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Chapter 1: General introduction 

 

Microbes are distributed in the various environments on Earth and composed of complex 

communities with responding to environmental variables, e.g. pH, oxygen, nutrients (Thompson, et 

al. 2017). According to Fenchel (1992), “The aim of microbial ecology is to find principles which 

explain the structure and function of microbial communities”. To achieve this goal, it is essential to 

know “who” reside and “how” it behaves there for each microbe, including its individual function 

and interaction with other environmental components. The importance of the interaction between 

host and its symbiont was well recognized recently and they were thought to be considered as a 

biomolecular networks, i.e. holobiont (Bordenstein and Theis 2015). Human harbors the most 

complex microbial ecosystem in the gut containing large number of microbiota (1010–1011 cells/g 

feces) encompassing several hundreds of species (Guarner and Malagelada 2003). Healthy adults 

harbor balanced microbial composition in their gut dominated by the phyla Firmicutes, 

Bacteroidetes, Actinobacteria and Proteobacteria (Cho and Blaser 2012). The imbalance of gut 

microbiota, i.e. dysbiosis, was reported to associate to various health disorders of their host not only 

in the gut but also in other body regions. For example, the expansion of Proteobacteria including 

Escherichia coli, Campylobacter concisus and enterohepatic Helicobacter associated with the 

pathogenesis of inflammatory bowel disease (Mukhopadhya, et al. 2012). The increase of 

Proteobacteria and the decrease of Firmicutes were also reported for the patients with advanced 

fibrosis in nonalcoholic fatty liver disease (Loomba, et al. 2017). As for systemic disorder, an 

association was reported between the elevation of Firmicutes / Bacteroidetes ratio and metabolic 

disease (Ley, et al. 2006). Considering their strong and wide-ranged effect on human health (Postler 

and Ghosh 2017), we can no longer ignore the influence of human gut microbiota in this field. 

 

The advance in next generation sequencing has expanded our knowledge about human gut 

microbiota. It has also revealed that they still contain vast number of unassigned microbial 

components (Lagier, et al. 2012). There are also an approach to estimate the detailed function of 

human gut microbiota based on functional metagenomics regardless to their culturabilities (Almeida, 
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et al. 2019). Recently, a number of studies have focused on human gut microbiota, especially for 

understanding its correlation to host’s health and diseases (Clemente, et al. 2012; Kho and Lal 2018) 

as well as to host’s properties (e.g. life-stages, genders and geographical regions) (De Filippo, et al. 

2010; Flak, et al. 2013; Odamaki, et al. 2016). On the other hand, most of the studies were conducted 

at genus or higher taxonomic level and the information for the function and behavior of each species 

or strain was still limited (Lagier, et al. 2016). For the further understanding of the microbial 

ecosystem in human gut, far more information about the community structure and the behavior 

needs to be accumulated for each of the human gut microbial components. Accurate classification 

and identification of human gut microbiota are also essential to estimate their genetic and 

physiological property. Though recent advance in molecular microbiology resulted in the revision of 

human gut microbial taxonomy (Duncan, et al. 2002; Liu, et al. 2008; Taras, et al. 2002), there are 

still remaining taxa which should be reclassified (Haas and Blanchard 2020). Simultaneously, future 

description of novel taxa would also lead to the necessity to further revision of the current microbial 

taxonomy. Therefore, it should be improved continuously, along with applying more appropriate 

classification and identification method. 

Among the human gut microbiota, Bifidobacterium and Lactobacillus have been known as 

common inhabitants. Bifidobacterium is dominant component of human distal gut microbiota 

especially during early stage of life, and the alteration of their composition was frequently reported 

in various host’s health dysfunction provoked by dysbiosis, e.g. obesity, inflammatory bowel disease 

and allergy (Tojo, et al. 2014). Although Lactobacillus is more minor in distal gut of human, the 

compositional change of Lactobacillus was also reported at this area for several disease, e.g. irritable 

bowel syndrome, multiple sclerosis and type 1 diabetes (Heeney, et al. 2018; Reuter 2001). Owing to 

their wide range of beneficial effects to host, e.g. bowel regulation, immunostimulation, intestinal 

barrier reinforcement, protection from pathogen, some of the strains belonging to these genera were 

used commercially as probiotics (George Kerry, et al. 2018; Turroni, et al. 2014). This study aims at 

the further understanding of microbial ecosystem in human gut from the point of views of their 

taxonomy and behavior, putting focus on these functionally and commercially important components 

of human gut microbiota. 
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In chapter 2, I conducted taxonomic studies to propose novel components of human gut 

lactobacilli and improved subspeciation method for the dominant human gut bifidobacteria. 

As the first part (Part 2A), I successfully found and proposed the novel species belonging 

to the genus Lactobacillus originating from human gut. The re-analysis based on 16S rRNA gene 

sequence similarity was conducted for 328 strains isolated from the feces of 61 healthy Japanese 

subjects in the different age-groups. As the result, two strains isolated from an adult and a 

centenarian, respectively, were found to represent novel species. The phenotypic and genotypic 

features demonstrated that these strains represent independent two novel species of the genus 

Lactobacillus, and the names Lactobacillus saniviri sp. nov. and Lactobacillus senioris sp. nov. were 

proposed, respectively. 

As the second part (Part 2B), I proposed the rearrangement of the classification of the 

subspecies of Bifidobacterium longum, one of the dominant human and animal gut microbial 

components. Three molecular biological methods (Amplified Fragment Length Polymorphism 

[AFLP], Multi Locus Sequence Analysis [MLSA] and Multi Locus Sequence Typing [MLST]) were 

applied to classify 25 B. longum strains previously identified. As the result, the clusters 

corresponding to three known subspecies (subsp. longum, subsp. infantis and subsp. suis) were 

observed with each method. Additionally, the cluster of B. longum subsp. suis was further divided to 

two subclusters, with or without urease activity. The subcluster without urease activity was proposed 

as B. longum subsp. suillum named from the origin, porcine feces, as the fourth subspecies of B. 

longum. 

 

In chapter 3, I conducted a study on a behavior of bifidobacterial strains colonized in 

infant’s gut where bifidobacteria became the most dominant component of human gut microbiota. 

As the part 3A, I investigated whether a strain colonized in an individual’s gut continued 

to exist there over the long term from early infancy, with focusing on B. longum subsp. longum, a 

common component of infant gut microbiota. The 462 strains were isolated over time from the feces 

of 12 subjects followed from early infancy (the first six months of life) up to childhood 
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(approximately six years of age) as well as from their mothers’ perinatal samples (prenatal feces and 

postnatal breast milk). As the result of genotype comparison, several strains were confirmed to 

colonize and persist in single individuals from early infancy through more than six years, one of 

which was also detected from the corresponding mother’s postnatal breast milk, confirming the 

existence of long-term colonizers from this period. Moreover, the results suggested that these strains 

persisted in the subjects’ gut while co-existing with the other predominant bifidobacterial species. 
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Chapter 2: Taxonomic studies on human gut Bifidobacterium and Lactobacillus 

 

Part 2A 

Lactobacillus saniviri sp. nov. and Lactobacillus senioris sp. nov., isolated from human feces 

 

2A.1. Introduction 

Lactobacillus strains are one of the most familiar microorganisms to humans, not only 

because of their association with a wide range of naturally fermented dairy products, grain crops and 

vegetables but also because they inhabit the gastrointestinal tracts of humans and animals, and are 

the most widely used probiotics aimed at promoting a healthy lifestyle. At the time of this study (in 

2011), the genus Lactobacillus comprises about 140 species (currently, 253 species and 23 

subspecies were described as correct name), although only a few species – Lactobacillus brevis, the 

Lactobacillus casei group, Lactobacillus delbrueckii, Lactobacillus gasseri, Lactobacillus 

parabuchneri, the Lactobacillus plantarum group, Lactobacillus reuteri and Lactobacillus sakei – 

have been found in human feces (Bello, et al. 2003; Walter, et al. 2001). Although the names of 

around 80 species have been validly published in the first decade of 2000, no novel species isolated 

from human feces have been described during this time (J.P. Euzéby: List of Prokaryotic names 

with Standing in Nomenclature; https://www.bacterio.net/). In this study, we explored the strains 

comprised novel Lactobacillus species isolated from human feces. 

 

2A.2. Materials and methods 

2A.2.1. Bacterial strains used in this study 

In order to explore novel Lactobacillus strains, we reanalyzed the culture collection of the 

Yakult Central Institute. The following Lactobacillus strains were obtained from the culture 

collection of Yakult Central Institute (YIT, Tokyo, Japan) and were used as references: L. casei YIT 

0078T, Lactobacillus paracasei subsp. paracasei YIT 0209T and Lactobacillus rhamnosus YIT 

0105T (for isolate YIT 12363T); and Lactobacillus parafarraginis YIT 12274T and Lactobacillus 

rapi YIT 11204T (for isolate YIT 12364T). 
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2A.2.2. Growth condition and DNA extraction 

The strains used in this study were cultivated and maintained in MRS broth (BD Difco, 

MA, USA) (De Man, et al. 1960) at 37°C (or 30°C for L. parafarraginis YIT 12274T) for 16 h, 

unless indicated otherwise. Modified MRS broth [MRS broth supplemented with 1% (w/v) 

L-arabinose and 1% (w/v) maltose instead of glucose] was used for L. rapi YIT 11204T. 

Chromosomal DNA used as a template for 16S rRNA, rpoA and pheS gene sequence amplification 

was prepared according to the method of Watanabe (2008). 

 

2A.2.3. Sequencing and phylogenetic analysis 

The conditions for PCR amplification of the partial 16S rRNA gene and subsequent DNA 

sequencing have been described previously (Chao, et al. 2008). The pheS and rpoA gene sequences 

for YIT 12363T, YIT 12364T, Lactobacillus buchneri YIT 0077T (rpoA gene only), Lactobacillus 

camelliae YIT 12276T, Lactobacillus diolivorans YIT 10368T (rpoA gene only), Lactobacillus 

farraginis YIT 12273T, Lactobacillus kisonensis YIT 11168T, Lactobacillus otakiensis YIT 11163T, L. 

parafarraginis YIT 12274T, L. rapi YIT 11204T and Lactobacillus sunkii YIT 11161T were amplified 

by PCR with the primer set of rpoA-21F (5´-ATGATYGARTTTGAAAAAACC-3′) and rpoA-23R 

(5′-ACHGTRTTRATDCCDGCRCG-3′) (Naser, et al. 2005) as well as pheS-21F 

(5′-CAYCCNGCHCGYGAYATGC-3′) and pheS-952R (5′-TATTTCAAAATTGCRAAACGRTC-3′) 

(for YIT 12363T, YIT 12364T) or pheS-23R (5′-GGRTGTACCATVCCNGCHCC-3′) (Naser, et al. 

2005), respectively. The PCR mixture (25 µl) contained 1×Ex Taq Buffer, 200 µM of each dNTP, 0.4 

µM of each primer, 1 U Ex Taq HS polymerase (Takara Bio) and 10 ng template DNA. The 

amplification program consisted of: one cycle of 95°C for 2 min; 35 cycles of 95°C for 20 s, 55°C 

(for pheS gene) or 46°C (for rpoA gene) for 30 s, 72°C for 1 min 15 s; and finally one cycle of 72°C 

for 3 min. For amplification of the pheS gene of strains YIT 12363T and YIT 12364T, 1×Taq buffer 

and Taq polymerase (Takara Bio) were used and the annealing temperature was changed to 42°C. 

For amplification of the pheS gene of L. rapi YIT 11204T, the annealing temperature was changed to 

42°C. For amplification of the rpoA gene of L. farraginis YIT 12274T, the annealing and elongation 

steps were modified to 48°C for 20 s and 72°C for 5 s, respectively. 
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The amplified 16S rRNA, pheS and rpoA genes were purified by using an AMPure® kit 

(Beckman Coulter, Brea, CA, USA) and were subsequently sequenced using the ABI PRISM 

BigDye® Terminator v3.1 cycle sequencing kit (Applied Biosystems, CA, USA). The closest known 

species to the novel isolates were determined by FASTA and sequences of members of the most 

closely related species were extracted from GenBank/EMBL/DDBJ. 

Multiple alignment and the construction of phylogenetic trees were performed with the 

program CLUSTAL_X v. 2.0.12. (Thompson, et al. 1997). For strain YIT 12363T, strain YIT 12364T 

and related strains, approximately 1390 bp of the 16S rRNA gene, approximately 280 bp of the pheS 

gene and approximately 350 bp of the rpoA gene sequences were used for constructing phylogenetic 

trees by the neighbor-joining method (Saitou and Nei 1987). The statistical reliability of trees was 

evaluated by bootstrap analysis of 1000 replicates (Felsenstein 1985) and tree topologies were also 

confirmed with the minimum-evolution (Rzhetsky and Nei 1992) and maximum-parsimony (Fitch 

1971) methods, by using MEGA v4.1 software (Tamura, et al. 2007), according to the Kimura 

two-parameter model (Kimura 1980). 

 

2A.2.4. DNA-DNA hybridization and G+C content 

For determination of DNA–DNA relatedness and the DNA G+C content, chromosomal 

DNA was extracted according to the method of Marmur (1961). DNA–DNA hybridization analyses 

were performed between strain YIT 12363T, L. casei YIT 0078T, L. paracasei subsp. paracasei YIT 

0209T and L. rhamnosus YIT 0105T and between strain YIT 12364T, L. parafarraginis YIT 12274T 

and L. rapi YIT 11204T, respectively. The microdilution well technique was used as described by 

Ezaki, et al. (1989) using a Spectra Max M2 (Molecular Device, CA, USA) for fluorescence 

measurements. Reciprocal hybridization experiments were performed for every pair of strains at 

44°C (for YIT 12363T and its reference strains) or 40°C (for YIT 12364T and its reference strains) 

for 2 h in the presence of 50 % formamide, using biotinylated DNA and unlabeled ssDNA, which 

was bound non-covalently to microplate wells. The highest and lowest values of eight replicate wells 

were excluded and the mean of the remaining values was calculated for each experiment. 

To assess the DNA G+C content, DNA was enzymatically degraded into nucleosides as 
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described previously (Mesbah, et al. 1989) and then separated by HPLC. 

 

2A.2.5. Morphological, cultural and biochemical tests 

The following tests were performed according to standard techniques at 37°C unless 

otherwise stated. Cell shape, cell size and Gram staining were determined by using cultures grown in 

MRS broth at 37°C for 16 h. Motility was tested in MRS soft agar (0.15 %). Catalase activity was 

determined by using cells grown on MRS agar. Gas production from glucose was measured with a 

Durham tube in MRS broth. Production of dextran was assessed on MRS agar in which glucose was 

replaced with 2 % (w/v) sucrose. The methods of Barrow and Feltham (1993) were used to determine 

growth at various temperatures and pH and in the presence of NaCl, reduction of nitrate and 

production of ammonia from arginine. Carbohydrate fermentation tests were conducted by using the 

API 50 CHL system (bioMérieux, Marcy-l'Étoile, France) according to the manufacturer’s 

instructions. The presence of diaminopimelic acid in the cell-wall peptidoglycan was determined 

according to Kandler and Weiss (1986). Cell-wall peptidoglycan for analysis of amino acid 

composition was prepared and hydrolyzed according to the method of Schleifer and Kandler (1972). 

Cell-wall amino acids were analyzed by HPLC (Alliance 2695 HPLC system; Waters, Milford, MA, 

USA) equipped with a fluorescence detector (model 474 Fluorescence Detector; Waters) and an 

AccQ-Tag column (3.9×150 mm; Waters), by using an AccQ-Fluor reagent KIT 

(6-aminoquinolyl-N-hydroxysuccinimidylcarbamate; Waters) for derivatization. Cellular fatty acid 

methyl esters were obtained from cells grown in MRS broth at 37°C (or 30°C for L. rapi YIT 

11204T) for 18 h by saponification, methylation and extraction using the method of Miller (1982) 

with minor modifications (Kuykendall, et al. 1988). FAMEs were determined by using the MIDI 

system with MOORE5 of the MIS Standard Libraries. The isomers of lactic acid formed from 

glucose were determined with a TC D-/L-lactic acid test kit (Boehringer-Mannheim, Mannheim, 

Germany). 
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2A.3. Results and Discussion 

2A.3.1 Phylogenetic characteristics of novel strains 

Form the survey of 328 strains isolated from the feces of 61 healthy Japanese subjects in 

different age-groups – neonates, infants, adults, elderly people and centenarians –, and the result of 

reanalysis based on 16S rRNA gene sequence similarity values, it was revealed that, YIT 12363T and 

YIT 12364T isolated from the feces of an adult and a centenarian could not be clearly placed within 

any recognized species of the genus Lactobacillus. 

Phylogenetic analysis based on 16S rRNA gene sequences showed that isolate YIT 12363T 

was a close neighbor to the L. casei group of lactobacilli (Fig. 1). 16S rRNA gene sequence 

similarities between strain YIT 12363T and its closest neighbors, L. casei YIT 0078T, L. paracasei 

subsp. paracasei YIT 0209T, L. paracasei subsp. tolerans NBRC 15906T and L. rhamnosus YIT 

0105T were high, with values of 95.3, 95.6, 95.3 and 95.4 %, respectively. Similar topologies were 

obtained by the minimum-evolution (Supplementary Fig. S1) and maximum-parsimony (data not 

shown) methods. Similarities between the pheS and rpoA gene sequences of strain YIT 12363T and 

the most closely related strains ranged from 73.5 to 75.2 % and from 79.5 to 80.4 %, respectively 

(Supplementary Figs S2 and S3). Phylogenetic analysis based on 16S rRNA gene sequences placed 

isolate YIT 12364T in the L. buchneri group of lactobacilli (Fig. 1). 16S rRNA gene sequence 

similarities between strain YIT 12364T and its closest neighbors, L. diolivorans YIT 10368T, L. 

parafarraginis NRIC 0677T and L. rapi YIT 11204T, were 95.8, 96.0 and 96.0 %, respectively; 16S 

rRNA gene sequence similarities with the type strains of all other species in this group were below 

97 %. Similar topologies were obtained by the minimum-evolution (Supplementary Fig. S1) and 

maximum-parsimony (data not shown) methods. Similarities between the pheS and rpoA gene 

sequences of isolate YIT 12364T and the most closely related strains ranged from 77.3 to 79.9 % and 

from 79.9 to 80.0 %, respectively (Supplementary Figs S2 and S3). Interspecies gaps within the 

genus Lactobacillus based on pheS and rpoA gene sequences normally exceed 10 % and 5 %, 

respectively (Naser, et al. 2007) , which suggested that the two identified strains should be classified 

as members of novel species. 

The levels of DNA–DNA relatedness of strain YIT 12363T to L. casei YIT 0078T, L. 
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paracasei subsp. paracasei YIT 0209T and L. rhamnosus YIT 0105T were 22.3–30.0, 19.7–25.7 and 

12.5–27.8 %, respectively; those of strain YIT 12364T to L. parafarraginis YIT 12274T and L. rapi 

YIT 11204T were 11.6–26.3 and 15.9–23.1 %, respectively. All values among the reference strains 

were well below the 70 % cut-off value that indicates separate species status (Stackebrandt and 

Goebel 1994). The DNA G+C contents of strains YIT 12363T and YIT 12364T were 48.1 and 37.9 

mol%, respectively, which are within the range for the genus Lactobacillus (32–59 mol%) (Salvetti, 

et al. 2012). 

 

2A.3.2. Phylogenetic characteristics of novel strains 

Various phenotypic characteristics of isolate YIT 12363T differed from those of L. casei 

YIT 0078T, L. paracasei subsp. paracasei YIT 0209T and L. rhamnosus YIT 0105T. Likewise, isolate 

YIT 12364T had different phenotypic characteristics from L. parafarraginis YIT 12274T and L. rapi 

YIT 11204T (Tables 1, 2 and 3). According to the genotypic and phenotypic data obtained, it is 

proposed that the identified strains should be classified as representatives of two novel Lactobacillus 

species: L. saniviri sp. nov. (YIT 12363T) and L. senioris sp. nov. (YIT 12364T). 

 

2A.4. Description of novel species 

2A.4.1. Lactobacillus saniviri sp. nov. 

Lactobacillus saniviri (sa.ni.vi′ri. L. adj. sanus healthy; L. gen. n. viri of an adult male; 

N.L. gen. n. saniviri of a healthy adult male, indicating the source of the type strain). 

 

Cells are rod-shaped (1.0×1.5–3.0 µm) and occur singly, in pairs or in short chains 

comprising three to six cells. Cells are Gram-stain-positive, non-motile, asporogenous and 

facultatively anaerobic. Catalase and pseudocatalase are not produced. After anaerobic growth at 

37°C for 72 h, colonies on MRS agar are circular to slightly irregular, 1.5–2.0 mm in diameter and 

beige with a smooth surface. After aerobic growth at 37°C for 72 h on blood agar, α-hemolysis is 

observed. In MRS broth, growth occurs at 10°C but not at 45°C. Growth occurs at pH 4.0 and pH 

8.5. Growth occurs in the presence of 5 % NaCl but not in the presence of 8 % NaCl. Gas is not 
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produced from glucose. Both L- (49 %) and D-lactate (51 %) are produced as end products from 

glucose. Ammonia is not produced from arginine. Nitrate is not reduced. Acid is produced from 

glycerol, D-ribose, D-galactose, D-glucose, D-fructose, D-mannose, D-mannitol, N-acetylglucosamine, 

amygdalin, arbutin, salicin, cellobiose, maltose, melibiose, sucrose, trehalose, melezitose (weakly), 

raffinose, starch (weakly), gentiobiose, D-tagatose, gluconate (weakly) and 2-ketogluconate. 

Aesculin is hydrolyzed. Dextran is not produced from sucrose. Cells do not contain 

meso-diaminopimelic acid in their cell-wall peptidoglycan. Peptidoglycan structure is of the L-Lys–

D-Asp type in the presence of Lys, Glu, Ala and Asp. The major cellular fatty acids (>10 %) are 

unsaturated fatty acid C18 : 1ω9c and cyclopropane C19 cyc 9,10. Phylogenetic analysis of the 16S 

rRNA gene sequence indicates that members of the L. casei group of lactobacilli are the closest 

neighbors. 

The type strain, YIT 12363T (= JCM 17471T = DSM 24301T), was isolated from feces of a 

healthy Japanese adult male in Tokyo, Japan. The DNA G+C content of the type strain is 48.1 mol%. 

 

2A.4.2. Lactobacillus senioris sp. nov. 

Lactobacillus senioris (se.ni′o.ris. L. gen. n. senioris of/from an elderly person, indicating 

the source of the type strain). 

 

Cells are rod-shaped (0.7×1.0–10.0 µm) and occur singly, in pairs or in chains comprising 

three to four cells. Cells are Gram-stain-positive, non-motile, asporogenous and facultatively 

anaerobic. Catalase and pseudocatalase are not produced. After anaerobic growth at 37°C for 72 h, 

colonies on MRS agar are circular, 1–2 mm in diameter and beige with a smooth or rough surface. In 

MRS broth, growth occurs at 15°C but not at 10°C or 45°C. Growth does not occur at pH 4.0 or pH 

8.5. Growth occurs weakly in the presence of 5 % NaCl but not in the presence of 8 % NaCl. Gas is 

produced from glucose. Both L- (72 %) and D-lactate (28 %) are produced as the end products from 

glucose. Ammonia is produced from arginine. Nitrate is not reduced. Acid is produced from 

L-arabinose, D-ribose, D-xylose, D-glucose, D-fructose, N-acetylglucosamine (weakly) and gluconate. 

Aesculin is not hydrolyzed. Dextran is not produced from sucrose. Cells do not contain 
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meso-diaminopimelic acid in their cell-wall peptidoglycan. Peptidoglycan structure is of the L-Lys– 

D-Asp type in the presence of Lys, Glu, Ala and Asp. The major cellular fatty acids are unsaturated 

fatty acid C18 : 1ω9c and cyclopropane C19 cyc 9,10. Phylogenetic analysis of the 16S rRNA gene 

sequence places the species in the L. buchneri group of lactobacilli. 

The type strain, YIT 12364T (= JCM 17472T = DSM 24302T), was isolated from feces of a 

100-year-old elderly female person in Okinawa, Japan. The DNA G+C content of the type strain is 

37.9 mol%. 
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Tables and Figures 

Table 1. Differential characteristics of L. saniviri sp. nov. YIT 12363T and closely related 

lactobacilli. 

Strains: 1, L. saniviri sp. nov. YIT 12363T; 2, L. casei YIT 0078T; 3, L. paracasei subsp. paracasei 

YIT 0209T; 4, L. rhamnosus YIT 0105T. 

All strains were able to ferment D-galactose, D-glucose, D-fructose, D-mannose, D-mannitol, 

N-acetylglucosamine, amygdalin, cellobiose, maltose, trehalose, D-tagatose and gluconate (weakly). 

All strains were able to grow at pH 4.0 and 15°C and hydrolyze aesculin. No strains were able to 

ferment erythritol, D- or L-arabinose, D- or L-xylose, D-adonitol, methyl β- D-xylopyranoside, dulcitol, 

inositol, methyl α-D-mannopyranoside, inulin, glycogen, xylitol, D- or L-fucose, D- or L-arabitol, or 

5-ketogluconate. None of the strains grew in 8% NaCl. Strains were not motile and did not produce 

gas from glucose, dextran from sucrose, ammonia from arginine, or reduce nitrate. +, positive. −, 

negative. W, weakly positive reaction. ND, no data. DAP, Diaminopimelic acid. 

Characteristic 1 2 3 4

Growth at:

10 °C + w w w

45 °C – – – +

pH 8.5 + + – +

Tolerance to 5 % salt + + – +

Acid production from :

Glycerol + – – –

D-Ribose + – + +

L-Sorbose – – – +

L-Rhamnose – – – w

D-Sorbitol – – – +

Methyl α-D-glucopyranoside – – w +

Arbutin + + + w

Salicin + + + w

D-Lactose – + + +

D-Melibiose + – – –

D-Sucrose + w + +

D-Melezitose + + + w

D-Raffinose + – – –

Starch w – – –

Gentiobiose + + + w

D-Turanose – – + +

D-Lyxose – – – +

2-Ketogluconate w – – –

Optical form of lactic acid DL L L L

Peptidoglycan

Type L-Lys-D-Asp ND L-Lys-D-Asp ND

meso -DAP – + – –

DNA G + C content (mol%) 48.1 48.7 47.5 46.8
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Table 2. Differential characteristics of L. senioris sp. nov. YIT 12364T and closely related 

lactobacilli. 

Strains: 1. L. senioris sp. nov. YIT 12364T; 2. L. rapi YIT 11204T; 3. L. parafarraginis YIT 12274T. 

All strains were able to ferment L-arabinose, D-ribose, D-xylose and D-glucose. No strains 

were able to ferment glycerol, erythritol, D-arabinose, L-xylose, D-adonitol, D-mannose, L-sorbose, 

L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl α-D-mannopyranoside, amygdalin, 

arbutin, salicin, cellobiose, trehalose, inulin, starch, glycogen, xylitol, gentiobiose, D-lyxose, 

D-tagatose, D- or L-fucose, D- or L-arabitol or 2-ketogluconate. None of the strains grew in 8% NaCl 

or at 10°C, 45°C and pH 8.5. Strains were not motile, did not contain meso-diaminopimelic acid in 

their peptidoglycan, and were not able to produce dextran from sucrose, reduce nitrate or hydrolyze 

aesculin. +: positive. −, negative. W, weakly positive reaction. ND, no data. 

  

Characteristic 1 2 3

Growth at:

15 °C + – +

pH 4.0 – + +

Tolerance to 5 % salt w – –

Ammonia production from arginine + + –

Acid production from :

Methyl β-D-xylopyranoside – + –

D-Galactose – – w

D-Fructose + w +

Methyl α-D-glucopyranoside – + –

N -Acethylglucosamine w – –

D-Maltose – + +

D-Lactose – – w

D-Melibiose – + +

D-Sucrose – w +

D-Melezitose – + +

D-Raffinose – + +

D-Turanose – + –

Gluconate + w w

5-Ketogluconate – w w

Optical form of lactic acid DL L DL

Peptidoglycan Type L-Lys-D-Asp L-Lys-D-Asp ND

DNA G + C content (mol%) 37.9 41.6 42
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Table 3. Cellular fatty acid compositions of the novel strains and genetically closely related 

lactobacilli. 

Strains: 1, L. saniviri sp. nov. YIT 12363T; 2, L. paracasei subsp. paracasei YIT 0209T;  

3, L. senioris sp. nov. YIT 12364T; 4, L. rapi YIT 11204T. 

Values are percentages of total fatty acids. 

a Summed feature 10, C18:1ω7c and/or unknown fatty acid (ECL 17.834). Summed feature 12, 

unknown fatty acid (ECL 18.622) and/or iso-C19:0. 

−, not detected. DMA, dimethyl acetal. ECL, equivalent chain-length. 

  

Fatty acid 1 2 3 4

Saturated

C14:0 1.16 11.98 ─ 1.22

C16:0 4.1 17.88 2.23 18.2

C16:0 3OH ─ 0.36 ─ ─

C18:0 0.82 0.56 1.53 0.59

C18:0 12OH 4.42 4.74 ─ ─

Unsaturated

C16:1ω5c ─ 0.56 ─ ─

C16:1ω7c ─ 4.63 ─ 2.28

C18:1ω9c 56.61 30.32 57.22 28.18

C18:1ω7c  DMA 0.71 0.76 0.57 ─

C18:2ω6,9c ─ ─ 1.09 ─

Cyclopropane

C19 cyc 9,10 29.29 18.66 34.39 14.9

C19 cyc 11,12 ─ ─ ─ 5.41

Summed featuresa

Summed features 10 2.3 7.94 2.05 29.22

Summed features 12 ─ 0.54 0.93 ─

Unknown fatty acid (ECL 18.199) 0.59 1.05 ─ ─
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Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of L. 

saniviri sp. nov. YIT 12363T and L.s senioris sp. nov. YIT 12364T with strains of closely related 

species. 

The tree was constructed by the neighbor-joining method on the basis of a comparison of 

approximately 1390 bp and Lactobacillus vitulinus JCM 8228T was used as the outgroup. Bootstrap 

values (%) based on 1000 replications are given at nodes. Bar, 5% sequence divergence. 

  



22 

Part 2B 

Subspeciation of Bifidobacterium longum by multilocus approaches and amplified fragment 

length polymorphism: Description of B. longum subsp. suillum subsp. nov., isolated from the 

feces of piglets 

 

2B.1. Introduction 

 Currently, the names of 91 species and 15 subspecies of the genus Bifidobacterium have 

been validly published (J.P. Euzéby: List of Prokaryotic names with Standing in Nomenclature; 

https://www.bacterio.net/). Among these species, B. longum is considered one of the most important 

contributors to host health and representative strains are frequently used as a probiotics (Desbonnet, 

et al. 2010; Puccio, et al. 2007; Xiao, et al. 2003). B. longum was described by Reuter (1963) using a 

strain isolated from adult feces. Later the species was recognized as one of the most prevalent 

bifidobacterial species in the gastrointestinal tract of human adults (Biavati, et al. 1984). 

Bifidobacterium infantis was also proposed by Reuter (1963) using strains that were prevalent in the 

gastrointestinal tract of infants (Biavati, et al. 1986; Matsuki, et al. 1998) while Bifidobacterium suis 

was described by Matteuzzi, et al. (1971) for strains isolated from pig feces. 

In surveys of DNA–DNA relatedness, B. longum, B. infantis and B. suis have been shown 

to have hybridization rates of about 70% and higher (Lauer and Kandler 1983; Scardovi, et al. 1979), 

while possessing more than 97% 16S rRNA gene sequence identity (Miyake, et al. 1998), suggesting 

interrelationships at the species level (Stackebrandt and Goebel 1994). In addition, these species 

showed high average nucleotide identity (ANI) values ranging from 95.5 to 96.6%, which were 

higher than 95% cut-off value recommended for species demarcation (Kim, et al. 2014; Lugli, et al. 

2014). Sakata, et al. (2002) unified B. longum, B. infantis and B. suis into the single species, B. 

longum, on the basis of DNA–DNA hybridization values, ribotyping and randomly amplified 

polymorphic DNA (RAPD) typing. They established three biotypes – ‘longum’, ‘infantis’ and ‘suis’ 

– for strains belonging to the respective former species. However, a variety of other genotypic 

techniques, including transaldolase-specific PCR-denaturing gradient gel electrophoresis (Requena, 

et al. 2002), comparison of the recA, tuf and ldh gene sequences (Roy and Sirois 2000; Ventura and 
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Zink 2003) and repetitive element sequence-based PCR fingerprinting (Masco, et al. 2003; Ventura, 

et al. 2003), as well as the results of PAGE experiments on soluble proteins (Biavati, et al. 1982), 

clearly allowed to discriminate these three species. Mattarelli, et al. (2008) assessed the published 

results in order to resolve the taxonomic dispute. In agreement with the International Committee on 

Systematics of Prokaryotes Subcommittee on the taxonomy of Bifidobacterium, Lactobacillus and 

related organisms, they have proposed that these three species should be reclassified into three 

subspecies, B. longum subsp. longum, B. longum subsp. infantis and B. longum subsp. suis. Given 

the wide applicability of the species, there is a strong need for reliable identification of strains of 

Bifidobacterium at species or subspecies level, improving studies of their ecological distribution and 

biological features. 

The amplified-fragment length polymorphism (AFLP) method has been used to 

discriminate strains so as to verify the mother to infant transmission of B. longum subsp. longum 

(Makino, et al. 2011). Here, we chose to use AFLP, regarded as a reliable nucleic acid fingerprinting 

method (Tindall, et al. 2010) was used to investigate the subspecies of B. longum because of the 

success of this technique in classifying subspecies of L. delbrueckii (Tanigawa and Watanabe 2011). 

In addition, the multilocus sequence analysis or typing (MLSA or MLST) methods have been widely 

used to discriminate bacterial strains (Makino, et al. 2011; Tanigawa and Watanabe 2011). MLSA is 

based on the use of a phylogenetic analysis of nucleotide sequences of housekeeping genes of strains 

belonging to closely related species, allowing to determine phylogenetic clustering patterns. 

Concatenation of genes was shown to be extremely useful for precise bacterial phylogenetic analysis 

(Teichmann and Mitchison 1999). Ventura, et al. (2006) used seven housekeeping-gene sequences – 

of clpC, dnaB, dnaG, dnaJ1, purF, rpoC and xfp – to analyze the phylogenetic relationships of 

Bifidobacterium species; they recommended the use of a phylogeny based upon concatenated 

sequences to improve the identification of members of the Bifidobacterium at species level. Delétoile, 

et al. (2010) also confirmed that phylogenetic analysis based on the concatenated sequences of seven 

housekeeping genes (clpC, fusA, gyrB, ileS, purF, rplB and rpoB) indicated a distinct separation of B. 

longum subsp. infantis from the cluster composed of subspecies’ longum and suis. MLST is used to 

analyze intraspecific diversity by comparing allelic profiles (Maiden, et al. 1998). A novel 
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subspeciation of L. delbrueckii was revealed by using MLST based on the analysis of seven 

housekeeping genes (fusA, gyrB, hsp60, ileS, pyrG, recA and recG) (Tanigawa and Watanabe 2011). 

By using MLST based on seven housekeeping genes (clpC, dnaG, dnaJ, fusA, gyrB, purF and rpoB), 

Makino, et al. (2011) revealed the transmission of intestinal B. longum subsp. longum strains from 

mother to infant. 

In this study, the results obtained by using the MLST method corresponded well to the 

results of AFLP with respect to the identification of 207 B. longum subsp. longum strains. It is very 

likely that continued whole genome sequencing results will assist in better quantifying and clarifying 

taxonomic and functional differences between strains of B. longum. The aim of the present study was 

to: (i) further examine the subspecies composition of B. longum using the above listed 

methodologies and (ii) adapt the current taxonomic structure of the species if shown necessary. 

 

2B.2. Materials and methods 

2B.2.1. Bacterial strains and growth conditions 

A total of 25 bacterial strains assigned as B. longum subsp. longum, B. longum subsp. 

infantis or B. longum subsp. suis were obtained from the Culture Collection of the Yakult Central 

Institute (YIT; Tokyo, Japan) and the Bologna University Scardovi Collection of Bifidobacteria (Su; 

BUSCoB Bologna, Italy) (Table 4). All bacterial strains were grown at 37°C for 24 h in GAM broth 

(Nissui, Tokyo, Japan) supplemented with 0.5% glucose. 

 

2B.2.2. Phenotypic characterization 

Morphological, cultural and biochemical testing according to standard techniques was 

performed at 37°C unless otherwise stated. Gram staining and catalase activity were determined by 

using cells grown on modified GAM agar at 37°C for 2 days. Motility was tested in modified GAM 

soft agar (0.15%). Carbohydrate fermentation tests were carried out by using the API50 CHL system 

(bioMérieux, Marcy-l’Étoile, France) according to the manufacturer’s instructions with some 

modifications (Watanabe, et al. 2009). Fructose-6-phosphate phosphoketolase (F6PPK) activity was 

determined according to the method described by Orban and Patterson (2000) with hexadecyl- 
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trimethylammonium bromide (0.45 mg/ml) as the detergent for cell membrane disruption. For urease 

activity assay, bacterial cells of overnight cultures grown in GAM broth supplemented with 0.5% 

glucose were inoculated into 4 ml of GAM broth supplemented with 0.5% glucose, 0.1 ml of 6 M 

urea solution (Toyobo Enzymes, Osaka, Japan) and 0.001% phenol red. After cultivation at 37°C for 

4 days, urease activity was determined by the color change in the medium from yellow (pH < 6.8) to 

red (pH > 8.2). Cell-wall peptidoglycan was prepared and hydrolyzed according to the method of 

Schleifer and Kandler (1972). Cell-wall amino acids were analyzed by using a method described 

previously (Chao, et al. 2012). Cellular fatty acid methyl esters were obtained from cells grown on 

GAM broth supplemented with 0.5% glucose at 37°C for 1 day by saponification, methylation and 

extraction using the method of Miller (1982) with minor modifications (Kuykendall, et al. 1988). 

Cell protein for analysis by matrix-assisted laser desorption/ionization time-of-flight mass 

spectrometry (MALDI-TOF/MS) was performed as described previously (Sato, et al. 2011) with a 

slight modification. Briefly, 8 ml culture (incubated overnight) was centrifuged at 14,000 × g for 5 

min. The resultant cell pellet was washed twice in double-distilled water before the cells were 

resuspended in TMA-1 buffer (10 mM Tris-HCl, 30 mM NH4Cl, 10 mM MgCl2, 6 mM 

2-mercaptoethanol) and then centrifuged down at 10,000 × g for 2 min. The pellet produced was 

suspended in the buffer and ground with zirconia silica beads (0.1 mm in diameter: Biospec Products, 

Bartlesville, OK, USA) by using a FastPrep 24 Instrument (MP Biomedicals, Irvine, CA, USA) at a 

speed of 4.0 m/s for 30 s to obtain cell lysates. Each resulting lysate was mixed with a solution of 

sinapinic acid as the matrix at a concentration of 10 mg/ml in 50% acetonitrile with 1% 

trifluoroacetic acid. The resulting mixture was centrifuged, again at 10,000 × g for 2 min, before 0.5 

μl supernatant solution was applied to a FlexiMass-DS disposable MALDI target (Shimadzu, Kyoto, 

Japan), airdried and then overlaid with 1 μl matrix solution. MALDI mass spectra in the range of 

2000–16,000 molecular masses (m/z) were recorded, in positive linear mode, by averaging 500 

individual laser shots made in an Axima Performance MALDI-TOF/TOF spectrometer (Shimadzu) 

equipped with a pulsed N2 laser (λ = 337.1 nm; pulse width = 3 ns; frequency = 50 Hz). The spectra 

were calibrated externally by using adrenocorticotropic hormone (ACTH, clip18-39; m/z 2466.72) 

and apomyoglobin (m/z 16,952.276). The masses of reference peaks were determined by averaging 
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three measurements. 

 

2B.2.3. Genomic DNA extraction 

For 16S rRNA and housekeeping-gene sequencing, the genomic DNAs of the strains were 

extracted by using a method described previously (Watanabe, et al. 2008). For determination of 

DNA–DNA relatedness and DNA G + C content, chromosomal DNA was extracted according to the 

method of Marmur (1961). To assess its G + C content, DNA was enzymatically degraded into 

nucleosides (Mesbah, et al. 1989) which were then separated and quantified by HPLC. DNA–DNA 

reassociation analyses were performed according to the microdilution well technique, using 

photobiotin for DNA labelling (Ezaki, et al. 1989) and using a SpectraMax M2 (Molecular Devices, 

Sunnyvale, CA, USA) for fluorescence measurements. Reciprocal hybridization experiments were 

performed for each pair of strains at 50°C for 2 h in the presence of 50% formamide, using 

biotinylated DNA and unlabeled ssDNA, which was bound non-covalently to microplate wells. The 

highest and lowest values of eight replicate wells were excluded and the mean of the remaining 

values was calculated for each experiment. 

 

2B.2.4. Amplified fragment length polymorphism analysis 

An AFLP analysis protocol as described previously (Makino, et al. 2011) was used, with 

the following modification. Bacterial DNA samples were digested with MspI (Takara Bio, Shiga, 

Japan) and MseI (New England BioLabs, Ipswich, MA, USA). The composition of the restriction 

reaction mixtures (5 μl) were as follows: 1 × NE buffer (New England BioLabs), 1 × T buffer 

(Takara Bio), 1 mg/ml bovine serum albumin, 20 U of MspI, 10 U of MseI and 29 ng of template 

DNA. The restriction reaction mixtures were incubated at 37°C for 2 h. For the next step, the ligation 

reaction mixture composition was as follows: 1 × T4 DNA ligase buffer, 10 μM MspI adapter 

(5'-CTCGTAGACTGCGTACA-3', 5'-CGTGTACGCAGTCTAC-3') (Makino, et al. 2011) and 10 

μM MseI adapter (5'-GACGATGAGTCCTGAGG-3',5'-TACTCAGGACTCAT-3') (Vos, et al. 1995), 

35 U T4 ligase (Takara Bio) and 5 μl of digested DNA in a total volume of 10 μl. The ligation 

reaction mixtures were incubated at 20°C for 2 h. Following the addition of 90 μl TE buffer, the 
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digested and ligated DNA was used as the template for the preselective PCR. For preselective PCR 

amplification, the preselective primers for MspI (5'-GACTGCGTACACGGA-3') and for MseI 

(5'-GATGAGTCCTGAGTAA-3') were used. Ten microliters of reaction regent contained 10 mM of 

Tris–HCl (pH 8.3), 50 mM of KCl, 1.5 mM of MgCl2, 250 μM of each dNTP, 2.5 μM of MspI 

preselective primer, 2.5 μM of MseI preselective primer, 0.25 U of Taq polymerase (Takara Bio) and 

1 μl of diluted digested DNA. The PCR amplification program consisted of initial heating at 94°C 

for 2 min; 28 cycles of 94°C for 20 s, 56°C for 30 s and 72°C for 1.5 min; and a final extension at 

72°C for 5 min. Following the addition of 990 μl TE buffer, the digested and ligated DNA was used 

as the template for the selective PCR. 

For selective PCR, the selective primers for MspI (5'-GACTGCGTACACGGAA-3') and 

for MseI (5'-GATGAGTCCTGAGTAAT-3') (selective bases at the 3'-end are underlined) were used. 

The 5'-end of the MspI selective primer was labelled with 6-carboxy-fluorescein (FAM). Ten 

microliters of reaction reagent contained 10 mM of Tris-HCl (pH 8.3), 50 mM of KCl, 1.5 mM of 

MgCl2, 100 μM of each dNTP, 0.025 μM of FAM-labelled MspI primer, 3 μM of MseI selective 

primer, 0.25 U of Taq polymerase (Takara Bio) and 1 μl of 100-fold diluted preselective PCR 

product. The PCR amplification program consisted of initial heating at 94°C for 2 min and 13 cycles 

at 94°C for 20 s, 65°C for 30 s, and 72°C for 60 s, with a decrease in the annealing temperature of 

0.7°C /cycle, followed by 24 cycles at 94°C for 20 s, 56°C for 30 s, and 72°C for 60 s; and a final 

extension at 72°C for 2 min. One microliter of the 10-fold diluted selective PCR product with TE 

buffer was mixed with 9.75 μl of Hi-DiTM formamide (Applied Biosystems, Foster City, CA, USA), 

0.25 μl of GeneScanTM 500 LIZ® size standards (Applied Biosystems) and denatured at 95°C for 2 

min. The samples were then analyzed with an ABI 3130xl Genetic Analyzer (Life Technologies, 

Carlsbad, CA, USA). The fragment pattern was extracted as binary data with GeneMapper (Life 

Technologies) on the basis of an analysis range of 51–500 bp and a threshold fluorescence value of 

50 arbitrary units. The binary data were then converted to characteristic data (e.g., 0 and 1 were 

converted to A and T, respectively), and a cluster analysis was conducted by using unweighted pair 

group method with arithmetic mean (UPGMA) (Sneath and Sokal 1973) algorism with MEGA6 

soft-ware (Tamura, et al. 2013). 
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2B.2.5. Housekeeping-gene sequence analysis 

The conditions used for PCR amplification of the partial sequences of housekeeping genes 

and subsequent DNA sequencing have been described previously (Tanigawa and Watanabe 2011). 

For DNA amplification of the genes encoding ATP-dependent Clp protease ATP-binding subunit 

(clpC), DNA primase (dnaG), chaperone protein dnaJ1 (dnaJ1), heat shock protein 60 (hsp60), 

amidophosphoribosyltransferase (purF), RNA polymerase beta subunit (rpoC) and putative xylulose 

5-phosphate/fructose 6-phosphate phosphoketolase (xfp), the primers listed in Table 5 were used. 

The primers clpC-F and clpC-R and hsp60-F and hsp60-R were based on positions 991–1733 and 

286–818 of the clpC and hsp60 genes, respectively, from B. longum subsp. longum NCC 2705 

(GenBank accession no. AE014295), and the primers dnaJ1-F and dnaJ1-R were based on positions 

195–586 of the dnaJ1 gene from B. longum subsp. infantis ATCC 15697 (CP001095). Each 25 μl of 

reaction mixture contained 10 mM of Tris-HCl (pH 8.3), 50 mM of KCl, 1.5 mM of MgCl2, 200 μM 

of each dNTP, 0.4 μM of each primer, 0.5 U of Taq polymerase (Takara Bio) and 10 ng of template 

DNA. The PCR conditions consisted of an initial heating step at 94°C for 2 min; 30 cycles of 94°C 

for 20 s, 57°C (for dnaJ1 gene), 55°C (for purF gene) or 51°C (for the remaining housekeeping 

genes) for 20 s and 72°C for 20 s; and a final extension step at 72°C for 3 min. The amplicons were 

purified with an Ampure® XP kit (Beckman Coulter, Brea, CA, USA) and subsequently sequenced 

with an ABI PRISM BigDye® Terminator v3.1 cycle sequencing kit (Life Technologies). Multiple 

alignment of the sequences of the 25 strains was performed with MEGA6 software. Approximately 

650, 890, 360, 420,760, 1090 and 190 bp of the seven housekeeping genes clpC, dnaG, dnaJ1, hsp60, 

purF, rpoC and xfp, respectively, of the 25 strains were used to construct a phylogenetic tree by 

using the neighbor-joining method (Saitou and Nei 1987), with Kimura’s two-parameter model as a 

substitution model (Kimura 1980). The statistical reliability of the tree was evaluated by bootstrap 

analysis of 1000 replicates (Felsenstein 1985). 

 

2B.2.6. Multilocus sequence analysis 

To conduct MLSA the seven housekeeping-gene sequences were concatenated, yielding 

approximately 4360 bp of sequences. Phylogenetic trees based on the single gene sequences were 
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constructed with MEGA6 software. Neighbor-Net analysis (Bryant and Moulton 2004) based on the 

concatenated sequences from the seven genes was performed with the SplitsTree4 program (Huson 

and Bryant 2006). Sequence similarities were corrected by using the Jukes-Cantor correction (Jukes 

and Cantor 1969). 

 

2B.2.7. Multilocus sequence typing analysis 

For MLST, the seven housekeeping-gene sequences were imported into BioNumerics 

software version 6.6 (Applied Maths, Sint-Martens-Latem, Belgium) and were aligned as described 

previously (Tanigawa and Watanabe 2011). The sequences obtained for each locus were compared 

for all isolates, and an allele number was given to each distinct sequence variant. Each isolate was 

defined by an allele profile or sequence type (ST) derived from the combination of alleles at the 

seven loci analyzed (Table 6). The same ST was used for the strains when they shared the same 

allelic profiles. The STs were identified by arbitrary numbers assigned in order of description. The 

alleles were then extracted and used to construct a minimum spanning tree. A clustering analysis was 

also performed using the UPGMA algorithm on a similarity matrix calculated based on a categorical 

coefficient on the position of mutations in the seven concatenated housekeeping gene sequences. 

 

2B.3. Results 

2B.3.1. Amplified fragment length polymorphism of 25 B. longum strains 

The AFLP method is useful for grouping bacterial strains according to their genetic 

relationships. This method was used to measure the extent of subspecies diversity, and we 

constructed a dendrogram based on the AFLP profiles of the strains examined (Fig. 2). The 25 B. 

longum strains were separated into three major clusters (A, B and C). Cluster A consisted of 11 

strains of B. longum subsp. longum. Cluster B consisted of seven strains of B. longum subsp. suis 

and was further divided into two subclusters which coincided with the strains’ ability to produce 

urease: Subcluster B-1 comprised five urease-positive strains (YIT 4082T, YIT 4108, Su 868, Su 903 

and Su 923) and Subcluster B-2 comprised two urease-negative strains (Su 851T and Su 864). 

Cluster C consisted of seven strains of B. longum subsp. infantis. 
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2B.3.2. Multilocus sequence analysis 

By using a split network tree based on the concatenated sequences (4360 bp) of the seven 

genes (clpC, dnaG, dnaJ1, hsp60, purF, rpoC and xfp), the 25 strains of B. longum were divided into 

three major clusters, Cluster A, Cluster B and Cluster C, which corresponded to the subspecies B. 

longum subsp. longum, B. longum subsp. suis and B. longum subsp. infantis, respectively (Fig. 3). 

The result of the split network analysis revealed that Cluster B consisted of seven strains of B. 

longum subsp. suis and was divided into two subclusters: Subcluster B-1, which comprised the five 

urease-positive strains (YIT 4082T, YIT 4108, Su 868, Su 903 and Su 923) and Subcluster B-2, 

which comprised the two urease-negative strains (Su 851T and Su 864). 

 

2B.3.3. Multilocus sequence typing analysis of allelic diversity 

MLST analysis was used to examine the genetic diversity of strains of B. longum and to 

discriminate subspecies. The sequences of the seven loci were determined for the 25 B. longum 

strains, and 20 different STs were obtained. Of these, 16 were assigned to single strains. Three STs 

(ST1, ST19 and ST20) were assigned to two strains. ST18 was assigned to three strains (Table 6). 

The consensus sequence templates ranged in length from 186 bp (xfp) to 1093 bp (rpoC). 

Polymorphic sites are shown in Supplementary Fig. S4. 

 

2B.3.4. Multilocus sequence typing for subspeciation of B. longum 

The number of alleles per locus ranged from seven (xfp) to 18 (dnaG) (Table 6). By 

combining the seven gene loci, 20 STs were distinguished. ST inter-relationships were studied using 

the minimum spanning tree algorithm (Fig. 4). The 25 strains of B. longum were categorized into 

eight groups: Group 1 (ST1, ST2, ST3, ST4, ST7, ST8, ST9, ST12, ST15 and ST16), Group 2 (ST18 

and ST19), Group 3 (ST20), Group 4 (ST5), Group 5 (ST13), Group 6 (ST10, ST11 and ST17), 

Group 7 (ST6) and Group 8 (ST14). Strains with STs that were separated by six or more allelic 

differences grouped separately. The UPGMA cluster analysis of the similarity matrix obtained using 

the categorical coefficient on all mutations in the seven concatenated housekeeping sequences, 

revealed that the 25 strains could be separated into three major clusters: Cluster A consisting of 11 
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strains of B. longum subsp. longum; Cluster B consisting of seven strains of B. longum subsp. suis; 

Cluster C consisting of seven strains of B. longum subsp. infantis. Cluster A was divided into two 

subclusters: cluster A-1 and cluster A-2 included four strains and seven strains of B. longum subsp. 

longum, respectively; Cluster B was also divided into two subclusters: cluster B-1 included five 

urease-positive strains (YIT 4082T, YIT 4108, Su 868, Su 903 and Su 923); cluster B-2 included two 

urease-negative strains (Su 851T and Su 864) (Fig. 5). 

 

2B.3.5. Phenotypic characteristics of B. longum 

F6PPK activity was observed in all of the 25 B. longum strains used. The alkaline 

production based on urease activity was observed in five urease-positive strains of B. longum subsp. 

suis (YIT 4082T, YIT 4108, Su 868, Su 903 and Su 923), whereas no color change observed in two 

urease-negative strains (Su 851T and Su 864) of B. longum subsp. suis (Supplementary Fig. S5). Two 

specific peaks at around 6228 and 7730 m/z were observed in the MALDI-TOF MS spectra that 

discriminated the two urease-negative strains of B. longum subsp. suis (Su 851T and Su 864) from all 

other strains investigated. Meanwhile, specific peaks were observed at around 10970 m/z for the five 

urease-positive strains of B. longum subsp. suis (YIT 4082T, YIT 4108, Su 868, Su 903 and Su 923) 

and the type strains of B. longum subsp. infantis (YIT 12734T).Strains Su 851T and Su 864 did not 

display these peaks (Supplementary Fig. S6). Peptidoglycan structures of the two strains Su 851T 

and Su 864 and two B. longum subspecies’ type strains of YIT 4082T and YIT 12734T, were identical 

(L-Orn (Lys)-L-Ser-L-Ala-L-Thr-L-Ala, with the presence of Ala, Glu, Ser, Thr and Leu/Orn + Lys in 

ratio of 2:1:1:0.7:0.7; data not shown). Cellular fatty acid compositions of the two urease-negative 

strains of B. longum subsp. suis (Su 851T and Su 864) and the three type strains of the three B. 

longum subspecies (YIT 4082T, YIT 4021T and YIT 12734T) were almost identical, with the 

presence of major components of C16:0 and C18:1 ω9c (Table 7). 

 

2B.4. Discussion 

One of our aims was to verify the current subspeciation of B. longum (B. longum subsp. 

longum, B. longum subsp. infantis and B. longum subsp. suis) using genotypic methods on a 
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representative subset of B. longum strains. The subspeciation of B. longum was proposed by the 

International Committee on Systematics of Prokaryotes Subcommittee on the taxonomy of 

Bifidobacterium, Lactobacillus and related organisms and was based on an accumulation of 

published results on phenotypic and genotypic features (Mattarelli, et al. 2008). Various methods of 

discriminating strains of B. longum into subspecies have been proposed by many researchers. It is 

well known that analysis of DNA–DNA hybridization rates and 16S rRNA gene sequences of B. 

longum strains does not allow the clear separation of taxonomic entities at subspecies level. 

Consequently, MLSA has been proposed as an alternative to 16S rRNA gene analysis and has been 

recommended for improving the species-level identification of Bifidobacterium. The concatenated 

sequences of seven housekeeping genes (clpC, dnaB, dnaG, dnaJ1, purF, rpoC and xfp) have been 

used to discriminate type strains of the ‘B. longum group’, which consists of Bifidobacterium breve 

and the three biotypes of B. longum (‘longum’, ‘infantis’ and ‘suis’ for strains belonging to B. 

longum subsp. longum, B. longum subsp. infantis and B. longum subsp. suis, respectively) (Ventura, 

et al. 2006). Delétoile, et al. (2010) found that MLSA based on the concatenated sequences of seven 

housekeeping genes (clpC, fusA, gyrB, ileS, purF, rplB and rpoB) discriminated B. longum subsp. 

infantis strains from a cluster comprising strains of B. longum subsp. longum and B. longum subsp. 

suis. However, the strains of B. longum subsp. longum were not separated from those of B. longum 

subsp. suis. 

 

AFLP and MLSA techniques target different aspects of the genome. AFLP targets large 

genome rearrangements and compares the lengths of fragments of chromosomal DNA, whereas 

MLSA is based on the phylogenetic analysis of protein-coding housekeeping-gene sequences of 

strains belonging to closely related species. MLST, in contrast, is used to analyze intra-species 

diversity by comparing the allelic profiles of housekeeping genes. MLST, based on seven 

housekeeping-gene sequences (fusA, gyrB, hsp60, ileS, pyrG, recA and recG), has been used 

successfully to newly classify the subspecies of L. delbrueckii (Tanigawa and Watanabe 2011). 

We therefore used the AFLP, MLSA and MLST methods to analyze 25 strains of B. 

longum, consisting of seven B. longum subsp. infantis strains, 11 B. longum subsp. longum strains 
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and seven B. longum subsp. suis strains (five urease-positive and two urease-negative). 

We confirmed that subspecies identification of the 25 B. longum strains with AFLP results 

corresponded well to results obtained with MLSA, using the concatenated sequences of seven 

housekeeping genes (clpC, dnaG, dnaJ1, hsp60, purF, rpoC and xfp). By these methods, the 25 

strains were divided into three major clusters (A, B and C) that included two subclusters (B-1 and 

B-2). We also confirmed that the three major clusters could be easily identified in accordance with 

the locations of the respective type strains as B. longum subsp. longum, B. longum subsp. suis and B. 

longum subsp. infantis, respectively, and that the separation of B. longum subsp. suis strains into two 

subclusters corresponded to the ability of the strains to produce urease (Figs. 2 and 3). By using the 

MLST method we categorized the 25 strains of B. longum into eight groups. The 11 strains of B. 

longum subsp. longum were bundled into the same clonal complex (Group 1), which corresponded to 

Cluster A in the AFLP and MLSA dendrograms. The five urease-positive strains and two 

urease-negative strains in the B. longum subsp. suis were bundled into Group 2 and Group 3, 

respectively, which corresponded to subcluster B-1 and subcluster B-2, respectively, in the AFLP and 

MLSA dendrograms. However, the seven strains of B. longum subsp. infantis were separated into 

five groups (designated 4-8): Group 6, which comprised three strains [YIT 12734T (ST10), YIT 

12735 (ST11) and YIT 4081 (ST17)], and four disparate groups, namely Group 4 [YIT 11889 (ST5)], 

Group 5 [YIT 4019 (ST13)], Group 7 [YIT 11945 (ST6)] and Group 8 [YIT 4020 (ST14)] (Fig. 4). 

Although genetic diversity was observed in the strains of B. longum subsp. infantis, the fundamental 

results of the MLST analysis corresponded to the AFLP and MLSA results. 

 

We thus confirmed that the results of our AFLP, MLSA and MLST analyses were 

consistent and that the results supported the proposal by Matsuki, et al. (1998) to reclassify the three 

biotypes of B. longum as three subspecies: B. longum subsp. longum, B. longum subsp. infantis and 

B. longum subsp. suis. In addition, we found that the two urease-negative B. longum strains (Su 851T 

and Su 864) formerly assigned to B. longum subsp. suis should be allocated to a novel subspecies of 

B. longum for which the name B. longum subsp. suillum subsp. nov. is proposed. The new subspecies 

can be discriminated from B. longum subsp. suis in terms of differences in housekeeping-gene 
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sequences and urease activity. Owing to the limited number of B. longum subsp. suillum strains, 

further study needs to be conducted with expanded number of strains to confirm whether the absence 

of urease activity is commonly shared within this subspecies. Urease activity is generally considered 

an important characteristic in bifidobacteria. The strongest ureolytic strains belong mainly to the 

former species ‘B. suis’, whereas only a few belong to Bifidobacterium aesculapii, B. breve, 

Bifidobacterium magnum and Bifidobacterium subtile. Less than l0% of B. breve and B. longum 

subsp. longum strains are ureolytic, i.e., “human” Bifidobacterium species and Bifidobacterium 

bifidum are only weakly ureolytic (Crociani and Matteuzzi 1982; Modesto, et al. 2014). On the basis 

of urease activity, previous studies have demonstrated that 27 strains of ‘B. suis’ could be allocated 

to two groups, consisting of 20 urease-positive strains and seven urease-negative strains, although all 

of these strains formed a strictly homologous group that had high levels of DNA homology (92–

103%) (Matteuzzi and Crociani 1973). Results from our study presented here allow the 

discrimination of these subgroups into two separate subspecies (Table 8). The separation of these 

taxonomic subgroups may also correspond to an important functional property. Urease is known to 

play an important role in human neonatal development. The urea content of human milk 

(approximately 15% of total nitrogen) makes up for a deficiency in protein concentration resulting 

not only from the infant’s own nitrogen demands but also from the metabolic requirements of its 

resident intestinal microbiota. Bacterial urease activity therefore contributes actively to the host 

anabolic processes in consequence of liberating ammonia from urea (Donovan and Lonnerdal 1989). 

Several studies, based upon the complete genome sequences of B. longum strains, have highlighted 

urease activity as part of an adaptation to the human gastrointestinal tract (Hao, et al. 2011; Schell, et 

al. 2002; Sela, et al. 2008; Wei, et al. 2010). Comparative genomic hybridization analysis and urease 

assays revealed that the urease gene cluster and its activity are furthermore conserved in all B. 

longum subsp. infantis and absent in all B. longum subsp. longum strains. This result implies that the 

B. longum has at least two distinct subspecies; B. longum subsp. infantis, specialized to utilize milk 

carbon (especially oligosaccharides) and B. longum subsp. longum, specialized for plant-derived 

carbon metabolism (LoCascio, et al. 2010). 

 



35 

2B.5. Description of novel subspecies 

B. longum subsp. suillum (su.il'lum; L. neut. adj. suillum, pertaining to swine). Cells grown 

in modified GAM broth are rods of various shapes (0.4–0.7 μm × 1.5–3 μm in size), with rounded or 

tapered ends, sometimes curved, swollen and branched. They are Gram positive-staining, non-motile, 

asporogenous, F6PPK-positive, catalase-, oxidase- and urease-negative and anaerobic. After 

anaerobic growth at 37°C for 2 days, colonies on modified GAM agar are 2–3 mm in diameter; they 

are convex, white, opaque, smooth and circular with entire edges. The temperature range for growth 

is 20–45°C. The optimum temperature for growth is 25–37°C. Grows at pH 5.0–7.0 with an 

optimum but no growth at pH 9.5. Acid is produced from L-arabinose, D-ribose, D-xylose, 

D-galactose, D-glucose, D-fructose, D-mannose, methyl α-D-glucopyranoside, D-maltose, D-lactose, 

D-melibiose, D-sucrose, D-raffinose, and D-turanose. Acid is not produced from glycerol, erythritol, 

D-arabinose, L-xylose, D-adonitol, methyl α-D-xylopyranoside, L-sorbose, L-rhamnose, dulcitol, 

inositol, D-mannitol, D-sorbitol, methyl β-D-mannopyranoside, N-acetylglucosamine, amygdalin, 

arbutin, salicin, D-cellobiose, D-trehalose, inulin, D-melezitose, starch, glycogen, xylitol, gentiobiose, 

D-lyxose, D-tagatose, D- or L-fucose, D- or L-arabitol, gluconate, 2- or 5-ketogluconate. Aesculin is 

hydrolyzed. Peptidoglycan type is A3β (L-Orn-L-Ser-L-Ala-L-Thr-L-Ala), with the presence of Ala, 

Glu, Ser, Thr and Leu/Orn + Lys in ratio of 2:1:1:0.7:0.7. The DNA G+C content of the type strain is 

61.8 mol%. The type strain, Su 851T (=DSM 28597T = JCM 19995T), and the reference strain Su 864 

were isolated from the feces of piglets. 
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Tables and Figures 

Table 4. Bacterial strains used in this study. 

 

Table 5. Genes and primers used for MLSA and MLST. 

 

Species/Subspecies Strain Additional strain information Source Notes

B. longum  subsp. longum YIT 4021T ATCC 15707T Intestine of human infant

YIT 4037 ATCC 15708 Intestine of human infant

YIT 10936 Feces of human infant

YIT 10937 Feces of human infant

YIT 10938 Feces of human infant

YIT 11061 Intestine of human adult

YIT 11074 Feces of adlut human

YIT 11976 ATCC 55813 Feces of human infant

YIT 11977 ATCC 55814 Feces of human infant

YIT 12147 Intestine of human adult

YIT 12736 DSM 20097 Feces of calf

B. longum subsp. infantis YIT 4019 ATCC 15702 Intestine of human infant

YIT 4020 ATCC 25962 Intestine of human infant

YIT 4081 Feces of human infant

YIT 11889 Feces of human infant

YIT 11945 Feces of human infant

YIT 12734T DSM 20088T Intestine of human infant

YIT 12735 DSM 20218 Intestine of human infant

B. longum subsp. suis YIT 4082T JCM 1269T, Su 859 Feces of piglet urease positive

YIT 4108 JCM 7139, Su 901 Feces of piglet urease positive

Su 868 Feces of piglet urease positive

Su 903 Feces of piglet urease positive

Su 923 Feces of piglet urease positive

B. longum subsp. suillum Su 851T Feces of piglet urease negative 

subsp. nov Su 864 Feces of piglet urease negative 

Gene Enzyme function Position Primer Sequence ( 5'–3' ) Analysis size (bp) Reference

clpC 991–1733 clpC-F GAGTACCGCAAGTACATCGAG 743 This study

clpC-R TCATCGTCGAACAGGAAC

dnaG  DNA primase 408–780 DnaG-uni CTGTGCCCGTTCCACGAC 373 Ventura, et al. 2006

DnaG-rev CTCGATGCGCAGGTCGCA

dnaJ1 chaperone protein dnaJ1 195–586 dnaJ1-F AGAKCGCCARAAGTACGACG 392 This study

dnaJ1-R TGAACTTCTTGCCGTCCACG

hsp60 heat shock protein 60 (hsp60) gene 286–818 hsp60-F CAGTCCCTGGTTCACGAGGG 533 This study

hsp60-R GCGCAGGACTTGAAGGT

purF amidophosphoribosyltransferase 609–1059 PurF-uni CATTCGAACTCCGACACCGA 451 Ventura, et al. 2006

PurF-rev GTGGGGTAGTCGCCGTTG

rpoC RNA polymerase beta subunit 1194–1884 RpoC-uni GTGCACTCGGTCCACAG 691 Ventura, et al. 2006

RpoC-rev CATGCTCAACAACGAGAAG

xfp 195–586 Xfp-uni CTTCGGNCCNGANGAGAC 392 Ventura, et al. 2006

Xfp-rev AGCCACTTNGCNTGCTG

putative xylulose 5-phosphate

/fructose 6-phosphate

phosphoketolase (xfp) gene

ATP-dependent Clp protease

ATP-binding subunit
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Table 6. Typing of 25 strains by MLST, MLSA and AFLP. 

 

  

MLST AFLP

group MLST MLSA group

( Fig. 3 ) ( Fig. 4 ) ( Fig. 2 ) ( Fig. 1)

B. longum  subsp. longum

YIT 4021T 1 14 1 1 12 12 1 15 1 A A A

YIT 4037 1 15 1 1 13 1 1 16 1 A A A

YIT 10936 1 1 1 1 1 1 1 1 1 A A A

YIT 10937 2 2 1 1 2 2 1 2 1 A A A

YIT 10938 1 1 1 1 1 1 1 1 1 A A A

YIT 11061 2 3 1 1 3 1 2 3 1 A A A

YIT 11074 2 3 1 1 2 3 3 4 1 A A A

YIT 11976 2 6 1 4 1 6 1 7 1 A A A

YIT 11977 1 7 1 4 2 7 1 8 1 A A A

YIT 12736 7 11 7 6 9 1 1 9 1 A A A

YIT 12147 1 8 4 1 6 1 1 12 1 A A A

B. longum  subsp. infantis

YIT 4019 8 12 8 7 10 10 4 13 6 C C C

YIT 4020 9 13 9 8 11 11 6 14 5 C C C

YIT 4081 6 16 3 8 14 13 4 17 6 C C C

YIT 11889 3 4 2 2 4 4 4 5 6 C C C

YIT 11945 4 5 3 3 5 5 5 6 6 C C C

YIT 12734T 5 9 5 5 7 8 4 10 4 C C C

YIT 12735 6 10 6 5 8 9 4 11 7 C C C

B. longum  subsp. suis

YIT 4082T 10 17 10 9 15 14 7 18 3 B-1 B-1 B-1

YIT 4108 10 17 10 9 16 14 7 19 3 B-1 B-1 B-1

Su 868 10 17 10 9 16 14 7 19 3 B-1 B-1 B-1

Su 903 10 17 10 9 15 14 7 18 3 B-1 B-1 B-1

Su 923 10 17 10 9 15 14 7 18 3 B-1 B-1 B-1

B. longum  subsp. suillum subsp. nov.

Su 851T 11 18 11 10 17 15 1 20 2 B-2 B-2 B-2

Su 864 11 18 11 10 17 15 1 20 2 B-2 B-2 B-2

rpoC

Cluster type

xfp
Species/Subspecies

Allele code

ST
clpC dnaG dnaJ1 hsp60 purF
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Table 7. Cellular fatty acid composition of the novel strains and three type strains of B. longum 

subspecies. 

Strains: 1, B. longum subsp. suillum subsp. nov. Su 851T; 2, B. longum subsp. suillum subsp. nov. Su 

864; 3, B. longum subsp. suis YIT 4082T; 4, B. longum subsp. infantis YIT 12734T; 5, B. longum 

subsp. longum YIT 4021T. Values are percentages of total fatty acids. The major components of 

cellular fatty acid are highlighted in bold. 

a Summed features represent groups of two or more fatty acids that could not be separated by GLC 

with the MIDI system. Summed feature 1, C13:1 at 12–13; C14:0 aldehyde; C11:1 2OH. Summed 

feature 2, C17:2 at 16.760; C17:1 ω9c. Summed feature 3, C18:1 ω7c; unknown 17.834. Summed 

feature 4, C17:0 iso 3OH; C18:2 DMA. Summed feature 5, unknown 18.622; C19:0 iso. 

–, not detected. DMA, dimethyl acetal.  

Fatty acid Su 851
T SU 864 YIT 4082

T
YIT 12734

T
YIT 4021

T

Saturated

C12:0 － － － 1.06 －

C14:0 7.70 5.70 9.14 9.83 2.84

C14:0 DMA 5.34 2.38 8.34 4.02 3.08

C16:0 24.46 24.40 28.57 14.26 24.68

C16:0 DMA 0.82 0.47 0.66 0.26 1.78

C18:0 1.92 3.58 2.42 1.38 4.20

C18:0 DMA 0.44 0.31 0.20 － 1.00

Unsaturated

C18:1 ω 6c 6.13 － － － 2.09

C18:1 ω 9c 5.25 12.51 11.27 24.62 11.82

C18:1 ω 9c DMA 25.08 26.19 18.83 27.48 26.50

Cyclopropane

C19:0  cyclo 9,10 1.76 2.44 2.57 0.42 2.09

C19:0  cyclo 9,10 DMA 8.36 6.70 5.00 1.02 5.51

Hydroxy fatty acid

C18:0 12OH 1.50 1.37 0.59 1.17 1.67

Summed features
a

1 0.92 0.31 1.14 0.46 0.48

2 6.78 4.67 3.31 5.05 6.49

3 － 5.49 4.18 3.59 1.82

4 0.87 1.09 0.86 0.88 0.92

5 0.62 0.83 0.67 1.00 0.65
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Table 8. Major differential characteristics among the five piglet bifidobacterial strains and 

phylogenetically closely related bifidobacteria. 

Strains: 1, B. longum subsp. suillum subsp. nov. Su 851T; 2, B. longum subsp. suillum subsp. nov. Su 

864; 3, B. longum subsp. suis Su 868; 4, B. longum subsp. suis Su 903; 5, B. longum subsp. suis Su 

923; 6, B. longum subsp. suis YIT 4082T; 7, B. longum subsp. infantis YIT 12734T; 8, B. longum 

subsp. YIT 4021T. Data were obtained in this study. 

All eight strains produced acid from D-galactose, D-glucose, D-fructose, methyl α-D-glucopyranoside, 

D-maltose, D-lactose, D-melibiose, D-sucrose and D-raffinose. None of the strains produced acid from 

glycerol, erythritol, D-arabinose, L-xylose, D-adonitol, methyl β-D-xylopyranoside, L-sorbose, 

L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl α-D-mannopyranoside, D-cellobiose, 

starch, glycogen, xylitol, D-lyxose, D-tagatose, D-fucose, D- or L-arabitol, gluconate, 2- or 

5-ketogluconate. +, positive. −, negative. w, weakly positive. ND, no data. 

  

Characteristics 1 2 3 4 5 6 7 8

Acid production from:

L-Arabinose + + + + + + ‒ +

D-Ribose + + ‒ ‒ ‒ ‒ + +

D-Xylose + + + + + + ‒ +

D-Mannose + + + + + + + ‒

N -Acethyl glucosamine ‒ ‒ + + + + + ‒

Amygdalin ‒ ‒ ‒ ‒ ‒ w ‒ ‒

Arbutin ‒ ‒ ‒ w ‒ ‒ + ‒

Salicin ‒ ‒ ‒ w ‒ ‒ + ‒

D-Treharose ‒ ‒ ‒ ‒ ‒ w w +

Inulin ‒ ‒ ‒ ‒ ‒ ‒ + ‒

D-Melezitose ‒ ‒ ‒ ‒ ‒ ‒ ‒ +

Gentiobiose ‒ ‒ ‒ ‒ ‒ + ‒ ‒

D-Turanose + + + + + + + ‒

L-Fucose ‒ ‒ ‒ ‒ ‒ ‒ + ‒

Aesculin hydrolysis + + + + + + + w

Growth at:

20 °C + ‒ + + ‒ + ‒ ‒

45 °C + ‒ + + + + ‒ ‒

pH 9.5 ‒ ‒ ‒ + + + ‒ ‒

DNA G + C content (mol%) 61.8 61.9 ND ND ND 62.1 61.2 62.3
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Fig. 2. Cluster analysis of digitalized AFLP fragment patterns of 25 strains of B. longum. 

Dendrogram was constructed by using UPGMA. Bootstrap values based on 1000 replications are 

given at nodes. Bar, proportion of band mismatches. 
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Fig. 3. Concatenated split network tree based on the seven genes. 

The clpC, dnaG, dnaJ1, hsp60, purF, rpoC and xfp gene sequences (4360 bp) from 25 B. longum 

strains were concatenated and reconstructed using the SplitTree4 program. Sequence similarities 

were corrected using the Jukes-Cantor correction. Bar, 0.01 expected nucleotide substitutions per 

site. 
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Fig. 4. Minimum spanning tree of 25 strains of B. longum based on sequence type (ST). 

Each circle corresponds to the ST, and the circle size denoted the number of strains sharing the same 

ST. Numbers between the circles indicate the number of allelic differences between the profiles. 

When the distance between different STs was 6 or more, these STs were bundled as the same group. 
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Fig. 5. Clustering analysis of MLST of 25 B. longum strains. 

Dendrogram was constructed using UPGMA based on the concatenated discordant sequence of 7 

housekeeping genes (320 bp). Bar, percentage sequence similarity. 
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Chapter 3: Study on a behavior of human gut Bifidobacterium 

 

Part 3A 

Long-term colonization exceeding six years from early infancy of Bifidobacterium longum 

subsp. longum in human gut 

 

3A.1. Introduction 

Several-hundred species of bacteria reside in the human gut (Guarner and Malagelada 2003) 

and a vast amount of evidence indicating the considerable influence of human gut microbiota on the 

health of the host has been accumulated (Clemente, et al. 2012). In addition, functional differences 

of bacterial strains regarding host health have also been reported, such as their virulence (Stubbs, et 

al. 2000), protective effects against pathogens (Fukuda, et al. 2011) and immunoregulatory 

properties (Khokhlova, et al. 2012). 

Currently, the importance of the gut microbiota at the early stage of life has been well 

investigated. Moreover, it is suggested that the gut microbial composition during this period is 

associated with the risk of diseases (e.g. allergy, asthma and obesity) in the following life stages 

(Arrieta, et al. 2015; Sjögren, et al. 2009; Taveras, et al. 2009). The human gut microbiota develops 

just after delivery and the composition dynamically shifts throughout the lifetime of the host 

(Odamaki, et al. 2016). The composition of an infant’s gut microbiota is influenced by various 

factors, such as the mode of delivery, diet, antibiotic usage during infancy and host genetics 

(Rodríguez, et al. 2015). In addition, Sharon et al. showed using a metagenomics approach that the 

shift of gut microbial composition occurs not only at the species level, but also at the strain level 

(Sharon, et al. 2013). They also showed that some bacterial strains belonging to Staphylococcus 

epidermidis and Propionibacterium spp. sustainably colonize in the infant gut from 15 up to 24 days 

of age. The sustainable existence of the same bacterial strain in early infancy for a certain period of 

time has also been confirmed for Clostridium difficile (Kubota, et al. 2016) and several species of the 

genus Bifidobacterium (Makino, et al. 2013; Milani, et al. 2015). However, it remains unclear 

whether a bacterial strain colonizing in the human gut during early infancy represents just a temporal 
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resident for a limited period or persists to colonize the gut in the following life stage(s). 

B. longum subsp. longum is a unique bifidobacterial species in the human gut detected at high 

prevalence and abundance, not only from infants, but also from adults and seniors (Gavini, et al. 

2001; Ishikawa, et al. 2013; Makino, et al. 2013; Martin, et al. 2016). Several studies have shown 

that some strains of this species afford health-promoting potential to their host (Altmann, et al. 2016; 

Fukuda, et al. 2011; Takahashi, et al. 2006). Regarding their potential for continuous existence in the 

human gut, Shkoporov et al. reported the existence of two lineages of long-term colonizers that 

persist to colonize in the same subjects from 8 –16 months of age through 6 –10 years (Chaplin, et al. 

2015; Shkoporov, et al. 2008). Considering the dynamic shift of gut bacterial strains in early infancy 

(Rodríguez, et al. 2015), there is little doubt that considerable selective stress exists during this 

period. Therefore, questions still remain regarding whether a strain belonging to B. longum subsp. 

longum colonizing in the human gut in early infancy may have the potential to constitute a long-term 

colonizer by overcoming the selective stresses. 

To investigate this question, we conducted a follow-up study focusing on a Belgian cohort in 

which we have previously confirmed that a number of B. longum subsp. longum strains were 

transmitted from the mother’s gut to that of the infant (Makino, et al. 2013, 2011) and were also 

shared between the infant’s gut and the mother’s postnatal breast milk (Makino, et al. 2015). In the 

present study, we confirmed the strain identity of B. longum subsp. longum isolates obtained from 

the fecal samples of an individual subject collected in both early infancy (in this study, the first six 

months of life) and childhood (approximately at six years of age). Furthermore, the analysis was 

expanded to the isolates obtained from their mothers’ perinatal samples (prenatal fecal and postnatal 

breast milk samples) to investigate whether the mother-infant transmitted strains were able to 

become long-term colonizers. 

 

3A.2. Material and methods 

3A.2.1. Fecal sample collection 

The current follow-up study was conducted in the area of Antwerp (Belgium) in 2016 

(ISRCTN25216339). We recruited 49 subjects who had previously completed all the procedures of 
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our previous study (ISRCTN66704989). The fecal samples used in this study were collected after at 

least five days of a washout period during which subjects were prohibited from taking fermented 

milk products. Following the methods of our previous studies (Makino, et al. 2013; Martin, et al. 

2016), a portion of freshly voided feces was collected in a sterile glass tube containing 6 ml of 

anaerobic transport medium for the cultivation of Bifidobacterium and in a sterile tube containing 2 

ml RNAlater® (Thermo Fisher Scientific, Waltham, MA, USA) for qPCR analysis. Samples were 

kept at 4C after the collection and sent to the laboratory within one day after defecation. After 

arrival to the laboratory, the fecal sample for qPCR was washed twice with 1 ml phosphate buffered 

saline and stored at −20C until DNA extraction. 

 

3A.2.2. Bifidobacterial isolation and taxonomic identification 

In the follow-up study, bifidobacteria were isolated from fecal samples and their DNAs were 

extracted, also according to Makino et al. (Makino, et al. 2013) with slight modifications. Briefly, 

serial dilutions of homogenized fecal samples were prepared with saline and inoculated onto a 

selective medium for Bifidobacterium (TOS propionate agar; Merck Co. Ltd., Darmstadt, Germany) 

supplemented with 50 μg/ml mupirocin (TOS-M agar), or TOS-M agar containing 16 μg/ml 

tetracycline (TOS-MT agar). Isolates obtained from TOS-MT agar were indicated with a “T” at the 

end of the strain ID. After anaerobic culturing at 37C for 72 h, two to three colonies showing 

different colony morphologies were isolated. Additional single-colony isolation was carried out at 

least two times by using the same agar plate. 

For DNA extraction, the purified bacterial isolates were anaerobically cultured in GAM 

medium (Nissui Co., Tokyo, Japan) supplemented with 1% glucose at 37C for 24 h. Cellular DNA 

was extracted by means of phenol/glass bead extraction as previously described (Matsuki, et al. 

2004) and used for subsequent taxonomic identifications. Initially, the species was determined based 

on partial nucleotide sequence of the 16S rRNA gene. The whole 16S rRNA gene was amplified by 

using the universal forward primer for Bifidobacterium BI8 and the universal reverse primer 15R as 

previously described (Miyake, et al. 1998). After purifying the amplicon using the Ampure® XP Kit 

(Beckman-Coulter, Brea, CA, USA), the nucleotide sequence of the target region was determined 



53 

using the primers BI8 and 520R by using ABI PRISM BigDye® Terminator v3.1 chemistry (Life 

Technologies, Carlsbad, CA, USA) on a 3130xl Genetic Analyzer (Life Technologies). The 

determined sequence was searched against NCBI BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 

and the species was determined based on the highest score. If the bacterial isolate was identified as B. 

longum, the subspecies-specific PCR was conducted by using specific primers for B. longum subsp. 

infantis (BiINF-1 and BiINF-2) and those for B. longum subsp. longum (BiLON-1 and BiLON-2), as 

previously described (Matsuki, et al. 1999). The reaction mixture (25 μl) contained 10 mM Tris-HCl 

(pH 8.9), 50 mM KCl, 1.5 mM MgCl2, 200 mM each dNTP, 0.5 U Taq DNA polymerase (Takara Bio, 

Shiga, Japan), 0.4 mM of each respective primer and 10 ng DNA template. The PCR amplification 

program was the same as that previously described (Matsuki, et al. 1999) with decreased PCR cycles 

(i.e. 30 cycles) and an extended extension step (i.e. 50 s). Specific primer sequences for PCR are 

listed in Table 9. 

 

3A.2.3. Multilocus sequencing typing analysis 

In order to remove duplicate isolates obtained from the same sample and to investigate the 

identity among the strains obtained from different samples, the bifidobacterial isolates were 

distinguished at strain level by multilocus sequence typing (MLST) analysis, as previously described 

(Makino, et al. 2011), based on the nucleotide sequences of seven housekeeping genes, i.e. clpC 

(class III stress response-related ATPase with chaperone activity), dnaG (DNA primase), dnaJ 

(chaperone protein DnaJ), fusA (GTP-binding protein chain elongation factor G), gyrB (the β subunit 

of DNA gyrase), purF (amidophosphoribosyltransferase) and rpoB (the β subunit of RNA 

polymerase). 

In our previous studies (Makino, et al. 2013, 2011, 2015), bifidobacterial isolation was carried 

out from the subjects’ fecal samples collected at seven time points of early infancy: meconium, 3, 7, 

30 , 90 and 180 days of age, as well as after weaning (one week after the introduction of solids; at 

140 ± 20 days for the subjects recruited in the follow-up study). In this study, we focused on the 12 

subjects from whose fecal samples B. longum subsp. longum isolates were obtained in both early 

infancy and childhood (i.e., at the follow-up study conducted at approximately six years of age) 
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(Supplementary Table S1). We investigated the existence of long-term colonizers (i.e., strains 

persisting to exist in the same subject’s gut from early infancy to childhood), as well as whether such 

strain(s) were transmitted from the mother’s prenatal gut to the subject’s gut or shared between the 

mother’s postnatal breast milk and the subject’s gut. Therefore, we confirmed the identities of the 

isolates obtained from the subjects’ fecal samples collected in early infancy and childhood as well as 

from the mothers’ perinatal samples (i.e., prenatal fecal sample collected twice with at least 

one-week interval before delivery and postnatal breast milk samples collected at 7 and 30 days after 

delivery) (Supplementary Tables S1 and S2). 

The amplification of target genes for MLST analysis was conducted in 25 μl of reaction 

mixture containing 10 mM Tris-HCl (pH 8.9), 50 mM KCl, 1.5 mM MgCl2, 200 mM each dNTP, 0.5 

U Taq DNA polymerase (Takara Bio), 0.4 mM of each respective primer (Table 9) and 10 ng DNA 

template. The PCR amplification program consisted of an initial heating step at 94C for 5 min; 30 

cycles of 94C for 30 s, 57C for 30 s and 72C for 1 min; and a final extension step at 72C for 10 

min. The procedures for amplicon purification and sequencing were the same as those for species 

identification except for the primers used in sequencing, which corresponded to those used for the 

amplification of the target genes. In addition to the sequences determined in this study and our 

previous study (Makino, et al. 2013), we extracted the corresponding housekeeping gene sequences 

from the genome sequences of the type strains of B. longum subsp. infantis (JCM 1222T) and B. 

longum subsp. longum (JCM 1217T) (Fukuda, et al. 2011) and used them in the following analysis. 

The sequences were aligned for each gene based on the MUSCLE algorism v3.8.1 (Edgar 

2004) mounted on GENETYX® Ver.12.0.5 (GENETYX, Tokyo, Japan). For each isolate, in total 

2,902 bp (clpC, 479 bp; dnaG, 305 bp; dnaJ, 297 bp; fusA, 498 bp; gyrB, 396 bp; purF, 431 bp; 

rpoB, 496 bp) of nucleotide sequences were imported into BioNumerics® version 7.6 

(Applied-Maths, Sint-Martens-Latem, Belgium). Each distinct gene sequence was assigned to an 

allelic number, and each unique combination of seven allelic numbers was assigned to an ST. The 

isolates showing the distinct ST for each sample at each sampling point were classified as the same 

strain. 

 



55 

3A.2.4. Clustering analysis based on allelic profiles 

Clustering analysis was also carried out using BioNumerics® version 7.6. Together with 

the 96 representative strains (Supplementary Table S3), the type strains of B. longum subsp. infantis 

(JCM 1222T) and B. longum subsp. longum (JCM 1217T) were also included in this analysis. Among 

the 2,902 bp of the aligned nucleotide sequences of the seven housekeeping genes, 247 positions of 

the allelic profile were detected as those at which identical sequence was not shared among all of the 

strains used for this analysis (Supplementary Table S4). The categorical coefficient was calculated 

based on the allelic profiles and the dendrogram was constructed on the basis of the unweighted pair 

group method with arithmetic means (UPGMA) algorithm. The statistical reliability of the trees was 

evaluated by bootstrap analysis of 1,000 replicates (Felsenstein 1985) and the nodes replicated at 

more than 95% were regarded as statistically reliable. 

 

3A.2.5. Amplified fragment length polymorphism analysis 

Amplified fragment length polymorphism (AFLP) analysis was conducted following the 

methodology described previously (Makino, et al. 2011) with slight modifications. Seven 

representative strains belonging to ST 13-A, 30-A and 44-B (Supplementary Table S3) were 

subjected to AFLP analysis. Five microliter of restriction reaction mixtures contained 1 × CutSmart® 

buffer (New England BioLabs, Ipswich, MA), 5 U MseI (New England BioLabs), 5 U MspI (New 

England BioLabs) and 30 ng of DNA template. The restriction reaction was conducted at 37°C for 2 

h. Prior to ligation, equal amounts of adapters for MseI and MspI (Table 9) were separately mixed, 

denatured at 95°C for 5 min and left at room temperature for 5 min. Ligation was conducted in 10 µl 

of reaction mixtures containing 1 × T4 DNA ligase buffer (New England BioLabs), 2 µM MseI 

adapters, 2 µM MspI adapters, 40 U T4 DNA ligase (New England BioLabs) and 5 µl of digested 

DNA, with incubating at 20°C for 2h. The digested and ligated DNA was diluted 10-fold in 

Tris-EDTA buffer and used as template for the preselective PCR. 

Preselective PCR was conducted in 10 µl of reaction mixture containing 10 mM Tris-HCl (pH 

8.9), 50 mM KCl, 3 mM MgCl2, 250 µM each dNTP, 0.25 U Taq DNA polymerase (Takara Bio), 2.5 

µM of each preselective primer (Table 9) and 1 µl of template DNA. The PCR amplification 
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program was the same as that previously described (Makino, et al. 2011). The amplicon was diluted 

100-fold in Tris-EDTA buffer and used as template for the selective PCR. 

Selective PCR was conducted in 10 µl of reaction mixture containing 10 mM Tris-HCl (pH 

8.9), 50 mM KCl, 3 mM MgCl2, 100 µM each dNTP, 0.25 U Taq DNA polymerase (Takara Bio), 30 

nM of each selective primer (Table 9), and 1 µl of diluted amplicon of preselective PCR. The PCR 

amplification program was the same as that previously described (Makino, et al. 2011). Nine 

microliters of Hi-DiTM formamide (Life Technologies) and 1 µl of GeneScanTM 600 LIZ® size 

standards (Life Technologies) were mixed with 1 µl of the selective PCR products. Followed by 

denaturing at 95°C for 1 min, the selective PCR products were detected using a 3130xl Genetic 

Analyzer (Life Technologies). Output in FSA format was imported into BioNumerics® version 7.6 

(Applied-Maths). AFLP analysis was conducted for the fragments ranging from 60 to 600 bp and a 

threshold of 1% was used for position tolerance. A UPGMA dendrogram was constructed based on 

Pearson correlation coefficients. The quality of each branch was evaluated by calculating the 

cophenetic correlation. 

 

3A.2.6. Fecal DNA extraction and quantification of major fecal Bifidobacterium 

The composition of the major fecal Bifidobacterium was analyzed by qPCR for the 

subjects’ fecal samples collected in early infancy and childhood. According to our previous study 

(Martin, et al. 2016), fecal DNA was extracted from freeze-stored phosphate buffered 

saline-suspended fecal sample as described above and the abundances of the genus Bifidobacterium, 

along with that of seven species and three subspecies of fecal Bifidobacterium (Bifidobacterium 

adolescentis, Bifidobacterium animalis subsp. lactis, B. bifidum, Bifidobacterium breve, 

Bifidobacterium catenulatum group, Bifidobacterium dentium, B. longum subsp. infantis and B. 

longum subsp. longum) were measured using the primer sets listed in Table 9. PCR amplification and 

detection were performed with an ABI PRISM 7900HT Sequence Detection System and SDS 

software (version 2.4.1; Thermo Fisher Scientific, Waltham, MA, USA). 10 μl of the reaction 

mixture containing 10 mM Tris-HCl, pH 8.9; 50 mM KCl; 1.5 mM MgCl2; 200 μM of each dNTP; 

1:75,000 dilution of SYBR Green I (Thermo Fisher Scientific); 0.5 U of Taq DNA polymerase Hot 
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start version (Takara Bio); 0.25 μM of each of the specific primers; and 1 μl of 10-fold, 100-fold, or 

1,000-fold diluted template DNA. The amplification program consisted of one cycle at 94°C for 5 

min; 40 cycles at 94°C for 20 s, 55°C for 20 s and 72°C for 50 s; and finally one cycle at 94°C for 15 

s followed by the melting curve measurement using gradient heating increments of 0.2°C/s from 

60°C to 95°C. Fluorescent products were detected during the last step of each cycle. For the subjects’ 

fecal samples collected in early infancy, the abundance data measured in our previous study (Martin, 

et al. 2016) was used in this study. 

 

3A.3. Results 

3A.3.1 B. longum subsp. longum strains focused on this study 

For 12 out of the 49 subjects recruited for this follow-up study, B. longum subsp. longum 

isolates were obtained from the fecal samples collected in both early infancy and childhood 

(Supplementary Table S1). For these 12 subjects, in total, 462 isolates were obtained (Supplementary 

Table S2), which came from the fecal samples collected in early infancy (243 isolates) and in 

childhood (46 isolates), as well as from their mothers’ prenatal fecal (141 isolates) and postnatal 

breast milk samples (32 isolates). Based on the results from MLST analysis, all isolates were 

classified into 140 strains belonging to 73 sequence types (STs) as shown in Fig. 6. Strains with 

certain STs were distinctively detected from a single subject’s fecal samples and the corresponding 

mother’s perinatal samples. More than one strain was detected from some subjects’ fecal samples 

collected in early infancy (max. five strains/subject at a time point) and childhood (max. four 

strains/subject at a time point), as well as some mothers’ prenatal fecal samples (max. seven 

strains/subject at a time point) and the postnatal breast milk samples of the mother of subject 134 

(two strains) (Table 10). Hereafter, strains originating from the same subjects’ fecal sample and the 

corresponding mothers’ perinatal samples sharing the same ST are defined as monophyletic strains. 

 

3A.3.2 Comparison of sequence type 

A total of 14 monophyletic strains (ST 12-A, 12-B, 16-A, 16-B, 16-C, 16-D, 18-A, 38-A, 38-B, 

44-A, 130-A, 130-B, 130-C and 134-A) were detected from both the fecal samples of seven subjects 
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in early infancy and the corresponding mothers’ prenatal fecal samples (Fig. 6). In comparison, six 

monophyletic strains (ST 18-A, 44-B, 48-A, 129-A, 134-A and 134-B) were detected from both the 

fecal samples of five subjects in early infancy and the corresponding mothers’ postnatal breast milk 

samples. 

From the same subjects’ fecal samples, three monophyletic strains (ST 13-A, 30-A and 44-B) 

were detected in both early infancy and childhood and were classified as long-term colonizers (Fig. 

6). These long-term colonizers were detected from 120, 90 and 110 days of age, respectively. A 

monophyletic strain of a long-term colonizer (ST 44-B) was also isolated from the mother’s 

postnatal breast milk sample collected at 30 days after delivery. No monophyletic strains obtained 

from a mother’s prenatal fecal sample were detected from the subject’s (offspring’s) fecal sample in 

childhood, although 14 such strains were detected from seven subjects’ fecal samples in early 

infancy. 

 

3A.3.3. Comparison of allelic profiles 

For the detailed comparison of the nucleotide sequences in the MLST loci, further clustering 

analysis was conducted. Among the strains sharing the same ST, we selected 96 representative 

strains detected at the earliest sampling points of the subjects’ fecal samples collected in early 

infancy and childhood, as well as from their respective mothers’ perinatal samples (Supplementary 

Table S3). The results from cluster analysis based on the 247 positions of allelic profiles 

(Supplementary Table S4) indicated that there were no distinct clusters composed of the long-term 

colonizers or the strains shared between subjects’ fecal samples and their mothers’ perinatal samples 

(Fig. 7). Although some clusters composed of the strains originating from a specific subject or 

sample type were suggested, the general composition of the dendrogram did not reflect the source 

subject or the isolated sample type of the strains. 

Upon comparison of the allelic profiles between the strains detected from subjects’ fecal 

samples in childhood and those of their closely related strain, 13-T2 (ST 13-I) and 16-T1 (ST 16-N) 

showed highly similar profiles (99.6% identity with one divergent position) compared to those of 

their relatives detected from the same subjects’ fecal samples in early infancy, 1784 (ST 13-A) and 



59 

520 (ST 16-D), respectively (Fig. 7). 

 

3A.4.4. Amplified fragment length polymorphism profiles of long-term colonizers 

In order to investigate the genomic similarity among three monophyletic strains (ST 13-A, 

30-A and 44-B) classified as long-term colonizers (Fig. 6), AFLP analysis was conducted. An 

average of 238 ± 14 fragments was detected from each of the seven representative strains. Based on 

the AFLP profile, the representative strains belonging to each ST were classified into distinct clusters 

with cophenetic correlation coefficients of > 99% (Fig. 8). In these clusters, highly similar AFLP 

profiles were observed among the strains (95.4%, 98.4% and 93.1-95.8% for ST 13-A, 30-A and 

44-B, respectively), suggesting that considerable genomic similarity was conserved within each set 

of monophyletic strains. 

 

3A.4.5. Composition of major fecal Bifidobacterium 

In order to trace the population dynamics in the genus Bifidobacterium, including the 

long-term colonizers, the abundance of eight species and subspecies of the major fecal 

Bifidobacterium was measured by quantitative polymerase chain reaction (qPCR) for the subjects’ 

fecal samples collected in early infancy and childhood (Supplementary Fig S7). The species and 

subspecies targeted in this analysis comprise most of the population of the genus Bifidobacterium at 

each time point, regardless of the subjects. Among the three subjects from whom monophyletic 

strains were detected in both early infancy and childhood (Subject IDs: 13, 30 and 44), B. longum 

subsp. longum was detected in early infancy from 90, 90 and 7 days of age, respectively, with the 

abundance of each strain being 8.08–9.65, 7.07–8.74 and 8.59–9.43 log10 cells/g feces, respectively 

(Fig. 9 and Supplementary Fig S7). Except for subject 13 at 180 days of age and subject 44 at 7 days 

of age, B. longum subsp. longum was not the most dominant component of Bifidobacterium, but 

rather co-existed with other predominant and dominant species (i.e., B. adolescentis, B. bifidum, B. 

breve and B. catenulatum group).  
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3A.4. Discussion 

From 12 out of the 49 subjects, B. longum subsp. longum isolates were obtained from the 

fecal samples collected in both early infancy and childhood. Several strains were observed in some 

subjects’ fecal samples collected in early infancy and childhood, as well as in the prenatal fecal 

samples of their mothers (Table 10 and Fig. 6). Although extensive intra-species bacterial diversity 

has been reported in the infant gut microbiota (Luo, et al. 2015; Sharon, et al. 2013), our result 

showed that the intra-species diversities of B. longum subsp. longum in the human gut exist not only 

in the infant but also in the child as well as in the prenatal mothers. Ellegaard and Engel have 

demonstrated some mechanisms hypothesized to facilitate strain co-existence (i.e., microniche 

differentiation, host selection, phage selection and cross-feeding/metabolic interdependency) 

(Ellegaard and Engel 2016). In addition, Odamaki et al. showed that B. longum subsp. longum 

strains are commonly transmitted among family members (Odamaki, et al. 2018). Together, these 

finding imply that several strains of B. longum subsp. longum that have been transmitted among the 

family members could coexist in the gut as the result of different selection pressures. Consistent with 

these findings, in the current study, strains with the same ST were not found to be shared among 

different subjects’ fecal samples and their mothers’ perinatal samples despite the intra-species 

diversities (Fig. 6). 

 

Results from our current study revealed that three monophyletic strains (ST 13-A, 30-A 

and 44-B) persisted to colonize in the gut of individual subjects (Subject IDs: 13, 30 and 44) from 

early infancy for more than six years (Fig. 6). The close relation among the monophyletic strains was 

also supported by the results from the AFLP analysis (Fig. 9). Despite a high genomic similarity 

among each monophyletic stain, identical AFLP profiles were not observed among each of the strain 

combinations, suggesting the development of mutations during the colonization period in the human 

gut. This is consist with the previous report by Shkoporov et al. (Chaplin, et al. 2015). In addition to 

these long-term colonizers, the close relationship based on allelic profiles of two monophyletic 

strains detected from subjects 13 and 16 during childhood (ST 13-I and 16-N, respectively) implied 

that these strains evolved from common ancestors of the strains detected from the sample in early 
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infancy of the same subjects (ST 13-A and 16-D, respectively) (Fig. 7). 

In the present study, the long-term colonizers (ST 13-A, 30-A and 44-B) were not detected 

before 90 days of age, although 23 out of the 31 monophyletic strains isolated in early infancy were 

detected earlier than this age (Fig. 6). Additionally, in subject 44, the initial major component of B. 

longum subsp. longum, ST 44-A, was thought to be replaced by ST 44-B between 7 and 110 days of 

age. These results implied that earlier colonization by strains was not likely to contribute to the 

long-term colonization. However, it is difficult to explain long-term colonization based only upon 

colonization timing. For example, 14 monophyletic strains that were suggested to be vertically 

transmitted from mothers’ gut were included in the “early” colonizers (Fig. 6). Considering that 

these strains were able to colonize in the mother’s gut as a major component of B. longum subsp. 

longum, it had been supposed that these strains should also be capable of adapting to the subject’s 

gut during childhood, which is more similar to the adult gut compared to that of the gut in early 

infancy. 

In addition to the characteristics of bacterial strain (e.g. colonization timing, adhesion 

factor on the human gut epithelium and nutrient utilization), numerous other external factors should 

be considered that may affect the long-term colonization (e.g., host genetic background, 

immunological property, dietary habit and antibiotic usage, as well as competition with other gut 

microbiota). Recent studies suggested that among numerous factors, host diet has the greatest impact 

on microbial colonization in human gut (Donaldson, et al. 2016). A detailed analysis considering 

host diet and nutrient utilization properties for our long-term colonizers may provide information to 

explain the long-term colonization of this species in human gut. Owing to the limited the number of 

subjects and long-term colonizers in this study, we did not investigate the association of these factors 

with long-term colonization in order to avoid reaching a biased conclusion. Larger numbers of 

subjects and more detailed follow-up of subject backgrounds will be required to answer this question. 

Further analysis on the long-term colonizers, together with those reported in previous studies (e.g. 

genome comparison) (Chaplin, et al. 2015; Shkoporov, et al. 2008), would also likely contribute to 

our understanding of factors underlying the long-term colonization of this species in the human gut 

from the perspective of bacterial strain characteristics. 
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Several studies have reported an association between the gut microbial composition during 

early infancy and the risk of disease in the following life stages, including allergies, asthma and 

obesity (Arrieta, et al. 2015; Sjögren, et al. 2009; Taveras, et al. 2009). Our results suggested 

long-term colonization of bacterial strains from early infancy and implied that a bacterial strain 

colonized in the human gut during this period might have a longitudinal effect on the host health. 

Currently, some strains belonging to the genus Bifidobacterium (e.g. B. animalis subsp. lactis, B. 

breve and B. longum subsp. infantis) have been proposed for use as probiotics targeting infants (Di 

Gioia, et al. 2014). Our findings also showed the possibility that probiotics targeting infants might 

have longitudinal effects. 

 

Although long-term colonizers were detected as the major component of B. longum subsp. 

longum, the source of these remained unclear. The cluster analysis based on the allelic profiles 

showed no phylogenetic relationship between long-term colonizers (Fig. 7), suggesting that the 

characteristics were not shared within a specific lineage of the strains belonging to this species. 

Although our study showed that one of the monophyletic strains (ST 44-B) was detected from breast 

milk (at 30 days after delivery) before the strain was detected from the subject fecal sample in early 

infancy (Fig. 6), we are unable to specify the precise origin of the strain. Possible origins of 

long-term colonizers would likely be family members of the subjects and the surrounding 

environment. For example, recent studies have shown a highly frequency of transmission of B. 

longum subsp. longum strains, not only from mother-to-infant, but also between other family 

members (Odamaki, et al. 2018), as well as the existence of a distinct microbiome in each family’s 

home (Lax, et al. 2014). 

 

The qPCR results showed that B. longum subsp. longum continued to be a dominant 

component of fecal Bifidobacterium (7.07 to 9.65 log10 cells/g feces) once this species colonized in 

the subject gut (Fig. 9). Since strain-specific quantification was not conducted in this study, we were 

unable to trace the actual dynamics for the abundance of long-term colonizers. Since only strains 

belonging to ST 30-A and 44-B were detected from the subjects’ fecal samples after their 
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colonization (Fig. 6), it was suggested that a considerable abundance of these strains persisted to 

colonize in the subject’s gut for more than six years. In subject 44, the initial major component of B. 

longum subsp. longum (ST 44-A) was thought to be replaced by a long-term colonizer (ST 44-B) 

between 7 and 110 days of age. However, the precise timing of the replacement was unclear since no 

strain was detected at 30 days of age owing to limitations of the culturing approach. Moreover, for 

subject 13, because several strains were detected at 180 days and six years of age, the exact 

abundance of the long-term colonizer (ST 13-A) was not estimated at these time points. 

Our qPCR results also revealed that the long-term colonizers were able to co-exist with 

other predominant species of Bifidobacterium. As previous studies have demonstrated the divergence 

of nutrient utilization (e.g. food-derived or human milk oligosaccharides and host-produced glycans) 

in Bifidobacterium at the species or strain level (De Vuyst, et al. 2014; Sela and Mills 2010; Turroni, 

et al. 2011), this implied that segregation of nutrient utilization may constitute one of the factors that 

might enable a long-term colonizer to persist among other predominant species of Bifidobacterium. 
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Table and Figures 

Table 9. Primers used in this study. 

a 6-carboxyfluorescein; b The B. adolescentis group includes B. adolescentis genotypes A and B. 

c The B. catenulatum group includes B. catenulatum and Bifidobacterium pseudocatenulatum. 

Primer Name Target Sequence (5' - 3') Reference

BI8 16S rRNA gene GGGTTYCGATTCTGGCTCAGGATG

15R AAGGAGGTGATCCARCCGCA

520R ACCGCGGCTGCTGGC

BiINF-1 Bifidobacterium longum  subsp. infantis TTCCAGTTGATCGCATGGTC

BiINF-2 GGAAACCCCATCTCTGGGAT

BiLON-1 Bifidobacterium longum  subsp. longum TTCCAGTTGATCGCATGGTC

BiLON-2 GGGAAGCCGTATCTCTACG

Blon-clpC-F clpC CCTGAAGAAGGTGCTGAAGG

Blon-clpC-R TTCTCCTGCTTGTCGCGCAGT

Blon-dnaG-F dnaG GTTGCCGTAGATTTGGGCTTGG

Blon-dnaG-R ATGACTTCGGTGTTCCGCAC

Blon-dnaJ-F dnaJ GCTGAGCAAGAAGGAAGATCGC

Blon-dnaJ-R TGAACTTCTTGCCGTCCACGG

Blon-fusA-F fusA CACCATCAAGGAGAAGCTGG

Blon-fusA-R ACGAGCTTGCCGTAGAACG

Blon-gyrB-if1 gyrB AAGTGCGCCGTCAGGGCTT

Blon-gyrB-R GTGTTCGCGAAGGTGTGCAC

Blon-purF-F2 purF CGGCTGAACTCGAAGAC

Blon-purF-R2 GTTGAGCGCTTCCTTGAG

Blon-rpoB-F rpoB AGACCGACAGCTTCGATTGG

Blon-rpoB-R AACACGATGGCGGACTGCTT

MseI adapter 1 Restriction site of MseI TACTCAGGACTCAT

MseI adapter 2 GACGATGAGTCCTGAG

MspI adapter 1 Restriction site of MspI CTCGTAGACTGCGTACA

MspI adapter 2 CGTGTACGCAGTCTAC

Preselective MseI MseI adapter GATGAGTCCTGAGTAA Makino, et al. 2011

Preselective MspI MspI adapter GACTGCGTACACGGA Makino, et al. 2011

Selective MseI-T MseI adapter GATGAGTCCTGAGTAAT Makino, et al. 2011

Selective MspI-A MspI adapter FAM
a

-GACTGCGTACACGGAA Makino, et al. 2011

g-Bifid-F Genus Bifidobacterium CTCCTGGAAACGGGTGG

g-Bifid-R GGTGTTCTTCCCGATATCTACA

BiADOg-1a Bifidobacterium adolescentis  groupb CTCCAGTTGGATGCATGTC

BiADOg-1b TCCAGTTGACCGCATGGT

BiADO-2 CGAAGGCTTGCTCCCAGT

Bflact2 Bifidobacterium animalis  subsp. lactis GTGGAGACACGGTTTCCC

Bflact5 CACACCACACAATCCAATAC

BiBIF-1 Bifidobacterium bifidum CCACATGATCGCATGTGATTG

BiBIF-2 CCGAAGGCTTGCTCCCAAA

BiBRE-1 Bifidobacterium breve CCGGATGCTCCATCACAC

BiBRE-2 ACAAAGTGCCTTGCTCCCT

BiCATg-1 Bifidobacterium catenulatum  groupc CGGATGCTCCGACTCCT

BiCATg-2 CGAAGGCTTGCTCCCGAT

BiDEN-1 Bifidobacterium dentium ATCCCGGGGGTTCGCCT

BiDEN-2 GAAGGGCTTGCTCCCGA

BiINF-1 Bifidobacterium longum  subsp. infantis TTCCAGTTGATCGCATGGTC

BiINF-2 GGAAACCCCATCTCTGGGAT

BiLON-1 Bifidobacterium longum  subsp. longum TTCCAGTTGATCGCATGGTC

BiLON-2 GGGAAGCCGTATCTCTACG

Martin, et al. 2016

Martin, et al. 2016

Martin, et al. 2016

Martin, et al. 2016

Martin, et al. 2016

Martin, et al. 2016

Martin, et al. 2016

Martin, et al. 2016

Makino, et al. 2011

AFLP analysis

Makino, et al. 2011

Makino, et al. 2011

Quantification of fecal Bifidobacteirum

Martin, et al. 2016

Makino, et al. 2011

Makino, et al. 2011

Makino, et al. 2011

Makino, et al. 2011

Makino, et al. 2011

This study

Amplification and sequencing of 16S rRNA gene for Bifidobacterium

Miyake, et al. 1998

Subspecies-specific PCR for Bifidobacterium longum

Matsuki, et al. 1999

Matsuki, et al. 1999

MLST for Bifidobacterium longum  subsp. longum  strains
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Table 10. Count of monophyletic strains in the samples detected from 12 subjects and their 

mothers. 

a ns, no sample was collected; −, no isolate was obtained. 

b One week after the introduction of solids.  

1st 2nd After

Sample Sample weaning
b ≈ 6 years

4 2 2 − − − − − − − 1 − 3

12 7 5 − − − 1 2 2 − ns − 2

13 3 3 − − − − − − − 1 3 3

16 5 3 − − 1 3 5 3 4 ns 1 2

18 1 1 1 − − 1 1 1 1 − − 1

30 2 2 − − − ns − − 1 1 − 1

38 3 1 − − − 1 3 2 − − − 1

44 1 − − 1 − − 1 − − 1 − 1

48 − 1 − 1 − ns − 2 − − − 2

129 − − 1 1 1 1 1 1 − − − 1

130 4 3 − − − 3 − − − − − 4

134 1 − − 2 − 2 2 2 − − − 2

90 days 180 days

Subject ID
Feces in

childhood

7 days 30 days Meconium 3 days 7 days 30 days

Detection of the representative strainsa

Mother's perinatal samples Subject's samples

Prenatal 

feces

Postnatal 

breast milk
Feces in early infancy
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Feces in 

childhood
1st

 Sample

2nd

 Sample
7 days 30 days Meconium 3 days 7 days 30 days 90 days

After 

weaninga 180 days ≈ 6 years

4-A ● ● − − − − − − − − − −

4-B ● ● − − − − − − − − − −

4-C − − − − − − − − − ● − −

4-D − − − − − − − − − − − ●

4-E − − − − − − − − − − − ●

4-F − − − − − − − − − − − ●

12-A ● − − − − ● ● ● − − −

12-B ● ● − − − − ● ● − − −

12-C ● ● − − − − − − − − −

12-D ● − − − − − − − − − −

12-E ● − − − − − − − − − −

12-F ● − − − − − − − − − −

12-G ● − − − − − − − − − −

12-H − ● − − − − − − − − −

12-I − ● − − − − − − − − −

12-J − ● − − − − − − − − −

12-K − − − − − − − − − − ●

12-L − − − − − − − − − − ●

13-A − − − − − − − − − ● ● ●

13-B ● ● − − − − − − − − − −

13-C ● ● − − − − − − − − − −

13-D ● − − − − − − − − − − −

13-E − ● − − − − − − − − − −

13-F − − − − − − − − − − ● −

13-G − − − − − − − − − − ● −

13-H − − − − − − − − − − − ●

13-I − − − − − − − − − − − ●

16-A ● ● − − ● ● ● − − − −

16-B ● − − − − ● − ● ● − −

16-C ● − − − − ● − − − − −

16-D − ● − − − − ● ● − − −

16-E ● − − − − − − − − − −

16-F ● ● − − − − − − − − −

16-G − − − − − − ● − − − −

16-H − − − − − − ● − − − −

16-I − − − − − − ● − − − −

16-J − − − − − − − ● ● ● −

16-K − − − − − − − − ● − −

16-L − − − − − − − − ● − −

16-M − − − − − − − − − − ●

16-N − − − − − − − − − − ●

18-A ● ● ● − − ● ● ● ● − − −

18-B − − − − − − − − − − − ●

30-A − − − − − − − ● ● − ●

30-B ● ● − − − − − − − − −

30-C ● ● − − − − − − − − −

38-A ● ● − − − ● ● ● − − − −

38-B ● − − − − − ● ● − − − −

38-C ● − − − − − − − − − − −

38-D − − − − − − ● − − − − −

38-E − − − − − − − − − − − ●

44-A ● − − − − − ● − − − − −

44-B − − − ● − − − − − ● − ●

48-A − − − ● − − ● − − − −

48-B − ● − − − − − − − − −

48-C − − − − − − ● − − − −

48-D − − − − − − − − − − ●

48-E − − − − − − − − − − ●

129-A − − ● ● ● ● ● ● − − − −

129-B − − − − − − − − − − − ●

130-A ● ● − − − ● − − − − − −

130-B ● ● − − − ● − − − − − −

130-C ● − − − − ● − − − − − −

130-D ● − − − − − − − − − − −

130-E − ● − − − − − − − − − −

130-F − − − − − − − − − − − ●

130-G − − − − − − − − − − − ●

130-H − − − − − − − − − − − ●

130-I − − − − − − − − − − − ●

134-A ● − − ● − ● ● ● − − − −

134-B − − − ● − ● ● ● − − − −

134-C − − − − − − − − − − − ●

134-D − − − − − − − − − − − ●

ST

13

16 ns

Mother's perinatal samples Subject's samples

Prenatal feces
Postnatal

breast milk
Feces in early infancy

ns

4

12

Subject

ID

18

30 ns

38

44

48 ns

129

130

134
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Fig. 6. Detection points of the strains in the samples collected from 12 subjects and their 

mothers. 

Circles indicate detection of the strains. Circle color represents the detection type of the 

monophyletic strain as follows: black, detected from both the subjects’ fecal sample(s) in early 

infancy and their mothers’ perinatal sample(s); half black (left), detected from both the subjects’ 

fecal sample(s) in early infancy and their mothers’ prenatal fecal sample(s); half black (right), 

detected from both the subjects’ fecal sample(s) in early infancy and their mothers’ postnatal breast 

milk sample(s); white, detected from only the subjects’ fecal sample(s). A minus symbol means that 

no strain was detected. ns: no sample was collected. For each of the subject’s samples, strains that 

were confirmed to be monophyletic strains are linked with a line. a One week after the introduction 

of solids. 
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Fig. 7. UPGMA dendrogram based on the allelic profiles. 

 The dendrogram was constructed based on 247 positions of allelic profiles of representative 

strains, as well as the type strains of B. longum subsp. infantis and B. longum subsp. longum. B. 

longum subsp. infantis JCM 1222T was used as the out-group. The scale bar shows the identical rate 

of allelic profile. Bootstrap values (%) based on 1,000 replicates are given for nodes replicated at 

more than 95%. a S-I, subject’s fecal sample collected in early infancy; S-C, subject’s fecal sample 

collected in childhood; M, mother’s prenatal fecal sample; BM, postnatal breast milk sample. 

*Monophyletic strain pair detected from both subjects’ fecal sample(s) in early infancy and their 

mothers’ prenatal fecal sample(s). †Monophyletic strain pair detected from both subjects’ fecal 

sample(s) in early infancy and their mothers’ postnatal breast milk sample(s). #Monophyletic strain 

pair detected from subjects’ fecal samples in both early infancy and childhood. 

 

 

Fig. 8. AFLP profiles of the representative strains belonging to three monophyletic strains 

classified as long-term colonizers. 

The UPGMA dendrogram was constructed based on an average of 238 ± 14 fragments of 

the AFLP profile. Cophenetic correlation is given at each node. The scale bars for similarity score 

(%) and fragment length (bp) are shown above the dendrogram and AFLP profile image, respectively.  

a S-I, subject’s fecal sample collected in early infancy; S-C, subject’s fecal sample collected in 

childhood; BM, postnatal breast milk sample. b Calculated from the delivery date. 
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Fig. 9. Compositions of major fecal Bifidobacterium of the subjects colonized by long-term 

colonizers. 

The fecal abundances of the genus Bifidobacterium along with seven species and three subspecies 

are shown for three subjects, (A) Subject 13, (B) Subject 30 and (C) Subject 44. ns: no sample was 

collected. 
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Chapter 4: Conclusion and comprehensive discussion 

 

I conducted studies for the further understanding on one of the most complexed microbial 

ecosystem on Earth, human gut. Especially, I aimed at expanding the knowledge on human gut 

Bifidobacterium and Lactobacillus, from the point of views of their taxonomy and behavior. 

 

In Chapter 2, I revised current taxonomy of Lactobacillus and Bifidobacterium with 

describing novel (sub)species and proposed a simplified subspeciation method for Bifidobacterium 

longum. Currently, 91 species and 15 subspecies as well as 253 species and 23 subspecies were 

described as “correct names” of genus Bifidobacterium and genus Lactobacillus, respectively (J.P. 

Euzéby: List of Prokaryotic names with Standing in Nomenclature; https://www.bacterio.net/). Since 

almost half of those species were described in this decade, the knowledge for their ecological feature 

have not sufficiently accumulated yet but will be revealed more in the future. As for the (sub)species 

which I described in this study, only limited number of strains is available, even so far. Therefore, 

the exploration of additional strains is still required to reveal the features shared at intra-(sub)species 

level, precisely. 

As the further information for the features of L. saniviri and L. senioris, production of 

bacteriocin-like substance and inhibition of Salmonella growth were reported for a strain of L. 

saniviri isolated from fermented vegetable product (kimchi) prepared in USA (Kim, et al. 2015). In 

addition, Zúñiga, et al. (2020) reported fructan utilizing gene locus in the genome of L. saniviri, 

which is a limited feature in Lactobacillus strains. These results might show the anti-pathogenic 

potential and the unique niche based on fructan utilization of L. saniviri in human gut. Although the 

(sub)species which we described were not detected from human gut in the following studies, the 

existence of L. saniviri and L. senioris were reported by meta-16S rRNA gene analysis targeting on a 

fermented vegetable product (Yucha) prepared in a local community in China (Zhang, et al. 2016), 

suggesting their another ecological niche and the possibility that they utilize the plant derived 

nutrient. The draft genomes of the type strains of L. saniviri and L. senioris were determined along 

with those of other 211 species to encode genetic catalogue for modifying carbohydrates and 
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proteins (Sun, et al. 2015). Although specific feature for these species have not been mentioned yet, 

the genomic information would contribute to understand the ecological function in the future study, 

e.g. providing new references for metagenomic approach.  

Despite the absence of the further publication for B. longum subsp. suillum, number of 

researches have been conducted in this several years, focusing on human gut B. longum (mainly, B. 

longum subsp. longum and subsp. infantis) especially for their interaction to host’s health (Amrane, 

et al. 2019; Olivares, et al. 2018; Zhou, et al. 2020). Correct subspeciation is the start point for a 

research using newly isolated strains or those in a culture collection without detailed identification. 

Although whole genome sequencing of bacterial strain is becoming easier and cheaper, recently, 

AFLP, MLSA and MLST methods developed in this study would continue to have the role as 

simplified methods for the subspeciation of this species. The methods developed in this study should 

contribute to the development of the research on B. longum with facilitating correct identification. 

 

In Chapter 3, I showed long-term colonization of B. longum subsp. longum strains in the 

human gut from early stage of life and the possibility of their longitudinal effect on hosts’ health. 

This perspective should be important for future studies on the bifidobacterial strains colonized in the 

human gut during this period and their effect on host’s health. Complete explanation has not been 

provided for the long-term colonization factors for B. longum subsp. longum strain colonized in 

human gut during early infancy. A recent review reported that hosts’ behavior, especially for dietary 

behavior, was the strongest factor for the succession of bacterial strain in infants (Quin and Gibson 

2020). Moreover, dietary shift during early infancy was reported to correlate with the glycosyl 

hydrolase families and enzymes of B. longum strains (Kujawska, et al. 2020). Hence, the 

compatibility between the carbon metabolite property of a strain and host’s dietary behavior would 

be important for the long--term colonization of this subspecies. On the other hand, it is still unclear 

whether there are endogenous long-term colonization factors of B. longum subsp. longum strains 

relating to the adhesion on human epithelial cells or to the protection from extracellular stresses (e.g. 

bile acid and antibiotics). The microbial molecules facilitating these properties were well studied for 

probiotic strain of B. breve UCC2003. Tad (tight-adherence) pili were reported as an essential for in 
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vivo colonization of this strain on murine gut and the related gene cluster was widely conserved 

among Bifidobacterium (Motherway, et al. 2011). On the other hand, the protective function from 

bile and low pH and its influence on gut persistence was reported for the extracellular 

polysaccharide (EPS) of B. breve UCC2003 (Fanning, et al. 2012). Those compounds would be the 

candidates for the long-term colonization factor for B. longum subsp. longum. Further comparative 

genome analysis on long-term colonizers would help shed light on this question, e.g. with 

investigating the existence of the genetic loci relating to the production of those microbial 

compounds. 

 

 In summary, this study expanded the knowledge for the human gut microbiota, shedding 

light on the unknown components, providing the simplified methods for their detailed identification 

and showing the behavior during early stage of life, focusing on human gut Bifidobacterium and 

Lactobacillus. Recently, the knowledge have been accumulating for the interaction between human 

gut microbiota and environmental pollutants and the effect on host’s health (Feng, et al. 2020). It has 

been shown that environmental pollutants affects the conformation and metabolic activity human gut 

microbiota, whereas human gut microbiota metabolites environmental pollutants and modulates its 

toxicity on host (Claus, et al. 2016). Since the effect of environmental pollutants on human health 

become global concern, the further understanding of human gut microbiota lying between them also 

would help elucidate the solution of this problem. One of the interesting approach is intestinal 

remediation with probiotics (El-Dalatony and Li 2020). In this review, several strains belonging to 

Bifidobacterium and Lactobacillus were reported to be able to diminish the accumulation of the 

pollutants and the toxicity via inhibiting the absorption of pollutants and enhancing gut barrier. Since 

endogenous Bifidobacterium and Lactobacillus also exist in human gut, it might be possible to elicit 

the remediation effect by modulating their composition in the human gut microbiota. In addition, 

adhesive activity to toxic metal (e.g. cadmium and lead) was reported for some strains of 

Bifidobacterium and Lactobacillus (Halttunen, et al. 2003, 2007). Therefore, further understanding 

on the mechanism on active cellular compounds also facilitating the remediation properties might 

leads to their application for the bioremediation. 
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Because human gut Bifidobacterium and Lactobacillus shall attract more researcher’s 

interest in the future as beneficial components of human gut microbiota, the finding obtained in this 

study would also help the coming researches in this field. 
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Abstract in Japanese 

 

微生物は地球上の様々な環境に分布し、その環境条件（例えば、pH、酸素濃度、栄

養源）に適応して複雑な生態系を形成している。微生物生態学の目的は、微生物集団の

構造と機能を説明する法則を見出すことにある。そのためには、対象とする生態系にど

のような微生物が存在し、それらがどのように振舞うかを知る必要がある。近年、宿主

と共生微生物との相互作用の重要性が認識されており、これらは 1 つの生態系の単位

（ホロビオント）として取り扱われるべきであるという指摘がある。ヒトでは、特にそ

の腸内に数百菌種におよぶ膨大な数の微生物を擁する複雑な生態系が構築されている

ことから、ヒトの健康を研究する上で腸内微生物の影響はもはや無視することはできな

い。ヒト腸内微生物生態に関し、特に宿主の健康・疾病との関連に注目した研究が近年

活発に行われているが、その多くは属以上の分類階級に注目しており、特定の細菌種お

よび細菌株の機能や、その挙動に関する知見は十分に整備されているとは言えない。す

なわち、ヒト腸内における複雑な微生物生態系のさらなる理解には、より詳細な微生物

の構成および個々の微生物の挙動について情報を蓄積する必要がある。加えて、微生物

の遺伝学的・生理学的特徴の推定には、正しい分類同定が不可欠であり、そのためには、

既存の分類体系の見直しおよび分類法の改善を継続的に行っていく必要がある。ヒト腸

内微生物の中でも、Bifidobacterium属および Lactobacillus属細菌は、宿主にとって有用

な構成微生物として知られており、プロバイオティクスとして商業的に利用される菌株

も含まれる。そこで本研究では、ヒト腸内微生物のなかでも、機能的および商業的に重

要な上記の細菌群に注目し、その分類と挙動を明らかにすることを目的とした。 

 

本論文の第 1章では背景および本研究の位置付けについて論じた。 

また、第 2章では、ヒト腸内の Bifidobacterium属および Lactobacillus属細菌の分類学

的研究を行った。まず、ヒト腸内細菌の有用細菌群の 1つとして知られる Lactobacillus

属細菌に着目し、ヒト腸内における新菌種の探索および新菌種提案を行った。ヤクルト

本社中央研究所では、乳幼児から老人まで様々な年代の健常な日本人（61 名；年齢 0

～101歳）から分離した未同定の 328細菌株を保有していた。上記細菌株を対象として
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16S rRNA 遺伝子塩基配列に基づく再同定を行った結果、既存の細菌種とそれぞれ明確

に区別される 2細菌株（YIT 12363T および YIT 12364T）が見出された。さらに、各細

菌株の生理学的・遺伝学的特徴に関する追加解析を行い、それぞれの近縁細菌種の基準

株と比較した結果、上記の 2細菌株はそれぞれ独立した細菌種に分類されることが確認

された。上記を踏まえ、健常成人由来の YIT 12363T および健常な百歳老人由来の YIT 

12364T をそれぞれ基準株として、Lactobacillus saniviri および Lactobacillus senioris を

新細菌種として提案した。次に、ヒトおよび動物の主要腸内細菌種であるBifidobacterium 

longum について、亜種同定法の開発および既存の分類体系の再編提案を行った。B. 

longum に属する 3つの亜種（subsp. infantis、subsp. longum および subsp. suis）は、元々

はそれぞれ独立した細菌種として分類されていたが、長年に渡って蓄積された表現型お

よび遺伝型の情報に基づき、2002年に同一細菌種として現在の B. longumに再分類され

た。この 3亜種は互いに非常に近縁であるため、それぞれを識別するためには、非常に

時間と手間がかかることから、簡便迅速な識別方法が求められてきた。本報では、既存

の手法により亜種レベルでの同定が完了している B. longum 25 細菌株を、Multi Locus 

Sequence Analysis法、Multi Locus Sequence Typing 法および Amplified Fragment Length 

Polymorphism 法を用いて再分類した。その結果、いずれの手法においても 3 つの亜種

に対応した集団が形成されることが認められ、これらの手法を用いることで簡便迅速か

つ高感度に B. longumの細菌株を亜種レベルで識別できることを確認した。加えて、我々

は B. longum subsp. suisに分類されている細菌群が 2つの小集団に分かれること、それ

ぞれの小集団はウレアーゼ活性の有無と一致することを明らかにした。このうちウレア

ーゼ活性を持たない B. longum subsp. suis内の小集団は、豚の糞便から分離された細菌

株で構成されていたことから、これらの菌株を B. longum subsp. suillum として新亜種提

案した。 

続いて、第 3章では、Bifidobacterium属細菌について、特にこの細菌群が最優勢とな

る乳児腸管における挙動に関する研究を行った。Bifidobacterium属細菌の中でも、乳児

腸管の優勢亜種として知られる Bifidobacterium longum subsp. longum に着目し、生後初

期に定着した同亜種の細菌株が、その後同一被験児の腸内に長期間存在し続けるか検証

した。ベルギーの乳児 12名を対象として、生後半年まで（以下、出生期）の 7点（胎
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便、出生後 3 日、7 日、30 日、90 日および 180 日、または卒乳 1 週間後）および約 6

歳時点（以下、幼児期）に糞便を採取した。また、同亜種の細菌株については、出産前

の母親の糞便または母乳からが生後初期の乳児腸管へ、同一の細菌株が伝播（母子伝播）

することが報告されていた。そのため、本研究では長期定着と母子伝播との関連につい

ても検証するため、上記 12 名の被験児の母親の出産前の糞便および出生後の母乳を採

取した。各サンプルから分離した B. longum subsp. longum 462 細菌株について、7種の

ハウスキーピング遺伝子を用いたタイピングに基づく細菌株同定を行った。その結果、

上記細菌株は 73 種類の遺伝子型を示す異なる細菌株に分類された。さらに、各細菌株

が分離されたサンプルを比較した結果、それぞれ異なる被験児由来の 3細菌株が、出生

期から幼児期までの間、同一被験児の腸内に定着し続けており、さらに、その内 1細菌

株は被験児の母親の母乳中にも存在したことが明らかになった。また、定量的 PCR を

用いて、出生期および幼児期における各被験児の腸内 Bifidobacterium属細菌の構成を解

析した結果、上記 3細菌株の長期定着細菌株は、そのほかの Bifidobacterium属細菌群と

共存し続けていたことが示唆された。本研究により、生後初期のヒト腸管への定着が、

その後の長期的定着に重要であることが示された。 

最後に、第 4章では総括および全体を通した考察を行った。 

 

以上、本研究では、ヒト腸内の Bifidobacterium属および Lactobacillus属細菌の分類お

よび挙動についてさらなる知見を得ることができた。本研究で新たに提案した菌種およ

び亜種により、これまでその存在が認識されていなかったこれらの微生物群が持つ生態

学的機能に関する研究が、今後進むことが期待される。また、本研究で開発した B. 

longum の亜種分類法により、今後新たに分離培養される細菌株や、すでにライブラリ

化されている細菌株の亜種同定を行うことで、同細菌種を対象とした研究が今後さらに

発展していくであろう。さらに、B. longum subsp. longumの長期定着に関する研究では、

生後初期期にヒト腸内に定着した Bifidobacterium属の細菌株が、宿主の健康に長期的な

効果を及ぼし得るという、生後初期のヒト腸内における微生物生態学の発展に貢献する

重要な可能性が示された。 

ヒト腸内微生物の機能については、近年環境汚染物質との相互作用およびそれが宿主
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に与える影響について知見が蓄積しつつある。例えば、様々な環境汚染物質がヒト腸内

微生物の構成や代謝活性を変化させる一方、ヒト腸内微生物に代謝されることでその毒

性を変化させる事例が報告されている。環境汚染物質がヒトの健康に与える影響が世界

的に懸念されるなか、ヒト腸内に存在する微生物のさらなる発見と理解によって、より

正確にこれらのリスクを予測することが可能になるかもしれない。また、Bifidobacterium

属および Lactobacillus属細菌の中には、環境汚染物質の毒性を緩和するものが報告され

ていることから、ヒト腸内におけるこれらの菌群の構成を変化させることにより、同様

の毒性低減効果が実現できるかもしれない。さらに、一部の Bifidobacterium 属および

Lactobacillus属の菌株には、有害重金属のような環境汚染物質に対する吸着活性が報告

されている。そのため、実際に効果をもたらしている菌体成分が特定されれば、それら

の環境浄化へ応用した技術の開発も期待できる。 

Bifidobacterium属および Lactobacillus属細菌は、ヒト腸内における有用菌群として今

後さらにその重要性が増すことが予測され、本論文は、当該研究同分野の一助となるも

のである。 
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Table S1. Detailed information of the subjects participating in the follow-up study. 

a M, male; F, female. b N, natural delivery; C, cesarean section. 

c Sample collection date calculated from delivery date. d One week after the introduction of solids. 

 

Table S2. Count of B. longum subsp. longum isolates obtained from the samples collected from 

the 12 subjects and their mothers. 

a ns, no sample was collected; −, no isolate was obtained. b One week after the introduction of 

solids. 

4 M C -42 -34 133 6.9 ●

12 F N -59 -47 > 180 6.7 ●

13 F N -31 -24 120 6.7 ●

16 F N -38 -31 > 180 6.8 ●

18 M N -21 -9 136 6.5 ●

20 M N -47 -40 130 6.4 −

26 F N -36 -29 106 6.7 −

28 M N -43 -35 151 4.3 −

30 M C -25 -18 130 6.7 ●

37 F N -32 -25 > 180 6.6 −

38 M N -49 -42 99 6.3 ●

44 M N -19 -12 110 6.6 ●

48 M C -49 -37 124 6.3 ●

49 F C -35 -28 157 6.4 −

52 F N -15 -4 > 180 6.3 −

53 M N -39 -31 > 180 6.4 −

57 F N -38 -31 141 6.4 −

61 F N -26 -17 167 6.6 −

62 M N -21 -11 126 6.3 −

63 M N -30 -24 > 180 6.6 −

68 M N -41 -33 150 6.6 −

71 F C -38 -31 160 6.3 −

84 M N -50 -44 159 6.2 −

86 F N -33 -26 158 6.6 −

94 F N -36 -28 165 6.3 −

95 F N -49 -42 175 6.4 −

96 F N -31 -25 > 180 6.4 −

100 M N -49 -42 138 6.3 −

106 M C -52 -45 130 6.2 −

107 M N -48 -41 > 180 6.2 −

108A (Twin) F C -57 -50 > 180 6.1 −

108B (Twin) F C -57 -50 > 180 6.1 −

109 F N -52 -45 148 6.3 −

117 M N -41 -34 129 6.2 −

120 M N -46 -38 > 180 7.4 −

122 F N -35 -28 96 6.1 −

123 M C -56 -50 131 5.8 −

126 F N -37 -31 134 6.0 −

129 F N -57 -50 128 5.9 ●

130 M N -55 -47 124 6.1 ●

131 M C -45 -38 155 6.1 −

133 F C -51 -43 147 5.9 −

134 M N -54 -44 162 5.8 ●

136 F N -34 -25 148 5.8 −

137 M N -46 -38 147 5.9 −

138 M N -36 -30 > 180 8.7 −

139 F N -27 -19 172 6.1 −

140 M N -48 -40 133 5.8 −

141 F N -50 -43 161 5.8 −

Isolation of B. longum  subsp. longum from subject's feces

both in early infancy and childhood
Subject ID

Age at follow-up

(years)
After weaningc,d

(days)
Delivery modebGendera

1st  mothers prenatal

fecal samplec

(days)

2nd  mothers

prenatal fecal

samplec

(days)

Feces in

childhood

1st Sample 2nd Sample 7 days 30 days Meconium 3 days 7 days 30 days 90 days
After

Weaningb 180 days ≈ 6 years

4 3 4 − − − − − − − 3 − 4

12 11 7 − − − 3 8 4 − ns − 3

13 9 11 − − − − − − − 3 4 9

16 12 9 − − 4 26 22 20 24 ns 5 7

18 9 8 1 − − 6 6 6 5 − − 3

30 4 5 − − − ns − − 3 2 − 1

38 11 12 − − − 11 12 12 − − − 2

44 3 − − 1 − − 2 − − 4 − 1

48 − 7 − 1 − ns − 6 − − − 2

129 − − 12 8 3 3 3 12 − − − 3

130 5 7 − − − 3 2 − − − − 7

134 4 − − 9 − 4 6 6 − − − 4

Subject ID

Count of isolates
a

Mother's perinatal samples Subject's samples

Prenatal feces Postnatal breast milk Feces in early infancy
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Table S3. Detailed information of the representative strains and the type strains of B. longum 

subsp. infantis and B. longum subsp. longum. 

a Calculated from the delivery date; After weaning, one week after the introduction of solids. 

clpC dnaG dnaJ fusA gyrB purF rpoB

31 4 Mother feces (prenatal) 1st sample 4-A 1 20 1 3 1 4 3 This study

35 4 Mother feces (prenatal) 1st sample 4-B 1 21 1 1 12 1 14 This study

1800 4 Subject feces (early infancy) After weaning 4-C 1 7 1 6 1 6 11 This study

4-2 4 Subject feces (childhood) ≈ 6 years 4-D 1 3 1 1 1 4 3 This study

4-4 4 Subject feces (childhood) ≈ 6 years 4-E 1 1 1 3 7 2 3 This study

4-6 4 Subject feces (childhood) ≈ 6 years 4-F 1 1 1 3 1 2 3 This study

237 12 Mother feces (prenatal) 1st sample 12-A 1 5 1 1 1 2 14 This study

818 12 Subject feces (early infancy) 3 days 12-A 1 5 1 1 1 2 14 This study

238 12 Mother feces (prenatal) 1st sample 12-B 6 12 1 10 10 1 3 This study

856 12 Subject feces (early infancy) 7 days 12-B 6 12 1 10 10 1 3 This study

239 12 Mother feces (prenatal) 1st sample 12-C 6 12 1 1 10 1 15 This study

241 12 Mother feces (prenatal) 1st sample 12-D 1 12 1 10 3 1 3 This study

244 12 Mother feces (prenatal) 1st sample 12-E 1 5 1 10 1 1 15 This study

246 12 Mother feces (prenatal) 1st sample 12-F 6 5 1 1 1 11 15 This study

248 12 Mother feces (prenatal) 1st sample 12-G 6 12 1 1 1 2 15 This study

334 12 Mother feces (prenatal) 2nd sample 12-H 6 12 1 1 10 2 3 This study

336 12 Mother feces (prenatal) 2nd sample 12-I 1 4 4 3 1 2 5 This study

339 12 Mother feces (prenatal) 2nd sample 12-J 6 12 1 3 10 1 15 This study

12-4 12 Subject feces (childhood) ≈ 6 years 12-K 1 16 6 11 3 2 2 This study

12-5 12 Subject feces (childhood) ≈ 6 years 12-L 1 17 6 12 3 4 8 This study

1784 13 Subject feces (early infancy) After weaning 13-A 1 1 1 3 1 5 10 This study

13-T1 13 Subject feces (childhood) ≈ 6 years 13-A 1 1 1 3 1 5 10 This study

139 13 Mother feces (prenatal) 1st sample 13-B 3 3 1 1 5 2 7 This study

141 13 Mother feces (prenatal) 1st sample 13-C 1 3 3 1 6 2 7 This study

144 13 Mother feces (prenatal) 1st sample 13-D 5 6 1 3 1 2 8 This study

220 13 Mother feces (prenatal) 2nd sample 13-E 1 9 4 8 6 2 10 This study

1847 13 Subject feces (early infancy) 180 days 13-F 5 1 1 3 1 5 10 This study

1848 13 Subject feces (early infancy) 180 days 13-G 5 1 1 3 1 5 13 This study

13-1 13 Subject feces (childhood) ≈ 6 years 13-H 1 3 2 1 1 2 16 This study

13-T2 13 Subject feces (childhood) ≈ 6 years 13-I 1 1 4 3 1 5 10 This study

281 16 Mother feces (prenatal) 1st sample 16-A 1 4 1 3 3 1 5 Makino, et al. 2013

401 16 Subject feces (early infancy) Meconium 16-A 1 4 1 3 3 1 5 Makino, et al. 2013

286 16 Mother feces (prenatal) 1st sample 16-B 1 14 1 3 3 4 5 Makino, et al. 2013

435 16 Subject feces (early infancy) 3 days 16-B 1 14 1 3 3 4 5 Makino, et al. 2013

297 16 Mother feces (prenatal) 1st sample 16-C 1 15 1 3 4 1 5 Makino, et al. 2013

441 16 Subject feces (early infancy) 3 days 16-C 1 15 1 3 4 1 5 Makino, et al. 2013

326 16 Mother feces (prenatal) 2nd sample 16-D 1 15 1 4 4 3 5 Makino, et al. 2013

520 16 Subject feces (early infancy) 7 days 16-D 1 15 1 4 4 3 5 This study

298 16 Mother feces (prenatal) 1st sample 16-E 8 4 1 3 4 1 5 This study

296 16 Mother feces (prenatal) 1st sample 16-F 1 4 1 3 4 1 4 This study

485 16 Subject feces (early infancy) 7 days 16-G 1 15 1 4 4 4 4 This study

521 16 Subject feces (early infancy) 7 days 16-H 1 15 1 4 4 4 5 This study

527 16 Subject feces (early infancy) 7 days 16-I 1 15 1 4 3 4 4 This study

724 16 Subject feces (early infancy) 30 days 16-J 8 15 1 3 3 4 5 This study

1305 16 Subject feces (early infancy) 90 days 16-K 1 4 1 3 3 1 4 This study

1314 16 Subject feces (early infancy) 90 days 16-L 1 4 1 4 4 3 5 This study

16-1 16 Subject feces (childhood) ≈ 6 years 16-M 1 14 1 3 3 1 5 This study

16-T1 16 Subject feces (childhood) ≈ 6 years 16-N 1 15 1 4 4 1 5 This study

865 18 Mother feces (prenatal) 1st sample 18-A 1 2 2 2 2 2 2 This study

1120 18 Subject feces (early infancy) 3 days 18-A 1 2 2 2 2 2 2 This study

1227 18 Breast milk 7 days 18-A 1 2 2 2 2 2 2 This study

18-1 18 Subject feces (childhood) ≈ 6 years 18-B 1 5 1 3 3 2 16 This study

1521 30 Subject feces (early infancy) 90 days 30-A 1 1 1 5 7 1 3 Makino, et al. 2013

30-1 30 Subject feces (childhood) ≈ 6 years 30-A 1 1 1 5 7 1 3 This study

630 30 Mother feces (prenatal) 1st sample 30-B 1 1 1 1 7 1 13 Makino, et al. 2013

631 30 Mother feces (prenatal) 1st sample 30-C 1 3 1 3 7 12 13 Makino, et al. 2013

1082 38 Mother feces (prenatal) 1st sample 38-A 1 1 1 1 1 1 1 This study

1699 38 Subject feces (early infancy) 3 days 38-A 1 1 1 1 1 1 1 This study

1835 38 Mother feces (prenatal) 1st sample 38-B 1 3 1 3 8 4 3 This study

1688 38 Subject feces (early infancy) 7 days 38-B 1 3 1 3 8 4 3 This study

1078 38 Mother feces (prenatal) 1st sample 38-C 1 4 8 3 1 2 9 This study

1687 38 Subject feces (early infancy) 7 days 38-D 1 4 1 3 1 2 9 This study

38-1 38 Subject feces (childhood) ≈ 6 years 38-E 1 3 1 1 3 2 19 This study

977 44 Mother feces (prenatal) 1st sample 44-A 2 3 1 1 1 1 3 This study

1268 44 Subject feces (early infancy) 7 days 44-A 2 3 1 1 1 1 3 This study

1426 44 Breast milk 30 days 44-B 4 1 1 3 6 2 3 This study

1854 44 Subject feces (early infancy) After weaning 44-B 4 1 1 3 6 2 3 This study

44-1 44 Subject feces (childhood) ≈ 6 years 44-B 4 1 1 3 6 2 3 This study

1620 48 Breast milk 30 days 48-A 4 8 1 7 1 4 12 This study

1841 48 Subject feces (early infancy) 30 days 48-A 4 8 1 7 1 4 12 Makino, et al. 2013

1362 48 Mother feces (prenatal) 2nd sample 48-B 1 5 1 3 1 4 6 Makino, et al. 2013

1844 48 Subject feces (early infancy) 30 days 48-C 4 8 1 7 1 2 12 Makino, et al. 2013

48-1 48 Subject feces (childhood) ≈ 6 years 48-D 1 3 1 14 3 4 12 This study

48-2 48 Subject feces (childhood) ≈ 6 years 48-E 1 3 8 3 3 14 12 This study

2285 129 Subject feces (early infancy) Meconium 129-A 1 10 1 1 1 2 2 This study

2220 129 Breast milk 7 days 129-A 1 10 1 1 1 2 2 This study

129-4 129 Subject feces (childhood) ≈ 6 years 129-B 1 3 1 9 1 2 3 This study

2296 130 Mother feces (prenatal) 1st sample 130-A 1 4 1 9 9 8 13 This study

2317 130 Subject feces (early infancy) 3 days 130-A 1 4 1 9 9 8 13 This study

2297 130 Mother feces (prenatal) 1st sample 130-B 1 11 1 1 9 7 2 This study

2316 130 Subject feces (early infancy) 3 days 130-B 1 11 1 1 9 7 2 This study

2302 130 Mother feces (prenatal) 1st sample 130-C 1 4 1 9 3 9 13 This study

2315 130 Subject feces (early infancy) 3 days 130-C 1 4 1 9 3 9 13 This study

2295 130 Mother feces (prenatal) 1st sample 130-D 1 11 5 1 9 7 2 This study

2308 130 Mother feces (prenatal) 2nd sample 130-E 1 11 5 1 3 7 2 This study

130-1 130 Subject feces (childhood) ≈ 6 years 130-F 1 18 1 13 3 4 17 This study

130-3 130 Subject feces (childhood) ≈ 6 years 130-G 1 18 1 13 3 2 17 This study

130-5 130 Subject feces (childhood) ≈ 6 years 130-H 1 18 1 13 6 4 17 This study

130-6 130 Subject feces (childhood) ≈ 6 years 130-I 1 18 7 13 6 4 17 This study

2476 134 Mother feces (prenatal) 1st sample 134-A 7 3 1 1 11 10 14 Makino, et al. 2013

2488 134 Subject feces (early infancy) 3 days 134-A 7 3 1 1 11 10 14 Makino, et al. 2013

2452 134 Breast milk 30 days 134-A 7 3 1 1 11 10 14 This study

2493 134 Subject feces (early infancy) 3 days 134-B 1 13 2 3 3 2 1 This study

2459 134 Breast milk 30 days 134-B 1 13 2 3 3 2 1 This study

134-1 134 Subject feces (childhood) ≈ 6 years 134-C 1 19 1 3 1 13 18 This study

134-4 134 Subject feces (childhood) ≈ 6 years 134-D 7 5 1 3 7 2 3 This study

B. longum subsp.

    infantis (JCM 1222T)
− − − INF 9 22 9 15 13 3 20 Fukuda, et al. 2011

B. longum subsp.

    longum (JCM 1217T)
− − − LON 5 14 1 3 14 2 3 Fukuda, et al. 2011

Reference

fo sequences

Allelic numbers
Strain ID Subject ID

Detection

time pointaIsolated sample type ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum. 

For each gene, all discovered alleles were compared, but only polymorphic sites are shown. 

Numbering starts at the beginning of the aligned sequence portion of each gene. 

Gene names

clpC clpC clpC clpC clpC clpC clpC clpC clpC clpC clpC clpC clpC clpC clpC dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG

Site numbera

27 78 93 102 153 156 201 210 225 276 312 315 357 360 431 6 9 15 21 24 30 39 53 54 63 64 69 84 85 86

31 4-A T C T C C T C G C T T C A C C C C C G G C G T T T C T C A G

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ A ∙ ∙ C ∙ ∙ ∙ ∙ T ∙ ∙

1800 4-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

238 12-B C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

856 12-B C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

239 12-C C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

241 12-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

244 12-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

246 12-F C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

248 12-G C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

334 12-H C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

336 12-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

339 12-J C ∙ C T ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ G ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ ∙ ∙ ∙ ∙ T ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

141 13-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ G ∙ C C G T A ∙ G ∙

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

401 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

441 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

326 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

520 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

298 16-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

296 16-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

485 16-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

521 16-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

527 16-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

724 16-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

1305 16-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

1314 16-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ ∙ C

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

631 30-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1688 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

1687 38-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

38-1 38-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

977 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1268 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G T ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1841 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G T ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

1362 48-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G T ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

48-1 48-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

48-2 48-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ G ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ G ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

2296 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

2317 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

2315 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ ∙ C

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ G ∙

130-3 130-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ G ∙

130-5 130-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ G ∙

130-6 130-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ C C G T A ∙ G ∙

2476 134-A ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

2488 134-A ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

2452 134-A ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ A ∙ G ∙ C C G T A ∙ G ∙

2493 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ G T A ∙ G ∙

2459 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ G T A ∙ G ∙

134-1 134-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ C C G T A ∙ G ∙

134-4 134-D ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF C ∙ C T T A ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ A C C G T A ∙ G ∙

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ T ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued 1). 

  

Gene names

dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG

Site numbera

87 90 92 93 96 102 105 108 109 110 115 117 122 124 150 156 162 165 171 174 180 189 201 207 210 213 222 223 225 226

31 4-A T C A C T G G G G T G C T T C C A A G T C G C T G T A T G T

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C C T G C C ∙ T C G ∙ C ∙ A T C ∙ C ∙ ∙ A C

1800 4-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

238 12-B C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

856 12-B C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

239 12-C C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

241 12-D C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

244 12-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

246 12-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

248 12-G C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

334 12-H C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

336 12-I C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

339 12-J C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ C A G G C A C

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

141 13-C ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ ∙ T C A G G C A C

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

401 16-A C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

441 16-C C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

326 16-D C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

520 16-D C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

298 16-E C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

296 16-F C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

485 16-G C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

521 16-H C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

527 16-I C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

724 16-J C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1305 16-K C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1314 16-L C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

631 30-C ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1688 38-B ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1078 38-C C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

977 44-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1268 44-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1841 48-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

1362 48-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

48-1 48-D ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

48-2 48-E ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

2296 130-A C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2317 130-A C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙

2302 130-C C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2315 130-C C T G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G G C A C

130-3 130-G ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G G C A C

130-5 130-H ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G G C A C

130-6 130-I ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G G C A C

2476 134-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

2488 134-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

2452 134-A ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

2493 134-B ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

2459 134-B ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ A T C A G ∙ ∙ ∙ ∙

134-1 134-C ∙ T ∙ T C A A T C C T G ∙ C T G C G A C ∙ ∙ T C A G G C A C

134-4 134-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF ∙ T ∙ T C A A T C C T G C C T G C G A C ∙ A T C A G ∙ C A C

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued 2). 

  

Gene names

dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaG dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ dnaJ

Site numbera

246 255 279 285 288 294 297 300 303 13 14 29 32 33 38 41 53 65 71 74 80 85 124 143 155 158 183 188 189 190

31 4-A C T A C C A G G A A T C C A T T C C T C C G A C T G G A T C

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1800 4-C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

238 12-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

856 12-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

239 12-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

241 12-D ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

244 12-E ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

246 12-F ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

248 12-G ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

334 12-H ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

336 12-I ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

339 12-J ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C T T ∙ C C ∙ T C T T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C T T ∙ C C ∙ T C T T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

141 13-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ C G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C A ∙ ∙ ∙ ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

401 16-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

441 16-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

326 16-D ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

520 16-D ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

298 16-E ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

296 16-F ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

485 16-G ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

521 16-H ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

527 16-I ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

724 16-J ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1305 16-K ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1314 16-L ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

865 18-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C A ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C A ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C A ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

631 30-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

977 44-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1841 48-A ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1362 48-B ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

48-1 48-D ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

48-2 48-E ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2317 130-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2315 130-C ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-3 130-G ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-5 130-H ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-6 130-I ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2476 134-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2488 134-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2452 134-A ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2493 134-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C A ∙ ∙ ∙ ∙

2459 134-B ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C A ∙ ∙ ∙ ∙

134-1 134-C ∙ C G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-4 134-D ∙ ∙ ∙ G T G ∙ A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF ∙ C G ∙ ∙ ∙ A A ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C A A G C A

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued-3). 

  

Gene names

dnaJ dnaJ dnaJ fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA

Site numbera

192 206 284 2 5 6 24 32 35 36 53 59 65 71 83 86 101 113 131 134 137 142 146 161 167 194 212 233 266 275

31 4-A C C T C T A T C T T T T C T T C C C T G C A C T G T C G T T

35 4-B ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1800 4-C ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

238 12-B ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

856 12-B ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

239 12-C ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

241 12-D ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

244 12-E ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

246 12-F ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

248 12-G ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

334 12-H ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

336 12-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

339 12-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ C C ∙ C C T ∙ ∙ C ∙ ∙ ∙ T C ∙ C A ∙ C C

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

141 13-C ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ C ∙ ∙ ∙ C ∙ ∙ T C ∙ ∙ ∙ ∙ C A ∙ G ∙ ∙ C

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ ∙ C T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

401 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

441 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

326 16-D ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

520 16-D ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

298 16-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

296 16-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

485 16-G ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

521 16-H ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

527 16-I ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

724 16-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1305 16-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1314 16-L ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙

865 18-A ∙ ∙ C T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ C T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ C T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1521 30-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

631 30-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1082 38-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

977 44-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙

1841 48-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙

1362 48-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙

48-1 48-D ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

48-2 48-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2285 129-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2317 130-A ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2315 130-C ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2295 130-D ∙ T ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ T ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-3 130-G ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-5 130-H ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-6 130-I ∙ ∙ ∙ T ∙ ∙ C ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2476 134-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2488 134-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2452 134-A ∙ ∙ ∙ T ∙ ∙ C T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2493 134-B ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2459 134-B ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-1 134-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-4 134-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF G ∙ ∙ ∙ C G C ∙ C G C C ∙ C C ∙ ∙ ∙ C ∙ T ∙ T C ∙ C A ∙ C C

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued-4). 

  

Gene names

fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA fusA gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB

Site numbera

306 314 317 359 362 368 380 383 386 416 422 437 443 444 446 456 468 473 494 15 27 33 39 60 68 73 78 93 96 102

31 4-A A C T C T T T T A T T C T C C T G T C C T T T T C A C G T C

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1800 4-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

238 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙

856 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙

239 12-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙

241 12-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

244 12-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

246 12-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

248 12-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

334 12-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙

336 12-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

339 12-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L G T ∙ T C C ∙ C ∙ C C ∙ ∙ ∙ ∙ A ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

141 13-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ ∙ ∙ ∙ C ∙ C G G ∙ ∙ ∙ C A G A T ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

401 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

441 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

326 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

520 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

298 16-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

296 16-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

485 16-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

521 16-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

527 16-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

724 16-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1305 16-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1314 16-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C C C C ∙ G T A C T

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

630 30-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

631 30-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

977 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

1620 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1841 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1362 48-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

48-1 48-D ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

48-2 48-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2317 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2315 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-3 130-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-5 130-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

130-6 130-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

2476 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

2488 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

2452 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

2493 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2459 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-1 134-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-4 134-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ T

B. longum subsp.

    infantis (JCM 1222T)
INF G ∙ C ∙ C C C C G C C ∙ ∙ ∙ ∙ A T ∙ T ∙ C C C ∙ ∙ ∙ ∙ ∙ C ∙

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued-5). 

  

Gene names

gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB gyrB purF purF purF purF purF purF purF purF purF purF purF purF purF purF purF

Site numbera

117 150 156 159 165 198 210 216 240 264 270 273 296 381 390 6 30 42 48 49 51 57 66 102 108 117 120 123 129 135

31 4-A C T G T C C C A G C C T C T C C G T C G C T C C C C C T T C

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1800 4-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

238 12-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

856 12-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

239 12-C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

241 12-D ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

244 12-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

246 12-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

248 12-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

334 12-H ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

336 12-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

339 12-J ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

12-4 12-K ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

141 13-C ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

401 16-A ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

286 16-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

441 16-C T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

326 16-D T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

520 16-D T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

298 16-E T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

296 16-F T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

485 16-G T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

521 16-H T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

527 16-I ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

724 16-J ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1305 16-K ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1314 16-L T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

16-1 16-M ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N T C A C ∙ G G G A ∙ ∙ ∙ ∙ ∙ T ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1521 30-A ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

631 30-C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C T T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

977 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1841 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1362 48-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

48-1 48-D ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

48-2 48-E ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T T ∙ C C G

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2317 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ G ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ G ∙ ∙ ∙

2302 130-C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T ∙ ∙ ∙ ∙ ∙ ∙ ∙

2315 130-C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T ∙ ∙ ∙ ∙ ∙ ∙ ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ G ∙ ∙ ∙

2308 130-E ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ G ∙ ∙ ∙

130-1 130-F ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-3 130-G ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

130-5 130-H ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-6 130-I ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2476 134-A ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ ∙ ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

2488 134-A ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ ∙ ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

2452 134-A ∙ C ∙ ∙ T ∙ ∙ ∙ ∙ T ∙ ∙ ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

2493 134-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

2459 134-B ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

134-1 134-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-4 134-D ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ C ∙ C ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF ∙ C A C ∙ G G G A ∙ G ∙ ∙ C ∙ T A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    longum (JCM 1217T)
LON ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ A C ∙ T A C T T ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued-6). 

  

Gene names

purF purF purF purF purF purF purF purF purF purF purF purF purF purF rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB

Site numbera

141 175 180 201 208 210 211 225 258 312 316 363 402 403 9 10 11 12 15 25 26 30 36 42 45 46 47 48 54 57

31 4-A T G T G A T T C G C A C G C C A A C A G C C G C A A A G C T

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1800 4-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

818 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

238 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

856 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

239 12-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

241 12-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

244 12-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

246 12-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ - ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

248 12-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

334 12-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

336 12-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

339 12-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

141 13-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-1 13-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

401 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

297 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

441 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

326 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

520 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

298 16-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

296 16-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

485 16-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

521 16-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

527 16-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

724 16-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1305 16-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

1314 16-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

16-T1 16-N ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

631 30-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1835 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

977 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

1841 48-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

1362 48-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T T C ∙ C A A T A T G G C T ∙ C

1844 48-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

48-1 48-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

48-2 48-E C A C C G C C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C ∙ C A A ∙ A T G G C T ∙ C

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2317 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2315 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-3 130-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-5 130-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-6 130-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2476 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2488 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2452 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A T ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2493 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2459 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-1 134-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-4 134-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T C T C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued-7). 

  

Gene names

rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB rpoB

Site numbera

81 87 105 108 123 126 136 137 150 153 165 174 189 198 219 234 240 294 309 318 324 336 369 372 390 393 402 408 414 420

31 4-A C T C T C T A G C T A T A G A T G T C T C C T C C C T C T A

35 4-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

1800 4-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-2 4-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

818 12-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

238 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

856 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

239 12-C T C ∙ C T A T C G C G ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C G

241 12-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

244 12-E T C ∙ C T A T C G C G ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C G

246 12-F T C ∙ C T A T C G C G ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C G

248 12-G T C ∙ C T A T C G C G ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C G

334 12-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

336 12-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

339 12-J T C ∙ C T A T C G C G ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C G

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C G ∙ T C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C G ∙ T C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ T ∙ ∙ ∙ ∙ C ∙ ∙ ∙

141 13-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ T ∙ ∙ ∙ ∙ C ∙ ∙ ∙

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C G ∙ T C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C G ∙ T C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

13-1 13-H T C T C T A T C G C G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C G ∙ T C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

401 16-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

286 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

435 16-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

297 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

441 16-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

326 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

520 16-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

298 16-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

296 16-F T C ∙ C T A T C G C G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

485 16-G T C ∙ C T A T C G C G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

521 16-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

527 16-I T C ∙ C T A T C G C G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

724 16-J ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

1305 16-K T C ∙ C T A T C G C G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1314 16-L ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

16-1 16-M ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

16-T1 16-N ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B T C T C T A T C G C G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

631 30-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ C ∙ T T C ∙ ∙ ∙

1699 38-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ C ∙ T T C ∙ ∙ ∙

1835 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

1687 38-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙

38-1 38-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ C ∙ ∙ C ∙ T T C ∙ ∙ ∙

977 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A T C T C ∙ ∙ ∙ ∙ ∙ ∙ G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

1841 48-A T C T C ∙ ∙ ∙ ∙ ∙ ∙ G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

1362 48-B T C ∙ C T A T C ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

1844 48-C T C T C ∙ ∙ ∙ ∙ ∙ ∙ G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

48-1 48-D T C T C ∙ ∙ ∙ ∙ ∙ ∙ G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

48-2 48-E T C T C ∙ ∙ ∙ ∙ ∙ ∙ G C G ∙ T C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2317 130-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2315 130-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ C ∙ T ∙ ∙ ∙ ∙ C ∙ ∙ ∙

130-3 130-G ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ C ∙ T ∙ ∙ ∙ ∙ C ∙ ∙ ∙

130-5 130-H ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ C ∙ T ∙ ∙ ∙ ∙ C ∙ ∙ ∙

130-6 130-I ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ C ∙ T ∙ ∙ ∙ ∙ C ∙ ∙ ∙

2476 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2488 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2452 134-A ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C T C T ∙ C ∙ T T C ∙ ∙ ∙

2493 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ C ∙ T T C ∙ ∙ ∙

2459 134-B ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙ ∙ ∙ ∙ C ∙ T T C ∙ ∙ ∙

134-1 134-C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

134-4 134-D ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF ∙ C ∙ C T A T C G C G C G ∙ ∙ C A C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙
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Table S4. Allelic profiles for the representative strains and the type strains of B. 

longum subsp. infantis and B. longum subsp. longum (Continued-8). 

  

Gene names

rpoB rpoB rpoB rpoB rpoB rpoB rpoB

Site numbera

423 447 450 462 471 477 483

31 4-A C C T C G T A

35 4-B ∙ ∙ ∙ ∙ ∙ C G

1800 4-C ∙ ∙ ∙ ∙ ∙ C ∙

4-2 4-D ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-4 4-E ∙ ∙ ∙ ∙ ∙ ∙ ∙

4-6 4-F ∙ ∙ ∙ ∙ ∙ ∙ ∙

237 12-A ∙ ∙ ∙ ∙ ∙ C G

818 12-A ∙ ∙ ∙ ∙ ∙ C G

238 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

856 12-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

239 12-C ∙ T C ∙ ∙ C G

241 12-D ∙ ∙ ∙ ∙ ∙ ∙ ∙

244 12-E ∙ T C ∙ ∙ C G

246 12-F ∙ T C ∙ ∙ C G

248 12-G ∙ T C ∙ ∙ C G

334 12-H ∙ ∙ ∙ ∙ ∙ ∙ ∙

336 12-I T ∙ ∙ ∙ ∙ C G

339 12-J ∙ T C ∙ ∙ C G

12-4 12-K ∙ ∙ ∙ ∙ ∙ ∙ ∙

12-5 12-L ∙ ∙ ∙ ∙ ∙ ∙ ∙

1784 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

13-T1 13-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

139 13-B ∙ ∙ C ∙ ∙ C G

141 13-C ∙ ∙ C ∙ ∙ C G

144 13-D ∙ ∙ ∙ ∙ ∙ ∙ ∙

220 13-E ∙ ∙ ∙ ∙ ∙ ∙ ∙

1847 13-F ∙ ∙ ∙ ∙ ∙ ∙ ∙

1848 13-G ∙ ∙ ∙ ∙ ∙ C ∙

13-1 13-H ∙ ∙ ∙ ∙ A C G

13-T2 13-I ∙ ∙ ∙ ∙ ∙ ∙ ∙

281 16-A T ∙ ∙ ∙ ∙ C G

401 16-A T ∙ ∙ ∙ ∙ C G

286 16-B T ∙ ∙ ∙ ∙ C G

435 16-B T ∙ ∙ ∙ ∙ C G

297 16-C T ∙ ∙ ∙ ∙ C G

441 16-C T ∙ ∙ ∙ ∙ C G

326 16-D T ∙ ∙ ∙ ∙ C G

520 16-D T ∙ ∙ ∙ ∙ C G

298 16-E T ∙ ∙ ∙ ∙ C G

296 16-F ∙ ∙ ∙ ∙ ∙ C G

485 16-G ∙ ∙ ∙ ∙ ∙ C G

521 16-H T ∙ ∙ ∙ ∙ C G

527 16-I ∙ ∙ ∙ ∙ ∙ C G

724 16-J T ∙ ∙ ∙ ∙ C G

1305 16-K ∙ ∙ ∙ ∙ ∙ C G

1314 16-L T ∙ ∙ ∙ ∙ C G

16-1 16-M T ∙ ∙ ∙ ∙ C G

16-T1 16-N T ∙ ∙ ∙ ∙ C G

865 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

1120 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

1227 18-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

18-1 18-B ∙ ∙ ∙ ∙ A C G

1521 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

30-1 30-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

630 30-B ∙ ∙ ∙ ∙ ∙ C ∙

631 30-C ∙ ∙ ∙ ∙ ∙ C ∙

1082 38-A ∙ ∙ ∙ ∙ ∙ C G

1699 38-A ∙ ∙ ∙ ∙ ∙ C G

1835 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

1688 38-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

1078 38-C ∙ ∙ ∙ ∙ ∙ C G

1687 38-D ∙ ∙ ∙ ∙ ∙ C G

38-1 38-E ∙ ∙ ∙ ∙ ∙ C G

977 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

1268 44-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

1426 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

1854 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

44-1 44-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

1620 48-A ∙ ∙ ∙ ∙ A C G

1841 48-A ∙ ∙ ∙ ∙ A C G

1362 48-B ∙ ∙ C ∙ ∙ C G

1844 48-C ∙ ∙ ∙ ∙ A C G

48-1 48-D ∙ ∙ ∙ ∙ A C G

48-2 48-E ∙ ∙ ∙ ∙ A C G

2285 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

2220 129-A ∙ ∙ ∙ ∙ ∙ ∙ ∙

129-4 129-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

2296 130-A ∙ ∙ ∙ ∙ ∙ C ∙

2317 130-A ∙ ∙ ∙ ∙ ∙ C ∙

2297 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

2316 130-B ∙ ∙ ∙ ∙ ∙ ∙ ∙

2302 130-C ∙ ∙ ∙ ∙ ∙ C ∙

2315 130-C ∙ ∙ ∙ ∙ ∙ C ∙

2295 130-D ∙ ∙ ∙ ∙ ∙ ∙ ∙

2308 130-E ∙ ∙ ∙ ∙ ∙ ∙ ∙

130-1 130-F ∙ ∙ C T ∙ C G

130-3 130-G ∙ ∙ C T ∙ C G

130-5 130-H ∙ ∙ C T ∙ C G

130-6 130-I ∙ ∙ C T ∙ C G

2476 134-A ∙ ∙ ∙ ∙ ∙ C G

2488 134-A ∙ ∙ ∙ ∙ ∙ C G

2452 134-A ∙ ∙ ∙ ∙ ∙ C G

2493 134-B ∙ ∙ ∙ ∙ ∙ C G

2459 134-B ∙ ∙ ∙ ∙ ∙ C G

134-1 134-C ∙ ∙ ∙ ∙ ∙ C G

134-4 134-D ∙ ∙ ∙ ∙ ∙ ∙ ∙

B. longum subsp.

    infantis (JCM 1222T)
INF ∙ ∙ C ∙ ∙ C G

B. longum subsp.

    longum (JCM 1217T)
LON ∙ ∙ ∙ ∙ ∙ ∙ ∙

Strain ID ST
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Fig. S1. Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of L. 

saniviri sp. nov. YIT 12363T and L. senioris sp. nov. YIT 12364T with their closely related 

species. 

The tree was constructed by the minimum-evolution method on the basis of a comparison of 

approximately 1390 bp and L. vitulinus JCM 8228T was used as an outgroup. Bootstrap values (%) 

based on 1000 replications are given at nodes. Bar, 5% sequence divergence. 

Lactobacillus sharpeae DSM 20505T (M58831)

Lactobacillus thailandensis MCH5-2T (AB257863)

Lactobacillus camelliae MCH3-1T (AB257864)

Lactobacillus manihotivorans OND 32T (AF000162)

Lactobacillus saniviri YIT 12363T (AB602569)

Lactobacillus rhamnosus YIT 0105T (AB008211)

Lactobacillus casei YIT 0078T (AB008212)

Lactobacillus paracasei subsp. paracasei YIT 0209T (AB008205)

Lactobacillus paracasei subsp. tolerans NBRC 15906T (AB18195)

Lactobacillus sakei subsp. sakei DSM 20017T (AM113784)

Lactobacillus bifermentans DSM 20003T (M58809)

Lactobacillus coryniformis subsp. coryniformis DSM 20001T (M58813)

Lactobacillus rennini CECT 5922T (AJ576007)

Lactobacillus salivarius ATCC 11741T (AF089108)

Pediococcus pentosaceus DSM 20336T(AJ305321)

Pediococcus damnosus DSM 20331T(AJ318414)

Lactobacillus zymae YIT 12114T (AB512781)

Lactobacillus brevis ATCC 14869T (M58810)

L paucivorans TMW 1.1424T (FN185731)

Lactobacillus fructivorans DSM 20203T (M58818)

Lactobacillus senioris YIT 12364T (AB602570)

Lactobacillus farraginis NRIC 0676T (AB262731)

Lactobacillus hilgardii YIT 0269T (AB429370)

Lactobacillus parafarraginis NRIC 0677T (AB262735)

Lactobacillus rapi YIT 11204T (AB366389)

Lactobacillus kisonensis YIT 11168T (AB366388)

Lactobacillus diolivorans YIT 10368T (AB429369)

Lactobacillus parakefiri YIT 10382T (AB429373)

Lactobacillus buchneri YIT 0077T (AB429368)

Lactobacillus kefiri YIT 0222T (AB429371)

Lactobacillus parabuchneri YIT 0272T (AB429372)

Lactobacillus sunkii YIT 11161T (AB366385)

Lactobacillus otakiensis YIT 11163T (AB366386)

Lactobacillus plantarum subsp. plantarum JCM 1149T (D79210)

Lactobacillus versmoldensis KU-3T (AJ496791)

Lactobacillus alimentarius DSM 20249T (M58804)

Lactobacillus perolens L532T (Y19167)

Lactobacillus fermentum ATCC 14931T (M58819)

Lactobacillus reuteri DSM 20016T (L23507)

Lactobacillus acidophilus YIT 0070T (AB008203)

Lactobacillus delbrueckii subsp. delbrueckii YIT 0080T (AB008207)

Lactobacillus gasseri YIT 0192T (AB008209)

Lactobacillus vitulinus JCM 8228T (AB210825)
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Fig. S2. Phylogenetic tree based on pheS gene sequences showing the relationship of L. saniviri 

sp. nov. YIT 12363T and L. senioris sp. nov. YIT 12364T with their closely related species. 

The tree was constructed by the neighbor-joining method on the basis of a comparison of 

approximately 280 bp, and Carnobacterium maltaromaticum LMG 6903T was used as an outgroup. 

Bootstrap values (%) based on 1000 replications are given at nodes. Bar, 1% sequence divergence. 

  

Lactobacillus sharpeae LMG 9214T (AM087765)

Lactobacillus camelliae YIT 12276T (AB602819)

Lactobacillus manihotivorans LMG 18010T (AM087732)

Lactobacillus saniviri YIT 12363T (AB602775)

Lactobacillus paracasei subsp. tolerans LMG 9191T (AM087711)

Lactobacillus paracasei subsp. paracasei LMG13087T (AM087710)

Lactobacillus casei LMG 6904T (AM087710)

Lactobacillus rhamnosus LMG 6400T (AM087716)

Lactobacillus delbrueckii subsp. delbrueckii LMG 6412T (AM087689)

Lactobacillus gasseri LMG 9203T (AM087695)

Lactobacillus acidophilus LMG 9433T (AM087677)

Lactobacillus perolens LMG 18936T (AM087748)

Lactobacillus alimentarius LMG 9187T (AM263509)

Lactobacillus versmoldensis LMG 21929T (AM087755)

Lactobacillus salivarius LMG 9477T (AM087721)

Lactobacillus zymae LMG 22198T (AM087753)

Lactobacillus paucivorans TMW 1.1424T (FN185733)

Lactobacillus fermentum LMG 6902T (AM087693)

Lactobacillus reuteri LMG 9213T (AM087728)

Lactobacillus brevis LMG 6906T (AM087680)

Lactobacillus brevis LMG 6906T (AM087680)

Pediococcus pentosaceus LMG 11488T (AM899822)

Pediococcus damnosus LMG 11484T (AM899820)

Lactobacillus fructivorans LMG 9201T (AM087770)

Lactobacillus senioris YIT 12364T (AB602776)

Lactobacillus plantarum subsp. plantarum LMG 6907T (AM087714)

Lactobacillus kisonensis YIT 11168T (AB602821)

Lactobacillus parafarraginis YIT 12274T (AB602823)

Lactobacillus farraginis YIT 12273T (AB602820)

Lactobacillus hilgardii LMG 6895T (AM087698)

Lactobacillus kefiri LMG 94080T (AM263508)

Lactobacillus otakiensis YIT 11163T (AB602822)

Lactobacillus diolivorans LMG 19667T (AM087763)

Lactobacillus sunki YIT 11161T (AB602825)

Lactobacillus parakefiri LMG 15133T (AM263510)

Lactobacillus buchneri LMG 6892T (AM087681)

Lactobacillus rapi YIT 11204T (AB602824)

Lactobacillus parabuchneri LMG 11457T (AM087726)

Lactobacillus sakei subsp. sakei LMG 9468T (AM087719)

Lactobacillus coryniformis subsp. coryniformis LMG 9196T (AM087684)

Lactobacillus bifermentans LMG 9845T (AM087738)

Carnobacterium maltaromaticum LMG 6903T (AM694187)
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Fig. S3. Phylogenetic trees based on rpoA gene sequences showing the relationship of L. saniviri 

sp. nov. YIT 12363T and L. senioris sp. nov. YIT 12364T with their closely related species. 

The tree was constructed by the neighbor-joining method on the basis of a comparison of 

approximately 350 bp, and Carnobacterium maltaromaticum LMG 6903T was used as an outgroup. 

Bootstrap values (%) based on 1000 replications are given at nodes. Bar, 1% sequence divergence. 

Lactobacillus paracasei subsp. tolerans LMG 9191T (AM087805)

Lactobacillus paracasei subsp. paracasei LMG 13087T (AM087804)

Lactobacillus rhamnosus LMG 6400T (AM087811)

Lactobacillus casei LMG 6904T (AM087779)

Lactobacillus camelliae YIT 12276T (AB602828)

Lactobacillus saniviri YIT 12363T (AB602777)

Lactobacillus sharpeae LMG 9214T (AM263518)

Lactobacillus perolens LMG 18936T (AM087844)

Lactobacillus sakei subsp. sakei LMG 9468T (AM087827)

Lactobacillus bifermentans LMG 9845T (AM087862)

Lactobacillus acidophilus LMG 9433T (AM087860)

Lactobacillus delbrueckii subsp. delbrueckii LMG 6412T (AM087786)

Lactobacillus gasseri LMG 9203T (AM087790)

Lactobacillus alimentarius LMG 9187T (AM087832)

Lactobacillus versmoldensis LMG 21929T (AM087821)

Lactobacillus salivarius LMG 9477T (AM087815)

Lactobacillus plantarum subsp. plantarum LMG 6907T (AM087808)

Pediococcus pentosaceus LMG 11488T (AM899891)

Pediococcus damnosus LMG 11484T (AM899851)

Lactobacillus fermentum LMG 6902T (AM087853)

Lactobacillus reuteri LMG 9213T (AM087810)

Lactobacillus fructivorans LMG 9201T (AM087861)

Lactobacillus zymae LMG 22198T (AM087817)

Lactobacillus brevis LMG 6906T (AM087777)

Lactobacillus senioris YIT 12364T (AB602778)

Lactobacillus rapi YIT 11204T (AB602833)

Lactobacillus kisonensis YIT 11168T (AB602830)

Lactobacillus diolivorans YIT10368T (AB602827)

Lactobacillus parafarraginis YIT 12274T (AB602832)

Lactobacillus farraginis YIT 12273T (AB602829)

Lactobacillus hilgardii LMG 6895T (AM087792)

Lactobacillus parakefiri LMG 15133T (AM087851)

Lactobacillus buchneri YIT 0077T (AB602826)

Lactobacillus kefiri LMG 9480T (AM087840)

Lactobacillus otakiensis YIT 11163T (AB602831)

Lactobacillus parabuchneri LMG 11457T (AM087824)

Lactobacillus sunkii YIT 11161T (AB602834)

Carnobacterium maltaromaticum LMG 6903T (AM694188)
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Fig. S4. Polymorphic nucleotide sites found among the 25 B. longum studied strains at the 

seven MLST gene loci. 

For each gene, all discovered alleles were compared, but only polymorphic sites are shown. 

Numbering starts at the beginning of the aligned sequence portion of each gene. 

clpC

3 12 45 111 150 163 228 234 237 240 261 266 363 366 402 423 435 468 494 501 502 504 507 528 534 537 549 550 555 558 561 564 567 570 573 582 583 600 609 624 636 637 639

clpC‒1 T C G C T G G G A C C C A C C C C T A A G C A C C G C C C C T C C T T T C C C C C G C

clpC‒2 ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒3 ‧ ‧ C ‧ C ‧ A A G T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒4 ‧ ‧ C ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒5 ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T C G G A G G T T A T T A G C ‧ A C C A T ‧ ‧ ‧ ‧ ‧ ‧

clpC‒6 C T ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ C G G A G G T T A T T A G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒7 ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒8 ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T T ‧ C G G A G G ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T T A G

clpC‒9 ‧ ‧ ‧ ‧ C C ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ C G G A G G T T A T T A ‧ C ‧ A C C A T ‧ ‧ ‧ ‧ ‧ ‧

clpC‒10 ‧ ‧ C ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ T T A T T G G C T A C C A T ‧ T ‧ ‧ ‧ ‧

clpC‒11 ‧ ‧ C ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ G

dnaG

15 66 72 131 142 143 144 147 159 168 171 201 204 213 223 237 238 258 261 282 285 300 306 315 321 333 357 360 363 396 429 435 441 447 465 483 492 493 495 498

dnaG‒1 C C T G A A C C C C C A C C T A C C A C C T C C T T G T G C C C G T C C A C A C

dnaG‒2 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C ‧ ‧ ‧ T ‧ A C C ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒3 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C A ‧ ‧ T ‧ A C C ‧ ‧ G ‧ G T

dnaG‒4 T ‧ C ‧ ‧ G ‧ ‧ T ‧ G G ‧ ‧ C G ‧ T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ ‧ T ‧ ‧ T ‧ ‧

dnaG‒5 T ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C G T T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ A ‧ ‧ T ‧ T ‧ ‧

dnaG‒6 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C A ‧ ‧ T ‧ A C C ‧ ‧ G ‧ G T

dnaG‒7 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C ‧ ‧ ‧ T ‧ A C ‧ ‧ ‧ G ‧ G T

dnaG‒8 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G T ‧ ‧ ‧ ‧ T C T T C ‧ G C C A ‧ ‧ T ‧ A C C ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒9 T ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C G ‧ T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ ‧ ‧ T ‧ T ‧ ‧

dnaG‒10 T T C A ‧ G ‧ T ‧ ‧ G G ‧ ‧ C G ‧ ‧ ‧ T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ C ‧ T ‧ T ‧ ‧

dnaG‒11 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C ‧ ‧ ‧ T ‧ A C C ‧ ‧ G ‧ G T

dnaG‒12 T T C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C ‧ ‧ T C T T ‧ T ‧ ‧ ‧ C C A T T ‧ ‧ ‧ ‧ T ‧ T ‧ ‧

dnaG‒13 T ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C G ‧ ‧ ‧ T T C ‧ ‧ C ‧ C C ‧ T ‧ ‧ C C ‧ T ‧ T ‧ ‧

dnaG‒14 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒15 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ G T

dnaG‒16 T ‧ C ‧ ‧ G ‧ ‧ T ‧ G G ‧ ‧ C G ‧ T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ ‧ T ‧ ‧ T ‧ ‧

dnaG‒17 ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒18 ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

501 507 540 564 588 612 618 661 669 679 693 723 756 759 774 778 792 798 810 813 828 831 834 837 843 846 849 861 864 873

dnaG‒1 A T C G G A G G C A C T C G G T C G C C T T C C C G A T C C

dnaG‒2 ‧ ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒3 G C T ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒4 ‧ C T ‧ ‧ G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T C T A T T C ‧ ‧ T T ‧ G ‧ ‧ T

dnaG‒5 ‧ C ‧ A ‧ G C T ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T A T T C ‧ ‧ T T ‧ G ‧ ‧ T

dnaG‒6 G C T ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ T A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒7 G C T ‧ C G ‧ ‧ ‧ G ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒8 ‧ ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒9 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ A T T C ‧ ‧ T T T G C ‧ T

dnaG‒10 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ C ‧ ‧ ‧ C ‧ A T T C ‧ ‧ ‧ ‧ ‧ G ‧ ‧ T

dnaG‒11 G C T ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒12 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ A T T C ‧ ‧ T T T G C ‧ T

dnaG‒13 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ C ‧ ‧ ‧ C ‧ A T T C A ‧ ‧ ‧ ‧ G ‧ ‧ T

dnaG‒14 ‧ ‧ T ‧ ‧ G ‧ ‧ T ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒15 G C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒16 ‧ C T ‧ ‧ G C ‧ ‧ ‧ ‧ C ‧ ‧ ‧ C ‧ A T T C ‧ T T ‧ ‧ G ‧ ‧ T

dnaG‒17 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒18 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaJ1

8 26 32 38 65 80 83 89 92 101 116 122 125 131 158 217 224 234 239 240 241 243 282 329

dnaJ1‒1 T T C C T C C T T C C T C C C A T G A T C C C C

dnaJ1‒2 ‧ C A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ A A G C A G ‧ ‧

dnaJ1‒3 ‧ C A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒4 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaJ1‒5 ‧ C ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒6 ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒7 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaJ1‒8 ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ・ G C A G T ‧

dnaJ1‒9 ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ T

dnaJ1‒10 C C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒11 C ‧ ‧ A C T T C C T T C T T ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

hsp60

11 50 53 65 89 92 113 143 173 236 245 302 312 335 416

hsp60‒1 C C T C T T T G T T C T C A C

hsp60‒2 ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒3 ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C G ‧ ‧ C T

hsp60‒4 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ C T C ‧

hsp60‒5 ‧ ‧ ‧ ‧ C ‧ C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒6 ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧

hsp60‒7 T ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒8 ‧ ‧ ‧ ‧ C C C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒9 ‧ T C T ‧ ‧ ‧ ‧ C C ‧ ‧ ‧ C ‧

hsp60‒10 ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ C ‧

purF

14 26 32 38 53 62 68 80 86 101 119 120 122 134 140 152 161 164 167 170 176 182 188 191 197 203 206 209 219 227 238 258 287 302 305 317 323 326 327 332 338 353

purF‒1 A G T T G A C A C C G A G C G A A G T C C G G T T G T A G T A A G C C T T C G C C C

purF‒2 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒3 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧

purF‒4 ‧ C C C C G G G ‧ T ‧ ‧ ‧ ‧ A ‧ G C C G ‧ A A C C C ‧ G ‧ C ‧ ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒5 ‧ C C C C G G G T T ‧ ‧ ‧ ‧ A G C C C G T ‧ A C C C C ‧ ‧ C ‧ ‧ A ‧ ‧ C C T ‧ ‧ T T

purF‒6 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧

purF‒7 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C C C G ‧ A ‧ C C C C ‧ ‧ C ‧ ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒8 ‧ C C C C G G G T T ‧ ‧ ‧ ‧ ‧ G C C C G ‧ A ‧ C ‧ C C ‧ ‧ C G ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒9 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ T ‧ ‧ ‧ ‧

purF‒10 G C C C C G G G T T ‧ ‧ ‧ ‧ ‧ G C C C G T A A C C C C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒11 ‧ C C C C G G G T T ‧ ‧ ‧ ‧ ‧ G C C C G ‧ A ‧ C ‧ C C ‧ ‧ C G ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒13 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ T A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒14 ‧ C C C C G G G T T A C C A ・ G C C C G ・ ・ A C C C C ‧ A C ‧ ‧ A ‧ T C C ‧ ‧ ‧ T ‧

purF‒15 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒16 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ T ‧ ‧

purF‒17 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

359 362 368 371 372 373 374 377 386 389 395 401 422 423 431 434 440 443 449 452 455 458 470 476 479 485 494 503 506 512 521 524 528 536 542 545 548 557 560 563 569 570

purF‒1 C A C C G C C A G G T T A T C A C T A A A C A T A A T C C T G A C G T G T C T T C A

purF‒2 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒3 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒4 ‧ G G G C A G G C ‧ ‧ C C C G G ‧ C G C C G G C G G C T G C A G ‧ A C ‧ C G C C T G

purF‒5 T G G G C A G G C T C C C C G G ‧ C G C T A G ‧ G G C ‧ ‧ C A G ‧ A A T C G C C T G

purF‒6 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒7 ‧ G G G C A G G C ‧ ‧ C C C G G ‧ C G C C G ‧ ‧ G G C ‧ ‧ C A G ‧ A C ‧ C G C C T G

purF‒8 ‧ G G G C A G G C ‧ ‧ C C C G C ‧ C ‧ G T G G ‧ G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒9 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒10 ‧ ・ G G C A G G C ‧ ‧ C C C G G ‧ C G C ‧ G ‧ C G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒11 ‧ G G G C A G G C ‧ ‧ C C C ・ ・ T ・ G C C G G C G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒13 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒14 ‧ G G G C A G G C T C C C C G G ・ C G C C G G C G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒15 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒16 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒17 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

578 581 590 593 594 599 605 611 620 629 644 648 650 653 654 655 656 659 665 671 680 686 695 701 704 707 713 722 728 731 749 758

purF‒1 T A C T A C T C C G G C G C A A G A C T T C C G G G C T C T A A

purF‒2 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒3 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒4 C G ‧ G G ‧ C G T A ‧ ‧ ‧ G C G C ‧ ‧ C C T G ‧ C ‧ G C ‧ C G C

purF‒5 C G ‧ G G ‧ C G T A ‧ ‧ ‧ G C G C ‧ ‧ C C T G ‧ C ‧ G C ‧ C G C

purF‒6 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒7 C ‧ ‧ G G ‧ C G T C ‧ ‧ ‧ G C G C ‧ ‧ C C ‧ G A C A G C ‧ C ‧ C

purF‒8 C ‧ ‧ G G ‧ C G ‧ C C T ‧ G C G C G ‧ C C ‧ G ‧ C ‧ G C ‧ C G C

purF‒9 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒10 C ‧ G G G ‧ C G ‧ ‧ ‧ ‧ A G C G C ‧ ‧ C C ‧ A ‧ C A G C ‧ C ‧ C

purF‒11 C ‧ G G G ‧ C G ‧ C C T ‧ G C G C G T C C T G ‧ C A G C ‧ C ‧ C

purF‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒13 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒14 C ‧ G G G ‧ C G ‧ ‧ ‧ ‧ A G C G C ‧ ‧ C C ‧ G ‧ C A G C ‧ C ‧ C

purF‒15 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒16 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒17 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

rpoC

63 99 114 126 141 189 195 255 300 318 342 369 396 456 468 495 508 539 552 558 559 560 573 579 585 633 642 645 651 654 765 768 798 843 867 894 897 903 909 912 969 1050 1062 1089

rpoC‒1 G G G G A A G G G T G T C G G G A A A G C T G G G G T G G C A A G C A C A C C G G A C G

rpoC‒2 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A C ‧ ‧ ‧ A ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒3 A ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒4 ‧ ‧ A A ‧ G ‧ A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G T G ‧ ‧ ‧ A ‧ ‧ -

rpoC‒5 ‧ ‧ A A G ‧ A A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G T G ‧ ‧ ‧ A ‧ ‧ A

rpoC‒6 A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒7 ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒8 ‧ ‧ ‧ A ‧ ‧ A A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ A ‧ T -

rpoC‒9 ‧ A ‧ A ‧ ‧ A ‧ ‧ C A C A ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ C ‧ C G ‧ ‧ ‧ ‧ G T G G A C A ‧ ‧ -

rpoC‒10 ‧ A ‧ A ‧ ‧ A ‧ ‧ C A C A ‧ ‧ ‧ G G G ‧ G A ‧ A A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒11 ‧ ‧ A A ‧ ‧ A A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ ‧ ‧ G G ‧ ‧ G ‧ G ‧ ‧ ‧ A G ‧ -

rpoC‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒13 ‧ ‧ ‧ A ‧ ‧ ‧ A ‧ C A C A ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ C ‧ C G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ A ‧ T -

rpoC‒14 ‧ ‧ A A ‧ G ‧ ‧ ‧ C A ‧ A A ‧ ‧ G G G ‧ ‧ ‧ ‧ A A ‧ C ‧ ‧ G ‧ ‧ ‧ T G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒15 ‧ ‧ A A ‧ ‧ ‧ A ‧ C A C A ‧ A ‧ G G G A G A ‧ A A ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

xfp

48 64 67 108 109 112 116 124

xfp‒1 A C T C C C C T

xfp‒2 ‧ ‧ C ‧ ‧ ‧ ‧ ‧

xfp‒3 ‧ ‧ C ‧ T ‧ ‧ ‧

xfp‒4 G ‧ C ‧ ‧ ‧ ‧ C

xfp‒5 G ‧ C ‧ ‧ T ‧ C

xfp‒6 G T C ‧ ‧ ‧ T C

xfp‒7 ‧ ‧ ‧ G ‧ ‧ ‧ ‧
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Fig. S4. Polymorphic nucleotide sites found among the 25 B. longum studied strains at the 

seven MLST gene loci. (Continued)  

clpC

3 12 45 111 150 163 228 234 237 240 261 266 363 366 402 423 435 468 494 501 502 504 507 528 534 537 549 550 555 558 561 564 567 570 573 582 583 600 609 624 636 637 639

clpC‒1 T C G C T G G G A C C C A C C C C T A A G C A C C G C C C C T C C T T T C C C C C G C

clpC‒2 ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒3 ‧ ‧ C ‧ C ‧ A A G T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒4 ‧ ‧ C ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒5 ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T C G G A G G T T A T T A G C ‧ A C C A T ‧ ‧ ‧ ‧ ‧ ‧

clpC‒6 C T ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ C G G A G G T T A T T A G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒7 ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧

clpC‒8 ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T T ‧ C G G A G G ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T T A G

clpC‒9 ‧ ‧ ‧ ‧ C C ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ C G G A G G T T A T T A ‧ C ‧ A C C A T ‧ ‧ ‧ ‧ ‧ ‧

clpC‒10 ‧ ‧ C ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ T T A T T G G C T A C C A T ‧ T ‧ ‧ ‧ ‧

clpC‒11 ‧ ‧ C ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ G

dnaG

15 66 72 131 142 143 144 147 159 168 171 201 204 213 223 237 238 258 261 282 285 300 306 315 321 333 357 360 363 396 429 435 441 447 465 483 492 493 495 498

dnaG‒1 C C T G A A C C C C C A C C T A C C A C C T C C T T G T G C C C G T C C A C A C

dnaG‒2 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C ‧ ‧ ‧ T ‧ A C C ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒3 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C A ‧ ‧ T ‧ A C C ‧ ‧ G ‧ G T

dnaG‒4 T ‧ C ‧ ‧ G ‧ ‧ T ‧ G G ‧ ‧ C G ‧ T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ ‧ T ‧ ‧ T ‧ ‧

dnaG‒5 T ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C G T T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ A ‧ ‧ T ‧ T ‧ ‧

dnaG‒6 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C A ‧ ‧ T ‧ A C C ‧ ‧ G ‧ G T

dnaG‒7 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C ‧ ‧ ‧ T ‧ A C ‧ ‧ ‧ G ‧ G T

dnaG‒8 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G T ‧ ‧ ‧ ‧ T C T T C ‧ G C C A ‧ ‧ T ‧ A C C ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒9 T ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C G ‧ T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ ‧ ‧ T ‧ T ‧ ‧

dnaG‒10 T T C A ‧ G ‧ T ‧ ‧ G G ‧ ‧ C G ‧ ‧ ‧ T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ C ‧ T ‧ T ‧ ‧

dnaG‒11 ‧ ‧ C ‧ G C G ‧ ‧ ‧ G G ‧ ‧ ‧ ‧ ‧ T C T T C ‧ G C C ‧ ‧ ‧ T ‧ A C C ‧ ‧ G ‧ G T

dnaG‒12 T T C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C ‧ ‧ T C T T ‧ T ‧ ‧ ‧ C C A T T ‧ ‧ ‧ ‧ T ‧ T ‧ ‧

dnaG‒13 T ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G G ‧ ‧ C G ‧ ‧ ‧ T T C ‧ ‧ C ‧ C C ‧ T ‧ ‧ C C ‧ T ‧ T ‧ ‧

dnaG‒14 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒15 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ G T

dnaG‒16 T ‧ C ‧ ‧ G ‧ ‧ T ‧ G G ‧ ‧ C G ‧ T C T T ‧ ‧ ‧ ‧ ‧ C C ‧ T T ‧ ‧ ‧ T ‧ ‧ T ‧ ‧

dnaG‒17 ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaG‒18 ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ T C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

501 507 540 564 588 612 618 661 669 679 693 723 756 759 774 778 792 798 810 813 828 831 834 837 843 846 849 861 864 873

dnaG‒1 A T C G G A G G C A C T C G G T C G C C T T C C C G A T C C

dnaG‒2 ‧ ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒3 G C T ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒4 ‧ C T ‧ ‧ G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ T C T A T T C ‧ ‧ T T ‧ G ‧ ‧ T

dnaG‒5 ‧ C ‧ A ‧ G C T ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T A T T C ‧ ‧ T T ‧ G ‧ ‧ T

dnaG‒6 G C T ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ T A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒7 G C T ‧ C G ‧ ‧ ‧ G ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒8 ‧ ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒9 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ A T T C ‧ ‧ T T T G C ‧ T

dnaG‒10 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ C ‧ ‧ ‧ C ‧ A T T C ‧ ‧ ‧ ‧ ‧ G ‧ ‧ T

dnaG‒11 G C T ‧ C G ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧

dnaG‒12 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ A T T C ‧ ‧ T T T G C ‧ T

dnaG‒13 ‧ C ‧ ‧ ‧ G C ‧ ‧ ‧ ‧ C ‧ ‧ ‧ C ‧ A T T C A ‧ ‧ ‧ ‧ G ‧ ‧ T

dnaG‒14 ‧ ‧ T ‧ ‧ G ‧ ‧ T ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒15 G C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒16 ‧ C T ‧ ‧ G C ‧ ‧ ‧ ‧ C ‧ ‧ ‧ C ‧ A T T C ‧ T T ‧ ‧ G ‧ ‧ T

dnaG‒17 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaG‒18 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T

dnaJ1

8 26 32 38 65 80 83 89 92 101 116 122 125 131 158 217 224 234 239 240 241 243 282 329

dnaJ1‒1 T T C C T C C T T C C T C C C A T G A T C C C C

dnaJ1‒2 ‧ C A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ A A G C A G ‧ ‧

dnaJ1‒3 ‧ C A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒4 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaJ1‒5 ‧ C ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒6 ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒7 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

dnaJ1‒8 ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ・ G C A G T ‧

dnaJ1‒9 ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A A G C A G ‧ T

dnaJ1‒10 C C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C T ‧ ‧ ‧ A A G C A G ‧ ‧

dnaJ1‒11 C ‧ ‧ A C T T C C T T C T T ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

hsp60

11 50 53 65 89 92 113 143 173 236 245 302 312 335 416

hsp60‒1 C C T C T T T G T T C T C A C

hsp60‒2 ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒3 ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C G ‧ ‧ C T

hsp60‒4 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ C T C ‧

hsp60‒5 ‧ ‧ ‧ ‧ C ‧ C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒6 ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧

hsp60‒7 T ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒8 ‧ ‧ ‧ ‧ C C C ‧ ‧ C ‧ ‧ ‧ C T

hsp60‒9 ‧ T C T ‧ ‧ ‧ ‧ C C ‧ ‧ ‧ C ‧

hsp60‒10 ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ C ‧

purF

14 26 32 38 53 62 68 80 86 101 119 120 122 134 140 152 161 164 167 170 176 182 188 191 197 203 206 209 219 227 238 258 287 302 305 317 323 326 327 332 338 353

purF‒1 A G T T G A C A C C G A G C G A A G T C C G G T T G T A G T A A G C C T T C G C C C

purF‒2 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒3 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧

purF‒4 ‧ C C C C G G G ‧ T ‧ ‧ ‧ ‧ A ‧ G C C G ‧ A A C C C ‧ G ‧ C ‧ ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒5 ‧ C C C C G G G T T ‧ ‧ ‧ ‧ A G C C C G T ‧ A C C C C ‧ ‧ C ‧ ‧ A ‧ ‧ C C T ‧ ‧ T T

purF‒6 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧

purF‒7 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C C C G ‧ A ‧ C C C C ‧ ‧ C ‧ ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒8 ‧ C C C C G G G T T ‧ ‧ ‧ ‧ ‧ G C C C G ‧ A ‧ C ‧ C C ‧ ‧ C G ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒9 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ T ‧ ‧ ‧ ‧

purF‒10 G C C C C G G G T T ‧ ‧ ‧ ‧ ‧ G C C C G T A A C C C C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒11 ‧ C C C C G G G T T ‧ ‧ ‧ ‧ ‧ G C C C G ‧ A ‧ C ‧ C C ‧ ‧ C G ‧ A ‧ T C C ‧ ‧ ‧ ‧ ‧

purF‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒13 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ T A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒14 ‧ C C C C G G G T T A C C A ・ G C C C G ・ ・ A C C C C ‧ A C ‧ ‧ A ‧ T C C ‧ ‧ ‧ T ‧

purF‒15 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒16 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ T ‧ ‧

purF‒17 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ C ‧ ‧ ‧ ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

359 362 368 371 372 373 374 377 386 389 395 401 422 423 431 434 440 443 449 452 455 458 470 476 479 485 494 503 506 512 521 524 528 536 542 545 548 557 560 563 569 570

purF‒1 C A C C G C C A G G T T A T C A C T A A A C A T A A T C C T G A C G T G T C T T C A

purF‒2 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒3 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒4 ‧ G G G C A G G C ‧ ‧ C C C G G ‧ C G C C G G C G G C T G C A G ‧ A C ‧ C G C C T G

purF‒5 T G G G C A G G C T C C C C G G ‧ C G C T A G ‧ G G C ‧ ‧ C A G ‧ A A T C G C C T G

purF‒6 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒7 ‧ G G G C A G G C ‧ ‧ C C C G G ‧ C G C C G ‧ ‧ G G C ‧ ‧ C A G ‧ A C ‧ C G C C T G

purF‒8 ‧ G G G C A G G C ‧ ‧ C C C G C ‧ C ‧ G T G G ‧ G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒9 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒10 ‧ ・ G G C A G G C ‧ ‧ C C C G G ‧ C G C ‧ G ‧ C G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒11 ‧ G G G C A G G C ‧ ‧ C C C ・ ・ T ・ G C C G G C G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒13 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒14 ‧ G G G C A G G C T C C C C G G ・ C G C C G G C G G C T G C A G T ‧ C ‧ C G C C ‧ G

purF‒15 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒16 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒17 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

578 581 590 593 594 599 605 611 620 629 644 648 650 653 654 655 656 659 665 671 680 686 695 701 704 707 713 722 728 731 749 758

purF‒1 T A C T A C T C C G G C G C A A G A C T T C C G G G C T C T A A

purF‒2 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒3 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒4 C G ‧ G G ‧ C G T A ‧ ‧ ‧ G C G C ‧ ‧ C C T G ‧ C ‧ G C ‧ C G C

purF‒5 C G ‧ G G ‧ C G T A ‧ ‧ ‧ G C G C ‧ ‧ C C T G ‧ C ‧ G C ‧ C G C

purF‒6 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒7 C ‧ ‧ G G ‧ C G T C ‧ ‧ ‧ G C G C ‧ ‧ C C ‧ G A C A G C ‧ C ‧ C

purF‒8 C ‧ ‧ G G ‧ C G ‧ C C T ‧ G C G C G ‧ C C ‧ G ‧ C ‧ G C ‧ C G C

purF‒9 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒10 C ‧ G G G ‧ C G ‧ ‧ ‧ ‧ A G C G C ‧ ‧ C C ‧ A ‧ C A G C ‧ C ‧ C

purF‒11 C ‧ G G G ‧ C G ‧ C C T ‧ G C G C G T C C T G ‧ C A G C ‧ C ‧ C

purF‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧

purF‒13 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒14 C ‧ G G G ‧ C G ‧ ‧ ‧ ‧ A G C G C ‧ ‧ C C ‧ G ‧ C A G C ‧ C ‧ C

purF‒15 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ C ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒16 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

purF‒17 ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ T ‧ ‧ ‧

rpoC

63 99 114 126 141 189 195 255 300 318 342 369 396 456 468 495 508 539 552 558 559 560 573 579 585 633 642 645 651 654 765 768 798 843 867 894 897 903 909 912 969 1050 1062 1089

rpoC‒1 G G G G A A G G G T G T C G G G A A A G C T G G G G T G G C A A G C A C A C C G G A C G

rpoC‒2 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A C ‧ ‧ ‧ A ‧ G ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒3 A ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ T ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒4 ‧ ‧ A A ‧ G ‧ A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G T G ‧ ‧ ‧ A ‧ ‧ -

rpoC‒5 ‧ ‧ A A G ‧ A A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G T G ‧ ‧ ‧ A ‧ ‧ A

rpoC‒6 A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒7 ‧ ‧ A A ‧ ‧ ‧ ‧ ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ C ‧ ‧ G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒8 ‧ ‧ ‧ A ‧ ‧ A A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ A ‧ T -

rpoC‒9 ‧ A ‧ A ‧ ‧ A ‧ ‧ C A C A ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ C ‧ C G ‧ ‧ ‧ ‧ G T G G A C A ‧ ‧ -

rpoC‒10 ‧ A ‧ A ‧ ‧ A ‧ ‧ C A C A ‧ ‧ ‧ G G G ‧ G A ‧ A A A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒11 ‧ ‧ A A ‧ ‧ A A ‧ C A C T ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ ‧ ‧ ‧ ‧ G G ‧ ‧ G ‧ G ‧ ‧ ‧ A G ‧ -

rpoC‒12 ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ A ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒13 ‧ ‧ ‧ A ‧ ‧ ‧ A ‧ C A C A ‧ ‧ ‧ G G G ‧ G A ‧ A A ‧ C ‧ C G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ A ‧ T -

rpoC‒14 ‧ ‧ A A ‧ G ‧ ‧ ‧ C A ‧ A A ‧ ‧ G G G ‧ ‧ ‧ ‧ A A ‧ C ‧ ‧ G ‧ ‧ ‧ T G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

rpoC‒15 ‧ ‧ A A ‧ ‧ ‧ A ‧ C A C A ‧ A ‧ G G G A G A ‧ A A ‧ ‧ ‧ C G ‧ ‧ ‧ ‧ G ‧ G ‧ ‧ ‧ ‧ ‧ ‧ -

xfp

48 64 67 108 109 112 116 124

xfp‒1 A C T C C C C T

xfp‒2 ‧ ‧ C ‧ ‧ ‧ ‧ ‧

xfp‒3 ‧ ‧ C ‧ T ‧ ‧ ‧

xfp‒4 G ‧ C ‧ ‧ ‧ ‧ C

xfp‒5 G ‧ C ‧ ‧ T ‧ C

xfp‒6 G T C ‧ ‧ ‧ T C

xfp‒7 ‧ ‧ ‧ G ‧ ‧ ‧ ‧
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Fig. S5. Urease activity of the B. longum subsp. suis strains. 

The alkaline production in 4 ml of broth was determined by the color change in the medium to red. 
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Fig. S6. MALDI-TOF MS spectra of B. longum strains. 

MALDI-TOF MS spectra of cell lysate were shown for each strain in the range of 5800–7200 (A), 

7650–7850 (B) and 10500–11200 m/z (C). Specific peaks for the urease-negative strains B. longum 

subsp. suillum subsp. nov. (Su 851T and Su 864) were observed at around 6228 and 7730 m/z, 

respectively, but not observed at around 10970 m/z, whereas the urease-positive stains (five strains of 

B. longum subsp. suis Su 868, Su 903, Su 923, YIT 4082T, YIT 4108 and type strains of B. longum 

subsp. infantis (YIT 12734T) and B. longum subsp. longum (YIT 4021T) showed contrary features. 

Dotted lines indicate the size of 6227.84 (A), 7726.18 (B) and 10968.12 m/z (C), respectively.  
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Fig. S7. Raw data of qPCR analysis. 

The abundance of genus Bifidobacterium as well as seven species and three subspecies of 

Bifidobacterium were measured at each time point for 12 subject whose fecal samples at least one B. 

longum subsp. longum strain was detected in early infancy or childhood. 

a ns, no sample was collected; −, not detected. b One week after the introduction of solids. 

c Subject from whose fecal samples at least one long-term colonizer was detected. 

Subject 4

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(133 days)
180 days ≈ 6 years

Genus Bifidobacterium − − 6.65 9.23 9.27 8.94 9.99 9.13

B. adolescentis − − − − − − − −

B. animalis subsp. lactis − − 6.71 9.41 9.53 − 7.63 −

B. bifidum − − − − 6.17 6.11 − 9.04

B. breve − − − − − − 8.81 −

B. catenulatum  group − − − − − − 8.87 8.42

B. dentium − − 6.09 − − − − −

B. longum subsp. infantis − − − − − − 8.48 −

B. longum subsp. longum − − − − − 9.60 8.30 8.61

Subject 12

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(> 180 days)
180 days ≈ 6 years

Genus Bifidobacterium − − 6.65 9.23 9.27 8.94 9.99 9.13

B. adolescentis − − − − − − − −

B. animalis subsp. lactis − − 6.71 9.41 9.53 − 7.63 −

B. bifidum − − − − 6.17 6.11 − 9.04

B. breve − − − − − − 8.81 −

B. catenulatum  group − − − − − − 8.87 8.42

B. dentium − − 6.09 − − − − −

B. longum subsp. infantis − − − − − − 8.48 −

B. longum subsp. longum − − − − − 9.60 8.30 8.61

Subject 13
c

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(120 days)
180 days ≈ 6 years

Genus Bifidobacterium 8.96 10.25 10.69 10.49 9.84 9.71 10.07 9.84

B. adolescentis − − − − 6.42 − − 10.04

B. animalis subsp. lactis − − − 7.64 − − − −

B. bifidum − − − − 9.78 10.12 9.05 −
B. breve 8.81 10.56 10.53 10.30 9.39 9.72 8.50 −

B. catenulatum  group − − − − − − − −
B. dentium − − − − − − − −
B. longum subsp. infantis − − − − − − − −

B. longum subsp. longum − − − − 8.08 8.42 9.65 9.17

Subject 16

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(> 180 days)
180 days ≈ 6 years

Genus Bifidobacterium − 9.26 8.87 9.12 8.81 ns ns 9.50

B. adolescentis − 8.38 − − 6.21 ns ns 7.98

B. animalis subsp. lactis − − − − − ns ns −

B. bifidum − 8.67 9.20 9.57 9.32 ns ns 9.57

B. breve − − − − − ns ns −

B. catenulatum  group − − − − − ns ns 8.86

B. dentium − 7.16 − − − ns ns −

B. longum subsp. infantis − − − − − ns ns −

B. longum subsp. longum − 8.55 8.33 8.67 8.50 ns ns 8.35

Subject 18

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(136 days)
180 days ≈ 6 years

Genus Bifidobacterium − 9.64 9.22 9.22 10.24 10.20 9.48 10.00

B. adolescentis − − − 6.14 − − − 8.16

B. animalis subsp. lactis − − − − − − − −

B. bifidum − − − − − − 9.20 −

B. breve − 8.94 8.51 8.45 9.68 9.49 7.60 −

B. catenulatum  group − − − − − − − 9.57

B. dentium − − − − − − 9.02 −

B. longum subsp. infantis − − − − − − − −

B. longum subsp. longum − 9.49 9.02 8.98 10.04 9.93 9.42 8.83

Subject 30c

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(130 days)
180 days ≈ 6 years

Genus Bifidobacterium 6.11 ns − − 8.99 10.89 8.92 9.61

B. adolescentis − ns − − − 7.98 − 6.18

B. animalis subsp. lactis − ns − − − 7.40 6.92 −

B. bifidum 6.22 ns − − 9.83 9.65 7.84 −

B. breve − ns − − − − 8.89 −

B. catenulatum  group − ns − − 8.14 10.29 5.92 9.08

B. dentium − ns − − − 6.22 − −

B. longum subsp. infantis − ns − − − − − −

B. longum subsp. longum − ns − − 8.70 8.74 7.07 8.39

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a
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Fig. S7 Raw data of qPCR analysis (Continued).  

Subject 38

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(99 days)
180 days ≈ 6 years

Genus Bifidobacterium ns 9.42 8.99 8.59 9.66 ns 10.15 9.69

B. adolescentis ns 8.97 6.60 8.08 8.84 ns 10.25 8.80

B. animalis subsp. lactis ns − − − − ns − −

B. bifidum ns 9.92 9.49 9.74 9.25 ns 8.35 9.06

B. breve ns − − − 9.75 ns 9.53 −

B. catenulatum  group ns − − − − ns − 8.74

B. dentium ns − − − − ns 6.19 −

B. longum subsp. infantis ns − − − − ns − −

B. longum subsp. longum ns 8.83 8.74 8.37 9.08 ns 8.87 8.54

Subject 44c

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(110 days)
180 days ≈ 6 years

Genus Bifidobacterium − ns 9.65 9.04 9.70 9.54 9.78 9.73

B. adolescentis − ns − 6.22 − − 9.19 8.64

B. animalis subsp. lactis − ns − − − − − −
B. bifidum − ns − 9.77 10.00 10.25 9.40 9.69

B. breve − ns 6.45 − − − − −

B. catenulatum  group − ns − − 8.87 9.11 8.89 9.18

B. dentium − ns 6.99 − 6.06 − − −
B. longum subsp. infantis − ns − − − − − −

B. longum subsp. longum − ns 9.43 8.59 9.25 8.86 8.59 8.08

Subject 48

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(124 days)
180 days ≈ 6 years

Genus Bifidobacterium 7.32 ns 8.19 9.81 9.74 9.85 9.72 10.07

B. adolescentis − ns − − − − − 9.90

B. animalis subsp. lactis 8.18 ns 8.32 − − − − −

B. bifidum − ns − − 9.47 9.37 9.61 9.55

B. breve − ns − − − − − −

B. catenulatum  group − ns − − − − − 8.69

B. dentium − ns − 6.46 − − − −

B. longum subsp. infantis − ns − − − − − −

B. longum subsp. longum − ns − 9.73 9.77 9.72 9.58 9.10

Subject 129

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(128 days)
180 days ≈ 6 years

Genus Bifidobacterium − 9.13 10.07 10.19 8.52 10.31 9.65 9.91

B. adolescentis − − − − − − − 7.79

B. animalis subsp. lactis − − − − − − 6.05 −

B. bifidum − 6.17 − − − − − −

B. breve − − − − − − − −

B. catenulatum  group − − − − − − − 9.34

B. dentium − − − − − − − −

B. longum subsp. infantis − − − − − − − −

B. longum subsp. longum − 8.92 9.95 10.16 8.92 10.16 9.63 8.84

Subject 130

Target 0 day 3 days 7 days 30 days 90 days
After weaningb

(124 days)
180 days ≈ 6 years

Genus Bifidobacterium − 8.67 10.27 10.14 10.36 10.10 10.06 10.13

B. adolescentis − − − − − − − −

B. animalis subsp. lactis − − − − − − 6.40 −

B. bifidum − 8.98 8.01 9.15 9.50 9.09 7.93 9.86

B. breve − 8.34 10.25 10.35 10.55 10.13 9.10 6.07

B. catenulatum  group − 7.86 7.34 7.59 8.14 8.50 9.35 9.71

B. dentium − − − − − − − −

B. longum subsp. infantis − − − − − − − −

B. longum subsp. longum − 8.08 7.53 7.73 8.16 8.63 − 9.43

Subject 134

Target 0 day 3 days 7 days 30 days 90 days
After weaningc

(162 days)
180 days ≈ 6 years

Genus Bifidobacterium − 7.97 9.06 8.77 9.51 10.59 10.46 9.68

B. adolescentis − 6.38 − 6.16 − − 9.13 7.05

B. animalis subsp. lactis − − − − − − − −

B. bifidum − 8.72 10.03 9.48 9.58 9.98 9.71 7.61

B. breve − − − − − 10.47 10.48 −

B. catenulatum  group − − − 7.56 8.78 9.41 8.86 9.12

B. dentium − − − − − − − −

B. longum subsp. infantis − − − − − − − −

B. longum subsp. longum − 7.52 8.44 8.91 9.18 9.18 8.63 8.28

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a

Bacterial counts in each time point (log10 cells / g feces)a
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