
SUPPLEMENTAL MATERIAL 

 
Title: Prospective whole genome sequencing enhances national surveillance of Listeria 
monocytogenes 

Authors: Jason C Kwong,a,b,c Karolina Mercoulia,b Takehiro Tomita,b Marion Easton,b Hua Y 
Li,b Dieter M Bulach,a,d Timothy P Stinear,a,e Torsten Seemann,a,d Benjamin P Howdena,b,c,e # 

Affiliations: Doherty Centre for Applied Microbial Genomicsa and Microbiological Diagnostic 
Unit Public Health Laboratory, University of Melbourne at the Doherty Institute for Infection & 
Immunity, Melbourne, Victoria, Australia,b Infectious Diseases Department, Austin Health, 
Heidelberg, Victoria, Australia,c Victorian Life Sciences Computation Initiative, University of 
Melbourne, Victoria, Australia,d Department of Microbiology, Monash University, Clayton, 
Victoria, Australiae 

Keywords: Listeria monocytogenes, public health microbiology, whole genome sequencing, 
typing, pathogen surveillance 

Running title: Prospective genomic surveillance of L. monocytogenes 

 

TABLE S1: Raw sequencing metrics 

 Stored isolates Prospective isolates 

Read lengths (n) 151 bp (n=80) 

251 bp (n=212) 

301 bp (n=131) 

151 bp (n=7) 

301 bp (n=90) 

Average per base read 
quality score a 

34.9 (31.1 – 37.2) 34.6 (33.2 – 36) 

Average read depth / 
coverage 

69.8 (30 – 206) 115.6 (71 – 314) 

 

a Per base read quality scores: 
10 = 1 error per 10 bases (90% accuracy);  
20 = 1 error per 100 bases (99% accuracy);  
30 = 1 error per 1000 bases (99.9% accuracy) 
 
A minimum read depth of 30 and quality score >30 was considered acceptable. 
  



TABLE S2: Primer sequences for Serogrouping 

 

Gene name Primer 
Name 

Primer sequence (5´-3´) PCR 
product size 

lmo0737 LC3F AGGGCTTCAAGGACTTACCC 691 bp 

 LC3R ACGATTTCTGCTTGCCATTC 

lmo1118 LC52F AGGGGTCTTAAATCCTGGAA 906 bp 

 LC52R CGGCTTGTTCGGCATACTTA 

ORF2110 LB10F AGTGGACAATTGATTGGTGAA 597 bp 

 LB10R CATCCATCCCTTACTTTGGAC 

ORF2819 LB50F AGCAAAATGCCAAAACTCGT 471 bp 

 LB50R CATCACTAAAGCCTCCCATTG 

prs LC32F GCTGAAGAGATTGCGAAAGAAG 370 bp 
 

LC32R CAAAGAAACCTTGGATTTGCGG 

Serogroup lmo1118 

691 bp 

lmo0737 

906 bp 

ORF2110 

597 bp 

ORF2819 

471 bp 

prs 

370 bp 

1/2a, 3a – + – – + 
1/2b, 3b, 7 – – – + + 
1/2c, 3c + + – – + 
4b, 4d, 4e – – + + + 
Listeria spp.     + 
 

From Doumith et al, J Clin Microbiol 2004 (1) 

 

	



TABLE S3: List of reference genomes used for comparison 

ID Assembly BioProject BioSample Lineage Serotype MLST 
(CC) 

Year 
isolated Source Metadata (Reference) 

07PF0776 GCA_000258905.1 PRJNA78811 SAMN02604190 I 4b   Human Myocardial abscess; human clinical, USA (2) 

08_5578 GCA_000093125.2 PRJNA36361 SAMN02603776 II 1/2a  2008 Human Canadian outbreak 2008; human blood, Canada (3) 

08_5923 GCA_000022925.1 PRJNA36363 SAMN02603721 II 1/2a 120 (8) 2008 Human Canadian outbreak 2008; human blood, Canada (3) 

10403S GCA_000168695.2 PRJNA17495 SAMN02641382 II 1/2a 85 1968 Human Broad Institute, streptomycin resistant isolate of parental 
strain from 1968; human skin lesions, USA (4, 5) 

6179 GCA_000577745.1 PRJEB1355 SAMEA3138937 II 1/2a 121  Environment Cheese production environment; persistent strain (6, 7) 

ATCC_19117 GCA_000307025.1 PRJEA51859 SAMEA2271997 I 4d 2  Animal Sheep isolate, USA (8-10) 

C1-387 GCA_000438605.1 PRJNA203445 SAMN02203127 II 1/2a  1999 Food Isolated from turkey breast, New York, USA (11, 12) 

CFSAN006122 GCA_000681515.1 PRJNA215355 SAMN02318985 I   2013 Food FDA GenomeTrakr; cheese, USA (13) 

CFSAN007956 GCA_001005985.1 PRJNA215355 SAMN02569973 II     FDA GenomeTrakr, USA (13) 

CFSAN008100 GCA_001005925.1 PRJNA215355 SAMN02689388 I    Food FDA GenomeTrakr; green chile ingredient, USA (13) 

Clip80459 GCA_000026705.1 PRJEA32207 SAMEA2272134 I 4b 4 1999 Human Rillettes epidemic; human clinical, France (14) 

EGDe GCA_000196035.1 PRJNA276 SAMEA3138329 II 1/2a 35 1924 Animal Lab strain from rabbit isolate (15) 

F2365 GCA_000008285.1 PRJNA85 SAMN02603980 I 4b 1 1985 Food Jalisco cheese outbreak in California, USA (16) 

FSL_J1-208 GCA_000250715.1 PRJNA53559 SAMN01121066 IV 4a   Animal Outbreak in goat herds (17, 18) 

FSL_R2_561 GCA_000168575.2 PRJNA17317 SAMN00013319 II 1/2c    (19) 

Finland_1998 GCA_000168595.2 PRJNA17319 SAMN00012880 II 3a  1998 Human Butter outbreak; food/clinical, Finland (20) 

HCC23 GCA_000021185.1 PRJNA29409 SAMN02603154 III 4a   Animal Avirulent strain from spleen of healthy channel catfish, USA 
(21, 22) 

IZSAM_Lm_hs2008 GCA_000808055.1 PRJNA261392 SAMN03073546 I 4b  2009 Human Cerebrospinal fluid (CSF), Italy (23) 

J0161 GCA_000168635.2 PRJNA17493 SAMN00769971 II 1/2a  2000 Human Human outbreak delicatessen turkey meat, USA (24) 

J1776 GCA_000438705.2 PRJNA203445 SAMN02203125 I 4b  2002 Food Turkey deli, USA (11) 

J1816 GCA_000195395.3 PRJNA60535 SAMN01816124 I 4b  2002 Environment Turkey deli, USA (11, 25) 

J1817 GCA_000438725.2 PRJNA203445 SAMN02203129 I 4b  2002 Environment Turkey deli, USA (11) 

J1926 GCA_000438745.2 PRJNA203445 SAMN02203130 I 4b  2002 Human Turkey deli, USA (11) 

J1_220 GCA_000195435.3 PRJNA60537 SAMN01813900 I 4b  1979 Human Outbreak with vegetables; human, Boston, USA (11, 25) 

J2-031 GCA_000438645.1 PRJNA203445 SAMN02203124 II 1/2a  1996 Animal Isolated from cow, USA (11) 

J2-064 GCA_000438625.1 PRJNA203445 SAMN02203122 I 1/2b 5 1989 Animal Isolated from cow, USA (11) 

J2-1091 GCA_000438665.1 PRJNA203445 SAMN02203123 II 1/2a  1995 Animal USA (12) 



L1846 GCA_001027085.1 PRJNA243081 SAMN02712416 II 1/2b  2009 Human Human clinical isolate; CDC, USA (26) 

L2074 GCA_001027065.1 PRJNA243260 SAMN02713647 II 1/2a  2010 Human Human clinical isolate; CDC, USA (26) 

L2624 GCA_001027165.1 PRJNA243265 SAMN02713668 I 1/2b  2011 Human Cantaloupe, human outbreak, USA (27) 

L2625 GCA_001027125.1 PRJNA243264 SAMN02713648 II 1/2a  2011 Human Cantaloupe, human outbreak, USA (27) 

L2626 GCA_001027245.1 PRJNA243256 SAMN02713641 II 1/2a  2011 Human Cantaloupe, human outbreak, USA (27) 

L2676 GCA_001027205.1 PRJNA243258 SAMN02713644 II 1/2a  2011 Human Cantaloupe, human outbreak, USA (27) 

L312 GCA_000307085.1 PRJEA51857 SAMEA2272305 I 4b 4  Food Cheese (9) 

L99 GCA_000209755.1 PRJEA31327 SAMEA2272406 III 4a 201 1950 Food Cheese, Netherlands (8, 9) 

LL195 GCA_000318055.1 PRJEB418 SAMEA2272544 I 4b  1983-
1987 Human 1983-1987 Switzerland outbreak; human clinical isolate, 

Switzerland (28) 

La111 GCA_000382925.1 PRJEB538 SAMEA2272573 II 1/2a  1996 Food Smoked salmon from fish processing plant, Denmark (29) 

Lm60 GCA_000746625.1 PRJNA255073 SAMN03003922 II 1/2a 551 2006 Human Isolated from blood, Switzerland (30) 

M7 GCA_000218305.1 PRJNA66625 SAMN02604342 III 4a   Food Non-pathogenic isolate from cow's milk, China (31) 

N1-011A GCA_000438685.2 PRJNA203445 SAMN02203128 I 1/2b   Environment Environmental isolate, USA (32) 

N2306 GCA_000950775.1 PRJNA276441 SAMN03372633 I 4b  2013-
2014 Human 2013-2014 outbreak in ready-to-eat salads; human clinical 

isolate, Switzerland (33) 

N53_1 GCA_000382945.1 PRJEB539 SAMEA2271966 II 1/2a  2002 Environment Fish processing plant environment, Denmark (29) 

NE_dc2014 GCA_000600015.1 PRJNA241322 SAMN02689320 I   2014 Food USA (34) 

NTSN GCA_000800335.1 PRJNA267024 SAMN03177401 I 4b  2011 Animal Sheep brain, China (35) 

QOC1 * GCA_000689335.1 PRJEB1353 SAMEA3139005 II 1/2a 403 2010 Human Quargel outbreak clone 1, blood culture isolate, Austria 
(36) 

QOC2 * GCA_000613165.1 PRJEB1354 SAMEA3138995 II 1/2a 398 2010 Human Quargel outbreak clone 2, blood culture isolate, Austria 
(36) 

R2-502 GCA_000438585.1 PRJNA203445 SAMN02203126 I 1/2b  1994 Food Illinois chocolate milk; food (11) 

R479a GCA_000613085.1 PRJEB5108 SAMEA3138991 II 1/2a 8 1996-
1999 Food Smoked salmon, Denmark (37) 

SLCC2372 GCA_000210815.2 PRJEA50377 SAMEA2272627 II 1/2c 122 (9) 1935 Human Human, UK (8, 9) 

SLCC2376 GCA_000307065.1 PRJEA51863 SAMEA2272177 III 4c 71  Animal Poultry (8, 9) 

SLCC2378 GCA_000307615.1 PRJEA51729 SAMEA2272689 I 4e 73 (1)  Animal Poultry (8, 9) 

SLCC2479 GCA_000307005.1 PRJEA51829 SAMEA2272506 II 3c 9 1966  (8, 9) 

SLCC2482 GCA_000210795.2 PRJEA50371 SAMEA2272162 I 7 3 1966 Human Human (8, 9) 

SLCC2540 GCA_000306905.1 PRJEA51731 SAMEA2272785 I 3b  1956 Human Human, USA (8, 9) 

SLCC2755 GCA_000197755.2 PRJEA50379 SAMEA2271969 I 1/2b 66 (3) 1967 Animal Chinchilla (8, 9) 



SLCC5850 GCA_000307045.1 PRJEA51861 SAMEA2272672 II 1/2a 12 (7) 1924 Animal Rabbit, UK (8, 9) 

SLCC7179 GCA_000306985.1 PRJEA51733 SAMEA2272571 II 3a 91 1986 Food Cheese, Austria (8, 9) 

WSLC1001 GCA_000568475.1 PRJNA236721 SAMN02743815 II 1/2a   Human ATCC19112? (reportedly serotype 1/2c); human clinical 
isolate (CSF), Germany (38) 

WSLC1042 GCA_000568935.1 PRJNA236791 SAMN02743817 I 4b    ATCC23074, Germany (38) 

 
* Draft assembly – not used as a reference for analyses, but included for comparison 
CC = Clonal Complex 
Reference genomes retrieved from NCBI GenBank 22 June 2015. 
 
 



Table S4: Guide criteria for assigning genomic relatedness (see additional notes below) 

 

Additional notes for Table S4: 

• Isolates that cannot be assigned should be discussed, with the default assignment as “possibly linked” unless 
agreed otherwise 

• The pairwise SNP distance threshold of < 5 for “likely to be linked” was selected, as the median SNP distance 
between isolates from previously defined outbreaks was 4, using the reported methods and parameters. 

• The pairwise SNP distance threshold of 20 for “possibly linked” was selected, as this was the maximum SNP 
distance between isolates from previously defined outbreaks. This value is also consistent with previous reports 
(39). 

• The criteria are intended as a guide for further epidemiologic analysis, and are not intended to be rigid. 
Exceptions can be made with sufficient evidence and agreement from epidemiologists, bioinformaticians and 
microbiologists. 

  

Relatedness Criteria 

Likely to be linked 1. pairwise SNP distance < 5 using a reference genome from the same MLST 

 
OR (where there have been previous isolates epidemiologically linked to the index) 
 
2. pairwise SNP distance less than the greatest pairwise SNP distance of a previous 

isolate epidemiologically linked to the index 

AND 

pairwise SNP distance less than that of each isolate not  epidemiologically linked 
to the index 

Possibly linked 
 

1. pairwise SNP distance > 5 to < 20 using a reference genome from the same MLST 

 
OR (where there are previous isolates of the same MLST not epidemiologically linked 
to the index) 
 
2. pairwise SNP distance ≥ 20 

AND 

more closely related to the index isolate than to previous “not  epidemiologically 
linked” isolates 

Unlikely to be linked 
 

1. isolate from a different clonal complex to the index isolate 

 
OR (where there have been previous isolates linked to the index) 
 
2. pairwise SNP distance greater than that of another isolate previously known to be 

“not epidemiologically linked” 

AND 
pairwise SNP distance greater than that of each isolate linked to the index 



4 SNPs (core-genome)

20 SNPs

MLST 595

MLST 328

MLST 710

MLST 79
MLST 73

Figure S1: Maximum likelihood phylogeny of clonal complex 1 
isolates inferred from core-genome SNPs. The majority of isolates 

were MLST 1 (grey), with non-MLST 1 isolates that differed by a single 
MLST allele shown in colour. Despite having a different sequence type, 
the MLST 328 isolates were closely related to some MLST 1 isolates, 

differing by <10 SNPs in this core-genome phylogeny, with 
98% shared genome content.
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