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Interactions between two naturally co-infecting mycoviruses in the chestnut blight fungus
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Mixed infections in single isolates of filamentous phytopathogenic fungi by multiple viruses are frequently
detected. Such co-infections allow heterologous viruses to interact with each other in either a synergistic or antagonistic
way. A comprehensive understanding of such virus/virus interactions would enable us to design environment-friendly
management strategies against fungal plant pathogens exploiting fungal viruses as biological control (virocontrol)
agents. Cryphonectria parasitica is an important fungal pathogen of the blight disease in chestnut. A US field isolate of
C. parasitica, strain C18, has previously been shown to be infected with a 11-segmented double-stranded RNA virus,
mycoreovirus 2 (MyRV2, family Reoviridae). Here, I report the molecular and biological characterization of a newly
detected positive-sense (+) single-stranded RNA (ssRNA) virus Cryphonectria hypovirus 4 (CHV4-C18, family
Hypoviridae) in C18, and describe an interesting commensal interplay between MyRV2 and CHV4-C18 in C. parasitica.
In this novel interplay, CHV4-C18 facilitates stable infection by and efficient vertical transmission of MyRV2.

Molecular analyses showed CHV4-C18 to have a single open reading frame, sharing 99.4% sequence identity at
both nucleotide and amino acid levels to a previously characterized exemplar strain, CHV4-SR2, of the species
Cryphonectria hypovirus 4. Single infection by MyRV2 and double infection by CHV4-C18 + MyRV2 similarly
resulted in reduced hyphal growth and greater orange pigmentation. A difference between the single and double
infections was the infection stability and transmission efficiency of MyRV2. MyRV2 was maintained more stably inside
host during subculturing, and transmitted more efficiently via asexual spores when accompanied by CHV4-C18. It was
assumed that host antiviral RNA silencing was responsible for this phenomenon, as CHV4-C18 suppressed the
transcriptional induction of one of the RNA silencing key genes, dicer-like 2 (dcl2), which was otherwise highly
upregulated in fungal strains singly infected by MyRV2. To test this hypothesis, RNA silencing-deficient fungal strains
with the C18 genetic background (C18 Adcl2) were prepared by targeted disruption of dcl2. Comparative analyses with
C18 wild-type WT and C18 Adcl2 strains showed that the deletion of dcl2 resulted in enhanced stability of MyRV2
during subculturing and increased its vertical transmission via sporulation. These results suggest that CHV4-C18
facilitates the stable infection of MyRV2 in the C18 genetic background by suppressing the host antiviral RNA silencing
pathway. Furthermore, I could identify the papain-like protease, p24, of CHV4-C18 as an RNA silencing suppressor
using a newly developed green fluorescent protein-based reporter system.

These combined results unveiled a previously unsuspected interesting virus/virus interaction, where the stable
infection and efficient vertical transmission of a dSRNA reovirus, MyRV2, were facilitated by a co-infecting (+)ssRNA
hypovirus, CHV4-C18, which appears to impair (by using its p24 protein) host antiviral RNA silencing through
suppressing the induction of dcl2. Indeed, this study will provide a platform for exploring the molecular mechanism by
which RNA silencing is suppressed in filamentous fungi by virus-encoded silencing suppressors.




MXEERROEE

HARTIE, 1 2OEEBEDEIO T A VAZHEIEL TV D Z ERBIEINS, HETORS
YT, FRCEMBEE BRI D, ERERTIX, 2R UANVARFEERNE 2 b, T
A NAZFR LT EDERE LR (VrA4rary ba—L) OfREERET HEERKT
&7 D, AMFFETIE, A3 KEHEOIFIR « 7 U AR E TR0 AT o2 B b 2O U A L
A, FTlebbvA AL A UA /LA 2(MyRV2)ENA R AL A4 (CHVE) , O EAEH OREATT
& ZDOMAAERZ G L CTWHEOMINICE D AT, £7, CHVARIIREEETHZ &, &6
(2, YT HMyRV2OLEMERE, 2R Haific w5752 L 260 L, —J7, MyRV2
IFEFEHOAEFIRT, 7 V~OFEHEOKTZ2 72572, CHVASOREN/NZ LRSI,
T7ebb, CHVHIZEMIZ, CISHEKE CHERFSNS2Y, MyRV2(D 7 1XCHVAME L CiX, EENDLER
EINTLEY, ZOBREZHEL TWHEFEMERF (FLY A VARNAY A L), AL
AZMDR T RNAYA Lo Tl &2 X7 E, p24) ZEIE LT, RECRIE, Fil Y A v AR
HIEREZNEHET HRTFZHALNC LIS OT, MAMENE,

AuliaZg 1%, 5T 5 LFRD & 5 IS0 2R 2 %0, -z ol T+ a4
AT Z L2 CEER L L TR 5,



