
Supplemental information 

 

Supplemental Figure 1. Growth of S. aureus ATCC29213 in supMH and MEM.  Growth of 

bacteria inoculated into supMH or MEM media, as measured by photometric absorbance at 

600nm.  Error bars indicate standard deviation of four separate measurements. 

 

Supplemental Figure 2.  Colony morphologies of evolved isolates.  A.  Growth phenotypes on 

blood agar.  Isolate labels in blue indicate SCV morphology, and black labels are consistent with 

the parental strain.  B.  Pigmentation phenotypes on blood agar.  Isolate labels in dull yellow 

indicate moderately increased pigmentation, bright yellow show markedly increased 

pigmentation, and black labels are consistent with the parental strain. 

 

Supplemental Table 1.  Virulence activity of selected isolates relative to parental strain. 

Supplemental Table 2.  Growth rates of selected isolates relative to parental strain. 

Supplemental Table 3.  Real time PCR quantitation of sigB and agrA  expression relative to 

parental strain. 

Supplemental Table 4.  Coding variants identified by whole genome sequencing.   

Supplemental Table 5.  Virulence of single gene mutant strains relative to parental strain. 

Supplemental Table 6.  Virulence activity of complemented gene deletion strains. 

Supplemental Table 7.  Virulence activity of epistatic mutations. 

Supplemental Table 8.  Oligonucleotide sequences 
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Strain
Fold 

difference SEM p*
Fold 

difference SEM p*
Cyto A10.1 1.11 0.02 4.78E-04 1.96 0.94 2.57E-01
Cyto A10.2 1.16 0.03 8.48E-04 0.49 0.14 1.78E-03
Cyto B10.1 1.10 0.03 6.83E-03 1.73 0.52 6.70E-02
Cyto B10.2 1.18 0.04 4.04E-03 0.91 0.25 6.31E-01
Cyto C10.1 1.22 0.04 7.74E-04 0.87 0.05 1.58E-01
Cyto C10.2 1.08 0.01 3.98E-04 1.46 0.05 2.62E-04
Cyto D10.1 1.09 0.02 2.38E-04 0.52 0 8.39E-05
Cyto D10.2 1.12 0.02 5.19E-06 2.89 0.59 8.50E-04
Cyto E10.1 1.11 0.02 1.35E-03 1.09 0.61 8.81E-01
Cyto E10.2 1.09 0.02 3.34E-03 1.74 0.08 9.87E-06
Cyto F10.1 1.07 0.03 3.72E-02 19.48 1.98 7.24E-08
Cyto F10.2 1.06 0.02 6.63E-03 4.75 0.34 2.32E-08
Cyto A20.1 1.14 0.04 1.06E-03 10.93 1.75 7.50E-06
Cyto A20.2 1.08 0.03 2.35E-02 6.14 0.53 6.08E-08
Cyto B20.1 1.07 0.03 1.37E-02 5.66 0.7 2.00E-06
Cyto B20.2 1.03 0.03 3.93E-01 18.48 0.61 1.32E-12
Cyto C20.1 1.06 0.04 1.37E-01 10.75 1.59 3.77E-06
Cyto C20.2 0.97 0.03 4.23E-01 91.58 6.94 2.83E-09
Cyto D20.1 1.31 0.11 8.68E-03 11.58 0.62 2.32E-10
Cyto D20.2 1.28 0.08 1.66E-03 47.7 11.4 1.15E-04
Cyto E20.1 1.09 0.04 1.75E-02 152 11.98 3.95E-09
Cyto E20.2 1.03 0.04 4.92E-01 58.68 7.99 8.05E-07
Cyto F20.1 1.30 0.10 9.02E-03 30.2 2.9 3.51E-08
Cyto F20.2 1.45 0.13 2.37E-03 33.33 1.81 1.29E-10
Intra A14.1 1.12 0.13 1.67E-05 6.2 1.3 1.33E-03
Intra A14.2 1.54 0.11 1.30E-14 151.25 11.91 3.92E-09
Intra B14.1 1.10 0.50 2.90E-01 1.73 0.33 1.17E-02
Intra B14.2 1.18 0.26 2.73E-03 1.75 0.51 1.42E-01
Intra C14.1 1.16 0.43 7.50E-02 15.65 1.21 5.90E-09
Intra C14.2 1.20 0.22 1.22E-03 13.33 1.22 3.44E-08
Intra D14.1 1.16 0.27 7.89E-05 6.41 2.11 3.37E-03
Intra D14.2 1.04 0.23 1.96E-01 10.23 0.91 3.32E-08
Intra E14.1 1.14 0.37 1.52E-02 8.74 1.01 5.04E-07
Intra E14.2 1.13 0.31 3.80E-02 5.87 0.7 7.10E-06
Intra F14.1 1.14 0.12 1.76E-04 20.68 3.59 9.96E-06
Intra F14.2 1.19 0.16 1.54E-04 18.03 1.6 2.07E-08
Intra A24.1 1.75 0.24 4.08E-11 109.03 9.09 7.00E-09
Intra A24.2 1.62 0.71 1.34E-06 66.38 2.58 4.13E-12
Intra B24.1 1.79 0.32 1.88E-11 205.25 5.76 1.44E-13
Intra B24.2 1.91 0.43 3.38E-07 78.73 16.23 3.14E-05
Intra C24.1 1.26 0.25 2.73E-07 9.93 0.94 6.66E-08
Intra C24.2 1.27 0.45 7.15E-04 25.5 1.65 8.19E-10
Intra D24.1 1.78 0.27 1.48E-07 109 1.91 1.41E-15
Intra D24.2 1.83 0.48 1.28E-05 717.75 80.16 3.67E-07
Intra E24.1 1.27 0.61 1.57E-02 80.88 7.5 2.04E-08
Intra E24.2 1.25 0.38 6.39E-03 47.7 4.03 8.99E-09
Intra F24.1 1.20 0.21 1.03E-03 36.98 1.43 4.31E-12
Intra F24.2 1.07 0.43 3.85E-01 5.83 1.2 1.23E-03

*2-tailed T-test

Supplemental Table 1: Virulence activity of selected isolates relative to parental 
strain

Cytotoxicity Invasiveness



Strain
Fold 

Difference SEM p*
Cyto A10.1 0.88 0.01 4.32E-01
Cyto A10.2 0.82 0.02 2.63E-01
Cyto B10.1 0.89 0.00 4.86E-01
Cyto B10.2 0.93 0.09 6.65E-01
Cyto C10.1 0.92 0.05 6.20E-01
Cyto C10.2 1.09 0.06 5.74E-01
Cyto D10.1 1.02 0.04 9.15E-01
Cyto D10.2 1.07 0.04 6.38E-01
Cyto E10.1 1.09 0.03 5.82E-01
Cyto E10.2 1.03 0.04 8.47E-01
Cyto F10.1 1.21 0.05 2.42E-01
Cyto F10.2 1.24 0.06 4.09E-01
Cyto A20.1 0.87 0.07 4.21E-01
Cyto A20.2 0.95 0.07 7.73E-01
Cyto B20.1 1.00 0.03 9.95E-01
Cyto B20.2 1.27 0.12 1.30E-01
Cyto C20.1 1.09 0.03 5.71E-01
Cyto C20.2 1.01 0.07 9.54E-01
Cyto D20.1 1.35 0.01 3.83E-02
Cyto D20.2 1.32 0.01 5.45E-02
Cyto E20.1 1.37 0.03 3.18E-02
Cyto E20.2 1.16 0.03 3.29E-01
Cyto F20.1 1.20 0.04 2.13E-01
Cyto F20.2 1.13 0.02 3.37E-01
Intra A14.1 1.73 0.10 6.30E-04
Intra A14.2 1.67 0.05 8.96E-04
Intra B14.1 1.44 0.04 1.35E-02
Intra B14.2 1.49 0.07 8.25E-03
Intra C14.1 1.82 0.02 1.32E-04
Intra C14.2 1.67 0.04 8.46E-04
Intra D14.1 1.29 0.11 1.05E-01
Intra D14.2 1.54 0.10 5.27E-03
Intra E14.1 1.57 0.07 3.32E-03
Intra E14.2 1.74 0.04 3.43E-04
Intra F14.1 1.94 0.07 4.67E-05
Intra F14.2 1.65 0.01 1.03E-03
Intra A24.1 1.85 0.09 2.06E-05
Intra A24.2 1.78 0.11 1.54E-05
Intra B24.1 1.49 0.08 8.42E-03
Intra B24.2 1.69 0.05 6.83E-04
Intra C24.1 1.66 0.04 8.99E-04
Intra C24.2 1.56 0.13 5.31E-03
Intra D24.1 1.88 0.10 1.30E-04
Intra D24.2 1.78 0.05 2.50E-04
Intra E24.1 1.55 0.04 3.41E-03
Intra E24.2 1.23 0.07 1.67E-01
Intra F24.1 1.90 0.02 5.52E-05
Intra F24.2 1.69 0.16 1.84E-03

*2-tailed T-test

Supplemental Table 2:  Growth rate of selected 
isolates relative to parental strain



Sample Name Average 
RQ SEM p* Average 

RQ SEM p*

Cyto A10.1 0.85 0.01 2.02E-02 1.20 0.02 1.24E-03
Cyto A10.2 1.02 0.02 7.28E-01 1.39 0.03 4.27E-04
Cyto B10.1 51.22 1.03 2.34E-06 0.73 0.01 1.71E-05
Cyto B10.2 8.37 0.31 4.39E-05 1.32 0.02 1.27E-04
Cyto C10.1 3.59 0.07 8.97E-06 2.26 0.03 6.82E-06
Cyto C10.2 1.54 0.02 3.94E-04 2.01 0.02 1.58E-06
Cyto D10.1 2.38 0.03 5.57E-03 1.28 0.01 5.67E-05
Cyto D10.2 1.44 0.04 1.92E-01 1.78 0.05 2.13E-04
Cyto E10.1 3.24 0.16 2.09E-03 1.80 0.06 5.70E-04
Cyto E10.2 4.14 0.10 3.43E-04 2.24 0.14 2.15E-03
Cyto F10.1 1.41 0.04 2.17E-01 1.82 0.03 2.83E-05
Cyto F10.2 1.36 0.04 2.80E-01 2.09 0.03 7.35E-06
Cyto A20.1 1.19 0.01 1.18E-03 2.09 0.08 6.06E-04
Cyto A20.2 1.27 0.01 2.35E-04 2.10 0.02 7.67E-05
Cyto B20.1 1.37 0.00 4.95E-05 1.66 0.02 6.01E-04
Cyto B20.2 1.45 0.07 6.91E-03 1.39 0.16 1.32E-01
Cyto C20.1 4.87 0.06 7.93E-07 1.13 0.01 9.52E-02
Cyto C20.2 2.91 0.18 9.01E-04 2.47 0.03 3.46E-05
Cyto D20.1 1.29 0.02 8.65E-04 2.17 0.12 1.45E-03
Cyto D20.2 1.18 0.03 8.81E-03 1.85 0.03 3.52E-05
Cyto E20.1 1.56 0.13 2.33E-02 0.87 0.01 8.86E-03
Cyto E20.2 1.04 0.06 6.15E-01 1.45 0.02 2.16E-04
Cyto F20.1 1.22 0.08 8.06E-02 1.37 0.02 4.31E-04
Cyto F20.2 1.17 0.03 1.74E-02 1.28 0.02 1.03E-03
Intra A14.1 0.60 0.01 1.08E-04 0.90 0.04 8.14E-02
Intra A14.2 0.53 0.03 4.22E-04 0.96 0.03 3.19E-01
Intra B14.1 0.98 0.06 7.93E-01 1.05 0.06 5.27E-01
Intra B14.2 9.38 0.56 2.49E-04 0.79 0.03 3.00E-03
Intra C14.1 0.47 0.03 2.14E-04 1.28 0.02 5.78E-04
Intra C14.2 1.02 0.04 7.88E-01 0.87 0.01 7.27E-04
Intra D14.1 0.76 0.06 6.26E-02 1.07 0.05 4.73E-01
Intra D14.2 215.42 8.79 3.75E-05 1.74 0.04 5.52E-04
Intra E14.1 1.39 0.07 1.97E-02 0.96 0.01 4.66E-01
Intra E14.2 0.84 0.07 1.96E-01 1.23 0.13 2.61E-01
Intra F14.1 0.60 0.01 3.17E-03 1.00 0.03 9.41E-01
Intra F14.2 9.65 0.36 4.07E-05 0.51 0.01 1.17E-03
Intra A24.1 1.27 0.02 4.03E-04 1.09 0.01 1.70E-01
Intra A24.2 4.39 0.15 5.34E-05 1.10 0.02 1.72E-01
Intra B24.1 4.16 0.02 1.05E-08 1.22 0.05 4.60E-02
Intra B24.2 8.26 0.26 2.34E-05 1.09 0.02 1.74E-01
Intra C24.1 1.49 0.07 3.76E-03 1.15 0.02 6.43E-02
Intra C24.2 7.31 0.22 1.93E-05 1.01 0.02 9.52E-01
Intra D24.1 4.35 0.14 5.06E-05 1.48 0.03 3.33E-04
Intra D24.2 2.80 0.04 1.28E-05 1.17 0.04 2.76E-02
Intra E24.1 110.13 7.95 3.61E-04 2.43 0.06 3.37E-05
Intra E24.2 3.16 0.35 7.62E-03 1.22 0.03 5.74E-03
Intra F24.1 13.23 0.16 3.73E-07 1.12 0.02 5.70E-03
Intra F24.2 0.63 0.06 1.61E-02 0.86 0.03 1.33E-02

*2-tailed T-test

agrA sigB

Supplemental Table 3: Real time PCR quantitation of sigB  and agrA  
expression relative to parental strain



Supplemental Table 4:  Coding variants identified by whole genome sequencing.  

Reference_genome_ID Position Reference_allele Alternate_allele ATCC29213 Cyto A10.1 Cyto A10.2 Cyto A20.1 Cyto A20.2 Cyto B10.1 Cyto B10.2 Cyto B20.1 Cyto B20.2 Cyto C10.1 Cyto C10.2 Cyto C20.1 Cyto C20.2 Cyto D10.1 Cyto D10.2 Cyto D20.1 Cyto D20.2 Cyto E10.1 Cyto E10.2 Cyto E20.1 Cyto E20.2 Cyto F10.1 Cyto F10.2 Cyto F20.1 Cyto F20.2 Intra A14.1 Intra A14.2 Intra A24.1 Intra A24.2 Intra B14.1 Intra B14.2 Intra B24.1 Intra B24.2 Intra C14.1 Intra C14.2 Intra C24.1 Intra C24.2 Intra D14.1 Intra D14.2 Intra D24.1 Intra D24.2 Intra E14.1 Intra E14.2 Intra E24.1 Intra E24.2 Intra F14.1 Intra F14.2 Intra F24.1 Intra F24.2 Gene_ID Protein_accession Gene_function Comon_gene_nam
e mutation type Transcript_change Protein_change

CP007454 10109 A T 0* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 CH52_00195 AHM68762.1 phenylalanyl-tRNA 
synthase subunit beta

pheT missense_variant c.328T>A p.Leu110Ile

CP007454 28967 G A 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_00305 AHM68781.1 protoheme IX 
farnesyltransferase

ctaB missense_variant c.665C>T p.Thr222Ile

CP007454 90950 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_00595 AHM68836.1 quinol oxidase subunit 
4

qoxD missense_variant c.247G>A p.Gly83Arg

CP007454 109040 CAA CA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_00665 AHM68850.1

2-succinyl-5-enolpyruvyl-
6-hydroxy-3-

cyclohexene-1-
carboxylate synthase

menD frameshift_variant c.272delT p.Ile91fs

CP007454 109059 CGCTGCTGCTG CGCTGCTG 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_00665 AHM68850.1

2-succinyl-5-enolpyruvyl-
6-hydroxy-3-

cyclohexene-1-
carboxylate synthase

menD
conservative_inframe_d

eletion c.245_247delCAG p.Ala83del

CP007454 110570 G C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 CH52_00670 AHM68851.1 isochorismate synthase menF stop_gained c.92C>G p.Ser31*
CP007454 218876 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 CH52_01170 AHM68945.1 NADH dehydrogenase ndhC (ndh-II) missense_variant c.1157C>T p.Ala386Val

CP007454 254322 G T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 CH52_01370 AHM68983.1 peptidase none (unnamedA) missense_variant c.1458C>A p.Asp486Glu

CP007454 408404 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 0 0 0 0 1 1 0 0 1 1 1 1 1 1 CH52_02240 AHM69145.1 histidine kinase saeS missense_variant c.316G>A p.Ala106Thr

CP007454 469373 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_02540 AHM69205.1 nucleoside permease nupC missense_variant c.566C>T p.Pro189Leu

CP007454 492289 C T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 CH52_02650 AHM69226.1

monovalent cation/H+ 
antiporter subunit A, 

subunit A of antiporter 
complex involved in 
resistance to high 

concentrations of Na+, 
K+, Li+ and/or alkali

mnhA missense_variant c.2164G>A p.Ala722Thr

CP007454 559351 T C 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_02950 AHM69286.1 hydrolase sdrC missense_variant c.1406A>G p.Glu469Gly
CP007454 574371 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_03015 AHM69299.1 elongation factor Tu tufA missense_variant c.812C>T p.Ala271Val

CP007454 645412 GAGCCA GA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR frameshift_variant c.627_630delTGGC p.Gly210fs

CP007454 645421 GCCC GCC 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR frameshift_variant c.620delG p.Ala208fs

CP007454 645478 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR missense_variant c.566C>T p.Ser189Leu

CP007454 645688 C T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR missense_variant c.356G>A p.Gly119Asp

CP007454 645845 C G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR missense_variant c.199G>C p.Gly67Arg

CP007454 645934 T G 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR missense_variant c.110A>C p.Lys37Thr

CP007454 645956 CAAAAAAA CAAAAAAAA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_03355 AHM69351.1 purine operon repressor purR frameshift_variant c.80_81insT p.Val30fs

CP007454 999085 ATTTTTT ATTTTT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_04965 AHM69661.1 polysaccharide 
biosynthesis protein 

epsC frameshift_variant c.993delA p.Asn333fs

CP007454 1331601 C A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 CH52_06410 AHM69943.1 carboxylesterase ypfH stop_gained c.311C>A p.Ser104*
CP007454 1605361 CG C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 CH52_07660 AHM70189.1 membrane protein none (unnamedB) frameshift_variant c.123delC p.Phe41fs

CP007454 1763059 GAGCAGCAGCAGC GAGCAGCAGC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_08460 AHM70338.1
UDP-N-

acetylglucosamine 1-
carboxyvinyltransferase

murA1
disruptive_inframe_dele

tion
c.1131_1133delAG

C p.Ala378del

CP007454 1898877 C T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 CH52_09250 AHM70475.1 GntR family 
transcriptional regulator

yhcF missense_variant c.221C>T p.Thr74Ile
CP007454 2262262 C T 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_11085 AHM70790.1 shikimate 

dehydrogenase
aroE missense_variant c.545C>T p.Thr182Ile

CP007454 2358053 AC A 0 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_11615 AHM70893.1 transcriptional regulator srrA frameshift_variant c.492delC p.Tyr164fs
CP007454 2358149 TAA TA 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_11615 AHM70893.1 transcriptional regulator srrA frameshift_variant c.589delA p.Arg197fs
CP007454 2358256 G T 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_11615 AHM70893.1 transcriptional regulator srrA stop_gained c.694G>T p.Glu232*

CP007454 2381203 CAAAAAAA CAAAAAA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_11720 AHM70914.1
ubiquinone biosynthesis 
methyltransferase UbiE ubiE frameshift_variant c.63delA p.Lys21fs

CP007454 2440913 G A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CH52_11895 AHM70948.1 matrix-binding protein ebh missense_variant c.19864G>A p.Glu6622Lys

CP007454 2478012 G T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 CH52_12030 AHM70974.1

branched-chain amino 
acid ABC transporter 

substrate-binding 
protein

brnQ2 missense_variant c.592G>T p.Asp198Tyr

*0 indicates strain matches the reference genome, 1 indicates the presence of the alternate allele



Strain Fold 
Difference SEM p* Fold 

Difference SEM p

ATCC29213 ∆aroE 1.01 0.01 4.38E-01 0.28 0.07 5.47E-07
ATCC29213 ∆brnQ2 1.04 0.01 1.13E-03 0.17 0.05 1.65E-08
ATCC29213  ∆ctaB 1.03 0.02 1.11E-01 11.44 0.95 2.82E-13
ATCC29213 ∆menF 0.99 0.02 8.36E-01 1.00 0.14 9.56E-01

ATCC29213 mnhA  Ala722Thr 1.01 0.02 4.98E-01 0.37 0.10 1.38E-05
ATCC29213 ∆murA 1.07 0.02 1.00E-03 0.03 0.01 1.89E-10
ATCC29213 ∆nupC 1.02 0.01 9.94E-02 0.12 0.04 2.48E-09
ATCC29213 ∆purR 1.23 0.05 8.75E-05 8.81 0.36 1.46E-18
ATCC29213 ∆qoxD 1.11 0.02 1.89E-06 24.23 4.69 8.76E-06
ATCC29213 ∆saeS 1.00 0.01 9.94E-01 0.04 0.00 2.28E-10
ATCC29213 ∆ srrA 1.00 0.01 7.33E-01 0.07 0.01 4.24E-10

ATCC29213 tufA  Ala271Val 1.07 0.03 9.90E-02 0.05 0.01 3.07E-10
ATCC29213 ∆ubiE 0.96 0.02 6.15E-02 2.59 0.42 1.46E-04

ATCC29213 ∆unnamedA 1.04 0.02 2.38E-02 0.09 0.01 6.25E-10
ATCC29213 ∆unnamedB 1.07 0.02 2.46E-04 5.24 0.76 3.60E-06

ATCC29213 ∆yhcF 1.00 0.01 8.27E-01 0.43 0.03 2.24E-06
ATCC29213 ∆ypfH 1.02 0.02 2.83E-01 0.18 0.04 1.02E-08

JE2 ebH ::bursa aurealis 1.07 0.01 3.93E-04 2.02 0.39 3.53E-02
JE2 ndhC ::bursa aurealis 1.06 0.02 8.29E-03 16.60 4.21 3.78E-03
JE2 menD ::bursa aurealis 1.05 0.01 7.90E-03 1.83 0.53 1.39E-01
JE2 sdrC ::bursa aurealis 1.08 0.01 2.30E-05 7.94 0.47 1.09E-08

*2-tailed T-test

Supplementary Table 5:  Virulence of single gene mutant strains relative to parental strain.
Cytotoxicity Invasivness



Strain 
Background

Complemented 
Mutation

Fold 
Difference SEM p*

Fold 
Difference SEM p*

ATCC29213 
∆aroE aroE Thr182Ile 0.99 0.01 5.08E-01 4.20 0.74 3.59E-02

ATCC29213 
∆saeS saeS  Ala106Thr 0.99 0.03 7.57E-01 2.33 0.09 5.85E-04

ATCC29213 
∆brnQ2 brnQ2  Asp198Tyr 1.02 0.02 3.93E-01 1.55 0.47 9.14E-02

ATCC29213 
∆nupC nupC  Pro189Leu 0.98 0.04 5.91E-01 1.32 0.24 2.73E-01

ATCC29213 
∆unnamedA 

unnamedA 
Asp486Glu 1.05 0.05 8.20E-01 2.87 0.49 3.70E-02

ATCC29213 
∆yhcF yhcF Thr74Ile 0.96 0.02 1.16E-01 8.81 1.57 7.45E-04

ATCC29213 
∆ctaB ctaB Thr222Ile 1.05 0.04 6.36E-01 6.15 1.16 1.00E-03

*2-tailed paired t-test comparing mutant complementation vector to wild type complementation vector

Cytotoxicity Invasiveness

Supplemental Table 6: Virulence of complemented gene deletion strains



Strain
Fold difference 

relative to 
ATCC29213

SEM
Signfiicance 
relative to 

ATCC29213

Significance 
relative to 

double mutant*

Fold difference 
relative to 

ATCC29213
SEM

Signfiicance 
relative to 

ATCC29213

Significance 
relative to 

double mutant*
ATCC29213 tufA 

Ala271Val 1.23 0.05 8.67E-02 5.83E-02 0.07 0.01 7.50E-07 6.62E-06
ATCC29213 ∆purR 1.07 0.03 2.19E-01 1.15E-01 8.24 1.87 3.70E-02 6.73E-03
ATCC29213 tufA 
Ala271Val ∆purR 0.97 0.03 4.23E-01 N/A 18.32 2.63 5.85E-04 N/A

* 2-tailed T-test

Supplementary Table 7: Virulence activity of epistatic mutations
InvasivenessCytotoxicity



Supplementary Table 8.  Summary of oligonucleotides used
Oligonucleotide Name Oligonucleotide Sequence Purpose / Notes

TT_F AACAGTGGCGCCTGTCACTTTGCTTGAT Use to amplify TT element from pCN50.
TT_R TTATCTGAATTCAGGCGCGCCTATTCTAAATG Use to amplify TT element from pCN50.
aroE_expression_F_sbfI GTTTTT CCTGCAGG CCGCTTGAAAAATTATAACGAAGTT Use to amplify aroE for cloning into complementation vector
aroE_expression_R_xmaI GTTTTT CCCGGG ATCGGATCAATATTGTGTGCTAAAC Use to amplify aroE for cloning into complementation vector
Brnq2_expression_F_sbfI GTTTTT CCTGCAGG TGAAATTGTGAATAAAAGTCATCAGT Use to ampify BrnQ2 for cloning into complementation vector
Brnq2_expression_R_xmaI GTTTTT CCCGGG TCAAAGGACCGAATAAACAATCATA Use to ampify BrnQ2 for cloning into complementation vector
nupC_expression_F_sbfI GTTTTT CCTGCAGG ATATGGCCTTGAAAGTGTCTATGAT Use to ampify nupC for cloning into complementation vector
nupC_expression_R_xmaI GTTTTT CCCGGG GTCCAAGCATCTCACCTATATCAAT Use to ampify nupC for cloning into complementation vector
unnamedA_expression_F_sbfI GTTTTT CCTGCAGG ATAGCATGCAAATCAACACAAAGTA Use to ampify unnamedA for cloning into complementation vector
unnamedA_expression_R_xmaI GTTTTT CCCGGG TTCCTCCTTTTCTATCCGTAAAACT Use to ampify unnamedA for cloning into complementation vector
YhcF_expression_F_sbfI GTTTTT CCTGCAGG TACCAAAGATAAAGTGTTGTTGGTG Use to ampify yhcF for cloning into complementation vector
YhcF_expression_R_xmaI GTTTTT CCCGGG ATCCTTGAGGAACTTTGAAAGAGAT Use to ampify yhcF for cloning into complementation vector
ctaB_expression_f_sbfI GTTTTTCCTGCAGGATTTGGATAATTTTTAACAGCGTGA Use to ampify ctaB for cloning into complementation vector
ctaB_expression_r_xmaI GTTTTTCCCGGGATTGCACTAATGACAATACATGTCG Use to ampify ctaB for cloning into complementation vector
sae_operon_F_sbfI GTTTTT CCTGCAGG GTTGTTTTTATTGTGGCAAAAGGTTTAT Use to amplify sae operon for cloning into complementation vector
sae_operon_R_xmaI GTTTTT CCCGGG GCTATTTTATTATTAGGCGGCATACAG Use to amplify sae operon for cloning into complementation vector
BrnQ2_amp_FV2 TGTAGTGTTATTCCACGAGACGTTA Use to amplify brnQ2 lcous for confirmation of successful recombineering
BrnQ2_amp_RV2 CTTGATACATTGAAACGTACACAGC Use to amplify brnQ2 lcous for confirmation of successful recombineering
srrA_amp_FV2 TGATAGAGGACGTACAGTGGTTACA Use to amplify srrA lcous for confirmation of successful recombineering
srrA_amp_RV2 CCAGGATTTTCAATTAATGTTTGAC Use to amplify srrA lcous for confirmation of successful recombineering
ctaB_amp_F TGTGTTTATTTATTTCCCTTTTCCA Use to amplify ctaB lcous for confirmation of successful recombineering
ctaB_amp_R CTTTTTGCCAAACAATTTATACACC Use to amplify ctaB lcous for confirmation of successful recombineering
MenF_amp_F GTAAAAACTTGCTTCGTTAAAGCTG Use to amplify menF lcous for confirmation of successful recombineering
MenF_amp_R GACGTGAAAAATTGCAAGATAAGTT Use to amplify menF lcous for confirmation of successful recombineering
MnhA_amp_F AATTTGCCCTAAAATTGGAAGTATC Use to amplify mnhA lcous for confirmation of successful recombineering
MnhA_amp_R AATGAAGACGTTCTTTTTCAATCAC Use to amplify mnhA lcous for confirmation of successful recombineering
MurA1_amp_F TTACAATACTCGACGCAGGTAAAAT Use to amplify murA lcous for confirmation of successful recombineering
MurA1_amp_R AGCTTTAGCATTACCTTTACCGATT Use to amplify murA lcous for confirmation of successful recombineering
TufA_amp_F TTTTACAATGTCCAAGACTCAACAA Use to amplify tufA lcous for confirmation of successful recombineering
TufA_amp_R ATCACTATGCTGAAGTTCCAAAATC Use to amplify tufA lcous for confirmation of successful recombineering
UbiE_amp_F ACATTCCATTTTGATTGGAGATTTA Use to amplify ubiE lcous for confirmation of successful recombineering
UbiE_amp_R TGTTGACTGTTAAATTGGTCTTGAA Use to amplify ubiE lcous for confirmation of successful recombineering
unnamedA_amp_F ATATGGCGATAAATCTGTGATGAAT Use to amplify unnamedA lcous for confirmation of successful recombineering
unnamedA_amp_R TGGAACAAGCCTAGAGTTAGAAGAA Use to amplify unnamedA lcous for confirmation of successful recombineering
unnamedB_amp_F TTATTTGGTCAAGATAGCTCGATTC Use to amplify unnamedB lcous for confirmation of successful recombineering
unnamedB_amp_R AGAATCACAAGATGTTGTCGTGTTA Use to amplify unnamedB lcous for confirmation of successful recombineering
agrA-F TGA TAA TCC TTA TGA GGT GCT T Real time PCR primer for agrA
agrA-R CAC TGT GAC TCG TAA CGA AAA Real time PCR primer for agrA
sigB-F TGT CGT GAG ATG TTG GG Real time PCR primer for sigB
sigB-R CGA TTC CAG CTT CAT GT Real time PCR primer for sigB
16SrRNA-F CTGGAACTGAGACACGGTCC Real time PCR primer for 16sRRNA
16SrRNA-R GACCTTCATCACTCACGCGG Real time PCR primer for 16sRRNA

BrnQ2_deletion_oligo
T*T*A*T*TCCTGTTGATATTTAATTGGATCTTGTTTTACAAATATGCCCATA
GCGAAGAGCGTAAACCCAATGACCCATGTATTTTTATTCAT Use to engineer brnQ2 deletion in S. aureus

srrA_deletion_oligo
C*T*A*T*TTAGCCGGCTCATCATTAGATTTAACCTCAAATTTATACCCTCTG
ATTCTATCCTCATCATCTACGATAAGTATTTCGTTCGACAT Use to engineer srrA deletion in S. aureus

ctaB_deletion_oligo
C*T*A*G*ATCAAAGTAAGTAATGAAACAATTACAGCTAACACGAAAAAGTTA
ACTCTGCTAATATTTTGTGACAAAGTATGCTCTTTGCTCAT Use to engineer ctaB deletion in S. aureus

MenF_deletion_oligo
T*T*A*T*GATTTCCCATTCATATCGACTCCTAATGCATTCATCATAGGATAT
ATCTCTTTGACAATATCGTCCTCTAATACGCCCGTAGCCAT Use to engineer menF deletion in S. aureus

unnamedA_deletion_oligo
C*T*A*T*CCGTAAAACTGGTAATAATTTTTAATAAGTTCGTACATAATTACAG
GTGCGCCATTACCTTTAGGTGGTTTAATAGTTATTGTCAT Use to engineer unnamedA deletion in S. aureus

mnhA_Ala722Thr_repair_up
C*A*A*A*AAAAGAGAAATAATTAAAATTTCTGTATCACTCTTGATGaCtCTaAT
gGTTGTATCATTAATTTTTATTACACAACAAACAGATGG

Use to engineer  mnhA Ala722Thr mutation in S. aureus. Lower case indicates 
mismatches.

tufa_ Ala271Val_repair_top
G*T*T*G*AAATGTTCCGTAAATTATTAGACTACGCTGAAGtaGGaGAtAAtATa
GcaGCATTATTACGTGGTGTTGCTCGTGAAGACGTACAA

Use to engineer  tufA Ala271Val mutation in S. aureus.  Lower case indicates 
mismatches.

unnamedB_deletion_oligo
T*T*A*G*AATAATACGATGGTTAAGATGAAATATATGACAAAGATAAAAACAA
TTAGATAAAGTATTGCTAGTAAAATCAGATAAAATTGCAT Use to engineer unnamedB deletion in S. aureus

MurA1_deletion_oligo
T*T*A*A*TCGTTAATACGTTCAATGTCTGCACCTAATTGCTTCAATTTTTCA
CCCGTTAATTTATTTCCACCTTTGATTACTATTTTATCCAT Use to engineer murA deletion in S. aureus

UbiE_deletion_oligo
T*T*A*A*TCACCTTTGGTATTATCTTTTTCTTTATAGCCAAGGTGCATAAAA
ACGCGATGTACTTGCTCTTTATTTGCTTTATTGTCAGCCAT Use to engineer ubiE deletion in S. aureus

ctaB_v2_sgRNA_down AAAACACTAACATCATACCAAAACCG Targets to PAM internal to ctaB deletion
ctaB_v2_sgRNA_up AGCTCGGTTTTGGTATGATGTTAGTG Targets to PAM internal to ctaB deletion
MenF_sgRNA_down AAAACCAATCTGAGAAACATCATCCG Targets to PAM internal to menF deletion
MenF_sgRNA_up AGCTCGGATGATGTTTCTCAGATTGG Targets to PAM internal to menF deletion
unnamedA_v2_sgRNA_down AAAACCTCTCGTTCGGATGCAATCCG Targets to PAM internal to unnamedA deletion
unnamedA_v2_sgRNA_up AGCTCGGATTGCATCCGAACGAGAGG Targets to PAM internal to unnamedA deletion
MnhA_sgRNA_down AAAACTTGGCACCACATGTTTCGCCG Targets to PAM adjacent to engineered missense mutations in mnhA deletion
MnhA_sgRNA_up AGCTCGGCGAAACATGTGGTGCCAAG Targets to PAM adjacent to engineered missense mutations in mnhA deletion
TufA_sgRNA_down AAAACATGATTTCAACTTCTTCACCG Targets to PAM adjacent to engineered missense mutations in tufA deletion
TufA_sgRNA_up AGCTCGGTGAAGAAGTTGAAATCATG Targets to PAM adjacent to engineered missense mutations in tufA deletion
unnamedB_sgRNA_down AAAACGTCACTTCGACATTGCCGCCG Targets to PAM internal to unnamedB deletion
unnamedB_sgRNA_up AGCTCGGCGGCAATGTCGAAGTGACG Targets to PAM internal to unnamedB deletion
MurA1_sgRNA_down AAAACCCAGGCAATGCAACAATACCG Targets to PAM internal to murA deletion
MurA1_sgRNA_up AGCTCGGTATTGTTGCATTGCCTGGG Targets to PAM internal to murA deletion
srrA_sgRNA_down AAAACCCTGGATACCATCCATTTCCG Targets to PAM internal to srrA deletion
srrA_sgRNA_up AGCTCGGAAATGGATGGTATCCAGGG Targets to PAM internal to srrA deletion
UbiE_sgRNA_down AAAACCCTGTAAAACTACGTACTCCG Targets to PAM internal to ubiE deletion
UbiE_sgRNA_up AGCTCGGAGTACGTAGTTTTACAGGG Targets to PAM internal to ubiE deletion
BrnQ2_sgRNA_down AAAACAATAATGGTAAACCAATCCCG Targets to PAM internal to brnQ2 deletion
BrnQ2_sgRNA_up AGCTCGGGATTGGTTTACCATTATTG Targets to PAM internal to brnQ2 deletion

*Asterisk (*) indicates phosphothioate bond

PCR and Cloning Oligonucleotides

Recombineering Oligos*

Counterselection Oligonucleotides
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