
Average Nucleotide Identity  1 

The .fsa files from prokka, containing all contigs > 500 bp in length from our Klebsiella cohort, were 2 
added to a separate directory with the publicly available suspected K. variicola sequences and the 3 
genomes for K. pneumoniae CAV1042, K. pneumoniae HS11286, and K. quasipneumoniae ATCC 4 
7000603. We used the command line ANI tool pyANI (https://github.com/widdowquinn/pyani) with the 5 
mummer method to compute the pairwise average nucleotide identity among the 207 genomes. The 6 
resulting ANIm matrix was viewed as a clustermap using seaborn 7 
(https://seaborn.pydata.org/index.html).  8 

To further confirm the delineation of K. variicola into a major and minor clade, we repeated the ANI 9 
analysis using the Jspecies webserver (http://jspecies.ribohost.com/jspeciesws/#analyse) BLAST method 10 
in April 2018 between KvMX2 and Yh43 (1) (Table S3).  11 

Core-genome alignment and visualizations 12 

Analysis of K. variicola in relation to other species in the Klebsiella genus was performed by running 13 
roary v 3.8.0 with 90% identity on .gff output of prokka from 4 K. variicola strains and a strain from K. 14 
pneumoniae, K. quasipnuemoniae, K. quasivariicola, K. grimontii, K. aerogenes, K. oxytoca, and K. 15 
michiganensis, with Kluyvera georgiana used as an outgroup.   The 1,262 genes were aligned in roary 16 
with PRANK v1.0 and convereted into a newick file with FastTree v2.1.10 (Table S4).  17 

Initial delineation of the population structure for K. variicola was performed by moving the .gff file 18 
output from prokka into a separate directory and using roary v3.8.0 to identify the core-genomes (those 19 
shared by 100% of all genomes) and PRANK v1.0 to align them (Table S5) (2, 3). The resulting alignment 20 
file was constructed into a newick tree using FastTree v2.1.10 and viewed in ITOL (4, 5).  To quantify 21 
recombination between the strains and identify lineages in a phylogenetic independent manner, we 22 
performed FastGear on the roary alignment file of the 3,430 genes shared by the 145 K. variicola 23 
genomes (Table S6). 24 

To understand the population structure of the 143 genomes in the second lineage, we used parSNP 25 
within the harvest suite to construct phylogenetic trees from the scaffolds.fasta file with and without 26 
recombination (6) (Fig. S1) (Table S7). As an orthologous method, we created an approximate-27 
maximum-likelihood tree of 3,500 core-genes shared by the 143 K. variicola isolates in the second 28 
lineage from roary and FastTree (Table S8) (Fig. S2). The resulting newick tree and alignment file were 29 
used to identify clusters of isolates with ClusterPicker v1.3 (7).  Clusters were identified using an initial 30 
and main support threshold of .9, a genetic distance threshold of 4.5, and large cluster threshold of 10. 31 
The clusters identified were then visualized on the parSNP tree without recombination with 100% 32 
concordance (26/26 clusters). To alternatively view the population structure of K. variicola, just the SNP 33 
locations were identified by performing snp-sites on the roary alignment file of the 143 genomes in the 34 
major clade (8).  This file was visualized as an unrooted equal angle Nearest Neighbor phylogenetic 35 
network in SplitsTrees v4 (9, 10). To improve the resolution on the highly related isolates in cluster 21, 36 
which contained WUSM_KV_10 and 6 isolates from an investigation of infectious agents in an ICU, we 37 
used roary v.3.8.0 to identify the 4,867 core-genes for these 7 genomes at 95% 38 
identity{26230489}(Table S9). Single Nucleotide Polymorphisms in these core-genes were identified 39 
using SNP-sites{28348851}(Table S10).  40 



 41 

A final phylogenetic tree was created by performing roary and PRANK on Klebsiella aerogenes KCTC 42 
2190, K. quasipneumoniae ATCC 700603, and K. pneumoniae ATCC BAA-1705 at >90% identity. The 43 
2,932 genes shared by all isolates were used to construct a newick file using FastTree (Table S11).   44 

Antibiotic Resistance Gene, Virulence Gene identification 45 

Acquired ARGs were identified from the .ffn output of prokka using the command line version of 46 
ResFinder with default parameters against all available database classes (11). Similarity, the plasmid 47 
replicons were identified using the command line version of PlasmidFinder against the 48 
Enterobacteriaceae database{24777092}. The number of isolates with > or <= the median number of 49 
ARGs and plasmid replicons were tallied and used as input for a Chi-Square test calculator 50 
(https://www.socscistatistics.com/tests/chisquare2/Default2.aspx) (Table S12). Virulence genes were 51 
annotated by downloading the BIGSDB (http://bigsdb.pasteur.fr/klebsiella/klebsiella.html) list of 52 
virulence genes in January 2018 and making them into a custom blast nucleotide database. BLASTN was 53 
used to query the .ffn output of prokka against the virulence gene database, with hits requiring 95% 54 
identity (Table S12).  55 

Acquired ARGs in the WUSM K. variicola cohort were viewed as a network diagram in Cytoscape v 3.4.0 56 
by constructing a text file where each source node is represented by a unique ARG and the target is the 57 
isolate genome with an edge weight of 1 (12) (Table S12).  58 

 59 

fim operon visualization 60 

The complete fim operon sequence was obtained from the draft genome of TOP52, a model 61 
uropathogenic K. pneumoniae strain (13, 14). BLASTN was used to extract the fim operon containing 62 
contigs from the draft genomes of the strains used for mouse infections and in vitro experiments. The 63 
contigs were reannotated using prokka, and the GenBank files were visualized in EasyFig without any 64 
pairwise BLAST identity values (15). ORFs were colorized based on suspected function. To visualize any 65 
SNPs between the different operons, the complete sequence containing the operon was aligned using 66 
MUSCLE and visualized in JALView (16).  67 

Usher analysis 68 

Putative usher sequenced were obtained from the pan-genome of the WUSM K. variicola isolates by 69 
searching the gene_presence_absence.csv output of roary for genes or annotations containing the 70 
phrase “outer membrane usher”. To ensure that all possible ORFs were identified, the 71 
pan_genome_refence.fa containing representatives of every gene in the pan-genome, was compared 72 
against the fimD usher nucleotide sequencing using the BLASTN webserver in April 2018. To determinate 73 
if any K. variicola usher sequences were already described, we used protein BLAST to compare the 74 
amino acid sequences against fim, mrk, kpa, kpb, kpc, kpd, kpe, kpf, kpg, and kpj (17, 18) The amino acid 75 
sequence for every usher sequence was obtained and added into a multifasta containing representative 76 
usher sequences from various Gram-negative phyla described by Nuccio and Baumler (19) (Table S13). 77 
The multifasta was aligned using MUSCLE and then converted into a newick tree using FastTree (20, 21). 78 



The resulting tree was viewed in ITOL had clades annotated from the Nuccio and Baumler scheme and 79 
terminal branches from K. variicola labeled by the operon name.  80 

The distribution of all usher sequences in the WUSM K. variicola pan-genome was surveyed by creating 81 
a presence/absence matrix for all usher genes and then hierarchically clustering the matrix in Seaborn. 82 
The resulting heatmap was annotated by name of operon, name of isolate, and conservation within K. 83 
variicola. Suspected sequences with truncated ushers were inspected when prokka annotation 84 
identified two adjacent usher ORFs and manually annotated on the heatmap.  85 

The K. variicola specific usher sequences identified were submitted against the nonredundant protein 86 
sequences database in April 2018 and had the top hit blast identity values recorded (Table S14). Given 87 
that KvhC had the lowest amino acid percent identity of the newly characterized usher proteins, we 88 
obtained all the amino acid sequences for blast hits greater than 49% identity and 99% the query length 89 
to construct a phylogenetic tree. The amino acid sequences were aligned using MUSCLE and rooted to 90 
the nearest usher sequence in our collection, KvaC. The alignment file was made into a newick tree using 91 
FastTree and then viewed in ITOL with percent identity and query length values added to each node.  92 

The contig containing the kvh operon was extracted from the genome of strain WUSM_KV_52 and 93 
reannotated with prokka. The resulting GenBank file was viewed in easyfig to observe genes syntenic 94 
with the operon. All ORFs were submitted to BLASTP in April 2018 against the nonredundant protein 95 
database to identity putative functions. ORFs with suspected roles in transposase and prophage activity 96 
were specifically marked.  97 

 98 
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