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Supplementary Figure 1: S. Concord super-lineage B (HC2000_141) 

Core gene maximum likelihood tree of S. Concord super-lineage B isolates. Leaves show the 

accession number. Complementary metadata is shown as text (year of isolation) or as a 

coloured track (country of origin, country of isolation and isolation source). 
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Supplementary Figure 2: S. Concord super-lineage C (HC2000_177997) 

Core gene maximum likelihood tree of S. Concord super-lineage C. Leaves show the accession number or isolate ID. Complementary metadata 

is shown as text (year of isolation) or as a coloured track (country of isolation and isolation source). 
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Supplementary Figure 3: Detailed view of S. Concord super-lineage A lineages 1 (L1) 

and 2 (L2) 

Leaves show the accession number of each isolate. Complementary metadata is shown as 

text (year of isolation) or as a coloured track (country of origin, country of isolation and isolation 

source). 
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Supplementary Figure 4: Invasiveness index predicted for all S. Concord Super-lineage 

A isolates based on genomic features 

Boxplot showing the distribution of the invasiveness index, as predicted per isolate by Wheeler 

et   .’s methodo ogy (2018)1. Invasiveness index values (y-axis) were grouped per lineage (x-

axis). Horizontal lines in each box represent the median value of the distribution, while the 

upper and lower quartiles are represented by the box limits. The whiskers extend to 1.5 times 

the interquartile range and individual data points beyond this range are considered outliers. 

The invasiveness index was predicted using a publicly available pipeline 

(https://github.com/Gardner-BinfLab/invasive_salmonella/tree/master/fastq_pipeline) that 

maps reads for each isolate onto a set of 196 genes previously linked to increased 

invasiveness, and generates a consensus protein sequence from the mapped reads for 

comparison to the same 196 genes using a functional variant calling metric2. The resulting 

features are then used as input for a pre-trained random forest classifier. The proportion of 

decision trees classifying an isolate as 'invasive' is referred to as the invasiveness index. 

Source data are provided as a Source Data file. 

https://github.com/Gardner-BinfLab/invasive_salmonella/tree/master/fastq_pipeline
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Supplementary Figure 5: Detail of super-lineage A lineage 8 (L8) showing the mixed 

occurrence of recent and historical isolates 

Leaves show the accession number of each isolate. Complementary metadata is shown as 

text (year of isolation) or as a coloured track (country of origin, country of isolation and isolation 

source). 
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Supplementary Figure 6: Pairwise SNP differences within each S. Concord Super-

lineage A lineage 

Boxplot showing the distribution of pairwise SNP differences between all isolates within a 

given lineage. Pairwise SNP differences (y-axis) were calculated using snp-dists3 v0.7.0 from 

the core SNP alignment used for phylogenetic inference prior to removing recombinant 

regions. Values were subsequently grouped per lineage (x-axis). Horizontal lines in each box 

represent the median value of the distribution, while the upper and lower quartiles are 

represented by the box limits. The whiskers extend to 1.5 times the interquartile range and 

individual data points beyond this range are considered outliers. Source data are provided as 

a Source Data file.  

.  
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Supplementary Figure 7: Detail of super-lineage A lineage 6 (L6) showing the close 

relatedness of isolates from Tahini isolated in Israel and clinical isolates 

Leaves show the accession number of each isolate. Complementary metadata is shown as 

text (year of isolation) or as a coloured track (country of origin, country of isolation and isolation 

source). The heatmap on the right-hand side of the figure shows the SNP distance between 

all isolates
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Supplementary Figure 8: Close relatedness of clinical isolates and isolates from Halva 

food products from Turkey in super-lineage A lineage 7 (L7) 

Leaves show the accession number of each isolate. Complementary metadata is shown as 

text (year of isolation) or as a coloured track (country of origin, country of isolation and isolation 

source). The heatmap on the right-hand side of the figure shows the SNP distance between 

all isolates.  
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Supplementary Figure 9: Complete set of AMR genes and plasmid replicon genes 

identified in S. Concord draft genomes, including AMR genes that do not contribute to 

the MDR, XDR and PDR phenotypes and less common replicon types 

Presence (blue cells) or absence (white cells) of AMR genes identified in each S. Concord 

draft genomes using the AMRFinderPlus4 tool is shown (only exact matches are shown and 

the default database was used). Lineages are shown at the left-hand side next to the heatmap, 

as well as the origin of the isolate. At the right-hand side, the genomic AMR combinations are 

shown (MDR, XDR and PDR). The ComplexHeatmap5 package v2.8.0 for R was used to draw 

the heatmap. Abbreviations: AMR = antimicrobial resistance, MDR = multidrug resistance, 

ESBL = extended-spectrum beta-lactamase, XDR = extensive drug resistance, PDR = 

pandrug resistance, sus = susceptible, 3GC = third-generation cephalosporin, AZ = 

azithromycin. Raw data is included in Supplementary Data 1.
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Supplementary Figure 10: Genomic AMR combinations in S. Concord super-lineage A 

A) UpSet plot showing the different genomic AMR combinations in the entire S. Concord 

SLA dataset. The number of resistance genes linked to a certain antimicrobial category 

is shown in the left, horizontally oriented barplot. The vertically oriented bar plot shows 

the number of times specific AMR gene combinations were present encoding MDR, 

XDR and PDR.  

B) Stacked barplot showing the frequency of the most common AMR gene combinations 

per year of isolation of the isolates. Combinations that are not classified as MDR + 

ESBL, XDR or PDR are shown in grey. 

C) Stacked barplot showing the frequency of the most common AMR gene combinations 

per lineage. Combinations that are not classified as MDR + ESBL, XDR or PDR are 

shown in black.  

The UpSetR6 package v1.4.0 was used in R to construct the plots. Abbreviations: AMR = 

antimicrobial resistance, MDR = multidrug resistance, ESBL = extended-spectrum beta-

lactamase, XDR = extensive drug resistance and PDR = pandrug resistance, AZ = 

azithromycin, 3GC = third-generation cephalosporin.  
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Supplementary Figure 11: Chromosomal AMR cassettes flanked by IS1R were 

integrated at different positions in the long read sequenced S. Concord isolates and 

varied in length 

Homologous regions conserved across the genomes were determined using Mauve7 and 

visualised using the genoplotR8 package v0.8.11 in R. Only the first 1200 kilobases of long 

read sequenced chromosomes containing antimicrobial resistance (AMR) genes integrated 

into the chromosome are shown. Purple blocks represent conserved sequences which are 

connected with green lines to visualize relative changes in position. The location of a 

chromosomally integrated AMR gene cassette flanked by IS1R transposase genes is 

highlighted in red. On the left-hand side the accession number of each isolate is shown in 

addition to the lineage were the isolate clusters. 
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Supplementary Figure 12: Chromosomal AMR cassettes flanked by IS1R varied in 

composition in lineages 3 and 4 

Detailed view of the AMR genes integrated into the S. Concord chromosome in reference 

genomes obtained from four L3 and L4 isolates. The ESBL gene blaCTX-M-15 is highlighted in 

red. Other genes are linked to multidrug resistance and aminoglycoside resistance. Images 

were made using the R packages ggtree9 and gggenes10 and were combined and annotated 

in Inkscape v0.92. 
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Supplementary Figure 13: IncHI2 plasmids and a chromosomally integrated IncHI2 plasmid shared common backbone elements and 

differed in regions encoding AMR 

The alignment was made using mauve7 and visualised using the genoplotR8 package v0.8.11 in R. Text annotations in red are antimicrobial 

resistance genes and metal resistance genes identified using AMRFinderPlus11 (default database).  
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Supplementary Figure 14: The XDR hybrid plasmid identified in isolate 32640_1_296 

(middle track; part of Lineage 5) reference genome contained backbone elements 

derived from IncHI2 and IncA/C plasmids 

The alignment was made using mauve7 and visualised using the genoplotR8 package v0.8.11 

in R. 
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Supplementary Figure 15: Association of AMR genotype and phenotype for first- and 

second-line antimicrobials recommended to treat invasive Salmonella infections 

Genotype-phenotype association for ampicillin (A), chloramphenicol (B), trimethoprim-

sulfamethoxazole (C), ceftriaxone (D), ciprofloxacin (E) and azithromycin (D). Dots indicate 

the minimum inhibitory concentration (MIC) (y-axis) for each of 56 isolates harbouring a certain 

combination of genomic resistance markers (shown on the x- axis). The dashed line in red 

indicates the CLSI M100-ED31 breakpoint for clinical resistance. For azithromycin the 

epidemiological cutoff was indicated by the dashed line in red. For ciprofloxacin, the dashed 

line in blue indicates the decreased ciprofloxacin susceptibility cutoff. Tested concentration 

ranges and measurements are listed in Supplementary Data 2. 
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Supplementary Figure 16: Association of AMR genotype and phenotype for alternative 

antimicrobials 

Genotype-phenotype association for temocillin (A) and colistin (B). Dots indicate the minimum 

inhibitory concentration (MIC) (y-axis) for each of 56 isolates harbouring a certain combination 

of genomic resistance markers (shown on the x- axis). The dashed line in red indicates the 

EFSA epidemiological cutoff for temocillin and the CLSI M100-ED31 breakpoint for clinical 

resistance for colistin. Tested concentration ranges and measurements are listed in 

Supplementary Data 2. 
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Supplementary Tables  
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Supplementary Table 1: Presence-absence variations in genes linked to increased 

invasive potential in L4 isolates. The number of genes that were missing (i.e. no significant 

BLAST hit) from at least one isolate from lineage 4 (L4) were reported. The full dataset was 

generated by comparing all annotated genes in the S. Concord draft assemblies to the set of 

196 genes predictive of an invasive phenotype utilized in the machine learning approach by 

Wheeler et al. (2018), using BLAST12,13 v2.13.0+. Per query sequence, the hit with the highest 

bit score was retained, and we jointly assessed the query coverage and percentage identity 

by calculating their product and multiplying by 100. Source data are provided as a Source 

Data file.  

ID Gene Number of L4 isolates 
missing the gene 

Full gene name 

STM1154 mdtG 12 Multidrug resistance protein MdtG 

STM2245 - 12 Putative outer membrane protein 

STM1349 pps 8 Phosphoenolpyruvate synthase [EC=2.7.9.2] 

STM1338 pheT 5 Phenylalanine--tRNA ligase beta subunit 
[EC=6.1.1.20] 

STM2066 sopA 5 E3 ubiquitin-protein ligase SopA [EC=6.3.2.-] 

STM3152 mcpB 5 Putative methyl-accepting chemotaxis protein 

SG1259 - 3 Putative uncharacterized protein 

STM2808 nrdF 3 Ribonucleoside-diphosphate reductase 2 
subunit beta [EC=1.17.4.1] 

SEN3623 yidE 1 Putative transport protein YidE 

STM0631 ybeM 1 Putative hydrolase 

STM0994 mukB 1 Chromosome partition protein MukB 

STM1746.S oppA 1 Periplasmic oligopeptide-binding protein 

STM1914 flhB 1 Flagellar biosynthetic protein FlhB 

STM2036 pocR 1 Regulatory protein PocR 

STM2043 pduG 1 Propanediol utilization diol dehydratase 
reactivation protein 

STM2053 pduS 1 Propanediol utilization protein 

STM2057 pduW 1 Probable propionate kinase [EC=2.7.2.15] 

STM2065 phsA 1 Thiosulfate reductase [EC=1.-.-.-] 

STM2481 acrD 1 RND family aminoglycoside/multidrug efflux 
pump 

STM2815 emrB 1 Putative MFS superfamily multidrug transport 
protein 

STM3125 - 1 Putative cytoplasmic protein 

STM3789 uhpB 1 Sensor protein UhpB [EC=2.7.13.3] 

STM4190 pepE 1 Peptidase E [EC=3.4.13.21] 
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Supplementary Table 2: Comparison of genotypic and phenotypic resistance or susceptibility for antimicrobials that can be used to 

treat invasive Salmonella infections. Phenotypic resistance was determined using Sensititre microbroth dilution. An isolate was classified 

genotypically resistant if it harboured one genotypic resistance marker or more. (*) For ciprofloxacin, decreased ciprofloxacin susceptibility was 

counted as "resistant". Genotypic data is listed in Supplementary Data 1. Phenotypic data is listed in Supplementary Data 2.  

 

Antimicrobial n° isolates 

tested 

Phenotype susceptible Phenotype resistant* Concordance 

(%) Genotype resistant Genotype 

susceptible 

Genotype 

resistant 

Genotype 

susceptible 

Ampicillin 56 0 22 34 0 100,00 

Trimethoprim/Sulfamethoxazole 56 0 24 32 0 100,00 

Chloramphenicol 56 0 22 33 1 98,21 

Ceftriaxone 56 0 22 34 0 100,00 

Ciprofloxacin 56 0 48 7 1 98,21 

Azithromycin 56 0 50 6 0 100,00 
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Supplementary Table 3: Assembly summary of long read sequenced genomes.  

The table is continued on the following page. Abbreviations: ONT = Oxford Nanopore Technologies, PacBio = Pacific Biosciences 

Sequencing 

technology 
Sequencing id Strain Contig type 

Contig size 

(bp) 

Depth of 

coverage 

AMR 

genes 

ONT 32640_1_296 0508H45184 

Chromosome 4700258 157.15 no 

pSC_0508H45184 IncHI2A + 

IncA/C2 
415479 403.47 yes 

ONT 32640_1_316 1035531 

Chromosome 4899417 631.26 yes 

pSC_1035531_1 100933 584.52 yes 

pSC_1035531_2 IncI1_Alpha 85904 1570.08 no 

ONT 32640_1_328 H04340470 
Chromosome 4751619 470.26 no 

pSC_H04340470 4028 1181.62 no 

ONT 32640_1_336 H044240362 Chromosome 4660598 805.32 no 

ONT 32640_1_364 70366 

Chromosome 5009183 471.68 yes 

pSC_70366_1 IncA/C2 160357 483.10 yes 

pSC_70366_2 92366 276.92 no 

ONT 32640_1_372 254833 

Chromosome 4864180 45.82 yes 

pSC_254833_1 13181 349.20 yes 

pSC_254833_2 IncA/C2 71024 138.74 yes 

pSC_254833_3 100933 43.96 yes 

pSC_254833_4 IncI1_Alpha 85904 113.74 no 

ONT 32640_1_39 64206 

Chromosome 4800102 270.25 yes 

pSC_64206_1 IncHI2_1 372354 464.49 yes 

pSC_64206_2 106569 306.49 no 

pSC_64206_3 47794 438.69 no 

pSC_64206_4 5350 2375.96 no 
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Supplementary Table 3 continued 

 

Sequencing 

technology 
Sequencing id Strain Contig type 

Contig size 

(bp) 

Depth of 

coverage 

AMR 

genes 

ONT 32640_1_47 95907 

Chromosome 4818922 186.13 yes 

pSC_95907_1 IncHI2A_1 288445 298.45 yes 

pSC_95907_2 106569 192.63 no 

pSC_95907_3 93718 136.40 no 

pSC_95907_4 47794 385.39 no 

pSC_95907_5 5350 735.74 no 

ONT SRS4345282 679052 Chromosome 4657242 296.78 no 

ONT SRS5777896 850890 
Chromosome 4670214 138.10 no 

pSC_850890 IncHI2A 294257 171.69 yes 

PacBio  
Mapping reference 

ITM_8091960 
1309 

Chromosome 4811936 108.08 yes 

pSC_1309_1 IncHI2A 276676 191.66 yes 

pSC_1309_2 106569 193.88 no 

pSC_1309_3 93719 197.52 no 

uncircularised_contig 78477 163.25 no 

str1309_pSC_1309_4 5354 252.24 no 
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