOAFTRE 2 R-T
ZEBHBEMNERS TS (K (2016) , Fig. 1-3), Ep-BLI3 £R D4
BREPTVANAERICEDEHEL, CNETEETANVLADT
LEFIREAT R M E B HREFRE LT o CE L, RFEEE TIIU A LA
B EEOAEFTREOMENEZ L VFEMICHET 2720, VA LR
BREROER L 7 A L ADFEEANEREIT - 72,

2. MEtE Gk

2-1. KWFERFE
BER O FEBRFIE (P ,2004) ICESE, ulsticHEELZELA
DIRGERBICEIVRTEREFEL, TOn0MezR_A7, E 20 g %
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1L OEEKICMA, 40 BB LIz, V7T A4 F— Tl L THE%E
Br&, REAKEMZCTHEENS 1L EARD OB L, WMEJRICHE L
F—h I V—TWEEIToTZ, 300 ml D =FA 7T A |THEGREH 100
mlZMz, PDAEMTEEZE L -aon=—2 000 HLEZERF 28
L. =R, 120rpm T—HEMREEERE LT, VANV AREEROERIC
fk G B #1112 Ribavirin 2 #&EE 200 uM 72D X oM. RISH CTH &
Lo ME LY 794 F—THEREA WL, A% 15ml F=2—7
(B L 7=, Doy B (223E. 3,000x g, 15 43) IC X Y i1 &2 b &,
FEEBRWIZRZRICHE K TR 72 FEBE L7,

2-2. HAEFHEER®E
SNA i ECTs5s A ELZ-ae=—7100)0 HL7ZFE% % PDA
REHICEERE L, 20°C, WER T C— MM R Lz, BERKB2ABRNLL 1
BFB&Ellap=—ERXZ | av=—XK70 2 Fm#dH L, a0=—
DIEREZMIZEL L, a0 =—EROFHMENS 2w = —HEL H N
L7,

2-3.  JRIEMERBR

1% Triton (v/v) ¥ T L72 1 x 10° I 1/ml % B2 52
W7o, FHB &M 2 A X W Apogee & F v > 73—  (KG-50HLA; /5%
BT ¥, B{ikli) T 27 CCCTAEET S W7o, #HHEITEAEROEEE
WY DOFETITo T, EAETIEH, BAEBRBK 10ul 2 =2 5 F /Nl
AR L, BEFE% 1S A RICRER L /MEEZHII L, MEET
X, B EEEE 2 A X /FEIC 3| (500 pl/push) HAfi L., #2FE 15 H
#1Z (Ban and Suenaga, 2000) @O A% (5,10, 20, 30, 50, 60, 80, 100) (Z

Rk (0) 27z 9 BRS THRME Z ML (Fig. 2-2), e+ D%
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0 5 10 20 30 50 60 80 100

(Ban and Suenaga, 2000, Modified)

Figure 2-2. A schematic diagram of disease index and corresponding disease severity based
on.
Spicklets colored with gray indicates ones showing typical FHB symptom.



FrMRETLEOICEELCEZEZA 2B/ T 1A (EAE) £
(X2 H (EHTEE) MELEEZ, Fyo"—ZBLTEELE, M., AR
%ﬁiﬁ%@ifﬂ?i))Eﬁ%ﬁ-‘?ﬁﬁuiﬁ%%m@Eﬂﬁ@ﬁﬁ%?‘]@%%ﬁ

o CHHEIBAMZAR) TIT-o 7,

2-4. HAIEF Bk
100 3 fd F/ml (ZFH%& L 72 f 7 5% WK 100 pl 2 PDA HiHiA A -7z 9
cm ¥ Y — LIZEBAA L, 20°C, BEEE T C2HMEELEL, MY Ltano

——MHHEAR R ZY 0 L, PDA FEMCBERE L 7=,

2-5.  UANVAKFELEBAR

SNA Eeih ¢ 5 HE;# L 72 Ep-BL13-Ori (Donor &) } O° Ep-BL13-
VC1, VC3, VC17 W3 )y (Recipient #£) O oo =—/n548 0 H L
WA R A B — 0 PDA Eith BIZ#HEFE L, 20°C, BB T T 7 HREEEL
72. Recipient fR D = 1 = — DA fEHE O N, Donor ¥k 6 D HHEED 72 5
3B EARZYD L., FolikE L TH L PDA B IC B
L7c. mBiRZ 200C. IR T THEE L .S HRICa e =—BEBOIRE.
100 ml1 PDB #5 i ~ D #:fE & 17 o 7=, PDB IZHFE L 72 B (K% 20°C, K&
TT—HMFEEE L. dSRNA ol B L OERZITo72, HRLZ
dsRNA Z 1%7 H v — A FVELKIKINIC X > THEE. AT kb L. dsRNA

ZHOBEELIREIZ T A VALY R — 2 Z B LT,

3. MR

3-1.  F boothii DEBREFE
TEF1-a O ¥ IS % 72 00 7 R AT 2> & (Ep-BL13 12/ 2 T Ep-
BL14 ¢ O Ep-N28 7% F. boothii BT 2E ThHH LHEESNTEY . U
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AIWVAT ) NELHIEATIZ LD 26 OFEKIZIEHEE L T FObMV1 G H
B BTV D, Ep-BL14 £k, Ep-N28 £k 21X FOMVI LA D 7 A L A &
IO LTV WA Ep-BL13 #RIZ1X FbMVI1 (241 2 T FbLFV1 &

% @ D-RNA N EFfE$ 5 (Table 1-3 and Fig. 2-3A), T B DOEKD

PDA NG F Coan=—REL#BlE LL Z A Ep-BL13 #7° Ep-BL14
PR, Ep-N28 R bl L TERFEhan=—RBZ IR BLE I N

(Fig.2-3Band C) , AFHEEREL L O 2 AFXF/NEA~OERER) O
Ep-BL13 # 1% Ep-BL14 #k&, Ep-N28 £ L ¥ & A F 2 < . 6 iU 23K v
fHmABE SN (Fig. 2-3D, E, and F), Z OfEH 225, Ep-BLI13 Kk IC
B EMICERT 5 FOLFVI LN D-RNA, 800 E D 50y — 5 B3 AR ik
DEBFEREROBREREOKTICES T2 LB RBI N,

3-2. UAINRFERLEBKOER
YA ATANVAEGEICLDEEREAM~ORBEFHEST DI, H
DELEHEREZR UL T2 4L A RPEEKB L IR Y E O
N LE LD, LPLBRRL, v~ A a0V ZADOFERRITEB W T,
SR D EERE) 2 W 7o SRR S AT RE R BV U A L A D EBR R
ERRY  BEEARROMNDES TRV, v~ 2T A VAT T —H

U

EREZTOBEMY A 7 ABHMBATEELTBY, BRBEREICBWT
HBRL5WMKHOBE FREIFEAMEEZMLEELDIZRSN D (Andika er
al., 2017; Liu et al., 2016; Nuss, 2005), L2 L7 2 bR/ A X O &E
RFEOR LB FICEIDHEIN LS MBEMAR (vegetative
compatibility group: VCG) Z X3+ 5 HCIH B CRFEEELZAL TEHBY
VCG DR ZEMEM TIXEARBMENEL RV, & 2D WITMILLETE
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Figure 2-3. Biological properties of F. boothii strains and dsRNA-banding profiles.

(A) The dsRNA-banding profiles of each F. boothii strain (Ep-BL13, Ep-BL14 or Ep-28) and a
reference pathogenic strain. F. graminearum s.str. Three F. boothii strains all carried dsRNA
fragments of approximately 3 kbp. Aside from the 3-kbp dsRNA band, Ep-BL13 harboured two
additional dsRNA bands of over 10 kbp and about 2.5 kbp. (B,C) The colony morphologies of F.
boothii strains and F. graminearum s.str. on PDA nutrition-rich media (B) and SNA nutrition-
poor media (C) that were photographed at four days after transplanting. The three F. boothii
strains exhibited various colony morphologies in terms of colony size, the amount of aerial
mycelium and pigmentation. (D) Growth rate of Fusarium strains on PDA media. Colony sizes
were measured at 3—7 days post-transplantation. (E) Pathogenicity test . A wheat spikelet was
inoculated with Fusarium strains by injection and photographed at 15 days post-inoculation. The
number of spikelets exhibiting symptoms is presented. (F) Pathogenicity test II. Wheat
photographs taken as in (E), but after spray inoculation. Disease index (0—100) were measured
based as per Ban and Suenaga (2000) are shown.




WX VMBRANEYORBAITH T 5405 (Zhang and Nuss, 2016) . T fii ik
Br (k4 (2018)) (28T Ep-BLI3 ¥k & [FAFE (F boothii) DU A LA
YR . Ep-55/255 8k & O IREEBIZ K 2 U A NV AKEBIT A A T
WL U A AREYE Ep-55/255 BRIZfE o Tn Ry, KRN 427 e
TFANMIEATDIHRFIN TV A7 27 varyELbHEEINLTHSN
(Hillman et al., 2004) ., Z O H{EFRL T2 KT 5 7 A L 212 L i
TX7W, FOLFVIIZIE CP A2 — RENTE LT, K2 B L2
EMRBERNTWL D, RIEOFIHbREECTH L & PRI, &
D=, 7 ANAIERYE~D FbLFVI HA XN TH 5 LKW L,
Ep-BLI3 DL DO U AN AREEZRLTZ, ~A a A NVADEL T T
ENLCHREMLRET LM NDIN, KEERTUA NV RAEE TR
WHE 7234 U % (Hillman et al., 2004), ZH&EFIH L. 7 A b A FERYL
fa OB L D T A NV AFRBER OB L2 AT, KERTIZY A
WAEGERVWIFOFEEEZMMIE D720, K7 ERIC RNA
U AL AJEHE I T H 5 Ribavirin DL Z 4T > 7=, Hha 58I L0 18
DR (VC1-VC18) Z#/EH L, dsRNAfiHIZ XV 7 A L ARG D f M
ERA L, O, VC3 D 51X D-RNA O A3, VCI ¥, VC17
BR722 51X FbLFVL X ' D-RNA Ol T3 kbh TR, Zh bz v AL
AfREKRE L TEELL (Fig.2-4), 20D 3EHKRITWT N OHE LS
iz L CEAE I HWENRRKEWI ENRHEALNERDY (Fig. 2-4), T
DORMHILE L THRDN TV D D-RNA N E EEXHACE G5+ 5 & H#E5R
S,

3-3. UANZAOBRELEDROHIE
KRB IZ RN AR K-, RIEMBEICE L-H—5
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Figure 2-4. Colony morphologies and dsRNA accumulation patterns of the three virus-
cured (VC) strains.

Colony morphologies of the Ep-BL13-Ori and its derivative strains (VCI1, VC3, and VC17) are
shown in (A) and their dSRNA banding patterns were shown in (B).



LDWEAH oM TR IR 2T 5, Ry 17 L5/
NTRAMET DA T T AR E > TH T~ O I B AR 2 B 1305
CEBEICEG T 50, TOEBEEHET SO 2 CEEREBER L
72 %, Ep-BLI3 FRICEYET D2 VA N ZADEEMLENREZFTET D10,
SEAIWLBR 70 U CHLUIE 77 BfE 2 1T\, Single spore isolate (SSI) % 100 #£
EH L7z (Fig. 2-5A), ZHHDOHEKET R TIZOWVWTE T A /b 2 D&Y,
DA MEAZFA LR, FOMVIL 3 X O FbLFVI O T B {5 £ 20 =6 1% kb i
FI@EVE (21 F3 100%, 96%) Thozdizxt L, K 3 Hlod SSI £
225 D-RNA NKDINTWD Z &N ghode (Table2-1), U A b A fEY
WRE—V DA BEEZME LR E. D-RNA 2 EHE T 21T L7
WERE I L THEZEICEBTREN ERXHL N E R o7 (Fig. 2-5B and
C)le ZORENS S, D-RNA EHEEOAFTRE & ORFE R R S

i,

3-4. UANRDKEEERR

AN LD/ o 3 DOV ANV AREKREBKITELE R
NELIBEFE L THDI7D, EAMAICED U AV RADKELEHEN
ARETHD, VAN AMER (Ep-BL13 BER) & U AV AFEZHK (VCI
BE. VC3 L N VC17 #8) % [A U PDA i EICBEE: S & 5 8 CHEFE,
BEL., VANVZAEGHKOae == imi D 5 bkt Gk & R D
2 5 3 T (Near, Middle, Far) #4890 H L CHAEER % L7z (Fig. 2-
6), 220 an=—OFRMETIE VANV ARZHROLEFTERENK T
LMMANBO BN, VA NZDKFARFENRE S e (Fig. 2-7A), H
Bt L7-ERD 9 B VC1-Near £k, VCI1-Middle £ & O VC17-Near £ 138

BREHELPLEAFTRE T2 RL., 2624 LT FOLFV1 & O D-RNA
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Figure 2-5. Colony morphologies, growth speeds dsRNA accumulation patterns of single
spore isolates (SSIs).

(A) SSIs just after isolation were incubated on PDA for 5 days and colony of each SSI were
photographed. (B) Colony area of each SSI with different dSRNA accumulation pattern was
measured and visualized as a bar graph. Colony morphologies and dsSRNA accumulation patterns
of the randomly selected SSIs (C). Colony morphology and dsRNA banding pattern on agarose
gel of each isolates were shown on the same column.



Table 2-1. Vertical transmission rate of the dsRNA elements (N=100).

Vertical transmission rate (%)

FoMV1 100%
FbLFV1 96%
D-RNA 68%




BL13-Ori VC1, 3, or 17 Virus Near Middle Far
(Donor) (Recipient) transmission

Figure 2-6. Schematic diagram of virus transmission experiment.

Fungal mycelial plugs of the donor strain and a recipient strain were placed on a single PDA
plate and grown for 1 week. Fungal mycelia of different distances (Near, Middle, and Far) at the
margin of the recipient colony was inoculated on flesh PDA plates and their colony

morphologies were observed.
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Figure 2-7. Colony morphologies and dsRNA accumulation patterns of the recipient strains
recovered from co-cultured plate.

(A) Co-cultured plates were photographed at 5 dpi. Arrows indicate colony areas of recipient
strains showing slow growth. (B) Colony morphology and dsRNA banding pattern on agarose
gel of each isolates were shown on the same column. Three reisolated strains (near, middle, and
far) were shown on the left of the recipient strains, and the donor strain was shown on the left.
An arrow indicates isolates showing debilitated morphology and accumulating D-RNA.



DERBNBE O BNz (Fig. 2-7B), T 6 3 DL O HEEKIZ T X TIE
HWhan=—EAZRL, MIFEEAMEFALCT ANV AR Y — %
R ULTc, EBILSHET TN, T XTHAKRORERENG LN (Fig. 2-
8)e WTNDOREIZHEWT S VC3 BRH KD HLEERR 2 B IXEF R T 25
THLORROOLNT, MEDOEBIZEY VC3 FR~D D-RNA DO BAT
DT oD Z &N Ehn (Fig 2-8),

4., BE

TANABREKROER ERBFROLIZ LY, D-RNA BfEEOEF
BB A EENR R I NI, UANE Y LB FELBE O W
THOHEBE T DBEEICE W TEH D-RNAZ KK LT R CTOKTHAE
BOEENRED LI, ID-RNAZEMHT 2T X TOKRNPAERTRT %
ETLH5ZENRWLNERoT, BHIAFHBEICELYD VAV AFERENK
TL, TR THEEZOEAERRBETI2EHZITHREINLTEY
(Hillman and Cai, 2013; Wu et al., 2007) ., Z &L 5 O & £k O 45 B il % 0 —
)72 4B WIE S D-RNA OFEEEOR FIC L2 EHM sz, £,
FAMEZT LI ANV AOFEANFER) S D-RNA & KB )6 Ky

WRBATT 28GR LICBIZEINTEY, D-RNA LIEFEAFTR
~OFEERRRBINT, L2l b6 0fERITH < £ T D-RNA
ERBMOMENEZ LTI ED, Flo RERTHEH L ZEKIX
2T FbMVI1 1T L Tk Y . D-RNA, FbLFV1 & FoMVI1 OHAAEH O
RS L TRBEMOZMARSI TSNS ATREbHERTE 20, H
BB 95 B (Rosellinia necatrix) 7> b BB & U 72 Rosellinia necatrix
partitivirus 1 (RnPV1) & U' Rosellinia necatrix megabirnavirus 2 (RnMBV2)

D ALK 7 A v AR GLRR & R O A FE B, W2 89
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Figure 2-8. Colony morphologies of the five biological replicates obtained by the virus
transmission test.

The 1% replicate (isolates on the first row) were subjected to virus infection confirmation by
dsRNA extraction.



W, ZNOVNEHBEELLLEDOHR, GEOAEF., WHEMEOBHE KT
5l X 2§ (Sasakieral.,2016), ZOHED A=A LIIAHTH D
W, VANVABOHMAEAERICI D EERBAROBEERZ(LAELCHED
ZLERTHITH D, D-RNA LUK U ANV ADIEE~D B % B
A FEAG 3 2 IS IE MK R OME B NETH D EEZ LN,
AL HE 0B XD FOMVIBREZR ATV DR, BEDO L Z
ABRERITEFES N TRV, [ LR O %S (Shahi ef al., 2019) (235
W T Mitovirus J& O FFE TdH 5 Cryphonectria parasitica mitovirus 1
(CpMV1) OBERMNIEFED RNA VA L v T OB EZ T 720 Al fE
EREHEINTRBY, I ba vy RUTICRETS (RS D) L0 )
KIANVADOHENLZENRBERICESTDHZENRBEINLTWVD,
Mitovirus B E DR AT EHIHE S TV D2, BT ROLEEfE
b7 W TR E T E 26172 (Hillman and Cai, 2013), U A /LR 5/
LAEE®D cDNA ZMAHBIAALTE T T AI KR X —Th 5 YN cDNA
7 1 — 2 E+ssRNA 7 A b 2 OB 217 5 L TR A 72y —
NThY, v a7 A /AW TIX CHVI, yado-kari virus I (YkV1)
D15 BEAE LM FRRE & O EAEN OB FIH ST D (Chen
and Nuss, 1999; Hisano et al.,2018), 7 4 E VU A /L A B (Tymovirales) |Z
B9 % FbLFVI & CHVI, YkVI [F4k+ssRNA U A /LA TH D L HE S
NTEY, KM cDNA 7 v — 2 OREEIC X 0 B YRk o 37 23 7]
BEThodE&EZIOND,

D-RNA [ 4£72 RNA 7 A L A0 5 WL B IC 35 S D RNA —
LAY hToHY, FOLEVI (AN —T A )L R) DF ) 5O — N
template-switching mechanism & M XN HJFRBRIC LD KT 5 Z & T

U2 &EEZBLNTWD (Pathak and Nagy, 2009), HEIEH 7 A L A 2B W T
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IZ CHV1, Cryphonectria hypovirus 3(CHV3) ,Rosellinia necatrix partitivirus
2 (RnPV2) . Rosellinia necatrix partitivirus 6 (RnPV6) , BotVF, Trichoderma
harzianum hypovirus 1 (ThHV1) 72 & C D-RNA OFENHKE ST
% (Chibaetal.,2013,2016; Eusebio-Cope et al., 2010; Hillman et al., 2000;
Howitt et al., 2006; You et al., 2019; Zhang and Nuss, 2008) , RnPV2, RnPV6,
ThHV1 @ D-RNA I~V NX—T A NV ADEBEEW DI ELT LD
Defective Interfering RNA (DI-RNA) EFEEINTHY ., ZOHFEOHE
L THERKORBEAE G KE LB 5 (Chiba er al., 2013, 2016;
You et al., 2019), RnPV2 & OF RnPV6 |d HLMHEK YL T 1315 3= 0 R BLR B 5
Z5l S T, DIRNA D EMT 258 10I1X 2 ORIAMEL N HEET
% (Chibaetal.,2013,2016), —J5 T ThHV1 O BHMURGHRIT 7 A /L 2 I
R BRI AR O KRB 2 77323, DI-RNA OFMIC LV EEOAFHRE,
WHAERD., RFEREIOKRTFAAEL S (Youeral, 2019), FbLFVI
D@ T D Tymovirales BIZFH W TH D-RNA [T B #H S S LTV D 05,
HREWZ Slconbidninsbt@dm L T~ N—T 4 L 2D EE T
A7 L — LAY 7 FNEREISRWVWETRKEAELTEY, N K, C Kk
OEhAH X7’ % a— K95 (Beever et al., 2001; Calvert et al., 1996;
White et al., 1992), %¥IZ Tymoviridae F} Potexvirus J@ D A 2 XN — T %
clover yellow mosaic virus (CYMV) ® D-RNA O#&EBIZX@E % 87
BHAERTERS@AEXY v XV B2 a— T O5BBERLATHDL Z &N
WIBARFHIERIC LY RS TWS (White ef al., 1992), FbLFVI @
D-RNA R REROEE 2 AT 20 L TIEERBRALRIENPLETDH 5,
FbLFV1 78 =2 — N9 5 REE 8 O & T 31 K OBOKE 7302 5 AR
SR 10 DETOREE R A A 2R T 52 LRI S (Fig 1-21),
BHEESE LD 3 DDOMEE R A A > Mtr, Hel O RARp (212 . 3 2T
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DEEFERFN K A A4 > PHA03247 1342 CIHEMBEHEBICHFEL, £ D
+sSRNA U A LV ARIBRICERPZIEERIC LV RE»CREES KX
B TiThd Z &BRE X7~ (Den Boon and Ahlquist, 2010) (Fig. 2-
9) o PHA03247 X H M ALV RA T A IV ADT 7 A2 N & 237 (UL36)
b RWEENn5, UL IZ=r_Xue—7 (JEEK) &7V K (¥~
NRIE) BOREHEDLELHENH Y (Scrimaetal., 2015), FbLFV1 O
FEE EToEMICHET 2 LHEEINL0, FMLEETIATHTH
%, FT7-. PHA03247 KA A 2 iZiddil L CRAREHEHEEL (IDR) 2T
I 7, IDRIZFEOHEEICH D LleEnN2 2 08| BRVELE
L2AWGHIETH 5, IDR 2> % )27 (IDP) ZMBAICEK T D
— M7 BE (LLPS) IS X DM ICE G T 5L E b Tnsd (Ward
et al., 2004), LLPS (XFFED ¥ /37 E . RNA X° ATP 72 & O FLE 23
AN TR ST EZ AL, AENOESBEESNLIBLTHY |
ZHORLDRIEREZRWZ DMBENICEWCTHEBOBEZENE G T 2
BHE 7 S DY % #2692 (Boeynaems etal., 2018), 7 1~ F U EHES
= b7 7 V=R EOEEREMBER~ LLPS OBGERHLMNE o
TH Y (Noda et al., 2020; Strom et al., 2017) . YT4E DHFFE & R #EFHY
WZIRHER VANV AZAOBERICTBNWTHEERKEELH I Z &N REINT
(Guseva et al., 2020; Nikolic et al., 2017; Savastano et al., 2020; Zhou et
al., 2019), FbLFVI #HEEEFE O IDR (17 / 2 EEICE 55 5 HEHE R
AL LB L CIEM B ISR RIS HFEET S22 &5 LLPS @
FbLFV1I O 5 ) LR A~DHFEPR R S L7z, D-RNA Ba— K354
YoNZENTIE 3 T O R E @ sE A T S AU, FbLFV1 o £ B e 3% [ kR
WRAEZ T2 "IV BEThdeEINT, KFZ /N7 ED 51X Mtr
M Hel D&KL RARp ORI KL L TE Y, RdRp W i (79 aa)
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Figure 2-9. A schematic diagram of a hypothetical model of FbLFV1 and D-RNA
replication.

Intact FBLFV1 replicase is mounted on a membrane, and viral replication occur on the surface of
it. PHA03247 may function for the recruitment of viral RNA, three functional domains and host
factors at replication site, possibly in LLPS mediated manner. The putative protein encoded by
D-RNA is also a membrane protein, but its C’-terminus including partial RdARp and PHA (03247
protrudes into the cytoplasmic side. The C’-terminus may affect fungal metabolism and it may
lead to morphological change of the host fungus.




& IDR KO PH03247-C Z & e C Rum 23 Ml EiE i ic @&+ %5, D-
RNA WP EFEOABTRE 25 S EZ T 0 AR RTBEIZIARHAT
HAHMN, ZOFEH LEEAE EORMHELICHEE T 5 TEEL D 5
(Fig. 2-9), F£72. D-RNA [ZHE# %~/ — (FbLFV1) O#EMEERIC
KAFT D EHMEINTEY . MRNTIEA~LS—EEEIL = MEAN
FEERTIZT TH DA, D-RNA O FEEBFEDRITLENEK <, D-RNA
TN XV RONTERBENICHET HEE 2 65 (Table 2-1),
FE TR UryAmrar b —LORBFENLZVE T 246
WEINTWDL,IHBEIXCHVIICE D3 —a v XTO 7 itk
Br.2 B H 1X SSHADV-1 (2 X % & #% % O B BR T& % (Heiniger and Rigling,
1994; Zhang et al., 2020), H EDOHIFIEELEK T S EDL VA LV 2D WEK
L TRBIBINBEE IO VWEB LT, Yy frar ba— L
DRENDTANVADGENRIZL > TRELSEASND ZERETDH
L% (Milgroom and Cortesi, 2004), V7 A w2 b —/)L{X, U A /LA
AWK OBEANZ LV ESGTOREKER~V A VAL EESE, B
SR TREIICHEEREZNE T2 HETHL, LLIFEAED
A ATANADEKBOBITFRIZERIC I EHxL (VCG A A —
D) KRB TORAELLIEAMEICERONTEY , HF~DOT A LAD
SIENBFRICBIT DR MRy 7 Lo TS, CHVLIIC L B 7 U itk
PG BR AR L2 BRI, MEf L= Akic B 2 2 VIR @ o 1
WZEMENRC, BARMAEDNBRWEHEICAE LD THDLLEEX D
NTHBY, BUIZELYVEWEEBEHZERENHER I NTZT AU IO/ T
L RR E OB BRIZ R L T b (Milgroom and Cortesi, 2004), — J7 T,
SSHADV-1 I R FEICH XTIV RER VA NVABERILEL 2D
HAR M BRI 99 5 O B BRI B 5 L~ 0 3 B T RIS RIS BUR & BT
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TW 5 (Zhang et al., 2020), HE &I & Sclerotinia scletotiorum 7> & BB
I 72 SSHADV-1 I~ A 2 A VAL L TIEELWDNA VA /L AThH
HW, UrAwvaryibue—) Ll Llefkax2MEE 2RO ENHES
NTWD, AUA AT VCG PR DZEKRMIZEW TS EABE %I
LEBITHAAETH D (Yueral,2010), ZHICTMAZ ., FEPTH 50
TEAWF OEBEEBESCRERR ¥ —DFHIZEI > THRGIZTA VA
DIEFENAELTHZ ERME S (Liu et al., 2016; Yu et al., 2013), =
DEDefE ERREOB IR CRMIBITIRLT L2V BN 2 B85
71705, SsHADV-1 2 EBBRICHK R 25T 2 ETEERER L oo b
EZbhb, BT, SSHADV-1 IZ&Ye L 7= S. sclerotiorum 1395 R %
KOO ICHDMBN THNAERE L R T 2RE 25 L.
FEICIR ERE 24 595 2 & b & v/ (Zhangetal., 2020), UL Lk
REHRDHE, UrAmary hr—LORGIIBIEENETEETE A
WABHEOWBIZRELSIKFET D2 EHEIND, 20D, Yy /A r =
YR =M K SRR DR EN R R A ERT DI, T hET
ULEWCRIE AR ) —= 0 JICEDHEH ANV ABEMOBER, &L
SIHEHFRIDPBENVT ANV ATHEREZFHETE 28 L WIEIF G IED
HENLETH D,

D-RNA BN EOAEBFRFORIKNTH 5 2 & &2 on 3 P72 5E TS S
NTWRWnRN, RIFREOHEENS DRNADOY 74 B ha—/L~D
MIZRETH 2 LI NT, MPWREICHE LT OFRF L HE
MIE~DOBREANZTILAFHENPOHEOREHERF OFE B CTH D8, D-
RNA O g RV T R 20 13, D-RNA 38 A L 724 F #5 o # ik
WO bR EEER o RFPHAEAESIND Z L 2R L TWS (Table
2-1) £, K EHERER TIiX D-RNA O B % Ko 72 FH -~ 1% D-RNA 2
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BREINLT . KEREEDVBHEO~A a4V ZALD H 10 REM
ThDHAREREND D (Fig. 2-6), VA )V AZHEEICEYT H FBLFVI 2
A NABERNS O D-RNADBITZ T2 LR TH L0 IEAHATH
DM, BRI AEE S LD D-RNA DA% K-> -~ D-RNA O
FHEANKNEE L 2556, FieRBBRIE L LTI cE oy, L
L. fd BRI E — v A v AT Ok B AR O BF 521390 5 o MR 2R 12
DN DL AREMEN® D, C. parasitica & CHV1 ZRIH L7 EN L. 1E
FEOAFTRLRFEMICES T 28 B 03 EERE S L TWVWD (Baeketal.,
2014; Gao et al.,2013), Sclerotinia sclerotiorum integrin-like gene (SSITL)
X S. sclerotiorum @ ¥R Ji P Z# 18 T & & 5 U A /b A (Sclerotinia
sclerotiorum debilitation-associated RNA virus: SSDRV) @ &Y (2 L v 3 B
DIl SN EFEBLEFFELTRWESNTEN, YA X F X FHITxt
TOWREMEICERE R GWE R IVBETHD I ERRALMNE o7 (Zhu
et al., 2013), TN L DOFIZHE X 5 & Ep-BLI3 HREEET A LA D
MEVER Z 3 2% 2 & T FGSC O %5 % v B AR | 57 a7 B bR 5 15 O B %%
CHBLY 5B BRD,
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MEER 3: RESBEE (Trichoderma BH) [ZRERETHUA
JV A D MR R AT

1. MMAEY R

1-1.  Trichoderma J& &

Trichoderma J& B (X 5 Dk e R B F B IS FAET 2 REM 7
THEFEEHTHY . BHICHPWRBEICART 2 Z P MbNATVD
(Vinale et al., 2008), Trichoderma JEIZIXBLIE 89 FNFR D H 5 N
(Samuels, 2006) . H T T harzianum, T. atroviride, T. viride 72 & I%JA
i FICH L TCRAREHFAEAECNDEZAL THBY . Fusarium J&H .
Rhizoctonia J& W . Botrytis J& & 72 & ORI 5 (239 5 & W 58 95 1 1l
WREZRT D, BEOBRG TCIXAEMBREM &L TASHWLNT
VW% (Harman et al., 2004), EHRAERRIITMZ ., 2D OREITHEY &I
ARREGEE ATORERMEZR LSE 2720 AEWILE I
R 723 R % 543 % (Harman et al., 2004; Vinale et al., 2008) , — 5 T,
ZTORmWABTRELIEWE EHR2 b2 RBEHY 20 EE EH L <
Bz 720, BiBROME E L > TWD (Samuels, 1996), & & A FE )
I B E B A2 (CarbohydrateActive enZymes: CAZymes) . #i
WIEHEMEOG M., WG 5, CAZymes (Z 13 4E ¥ el BE o A [
HRTHLIEDMEE T FERMT L2000 T EN., WHRERNDLZT
T, AREHNOYWEMRHEBEIZS HERKEH 24 5 (Baldrian er al.,
2011; Lynd et al.,2002), FTH T reesei I LEMN 2 ENLT—FE, ~I%
NI —EBOREAEICHEHL TEBY ., thar RERKRNIES O X)L X —

WEOMRELE L THERSND AL FTREBOAKICFHEN TS

(Bischof et al., 2016)
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1-2.  Trichoderma BHE D 7 A /X

Trichoderma BWH 15 F & T 25 U A4 )L X L+ssRNA 7 A L AL LW
dsRNA U A v 2 &Gt TRPAHE STV D, dsRNA 7 A L AUTIER
KR A )V AFCT&H D Fusaguraviridae B+ ZJ& 9 5 Trichoderma atroviride
mycovirus I (TaMV1) ., Trichoderma asperellum dsRNA Virus 1 (TaRV1) .
Partitiviridae F}1ZJ& 4 % Trichoderma atroviride Partitivirus 1 (TaPV1) .,
Trichoderma harzianum Partitivirus 1 (ThPV1) 234G F£# 5 (Chun et al.,
2018b, 2018a; Lee et al., 2017; Zhang et al., 2018), +ssRNA 7 A /L A X
Hypoviridae F#} Betahypovirus 72> 5 ThHV1 23#&E STV 5 (You et
al., 2019), F7=. Parititiviridae #t & R FZHBEELELH DR DHE Y A
Jb A & L T Trichodemra harzianum mycovirus 1 (ThMV1)., Trichoderma
harzianum bipartite mycovirus 1 (ThBMV1) 28 #4 ST\ 5 (Liuetal.,
2019b,2019a), = 4L 5 O KN TaMV1, ThPV1. ThHVI & O ThMV1 2 B L
TIHZORPEICEVIEERBMICEMANAEL DD, HEREN &I
ThPV1 YR T3 EO W HF AN 2 M L3 2% (Chun er al., 2018a),
£ 72, T harzianum strain 525 Z LB L 72 % =2 7 VTR OFEERNEMT 5
A3, ThMVI1 B3 L0 EFRER 25 m L3 5 Hm A8 sh iz (Liu
et al., 2019b), T DFERIL T A NV AEYIZ K 0 A U 515 F Trichoderma
BEONRMEH N LEPOWMAEDRESHY OLEBICRE B2 525 2
ELEHICITHEMBREOERERBRIIBIT LD~V A 2 U A )V 2O EEM,EEZ R
BL T\,

KPR TIZ, FRRRICB T L~ a U AV AOKREHRMEZ BN E L
TREF O BEE S L2 Trichoderma J& W (2 &Y 3 5 7 A /L A O ELH fif
RO FREETEZAT o, SN 6D0OT AL ARG L H ERE
RMOBEEIZHSOWTHHE L=,
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2. MEtE Gk

2-1. A EFHEEAE

PDA s Eo oo =—0 L8 L7ZE R % PDA, SNA, & 25 W\ i
Trichoderma 4R % #1 (THSM) [0.02% MgSO4+ 7H»0, 0.09% K>HPO4, 0.1%
NH4NO3, 0.015% KCI , 0.3% Glucose, 2% Agar, w/v] O A - 7ZEE 6 cm
DYy — LK X, B 20°C, BFEHDWVIXT T v 2 T4 F (BL)
MR T C 48 FFIAIEE B L 7o, RO 24 FF L. 48 R £ I %
RO NG ae=—0N S E COEMELZY Yy — L —KIZH>E N
HEBEE L, ZREFROERBRKXIICOWT 5 B0 AW R RNE
ATV, FRE L REER AL B L LT,

2-2. MWFHEEENEE
PDA it Eoam=— b8 EB LICE AR % THSM O A > 72 BHE 9

cm D ¥ % — LI E |, 20°C, BL RS FC S5 HREIE# L7z, B B
15 ml @+ AR #E [0.8% NaCl, 0.05% Tween20] Z Mz, A7 L v &
— WXV EAREFTDICBE LB 2EHICLELY 7747 —TREBK
I L7z, EIBIEEZ 15ml F=—7 2B L, =008 (20°C, 3,000 x
g . 153) Ik vlraitEsE, FEEZBRWIZHZIZ Sml OJE KT
e FBEE L, mMEFEREZHCTIRFP R ZEH L, ZNENOHE
RIZDOWWT 3 EOEMOKENEEZT V., FHHEEEERZELFNL
72

2-3.  WEEHFEMT
#E R R HT 121X Microsoft Excel 2 L 7=, 2 > O I E X 43 [ D 45 #ik
DIAEIZIT FREZFEMN Lz, WA E TPIED 0.005 L T Tho 7l
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BIWCHESHE LIz, 2 2O ERFOAEEREITIE T-REZHEH L.

PIE 0005 L FCTHH- =B A ICHEMICEMNTHD LHE LT,

2-4. BAMBEBIE
PDA s Eoam=—o 8B LZEXN % 3% Agar D A > - HE
6 cm DY ¥ — LI ZMHE, 20°C, BFET TS AMKEE LA, ik
® & 42 Calcofluor-white (CW) (Sigma-Aldrich) #{i F L. &1 T 3 4
BIFE LZob, 30 =—08miz i E A v — 3 —BME (VF1000,

FV N R) THELL,

3. MR

3-1. AFHEREMAE

IR E 1 OFE R 5 AH-1 8k, AH-4 BRIZ X Z £ 4 TvPLV]L KO
TVULV WEEKET 5 2 ENH L 257 (Table 1-21), & 52 AH-
4RI NG 2O YA LRI A, TvWV1 bEY7 %5, PDA il
ECoapr=—FEROBE L, AHAKTIBEN D BRAOGRIEE S
2L, AH-1 R L TRPELAEOMMMA A b (Fig. 3-1A), F
7. AH-4 BROMMREERICL WV ER D a0 =—BREEZ R TIRAEK. AH-
AW RS HLE S vz, DU, Bk CTd 5 AH-4 Bk & (EH | AH-4B £k & I
T b5, AHAWKIZ ECTaHADan =— HEeEOW WA FE L (Fig
3-1A), PDA 5 ECOAFEEN AH4B LV L BFIC RN &8
HonERo7 (Fig 3-1B), B dsSRNA O T o — A7 )VEXKKE .,
FORTANARERE T T 4~ —%H 7z RT-PCR IZ XV . AH-4W 5
X AH-4B RICE Y3 5 TVvWVI BRI TWDH Z ERB 60 E 72D (Fig

3-1C), TvVVI K mEORFAMOBEELN RBINT-,
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Figure 3-1. Colony morphologies, virus infection patterns, and growth speed of 7. viride
strains.

(A) Fungal mycelia of AH-1, AH-4B and AH-4W were grown on THSM and photographed at 5
days post inoculation. (B) The radius of fungal colonies of AH-4B and AH-4W grown on PDA at
24 hours post inoculation as a histogram. The figures were made with five biological replicates
for each bars. An asterisk indicates statistical significance with p-value lower than 0.005 by
student t-test. NS indicates there are no statistical significance. (C) Viral RNA accumulation was
confirmed by RT-PCR using virus-specific primer sets. A triangle indicates DNA marker in
length 300 bp.



HRBRETICBT2HBEOETRMHFIT—ETIET R, FIHTE DX
BOFIRLHE A DREA ML AIZIEND, ABRIZBIT D TvVl O
HE~ORBEZ LV ERICHBT 2720, BRR28EBREY 5 0HEM
TOEBHREZRE L7, £7-. AH4B HKOEETIEAARIT T =
J—VHIZBWTAKE, 7=/ —ABOWTRIZHLRETH 727
D (T —FRKEBH), AT=vO—FTHLARENEZ LN, WH
TAT =l Febm L, FAREZLELTIHAPILRANLO
R 2RI A3 %5 (Schumacher and Gorbushina, 2020), Z U E T O #5 £ »
5 TvVIEREDNE EFOAFRAMEMRIEST L2 LN RBINTWIELD,
BLHISICK 2EDOEFTICH T 2RBOMAEDS FRFIZIT> 72, T ORR.
HRBERM TH D SNA, BREHH TH 2 THSM Ofi )7 T AH-4B Bk 2
AH-1 Bk, AH-4W R XV 8 BWAFTHEE 2/~ L7z (Fig.3-2), £72. AH-
4B R CTOH, BL BEICHB T DEBFMHEI N A L7, AH-4B ¥kix PDA
B ECIX AHAW R E D IRWAFTHEZ R LIZZ LD TvVI &
ENEEEDOREA N LV ZANDISE IR ELZHZ D LR RBRINT

(Fig. 3-2),

3-2. RFEHREAMAE
TSRO FIERENZHRHET L2720, Yy —Lb—K4720 o+
Badtill Uz, ZOf5 %, AH-1 %k, AH-4W KRICIRFIERRRE 1 2RO &
Ni=—7F 7T, AHAB bl e asn o7 (Fig 3-3),
F7o. AH-1 ¥ & AHAW D U7 A NV ARG Z — X R L TH D0,
f TR BENICHERENRO BN, Zhb 2 DOKITR A D 55 H
WO HEESNTEZ ENOEBEMERNERD EELDN, LTI

BENDOENZIE EOBERNLERICERT L EHEES T,
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Figure 3-2. Histograms showing the radius of fungal colonies grown on SNA (A) and
THSM (B) with or without blacklight exposure.

The figures were made with five biological replicates for each bars. An asterisk indicates
statistical significance with p-value lower than 0.005 by student t-test. NS indicates there are no
statistical significance.
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Figure 3-3. A histogram showing the sporulation ability of 7. viride strains.

The number of spores collected from single colony grown on a THSM were measured. No
fungal spore was collected from AH-4B. Bars indicate standard deviation.



3-3. HEWMEEHR
AH-4B £k, AH-4W BRI B E R &< B b an=—%2Fk7T 5,
KLU RNV TOREDOEWVEZH NI T 572D, HESEMEZHWT

LL

KHEORHROFEMRBEEIToTe, BREMECTEBTLEEROM
fa B2 CW THe L TRIZ L7 . AH-1 Bk M Y AH-4W KK O & R 2
TRTCW THRBEIND—FH T, AH-4B BRIZ CW TO RGN E L
KIET L, BAARZEETOIRARAZREIEDL LALLM E R
-7 (Fig. 3-4), F72. AH-1 ¥k, AH-4W #RIZ I\ TIL Trichoderma J&
FIWCHBIY 27 07 794 ROIZIEEEO SN RONT ., MEEFICHK
SN LTEEAOESGERONE Tl ORI IThh 58T HEE S
N7 (Fig. 3-4),

4., BE

TvVVI &4k (AH-4B ) & TvVVI BREH (AH-4W #E) O F£ B
HEIZ XD TvwVl BERE ERBICEELEZ D2 LRRBEL
oo BARMIZIE, TvWVI OBREIZE D[P HE AR K RNEAFELE O,
o - T A hE 1 o N (B8 « KBRS L DB OERE U (Figs.
3-1t03-4), ~A4 a3 UANAERIILI2APHEAE, AEILAE. RTE
RRHE /1 D EBIXE AR S ST % (Ghabrial et al., 2015; Hillman et al.,
2018; Son et al., 2015) . il 21X FgV1 D K Y1315 TR K & (F graminearum)
DAEFHRE, KPHEARE, WFAEHREN., 2 5 F~OFHEEOK T, A
FLEOHMZG EEZFTHMLUVIEREZZET 5 (Leeeral.,2014), —
T UANVREBIT LD KT, R T 2I0ENET 201X ES
DHMABMPOVMESNTVARY, HEHOABTREIZI -—ETEARL.. EFD

[ZHR 2 I BRBEIC IS T 2 LB D & 5 (Rodriguez-Romero et al., 2010)
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Figure 3-4. Microscopic observation of fungal mycelia.
Fungal mycelia were observed under the confocal laser scanning microscopy. Cell wall was
stained with calcofluor white (CW) and visualized as light-blue.



ARWFFEIZ LD . AH-4B RO A B IEE 1T PDA £ 1 | TlX AH-4W #% &
DH/NE WS, SNA KON THSM £:#ft ETlX AH-4W R LD s R&EL A
D2 EnoRENT (Figs. 3-1 and 3-2), F72. AH-4B #¥ki% BL B4 iC &
DWABTBHRENKFTT2ZEbRSNz, TNUHDORERIZT Y A LAY
N = DEVWREEEBORE~DIGEZ T/ DOEREHED RN

TESE, B2y TF~0O#IcERET DI LEEZREBLTND,
LorL, RARLDEMICKH T DISELCICEET 2WEITAATHY , &
DI DN NI L 72 D, I EENEHORSE (fFflcLEP THh
D, M ETHDED) ZRWT D)X CTEHERAK TH S, N crassa IZ
BWTHRY XA, BAOEFR., BFEEGR., BHERTFERICEES S
e ORBRBED EICEIABE P OHFAHICL o THEI I D Z &1
b 2x& 725 TW% (Corrochano, 2007), TvVV1 & 4ukk (AH-4B #k) @ #
ICBWTBLBSICE YV AFERACHIB SN Z &6 LRIk 7
5 EEROMRBREOREINCT T A VAN G 2 ATREME S R S iz (Fig
3-2), AH-4B BRDSPEA T 2 B A MBI F K. Phenol, 2-propanol W i
b RERTZD, AT~ Thd s (F—%REBH).
B ICER T 2 AT = OBEICO W TIXEICEW IR R RE IS
WTRHLMIZER RSN TEY | UEWECIEMEREME, B2 b LRI
Xt DR PUPE . AR EE OB AR E O INIC EE 2R E A M S Z &N
54TV 5 (Nosanchuk and Casadevall, 2006), & D27 U 7 k2 v 7
ZJED RN E TdH D Cryptococcus neoformans VX 45 & D Sk F T kg
IZA T = Z2&EMT 275, Uvitex (CW & [A U< HHEMIEER 77 TH 5
FTFUERENLT D) ICRDRERENRAT = FENIEAT > 2
K THELLIEFT 5 (Perez-Dulzaides er al., 2018), BAFREEE 5212
AH-4B RO R T 2 BADOHE R 1T CW IC L 2R EAHFENFEZF KN Z
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EMHABNETRD | C oneoformans [FlfER A 7 = 2 Ol flBE ~ D FFE 25 7R
e iz (Fig.3-4), Trichoderma BHE OAERRIZK T D5 AT = O%H
BT 2RI TR G TWD 2 T viride ® B 1 i fal BE A % F >
DROVERFETHATZ=VPAH OS5I 2R RES fEEESE D D
T OREICEHEGT2LE2 6N TEY (Benitezeral., 1976) . AH-4B &
DHERICE T D B0 F &M BE Sy i B 35 mt e O BILR MR IC b BLIE A
s,

BLASTX f#Ar J OV 5+ R AL MEAT DGR 2> B TvVVL X Victorivirus J&
DA N=To%HEHEINT (Table 1-21 and Fig. 1-26), Victorivirus

I—PlafREEECK L TEFE#EELEST L LE26 TS (Ghabrial
and Nibert, 2009; Ghabrial e al., 2015; Hillman et al., 2018; Xie et al., 2016) ,
Helminthosporium victoriae virus 190S (HvV190S) I KB T EDEE
RE~NOEENRESNTWHDIHE—D T A NVATH DN, 75T Rk
Hras b TvvVL iX HvVI190S L0 b EHFMERL Y A LA L END
Sphaeropsis sapinea RNA virus 1 (SsRV1) & iEfR ThH D EH#HEE I LT
(Preisig et al., 1998) (Fig. 1-26), EEHBT — X IT/HHATWVRNNR,
dsRNA O BEXIKEI G HE L TvVVI OFHANSHEEL/BD THWVZ &N
R S 7z (Fig. 1-8), RnPV2 i DI-RNA O FHEFFELE T & 5 WL del2 ik
# (RNA A4 Lo v 7 RHE) BRTIES 7 A dsRNA &FREE&2AHM L,
ZHICH > THE ERREORFIRRE 34 C % 72% (Chiba ef al., 2013) .
AH-4B BRIC B F 5 TvVV1 7/ L dsRNA O EZ B ZE RN E ERBEUEA
DIFH Lo TWDHATREMENH D, £72.TvVVI1 1T AH-4 kN T TvPLV1
K OVTVULVIL & BB L TH Y HFEEE 212817 5 D-RNA [AEk#E
BoOUANALOMAEAERNOREKE EXREOEAAE T TV 5 Al 6

MNH D, AH-4B KD TvVVI EfE & 1T TvPLVI & O TvULVI & Hh#k L
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THa® T < (Figs. 1-8 and 3-1C), TvVVI 2 fg EFRBLMELITHK H K
SRhEBNERTHEMESINDIN, ZRICHELTHLERNRT —4
IE STV, TvVVI JEY &5 EREUE L O BIEME 2 G 3 2
CIE ANV AFRERERZFEL L, BT OILERH D,

AH-4W HRIZHRMREE BRI L 0 BFEMNIC TvVI ZRko @k e LTH
ftsni, ~favf rAiFan=—2licblzos TH - ITEML T
WL TEHRLS, ar=—HNOpMb U A NV AFEIZ L > TREHE
2H 2 ENHE STV D (Yaegashieral.,2011), ARAFZEIT BV THEM
BREFan=—2 0@ AN ZWO L, FILOEHIIBT Z L TiTb
Nled, TvVl BDFEfE L v an=—FEkrb6 080 HLIc kY AH-
AW R DMEH S hi- s RSz,

A & (Lentinula edodes) DIFJIHE & L CTHLEE S L7z Trichoderma
BEaLZvarynhbDAY Y —=27TiX 323158 (10.4%) TUA
VAEYE NGB b7z (Yun et al., 2016), dsRNA ZHRE O E % fHHE L
LIEBRCIHIRBENDIBEEE VANV A EERET DL (WFREA 1,
MRBE RS EEORERIL I LEaneEEX2LRL N, —Hl 2 HE
% % Trichoderma JBE N FEE DE NI HIE T A NV ARG K 5 RHE
BORBEEZITDLEVIFERT, ARRRICBITEIYA a2 VALVADE
T A RET 5, ARBONEITEICa s =—FE, BHALASLHETORIRK
mEDOHENRFEE RSN CE RN, EFEDON T REFHSE
EOMNICIVAFTIELS, HAPBALKBALE T DL
Trichoderma JEW ORBIZH A L2V H O b HEZSHBEEIATWD
(Jaklitsch, 2009) , ARAFIERFATHIE N D 7 A L ARG K0 B FH HE
DIKT., BAXLEBAOERILENFTEINDLI I ENTRENDEY

(You et al., 2019) (Figs. 3-1A, 3-1B, and 3-4), RO EELEICB WV
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T~ A AT AN AREYT K2 RBREA S —F D Trichoderma J& 16 O %
AEOSEEG T CWIEAEERD D,

Trichoderma JRE IZERBRICB W TH T AW, WHWILARE., DME L
LTDO3ODEENZFRDODZENMBILTND, KFENS . U A L R K
QA2 X218 E Toviride DRBY (KPP ERE, ARILE, BEIGE) ©
EAED R E N, EROKBEREZRIETHIZATELLZZEBIIART
DL, TNEHETDHIIZHTL-T, UTD5 20K, §hbb 1) &
BIGEDEWNEBET 2WEIXMRON, 2) AH-4BHRIZILE T 5 0%
(IA 72 DA, 3) AHREE S MEEESR O WRE S & F TR D M I E
WIZH DD, 4) EHEERDITENTIS D00, 5) W& oA
THL0M0, THICEETHL, 5B INLOOREZMAT S & T,
YA AVANAZADEREFOEEMEDIHOHL LT v~ a7 AR
MM LIHE M Trichoderma JBEMK OB SLICEHBRTE S ARBMENH D,
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ZER

NGS DHEZFELTIOHHRRAAXAMNDETIZEIVELVWEDO~Y A 2y
ANVADRE 2 72 fE E, HRax REBEEPOHRHBE IS TWS, (Nerva et al.,
2015; Neupane et al., 2018; Osaki et al., 2016; Sutela et al., 2019; Wickner
etal.,2013) £/, TNETHAEDOU ANV RITRB N TV o E ERBA
~NORBIZEATOIMALEE S TE TN, —HOU A LA |THEEA
H=ALIZET LI FAEMFHIRM LB I bl TWVD, 26D
WML, ZDOF ) AOBEMES LIIRBHIC, v~ 2374 VAR THEL
DHILDMNITEERT, HHEERERZAT LI ENHALMNERY SDDOH
5o NGS 7z M 7o i 77 72 Bl ST 130HRF 1 B0 (U B & A /L R 28 R
EED LA A TANZAOLERENBEBEAERDICHLIED TEBY
(Bartholomius et al., 2016; Nerva et al., 2019; Osaki et al., 2016; Zoll et
al.,2018) , REFFRICHB N TH, ML L THW® TEEER T A L AP LG
HEFICEEND L, SHICEFBAEOHEARRICINE L RN = —
JIRUANAPERGEND ZEbHOENERoT, ZO/RRIET~A
AVANADSRMEEEFET S22 CEERMA LRI EZ X OND
Fo, AMRICBWTHEMWErE AL BT A2~ A a2 UL AD
BB EZBRMT 22 CEERMAAG O, HEITLEARERICE
WTEHPREREEAT 208, B RAFTOHBORR L TR LR
BEADIGENTANVAERICE > TELT D EEHL N LIS
FINETHESNLTWVRY, TNETU ARG LD ERBA DO
HBII R B T o o 7223 bk 2 I BT O B M BE S B3 S v, A e e R Y
RiAFE M D (Chen and Nuss, 1999; Esteban and Fujimura, 2003; Hisano et
al.,2018; Lee et al.,2011,2014), ®FTOMIEIC LV ET LVEE TH 5 N.

crassa N~ A 3T A JVAMIRIZHHTE AN RINLTED Rk
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BEBREBEFHTLH2ZLT, CNETCHRETH 72U A VA -FEEHEE
WOMAAERICET 20 FBEFHRMBITDILBHES ICHRE R D,
S, INLONMEAEBLIEERE~Y A 32U A0 A0 EEMEEE O LR
PRI D,
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FHEITES W EHEEL b > ThRA REREICHEMNICERT 5 ZEMAE
WMTHO ., REFTTIZEBAOEDEOMEER. WEO DR S %8 L
THARERMAEMPFICESE &R 2 M M, EE, T¥, BER CEED
SIIZBWTAMOEE LRI BEbo TS, WHIZERET LUV
A (A aTANR) EEERHENIORRIN TR, BEFEO D HER
CIEBSRVWHBDOHEEZ b VANABREREL GEND, v A =
DANADIFEALEFEERBMICEAN R EEZ b b S 3 B
ERTLI2N BEOEFTEZNH T L0, RET IOV TIED D
PWFIEST D, 2RO ON, MWRIEEOREEZ KT S22 H0 T
LZ0ANAZFIREGRICAATEL2WRBERZ DL, 1M1 T T ANV A%
AWTEHREBREZ Y 7 A may bo—a E B En, R = KEHO 1
DTH D7V ARIFE OB ERIZAEE L TR, k& 72 0i &~k 1R B
ZHBE LIEMEDEAICITDI T WD, HW W E O WM 2 KT
SELDUVAN AT INETHEERSILTWDLIR, YrAfrar bn
— NV ORIENT EFED 7 VRN IRZ Z 0 26l Lk STl b7,
ELRDIGHBBICIZA R Y A L ZAEH OBESR K O 7= 72 6 15 125 1 B
BENVETH D, Fusarium graminearum FE S KIC L > Tl & Z &h
% I XHER OV (Fusarium Head Blight: FHB) = A 0 fix B B E T
HY, YHREETIEINETFHBIZH T DV r A ray he— LD
AEHBE LTI 21T > T & 7o, BifE#H O Abraham {# £/ FHB % %
JEL 7= 2 LXMDY DB D Fusarium B Z HEEL . 7 A L 2R Yk
DK HEIToTe, EHFIXIND OKORBIBGEN K KRS 5 7 A L
A DEINENT 21T o T, ZORE., EHFERT A RT F boothii Ep-BL13

HICEET DA NAEHER YAV AGEMERME L TRE L, ELH
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XICTHELE, AMMECEH EROFEKaLVZ v a v 25T 18 HERIC
AT 5 7 A V2 OERIIEN, JWIRMEM T Ep-BL13 #RICEET 5T 1
IWADE ERBAA~ORBORELTol, 2. AERIIBIT L~ A
I ANAOEEOEMBEBRMNE LT, BREYLLDHEINL
Trichoderma J& W \Z &Y+ 2 7 A v 2 O HARMREAT 21T > T2,

KR =T v TEMITEREE LR YA VARKEZEE ED D
~A 2T AN ZDOEINENIZmRO TH R FETH DN, RNA U AL
ADEWERREST ) AOBHER SR EE e SICE KT 5k e i
ERHZTWVWD, 2D ZRk3 25 FB & LT, fragmented and loop primer
ligated dsRNA sequencing (FLDS) K " Nanopore Direct RNA Sequencing

(DRS) WO HEZZ 25D FEEZH VTR Y A /L AOERIIET 21T
olz, TORER, Fusarium BEZ £ L T2 18 OFEKENLLH AT A LA
EHTL30FEOT A NADYT 7 LAELHIERGIZHR I LTz, RNA 7 A L A
STHEFIZ 6 DOMMPOLRERIND N, RIFRTHERALINTZT A LA
TN HDOMON 5 2EMEBEL TR, fREKTICHD TEEER Y
ANVANERTHZ EEHL NI LT,

B F1E BT D S . Ep-BL13 #RIZ X6 I YE F. boothii ¥k Ep-BL14 £k Ep-
N28 #kiZ b Hil L T Y7 % Fusarium boothii mitovirus 1 (FbMV1) (Z
% . Fusarium boothii large flexivirus 1 (FbLFV1) K& "% o N HBEC %1 K
2 RNA (Defective RNA: D-RNA) O EMBEEENH L0 & o7z, Hig
ToBEE T AV AREICL D D-RNA B, & %\ X FBLFVI &
D-RNA O & ko Tk A B U ZRBAMATIZ LD D-RNA K- 7
BT L TAFEREOHMMARBD LN 226, D-RNA &fFED
EHERFOBRGNRBINTZ, £, MIFEERBIEZH W U A L ZKE
EREHBRICEL YD Ep-BLI3 05 U A L AFREKIC D-RNA BAKFEBAT
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L. 2INOLOHELAEHKE TETRTORBBMPBEINT, ZOKED
O, HEDAEFREN D-RNA ICL - THESNDZ ERTRBINT,

WEHEEOBNKIIRER D 4 SOBEKEHEEL., Z0OWN 2
B (AH-1 B OV AH-4 ¥R) 2 U A4 VAP E L TRKLE, 20D
D B K @ Internal transcribed spacers B3 O 557 Bl 51 2 FH W 72 FE O HE E
CEVWEEIITNT NG T oviride THDEHB LI, DANLRT ) A
ORI NS OFEKICITEBL T 2 BEO VA VAN EBKYET
LB MNER ST, AH-4 BRIZITZ 621 %2, Trichoderma
viride victorivirus 1 (TvVV1) V&% 4 5, H5# BT AH-1 #RIT K &
DY AEBAEDarn=— EICHADORFHAEIERT 225, — 5 T AH-4
IR ERENZ T KPEREZEALICEMRL, BADAFE LD
ET D, AH-4 RO MR EE R IC L VARG S TvwV FEEYR (AH-
AW BR) ITER S L TERBLAE. KTEADNBEEFICH A L TR,
ol FTERCRE S 358 80 B ALTz, AH-1 #k. AH-4 Bk, K OY AH-4W BRIZ R 7
LHRBEBE T CRAR2DIAERBINEEZ TR L, AHAKOAEFTIZ T 7 v 7 74
MR I ST, HADOBEMEBERBIZRICL D AH-4 KICD B — K
72 B AR Y THDEFTF U B-I A D EENE TS
Calcofluor white Y8 CTHF O WEADE LD RD B v, Rk e i
BERR MR E AT 2 E MR ENTo, ZNbDORERNDL ., AH-4 BRFF
FEIZEGE T D TvVVI RREE . SR~ DS & R & M BE 55y D 28
BB HE X DRENE X DIV,

IO —HBEOMENPOH/ONIHRIT, ~ A4 3T AL 2D LEEME,
TrAmaryhba— Vi HER~ORE, BREPICB TSI~/ 2204
WADEREND — itz B 9257 TEHERMA LR D,
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AR AEEDDIZHTED THEZHY E LA TERFEZRFRET ¥
THTTAF Y N RO T R KRS R AR UE AR A0 KV O
BaRLET, 0. ZTPF L I EATHAWIL N R KT R FH Ao R
TSRS 0SB A TR Sy By o )1 b — N BR . TR KR B HERR ERE
BB B W72 L E T,

U AV ARKYE Fusarium J& B = F 4 €T Sy BERK & Sy 5ETE O 72 [ 11K
FEFAE AT O SAREINER. AM 2 IRKHIEDEAFEK %
DEEVWEREFBRTFORRLEAR., BEY T 00 OEKD
HEtx 4T > CHWE, Z@HERIZUATESEKROBNEKEKX, FGSC D7
J LAEBEATIC OV TS, 20X ~ORFEBEERABRICH HTEW -
I B R R R A e B v 2 — DO A HE B . Rt
— W= X DA E A T L CIE W 7 H K O K AR U
% RNA-seq iz ZBhg. TWHAOEWEA FRKFPEE - ERE ¥
—® B —H L, FLDS # ZHFIH 7o B KK FBRLROR IS &
RO TREFERK WILE BB 7T —2MITHONAL T T4 % T
fIkTE V72 JAMSTEC O @ A EBILE LICE#oOBEE2 R L 5, UM%
WU CHE & XA TH - WY 6 B 078 0 BF O B R 120 & 0 4L H
L EFET,

AW ZE T T 1K AR ) B S AE R B o0 4 [ 3 R R A - S W] AF E
¥DO—RELTIXEZHAES, BEfichE L, 2TWWEHOEEZRLE
S

KB, TN E TONZEAETE 2B, BHAICZA TF S > HIE,
HAZRHZ LB RGH L E T,
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