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Understanding Disease Emergence

Questions

• How do viruses adapt to and spread in new hosts?

• How large is the virosphere and how is it structured?

• What determines virus diversity and abundance?

Infectious disease emergence is often due to host-jumping of pathogens

‘Fault lines’ in Emergence

We characterize virus biodiversity and evolution, especially 

in locations where humans and animals interact
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Hantaviruses

Frequent spillover from 

rodents to humans but no

onward human-to-human 

transmission (evolutionary 

dead-end)

Tracking Viral Emergence



Meta-Transcriptomics (Bulk RNA-Seq)

• Sample processing

• Homogenize samples from representative tissue

• Extract total RNA

• Pool samples

• Library preparation

• Deplete ribosomal RNA (rRNA)

• Prepare cDNA library

• High-throughput sequencing on Illumina platform

• Target ~50 millions reads per library

• Sequencing all ‘non-ribosomal’ RNA in sample

• Confirmation by PCR and Sanger sequencing



Transcriptome Data Analysis Pipeline

• Remove host data by mapping against reference (optional)

• De novo assemble transcriptome

– Trinity or any decent assembler

– Estimate abundance/frequency of transcripts

• Compare contigs against sequence databases using BLAST

– Blastn: simple and fast for known pathogens

– Blastx: slower but better for novel pathogens

– CD search: find gene homologs

• Refine assembly and annotate hits

– Phylogenetic analysis (using the RdRp as a marker)

• These data provide an unbiased view of the virome/pathogen discovery 

Sample quality is critical, including rapid storage at -80ºc.

Mang Shi, J-S Eden
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Extraordinary RNA 

Virus Diversity in 

Invertebrates

• Collaboration with the Chinese 

CDC, Beijing 

• Examined >220 species across 9 

invertebrate phyla

• Huge data (>100 libraries, >3 Tbp)

• Overall ~1500 newly discovered 

viruses in diverse invertebrate hosts 

(new genera, families, orders)

• Invertebrate viruses often ancestral 

to vertebrate viruses

• Fills in ‘gaps’ in phylogenetic 

diversity – taxonomic implications

• Combination of virus-host co-

divergence and cross-species virus 

transmission

• Red = newly described here 

Grey = known viruses
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“Orthomyxo-Like” Virus Phylogenetic Diversity

PB1 Phylogeny

 AJG39090 Wuhan Louse Fly Virus 4 [CC63432] (ref)

 #AJG39089 Wuhan Louse Fly Virus 3 [CC56639] (ref)

 AJG39084 Jingshan Fly Virus 1 [fly116939] (ref)

 AJG39088 Shuangao Insect Virus 4 [insectZJ68168] (ref)

 #AJG39086 Sanxia Water Strider Virus 3 [SXSSP2554] (ref)

 AJG39091 Wuhan Mosquito Virus 3 [mosHB230396] (ref)

 AJG39093 Wuhan Mosquito Virus 5 [mosHB231210] (ref)

 AJG39094 Wuhan Mosquito Virus 6 [mosHB234098] (ref)

 #AJG39092 Wuhan Mosquito Virus 4 [mosHB231166, etc] (ref)

 ##Hubei earwig virus 1 [GCM19162, WGML148351]

 Hubei orthomyxo-like virus 1 [SCM47652]

 AJG39096 Wuhan Mothfly Virus [WHCCII12658] (ref)

 ACY56282 Quaranfil virus (ref)

 ACY56284 Johnston Atoll virus (ref)
Quaranjavirus

 Beihai orthomyxo-like virus 1 [BHTSS17872]

 AJG39087 Shayang Spider Virus 3 [spider138973] (ref)

 AJG39085 Jiujie Fly Virus [horsefly38597] (ref)

 Hubei orthomyxo-like virus 2 [QTM27225]

 AJG39095 Wuhan Mosquito Virus 7 [mosHB235925] (ref)

 AAC25959 Thogoto virus (ref)

 AED98371 Jos virus (ref)

 AAA42968 Dhori virus (ref)

Thogotovirus

 Hubei orthomyxo-like virus 3 [ZCM21154]

 Hubei orthomyxo-like virus 4 [SCM51211]

 NP 056657 Influenza B virus (ref)

 NP 040985 Influenza A virus (ref)

 AGS48810 Influenza D virus (ref)

 YP 089653 Influenza C virus (ref)

Influenza virus

 AJG39097 Wuchang Cockroach Virus 2 [ZL8541]

 ADR77506 Infectious salmon anemia virus (ref)

 Hubei orthomyxo-like virus 5 [WHBL85127]

 Beihai orthomyxo-like virus 2 [BHHQ71863]

 #Changping earthworm virus 2 [CPQY18140]
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EVE plants
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Highly abundant

(> 1% non-rRNA reads)

Abundant

(0.1% ~ 1% non-rRNA

reads)

Still scratching the surface of virus biodiversity: 

may be ~100 million viruses in eukaryotes



Diverse, Abundant Invertebrate RNA Viruses

• Abundance provides clues to host type

• Some invertebrate viruses appear to be 

highly abundant (although this needs to 

be confirmed)

Total RNA with host rRNA excluded

Retrotransposons

RNA viruses (with RdRp)
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Complex Genome 

Organizations and 

Evolution

Recombination of functional modules

Remarkable Genome Fluidity

• Frequent recombination, lateral gene 

transfer (inc. with hosts), genome 

reorganization, change in segment 

numbers, gene gain and gene loss
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Novel Mosquito Viruses in Australia

23 RNA viruses identified, 19 novel

 LocC Culex australicus

 LocA Culex australicus

 LocA Culex globocoxitus

 LocD Culex australicus

 LocC Culex globocoxitus

 LocD Culex globocoxitus

 LocD Culex quinquefasciatus

 LocA Aedes camptorhynchus

 LocB Aedes camptorhynchus

 LocD Aedes camptorhynchus

 LocC Aedes camptorhynchus

 LocD Aedes alboannulatus
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Virome Division by Mosquito Genus
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• Clear difference in RNA 

virome depending on 

mosquito genus

• Similar viruses found in 

Australia to those from 

other localities (e.g. 

China)



meta-transcriptomics for diagnostics



Neglected Wildlife Diseases 

of Unknown Aetiology

SYNDROME SPECIES SYMPTOMS

Tammar sudden death Swamp wallabies Acute mass mortality

Clenched claw Rainbow lorikeets Non-suppurative encephalitis, necrotic enteritis

Wobbly possum Brushtail possums Non-suppurative encephalitis

Bird haemorrhagic X 
Pelicans, ibis &

other water birds

Mortality, non-suppurative myocarditis with necrosis, fibrinoid

vasculopathy, fibrinous coelomitis, multifocal haemorrhages

Black and white bird
Magpies, ravens, 

currawongs
Non-suppurative encephalitis, myocarditis, enteritis

Ringtail X Ringtail possums
Acute mortality, necrotising enteritis & hepatitis with some splenic 

lympholysis (concurrent with rabbit calicivirus mortalities)

Dr. Karrie Rose



Tularaemia in Australia
• RNA-Seq of 8 possums from the Sydney north shore – identified the presence of 

Francisella tularensis holarctica. 

• Confirmed by culture and the official CDC test (PCR & DFA). Also confirmed at 

AAHL/CSIRO. Complete genome (DNA) sequence also obtained.

EID 18, 1484-1486 (2012)  



Wobbly Possum Disease

• Non-suppurative encephalitis in brushtail possums

• Only described in New Zealand with a novel nidovirus the likely 

cause

• A condition clinically similar to wobbly possum disease, has been 

reported from brushtail possums in eastern Australia and Tasmania

• Case fatality rate is greater than 95%

• Brain tissue examined from 7 animals

Source: www.youtube.com/watch?v=twFbAvNwcZ8



Wobbly Possum Disease

Australian Possum Nidovirus?
1 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,105

replicase polyprotein 1aPossum nidovirus

(NZ isolate - WPDV)

Coverage

2

0

replicase polyprotein 1b

ORF2

3 ORF4 9

ORF87

ORF6

5

NC_026811 Possum Nidovirus 

D00626:240:CAGW6ANXX:8:1315:9197:10869 2:N:0:GATCAGFWD:

D00626:240:CAGW6ANXX:8:1315:9197:10869 1:N:0:GATCAGREV:

1 13440 120100806020

NC_026811 Possum Nidovirus 

D00626:240:CAGW6ANXX:8:1101:15970:3509 2:N:0:GATCAGFWD:

D00626:240:CAGW6ANXX:8:1101:15970:3509 1:N:0:GATCAGREV:

1 14040 120100806020 153

• Very low abundance: 6 reads from 

50 million

• Viral titers in brain tissue averaged 

only ~104 copies/pg RNA in 

experimental infections with NZ 

isolates

• ~80% nucleotide identity to NZ 

isolate

• Previous screens for NZ possum 

nidovirus in Australia were negative

1 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,105

replicase polyprotein 1a CDSPossum nidovirus

(NZ isolate - WPDV)

Coverage

2

0

PCR 1 PCR 2 PCR 3

PCR 1 PCR 2 PCR 3

7613.1 Brain Wobbly BTP

2545.1 Brain Wobbly BTP

3046.1 Brain Wobbly BTP

3501.1 Brain Wobbly BTP

3619.1 Brain Wobbly BTP

2338.1 Brain Wobbly BTP

2345.1 Brain Wobbly BTP

Possum

GAPDH

Novel nidovirus
ID TISSUE HOST

Only 6 reads (3 pairs)



‘Lyme-Like’ Tick-Borne Disease in Australia

Ixodes holocyclus ticks on 

bandicoots

Reoviruses

Highly controversial disease syndrome along the 

Australian east coast associated with tick bites 

and with some clinical similarity to Lyme disease

• No evidence of Borrelia burgdorferi in any Australian tick or human sample

• Borrelia afzelli, an agent of Lyme disease, found in the skin sample of a patient 

infected overseas; Rickettsia australis also identified in Australian samples

• An abundance of viruses in ticks from Australian wildlife
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