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Understanding Disease Emergence

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

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?
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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 lllumina platform
» Target ~50 millions reads per library

« Sequencing all ‘non-ribosomal’ RNA in sample

« Confirmation by PCR and Sanger sequencing

Vert_4

I I I I I I
25 200 1000 4000 [nt]




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
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Refine assembly and annotate hits Mang Shi, JS Eden

— CD search: find gene homologs

— 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 -80°c.



redefining the virosphere



Picorna
-Calici

Extraordinary RNA
Virus Diversity In
Invertebrates

Nidovirales

Reoviridae

Bunya-Arena ——=&

« Collaboration with the Chinese
CDC, Beijing

« Examined >220 species across 9
invertebrate phyla

 Huge data (>100 libraries, >3 Thp)

s+ Overall ~1500 newly discovered

Arenaiidae, Emaravis viruses in diverse invertebrate hosts
(new genera, families, orders)

* Invertebrate viruses often ancestral
to vertebrate viruses

» Fillsin ‘gaps’ in phylogenetic
diversity — taxonomic implications

« Combination of virus-host co-

_ divergence and cross-species virus

e loporeqawras chuvis — transMission
Totiviridae, Chrysoviridae,

Quadriviridae Orthomyxo

rmerE - Red = newly described here
= Grey = known viruses
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Hepeviridae, Alphatetraviridae

Ourmiavirus, || @&
Narnaviridae, =
Leviviridae

Partiti-

=
Partitiviridae, &
Picobirnaviridae

Tombusviridae, Umbravirus, Toti-Chryso
Luteoviridae (Luteovirus), -
Nodaviridae




“Orthomyxo-Like” Virus Phylogenetic Diversity
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0.5 #AJG39089 Wuhan Louse Fly Virus 3 [CC56639] (ref) DHOVIHyalomma dromedriiindia_611313/1961
AJG39084 Jingshan Fly Virus 1 [fly116939] (ref) THOV/Rhipicephalus bursalltaly/SiAr126/1972 Thogotovirus
AJG39088 Shuangao Insect Virus 4 [insectZJ68168] (ref) JOSVicattle/Nigeria/lbAn17854/1967
97 #AJG39086 Sanxia Water Strider Virus 3 [SXSSP2554] (ref) * /‘\ C/Oklahoma/1334/2011
% AJG39091 Wuhan Mosquito Virus 3 [mosHB230396] (ref) 7| Clohannesburg/1/1966 Influenzavirus C
—1 99 AJG39093 Wuhan Mosquito Virus 5 [mosHB231210] (ref) C/Ann Arbor/1/1950
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. L B/Brazil975/2000  Influenzavirus B
84 ##Hubei earwig virus 1 [GCN19162, WGML148351] Yy
. - B/New York/347/1999
9 &L: Hubei orthomyxo-like virus 1 [SCM47652] ‘
AJG39096 Wuhan Mothfly Virus [WHCC||12658] (ref) Allittle yellow shouldered bat/Guatemala/060/2010/H17N10
100 100l A/ruddy turnstone/Delaware/127/2004/H10N
| Quaranjavirus Albar-headed goose/Tibet8/2006HsN1  IMfluenzavirus A
Beihai orthomyxo-like virus 1 [BHTSS17872] Alcommon eider/Netherlands/1/2006/H3Ng
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Hubei orthomyxo-like virus 2 [QTM27225] " Known O‘élo Olij% A
i s . (]
02 99 AJG39095 Wuhan Mosquito Virus 7 [mosHB235925] (ref) ClaSSIfled o
wor . viruses
Thogotovirus 0.005% (4,404)
100
_|——Hubei orthomyxo-like virus 3 [ZCM21154] /‘\
Hubei orthomyxo-like virus 4 [SCM51211] 7 PB1 Ph y| ogeny
ﬂ: NP 056657 Influenza B virus (ref)
94 NP 040985 Influenza A virus (ref) o/

Potential
unknown

virosphere
99.995% (~87,000,000)

Influenza virus

100 EAGS48810 Influenza D virus (ref)
YP 089653 Influenza C virus (ref)
AJG39097 Wuchang Cockroach Virus 2 [ZL8541]
ADR77506 Infectious salmon anemia virus (ref)
Hubei orthomyxo-like virus 5 [WHBL85127]
88 Beihai orthomyxo-like virus 2 [BHHQ71863]
#Changping earthworm virus 2 [CPQY18140] Y

Red: Phylum Arthropoda, Class Insecta 49 EVE vertebrates Yok Highly abundant
Light blue: Phylum Arthropoda, Subphylum Crustacea & EVE arthropods (> 1% non-rRNA reads)
Purple: Phylum Arthropoda, Subphylum Myriapoda o
36 EVE nematods v  Abundant
Orange: Phylum Nematoda Q. EVE protists (0-1% ~ 1% non-rRNA
Brown: Phylum Annelida £ EVE flatworms reads)
Dark blue: Phylum Mollusca and Sipuncula ¥ . . . . . .
Black: Subphylum Verisbrats 2 EVEplants Still scratching the surface of virus biodiversity:
Grey: other hosts or undertermined @® EVE fungi

may be ~100 million viruses in eukaryotes



Diverse, Abundant Invertebrate RNA Viruses

Negative-sense RNA viruses
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Some invertebrate viruses appear to be
highly abundant (although this needs to
be confirmed)



A 4 RdRp ¢ Viral methyltransferase 4 Coat protein (S domain) 4 Coat protein (Peptidase A21) 4 Coat protein (Picorna-like) *Segmen(ed 10kbp
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RdRp Phylogenies

Complex Genome
Organizations and
Evolution

Remarkable Genome Fluidity

» Frequent recombination, lateral gene
transfer (inc. with hosts), genome
reorganization, change in segment
numbers, gene gain and gene loss

Capsid Phylogenies

New +ve/ds RNA virus : :
Weivirus, : % | | X . .
( ) : ) Alvernavirus-like coat protein

Viral coat protein

(Peptidase A21 domain, pfam03566)
Viral coat protein

(Peptidase A6 domain, pfam01829)

Luteo-Sobemo

Viral coat protein
(S domain, VNN,
pfam00729)

Tombus-Noda

Recombination of functional modules
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Novel Mosquito Viruses in Australia

LocC Culex australicus

85| LocA Culex australicus

76 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

Culex
australicus/globocoxitus

Aedes camptorhynchus

Perth| -# LocD: South Guildford

LocB: Leschenault Peninsula
LocA: Point Douro

LocC: Siesta Park
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Mononegavirales,
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Filoviridae
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Chuvirus

] Ophioviridae

New -veRNA Viruses

Negev-like viruses
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Negev viruses

Narnaviridae

% 1 Ourmiavirus

Namavirus

® o0

:| Mitovirus

Reoviridae
1 Cypovirus

7 Oryzavirus
] Fiiivirus
1 Mycoreovirus

] Orthoreovirus

] Rotavirus
] Seadomavirus

7 Phytoreovirus
] Orbivirus
Totiviridae

Totiviidae

= Quadriviridae
:| Totiviridae

=0

:| Chrysoviridae

23 RNA viruses identified, 19 novel



Virome Division by Mosquito Genus

Aedes alboannulatus
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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

Pelicans, ibis &
other water birds

Mortality, non-suppurative myocarditis with necrosis, fibrinoid

Bird haemorrhagic X vasculopathy, fibrinous coelomitis, multifocal haemorrhages

Magpies, ravens,
currawongs

Black and white bird Non-suppurative encephalitis, myocarditis, enteritis

Acute mortality, necrotising enteritis & hepatitis with some splenic

Ringtail X Ringtail possums lympholysis (concurrent with rabbit calicivirus mortalities)

Dr. Karrie Rose

|

Q\
TARONGA ™,

CONSERVATION SOCIETY AUSTRALIA

Australian Registry
of Wildlife Health




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.

AJ749949/SCHU-S4
- CP003048/TIGB03
AM286280/FSC198
CPO01633/NE061598
CP003049/T10902
CP010287/Scherm ssp. tularensis
CP012372/MA00-2987

CPO00608/WY96-3418 Francisella

CP009753/WY-00W4114

CP010115/NIH_B-38 tularensis
CP012037/DPG_3A-IS su bspecies
CPO000915/FSC147 ssp. mediasiatica i
d AM233362/LVS-Vaccine hOlarc 4] ca,
CP003862/FSC200 =
] BK006741/0SU18 Tasman Ia,
F. tularensis CP000803/FTNF002-00 Australia. 2011
CP003932/F92 ’
CPO009693/FTT_1 Justin Jackson, Alistair McGregor,
| cPot0288/vTes ssp. holarctica Louise Cooley, Jimmy Ng, Mitchell Brown,
CP010289/425 Chong Wei (?ng_;, C_:atharme Darcy,
CP011488/OR96-0246 and Vitali Sintchenko
* CP012092/T01 i We report a case of ulceroglandular tularemia that
crmrunrHeTon | e e e
0.001 - Possum.Liver RNA-Seq pool| i Jjaponica Etustralia_ Francisella fulgrengfs subspecies holarctica was
Possum FT7 isolate ! identified. This case indicates the emergence of F. tularensis
DS264133/FCS022 ' type B in the Southern Hemisphere.

CP009633/U112 | F. novicida outgroup
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
5 f \ - \ f d f - f f i h -
Coverage
0 WI m
Possum nidovirus u replicase polyprotein 1a ORF2 = 5 37 s ORFG wm—
(NZ isolate - WPDV) replicase polyprotein 1b 3 ORF4 ORF6 9
- - -
- -
% 2.0 4.0 Ep 89 190 1?0 1::)‘
NC_026811 Possum Nidovirus RO N OSNSRG40 S0 WSS ) GRCAUSGAEA UG 1 SGUSH SSUSAUNGEEN - -5 BA 58 SINUKGEI % 6
FWD: D00626:240:CAGWBANXX:8:1315:9197:10869 2:N:0:GATCAG [ i /. (Il G T O T T
REV: D00626:240:CAGW6ANXX:8:1315:9197:10869 1:N:0:GATCAG BT TOMTET G
1 20 40 60 80 100 120 140 150
NC_026811 Possum Nidovirus A R S Sl M S N .,/ D S N - S S - S——
FWD: D00626:240: CAGWBANXX:8:1101:15970:3509 2:N:0:GATCAG G T 7« IS e ) | : :
REV: D00626:240:CAGWBANXX:8:1101:15970:3509 1:N:0:GATCAG CAAACCC a

Very low abundance: 6 reads from
50 million

Viral titers in brain tissue averaged 4 J!b i =

only ~10% copies/pg RNA in l e

(NZ isolate - WPDV)

experimental infections with NZ oy 6 rents @ = = =

PCR1 PCR 2 PCR3

.
IS O I ate S D TISSUE HOST | Novel nidovirus | Possum

PCR 1 PCR 2 PCR 3

. . . 7613.1 Bra?n Wobbly BTP
~80% nucleotide identity to NZ vt Il B
3501.1| Brain Wobbly BTP

isolate B |
Previous screens for NZ possum
nidovirus in Australia were negative




‘Lyme-Like’ Tick-Borne Disease in Australia

Highly controversial disease syndrome along the
Australian east coast associated with tick bites
and with some clinical similarity to Lyme disease

Sydney

Cumberland
Statg,- Forest

Avalon

Ingleside

Forestville Dee Why

Manly Vale

Brisbane/
Gold Coast

Port Macquarie

Newcastle/
Hunter Valley

Jervis Bay/Moruya/
Tuross Head

Ixodes holocyclus ticks on
bandicoots

Sclerotinia sclerotiorum mycovirus

Sydney tick 07
E Colorado tick fever virus
Eyach virus

Rotavirus A

Human rotavirus A

Simian rotavirus A

Banna virus

Liao Ning virus
Anopheles hinesorum virus
Umatilla virus
Koyama Hill virus .
Chobar George virus Reoviruses
Wad Medani virus

Great Island virus

Keverovo virus

Muko virus

1.0 subs/site

Lipovnik virus
Tribec virus
Changuinola virus
Blue Tongue virus
Tibet orbivirus
Fengkai orbivirus
African horse sickness virus
Palyam virus
Chuzan virus

Spissistulis festinus virus

* 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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