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Highly Pathogenic Avian Influenza A(H7N9) 
Virus, Tennessee, USA, March 2017 

Technical Appendix 

Methods for Genome Sequencing and Phylogenetic Analysis 

Nucleotide Sequencing 

Complete genomes of 12 highly pathogenic and 10 low pathogenicity avian influenza 

viruses were sequenced in this study. We extracted viral RNA from samples using the MagMAX 

Viral RNA Isolation Kit (Ambion, Austin, TX, USA) and synthesized complementary DNA by 

performing reverse transcription with SuperScript III (Invitrogen, Carlsbad, CA, USA). We 

amplified all 8 segments of the isolates by PCR and conducted complete genome sequencing 

using the Miseq system (Illumina, San Diego, CA, USA) and Ion Torrent Personal Genome 

Machine (PGM) (Thermo Fisher Scientific, Waltham, MA, USA). For the Illumina Miseq 

system, the Nextera XT DNA Sample Preparation Kit (Illumina) was used according to the 

manufacturer’s instructions to generate multiplexed paired-end sequencing libraries. The dsDNA 

was fragmented and tagged with adapters by Nextera XT transposase and 12-cycle PCR 

amplification. We purified fragments on Agencourt AMpure XP beads (Beckman Coulter, 

Fullerton, CA, USA) and analyzed them with a High Sensitivity DNA Chip and Bioanalyzer 

(Agilent Technologies, Santa Clara, CA, USA). The barcoded multiplexed library sequencing 

was performed by using the 300 cycle MiSeq Reagent Kit v2 (Illumina). For Ion Torrent PGM, 

we purified the PCR product and prepared the DNA libraries with the IonXpress Plus Fragment 

Library Kit with Ion Xpress barcode adapters. Prepared libraries were quantitated using the 

Bioanalyzer DNA 1000 (Agilent Technologies). We diluted the quantitated libraries and pooled 

them for library amplification using the Ion One Touch 2 System and Enrichment System. 

Following enrichment, DNA was loaded onto an Ion 314 or Ion 316 chip and sequenced using 

the Ion PGM 200 v2 Sequencing Kit. De novo and directed assembly of genome sequences were 

carried out using the SeqMan NGen v4 program (http://www.dnastar.com/t-nextgen-seqman-

https://doi.org/10.3201/eid2311.171013


 

Page 2 of 14 

ngen.aspx). Nucleotide sequences were deposited in GenBank (accession nos. KY818808-

KY818839 and MF357713-MF357856). 

Phylogenetic Analysis 

We generated maximum-likelihood phylogenies of each gene segment using RAxML and 

the general time-reversible nucleotide substitution model, with among-site rate variation 

modeled by using a discrete gamma distribution (1). We generated bootstrap support values  

using 1,000 rapid bootstrap replicates. We performed Bayesian relaxed clock phylogenetic 

analysis of the hemagglutinin (HA) gene using BEAST v1.8.3 (2). We applied an uncorrelated 

log-normal distribution relaxed clock method, the Hasegawa–Kishino–Yano nucleotide 

substitution model, and the Bayesian skyline coalescent prior. A Markov Chain Monte Carlo 

method to sample trees and evolutionary parameters was run for 50 million generations. At least 

3 independent chains were combined to ensure adequate sampling of the posterior distribution of 

trees. BEAST output was analyzed with TRACER v1.4 (https://beast.bio.ed.ac.uk/tracer) with 

5% burn-in. A maximum clade credibility tree was generated for each data set by using 

TreeAnnotator in BEAST. We used FigTree v1.4.2 (https://tree.bio.ed.ac.uk/) to visualize trees. 

To better visualize the genetic relatedness of viruses, all available full genome sequences were 

concatenated, with the highly pathogenic avian influenza virus modified to remove the 

nucleotide insertion at the HA cleavage site, and analyzed using the median-joining method 

implemented by NETWORK v5.0 (3). 

Serology 

Any antibody detection by National Poultry Improvement Program–authorized 

laboratories using influenza A serologic testing (ELISA or agar gel immunodiffusion test) was 

forwarded to the National Veterinary Services Laboratories (Ames, Iowa, USA) for confirmation 

testing by HA (H1-H16) and neuraminidase (N1-N9) inhibition testing. 
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Technical Appendix Table. Avian influenza viruses used in study, Tennessee and Alabama, United States, March 2017 

Site Date collected Virus strain designation County Pathotype 

A 2017 Mar 3 A/chicken/Tennessee/17–007147–1/2017(H7N9), 
A/chicken/Tennessee/17–007147–2/2017(H7N9), 
A/chicken/Tennessee/17–007147–3/2017(H7N9), 
A/chicken/Tennessee/17–007147–4/2017(H7N9), 
A/chicken/Tennessee/17–007147–5/2017(H7N9), 
A/chicken/Tennessee/17–007147–6/2017(H7N9), 
A/chicken/Tennessee/17–007147–7/2017(H7N9) 

Lincoln HPAI 

B 2017 Mar 13 A/chicken/Tennessee/17–008152–1/2017(H7N9) Lincoln HPAI 
B 2017 Mar 14 A/chicken/Tennessee/17–008279–2/2017(H7N9), 

A/chicken/Tennessee/17–008279–4/2017(H7N9), 
A/chicken/Tennessee/17–008279–5/2017(H7N9), 
A/chicken/Tennessee/17–008279–6/2017(H7N9) 

Lincoln HPAI 

C 2017 Mar 6 A/chicken/Tennessee/17–007429–3/2017(H7N9), 
A/chicken/Tennessee/17–007429–7/2017(H7N9) 

Giles LPAI 

C 2017 Mar 6 A/chicken/Tennessee/17–007431–3/2017(H7N9) Giles LPAI 
D 2017 Mar 12 A/guinea_fowl/Alabama/17–008272–2/2017(H7N9) Jackson LPAI 
E 2017 Mar 15 A/duck/Alabama/17–008643–2/2017(H7N9) Madison LPAI 
F 2017 Mar 14 A/guinea_fowl/Alabama/17–008645–2/2017(H7N9) Jackson LPAI 
G 2017 Mar 14 A/guinea_fowl/Alabama/17–008646–1/2017(H7N9) DeKalb LPAI 
H 2017 Mar 19 A/chicken/Alabama/17–008899–10/2017(H7N9), 

A/chicken/Alabama/17–008899–11/2017(H7N9) 
Cullman LPAI 

H 2017 Mar 17 A/chicken/Alabama/17–008901–1/2017(H7N9) Cullman LPAI 
*HPAI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza. Six additional premises in Alabama, Tennessee, Kentucky, and 
Georgia were identified as H7N9 LPAI affected, but insufficient viral RNA prevented virus sequencing and analysis. 
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Technical Appendix Figure 1. Outbreak map of H7N9 low pathogenicity (yellow) and highly pathogenic 

(red) avian influenza. 

Technical Appendix Figure 2 (following pages). Maximum-likelihood phylogeny of H7N9 virus genes 

A) hemagglutinin, B) neuraminidase, C) polymerase basic 2, D) polymerase basic 1, E) polymerase 

acidic, F) nucleoprotein, G) matrix, and H) nonstructural. Numbers along branches indicate bootstrap 

values >70%. Brackets indicate the genetic subgroups. Scale bar indicates nucleotide substitutions per 

site. The following 4 symbols were used to indicate avian influenza H7N9 viruses: black circle for highly 

pathogenic H7N9, open circle for low pathogenicity H7N9, black triangle for A/blue-winged 

teal/Wyoming/AH0099021/2016, and open triangle for A/blue-winged teal/Saskatchewan/109–701/2016. 

HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA, polymerase 

acidic; PB1, polymerase basic 1; PB2, polymerase basic 2. 
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Technical Appendix Figure 3. Relaxed clock phylogenetic tree of H7N9 virus hemagglutinin gene. The 

phylogenetic relationships and temporal evolutionary history have been estimated by molecular clock 

analysis. Highly pathogenic avian influenza isolates (red), low pathogenicity avian influenza virus isolates 

(orange), and A/blue-winged teal/Wyoming/AH0099021/2016 (green) are indicated. 



 

Page 14 of 14 

 

Technical Appendix Figure 4. Nucleotide sequence alignment of complete genome sequences of H7N9 

viruses, United States, 2017. Alignment of the complete genome sequences was performed using 

MAFFT (http://mafft.cbrc.jp/alignment/software/). The complete genome sequence of low pathogenicity 

avian influenza virus A/blue-winged teal/Wyoming/AH0099021/2016(H7N9) was placed on top of the 

alignment and served as the reference. Vertical lines indicate nucleotide differences from the reference 

sequence. HA, hemagglutinin; M, matrix; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural; PA, 

polymerase acidic; PB1, polymerase basic 1; PB2, polymerase basic 2. 


