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Background: 
The zoonotic potential of Influenza A viruses (IAVs) poses an obvious threat of emerging 
human pandemics. The latest IAV pandemic in 2009 is thought to originate from Mexican 
swine1 and was a reassortment between three different swine IAV (swIAV) lineages2. 
However, sequencing data of swIAVs from before 2009 is scarce, and thus we have no clear 
interpretation of the mutational events that lead to this zoonotic transmission. 
Methods: 
In the search for genetic markers of zoonotic IAVs to be used in future surveillance, we used 
extensive phylogenetic analyses of each viral gene segment to map the genetic events 
leading to the 2009 pandemic H1N1 (H1N1pdm09). We collected all available sequence 
data from each segment of swIAVs from public databases (NCBI Influenza Virus Resource 
and GISAID) within a timespan of 5 years before and after the pandemic emergence. 
Additionally, we collected swIAV sequences found by BLAST searches to the human 2009 
pandemic reference strain, A/California/07/2009. Phylogenetic analyses using both BioNJ 
and maximum likelihood approaches then allowed us to infer ancestral sequences to the 
H1N1pdm09 subtype and to identify mutations possibly related to the zoonotic transmission. 
Results: 
We have reconstructed ancestral sequences to H1N1pdm09 and identified potentially 
important amino acid substitutions in each viral protein along the evolutionary branches 
preceding H1N1pdm09. An example of the analysis for the PB2 gene is shown in Figure 1. 
Only a few of the identified substitutions have already been described in literature in relation 
to e.g. host adaptation, however, most of the substitutions still need further characterization.  
Conclusions: 
Additional and more extensive analyses of the amino acid variations in each segment, both 
individually and in combination with each other, should be conducted to reveal their impact 
on the emergence of the zoonotic event. This knowledge is valuable in the surveillance of 
circulating IAVs in human and swine and should be used to evaluate the zoonotic potential 
of emerging viruses for prevention of future pandemics.  
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Social Media: 
Phylogenetic and ancestral inference analyses on large Influenza A virus datasets allows 
us to map mutational events across all viral genes with possible importance for zoonotic 
transmission 

Figure 1: Phylogenetic tree of the PB2 gene and amino acid substitutions between ancestors to the H1N1pdm09 clade. All 
sequences are from IAVs of swine origin, except A/California/07/2009, which is highlighted in green. Descendants of 
H1N1pdm09 in swine are collapsed and the ancestral branches leading to the H1N1pdm09 clade are colored in green. 
Inferred amino acid substitutions are shown on top of the branches where they occurred. Substitutions previously described 
in literature to have possible connections to host adaptation are shown in blue.  


