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What is Viromics?

The study of viruses becomes vastly more tractable once we get complete 
genome information.
Modern genomics techniques give us a chance to access whole virus 
genomes cheaply, completely and at scale.
Host factors in virus infection only relevant once we fully define the virus.
Viromics is intimately interconnected with Immunology
Viromics can be used in diagnosis, tracing, monitoring, treatment, 
epidemiology, pathogenesis, …

Viromics is just the study of viruses at genome and population scale.
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What is Oxford Viromics?

• An Idea I. Make available sequencing and analysis 
for human virus-containing samples for small 
and large studies.
II. Proof of concept of the value of virus 
detection and genomics in clinical contexts.
III. Enable focused funding applications.
IV. A pipeline for virus detection and genetic 
characterization to enable clinical trials that 
define the role of state-of-the-art sequencing 
technology in clinical virology.
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What is Oxford Viromics?

• An Idea
• Some People

Paul Klenerman (TGU/Medawar)
David Bonsall (Medawar/WHG/BDI)
Rory Bowden (WHG)
Tanya Golubchik (WHG/BDI)
Mariateresa de Cesare (WHG)
Azim Ansari (WHG/Medawar)
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What is Oxford Viromics?

• An Idea
• Some People
• Collaborations

Barnes – Medawar/StopHCV
Matthews – Medawar/BRC 
Pybus – Zoology
Simmonds – Medawar/BRC
Crook – MMM/BRC
Fraser – BDI
Maiden – Zoology
Lythgoe - BDI
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What is Oxford Viromics?

• An Idea

• Some People

• Collaborations

• Some Funding
Oxford Wellcome Trust ISSF + WHG

Oct 2016 – Sept 2018

2 half-time posts for 2 years
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What is Oxford Viromics?

• An Idea

• Some People

• Collaborations

• Some Funding

• Some Technology

Peter Medawar Building:

- extraction platform

Oxford Genomics Centre:

- liquid handling

- quantitation and QC

- sequencing: Illumina (x4), 

Nanopore
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What is Oxford Viromics?

• An Idea

• Some People

• Collaborations

• Some Funding

• Some Technology

• Some Lab Methods

Optimising available methods:

- Extraction platform

- RNA-seq kits

- Sequence enrichment kits

- RNA-and-DNA libraries

- Streamlining, miniaturization, 

automation

- Nanopore
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What is Oxford Viromics?

• An Idea
• Some People
• Collaborations
• Some Funding
• Some Technology
• Some Lab Methods
• Some Analytical Methods

An initial pipeline …
- snork
- metagenomics pipeline(s)
- shiver and phyloscanner
- nanopore-specific tools
- probe-design tools
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What is Oxford Viromics?

• An Idea
• Some People
• Collaborations
• Some Funding
• Some Technology
• Some Lab Methods
• Some Analytical Methods
• A Symposium

Save the Date:
11 January 2019
James Martin School
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• RNA-seq has advantages 
over PCR-seq

• Probe enrichment is 
robust and predictable

• Can design probe sets to 
any arbitrary group of 
pathogens: 10kb – 5Mb++

Proof-of-concept studies
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How we knew Viromics was tractable and worthwhile
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RNA-seq vs PCR
RNA-seq:
• is less sensitive than PCR
• doesn’t depend on matching 

primers
• can work for degraded 

samples
• needs fewer tubes

Norovirus

PCR

RNA-seq

Hepatitis C virus
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Enrichment Sequencing
• Like exome sequencing 
• Biotinylated DNA or RNA baits
• Enrich pooled libraries
• Probe-based enrichment is 

robust and predictable, even 
for HCV

• Typically 103 – 104-fold 
enrichment

• Tolerant of substantial 
sequence divergence

• Can design probe sets to any 
arbitrary group of pathogens: 
10kb–5Mb+

HCV
← perfect match

← same subtype

← same genotype

← different genotype

re
la

tiv
e 

en
ric

hm
en

t

sequence identity

80% 
↓

red = enriched blue = metagenomic



15



HIV: BDI – Christophe Fraser 

Viromics as a complete solution
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for management of a chronic virus infection
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Drug resistance levelsViral load

Sequencing 
design:

Quantitative standards Unbiased probe capture Minimal PCR,

Fragment size selection

Quantitative sequencing, 

Optimisation for low viral loads

Analysis 
design:

PCR duplicate removal Accurate mapping,

Consensus calling

Ancestral host-state 

reconstruction

Haplotype calling,

HIVdb

Measurement:
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Nucleic Acids Extraction
EasyMag (Biomerieux)

GGG
CCC

CCC

Liquid Handling
Labcyte Echo 525

Automated 
384 - well 

format

Minimal PCR
+ Size selection of 
larger fragments

Enrichment
650 Custom DNA 
oligos to capture 

full HIV A-D 
diversity 

Sequencing
Illumina MiSeq / HiSeq 2500 Rapid
300b / 250b paired reads

384 samples / week
£30 / sample

Library prep
SMARTer (TakaraBio) Adapter attachment
without ligation
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HIV Sequencing:
• Viral load
• Genome coverage
• Sensitivity
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HIV Sequencing:
• Clinical management
• Transmissions
• Dynamics of infection
• Drug resistance

https://www.biorxiv.org/content/early/2018/08/28/397083

https://www.biorxiv.org/content/early/2018/08/28/397083


Hepatitis B virus has a circular, 
partially double-stranded, DNA, 
virion genome that is not
covalently closed.

⇢ “completion/ligation” plus 
“rolling-circle” amplification with 
HBV primers

= concatemers (chains) of 
successive full-length genomes

⇢ HBV-enriched; suitable for 
Illumina/Nanopore sequencing, 
further enrichment.

Viromics with new methods
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Not every virus is ssRNA or dsDNA

https://commons.wikimedia.org/wiki/File:HBV_genome.png

Philippa Matthews
Anna McNaughton 
David Bonsall 
Hannah Roberts
Mariateresa de Cesare

Paolo Piazza
Anthony Brown
Azim Ansari
Rory Bowden 
Eleanor Barnes

https://commons.wikimedia.org/wiki/File:HBV_genome.png
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HBV Workflows
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Sites of variation 
show good 
agreement 

between Nanopore 
and Ilumina data

Some positions 
have repeated 

Nanopore errors 
that we are unable 

to correct for

95% of sites have < 1% variation in 
both Illumina and Nanopore data

Nanopore sequencing read error rates remain a 
challenge for calling within-sample variants.



Viromics as a diagnostic tool

• RNA-and-DNA libraries
• Curated list of viruses and bacteria 

(full-length, partial, rMLST)
• SureSelect RNA baits (~5Mb)
• For unknown samples
• For any included pathogen (e.g. 

EBV, HCMV, VSV)

Collaboration:
GAinS
Cyndi Goh
Julian Knight
Eduardo Svoren
Charles Hinds
ChiMES
Tanya Golubchik
Ivo Elliott
Andrew Pollard
Manish Sadarangani
Martin Maiden Group
Ellie Barnes
Rory Bowden
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Virus-agnostic Library + Comprehensive Enrichment Panel
Both/Other
Azim Ansari
Mariateresa de Cesare
Hubert Slawinski
David Bonsall
Amy Trebes
Paolo Piazza
Anthony Brown
Senthil Chinnakannan
Camilla Ip
Martin Maiden Group
Ellie Barnes
Rory Bowden
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There are two types of metagenomics:
(1) Hay classification

https://hackingmaterials.com/2013/11/11/why-hack-materials U.S. Marine Corps photo by Lance Cpl. James Purschwitz

(2) Needle detection



Contact us:
Rory Bowden rbowden@well.ox.ac.uk
David Bonsall david.bonsall@bdi.ox.ac.uk
Tanya Golubchik tanya.golubchik@bdi.ox.ac.uk
Mariateresa de Cesare decesare@well.ox.ac.uk
Azim Ansari azim.ansari@well.ox.ac.uk
Hannah Roberts hroberts@well.ox.ac.uk
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