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Abstract

Bifidobacterium breve is one of the dominant Bifidobacterial species hiidren.
In the current work, 46 strains & breve isolated from fecal samples of Chinese
children were analyzed using whole-genome sequgrend comparative genomics
to explore their genetic diversity, as well as ggpe and phenotype analysis for
carbohydrate utilization and antibiotic toleranc&éhe phylogenetic tree was
independent of region, age and feeding mode, aridout any regularity in the
clustering of carbohydrates and antibiotics at thenetic level. Based on
genotypic-phenotypic correlation analysis, the diitg of glycosyl hydrolases and
the ability of strains to metabolize carbohydratesoborated the predominanceBf
breve in the children’s intestines. Simultaneously, thensstivity of strains to
antibiotics increased the understanding of its gierieatures and provided a potential
basis for safety evaluation.
Keywords:. Bifidobacterium breve; comparative genomics; carbohydrate metabolism;

antibiotic resistance; genomic diversity
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1. Introduction

Bifidobacterium is one of the commensal microorganisms in thercalod one of the
first bacterial colonizers to settle in the humatestine after birth, which has been
related to maintaining intestinal health (Arbolestaal., 2016). The beneficial effects
of Bifidobacteria include intestinal barrier reinfement, pathogen inhibition,
immune system modulation and nutrient supplementas well as host metabolism
enhancement and expansion (Round and Mazmaniaf; Z0® et al., 2014; Ventura
et al., 2012). In infants especially in neonatesfidBbacteria, particularly
Bifidobacterium breve, B. longum andB. bifidum, made up a large proportion of gut
microbes (Turroni et al., 2018).

B. breve is not only a commonly encountered species irféhes of infants, and also
has been frequently isolated from human milk ardvgina. The species represents
one of the most extensively researched Bifidob&acter terms of comparative and
functional genomics investigations. Since genontueece ofB. breve UCC2003
was published first among the species in 2011, mben of otheB. breve genomes
have been sequenced and publically available {&h,e2019).

The successful adaptation d. breve to ecological niches is related to its
saccharolytic catabolisnB. breve could utilize plant-saccharides, polysaccharides,
oligosaccharides, and monosaccharides, which teflfexibility of carbohydrate
utilization (Pokusaeva et al., 2011a). Carbohydutilezation may be correlated with
the niche of some strains, e.g., soBdreve strains isolated from breast-fed infants

showed the ability to metabolize 2’-fucosyllactq@:-FL), which is the dominant
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glycan component among human milk oligosaccharit®s0S) (Castanys-Mufioz et
al., 2013). In addition, Bifidobacteria are usedunctional foods and medicines as a
probiotic. Safety issues related to antibioticstsice are of concern (Francino, 2015).
Gene-trait matching could serve as an effectiveraagh to elucidate genes
responsible for a specific phenotype using a coatlin of comparative genome
analysis and experimental data, such as carboleydregtabolism and antibiotic
resistance (Bottacini et al., 2018). The aim of therent study was to analyze the
genomic diversity oB. breve isolated from Chinese children, and to further pane
their carbohydrate utilization and antibiotic résisece both genotypically and
phenotypically. Those analyses may help better nstaled the physiological
properties and metabolic characteristics of difierB. breve strains to guide the
screening and application of particular strainsg®en et al., 2011).

2. Materialsand methods

2.1 Isolation and 16SrRNA sequence analysis

Eighty children’s stool samples from different i@y of China were collected (Table
1). One g of each stool sample was blended withL9sterile physiological saline
(Bottacini et al., 2018). Serial dilution and phati were done using an anaerobic
workstation (AW400TG, Electrotek Scientific Ltd higley, West Yorkshire, UK). For
selection of Bifidobacteria, 10@L of diluent was continuously plated on de
Man-Rogosa-Sharpe agar (Qingdao Hope Bio-Technol@gy Ltd., Qingdao,
Shandong, China) plus 0.05% (v/w) L-cysteine hydlogde (Sangon Biotech Co.,

Ltd., Shanghai, China) (MRSC) plus 100 mg/L mupmg&angon Biotech Co., Ltd.)



85 and 50 U/mL nystatin (Sangon Biotech Co., Ltd.).aAglates were cultured in the
86  anaerobic workstation flushed with 80%,NM0% CQ and 10% H at 37 °C for 72 h
87 (Bottacini et al., 2018). For each sample, colomasMRSC plates were counted.
88  Colonies were selected randomly and re-streaked BHRRSC agar for purity. The
89 final pure culture was cultured in MRSC and presdrin 30% glycerol (Sangon
90 Biotech Co., Ltd.) at -80 °C (Bottacini et al., &)1 Each of the possible
91 Bifidobacteria isolates was identified by a 16S ARBequence using the bacterial
92 universal primers (27F: 5-AGA GTT TGA TCC TGG CTAG-3' and 1492R:
93 5-ACG GCT ACC TTG TTA CGA CTT-3’). PCR amplificain conditions were:
94 95 °C for 8 min; 95 °C for 40 s, 60 °C for 40 s,°2for 40 s, 30 cycles; 72 °C for 8
95 min (Boesten et al., 2011). The PCR product wasiemtpd by BGI (Shenzhen,
96 Guangdong, China). All the strains were compareith Wie NCBI BLAST database
97  (http://www.ncbi.nim.nih.gov/BLAST/) to assign arpaular species.

98 2.2 Sequencing and draft genome assembly

99  Draft genomes of all the 4B. breve strains were sequenced using an lllumina Hiseq
100  x 10 platform (Majorbio BioTech Co., Ltd., Shanghahina), with the use of 2 x 150
101  bp paired-end libraries (average read length of0~4p). The assembly was done
102  using SOAPdenovo v2.04 software (https://omict@ois\/soapdenovo-tool), and the
103  partial gap was filled by GapCloser
104  (https://sourceforge.net/projects/soap-denovo2ffdapCloser/) (Liu et al.,, 2013;
105  Zerbino and Birney, 2008).

106 2.3 General features prediction



107  Bacterial gene prediction and open reading frar@#HS) were done using Glimmer
108  3.02 software (http://ccb.jhu.edu/software/glimrmatéx.shtml), GeneMarkS v4.30
109  software (https://www.genemarks.com/) (Rice et2000) and the predictor Prodigal
110 v2.0 software  (http://prodigal.ornl.gov). @ BLASTX 226  alignment
111 (ftp://ftp.ncbi.nim.nih.gov/blast/executables/LATES was carried out for all the
112 genomes analyzed (Patel and Jain, 2012). The tR&#egyin the genome were
113 predicted using tRNAscan-SE v1.3.1 software (htpstictools.com/trnascan-se-tool)
114  (Schattner et al., 2005).

115 2.4 Comparative genome analysis

116  All-versus-all BLASTP alignment (50% identit§-value 1& cut-off) was done for
117  protein sequences extracted from each strain (Enegal., 2002). BLAST outputs
118  served as inputs to cluster into families of prmesharing the same function using the
119 Markov Cluster Algorithm (MCL) with an inflation dex of 2.5
120  (https://micans.org/mcl/) (Goris et al., 2007). Tgene families obtained were divided
121  into core genome or dispensable genome, basecdeorettistence in all or in a subset
122 of the strain investigated. To calculate ANI valdeseach pair of genomes, an ANI
123 Perl script was implemented (https://github.congthNI/blob/master/ANI.pl) (Qin
124 etal., 2014).

125 2.5 Pan-genome and core-genome analysis

126  To predict possible dynamic changes in the gendeesize of the pan-genome, core
127 genome and unique genes were calculated. Computaifo pan-genome and

128  core-genome was done using PGAP v1.2.1 software
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(https://sourceforge.net/pro-jects/pgap/files/PGRP1) (Zhao et al., 2012) in
accordance with the Heap’s law pan-genome modeld £ al., 2012). Among them,
amino acids had 50% pairwise identity and a O.gtlerifference cut-off threshold
(Harris et al., 2017). Then the Venn diagram wasnmdr to show the relationships
between samples.

2.6 Phylogenetic analyses

The homologous genes for all of the 46 strains eeced, in addition to 9 publicly
availableB. breve genomes, as well as tv& bifidum and oneB. longum genomes
from the NCBI GenBank database were analyzed bas&drthomcl v2.0.9 software
(http://orthomcl.org/common/downloads/software/VR.QLiu and Warnow, 2014).
After extraction of orthologous genes, MAFFT aligemh was done using
MAFFT-7.313-with-extensions (https://mafft.cbrcgpgnment/software) (Divakar
and Crespo, 2015), and finally phylogeny was usegeherate a phylogenetic tree.
2.7 Genotype and phenotype of carbohydrate utilization of B. breve species

All the genomes were annotated using the HMMSCAfRmsoe (hmmer.org) (Tong
et al., 2017) in combination with BLASTP. The cdngdrate active enzyme gene
profiles were analyzed and compared using the badrate-active enzymes (CAZy)
database (http://www.cazy.org/). Cluster analysesvdone using HEMI software
(hemi.biocuckoo.org).

Twenty carbohydrates including D-lactose, D-ribosgucose, FOS, maltose,
D-galactose, raffinosep-L-fucose, D-sorbitol, D-mannitol, D-fructose, sose,

cellobiose, soluble starch, L-arabinose, D-glucaten XOS, 2'-FL, trehalose and
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D-xylose were further selected for carbohydratkzation analysis, and all the sugars
were purchased from Sangon Biotech Co. Ltd. A 10%)(fresh solution of those
carbohydrates was prepared and filtered througtRa |0n sterile membrane filter
(Saigon Biotech Co. Ltd.). The utilization assaydmen was freshly prepared with
the same content as MRSC medium except 2% glueosebromcresol purple as an
indicator (Sangon Biotech Co. Ltd.) were added thi medium. After autoclaving
and cooling, each of the sterile carbohydratestisnis were added into the medium at
1% final concentration. To test the utilization aey of each strain, after
sub-culturing twice in MRSC medium, a 1% cultureswaoculated into the test
growth media which was supplemented with a diffesemgar instead of glucose, and
cultured anaerobically at 37 °C for 48 h (Arboletaal., 2018). Color changes were
observed and growth was measured using a microp&sder (Varioskan Lux,
Thermo, Waltham, MA, USA) at Ofaunm All the tests were done in triplicate.

2.8 Genotype and phenotype of antibiotics resistance among B. breve species

The antibiotic-resistant genes were analyzed usireggy comprehensive antibiotic
resistance database (CARD) (https://card.mcmaajetae obtain information of
predicted antibiotic resistance genes encoded bly ganome. Cluster analysis was
done with Heml software (hemi.biocuckoo.org) (Mastal., 2006).

According to 1SO10932:2010 standard “Milk and mplkloducts-determination of the
minimal inhibitory concentration (MIC) of antibias applicable to bifidobacteria and
non-enterococcal lactic acid bacteria (LAB)”

(http://www.iso.org/iso/iso_cata-logue/cataloguécdtalogue detail.htm?csnumber=
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46434)", the MIC value of 6 antibiotics (streptorimcerythromycin, clindamycin,
chloramphenicol, tetracycline, and trimethoprimxi¢f®n Biotech Co. Ltd.) were
analyzed for all the strains. Microbial dilutionsem@ incubated under anaerobic
conditions at 37 °C for 48 h, and finally the alisorce at OBsnmwas measured with

the microplate reader.

3. Results

3.1 Strainsisolation and their general genome features

A total of 400 isolates were obtained from the dfbacterial selective agar, and all of
them were identified for species using 16S rRNAusege. Among them, 93 isolates
from 46 samples were confirmed & breve. Other than FFGZ18I1M1 and
FFGZ18I11M6, FFGZ19I11M4 and FFGZ1911M6, only odBebreve strain isolate from
each sample was used for genome sequencing (Table 1

The draft genome of those isolates were sequengiad an lllumina Hiseq platform
and subjected to further analysis with another Bliply availableB. breve genomes
(https://www.ncbi.nlm.nih.gov/genome/genomes/1278prresponding toB. breve
UCC2003 (O’Connell-Motherway et al., 2011B),breve 12L, B. breve 31L, B. breve
CECT7263 (Jiménez et al., 201B),breve NCFB2258,B. breve ACS071VSCH8DbB.
breve 689b,B. breve S27 andB. breve JCM7017 (Bottacini et al., 2015). The number
of predicted ORFS of each genome ranged from 1@48.fbreve S27 to 2396 for
FISWX26M5. On average, 2024 ORFS were identified/gee. The average

genomic size was 2.33 Mb, with FFHNXY43M2 being #reallest genome (2.16
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Mb), and FISWX26M5 the largest (2.64 Mb). The segaeand assembly results for
those strains generated a number of contigs/gertbateanged from 1 to 521. The
average G+C% content of all tBebreve was 58.8+0.5%, and those strains consisted
of 51-75 tRNA genes distributed across the gendifegse 1).

3.2 Compar ative analyses

Comparative genome analyses based on 55 genomdd bfeve showed the
emergence of shared orthologous genes and uniques.gegsing BLASTP-mediated
comparative genomics methods in conjunction withuke of the MCL algorithm, the
results were able to describe a pool of 1,150 dganalies shared by those 55
genomes, thereby allowing the determination ofpfeslicted core genome (Fig. 1A).
Core genes accounted for ~28% of the total geneliémmThe remaining were
presumed to represent the dispensable genome, wldiciated the genomic diversity
amongB. breve species (Fig. 1B, 1C).

Additionally, the dispensable-gene results showes gresence of 1,411 unique or
strain-specific genes, of which 1,244 genes weesent in the 4@. breve draft
genomes (Fig. 1A). The number of dispensable geaeged from 108 genes in
FFHNFQ49M1 to three genes in FFGZ1911M4, and mdsthe genes observed
within the distributable genomes reflected the hilglrersity amongB. breve strains.
The in silico method was applied to predict the average nucleaténtity (ANI)
value ofB. breve genomes, and the correlation of ANI values rangenhfo7 to 99%,
indicating that all those strains belonged to tame species without any potential

subspecies (Fig. 1D).
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3.3 Pan- and core-genome of B. breve

To compute the total number of genes in Bhdoreve genomes, the PGAP pipeline
was used to do the pan-genome calculation in tepsstFirst, the pan-genome of all
the 55B. breve genomes was computed, showing that the pan-get@meiine was
recognized as the total number of gene familiepaA-genome oB. breve consisted
of 6,707 gene families (Fig. 2A). The number of ngenes obtained by adding
genomic sequences decreased from 404-100 geneemnml the first 14 genome
iterations to 45-41 gene families in the last 9 gyea additions, thus showing a
relatively saturated trend of the pan-genome witBirbreve species. Second, the
core-genome result tended to be stable after thd B2nomic iteration, reaching the
value of 1,111 gene families in the last iteratifi¥ig. 2A). The functions of the core
genome oB. breve were related to secondary metabolites biosynthiaissportation,
amino acid and carbohydrate metabolism and tratspgstems (Fig. 2B).

3.4 Phylogenomic analyses of B. breve

A phylogenomic analysis was done to recognize hogwmls genes between strain
genome sequences belonging to Bhebreve species and other strains, including
publicly availableB. longum and B. bifidum genomes (Fig. 3)B. breve and other
Bifidobacterium species were computed based on 997 orthologuksugh they had
large homologous genes, aBdlongum combined withB. bifidum as a representative
outgroup. No correlation was evident from the etiohary tree within the sampling
regions, neither feeding methods nor age of theodonFFGZ18I11M1 and

FFGZ18I11M6 were isolated from the same sample. Hewehey were unable to
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cluster together in the phylogenomic tree, and lamresults were found for
FFGZ1911M4 and FFGZ1911M6, which indicated sigraftly strain-dependent
genetic difference even from the same gastroimistiact.

3.5 GH families and carbohydrate utilization phenotype analysis

The saccharolytic enzymes of Bifidobacteria areabé® of metabolizing large
amounts of carbohydrates, ranging from dietarywaerito host-derived carbohydrates
(Watson et al., 2013). All the newly sequenced ge® were predicted using the
accordance with the CAZy databasesilico. The pan-genome d. breve species
included 9 glycosyl transferase (GT) families, $bchydrate esterase (CE) families,
13 carbohydrate-binding modules (CBM) families, qumaysaccharide lyase (PL)
family (Fig. 4A) and 35 glycosyl hydrolase (GH) fdies (Fig. 4B). There was no
notable correlations between the sugar metaboligme grepresentation and the
sampling regions through cluster analysis (Fig..AB@mbers of the GH13 and GH3
family accounted for the largest percentage of Gétligted in theB. breve genome
(24 and 8%, respectively) (Fig. 4B), consistent hwia previous study on
Bifidobacterium (Kelly et al., 2006). Members of the GH95 and GH&®ilies acted
as representatives, participating in the utilizatiof fucose-containing substrates
(Matsuki et al., 2016). In the current resealichsilico analysis showed that genes
encoding for GH29 and GH95 were present on themenaf a given strain, such as
FFHNFQ4M7, FFHNFQ49M1, FHuUNCS1IM5, FHuUNCS6M1, FJISWMS
FISWX17M1, FJISWX24M2, FJISWX26M5, FJIJSWX23M8, FzZJHZ3Mand

FZJHZ7M2, and those strains were mainly isolatednfioreastfed babies and those



261 <lyr.

262  To evaluate and verify thi@ silico analyses, 20 carbohydrates were used as a single
263  carbon source, glucose was used as a positiveotdotrin vitro growth assays.
264  Comparing carbohydrate utilization of the 46 staisolated from Chinese children
265 showed that almost all the strains could utilizéaBrose, maltose and FOS. On the
266 other hand, the ability to utilize other sugars hsuas sucrose, soluble starch,
267  D-glucuronate, 2’-FL, raffinose, D-ribose, trehapsL-arabinose, cellobiose,
268  D-xylose, D-galactose, D-fructose, XOS amd-fucose varied with strain (Fig. 5).
269  All the 46 strains showed similar utilization forrBannitol and D-sorbitol, which was
270  consistent with a previous report (Bottacini ef 2018).

271 In addition, 7 gene clusters related to the utiiora of 2’-FL, XOS, D-ribose,
272 cellobiose, D-mannitol/D-sorbitol, sucrose and Dagtose were identified (Fig. 6).
273  According to the experimental results, taking FHB$M1 as an example aril
274  longum APC1477 as a reference strain (Arboleya et all8P0the gene cluster for
275  2'-FL utilization mainly consisted of substrate-hing protein (SBP) of an ABC
276  transporter, two ABC substrate binding proteins antlcosidase gene (Fig. 6A).
277  Based on the prediction, the GH43 gene family cenicdodexr-L-arabinofuranosidase
278  andp-1,4-xylosidase, which could hydrolyze XOS (Arbaest al., 2018). According
279 to the combined analysis of genotype and phenotypeiNCS6M1 was chosen as
280 representative to speculate on the mechanism of 0€DS (Fig. 6B).

281 The gene cluster corresponding to the growth ofdinain on cellobiose included

282 genes encoding a ketol-acid reductoisomerdbsglucosidase, a transcriptional



283 regulator and a ABC transporter system (Pokusadval.e 2011b) (Fig. 6C).
284  Additionally, only 8 strains could utilize D-riboses a sole carbon source to grow and
285 the growth features allowed identification of a gattuster encoding for a predicted
286  ribokinase, D-ribose pyranase, a transcriptionglil@or, a ribose transporter system,
287 a predicted hypothetical protein and a MFS transpdPokusaeva et al., 2010) (Fig.
288  6D). As for D-mannitol/D-sorbitol utilization, amiportant gene cluster consisted of
289  a-acetolactate decarboxylase, an alcohol dehydregemahypothetical protein and a
290 transport system which may be involved (Bottactrale 2014) (Fig. 6E). Growth on
291  D-galactose corresponded to a gene cluster, whcluded genes encoding for
292  endo-1,4B-galactosidase, an ABC transporter system andnadrigtional regulator
293  (O'Connell-Motherway et al., 2011a) (Fig. 6F). Widgard to sucrose, a relative gene
294  cluster composed di-fructosidases (levanase/invertase), an ABC tramspand a
295  solute-binding protein (Ryan et al., 2005) wereeavtbed (Fig. 6G).

296 3.6 Resistance gene and phenotype binding analysis

297  Six different antibiotics were analyzed includinggicillin, gentamicin, tetracycline,
298  chloramphenicol, ciprofloxacin and vancomycin usmene-trait matching analysis
299 for the 46B. breve strains.At the gene level, there was no significant clustgfor
300 the 6 antibiotic-related genes among the strairls.oAthe strains having a gene
301 associated with thp-lactam antibiotic, but no significant differencethe number of
302 resistance genes associated with other antibiotiese obtained (Fig. 7A). For
303 tetracycline, thetet homologous genes were identified in all of theaiss. The

304 mechanisms underlying resistance to aminoglycogslgsh as gentamicin), in which
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aminoglycoside phosphotransferase (APH), aminogigeo adenylyltransferase
(ANT) and N-acetyltransferase (AAC)-related genesrenvfound in the CARD
comment results. The vancomycin genes predicted vaeA, vanB andvanG, which
were seen in most of the strains assessed. Ini@ddibhe ampicillin resistance gene
encoded protein, PBP2, which was also in all thearst. The common resistance gene
for chloramphenicol watexA or cfrA (Kehrenberg and Schwarz, 2004; 2006), which
was found in almost all of those strains. Resisgamies for fluoroquinolongyrA and
parC (Janoir et al., 1996), were found in all thosaiss.

In phenotypic experiment®. breve strains showed different sensitivity to those 6
antibiotics, and the MIC varied (Table 2). Accoglito the MIC value oB. longum
ATCC15707, the threshold value of antibiotic totera and intolerance was
determined (Fig. 7B). For tetracycline, the MIC ued ranged from 0.125 to 64
ug/mL. For gentamicin, strains showed significardifferent degrees of tolerance,
thus the MIC ranged from 2 to 25@®/mL. For vancomycin, a typical glycopeptide
antibiotic, vancomycin-sensitive strains accounfed 76%, only FIJSWX17M1,
FBJCP1M6, FFBJHD5M2 and FAHWH9M5 showed a highraolee, and the MIC
value was 16ug/mL. Each strain was tested for a gene associaitdtolerance to
ampicillin, which was a typicd-lactam antibiotic. The MIC ranged from 0.0625 to 8
ug/mL, while the MIC for chloramphenicol ranged frdb to 32ug/mL. For one of
the representative fluoroquinolone drugs, the Mi&@ugs of ciprofloxacin ranged

from 0.25 to 128ig/mL among all the strains assessed.
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4. Discussion

B. breve is one of the most abundant species of Bifidob&cierthe gastrointestinal
tract of breast-fed neonates and infants, and thestence is considered helpful
(Bottacini et al., 2018b; Freitas and Hill, 201Brty-six strains oB. breve isolated
from Chinese children were used to carry out theogec diversity analysis within
the species and evaluated their abilities to méitabdaifferent carbohydrates and
resist antibiotics. Draft genomes of 46 strains eveequenced and comparative
genomic analysis was done with other publisBedreve genomes. The average G+C%
content ofB. longum and B. bifidumwas ~60 and 62.7%, respectively (Odamaki et al.,
2018; Turroni et al., 2011), while the average G+Q%tent ofB. breve in the current
studywas 58.8+0.5%, which was consistent with thaBifrongum and B. bifidum,
but inconsistent with publisheB. breve results (Bottacini et al., 2018). The total
predicted ORFS of each genome varied (ranging ftpm8 to 2,396), which might
depend on the sequencing, or some of the diffesenmight be explained becauBe
breve may have megaplasmids or contain large chromos$prmaégrated elements
(~200 Kb) (Bottacini et al., 2015). The pan-genam&5 strains was determined as a
not fully closed but gradually saturated pan-genombich was consistent with
Bottacini et al. (2014, 2018). But the differenagvieen current and previous results
was the number of core-genes and total genes, ichvihe core-gene size previously
calculated for 74B. breve strains (1,282 gene families) was just slightisgéa than
the current 55 representatives (1,111 gene famik@s the other hand, the calculated

pan-genome size for M. breve strains (6,138 gene families) was smaller thaseho
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55 strains (6,707 gene families). A possible reasas that the origin of the current
strains were only from children (Bottacini et 2018).

MCL comparative genomic analysis showed tRabreve species had high genomic
diversity. The strain with the largest differencegene content was FFHNFQ49M1,
which had the highest numbers of truly unique g€méksS). Based on comparative
genomic analysis of 7B. breve strains, most of the variome (the genetic varighil
in the strain composed of TUGS, and the predidiimetion of TUGS indicated that
at least 50% of the genes could encode uncharaetierhypothetical proteins, or
mobile genetic elements (Bottacini et al., 201&pecies diversity and the ability to
metabolize large amounts of carbohydrates were gtiioio be the results of
horizontal gene transfer and gene duplication (€tral., 2013). In additiorB. breve
from the same sample did not congregate accordiriget phylogenetic tree, such as
FFGZ18I1M1 and FFGZ18I1M6, and FFGZ1911M4 and FF&ZM®6, indicating
different genes might be involved in carbohydratetabolism and antibiotic
resistance, which may be the reason for the hagitadility of the strain.
Bifidobacteria could utilize a diverse range oftdrg carbohydrates which were not
digested in the wupper intestine (O’Callaghan andn v&inderen, 2015;
O’Connell-Motherway et al., 2011a). Pan-genome y@islmade it possible for 35
GH families to participate in the prediction of loahydrate metabolism. Most of the
carbohydrates, from milk and milk-derived foods gt in an infant's diet until
weaning (Arslanoglu et al., 2008), were the subess$rabf p-galactosidase (GH42,

GH?2). In the process of transitioning from a mikksled diet to solid food (around 6



371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

months), starch related carbohydrates in mashedtqes, noodles or rice, might
constitute a rich matrix for the growth of Bifidatiaria in the large intestine (Paturi et
al., 2012). The current results were also condistath those circumstances, for
instance, the existence of a lot of genes encodbtdl3 @-amylase), GH3
(B-glucosidase) and GH38-mannosidase).

Oligosaccharides are the third largest componebtaast milk after lactose and fat,
and more than 200 different types of oligosacclearith breast milk have been
identified in which 2’-FL is the most abundant typé HMOS (Bode, 2012,
Vandenplas et al., 2018). The results showed tBatud of 46 strains showed limited
growth with 2’-FL as the sole carbon source. It weggsorted that two ABC transporter
permeases and the fucosidase gene were adjacéne tsubstrate binding protein
(SBP), and gene cluster for 2’-FL utilization whighas consistent with previous
research (Matsuki et al., 2016). The SBP gene stiowesubstantial role in
determining the strain with fucosyllactose (2’-F&;FL) degradation ability. The
presence of fucosidase genes (GH95 and GH29) omedithat strains with vigorous
growth in HMOS as the sole carbon source had otesfdase gene. According to the
glycoside hydrolase gene sequenc®.dfreve, it was speculated that the glycosidase
was located intracellularly, and the gene sequemas homologues to that iB.
longum subsp.infantis (Ruiz-Moyano et al., 2013). The metabolic pathwaybOS
by B. breve might be similar to that iB. longum subspinfantis. The ability to utilize
2’-FL by Bifidobacteria might affect the developnerf intestinal microbes in infants,

ultimately producing beneficial effects (Ruiz-Moyaet al., 2013), which might be



393 the reason for the high abundanceéBobreve in the children’s intestinegspecially in
394  the breast-fed children.

395 XOS could be directly used in the large intestiiyeHifidobacteria, promoting the
396 proliferation of Bifidobacteria and producing a iedy of organic acids, thus helping
397 the host to inhibit pathogenic bacteria and hawangyobiotic role. According to the
398 literature (Bragatto et al., 2013), GH43 could haweimportant role in hydrolyzing
399 XOS. First, XOS was transported into cells by thacl family transcriptional
400 regulator and substrate binding protein, and thegratied into xylobiose and
401  Xxylotriose by intracellulap-1,4-xylosidase (GH43) for further metabolism, mkitely
402  promoting bacterial cell proliferation and produgia variety of organic acid#lost
403  strains where GH43 was found were isolated fromeghifed children, such as
404 FHuUNCS6M1, FFJIJND26M5, FJSWX23M8, FJSWX26M5, FJSWM17 and
405 FBJCP1MG6As a plant-derived bifidus factor, XOS could promdtte proliferation of
406  B. brevein children’s gut with the diversification of ctilen’s diet.

407 Research on the sensitivity of microbes to antibsots mainly to explore the changes
408 of antibiotics in the intestinal microbiota, andethesearch on drug sensitivity of
409 Bifidobacteria is also the basis for the developnodrive bacterial preparations. The
410 important mechanism of tetracycline resistancénésresult of the active drug efflux
411  system encoded by thet gene Those strains showed a certain degree of tolerance
412  associated with the existence of teegene, and MIC values of most strains were 2
413  ug/mL. However, the results of Duranti et al. (20%®re 0.5ug/mL. FFIND2M11

414  was isolated from a child who had taken a commepi@biotics product (“Miami”,
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Hanmi Pharmaceutical Co. Ltd., Seoul, Korea), wiocdky containedEnterococcus
faecium and Bacillus subtilis. As enterococci are often resistant to tetracgclime
resistance had the potential risk to be a latezakedransfer to other bacterravivo.
Penicillin-binding protein (PBP) mutations conferesistance to ampicillin
(Campedelli et al., 2018), when PBP was chanfidd¢tam could not bind to the cell
wall of the strain, and the strain finally develdpesistancdn the current work, 56%
of B. breve showed higher tolerance, which was different fronpravious report
(Fouhy et al., 2013). One of the antibacterial na@itms for fluoroquinolones is to
inhibit DNA gyrase @gyrA) and topoisomerase I\p&rC), disturb DNA replication
and kill the bacterial strain. The strains assaf&?0) were sensitive, which was
consistent with previous clinical data (Jose et a@D14). The aminoglycoside
modifying enzyme is a passivating enzyme that imat#s aminoglycoside antibiotics,
and the inactivated enzymes are AAC, ANT and APIrhoAg them, APH has the
highest resistance to antibacterial drugs (Fouhal.et2013). A passivation enzyme
produces different drug resistant phenotypes. Amaghycoside could be inactivated
by one or more enzymes, and several aminoglycosidesd be simultaneously
inactivated by the same enzyme. Forty-six percérihe strains were resistant to
gentamicin, which was roughly in line with a prawsoreport (Jose et al., 2014).
Chloramphenicol antibiotics act on the 50S subahthe bacterial ribonucleoprotein
and block the synthesis of proteins (Campedebil ¢2018). In the annotation results
for B. breve, the ATP-binding cassette ribosome protective ginst and antibiotic

target protection were found in predicted straicmsequently, and thod® breve



437  strains showed drug resistance to a certain deftethermore, the resistance gene in
438  Bifidobacterium may be due to the co-evolution of the microbiasth@ibson et al.,
439  2015). Although there was little difference in thember of genes involved in the
440  various antibiotics resistance predicted in thaisirphenotypes differed, possibly as a
441  result of host specificity. The current results tedh preliminary understanding of the
442  resistance mechanism Bf breve, which provides a research basis for the next step
443  which is the prevention and treatment of drug-iretlibacteria.

444

445 5. Conclusions

446  Comparative genomics and functional analysis of Blébreve strains has been
447 completed. Combined with pan-genome and core-gendimectional genome
448  analysis allowed the identification of the genespomsible for strain diversity and
449  host specificity. Different gene families of diféart strains could serve as the basis for
450  gene-trait matching phenotype studies. The 46rstm@iiB. breve strains isolated from
451 Chinese children represented many different phemsty providing further
452  information on the meanings of the genetic divgrgit the species, especially the

453  carbohydrate utilization capabilities and antilmogsistance.
454
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Figure captions

Fig. 1 Compar ative analysis of B. breve genomes.

A) Venn diagram showing core-gene families andgbees specific to thB. breve
strains.

B) Hierarchical clustering heat map suggestingvéiméability of B. breve according to
presence or absence of gene families.

C) Pie chart displaying the percentage of dispdesaid core gene families.

D) ANI of 55 strains.

Fig. 2 Pan-genome and core-genome of the B. breve species.

A) Trend diagram of pan-genome and core-genom@ifaflobacterium breve. B)
Functional distributions of thB. breve core genome.

Each letter standing for the following function: ]JJARNA processing and
modification, [G]: Carbohydrate transport and metam, [C]: Energy production
and conversion, [D]: Cell cycle control, cell die, chromosome partitioning, [E]:
Amino acid transport and metabolism, [F]: Nucleettdansport and metabolism, [H]:
Coenzyme transport and metabolism, [l]: Lipid tgo¢ and metabolism, [J]:
Translation, ribosomal structure and biogenesi$, TiKanscription, [L]: Replication,
recombination and repair, [M]: Cell wall/membrame/elope biogenesis, [O]:
Post-translational modification, protein turnovehaperones, [P]: Inorganic ion
transport and metabolism, [Q]: Secondary metal®li®synthesis, transport, [R]:

General function prediction only, [S]: Function wmokvn, [T]: Signal transduction
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mechanisms, [U]: Intracellular trafficking, secoetj and vesicular, [V]: Defense
mechanisms.

Fig. 3 Phylogenetic analysis of B. breve.

Phylogenetic supertree showing the relationship rgmab B. breve strains andB.
bifidum S17, B. bifidum PRL2010 andB. longum ATCC15697 as outliers. Strains
isolated from Henan (green): FSXR13, FHuNan20164%HuNan2016415,
FFHNXY43M2, FFHNXY26M4, FFHNFQ4M7, FFHNFQ49M1, FHEXK9OM1,
FHeNJZ2M1 and FHeNJZ1M1; Fujian (pink): FFIJND6M1,FIJND2M11,
FFND12M6, FFIJND14L2 and FFJIJND26M5; Guangdong (m)pFFGZ3I1M6,
FFGZ23I1M6, FFGZ19I1M6, FFGZ1911M4, FFGZ18I1M1 arfeFGZ18I11M6;
Xinjiang (blue): FCJ951, FCJ1041 and FCJ653; Begij(lorange): FFBJHD5M2,
FFBJCP2M1, FBJSJS1IM2 and FBJCP1M6; Anhui (cyan)HWAI9MS5 and
FAHWH21M7; Zhejiang (yellow): FZJHZ13M2, FZJHZ24M9FZIJHZ3M2,
FZJHZ7TM2 and FZJHZD20M12; Jiangsu (black): FISWX5MBISWX4M9,
FISWX39M4, FISWX34M6, FIJSWX26M5, FISWX24M2, FJISWMBZ3 and
FISWX17M1; Hunan (brown): FHUNCS6M1, FHUNCS3M4 aRHuNCS1MS5.
Hyphen representing other strains from NCBI. Sepresenting feeding method:
mixed feeding (red), breast-milk (yellow), formutalk (green). Triangle representing
age: ~0-6 months (red), ~6-12 months (yellow), ~ieérs old (green).

Fig. 4 The predicted glycometabolism genein B. breve.

A) Pie chart showing the predicted carbohydrateraanzymes.

B) Heat map of the predicted GH family.
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Fig. 5 Heat map of carbohydrate metabolism in 46 B. breve strains based on 20
different substrates.

Yellow for utilization; Black for non-utilization.

Fig. 6 Predicted carbohydrate utilization clusters

The locus map (A-G) showing that gene clusters beinvolved in the utilization of
various carbohydrates by cert@nbreve strains.

Fig. 7 Resistance genes and phenotypes of B. breve.

A) The predicted resistance gene(s)

B) Tolerance and sensitivity of the 46 strainsntkaotics. Red for sensitivity; Black

for tolerance.



Table 1 Bifidobacterium breve genomes sequenced and analysed in this study.

Strains Region/ Sour ce Genome ORFs tRN G+C Conti Accession No.
Province (age; feeding) Size(Mb) A (%) gs

FFIND14L2 Fujian 1yr; MF 2.26 2010 54 58.87 31 SAMN13258891
FFIND2M 11 Fujian 5m; MF 2.26 2017 55 58.30 41 SAMN13258892
FFIND6M1 Fujian 7m; MF 2.30 2065 53 5877 40 SAMN13258893
FFIND12M6 Fujian 6m; MF 2.23 1939 55 5866 50 SAMN13258894
FFIND26M5 Fujian 8m; MF 224 1902 53 58.56 521 SAMN13258895
FFGZ311M6 Guangdong 7d; FM 228 1982 56 58.61 77 SAMN13258896
FFGZ18I1M6 Guangdong 7d; BM 2.26 2023 53 58.86 36 SAMN13258897
FFGZ18I11M1 Guangdong 7d; BM 2.26 2020 51 5886 36 SAMN13258898
FFGZ1911M4 Guangdong 7d; BM 2.26 2022 57 5886 34 SAMN13258899
FFGZ1911M6 Guangdong 7d; BM 229 2001 54 59.01 31 SAMN13258900
FFGZ2311M6 Guangdong 7d; FM 234 2037 56 59.04 59 SAMN13258901
FZJHZ13M2 Zhdjiang 2m; BM 2.26 2033 53 5887 35 SAMN13258902
FZJHZ24M9 Zhgjiang <1yr; ND 2.27 1979 53 5863 29 SAMN13258903
FZJHZTM2 Zhgjiang <1yr; ND 2.30 2018 56 5877 56 SAMN13258904
FZJHZ3M2 Zhgjiang <lyr; ND 238 2099 60 58.95 48 SAMN13258905
FZJHZD20M12 Zhgjiang 3yr; ND 2.46 2190 69 58.30 97 SAMN13258906
FAHWHOM5 Anhui 6m; ND 231 1993 53 5891 202 SAMN13258907
FAHWH21IM7 Anhui 4m; ND 2.27 1936 54 5867 416 SAMN13258908
FCJ951 Xinjiang 11m; ND 2.33 2058 53 5883 53 SAMN13258909
FCJ653 Xinjiang Syr; ND 233 2065 54 58.72 54 SAMN13258910
FCJ1041 Xinjiang 2yr; ND 238 2101 52 59.06 62 SAMN13258911
FBJSISIM2 Beijing 9m; FM 2.35 2053 54 5893 38 SAMN13258912
FFBJHD5M2 Beijing 10m; BM 2.24 1898 54 5871 176 SAMN13258913
FBJCP1M6 Beijing 10m; MF 2.46 2190 74 58.72 304 SAMN13258914
FFBJCP2M1 Beijing 5m; BM 240 2083 54 58.95 276 SAMN13258915
FISWX4M9 Jiangsu 10m; BM 231 2011 52 59.00 334 SAMN13258916
FISWX5M4 Jiangsu 11m; MF 2.36 2033 53 5884 479 SAMN13258917
FISWX17M1 Jiangsu 6m; MF 2.36 205 55 5890 332 SAMN13258918
FISWX23M8 Jiangsu 10m; MF 222 1882 55 58.61 179 SAMN13258919
FISWX24M2 Jiangsu 6m; MF 2.26 1945 53 58.89 277 SAMN13258920
FISWX26M5 Jiangsu 6m; MF 2.64 2396 72 59.32 289 SAMN13258921



FISWX34M6 Jiangsu 5m;ND 2.46 2213 51 58.84 64 SAMN13258922

FISWX39M4 Jiangsu 3d; ND 2.28 1961 52 5861 66 SAMN13258923
FHeNJZIM1 Henan 10m; ND 2.38 2099 54 5886 54 SAMN13258924
FHeNJZ2M1 Henan <lyr; ND 237 2103 71 5854 45 SAMN13258925
FHeNJZOM 1 Henan 5m; ND 2.36 2074 55 5882 41 SAMN13258926
FFHNFQ4M7 Henan 8m; ND 227 2025 54 5893 51 SAMN13258927
FFHNFQ49M1 Henan 8m; ND 2.29 2048 55 5879 28 SAMN13258928
FFHNXY43M2 Henan 2yr; ND 216 1848 55 5858 33 SAMN13258929
FFHNXY26M4 Henan 1yr; ND 228 1979 55 5878 100 SAMN13258930
FHUNan2016497 Henan 4ys, ND 227 2047 57 5882 34 SAMN13258931
FHUNan2016415 Henan 3yr; ND 242 2273 75 5868 33 SAMN13258932
FSXR13 Henan 1yr; ND 257 2395 71 5848 319 SAMN13258933
FHUNCSIM5 Hunan <1yr; ND 251 22719 69 5875 66 SAMN13258934
FHUNCS3M4 Hunan <1yr; ND 2.38 2118 55 5881 68 SAMN13258935
FHUNCS6M1 Hunan <1yr; MF 258 2348 69  59.40 62 SAMN13258936
UCC2003 Irland[27]  Infant faeces 242 1854 54 5870 1 SAMNO02604112
121 Unpublished ~ Human milk 2.24 1765 52 5890 1 SAMNO03081478
31l Unpublished ~ Human milk 227 1814 53 5860 4 SAMNO02951889
CECT7263 Spain [28] Human milk 233 2053 53 5890 34 SAMNO6473336
NCFB2258 Unpublished  Infant intestine 2.32 1834 53 5870 1 SAMNO03081481
ACS071-V-Schgb  Unpublished  Human vagina 2.33 1826 53 5870 1 SAMNO00100758
689 Unpublished  Infant feces 233 1821 53 5870 1 SAMNO03081482
s27 Unpublished ~ Infant feces 229 1748 53 5870 1 SAMNO03081483
JCM7017 [29] Infant feces 2.29 1770 54 5870 2 SAMNO03081479

MF: mixed feeding (breastmilk-based added to complementary foods or formula milk); BM: breast-milk; FM: formula milk; ND:

not determined or unknown.



Table 2 MIC of different antibiotics for B. breve.

Concentration (ng/ml)

Strain
Tet Cm Cip Amp Gm Van
FISWX4M9 2 16 32 0.0625 32 4
FISWX26M5 0.5 2 16 0.0625 64 4
FISWX39M4 2 2 4 4 16 0.25
FISWX17M1 0.125 32 8 0.0625 64 16
FISWX34M6 4 8 8 4 256 1
FISWX5M4 1 4 4 0.125 4 2
FISWX23M8 0.5 4 4 0.5 64 4
FISWX24M2 0.5 8 8 0.125 64 8
FFIND12M6 2 8 32 8 32 0.5
FFIND2M 11 2 2 16 0.5 32 0.25
FFIND14L2 0.5 2 16 0.5 64 0.25
FFIND26M5 1 32 64 0.0625 16 0.25
FFIND6M 1 4 2 4 2 16 0.25
FFBJCP2M1 2 2 32 0.0625 16 0.25
FBJCP1IM6 16 32 128 0.0625 32 16
FFBJHD5M2 0.25 32 128 0.0625 8 16
FBJSISIM2 64 2 16 8 256 0.25
FFHNFQ4M7 1 8 64 0.0625 8 4
FFHNFQ49M1 8 8 32 0.0625 4 0.25
FAHWHOM5 1 4 16 0.0625 2 16
FAHWH21M7 1 16 8 0.0625 16 4
FHuNan2016497 2 4 32 8 16 0.25
FHeNJZ1IM1 2 2 8 8 8 0.25
FHeNJZ2M 1 64 4 4 8 8 0.25
FHeNJZ9M 1 2 16 8 2 8 0.25
FHuNan2016415 2 16 32 8 16 0.5
FHUNCS1IM5 4 0.5 4 4 4 0.25
FHUNCS3M4 1 8 32 8 32 0.25
FHUNCS6M 1 2 8 8 4 2 0.25
FFHNXY 26M4 0.5 4 8 4 4 0.25
FZIHZ7TM2 32 16 32 8 8 0.5
FZIHZ24M9 2 2 8 8 16 0.25
FZIHZ13M2 0.5 2 4 1 16 1
FZIHZ3M2 2 16 4 4 32 1
FZIJHZD20M 12 4 2 16 8 256 0.25
FCJ653 2 8 4 8 64 0.25
FCJ1041 64 8 4 2 16 0.5
FCJ951 2 4 8 16 16 0.25
FSXR13 4 2 16 8 256 0.25
FFHNXY 43M2 0.5 2 0.5 4 256 0.25
FFGZ18I1M1 32 16 4 16 128 0.5
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Tet: tetracycline; Cm: chloramphenicol; Cip: ciprofloxacin; Amp: ampicillin; Gm: gentamicin; Van: vancomycin



Figl
A)

q8UISA 120S0verald’8

FAHWH21M7

gcIoM

FCJ853
FCJ951
FFBJCP2M1
FFBJHDS5M2

FFGZ18110m1
FFGZ18”M6
FFGZ19HM4
FFGZ‘IQHMS




B)

€007000

LTS

8STTIADN
LIOLIADC
£9ZL104D
ARUISATLOSOV
IINPEXMSTA
PINGEXMSTA
GINFXMSTA
PINSXMSTA
4689
TINOTUZHIZA
TNLZHIZA
ETAXSH
LIWITHMHYVA
SIW6HMHVA
QI LdDrdA
TINZdOrdad
TINSAHrgAA
TINISISrad
TINEZHIZA
101D
€59004
156124
TIWTISTZDAA
N TIS1ZDdA
PINLI6IZOAA
I ILI6IZOAA
I LIETZOAA
TI€
IWIIEZOAA
OIZIANIAd
6IFPTZHIZA
TIFIANCAA
SIN9TANCAL
TTNTANCAA
TIN9ANrAd
IINIZNAHA
TINZZINYHA
TIN6ZINIHA
TIN6POANHAA
LNPOANHIA
PINOTAXNHAL
TNEIZHIZA
TINEPAXNHAL
STF910TUBNNHA
L6Y9T0TUENNHA
SINISONTHA
PINESONNHA
TIN9SONMHA
TINLIXASI
1zl
SINETXMSIA
TINFTXMSTA
SIN9TXAMSTA

core genome

(1150 MCL gene families)

o
E
=)
=
k)
en

=

=
]
@
=
)
=]

£

=

ies)

.

(2945 MCL gene famil

C)

dispensable genome

W B. breve core genome W B. breve




D)

=]

@ ‘© ‘®

= “ [ 5]

B m 0 e e w Ji} s e A, ® -

Y m

2 85 RBA%EREESEE  whESECEED 350TssRianiuEleg s ttsns §
~ ~o oG 2UEonos cg SannrR 0NN alorad RN R0 0 Can3oB. "
22 BB BN8e 8t id e Bags e BT A 20N S A0S A A s e n Ty
SR E o NGOEN 209282 0005855225 022 5dr 2052525005 595 TN 2
OIAQYEMNZIFIMFESFIRINIEINANE NS S0 TENONEIZYSETN=ZE S0
eeeeeeeeemlIBZNHNMBIGZLDPMMDBHHMCHQM.MZMV_JCHZBMmﬂ1m03:XuT4C
22222222 2NONNORLRNZENDONDONG SENREZ W MNNNWD Z2=20 TININSS
wmmmmmmmmGW.H_GW,ﬂGGWMQNmW,H.BJWWWEXGNUHE.NN UEuHNWWuEKHm.HWM_.lI..u
0000000000 LCNELLW L ELO0N FZF:I._.SSHSFHHABFHE.H.nrHHAFIE.SHHBFFZ&JMZCH
ol == T 1= e vy P v v o Tyl T g ey iy T T T T T o T T v P T T T T T T P T T T

q6892A3.q9
GBUISATLOSOVOASIAY
£97/10309A3.q9
110/ WDPA3.98

LZS3naigg
85zZg40ONaAs.qg
12IS'OWTIETZOH
Jes' Z1rTaN(44
Je2s TTWZaN(dd
JeIS TWTIBTZ44
135 FPWTI6TZD4d
1edS'GWTI8TZO4d
18IS ZWETZHIZ
328 TINZ TXMSH
4825 TWzd2lad
1225 GW9ZXMSIH

4838 6y ZZHIZd
435" 9WNZ TAN(dd4
1225 TIW9AN(44
JBIS'GWTIEZDHS
Je0S PG EXMSI
4e3s'£c9[Dd
4eas'1596(04
1825 ZTIN0ZAZHIZd
43S FIWIZAXNHAL
4e35'GWEHMHV4
4e3S'ETYXSd
1825 ZWTSISIa4
48359 TdOlad
4235 GWTSIONNHA
umumwi.ﬁ_mﬂ‘NO&
N

1e3S TINTZ[NBHA
1835 TN6Z[NOHS
4835°G N9 ZAN(4d
4835/ NTZHMHVH
1235 9NYEXMSIH
1835°Z L ZHIZA

Jeas ZNEZHIZY

1825 TI6FOINHLA
135" Z Ny ZXMSIH
1895 FINS X MSTH
183569 T0ZUBNNHA
1835 TI9SINNHA
1835 6INEXMS(H
1e35°STHITOZURNNHA
135 TINZZINaHS
1e25" £ NyO AN
125" ZINEFAXNHA
Je3s ZWSaHlgdd

0 =3 v = M _
by " ~N a
S =1 < =3

Ayuapl abejusdiad qiNy

1.00 —p—




Fig2
A)

genc counts

B)

6000 8000 10000

4000

2000

—+— Pan-genome
+- Core genes

y = 1392x0368

y= 6680174 1171

20

30 40 50

number of genomes

m[A]

D]

= [H]

n K]

" [O]

[R]

(U]

" [C]

u[F]

u[M]

[Q]

= [1]



Fig3

FFHNXY26M4

‘_\
_
L

___FFND28MS
ﬁ LWPOINHLH

—f T EWeRAXNpy

Divergence, substitutions/site

L
0

ST R T T

00




= CBM22

= CBM35

= CBM48

= CBM51

= CBM68
CE12

= CE4

= CE9

= GH112
GH129

= GH140

= GH20

= GH29
GH31

= GH35

= GH42
GH51
GH65

= GHS85

= GT2

n GT32

= GT5

= PL9 4

= CBM25
= CBM41
= CBM5
= CBM61
= CE1
= CE2
= CE6
= GH1
GH125
= GH13
= GH18
= GH23
= GH3
= GH32
= GH36
= GH43
GHS53
= GH77
= GHY4
= GT14
u GT35
n GT51

= CBM32

= CBM46

= CBM50

= CBM67
CE10

= CE3

= CE7

= GH109
GH127

= GH133

= GH2

= GH25
GH30

= GH33

= GH38

= GH5
GH59
GH78

= GH95

= GT28

=" GT4

= GT81



©)

13
12

o
—

11

DO~ OO T ON—O

Sl¥9L0CUBNNHS
9N LI6LZO4d
CWN/ZHrzd
CAYTXMSTrd
BINETXMSTd
YIWESONNHL
PWIZAXNHSS
6AYXMSId
LNZZIN3HAS
€LyXsd
/6¥910CUBNNH
INLIETZOLS
LIW9SONNHA
SWISONNH4
LWZLXMSId
SIWOTXMSrd
INYEXMSIdd
YINSXMSTrd
LWYOANH44
CNEYAXNHLL
YNLIELZOHS
9NLI8LZO4d
LNLIBLZOSd
CNELZHrZd
LLNZANrdd
C17LANr44
LNLZIN3HS [ ]
9N LIEZOTd [
C¢LN0ZAZHrzd
PINBEXMSId
SW9ZANrd4
6WYZZHIrZd
CNEZHrZd
LNBZIMN3HA4
LN6YOANH4S
cnisrsrad
LWZdOorg4d
9NZLANrd4
LIW9ANr44

I,

4t

CNSAHrg4d
L¥0Lrod
9N1dOra4d
LINLZHMHY4
SWEHMHV




Fig5

D-Galactose
soluble starch
D-Gluecuronate

D-Lactose
a-L-Fucose
D-Fructose
L-Arabinose

Cellobiose

s
£
E
5

5

o

glucose
FOS
Maltose
Raffinose
D-Sorbitol
Sucrose
trehalose

FAHWHSMS
FAHWH21M7
FRJCPIME
FFBJCP2M1
FRJSISTM2
FFBJHD5M2
FCJB53
FCJg51
FCJ1041

FFGZ311M6 |
FFGZ181M1
FFGZ1811M6
FFGZ1911M4

FFGZ1911M6 -

FFGZ23I11M6

FZJHZTM2

FZJHZ13M2
FZJHZ24M9
FZJHZD20M12
FFHNFQ4M?
FFHNFQ49M1
FRHNXY43M2
FFHNXY26M4
FHeNJZ2M1
FHeNJZ1M1
FHeNJZOM1
FHUNan2016415
FSXR13
FHuNan2016497
FFIND14L2
FFJIND26MS5
FFJNDGM1 ]
FFJND2M11
FFJND12M6
FJSWX24M2
FJSWX17M1
FJSWX26M5 ||
FJSWX5M4
FJSWX23M8
FISWX4MS
FJSWX39M4
FJSWX34M6
FHUNCS1M5 |
FHUNCS3M4
FHUNCSEM1



Fig6
A)

2’-FL utilization cluster
B. longum APC 1477 (reference strain)

ABC transporter permease ABC substrate binding protein GH29 GH95

ﬁ/ b
\—Y—)

Others

FHuNCS6MI1(+): genel 737-genel745
— DD D PP 'EDDED

FHNXY43M2(-): genel344-genel347

— DD

B)

XOS utilization cluster
B. longum APC 1464 (reference strain)

Hypothetical protein ABC transporter permease ABC substrate binding protein

/_k_]
4 B i B

GH43 Transcriptional regulator Others

FHuNCS6M1(+): genel296-genel1302

— DD > aE

FISWX39M4(-): gene0437-gene0439

—DD



C)

D)

E)

Cellobiose utilization cluster
B. breve UCC2003 (reference strain)

Other Transcriptional regulator ABC substrate binding GH1

—

ABC transporter permease

FHuNCS6MI1(+): genel185-genel193

—— DD DD
/

FFIND12M6(-): gene0452-gene0456

- e

D-ribose utilization cluster
B. breve UCC2003 (reference strain)

ABC substrate binding protein Transcriptional regulator

N/
Other/Ribo:inas ABC [réponer permease
FCJ1041(+): gene0678-0688
P BDE PR
FFINDOM1(-): gene0820-gene0821

-

D-mannitol/D-sorbitol utilization cluster
B. breve NRBBO1 (reference strain)

Other  Transcriptional regulator ABC transporter permease

5 e

FCI1041(+): gene0056-gene0066

- A 2 ) 1 41 o

FZJHZ3M2(-):gene0854-gene0856

. e



F)

G)

D-galactose utilization cluster
B. breve UCC2003 (reference strain)

Ayransporwr permease T:.nscriptional regulator

GH53
FFIND6M 1 (+): genel853-genel857

2 _ 44 4 4 o=

Other
FFIND14L2(-): genel706-genel 707

— e

Sucrose utilization cluster
B. breve UCC2003 (reference strain)

Transcriptional regulator GH32 ABC transporter permease

FZIHZ24M9(+): gene0560-gene0563

ABC Ruh;trme binding protein

FFINDI12M6(-): genel480-genel481

— A



Fig7
A)

tetracycline resistance gene
chloramphenicol resistance gene

FZJHZD20M12
FZJHZ24M3
FJSWX5M4
FJSWX23M8
FJSWX24M2
FZJHZ3M2
FEHNXY26M4
FHeNJZSM1
FFJND26MS
FJSWX34M6
FFHNFQ49M1
FJSWX4M9
FZJHZ13M2
FHuUNCS6M1
FFJND2M11
FFIJND14L2
FFGZ1911M4
FFEGZ18I1M1
FFGZ1811M6
FZJHZ7TM2

FAHWH21M7
FHuNan2016497
FHUNCS3M4
FBJSJS1M2
FHeNJZ2M1
FCJ1041
FAHWHIMS
FBJCP1M6
FFBJCP2M1
FHUNCS1M5
FHeNJZ1M1

FFBJHDSM2
FHuNan2016415

FSXR13
FJSWX39M4
FCJ951
FFGZ311M6
FFHNXY43M2
FCJB53
FEJND12M6
FFJNDG6M1
FFGZ2311M6
FEHNFQ4M7
FFGZ1911M6
FJSWX17M1
FJSWX26MS

fluoroquinolone resistance gene

beta-lactam resistance gene

aminoglycoside resistance gene

glycopeptide resistance gene




B)

Chloramphenicol

Ciprofloxacin
Gentamicin
Vancomycin

]
£
8]
>
(e}
©
—
=
©
=

Ampicillin

FJSWX4M9
FJSWX26M5
FJSWX39M4
FJSWX17M1
FJSWX34M6
FJSWX5M4
FJSWX23M8
FJSWX24M2
FFJND12M6
FFJND2M11
FFJND14L2
FFJND26M5
FFJNDB&M1
FFBJCP2M1
FBJCP1M6
FFBJHD5M2
FBJSJS1M2
FFHNFQ4M7
FFHNFQ49M1
FAHWHIM5S
FAHWH21M7
FHuNan2016497
FHeNJZ1M1
FHeNJZ2M1
FHeNJZ9M1
FHuNan2016415
FHUNCS1M5
FHUNCS3M4
FHUNCSBM1
FFHNXY26M4
FZJHZ7M2
FZJHZ24M9
FZJHZ13M2
FZJHZ3M2
FZJHZD20M12
FCJ653
FCJ1041
FCJ951
FSXR13
FFHNXY43M2
FFGZ1811M1
FFGZ1811M6
FFGZ1911M4
FFGZ2311M6
FFGZ1911M6

FFGZ3I1M6



Conflict of interest

All author s declared no conflict of interest.



