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Detection of mycovirus in 

Aspergillus fumigatus by in silico

transcriptome-mining approach



Why focus on mycovirus? 

Infecting fungi – obligate 
parasite

Phenotypic host changes

Agriculture field 

(Cryphonectria parasitica)

Medical field

ss+RNA
dsRNA
ss-RNA

ssDNA

dsDNA

Yu X, et al. Proc Natl Acad Sci U.S.A. 2010 ; Marzano SY, et al. J Virol 20162



Aspergillus fumigatus & Mycovirus

366 and 86 strains (AGE)

6,6% to 18,6%

Partitivirus (AfuPV-1)

Chrysovirus (AfuCV-1, 
AthCV1, AfuCV41362)

Polymycovirus (AfuPmV-1) 

Refos JM, et al. PloS One 2013 ; Bhatti MF, et al. Mycopathologia 2012 ; Bhatti MF, et al. Fungal Genet Biol 2011; Takahashi-Nakaguchi A, et al. 
Front Microbiol 2020 ; Özkan S, et al. BMC Genomics 2017; Zoll J, et al. PLoS One 2018
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Filamentous fungi
Aspergillosis
30 Mb genome

9/11 strains 

(mRNA sequencing)

Partitivirus (AfuPV-2)

Narnavirus (AfuNV-1, 2)

Mitovirus (AfuMV-1)



Presence of RNA mycovirus in Aspergillus fumigatus by 

mRNA analysis
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30 strains of Aspergillus fumigatus
from Invasive pulmonary 

aspergillosis

30 strains from pulmonary 
colonization by Aspergillus fumigatus
COPD, Bronchiectasis, Cystic fibrosis, 

Respiratory diseases

30 strains from Saint-Louis 
hospital environment

(air / surface)

Aim of the study



Aspergillus fumigatus
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Colonization group : 30 isolates

Infection group : 30 isolates

Environmental group : 30 isolates

ßtub-seq Aspergillus fumigatus 
72h MIC : 1 pan-azole resistant isolate 

ßtub-seq Aspergillus fumigatus 
72h MIC : 1 azole resistant isolate (VRC) 

ßtub-seq Aspergillus fumigatus 
72h MIC : 1 azole resistant isolate (VRC)

1 pan-azole resistant isolate 



Poly-A selection and mRNA 
sequencing
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Colonization group : 30 isolates

Infection group : 30 isolates

Environmental group : 30 isolates

mRNA



Algorithm 
Analysis
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1. Reads mapped against reference

2. Unmapped reads de novo assembly

3. Contigs homologous to RdRp family 

proteins

4. Contig Extender

5. BLASTp (protein database)

20 – 50M reads

Mapped reads

Aspergillus fumigatus Af293 genome

~400 – 90,000 
putative viral reads

de novo assembly
of viral RdRp 

1.5 – 5M
Unmapped reads

RNA-dependent RNA polymerase 
protein database

Protein Homology
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% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25

Query sequence

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
partitivirus 1

Aspergillus fumigatus 
RNA virus 1

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
botourmiavirus 1

Erysiphe necator
associated umbra-like virus 3

685/717aa (96%)
Sclerotinia sclerotiorum
umbra-like virus 3-WX1

Blast 
results
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% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25

Query sequence

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
partitivirus 1

Aspergillus fumigatus 
RNA virus 1

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
botourmiavirus 1

Erysiphe necator
associated umbra-like virus 3

685/717aa (96%)
Sclerotinia sclerotiorum
umbra-like virus 3-WX1

Blast 
results

Environmental group : 30 isolates

3 mycoviruses
- Af botourmiavirus (x2)
- Af RNA virus 1
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% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25

Query sequence

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
partitivirus 1

Aspergillus fumigatus 
RNA virus 1

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
botourmiavirus 1

Erysiphe necator
associated umbra-like virus 3

685/717aa (96%)
Sclerotinia sclerotiorum
umbra-like virus 3-WX1

Blast 
results

Environmental group : 30 isolates

3 mycoviruses
- Af botourmiavirus (x2)
- Af RNA virus 1

Colonization group : 30 isolates

2 mycoviruses
- Af botourmiavirus
- Af partitivirus 1
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% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25

Query sequence

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
partitivirus 1

Aspergillus fumigatus 
RNA virus 1

Aspergillus fumigatus 
botourmiavirus 1

Aspergillus fumigatus 
botourmiavirus 1

Erysiphe necator
associated umbra-like virus 3

685/717aa (96%)
Sclerotinia sclerotiorum
umbra-like virus 3-WX1

Blast 
results

Environmental group : 30 isolates

3 mycoviruses
- Af botourmiavirus (x2)
- Af RNA virus 1

Colonization group : 30 isolates

2 mycoviruses
- Af botourmiavirus
- Af partitivirus 1

Infection group : 30 isolates

2 mycoviruses
- Af botourmiavirus
- Putative new mycovirus



Phylogenetic analysis of the putative 
RdRp virus in Family Tombusviridae
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Neighbor-Joining method
Bootstrap test (1000 replicates)
JTT matric-based method



Phylogenetic analysis of the putative 
RdRp virus in Family Tombusviridae
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Neighbor-Joining method
Bootstrap test (1000 replicates)
JTT matric-based method
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Conclusion

Development of an analysis pipeline for virus detection in RNA sequencing data 

90 isolates successfully sequenced

• 7 viral sequences found (prevalence 7.8%)

• Each group showed the presence of viral RNA sequence

• No infected resistant isolates

1 putative new mycovirus related to Umbra-like virus 

(Invasive pulmonary aspergillosis Group)
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Mycoviruses
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Infection group : 30 isolates

Environmental group : 30 isolates

2 mycoviruses
- Af Botourmiavirus
- Putative new mycovirus

Colonization group : 30 isolates

2 mycoviruses
- Af Botourmiavirus
- Af partitivirus 1

3 mycoviruses
- Af Botourmiavirus (x2)
- Af RNA virus 1
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Phylogenetic analysis of the putative 
RdRp virus in Family Tombusviridae
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Neighbor-Joining method
Bootstrap test (500 replicates)
JTT matric-based method (gamma = 11.78)

RdRp sequence from the current study
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Aspergillus fumigatus RNA virus, 
segment 1

Erysiphe necator umbra-like virus 3

Sclerotinia sclerotiorum umbra-like 
virus 3

Blast 
results

Identity: min 73.67% and max 98.79%

% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25
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Aspergillus fumigatus RNA virus, 
segment 1

Erysiphe necator umbra-like virus 3

Sclerotinia sclerotiorum umbra-like 
virus 3

• Coverage: 100% 
• 1151/1151 aa
• Identity: 97%
• E-value < 5e-324

Aspergillus fumigatus RNA virus 1

% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25
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Aspergillus fumigatus RNA virus, 
segment 1

Erysiphe necator umbra-like virus 3

Sclerotinia sclerotiorum umbra-like 
virus 3

% identity ratio: 
Score-min/max-min

≤0.75

>0.75

≤0.50

≤0.25

• Coverage: 100% 
• 542/542 aa
• Identity: >99%
• E-value < 5e-324

Aspergillus fumigatus partitivirus 1



Aspergillus fumigatus RNA virus, 
segment 1

Erysiphe necator umbra-like virus 3

Sclerotinia sclerotiorum umbra-like 
virus 3
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• Coverage: 99% 
• 636/953 aa
• Identity: 96%
• E-value < 5e-324

Undescribed A. fumigatus virus
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Scientific Name

Max 

Score

Total 

Score

Query 

Cover
E value Per. Ident Acc. Len Accession

Select seq

dbj|BCH36637.1|

RNA-

dependen

t RNA 

polymeras

e 

[Aspergillu

s 

fumigatus 

RNA virus 

1]

Aspergillu

s 

fumigatus 

RNA virus 

1

2276 2276 94% 0.0 96.76% 1151/1151
BCH3663

7.1

Select seq 

emb|CAY2

5801.2|

RNA-

dependent 

RNA 

polymerase 

[Aspergillus 

fumigatus 

partitivirus 

1]

Aspergillus 

fumigatus 

partitivirus 

1

cov96% 0.0 id99.37%
1161nt –> 

542aa

CAY25801.

2

Select seq

gb|QVG71

141.1|

RNA-

dependent 

RNA 

polymeras

e 

[Sclerotinia 

sclerotioru

m umbra-

like virus 3-

WX2]

Sclerotinia 

sclerotioru

m umbra-

like virus 3-

WX2

1286 1286 99% 0.0 96.11%
2159 nt 

→953

QVG71141

.1

Select seq 

gb|QVG71

139.1|

RNA-

dependent 

RNA 

polymeras

e 

[Sclerotinia 

sclerotioru

m umbra-

like virus 3-

WX1]

Sclerotinia 

sclerotioru

m umbra-

like virus 3-

WX1

1274 1274 99% 0.0 95.54% 953
QVG71139

.1

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=N3HRNS5J013&CDD_SEARCH_STATE=0&CONFIG_DESCR=2,3,6,7,8,9,10,11,12&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&NUM_QUERIES=3&PAGE=Translations&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=N3HRN3M8013&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&ADV_VIEW=on&DISPLAY_SORT=1&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=N3HRNS5J013&CDD_SEARCH_STATE=0&CONFIG_DESCR=2,3,6,7,8,9,10,11,12&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&NUM_QUERIES=3&PAGE=Translations&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=N3HRN3M8013&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&ADV_VIEW=on&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=N3HRNS5J013&CDD_SEARCH_STATE=0&CONFIG_DESCR=2,3,6,7,8,9,10,11,12&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&NUM_QUERIES=3&PAGE=Translations&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=N3HRN3M8013&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=N3HRNS5J013&CDD_SEARCH_STATE=0&CONFIG_DESCR=2,3,6,7,8,9,10,11,12&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&NUM_QUERIES=3&PAGE=Translations&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=N3HRN3M8013&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&ADV_VIEW=on&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CDD_RID=N3HRNS5J013&CDD_SEARCH_STATE=0&CONFIG_DESCR=2,3,6,7,8,9,10,11,12&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&NUM_QUERIES=3&PAGE=Translations&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=N3HRN3M8013&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&WORD_SIZE=6&ADV_VIEW=on&DISPLAY_SORT=3&HSP_SORT=3
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_BCH36637
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2747487
https://www.ncbi.nlm.nih.gov/protein/BCH36637.1?report=genbank&log$=prottop&blast_rank=1&RID=N3HRN3M8013
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_CAY25801
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=1027415
https://www.ncbi.nlm.nih.gov/protein/CAY25801.2?report=genbank&log$=prottop&blast_rank=1&RID=N3HRN3M8013
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_QVG71141
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2822934
https://www.ncbi.nlm.nih.gov/protein/QVG71141.1?report=genbank&log$=prottop&blast_rank=1&RID=N3HRN3M8013
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_QVG71139
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=2822933
https://www.ncbi.nlm.nih.gov/protein/QVG71139.1?report=genbank&log$=prottop&blast_rank=2&RID=N3HRN3M8013


• L’idée de voir TOUS les isolats cliniques se différentier des autres, peu 
probable.

• Question de la persistance du virus avec repiquage, subculture …

• « New » mycovirus, c’est simple pour une publi spécialisé, mais 
signification ? prévoir des modèles de tests in vitro ? éventuellement 
sur des plantes ?

• Perspectives du travail : quoi faire du reste des séquences ?

• Quid virus ADN
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