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Supplementary Table 1. Primers used in this study 
Primer Sequence 5’-3’ Tm 

°C 
Amplicon 
size (kb) 

Comments 

10897F cttcggcagtgacataaccg 65.5 10.7 QMA0440 gap 
closing PCR using 
LongAmp Taq 
(New England 
Biolabs). After 
initial denaturation 
at 94°C for 30 sec, 
cycling for 30 
cycles of 94°C 30 
sec; 60°C 30 sec; 
65°C 10 min, and 
final extension of 10 
min. 

21587R gtctccacgcatcaccattc 65.6 
8421F agcatcaggaagcagaaggt 62.9 11.2 
19453R caggtgcaatacggtgatgg 66.3 
21568F gaatggtgatgcgtggagac 65.6 11.1 
32676R ctagtgtcgaatgtgccacg 64.4 
-3515F gctgtcgtcttctgcatcag 63.9 7.4 
3928R gcatgctggtgttatgcgta 64.6 
-5163F ccaacggcctttatacaccg 66.1 7.8 
2743R gttcggcggggtacataaac 65.1 
-4697F ccaatccgctcaccaatctg 67.8 6.9 
2342R atgtggatggcgttaatggc 66.7 
-5484F cctgactcatccgggatctc 66.0 7.9 
2457R aaactgaatggcaaggcgtt 65.6 
-4354F gcaacgccctaccaaagaaa 66.0 7.2 
2994R aaatccgttgcgactaaccg 65.9 
FliH_F agtttgatggcgcagaagat 63.7 0.2 Flagella operon RT-

PCR using MyTaq 
(Bioline). Initial 
denaturation 95°C 
then 30 cycles of 
95°C 30 sec; 58°C 
30 sec; 72°C 30 sec; 
final extension 72°C 
1 min.  FliC primers 
were multiplexed. 

FliH_R gcttccagcataccttgctc 63.8 
FliI_indF aagtgcaggaagtggaaagc 63.3 0.2 
FliI_indR ataaccggtttctggtgctg 63.8 
FliI_longF cgtggtcgtgaagtcaaaga 64.0 0.2 
FliI_longR gcgggtcagagaatccataa 63.9 
FliI_shortF gcgcctatttctgatgcact 64.2 0.2 
FliI_shortR ataaccggtttctggtgctg 63.8 
FliJ_F ttgttactctgcgcgatttg 63.8 0.2 
FliJ_R tgctgtttctcttgccaatg 64.0 
FliC1541F ctaatgatgcggctgtggtc 65.5 0.267 
FliC1808R ttgccattaaccactgcacc 65.7 
FliC4111F cgttccactagtgcgtcatg 64.4 0.657 
FliC4768R gtcgttattcagacgggcac 64.4 
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Supplementary Table 2: Draft assembly statistics (Quast v4.2) for SPAdes 3.7.1 assembly of Illumina paired end reads derived from genomic DNA Australian and 
New Zealand Y. ruckeri isolates 
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Supplementary Table 3. Antisera, reference isolates used in serotyping and macroscopic 
agglutination assay results 
 
Yersinia ruckeri Control Isolates 

 
SFC 37  | ATCC 29473 | Serotype O1a |Originally isolated by Ewing 
Y. ruckeri | Rainbow trout (Oncorhynchus mykiss) with Red Mouth Disease, USA 
 
SFC 47 | 88:8181-5A | Serotype O1b |Originally isolated by N. Gudkovs 
Y. ruckeri | Atlantic salmon (Salmo salar) bacterial septicaemia, Benalla, Victoria, 
Australia; 1988 
SFC 124 | RD6 | Serotype O1|Clone 2|Biotype 2|OMP-type 1|Originally isolated by 
R.L. Davies 
Y. ruckeri | Rainbow trout | AAHL   <---   R.L. Davies 
SFC 127 | RD34, BA24 | Serotype O2|Biotype 1|OMP-type 1|Originally isolated by 
B. Austin 
Y. ruckeri | Brown trout (Salmo trutta)| AAHL   <---   R.L. Davies 
 
Antisera (rabbit) 

  
Serum Specificity 
  Serotype O1 | SFC 124 |isolate RD6 from Davies 
R452-1    Serum against whole cell antigen from serotype O1 (Davies) 
R452-6  Serotype O1 specific - Serum against boiled cell antigen from serotype O1 (Davies RD6) 
    
  Serotype O2 | SFC 127 | isolate RD34 from Davies 
R452-2 Serum against whole cell antigen (Davies RD34 serotype O2) 

R452-12 Serotype O2 specific - Serum against phenol extracted LPS antigen, proteinase-K 
digested (Davies RD34) 

 
Macroscopic agglutination (units are arbitrary) 
 

CONTROL 
 Antiserum 

 Isolate R452-1 (O1) R452-2 (O2) R452-6 (O1) R452-12 (O2) 
 SFC 37 (O1a)  ++  -  ++  - 
 SFC 47 (O1b)  +  -  ++  - 
 SFC 124 (O1)  ++  -  +++  - 
 SFC 127 (O2)  -  +++  -  +++ 

 
     

TEST 
     

 Isolate R452-1 (O1) R452-2 (O2) R452-6 (O1) R452-12 (O2) 
 QMA0436  -  +++  -  +++ 
 QMA0437  -  +++  -  +++ 
 TCFB 3030  -  +++  -  +++ 
 TCFB 3033  -  +++  -  +++ 

TCFB: Tasmanian Collection of Fish Bacteria (DPIPWE) 
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Supplementary Table 4. Gene annotations in the Y. ruckeri O-antigen biosynthesis cluster with 
positions in the reference genome. 
Gene Size 

(aa) 
Size 
(nt) 

Function Position in 
QMA0440 genome 

tetR 192 576 transcriptional regulator tetR family 3492534 3493109 
tRNA-
phe 

 75 transfer RNA Phe(gaa) 3493251 3493326 

wbuC 134 402 metalloprotein 3493560 3493961 
wbuB 402 1206 putative glycosyl transferase 3493952 3495157 
qnlB1 377 1131 UDP-N-acetylglucosamine 2-epimerase 3495157 3496287 
rmlC 368 1104 NAD-dependent epimerase/dehydratase 

family protein 
3496287 3497390 

ddhB 345 1035 CDP-glucose 4,6-dehydratase/5-
epimerase 

3497392 3498426 

wbuZ 265 795 amidation-associated protein 3498439 3499233 
wbuY 209 627 glutamine amidotransferase 3499226 3499852 
wbuX 378 1134 N-acetyl sugar amidotransferase 3499849 3500982 
wbuW 406 1218 putative glycosyl transferase 3500969 3502186 
wzz 425 1275 chain length determinant 3502209 3503483 
wzx 413 1239 O-antigen flippase 3503568 3504806 
idnO 255 765 gluconate 5-dehydrogenase 3504833 3505597 
neuA 229 687 CMP-N,N'-diacetyllegionaminic acid 

synthase 
3505610 3506296 

afr 321 963 1,5-anhydro-D-fructose reductase 3506298 3507260 
ddhA 352 1056 glucose-1-phosphate 

cytidylyltransferase 
3507263 3508318 

wbuL 212 636 Putative acetyltransferase 3508339 3508974 
neuB 358 1074 CMP-N-acetyl-neuraminic acid 

synthase 
3508967 3510040 

qnlB2 389 1167 UDP-N-acetylglucosamine 2-epimerase 3510047 3511213 
degT 384 1152 UDP-4-amino-4-deoxy-L-arabinose--

oxoglutarate aminotransferase 
3511210 3512361 

gne 397 1191 UDP-N-acetyl-alpha-D-glucosamine C6 
dehydratase 

3512377 3513567 

YedF 80 240 SirA-like protein/sulphurtransferase  3514623 3514862 
YedE 358 1074 putative inner membrane protein 

sulphur transport 
3514999 3516072 

gltP2 439 1317 glutamate/aspartate:proton symporter 3516353 3517669 
acs 653 1959 acetyl-CoA synthetase 3518596 3520554 
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Supplementary Figure 1 Maximum likelihood phylogeny and regions of recombination identified 
amongst Y. ruckeri isolates with Gubbins 

 
 
Supplementary Figure 2. Root to tip regression of substitutions against time (date of isolation) using 
TempEst. Regression was performed on trees constructed in RAxML by maximum likelihood 
analysis of alignments of core-genome SNPs after recombination filtering using Felsentein’s 
correction for ascertainment bias (See text). Where date of isolation was unknown, data were 
excluded from the analysis. Where SNP profiles for isolates were identical, one representative was 
retained in the analysis. A) Set of Australasian and exotic isolates isolates (n=42): Substitution rate 
= 1.10 x 10-6, correlation (Pearson) 0.5224, R2 = 0.2729, residual mean = 4.56 x 10-10. B) Atlantic 
salmon serotype O1b isolates (n=38) from Tasmania: Substitution rate = 4.87 x 10-7, correlation = 
0.827, R2 = 0.6846, residual mean = 6.25 x 10-12.   
 
 

 


