Getting the flu: exploring influenza virus

evolutionary dynamics
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Forces in play....

Replicative vs transmission capacity

Diversifying vs purifying selection
(High mutation rate vs conservation of function)

Epistatic interactions
(Effect of gene mutations on another gene)



Household Transmission Study
(during first wave of H1N1 pandemic)
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Influenza A Virus
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* RNA viruses (RNA-dependent RNA polymerase):
~0.1 - 1 mutation per genome, per replication -
~10-3 to 104 nucleotide substitutions/site/year

Rate of nucleotide substitution per site



Capturing within host virus diversity

(each row represents a
different virus sequence)
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PacBio data to phase SNVs
identified from short read data

Single molecule seq (e.g.PacBio, MinlON)

Short reads (e.g. lon Torrent, HiSeq)
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Patients carry and transmit mixed infections of
different antigenic strains



What is being transmitted?

Can we guantify transmission?



probability that variant is shared (%)
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[ Estimating transmission probability ]
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: Determining genetic distance between (intra-host) virus
populations based on

S variant nucleotide information )

« all-versus-all pairwise comparison at each variant nucleotide
position using an L1-norm (Manhattan distance)
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DISTANCE

Smaller genetic distance within households than
across households

H1N1/2009 H3N2
p=9.0E-11** 0.15
0.06 | p=2.8E-05% [ | p=2.0E-05** DISSIMILAR
p=0.5 LR — L7
|
0.10
0.04
L
(3
........... 4
l'—-__ 2.-.~0‘ ﬁ
s. 3 "l 9
_________________ =
0.02 0.05
- P L e
° L) | Y °° : ° o N
O © . R T T SIMILAR
0 0
Longitudinal Transmission Other Longitudinal Transmission Other
Within Across Within Across
Households Households Households Households

21 predicted donor/recipient pairs within households

Poon, Song et al. Nature Genetics (accepted)



How does host immunity affect virus
genetic diversity (and transmission)?

Immunosuppressed
VS

Vaccinated/pre-exposed



Virus shed for 2 years
in SCID patient

(Severe Combined Immune Deficiency)
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Patient samples always cluster together:
no re-infection
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Samples collected in 2005
Background sequences from seasons 2004 to 2007



Genetic diversity of virus population
increases over time until bottleneck
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Haplotypes reconstructed
by phasing
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Tracking emergence of minor variant
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Immunocompromised

« Reassortment in response to drug pressure

« Emergence of truncated mutants (NS1 and NA)

Vaccinated or pre-infected
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Does pre-immunity have an effect on virus
genetic diversity?
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