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No evidence for intra-segment recombination of 2009 H1N1 influenza virus in swine
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Hao (2011) reported that the PB2 genes of three swine influenza A viruses were likely generated through
homologous recombination between two closely related parental strains. However, we show that Hao's
observation is an artifact of incorrect taxon sampling arising through the lack of an appropriate evolutionary
context. Through rigorous phylogenetic analyseswe explain the evolutionary origins of these stains and confirm
the lack of any statistical support for intra-segmental recombination.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

A recent paper by Hao (2011) is one of several recent studies in
which the application of computational methods has provided
supposed evidence for homologous intra-segment recombination
in influenza virus (Gibbs et al., 2001; He et al., 2008, 2009). However,
all such studies have been hampered by contamination with a
laboratory strain (He et al., 2008), more likely explanations for
the observed phylogenetic patterns via lineage-specific rate variation
(Worobey et al., 2002), or an implausible scenario of recombination
occurring among viruses isolated decades apart (Boni et al., 2008).
In addition, many laboratories sequence the longer polymerase and
surface protein genes from two separate PCR amplifications. In a
small number of cases, each PCR reaction can amplify genes from two
different viruses that have co-infected a host. In these cases, purported
recombinant breakpoints are easily identifiable as the overlap between
the two PCR segments. More generally, systematic recombinant
searches controlling for sequence quality have to date found little
evidence for homologous recombination among human and avian
influenza viruses (Boni et al., 2008, 2010).

2. Results and discussion

The 10 influenzaAviruses analyzed byHao (2011)were isolated from
a swine abattoir in Hong Kong (Vijaykrishna et al., 2010). Phylogenetic
analyses of all gene segments, including independent analyses on the
two putatively recombinant regions of the PB2 segment 1–1197 and

1198–2277 (Fig. 1B,C), show that these viruses belong to the 2009
H1N1 pandemic virus lineage and were most likely introduced into
swine independently on at least three different occasions. Importantly,
these trees show no close phylogenetic relationship among the putative
parental sequences and recombinant sequences as you would expect
under a plausible scenario of recombination (e.g. see Fig. 3 in Boni et al.,
2010).

We compared the variable sites in the PB2 gene of these viruses
with the consensus of the 2009 pandemic H1N1 viruses (n=2700)
isolated fromhumans (Fig. 1A). Contrary toHao's Fig. 2, our comparison
illustrates that the 10 swine viruses isolated from four different time
points show four distinct sets of mutations that were likely accrued
independently through randommutation. In particular, the 19mutations
of the three putative recombinants (Sw/HK/NS1810/2009, Sw/HK/
NS1809/2009 and Sw/HK/189/2011) that are highlighted in blue and
orange in Hao's Fig. 2 are ancestral and shared by almost all 2009
H1N1 pandemic viruses isolated from humans. These 3 viruses differ
from the consensus in only four or five mutations (Fig. 1A). In Hao's
analysis, the absence of an appropriate out-group artificially makes
the plesiomorphic states appear derived and hence wrongly suggestive
of recombination.

The analysis presented by Hao also contains a pitfall common to
recombination analyses: that the data-driven process of searching
for a recombinant is rarely matched with a statistical test designed
for that particular search process. This type of error is easily committed
when looking both for mosaicism and phylogenetic incongruence with
strong bootstrap support. First, the OnePop program (Hao et al., 2010)
uses a classic sliding window approach to detect regions where
ancestry-informative sites cluster, but it selects the window with the
lowest p-value without correcting for this in the search process. In
other words, the p-value is reported as if a fixed window size were
being used, but the tested statistic (clustering of informative sites) is
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Fig. 1. Lack of evidence for intra-segment recombination in the PB2 segment of 2009 pandemic influenza A viruses isolated from swine in Hong Kong. The alignment shows the
variable nucleotides in the PB2 gene of swine influenza A viruses compared to a 99% consensus of 2009 human pandemic viruses (n>2000) (A). Maximum likelihood phylogenies
of nucleotide regions 1–1197 (B) and 1198–2277 (C) of the coding region of the PB2 gene were generated using the best-fit nucleotide substitution model in RAxML (Stamatakis,
2006; Stamatakis et al., 2008). Putative parental strains are colored in red and blue, while the putative recombinant viruses are shaded in gray. Scale bars represent nucleotide
substitutions per site. Bootstrap values generated from 500 maximum likelihood bootstrap replicates are shown at branch nodes.
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