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Figure 2.4. CGView blast comparison of S. agnetis 908, 1379, NEDS, and 1416
genomes. The S. agnetis 908 2.4 Mbp chromosome was the reference for blastn
comparisons with S. agnetis cattle isolate 1379 (pink), and chicken isolates; NEDS
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Figure 2.5. CGView blastn comparison of S. agnetis 1379, CBMRN, 908 and 1416
genomes. The S. agnetis 1379 2.4 Mbp chromosome was the reference for blastn
comparisons with S. agnetis cattle isolate CBMRN (pink), and chicken isolates; 908
(green), and 1416 (blue). All other details are as in Figure 2.3 legend.
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CHAPTER 3

Optimization of Factors and Conditions for Electroporation of the Emerging Pathogen

Staphylococcus agnetis.
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Chapter 3: Optimization of Factors and Conditions for Electroporation of the Emerging

Pathogen Staphylococcus agnetis.

Abstract

An electroporation procedure has been optimized for DNA transformation of Staphylococcus
agnetis. We reported that chicken S. agnetis osteomyelitis isolates are closely related to cattle
subclinical mastitis isolates, but we could not discern any particular genes as specific for the
jump of S. agnetis from cattle to chickens. Molecular genetic investigations of this organism will
facilitate identification of the determinants of virulence and host-specificity for this emerging
pathogen. No transformation protocol has been described for S. agnetis. Therefore, we have
optimized an electroporation method for DNA transformation so that we regularly obtain 10 to
20 transformants per ng using a Gram'/Gram™ shuttle vector. The optimized protocol works on
multiple different isolates of S. agnetis and provides a quick and reproducible method for

molecular manipulation of this emerging pathogen.

Running Title: Electroporation of S. agnetis

Importance

Staphylococcus agnetis has been recently recognized as a significant pathogen in chickens and
associated with mastitis in cattle. To better understand the biology of this emerging disease-
causing bacterial species, we have developed a reliable method for introducing DNA for genetic

manipulation.

Keywords: electroporation, Staphylococcus agnetis, transformation, pathogen.
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Introduction.

Staphylococcus agnetis is a coagulase-variable, Gram-positive bacterium originally identified
with subclinical mastitis in cattle (1-3). More recently, this organism has been cultured from
organs, blood, and bones in diseased chickens (4-6). Whole genome analyses have revealed that
the chicken isolates derive from a single clade in the cattle isolates, but detailed genome
comparisons failed to identify any particular virulence genes acquired or lost in the jump from

cattle to chickens (6).

Conversely, genome comparisons of isolates of Staphylococcus aureus from humans and
chickens had suggested that mobile genetic elements were likely associated with the change in
host (7). Our research group has identified one particular chicken isolate, S. agnetis 908, that
readily infects broiler chickens (4, 8, 9). Bacteria translocate across epithelial barriers and gain

access to the blood (8, 10).

If bacteria can survive in the blood some will colonize of the growth plates of the
proximal heads of the rapidly growing leg bones leading to necrosis known as bacterial
chondronecrosis with osteomyelitis (BCO), one of the most prevalent forms of lameness in
chickens and one of the most serious animal welfare issues in the industry (11). BCO-lameness

has been associated with a number of different bacterial species (12-17).

However, there is little known about the determinants of host or tissue specificity. S.
agnetis 908 appears to be highly adapted for these processes since administration of 10° CFU/ml
in drinking water at 20 days of age leads to >50% BCO-lame broilers by 56 days of age (9, 18).
This same isolate also triggers accumulation of double-stranded RNA in human and chicken

bone osteoblasts leading to apoptosis (19). In order to further investigations of the virulence
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determinants and host range determinants in S. agnetis we have optimized an electroporation

system for transformation of this emerging pathogen.

Materials and Methods.

Media.

Media used in these investigations were: B2 (23, 24), Tryptic Soy Broth (Difco, Becton,
Dickinson and Company, Franklin Lakes, NJ), Luria—Bertani (per liter: 10 g Tryptone, 5 g Yeast

Extract, 5 g NaCl), and Brain Heart Infusion (Difco).

Bacterial cultures.

S. agnetis isolates utilized included S. agnetis 908 isolated from a chicken BCO lesion at the
University of Arkansas Poultry Research farm (4). S. agnetis 1379 and 1387 were isolated from
dairy cow mammary gland/milk, and provided by Dr. John Middleton, University of Missouri.
Genomes for these organisms have been deposited with NCBI and have been described (6).
Stocks were maintained on tryptic soy agar slants (Becton, Dickinson and Company, Franklin

Lakes, NJ) and archived at -80 °C in tryptic soy broth plus 40% glycerol.

Optimized preparation of electrocompetent cells and electroporation.

Six ml of an overnight culture in B2 broth was diluted into 100 ml prewarmed B2 broth and
grown at 37 °C with shaking to an ODego of 0.4-0.6. The flask was then swirled in an ice water

slurry for 5 min. Cells were collected (all centrifugation was 2672 x g for 5 min, at 4 °C), and
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washed by resuspension in 75 ml ice-cold sterile water, then pelleted. Cells were resuspended in
50 ml ice-cold 0.5 M sucrose and incubated on ice for 30 minutes. This was followed by
centrifugation and resuspension in 15 ml ice-cold 0.5 M sucrose, and then in 3, 1.5 ml and finally
0.4 ml ice-cold EP (10% glycerol, 1.1 M sucrose). The final suspension was incubated on ice for
5 min, and aliquoted at 90 pl. Cells were either used directly for electroporation, or stored at —80
°C. Frozen cells were thawed on ice for 10 min, incubated at room temperature for 25 min. For
electroporation, the freshly prepared or thawed cell suspension, was transferred to a sterile 0.5 ml
tube, and pelleted. The majority of the supernatant was aspirated and discarded, then the cells
were resuspended by gently pipetting up and down. The tube was placed in a 50 °C thermocycler
block for 2 min, incubated at room temperature for 2 min, cells pelleted, and then resuspended in
400 ul room temperature EP. The cells were pelleted, and then resuspended in 90 ul room
temperature EP, and incubated at room temperature for 30 min. The shuttle vector, plasmid
pLI50 (20), was used for determining transformation frequency. The plasmid was isolated from
Escherichia coli TB1 by standard alkaline SDS methods (29), and dissolved in sterile water.
Plasmid was added (35 — 135 ng/ul) to the cells, mixed gently by pipetting, and the tube
incubated at room temperature for 25 min before transferal to a 2 mm gap electroporation
cuvette. Electroporation used a Gene Pulser (BioRad, Hercules, CA) programmed to 2 kV, 25
puFd, 200 Ohms. Time constants ranged from 3.8 - 4.4 ms. After electroporation, the cuvette was
rinsed with 900 ul 37 °C B2 broth without antibiotics and the contents transferred to a 14 ml
sterile culture tube, incubated 5 min at room temperature, and then at 37 °C with shaking for 2
hours. Aliquots were plated on tryptic soy agar containing 12ug/ml chloramphenicol and

incubated overnight at 37 °C for plate counts and calculation of transformation efficiency.
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Results and Discussion.

For developing a transformation system, we used the Gram"/Gram" shuttle vector pLI50
(courtesy of M. Smeltzer, University of Arkansas for Medical Sciences) (20). A review of the
literature identified a protocol for S. carnosus which included a heat treatment to temporarily

inactivate restriction systems (21).

Heat treatment to inactivate restriction system. For S. carnosus they identified 2 minutes at
56 °C as the highest heat treatment without significant loss of viability. We therefore subjected S.
agnetis 1379 to 2 minutes of heating using 2 degree steps from 46 to 60 °C. For 46, 48, 50, 52,
54, 56, and 58 °C (Table 3.1), transformation frequencies were recorded (Fig. 3.1). The
maximum heat treatment was 50 °C for no loss of viability, while using 52 °C the viability was

reduced by 50%.

Using the protocol of Léfblom et al. (21) with heat treatment of 50 °C, only 1 of 6
preparations produced any transformants and the transformation efficiency was 0.5 CFU/ng.
Therefore, we investigated specific parameters to improve the reliability and efficiency of the
protocol for S. agnetis (Table 3.2). The parameters we tested were primarily based on reports in

the literature regarding other Gram-positive species.

Growth media for preparing the log phase cultures. We tested Tryptic Soy Broth, Luria—
Bertani, B2, and Brain Heart Infusion growth media for preparing the log phase cultures (21).
The transformation efficiencies for these media were compared (Fig. 3.2). Even though B2 was

higher for transformation frequency, no significant difference was found.
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Centrifugation speeds. We examined the effect of centrifugation speeds of 2672, 3181, 3732,
6381, and 9738 x g, on the transformation frequency (22). For these speeds, we recorded the
transformation frequencies (Fig. 3.3). We found that centrifugation speeds higher than 2672 x g

resulted in reductions of 90% or more in transformation efficiency.

Temperature for the cell washes. We investigated 4 °C versus room temperature (20 °C) for the
cell washes (23, 24). Transformation frequencies were compared (Fig. 3.4). While RT was a
little higher for transformation frequency, no significant difference was detected in

transformation frequency.

Sucrose for the cell wash. We included a 30 minute soak in 0.5 M versus 1.1 M sucrose during
the wash (25). We found the transformation frequencies of 7.33 + 1.89 CFU/ng for 0.5 M, versus
10.5 £2.54 CFU/ng for 1.1 M sucrose (Fig. 3.5), which increased the transformation frequency

by 30%.

Incubation times of the cells with DNA at RT prior to electroporation. Incubation of the
mixture of cells and DNA at room temperature for 0, 10, 20, 25, and 30 min prior to
electroporation (23). The transformation frequencies were compared (Fig. 3.6). This determined

that the frequency increased by 16% with the longer incubation time.

108



Cuvettes. Comparison of 1.0 mm and 2.0 mm gap cuvettes (26). We found the frequencies of
4.81 + 1.32, and 13.5 + 2.90 CFU/ng, respectively (Fig. 3.7). It indicated that 2.0 mm cuvettes

resulted in an increase of 55% in transformation frequency.

Voltage (kV) for the electroporation. Comparison of 0.7, 1.75, and 2.0 kV for the
electroporation (27). We compared the transformation frequencies (Fig. 3.8), which indicated

that 2.0 kV resulted in an increase of 85 % in transformation frequency.

Time constants. Time constants varied from 2.7 to 4.4 milliseconds between preparations. For
the recorded time constants, the transformation frequencies were reported (Fig. 3.9). We found

few transformants when time constant is less than 3.8 milliseconds.

Growth media for recovering the cells after electroporation. We investigated antibiotic-free
B2, Tryptic Soy Broth, and Luria—Bertani media for recovering the cells after electroporation
(15). We recorded transformation frequencies (Fig. 3.10). We found that with B2 slightly higher

for transformation frequency.

Recovery-incubation times after electroporation. We evaluated recovery-incubation times of
45, 60, 120, and 180 min. The transformation frequencies were compared (Fig. 3.11). We

recovered few transformants at times shorter than 120 min.
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Comparison of fresh and frozen cells. We compared fresh and frozen cells from the same
preparation (28). The transformation frequencies were 5.95 + 2.12 CFUs/ng for fresh cells, and
5.05 + 1.06 CFUs/ng for frozen cells of the same cells preparation (Fig. 3.12). We determined
that even after 3 months of storage at -80 °C the transformation frequency only decreased by 15

%.

Reproducibility of the optimized protocol. The final protocol, as presented in Materials and
Methods, was repeated 35 times with S. agnetis 1379 and successfully produced competent cells
23 times with an average transformation frequency of 16 + 3 (s.e.m.) CFU/ng and a range of 0.3
to 55 CFU/ng. We also used this protocol to produce electrocompetent cells from S. agnetis 908
(4) and S. agnetis 1387 which, like 1379, was isolated from dairy cattle mastitis samples (6).
Transformation frequencies using pLI50 were 6 + 0.8 CFU/ng for 908 and 3.3 + 0.4 CFU/ng for
1387 (Fig. 3.13), and the ranges were 0.25 to 11.75 CFU/ng for 908 and 0.2 to 6.6 CFU/ng for

1387.

We have deposited genomes for these and other S. agnetis isolates in NCBI (4, 6), and
the transformation protocol we describe will be critical for dissecting critical questions
concerning host-pathogen specificity, and tissue tropism. The differences between the initial
protocol versus our optimized protocol are shown in Table 3.3. To the best of our knowledge,

this is the first protocol optimized for transforming DNA into the cells of S. agnetis isolates.
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Table 3.1. Determining the best temperature for heat induce the restriction system inactivation of
the host cells of S. agnetis.

# | Temperature CFU from 107 dilution CFU from 107 dilution
1 |46°C 59 45

2 [48°C 65 69

3 |50°C 75 74

4 |52°C 29 27

5 |54°C 5 2

6 |56°C 2 0

7 | 58°C 0 1

8 |60°C 0 0

Table 3.2. Summary of the effects of evaluated different parameters on the transformation
frequency for S. agnetis.

Step Parameter Effect* | Percent | Used Literature
of
change
Electrocompetent | Heat-treatment + 50% | 46 -60°C | Lotblom et al.
cell preparation 2006
Growth medium 0 TSB, LB, | Lofblom et al.
B2, BHI | 2006
Centrifugation (x g) — 90 % | >2672 x g | Schneewind
and Missiakas
2014
Washing 0
Temperature (°C)
Freshly prepared + 15 % Keersmaecker
cells et al. 2006
Treatments prior | Sucrose (M) + 30% |0.5-1.1 Kraemer and
to M Iandolo 1990
electroporation Preincubation time + 16 % | 0-30min | Augustin and
(min) Gotz 1990
Electroporation | Cuvette (mm) + 55% | 1-2mm | Grosser and
conditions Richardson
2016
Voltage (kV) + 85% [0.7-2.0 | Miller et al.
kV 1988
Time Constant — 45% | <3.8ms | Miller et al.
1988
Treatments post | Recovery medium + 15% | B2 Lofblom et al.
electroporation 2006
Recovery-incubation — 80% | <120 min
time
*Influences on transformation frequency: + = positive effect; — = negative effect; 0 = no

111



Table 3.3. The early and optimized protocols used to transfer DNA to Staphylococcus agnetis.

Procedure step Initial protocol Optimized protocol
Making electrocompetent Growth from ODs750.5-0.6 Growth from ODgso 0.4-
cells 0.6

Cells thawing 5 min on ice, 10 min at RT 10 min on ice, 5 min at
RT

Heat treatment 56 °C for 2 min then washed 50 °C for 2 min then
washed

Centrifugation 3000 x g, 10 min and 4 °C 2672 x g, 5 min and 4 °C

Electroporation solution 0.5 M sucrose & 10% glycerol 1.1 M sucrose & 10%
glycerol

Plasmid DNA amount 4000 ng 35-135ng

Cuvette size 1.0 mm 2.0 mm

Electroporate Volts 21 kV 2.0kV

Recovery 1 ml B2 broth, 37 °C, 48 hour 900 ul B2 medium, 37 °C,

2 hour

Transformation frequency

0.5 transformants/ng DNA

55 transformants/ng DNA
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Figure 3.1. Effect of heat inactivation of restriction system on the transformation
frequency.
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Figure 3.2. Effect of four growth media (TSB, LB, B2, BHI) on the
transformation frequency.
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Figure 3.3. Effect of different centrifugation speed on the transformation
frequency.
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Figure 3.4. Effect of cell washes in 4 °C versus RT on the transformation
frequency.
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Figure 3.5. Effect of soak in 0.5 M vs 1.1 M Sucrose during the cell wash on the
transformation frequency.
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Figure 3.6. Pre-incubation time of the cells with DNA before electroporation and
the transformants acquired per used plasmid DNA quantity (CFU/ng). Effect of
1.0 mm versus 2.0 mm gap cuvettes on the transformation frequency.
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Figure 3.7. Effect of 1.0, versus 2.0 mm (Cuvette) on the transformation
frequency.
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Figure 3.8. Effect of 0.7, 1.75, versus 2.0 volts (Kv) on the transformation
frequency.
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Figure 3.9. Time constant (ms) 2.7 to 4.4 and the transformation frequency.
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Figure 3.10. Effect of TSB, LB, and B2 recovery media on the transformation
frequency.
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Figure 3.11. Effect of 45, 60, 120, and 180 min recovery incubation time on the
transformation frequency.
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Figure 3.12. Effect of fresh and frozen cells from the same preparation on the
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CHAPTER 4

pfbA gene as a new genetic marker for Staphylococcus species identification.
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Chapter 4: pfbA gene as a new genetic marker for Staphylococcus species identification.

Abstract.

Staphylococcus species are the most common isolates from bacterial chondronecrosis with
osteomyelitis (BCO) infected broilers worldwide. The aim of this study was to develop a
reliable, rapid, highly sensitive quantitative PCR (qPCR) assay for identification of prevalence of
different Staphylococcus species in BCO samples. The qPCR targets the gene plasmin and
fibronectin-binding protein A (pfbA) gene which codes for a cell wall protein of 352 — 378
amino acids. A total of 762 Staphylococcus pfbA sequences were collected from NCBIL.
Phylogenetic trees based on pfbA gene revealed differentiation by species; consistent with whole
genome comparisons. PCR primers were designed to specifically amplify the pfbA gene from
select species. The qPCR protocol was confirmed in silico on 42 Staphylococcus species
available in the NCBI databases. We empirically validated the protocol discriminates nine
Staphylococcus species (chromogenes, aureus, hyicus, cohnii, saprophyticus, agnetis, lentus,
capitis, and epidermidis) isolated from lame birds. The qPCR procedure described is suitable for
quantifying these nine species from biological samples. Overall, the pfbA gene represents a

suitable PCR target for species discrimination for Staphylococcal species.
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Introduction.

Bacterial chondronecrosis with osteomyelitis (BCO) in broilers is a bacterial disease caused by a
range of bacteria including several species of Staphylococcus (Wideman and Prisby, 2013). The
Staphylococcus genus comprises Gram-positive bacteria that inhabit the skin, gastrointestinal
tract, mucosal membranes, and feces of animals, and can be found in environmental samples
(Piette & Vandenbergh 2009; Sampimon et al., 2009). Millions of dollars are lost annually in the
broiler industry due to lameness caused by BCO; a serious animal welfare problem (Shwani et
al., 2020; Al-Rubaye et al., 2017; Wideman and Prisby, 2013). In humans, Staphylococcus has
been associated with common skin infections including respiratory infections, food poisoning,
and abscesses. Staphylococci are spread by direct contact with an infected human or animal, by
handling a contaminated item, or by breathing in contaminated droplets in air (Masalha et al.,

2001).

Staphylococcus is the most common genus in the family Staphylococcaceae.
Staphylococcus includes 70 reported species. Around 60 Staphylococcus species have been
found in broilers (Szafraniec et al., 2022; Lory 2014). Many Staphylococcus species are
opportunistic pathogens of humans and animals, and induce infections of varying severity under
certain situations, such as, disruption of the skin, diminished immunity (Kloos and Bannerman,
1994; Kocianova et al., 2005). Bacteria of the genus Staphylococcus cause BCO-induced
lameness (Bradshaw et al., 2002). The coagulase test can be used to distinguish between various
types of Staphylococci. Staphylococci that produce hemolytic coagulase are sometimes referred
to as the pathogen S. aureus, which is considered a significant cause of BCO and mastitis,
whereas coagulase-negative Staphylococcus are usually classed together as "minor" pathogens

(National Mastitis Council 1999). The Streptococcus genus is mostly catalase-negative, and their
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cell wall composition is different to that of Staphylococci. Staphylococcus species are salt
tolerant and heat resistant (Wilkinson, 1997; Kloos and Lambe, 1991). There are two coagulase-
variable staphylococcal species that have been related to BCO lameness in broilers and bovine
mastitis: Staphylococcus hyicus and Staphylococcus agnetis, both of which are associated with
BCO lameness and bovine mastitis. S. hyicus was the first staphylococcal species to be
characterized as coagulase variable (Kloos and Schleifer, 1986). The pathogenic members of this
genus are known for the formation of coagulase enzymes which clot blood. This distinguishes
the coagulase positive strains, S. aureus (a human pathogen), and, Staphylococcus intermedius
and S. hyicus (two animal pathogens). Staphylococcus epidermidis is coagulase-negative, while
S. agnetis, and the species chromogenes, cohnii, hominis, lentus, and xylosus, are coagulase

variable (Kloos and Musselwhite, 1975).

Identification of bacterial species at the species level is critical in a variety of fields,
including microbiology, medicine, aquaculture, agriculture, and food safety (Marx 2016).
Traditionally, bacterial identification is carried out by evaluating colony morphology on different
culture media, antibiotic susceptibility, biochemical assays, phage susceptibility, killer toxin
susceptibility, and/or serology. These often lack sufficient variation to discriminate closely
related strains (Li et al., 2009). Traditional techniques can be time-consuming, labor-intensive, or
expensive. Biochemical classification by the API 20 (API test; bioMérieux, Hazelwood, MO,
USA), have a poor specificity for discriminating S. hyicus and S. agnetis in mastitis samples
(Zadoks et al., 2009). In 2012, the species S. agnetis was identified as a separate species from
cattle mastitis (Taponen et al., 2012). Previously, the majority of coagulase-positive non-aureus
Staphylococcus spp. were mostly identified as S. hyicus (Roberson et al., 1996). Biochemical

assays employed to separate staphylococcal species resulted in incorrect classifications of the
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bacteria. S. agnetis, S. chromogenes and S. hyicus were not identified as different staphylococcal
species, until 1986 (H4jek et al., 1986), since they are highly similar, it was hard to tell them
apart (Adkins et al., 2017). Development of rapid and accurate methods for staphylococcal

identification are therefore warranted (Rebroova et al., 2017).

Molecular based approaches for distinguishing Staphylococcal species are preferable to
biochemical methods (Zadoks & Watts 2009). Analysis of the 16S rDNA gene sequence is the
most popular approach currently available, in the identification and classification of bacteria,
(Becker et al., 2004). Based on 16S rDNA gene sequences, phylogenetic studies of members of
the Staphylococcaceae family revealed the existence of paraphyletic and polyphyletic genera.
Therefore, based on 16S rDNA, five Staphylococcus species, S. fleurettii, S. lentus, S. sciuri, S.
stepanovicii, and S. vitulinus, were taxonomically re-assigned to Mammaliicoccus gen. nov.
(Madhaiyan et al., 2020). However, when applied to other staphylococcal species, the 16S rDNA
gene sequence is too similar for species discrimination (Gribaldo et al., 1997; Becker et al.,
2004). For example, S. agnetis isolates had 99.1% and 97.7% similarity to those of S.
chromogenes ATCC 43764 and S. hyicus ATCC 11249T, respectively (Taponen et al., 2012).
Others have used alternative gene sequences for species discrimination, including rpoB
(Drancourt & Raoult 2002), tuf (Heikenset al., 2005), aroD (Adkins et al., 2017), and cpn60
(Kwok et al., 1996). Some have suggested that species cutoff values of 98.7% sequence (Jousson
et al., 2007). Many genes have been suggested for typing and identification of different
Staphylococcus species, such as 16S rRNA, rpoB, hsp60, aroD, sodA, tuf, ackA, fdhD, fdhF,
groEL, purA, tpiA, and whole-genome sequencing (Adkins et al., 2017; Mellmann et al. 2006,
Hwang et al., 2011, Naushad et al., 2016, Shwani et al., 2020). Most of the sequences of the

rpoB genes in S. agnetis and S. hyicus strains from cows are almost the same. The two closely
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related species of S. agnetis and S. hyicus could be distinguished from each other using rpoB
since these isolates share only 93.5% similarity (Mellmann et al. 2006). Staphylococcus species,
such as S. agnetis and S. hyicus, can be distinguished using the tuf and aroD genes (Hwang et al.,
2011). In addition, multiple core genes, such as 16S rRNA, hsp60, rpoB, sodA, and tuf genes,
were concatenated all together to type S. agnetis, S. arlettae, S. auricularis, S. capitis, S. caprae,
S. chromogenes, S. cohnii, S. devriesei, S. equorum, S. gallinarum, S. hominis, S. hyicus, S.
kloosii, S. nepalensis, S. pasteuri, S. saprophyticus, S. sciuri, S. simulans, S. succinus, S.
vitulinus, S. warneri, and S. xylosus (Naushad et al., 2016). In our previous study, we built
phylogenetic trees based on seven housekeeping genes (ackA, fdhD, fdhF, groEL, purA, tpiA,
and tuf) concatenated to one another (Shwani et al., 2020). Moreover, whole genome sequencing
(WGS) was also used for typing of the clinically important S. aureus (Humphreys & Coleman,
2019; Tsang et al., 2017). But, many gene sequencing methods may be required before a correct
identification of a staphylococcal isolate can be achieved. Therefore, these approaches are
reliable typing approaches, but they make the process very tedious, expensive, and time

consuming.

However, these genes above can sometimes misidentify Staphylococcus species; for
example, S. equorum cannot be distinguished using partial rpoB (Mellmann et al. 2006).Also,
using 16S rRNA, hsp60, rpoB, sodA, and tuf genes, the genomes PYYEO1.1 and QXSEO1.1
(Naushad et al., 2016) were misidentified as S. fleurettii SNUC 248 and S. fleurettii SNUC 248,
respectively. We could correct them and reassign them to their correct taxonomic positions,

which are S. vitulinus SNUC 248 and S. vitulinus SNUC 248, respectively.

A reliable, fast, and cheaper method to discriminate between different Staphylococcus

can improve the identification of different Staphylococcus isolated from lame birds. We have
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published whole genome sequences of S. agnetis, S. hyicus, S. aureus, and S. chromogenes
(Shwani et al., 2020; Ekesi 2020; Alrubaey et al. 2015). When the whole genome sequences of S.
agnetis, S. hyicus, S. aureus, and S. chromogenes were examined, we revealed distinct gene
sequences, such as plasmin and fibronectin-binding protein A (pfbA) gene, that were believed to
be suitable discriminating sequences for identifying these species and other species of

Staphylococcus as well when employing cPCR and qPCR platforms.

The pfbA gene is 1100 bp and encodes a cell wall protein. This gene encodes for a cell
wall protein consisting of 352—378 amino acids. The pfbA protein was not described in detail in
Staphylococcus. We did not find any literature to cover the conserved and variable regions of this
polypeptide, nor what the polypeptide does in virulence. However, pfbA gene was described in
Streptococcus. Sometimes, it is also known as pectate lyase (pelL) in the NCBI. This protein was
identified on the surface of Streptococcus pneumoniae as a conserved surface protein that
supports the bacterium in colonizing its host by recognizing the extracellular matrix molecule
fibronectin and other factors in the blood such as plasminogen and human serum albumin

(Beulin et al., 2017).

The goal of this study was to establish a simple, cheap, and quick quantitative PCR
approach for the discrimination and typing of a collection of Staphylococcus spp. We included
42 species of the Staphylococcus genus with 762 isolates in silico investigation. For this purpose,
species specific pfbA primers were designed and used for 9 species of Staphylococcus in both
conventional PCR (cPCR) and quantitative PCR (qPCR) experiments. The approach was
empirically tested on Staphylococcus chromogenesis, S. aureus, S. hyicus, S. cohnii, S.

saprophyticus, S. agnetis, S. lentus, S. capitis, and S. epidermidis isolated from BCO lame birds
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at the University of Arkansas poultry research facilities and cattle milk, mammary gland

secretions, or udder skin at the University of Missouri.

This could result in the establishment of a massive reference database library for the pfbA
typing technology, which could then be used to determine the identity of any unknown bacterial
sample. As far as we are aware, the pfbA gene was never used to diagnose any species belonging

to Staphylococcus.

Materials and Methods.

Reference genomes. Genome sequences for 762 isolates from 42 Staphylococcus species were
downloaded from the National Center for Biotechnology Information (NCBI) database.

Accession numbers, host sources, and citations are provided in Table 4.1.

Bacterial strains. Eight Staphylococcus species were from a collection of previously isolated
from lame birds at the University of Arkansas poultry research facilities. The identification of the
nine Staphylococcus species used in this study was confirmed based on CHROMagar media (Fig.
4.1), and 16S rDNA gene sequence, or partial DNA sequence of either elongation factor Tu (tuf)
or 3-dehydroquinate dehydratase (aroD) analysis (Alrubaye et al., 2015, Adkins et al., 2017,
Shwani et al., 2020). The bacterial strains were including S. chromogenesis isolate 1401 (Shwani
et al., 2020), S. agnetis isolate 908 (Alrubaye et al., 2015), S. aureus isolate 1516 (Ekesi 2020),
S. cohnii isolate 1561, S. saprophyticus isolate 876, S. lentus isolate 1559, S. capitis isolate 1557,

and S. epidermidis isolate 886. Also, S. hyicus isolate 1381 was from a collection at the
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University of Missouri isolated from cattle milk, mammary gland secretions, or udder skin

(Shwani et al., 2020). Thus, we had 9 Staphylococcus species to work with in this study.

Bacterial cultures and DNA extraction. The bacterial cultures and DNA extraction were

performed according to Shwani et al. (2020).

Designing PCR primers. We chose the pfbA gene as a novel gene for Staphylococcus species
typing. Plasmin and fibronectin-binding protein A (ptbA) forward and reverse PCR primers
(pfbA-FxR) were designed for the 9 Staphylococcus species used in this study for validation of
our in silico results. The species are Staphylococcus chromogenes (1401), S. aureus (1516), S.
hyicus (1381), S. cohnii (1561), S. saprophyticus (876), S. agnetis (908), S. lentus (1559), S.
capitis (1557), and S. epidermidis (886), for which the primers were named chr pfbA-FxR, aur
pfbA-FxR, hyi pfbA-FxR, coh pfbA-FxR, sap pfbA-FxR, agn pfbA-FxR, lent pfbA-FxR,
cap_pfbA-FxR, and epi  pfbA-FxR, respectively (Table 4.4). We have prepared a number of
mixtures of these pfbA primers. The 9 pfbA-FxR (5 uM) contains an equal amount of all nine
Staphylococcus species pfbA-FxR (10 uM) primers. Each mixture includes equal portions of
only 3 Staphylococcus species pfbA-FxR primers. A_Mix includes chr, coh, and lent pfbA
primers. B Mix includes aur, sap, and cap pfbA primers. C_Mix includes hyi, agn, and epi pfbA

primers. D Mix includes coh, agn, and lent pfbA primers.
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Conventional PCR assays for identification of 9 Staphylococus species.

We have designed sets of pfbA primers for 42 Staphylococcus species (Table 4.3), including the 9
pfbA primers above. The PCR reactions were performed in a total reaction volume of 20 ul
containing 2 ul of Taq Buffer (10X), 0.2 ul of ANTPs (20 mM), 0.5 ul of Staphylococcus ptbA
primers (10 uM), 0.05 ul of Taq Polymerase (80U/ul), and 1.0 ul DNA extract. The reactions were
achieved on a BioRad PCR machine (Bio-Rad Laboratories, Inc. USA) according to the following
thermocycler conditions: 30 s at 90 °C, followed by 30 cycles of 15 s at 90 °C and 1 min at 60 °C,
and extension at 72 °C for 60 s. Negative (No DNA) controls were also investigated for each PCR

run.

Quantitative PCR High Resolution Melting (HRM) Analysis. In quantitative PCR, we have
also analyzed the HRM for each Staphylococus species. Using 96-well plates and the CFX
thermal cycler, twenty microliter PCR reactions were carried out in 2 hours (BioRad, Hercules,
CA). The qPCR master mix included 2 ul of 10X buffer with 20 mM of MgClI2, 0.2 ul of 20 mM
dNTP, 0.5 ul of 10 uM forward and reverse pfbA primers,1 ul of 10x fluorescent dye EvaGreen
(Biotium Inc., Fremont, CA, 0.05 ul of 80 U Taq polymerase, and 1 ul of bacterial DNA. The
reactions were achieved on a CFX96 Touch quantitative PCR Detection System (Bio-Rad
Laboratories, Inc. USA) according to the following thermocycler conditions: initial denaturation
was 30 s at 90 °C, 5 cycles of denaturation at 90 °C for 15 s, annealing at 60 °C for 15 s, and
extension at 72 °C for 60 s, followed by 30 cycles using the same parameters with a plate read
after each cycle. In the following step, a High Resolution Melt (HRM) was performed, which
consisted of heating samples to 72° C for 180 s, then cooling them to 60° C for 180 s. Then,

fluorescence was measured during a temperature increase from 75 to 90 °C with 0.1 °C per five-
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second increments, and the plate was read. The melt profiles of the extracted DNAs from three
separate trials of the same tested species were compared. The Bio-Rad CFX management
software was used to examine the melt curves that were acquired. Negative controls were

investigated for each PCR run.

Investigating the limit of detection. Different DNA mixtures (0.25 ng/ul) of all the 9
Staphylococcus species were used. Also, DNA mixtures of only three species, in different ratios
(80:10:10) were used, such as A DNA Mix (80 ul S. cohnii, 10 ul S. agnetis, and 10 ul S. lentus
DNA (0.25 ng/ul).) , B DNA Mix (10 ul S. cohnii, 80 ul S. agnetis, and 10 ul S. lentus DNA),
and C_ DNA Mix (10 ul S. cohnii, 10 ul S. agnetis, and 80 ul S. lentus DNA). The DNA mixes
were then subjected to a couple of successive 10-fold dilutions. Then, only 1 ul of the diluted
mixtures was used in quantitative PCR (or conventional PCR) reactions of 20 ul volume. The
initial 1 microliter DNA template of the 3 bacteria consisted of 2: 0.25 : 0.25; and 0.25: 2: 0.25;

and 0.25: 0.25: 2 picograms, respectively.

Gel electrophoresis. Following conventional and/or quantitative PCR, a 1.5% agarose gel
electrophoresis was performed for 2 hours using 0.5% TBE buffer and voltages greater than 100
V. Then, the gel images were taken using a phosphoimager of a GE Typhoon™ FLA 9500
scanner (GE Health Care), in which we used a pixel size of 100 uM and 400 V (voltage) to be
applied to the photo-multiplier tube (PMT). The size of the PCR product was determined using a

100-bp (or 1-kb) ladder. The gel images were analyzed using ImagelJ software.
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Phylogenetic analyses, pfbA genes and whole genome phylogenetic comparison.

The genomes obtained from NCBI were further processed for building phylogenetic trees using
the following two approaches. First, pfbA gene sequences and building multilocus sequence
typing (MLST) phylogenetic trees. Second, acquiring the complete or whole genome sequences,
building distance matrices, and then converting the matrices to phylogenetic trees. BLASTN
searches were run for all of the genomes to collecte all of the 762 pfbA gene sequences. For
MLST investigation, MegAlign (DNAStar) was used to align gene coding sequences of pfbA
genes. The phylogenetic trees were generated using the Clustal Omega algorithm implemented in
MegAlignPro (DNAStar). Based on the alignments, consensus neighbor-joining trees with 2,500
bootstrap replications were generated. Also, we used the genome-to-genome distance calculator
(GGDC:; http://ggdc.dsmz.de/ggde.php) to generate a phylogenetic tree based on genetic

distances computed from whole-genome BLASTN comparisons (Meier-Kolthoff et al., 2013).

Anotation of some pfbA genes.

Annotation of the pfbA genes was performed using the KEGG (Kyoto Encyclopedia of Genes

and Genomes) website (https://www.genome.jp/kegg/) (Morishima et al., 2019).

Results.

Staphylococcus species genomes.

The sources of all of the Staphylococcus isolates used in this study are found in Table 4.1. A total
of 762 plasmin and fibronectin-binding protein A (pfbA) nucleotide sequences of 42
Staphylococcus species were collected for this study from the NCBI database. We have
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previously disseminated the whole genome sequence of the chicken isolate S. agnetis 908
(Alrubaye et al., 2015), the draft genomes of S. chromogenesis isolate 1401, and S. hyicus isolate
1381 (Shwani et al., 2020), and deposited the S. aureus isolate 1516 (Ekesi 2020) in NCBI
(unpublished). Also, we have isolated S. cohnii isolate 1561, S. saprophyticus isolate 876, S.
lentus isolate 1559, S. capitis isolate 1557, and S. epidermidis isolate 886 from lame birds at the
University of Arkansas poultry research facilities. These nine Staphylococcus species have been
used in the current study to empirically validate the in silico results of this study. For the
Staphylococcus pfbA gene sequences in NCBI that were not annotated, we used the KEGG

website for annotation (Table S4.2).

Phylogenetic studies.

In order to start to trace the phylogenomic association between nine Staphylococcus species
isolated from broilers with BCO lameness; S. chromogenesis isolate 1401 (Shwani et al., 2020),
S. agnetis isolate 908 (Alrubaye et al., 2015), S. aureus isolate 1516 (Ekesi 2020), S. cohnii
isolate 1561, S. saprophyticus isolate 876, S. lentus isolate 1559, S. capitis isolate 1557, and S.
epidermidis isolate 886, we compared a number of housekeeping and virulence ortholog genes
(Data not shown). We found plasmin and fibronectin-binding protein A (pfbA) as the best
candidate, which is an ortholog gene in all of the isolates and possesses a wide range of
hypervariable regions between species, subspecies, and isolates of Staphylococcus. First, we

constructed MLST phylogenetic trees using the pfbA genes of these nine species.

Since the pfbA gene is an ortholog that could be identified in any Staphylococcus species,
we have included many species, subspecies, and isolates that belong to the Staphylococcus

genus. The total species was 42, and 762 isolates (Table 4.1) have been subjected to pfbA MLST
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analyses and constructed trees. The phylogenetic tree based on pfbA MLST analyses (Fig. 4.2)
shows clear separation between different species, subspecies, and isolates of 42 different
Staphylococcus species. Later, the whole genome sequence of these 762 isolates was subjected to
distance matrices generation, which was then transferred to a distance phylogenetic tree to
confirm the results of the pfbA phylogenomic tree. From the MLST analysis, we see that the
Staphylococcus species are clearly separated from each other with >89% identity, with < 10%
separation between the subspecies belonging to the same species, and > 20% separation between
different species (Table S4.1). The phylogenetic tree built based on genetic distances derived
from whole-genome BLASTN comparisons was generated using the GGDC distance calculator
(Meier-Kolthoff et al., 2013) (Fig. 4.3) shows a topology and clades that are very similar to the
tree built using MLST analysis for the pfbA sequences only. We also investigated pfbA protein
sequences from all 42 Staphylococcus species and obtained the same phylogenomic architecture

(Fig. 4.4) as those from the other phylogenomic trees (Fig. 4.1 & 4.2).

PCRs and gel images.

Each of the nine Staphylococcus species that have been empirically checked has a separate pfbA

band on gel electrophoresis based on the size of the amplicon.

The detection limit of the pfbA primers.

For detection limits, our pfbA primers were used to amplify the DNA mixtures of A DNA Mix,
B DNA Mix, and C DNA Mix. The PCR products run on 1.5% gel electrophoresis show the

distinct separation of the 3 Staphylococcus species (Fig. 4.11 & 4.12).
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The development of qPCR HRM curve analysis.

We designed two sets of pfbA primers for each of the 42 Staphylococcus species (Table
4.3). These primers were made to obtain different-sized amplicons that can be seen on gel
electrophoresis. We confirmed the applicability of this technique for discriminating between
these eight different Staphylococcus species. We have tested these pfbA primers using different
Staphylococcus species collected from BCO lesions at the University of Arkansas poultry
research farm, plus a Staphylococcus species from cattle, as reference isolates. The reference
bacterial species included S. chromogenes, S. aureus, S. hyicus, S. cohnii, S. saprophyticus, S.
agnetis, S. lentus, S. capitis, and S. epidermidis. These species were previously determined to
species level based on CHROMagar media (Fig. 4.1) and sequencing of the 16S rDNA gene
(Shwani et al., 2020; Adkins et al., 2017, & Al-Rubaye, 2013). For these 9 species, we used
chr pfbA-FxR, aur pfbA-FxR, hyi pfbA-FxR, coh pfbA-FxR, sap ptbA-FxR, agn pfbA-FxR,
len pfbA-FxR, cap pfbA-FxR, and epi_pfbA-FxR primers. The amplicons were 1027, 994, 905,

888, 836, 748, 673, 611, and 474 bp in size, respectively (Table 4.4).

Amplifications of pfbA genes were carried out using individual species specific pfbA primers,
three distinct sets of pfbA primers, which were A Mix, B Mix, and C_Mix of pfbA-FxR
primers (10uM), and 9 pfbA-FxR (5 uM) which includes all of the 9 pfbA primers. The PCR
products were run on gel electrophoresis (Fig. 4.9-4.11), and from melting profiles, with

EvaGreen showing a unique diagnostic profile for every species (Fig. 4.14).
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Discussion.

As far as we are aware, this is the first study to use the plasmin and fibronectin-binding protein A
(pfbA) genes for Staphylococcus species, subspecies, and strain identification. We employed the
pfbA gene for the first time for amplification and subsequent analysis to develop a rapid qPCR

HRM assay. We examined nine pfbA template sizes to obtain distinct amplicons.

The pfbA gene in S. pneumoniae encodes for a cell wall protein that has an LPXTG
anchoring motif and is capable of binding to human serum proteins. They looked into the
involvement of pfbA in the etiology of pneumococcal disease. According to the findings of their
research, the protein pfbA plays a key role in the development of pneumococcal infections.
According to the results of the phylogenetic study, the pfbA gene in S. pneumoniae is highly

conserved (Yamaguchii et al., 2008, 2015, 2019).

The goal of this investigation was to create a rapid and accurate molecular diagnostic
technique for the detection and identification of Staphylococcus species retrieved from BCO
lesions in lame birds. Species identification will take place in less than three hours after the broth
or colonies have been collected. Our comparative analysis of the high resolution melting (HRM)
profiles revealed that the different Staphylococcal species could be easily identified using

species-specific pfbA primers as the most appropriate assay (Fig. 4.11, 4.12,4.14 & 4.16).

In our in silico investigation, we used 762 ptfbA gene sequences collected from the NCBI
database belonging to 42 different Staphylococcus species to cover most of the Staphylococcus
family. A number of these pfbA sequences collected from NCBI were not annotated. A
confirmation annotation of these pfbA genes was performed using the KEGG (Kyoto
Encyclopedia of Genes and Genomes) website (https://www.genome.jp/kegg/) (Morishima et al.,

2019) (Table S4.2).
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Using species-specific primers that amplify the target pfbA gene, resulting in different
amplicon sizes, is the best strategy in the HRM analysis because it provides different GC
content, which leads to unique HRM profiles. In this research, we amplified the pfbA genes of
different Staphylococcus species, and we successfully separated the species based on unique
HRM curves and then ran the PCR products on gel electrophoresis. The different sized pfbA
amplicons can be easily identified using agarose gel electrophoresis, as the most successful
method of separating DNA fragments of varied sizes (Lee et al., 2012). This approach was a

successful typing method to distinguish between different Staphylococcus species.

In our in silico study, we looked at a lot of different housekeeping and virulence genes
and found that pfbA is a very important gene in Staphylococcus species. Yamaguchii et al.,
(2008) identified and named the pfbA (plasmin- and fibronectin-binding protein A) gene in
Streptococcus pneumoniae, which encodes a cell wall protein with an LPXTG anchoring motif in
S. pneumoniae that is bound to human serum proteins. They investigated the role of pfbA in
pneumococcal pathogenesis and discovered that pfbA plays a significant role in the development
of pneumococcal infections, and phylogenetic analysis indicated that the pfbA gene is highly
conserved in S. pneumoniae (Yamaguchii et al., 2008, 2015, & 2019). Our results regarding the
highly conserved pfbA as an ortholog in Staphylococcus species came in agreement with the

findings Yamaguchii et al. (2008 & 2019) found in S. pneumoniae.

The pfbA analysis determined that the subspecies of the same Staphylococcus species
have pfbA sequences with >89-98% identity, <10% separation between sub species, and >20%
separation across species (Table S4.1). This indicates that we can use just the pfbA gene on its

own to type Staphylococcus species and place them in the right taxonomic group instead of
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having to combine a number of housekeeping and virulence genes, or the whole genome

sequences.

Performing a High Resolution Melt (HRM) and gel electrophoresis, we empirically
investigated the nine different sizes of the pfbA templates that belong to nine different
Staphylococcus species. In total, we obtained 9 different sized amplicons using pfbA primers for
the 9 Staphylococcus species. This led to the facilitation of the identification of the
Staphylococcus species based on their unique HRM curves and/or their different bands on 1.5%
gel electrophoresis. The typing is performed in a short period of time (2—3 hours) and without the
need to send the PCR products for sequencing. We can run the PCR products on 1.5% gel
electrophoresis. The PCR pfbA primers designed based on different PCR amplicon sizes
efficiently separate different Staphylococcus species on gel electrophoresis which saves times
and efforts comparing to purification of the DNA or PCR products and sending for sequencing
(Table 4.3). At the concentrations utilized in this comparative analysis, all nine Staphylococcus
species produced PCR amplicons and HRM curves that were distinct from one another. All of
the 9 DNAs from reference bacteria were amplified, and we obtained separate melt curve
profiles for each Staphylococcus species tested in this study. There was a single peak in the
melting profile of each of the nine species, each indicating a particular bacterial species. This
was true for all nine species. On the gel electrophoresis, the 9 species have been identified based

on different amplicon sizes.

Comparing the melt profiles of extracted DNA from three independent trials of the same t
ested species revealed no significant differences and confirmed the qPCR assay's repeatability.
Negative controls were checked for each PCR run to rule out contamination in the reaction

mixture. After a few 10-fold dilutions of the A DNA Mix, B DNA Mix, and C DNA Mix,
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and using only 1 ul of the dilutions, the Staphylococcus species specific pftbA primers were able
to successfully amplify the right species pfbA sequence (Fig. 4.11 & 4.12). Therefore, the
detection limit of the primers is as low as 0.25 pg or even less. However, we did not check less
than 0.25 pg in this study. Hence, the use of Staphylococcus pfbA primers to amplify the pftbA

gene is the most accurate test for discriminating and typing Staphylococcus species.

The genes, such as 16S rRNA, rpoB, hsp60, aroD, and sodA (Mellmann et al., 2006,
Hwang et al., 2011, Naushad et al., 2016, Adkins et al., 2017), have been used for identifying
and discriminating different Staphylococcus species. However, the PCR assays they used were
not confident in separating many closely related Staphylococcus species, such as S.
chromogenes, a close species to S. agnetis and S. hyicus. Using pfbA gene we could easily
separate the species easily. In our study, we found that the pfbA gene within all of the
Staphylococcus species is very conserved and discriminating in telling apart different species,

subspecies, and isolates of different Staphylococcus species.

The pfbA gene can be used to resolve the taxonomic issues and reassign Staphylococcus
species to the right taxonomic positions. Also, pfbA is the best genetic marker to differentiate

between different subspecies and isolates of the same Staphylococcus species (Fig. 4.5 & 4.6).

Based on pfbA sequences, we were able to reassign five Staphylococcus species back to
the Staphylococcus genus after they were separated into the Mammaliicoccus genus by

Madhaiyan et al. (2020) (Fig. 4.7 and 4.8).

Also, we could correct the gene’s name from pelL (pectate lyase) and right-handed
parallel beta-helix repeat-containing protein [Staphylococcus muscae], conserved hypothetical
protein, or cell wall surface anchor family protein to plasmin and fibronectin-binding protein A

(pfbA) (cell wall surface anchor family protein).
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The PCR test presented here offers a low-cost, accurate approach for distinguishing 42
species of the Staphylococcus genus, which may be difficult to distinguish based just on
morphology. We could also replicate the experiment on other bacterial genera and species by
using their pftbA gene sequences. However, this would require a large number of additional
bacterial genera, species, and isolates to be examined, which was beyond the scope of this study.
In this research, we developed a novel molecular technique for the identification, discrimination,
and examining the genetic diversity of large, complex microbial communities, for example,
Staphylococcus species, using conventional and/or quantitative PCR/HRM systems for the
identification and discrimination of Staphylococcus species. Our pfbA gene could be considered
as a novel target for specific identification of Staphylococcus species and other bacterial species.
Wrong identification leads to wrong treatment therefore, the pfbA gene is a great genetic marker
to reveal the ambiguity in typing bacteria taxonomy, using Staphylococcus species as an

example.
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Table 4.1. pfbA genes and genomes of the following bacterial species (762 isolates) used in this study.

Species Strain Accession number | Host Genome | Citation
status
S. agnetis 908 CP009623.1 broiler Finished | Alrubaye et

al., 2015

1379 CP045927.1 bovine Finished | Shwani et al.,
2020

1387 WMFL00000000.1 | bovine Draft Shwani et al.,
2020

12B CP031266.1 buffalo Finished | None

1416 WMFQ00000000.1 | broiler Finished | Shwani et al.,
2020

CBMRN 20813338 JPRT01000001.1 bovine Draft Calcutt et al.,
2014

1383 WMFOO01000000.1 | bovine Draft Shwani et al.,
2020

1384 WMFNO01000000.1 | bovine Draft Shwani et al.,
2020

1385 WMFMO01000000.1 | bovine Draft Shwani et al.,
2020

1389 WMFKO01000000.1 | bovine Draft Shwani et al.,
2020

1390 WMFJ01000000.1 bovine Draft Shwani et al.,
2020

1391 WMFI01000000.1 bovine Draft Shwani et al.,
2020

1392 WMFH01000000.1 | bovine Draft Shwani et al.,
2020

59 MRYT01000009.1 bovine Draft None




124!

NDYM NDYMO01000008.1 | broiler Draft Poulsen et
al., 2017
NEDS NEDS01000018.1 broiler Draft Poulsen et
al., 2017
NEFX NEFX01000017.1 broiler Draft Poulsen et
al., 2017
SNUC 2265 PZEA01000010.1 Holstein Draft Naushad et
al., 2016
SNUC 4805 PZDTO01000006.1 Holstein Draft Naushad et
al., 2016
SNUC 3610 PZDX01000035.1 Holstein Draft Naushad et
al., 2016
SNUC 3261 PZDY01000008.1 Holstein Draft Naushad et
al., 2016
SNUC 4051 PZDV01000012.1 Holstein Draft Naushad et
al., 2016
SNUC 2493 PZDZ01000005.1 Holstein Draft Naushad et
al., 2016
SNUC 1371 PZEC01000009.1 Holstein Draft Naushad et
al., 2016
SNUC 725 PZED01000003.1 Holstein Draft Naushad et
al., 2016
SNUC 1383 PZEB01000004.1 Holstein Draft Naushad et
al., 2016
SNUC 5631 PZDU01000007.1 Holstein Draft Naushad et
al., 2016
SNUC 5151 PZDS01000007.1 Holstein Draft Naushad et
al., 2016
DSM 23656 PPQF01000004.1 bovine Draft None
3682 VKCY01000009.1 bovine Draft None
S. argenteus 58113 AP018562.1 human Finished | None
XNO62 CP023076.1 human Finished | None




94!

XNO106 CP025023.1 human Finished | None
B3-25B CP042286.1 Holstein Finished | None
MSHR1132 FR821777.2 human Finished | Holt et al.,
2011
PRO2 AOHL00000000.1 human Draft None
SARGO0275 BHEMO00000000.1 NA Draft None
TUM19485 BLRS01000005.1 human Draft None
BN75 CP015758.1 gorilla Finished | None
3688STDY6125135 FQMT01000003.1 NA Finished | None
3688STDY6125140 FQMZ01000003.1 NA Finished | None
3688STDY6125143 FQNB01000003.1 NA Finished | None
3688STDY6125069 FQRB01000003.1 NA Finished | None
3688STDY6125067 FQRC01000003.1 NA Finished | None
3688STDY 6125068 FQRDO01000003.1 NA Finished | None
3688STDY6125089 FQRLO01000003.1 NA Finished | None
O-10 FXVJ01000090.1 human Draft None
H1864 FXVU01000060.1 human Draft None
M4143 FXVV01000020.1 human Draft None
0-3 FXVW00000000.1 human Draft None
F87619 JGHKO01000016.1 human Finished | None
M21126 JGMKO01000015.1 human Finished | None
RK308 LSFQ01000042.1 human Finished | None
SJTU F21224 LWAQO01000009.1 | human Finished | None
ABFQM LYLU01000022.1 human Finished | None
CCUG 69384 NSBY01000018.1 human Finished | None
DSM 28299 PPPZ01000044.1 human Finished | None
ST2250 QLNOO01000006.1 human Finished | None
PHL3431 QQOV01000005.1 human Finished | None
PHL3433 QQOWO01000006.1 | human Finished | None
S. arlettae CVDO059 human Draft Dinakaran et

ALWK00000000.1

al., 2012




4

NBRC 109765 BKAV00000000.1 | poultry Draft None
NCTC12413 UGZE00000000.1 NA Draft None
P2 AP019698.1 floor Finished | None
NCTC 12413 PPQB00000000.1 poultry Draft None
SNUC 4786 PZDI00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1715 PZDK00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 4426 PZDL00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 4292 PZDM00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 3447 PZDN00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 3029 PZD000000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 2101 PZDP00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1576 PZDQ00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1330 PZDR00000000.1 Holstein Draft Naushad et
al., 2016
Baril QLIZ00000000.1 cabinet Draft None
Bari2 QLJA00000000.1 cabinet Draft None
SNUC 5134 QXRT00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 4935 QXRU00000000. 1 Holstein Draft iauzs(l)l?g et
SNUC 4202 QXRV00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 3131 Holstein Draft Naushad et

QXRWO00000000.1

al., 2016




Lyl

SNUC 1480 QXRX00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 1401 QXRY00000000. 1 Holstein Draft iauzs(l)lilg et
I0V5 SPPT00000000.1 human Draft None
DE0598 VDTTO00000000.1 environment | Draft None
S. aureus 1510 JACEHYO0.1 broiler Draft None
1516 JACEHXO0.1 broiler Draft None
JKD6008 CP002120.1 human Finished | Howden et
al., 2010
Tw20 NC 017331 human Draft gloollcolen et al.,
GS426 CP084878.1 human Finished | None
MR1 ACZQ01000025.1 human Draft ;ggvgder et al.,
RF122 COW Finished | Herron-Olson
AJ938182.1 et al., 2007
TMUS2134 APO14653 .1 human Finished | Yamaguchi
etal., 2015
Mu50 BA000017.4 human Finished | Ohta et al.,
2004
N315 BA000018.3 human Finished 2Kouor;)da et al.,
MW2 BA000033 human Finished | Baba et al.,
2002
MRSA252 BX571856.1 human Finished gl(;)éjen et al.,
MSSA476 BX571857.1 human Finished | Holden et al.,
2004
col CP000046.1 human Finished | Gill et al.,

2005




871

NCTC 8325 CP000253 human Finished | Gillaspy et
al., 2006
USA300 _FPR3757 CP000255.1 human Finished 2D58;6) etal.,
JHO9 CP000703 NA Finished | None
JHI CP000736.1 NA Finished | None
08BA02176 CP003808.1 human Finished | Golding et
al., 2012
NCTC 8325 NC 007795.1 human Draft Gillaspy et
- al., 2006
CN1 CP003979 1 human Finished %116;1 et al.,
KUH140013 AP020311.1 human Finished | None
ST228 NC 020568 human Draft Vogel et al.,
- 2012
Mu3 AP009324.1 human Finished | Hiramatsu et
al., 1997
Newman AP009351.1 human Finished | Baba et al.,
2008
04-02981 NC 017340 human Draft 12\1(;1113061 et al.,
ATCC 25923 CP009361. 1 human Finished | Treangen et
al., 2014
ED98 CP001781.1 human Finished | Lowder et al.,
2009
JHI NC 009632.1 human Draft None
N315 NC 0027452 human Draft Kuroda et al.,
- 2001
S. auricularis NCTC 12101 PPQW00000000.1 human Draft None
DSM 20609 LLER0000000.1 human Draft None
NCTC 12101 LS483491.1 human Finished | None




4!

SNUC 3034 PZDH00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 993 PZDI00000000. 1 Holstein Draft Naushad et
al., 2016
DEO0381 VTQJ00000000.1 environment | Draft None
S. capitis SK14 ACFR00000000.1 human Draft None
C87 ACRH00000000.1 human Draft None
VCUI116 AFTX00000000.1 human Draft None
QN1 AJTH00000000.1 human Draft None
CRO1 CBUB00000000.1 human Draft None
CRO7 CZWH00000000.1 | human Draft None
CRO02 CZW100000000.1 human Draft None
LNZR-1 JGYJ00000000.1 human Draft None
AYP1020 CP007601.1 human Finished | Cameron et
al., 2015
FDAARGOS 378 CP023966.1 human Finished | None
FDAARGOS 753 CP053957.1 human Finished | None
TW2795 AP014956.1 human Finished | None
NCTC 11045 PPPY00000000.1 human Draft None
DSM 6717 PPQI00000000.1 human Draft None
SNUC 6079 PZCT00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 5871 PZCU00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 4705 PZCV00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 4231 PZCX00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 3769 PZCY00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 3379 Holstein Draft Naushad et

PZCZ00000000.1

al., 2016




061

SNUC 2974 PZDA00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 2159 PZDD00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 895 PZDF00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 1642 QXRQ00000000. 1 Holstein Draft iauzs(l)l?g et
SNUC 807 QXRS00000000. 1 Holstein Draft iauzs(l)l?g et
C2784 RCTS00000000.1 human Draft None
TCR-3 RIYT00000000.1 human Draft None
DEO0445 VDSA00000000.1 environment | Draft None
DE0440 VDSE00000000.1 environment | Draft None
DE0241 VECR00000000.1 environment | Draft None
S. caprae 26D CP031271.1 buffalo Finished | None
JMUB145 APO018585 human Finished | None
JMUB590 AP018586.1 human Finished | None
JMUBS898 APO018587 human Finished | None
9557 IXXP00000000.1 human Finished ggleglg et al.,
NCTC 12196 PPRT00000000.1 bovine Draft None
SNUC 4023 QXRK00000000. 1 Holstein Draft iauzs(l)lilg et
SY333 CP051643.1 human Finished | None
NCTC12196 UHCWO00000000.1 | human Draft None
S. carnosus NBRC 109623 BKAP00000000.1 NA Draft None
LTH7013 LATU00000000.1 ham Draft 12\/(1)1;151& et al.,
336 LISV00000000.1 beef Draft None
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LTH 3730 CP016760.1 Elszlll-chom Finished | None

DSM 11676 PPRE00000000.1 fish sauce Draft None

TM300 AM295250.1 NA Finished | Rosenstein et
al., 2009

NCTC 13825 UHCTO00000000.1 NA Draft None

NCTC 13826 UHCY00000000.1 NA Draft None

NBRC 109622 BKAO00000000.1 NA Draft None

S. chromogenes MU970 IMIF00000000.1 bovine Draft gg}{ jt al.,

92 MRYX00000000.1 | bovine Draft None

101 MRYY00000000.1 | bovine Draft None

121 MRYZ00000000.1 bovine Draft None

117 MRZA00000000.1 bovine Draft None

38 MRZB00000000.1 bovine Draft None

1401 broiler Draft Shwani et al.,

CP046028.1 2020

17A CP031274.1 buffalo Draft None

20B CP031471.1 buffalo Draft None

34B CP031470.1 buffalo Draft None

46 MRYWO00000000.1 | bovine Draft None

NCTC 10530 PPQKO00000000.1 bovine Draft None

SNUC 4199 PYZV00000000.1 Holstein Draft Naushad et
al., 2016

SNUC 4042 PYZX00000000.1 Holstein Draft Naushad et
al., 2016

SNUC 2579 PZAC00000000.1 Holstein Draft Naushad et
al., 2016

SNUC 2487 PZAD00000000.1 Holstein Draft Naushad et
al., 2016

SNUC 1405 Holstein Draft Naushad et

PZAK00000000.1

al., 2016
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SNUC 5084 PZBK00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1063 PZBS00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 277 PZCA00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 265 PZCB00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 134 PZCE00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 133 PZCF00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 107 PZCL00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 105 PZCM00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 91 PZC000000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1508 QXQY00000000.1 Holstein Draft iauzs(l)l?g et
S48 SUMUO00000000.1 | cow Draft None
NCTC 10530 UHDB00000000.1 | NA Draft None
SDA1 VING00000000.1 desert soil Draft None
S. cohnii hu-01 AY0S00000000.1 human Draft None
NBRC 109713 BKAS01000014.1 human Finished | None
SE4.1 JRVV00000000.1 rice seed Draft None
SE4.2 JRVWO00000000.1 rice seed Draft None
SE4.4 JRVY00000000.1 rice seed Draft None
G22B2 LAKJ00000000.1 human Draft None
57 LATU00000000.1 human Draft None
MF1844 poultry eqp | Draft Fagerlund et

LSKX00000000.1

al., 2016
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SW120 MPPU00000000.1 wolf Draft None
ATCC 29974 1. T963440.1 NA Draft None
FDAARGOS 334 CP027422.1 human Finished | None
FDAARGOS 538 CP033735.1 human Finished | None
FDAARGOS 744 CP054807.1 human Finished | None
SNUDS-2 CP019597.1 duck Finished | None
NCTC 11041 PPQC00000000.1 human Draft None
DSM 6718 PPRL00000000.1 human Draft None
SNUC 5656 PY7Z000000000.1 Holstein Draft Naushad et
al., 2016
SNUC 3829 PYZR00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 156 PZBD00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 4643 QXSX00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 1067 QXTC00000000.1 Holstein Draft iauzs(l)lilg et
YNSASS VCFA00000000.1 human Draft None
DE0524 VDPNO00000000.1 environment | Draft None
DE0450 VDRWO00000000.1 | environment | Draft None
DE0431 VDSKO00000000.1 environment | Draft None
DE0360 VDZN00000000.1 environment | Draft None
DEO0303 VEBDO00000000.1 environment | Draft None
DE0122 VEFY00000000.1 environment | Draft None
DEO0550 VTQD00000000.1 environment | Draft None
S. condimenti DSM 11674 LAQN00000000.1 SOy sauce Draft Zheng et al.,
mash 2016
DSM11674 SOy sauce Draft None

CPO15114.1

mash
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NCTC 13827 LR134360.1 SOy sauce Draft None
mash
StO 2014-01 CP018776.1 human Finished | None
DSM 11674 PPQY00000000.1 f;)gs}slauce Draft None
SA11 RQTE00000000.1 human Draft None
SAMI1 RQTG00000000.1 animal Draft None
DE0480 VDQWO00000000.1 | environment | Draft None
S. delphini 8086 CAIA00000000.1 animal Draft None
14S03309-1 MWRMO00000000.1 | Pigeon Draft Verstappen et
al., 2017
14S03311-1 MWRN00000000.1 horse Draft Verstappen et
al., 2017
14S03313-1 MWRO00000000.1 horse Draft Verstappen et
al., 2017
14S03314-1 MWRP00000000.] | Pi&eon Draft Xer;tgfgen et
14S00091-1 MWUN00000000.1 dolphin Draft Xer;tgfgen et
14S502207-1 MWUO00000000.1 horse Draft Verstappen et
al., 2017
14S03318-1 MWUP00000000.1 marter Draft Verstappen et
al., 2017
14S03319-1 MWUQ00000000.1 horse Draft Verstappen et
al., 2017
15S02591-1 MWUR00000000.1 dolphin Draft Xer;tg%)en et
215102607201-2 MWUS00000000.1 horse Draft ;ier;?%)en et
215100905101-2 horse Draft Verstappen et

MWUT00000000.1

al., 2017
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215070706401-1 MWUU00000000.1 horse Draft Xer;tgfgen et
215062304401-1 MWUV00000000.1 horse Draft Xer;tgfgen et
214092504301-1 MWUW00000000.1 horse Draft Verstappen et
al., 2017
Heidy NIPK00000000.1 purulept Draft Verstappen et
material al., 2017
215100905101-2 MWUT00000000.1 horse Draft ;ier;?%)en et
NCTC 12225 LR134263.1 human skin | Finished | None
NCTC 12225 PPRV00000000.1 purulgnt Draft None
material
BCW 7426 SDSN00000000.1 whale Draft None
P5747 WNLD00000000.] | Penguin Draft Vrbovska et
al., 2020
P6456 WNLE00000000.1 | Penguin Draft Vrbovska et
al., 2020
S. devriesei CCUG 58238 PPRG00000000.1 COW Draft None
SNUC 4143 PYZH00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1409 PYZ100000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1316 PYZ100000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1156 PYZK00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 761 PYZL00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 593 Holstein Draft Naushad et

PYZM00000000.1

al., 2016




9¢1

SNUC 4438 QXSU00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 760 QXSV00000000.1 Holstein Draft iauzs(})lilg et
NCTC 13828 UHCZ00000000.1 NA Draft None
S. epidermidis 949 S8 CP010942.1 human Finished 2B(;slv;/as et al.,
AMT CP022247 1 human Finished | MacLea et
al., 2020
CSF41498 CP030246.1 human Finished 2G(§11k;c et al.,
CDC120 CP034111.1 human Draft None
ATCC 14990 CP035288.1 human Finished | None
E73 CP035643.1 human Finished | None
HD33 CP040864.1 human Finished | None
HD66 CP040868.1 human Finished | None
SESURV pl 0557 CP043777 1 human Draft 5(1)15(1)1 et al.,
SESURV pl 0563 CP043781.1 human Draft 5(1)15(1)1 et al.,
SESURV p3 0825 CP043792.1 human Draft 5(1)15(1)1 et al.,
SESURV pl 1200 CP043796.1 human Draft 5(1)15(1)1 et al.,
SESURV p3 1362 CP043801.1 human Draft 5(1)1;)51 et al.,
NCCP 16829 CP043841.1 human Finished | None
ATCC 12228 CP043845.1 human Finished | None
IRLO1 CP045648.1 human Finished | None
NCTC 13924 LR134536.1 human Finished | None
none LR735421.1 human Draft None
none L.R735429.1 human Draft None
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none LR735432.1 human Draft None

none LR735434.1 human Draft None

none LR735437.1 human Draft None

none LR735440.1 human Draft None

ATCC 12228 NC 004461 1 human Finished | Zhang et al.,

— 2003

SEI CP009046.1 human Finished | Davenport et
al., 2014

ATCC 12228 AE015929.1 human Draft None

CDC121 CP034115.1 human Draft None

NBRC 100911 AP019721.1 human Finished | None

RP62A CP000029 1 human Finished | Gill et al.,
2005

SESURV p4 1553 CP043804.1 human Draft Zhou et al.,
2020

S. equorum UMC-CNS-924 AVBD00000000.1 COW Draft gggutt et al.,

Mu?2 CAJL00000000.1 COW Draft none

G8HBI LAKE00000000.1 COW Draft none

900 4 LNDI00000000.1 cheese rind | Draft none

862 5 LNMY00000000.1 | cheese rind | Draft none

White SAM LNMZ00000000.1 cheese rind | Draft none

OffWhite SAM LNNA00000000.1 cheese rind | Draft none

BC9 LNNB00000000.1 cheese rind | Draft none

BC3 LNNC00000000.1 cheese rind | Draft none

341 10 LNND00000000.1 cheese rind | Draft none

738 7 LNPX00000000.1 cheese rind | Draft none

908 10 LNPY00000000.1 cheese rind | Draft none

947 12 LNPZ00000000.1 cheese rind | Draft none

RE2.24 LWJS00000000.1 rice seed Draft none

RE2.35 LWJU00000000.1 rice seed Draft none
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RE2.40 LWJWO00000000.1 | rice seed Draft none
ARS-13 MDJP00000000.1 Anopheles | Draft none
876 5 NMOI00000000.1 cheese rind | Draft none
82b3 CP041697.1 dust sample | Finished | none
C2014 CP013714.1 salted food | Finished | none
KM1031 CP013980.1 salted food | Finished | none
KS1039 CP013114.1 salted food | Finished | none
DSM 15097 PPQL00000000.1 cheese rind | Draft none
SNUC 5474 PY'YG00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 1644 PYYK00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 476 PYYMO00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 193 PYYN00000000.1 Holstein Draft Naushad et
al., 2016
SNUC 2835 QXSF00000000. 1 Holstein Draft Naushad et
al., 2016
SNUC 1023 QXSH00000000.1 Holstein Draft iauzs(l)lilg et
NCTC12414 UHDI00000000.1 COW Draft none
S. felis ATCC 49168 CP027770.1 cat Finished | none
DSM 7377 PPRI00000000.1 cat Draft none
F1 cat Draft Worthing et
QKXJ00000000.1 al., 2018
F2 cat Draft Worthing et
QKXK00000000.1 al., 2018
F4 cat Draft Worthing et
QKXL00000000.1 al., 2018
F5 cat Draft Worthing et

QKXM00000000.1

al., 2018
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Fo QKXN00000000.1 | €& Draft goggfég et
i QKX000000000.1 | €& Draft goggfég et
F8 QKXP00000000.1 | & Draft goggfég et
F9 QKXQ00000000.1 cat Draft g?lzt(l)lilég et
F12 QKXR00000000. 1 cat Draft g?lzt(l)lilég et
F13 QKXS00000000.1 cat Draft g?lzt(l)lilég et
F14 QKXT00000000.1 cat Draft g?lzt(l)lilég et
F15 QKXU00000000.1 cat Draft g?lzt(l)lilég et
F16 QKXV00000000.1 cat Draft g?lzt(l)lilég et
F17 QKXW00000000.1 cat Draft g?lzt(l)lilég et
kI8 QKXX00000000.1 | €& Draft Z}/"ggﬁg et
F19 QKXY00000000.1 | €& Draft Z}/"ggﬁg et
F20 QKXZ00000000.1 | €& Draft Z}/"ggﬁg et
F21 QK'Y A00000000.1 cat Draft Z}ff)gt(l)lirég et
F22 QK'YB00000000.1 | €& Draft goggfég ot
F24 cat Draft Worthing et

QKYC00000000.1

al., 2018
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F25 cat Draft Worthing et
QKYDO00000000.1 al., 2018
F26 cat Draft Worthing et
QKYE00000000.1 al., 2018
F27 cat Draft Worthing et
QKYF00000000.1 al., 2018
F29 cat Draft Worthing et
QKYG00000000.1 al., 2018
F30 cat Draft Worthing et
QKYHO00000000.1 al., 2018
F33 cat Draft Worthing et
QKYI100000000.1 al., 2018
F34 cat Draft Worthing et
QKYJ00000000.1 al., 2018
S. fleurettii FDAARGOS 682 CP046351.1 Jugular Finished | none
catheter
NCTC 12218 RXXB00000000.1 Jugular Draft none
catheter
ssch2 CP064058.1 human Finished | none
ssch3 CP064059.1 human Finished | none
S. gallinarum NBRC 109767 BKAX00000000.1 NA Draft none
DSM 20610 JXCF00000000.1 chicken skn | Draft none
- SNUC_ 1244 PYYC00000000.1 | Holstein | Draft iauzsg?g et
SNUC 395 PYYD00000000,1 | Holstein | Draft iauzs(l)l:;lg et
SNUC 4861 PZIZ00000000,1 | Holstein | Draft iauzs(l)l:;lg et
SNUC 5382 PZJA00000000.1 | Holstein | Draft ) Naushad et

al., 2016
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SNUC 4236 PZJB00000000.1 | Holstein | Draft ia“;gfg et
SNUC 4089 PZJC00000000.1 | Holstein | Draft ia“;gfg et
SNUC 2111 PZID00000000.1 Holstein Draft Naushad et
— al, 2016
SNUC 2087 PZJE00000000.1 | Holstein | Draft iauzs(l)l:;lg et
SNUC 1388 QXRZ00000000.1 | Holsten | Draft iauzsg?g et
SNUC_1169 QXSA00000000.1 | Holstein | Draft iauzsg?g et
SNUC 1046 QXSB00000000,1 | Holsten | Draft iiu;(l)l?g ct
SNUC 741 QXSC00000000.1 | Holsten | Draft iiu;(l)l?g ct
SNUC 302 QXSD00000000,1 | Holsten | Draft iiu;(l)l?g ct
SNUC 5344 QXVL00000000.] | Holsten | Draft iiu;(l)l?g ct
SNUC 1606 QXVMO00000000.1 | Holstein | Draft if‘“;gi‘g ct
SNUC 4633 QYJ000000000.1 | Holstein | Draft if‘“;gi‘g ct
SNUC 4583 QYJP00000000.1 | Holstein | Draft if‘“;gi‘g ct
SNUC_ 3067 QYJQ00000000.1 | Holstein | Draft ia“;gfg et
SNUC 2913 QYJR00000000.1 | Holstein | Draft ia“;gfg et
SNUC 2094 QYJS00000000.1 | Holstein | Drait ia“;gfg et
NCTC 12195 UHDK00000000.1 | NA Draft | none
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S. haemolyticus JCSC1435 AP006716.1 NA Finished | Takeuchi et
al., 2005

S167 leaf Finished | Hong et al
CPO1391L.1 vegetable 2016

83131A CP024809.1 human Finished | None

SGAir0252 CP025031.1 air Finished | Premkrishnan

etal 2018

83131B CP025396.1 human Finished | None

FDAARGOS 517 CP033814.1 human Finished | None

URN1-2019 CP052055.1 human Finished | None

PHRX1-2019 CP052056.1 human Finished | None

51-33 CUDQ00000000.1 human Draft None

51-37 CUDV00000000.1 human Draft None

CN1138 CUEV00000000.1 NA Draft None

8074328 CUFG00000000.1 NA Draft None

134634 CUGS00000000.1 Human CSF | Draft None

140376 CUHF00000000.1 human Draft None

105731 CUHI00000000.1 catheter Draft None

7532 CUHMO00000000.1 | human Draft None

235 SHAE TVPA00000000.1 human Draft I;Sf;h et al

ATCC 29970 CP035291.1 human Finished | None

K8 1L T963441.1 NA Draft None

PK-01 CP035541.1 human Finished | None

Sh29 CPO11116.1 human Finished ?érlnseida et al

G811IN2B1 PGWX00000000.1 | human Draft None

A109N1B1 PGWY00000000.1 human Draft None

0878 QVPWO00000000.1 | human Draft None

0894 QVPX00000000.1 human Draft None

MDMCO083 RXGD00000000.1 desert sand | Draft None




