OPS/images/fmicb-15-1443292/fmicb-15-1443292-t001.jpg
State/Sample Alabama (n =30) Tennessee (n = 30
type

Cattle Poultry tal Cattle Poultry Sub-total
Manure 7 3 10 10 0 10
Soil 10 0 10 8 2 10
Water il 2 10 10 0 10

Total 2 5 30 2 2 30
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2008

2012

2012

2013

2015

2018

2019

2019

2019

2021

2021

2022

2022

2022

2023

2023

2023

-Omic technology

Metagenomics

Bar-coding with “universal” bacterial primers
from 54 of the surfaces (18 per city) and pooled
for pyrosequencing (culture-based cell counting

and multiplexed pyrosequencing)

High-throughput sequencing

Shotgun metagenomic sequencing

High-throughput sequencing (454, Illumina

platforms)

Comparisons of methods and biological-based
differences in both ribosomal transeript (FRNA)

and gene (DNA) sequence community analysis
Metadata analysis (bacterial genera, BE location
identified, sample type, temperature, humidity,
and approximate climate)

Pangenomic meta-analysis (from GenBank)

Metagenome-assembled genomes

Tlumina metagenome

Tllumina metagenome

Tllumina sequencing V4 ¢ RT-gPCR

~Omic platforms

Multi-omics technologies (methylome,

transcriptome, proteins and metabolites)

Nanopore sequencing

Microbial DNA qPCR Array for ARGs; ddPCR;

qPCR; NGS technologies

Tllumina sequencing

Genomic DNA sequence and 6000 165
rDNA clones

168 IRNA.

168 IRNA.

DNA

168 IRNA

Pure strains and mock BE communities.

Genomes (genome size, GC content,
replication strand skew; and codon
usage bias)

189 genomes of two epidemiologically

important taxa, B. cereus and S. aureus

Metabolic overlap connected to the
functional redundancy of microbial

commaunities a the genome scale

Geospatial profile of microbial strains,
functional characterisics, antimicrobial
resistance (AMR) markers, and genetic

elements

Shotgun sequencing

V4 163 rRNA and 18 kinds of ARGs

Urbanome

Human exposome

165-nanopore dataset generated by
MegaBLAST, and culturable species based

on the conventional culture results

Culture-based (Rodac plates) and
culture-independent methods (AMR,
SARS-CoV-2, V3 region of 165 rRNA)

V4 region of 165 rRNA

“Target, each genetic and/or genomic quantifiable marker used for BE microbiome evaluations.

:13

Indoor microbiome of two shopping centers
in Singapore

30 different offces per city (90 offices, 450

total samples)

Airborne bacterial community in patient
rooms exposed to mechanical or window
ventilation and in outdoor air

Indoor and outdoor air from diverse BEs in
New York City and San Diego (USA; a large
urban building, a medical center, a house,
and a pier)

Indoor environment

Indoor air and surfaces

BE

International Space Station (ISS; 2 model
BE), Earth-based BEs, soil, and humans

MO in diverse BE ecosystems

Mass-transit systems in 60 cities over 3years

Public transit air of 3 cities of 3 continents
Denver, Hong Kong, London, New York
City, Oslo, Stockholm

Indoor dust

Cities

Multi-center cohort of 1,301 mother-child
pairs to systematically associate a wide
range of environmental exposures (>100
chemical, outdoor, social and lifestyle
exposures) assessed in pregnancy and
childhood

46 urban samples from 18 stations of the
‘mass transit system of Hong Kong in the

period of July to October
Milan subway

‘Hand and built environments within the

office and home settings

References
“Tringe etal.
(2008)

Hewittetal.
(2012)

Kembel etal.
(2012)

Yooseph et al.
@o3)

Adams etal.
(2015)

Gomez-Silvan
etal. 2018)

Merino et al
(2019)

Blaustein etal.
(2019)

Hester et al.
(2019)

Danko etal.
(2021)

Leungetal.
(2021)

Pengetal.
(2022)

Morawska et al.
(2022)

Maitre et al.
(2022)

Lee etal. (2023)

DiAccol
(2023)

Hoisington et al
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Early 2000s

Recognition of the presence of
microorganisms in the BE
(bacteria and fungi) with

Culture-dependent techniques: Culture-independent
-plating bacteria on solid media techniques:
lentifying specific bacterial or ~DNA/RNA sequencing Nowadays
fungal species on selective -proteomics
culture media
~microscopy ~"Urbanome’ the
genome of the city.
_o—o—o_o' oo .’ ~Bioinformed design
in the construction of
new generation
Early 1900s 2000s buildings
Study of the layout of the High-Throughput Sequencing
B spaces: (HTS) technology and
-ventilation bioinformatics tool's

-overcrowding
connected to disease and
infections, led to new
architectural designs and
research

development:
~(meta)genomic analysis for
taxonomic and functional
characterizations
-metatranscriptomics
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Air and particles:

o, Streptococcus, Bacillus,
N, Micrococcus,
Staphylococcus, and
Aerococcus
Plant-associated:
Rhizobium, Bradyrhizobium,
Azospirillum, Pseudomonas, Animals:

tenotrophomonas, Neorhizobium,
Arthrobacter, Pantoea, Streptomyces,
Methylobacterium, Escherichio, and

Sphingomonas
S

o

Burkholderia, Pajaroellobacter,

Paenibacilus, Enterobacter,
' Streptomyces, Arthrobacter, and

Gaiella

Soil:
Archromobacter, Actinobacter,

Water: Mycobacterium, Alcaligenes,
Cyanobacterium, Arthrobacter, Micrococcus
Methylobacterium, Rhodopseudomonas, Rhodococcus,

~——7 Rhodobacter, Bacillus, Clustridium,
Pseudomonas, Actinomyces, and
Loctobacillus

Escherichio, Legionell,
Micrococcus, and
Corynebacterium

B
Lungs:

Propionibacteriaceae,
Corynebacteriacea, Fusobacteriaceae,
Clostridium, Mycobacterium,
Aerococcus, Neisseria, Prevotella,
Streptococcus, Veillonello, Tropheryma

Oral cavity:

Actinomyces, Mycobacterium, Kocuria,
Neisseria, Prevotell, Pseudomonas,
and Veillonella subsp.

Stomach:

Bacillales, Streptococcaceae,
Enterobacteriaceae, Veillonellaceae,
Pseudomonadaceae, and
Helicobacter pylori

Small intestine:
Escherichia, Prevotella, Veillonella,
Enterococcus, and Lactobacillales

Colon:

Bacteroides, Eubacterium,
Faecalibacterium, Alistipes,
Ruminococcus, Clostridium, Roseburia,
Blautia, Bacillus, Enterococcus,
Lactobacillus, Bifidobacterium, and
Escherichia

Female reproductive tract:
Lactobacillus, Prevotello, Gardnerello,
Atopobium, Bifidobacterium, and
Anaerococcus

Male reproductive tract:
Blautia, Cellulosibacter, Clostridium
clusters XIVa and b, XVil, and
prevotella

s
Cutibacterium, Staphylococcus,
Corynebacterium, Acinetobacter,
Dermabacter
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Strain Origin (epi-endophyte) Culture medium of Closest type strain (% identity)

isolation
I Epiphyte PCA Methylobacterium adhaesivum (97%)
Isa* Epiphyte PCA Methylobacterium goesingense (99%)
15.30" Epiphyte PCA Curtobacterium flaccumfaciens (98%)
Is35* Epiphyte PCA Curtobacterium oceanosedimentum (97%)
Is2* Epiphyte R2A Methylobacterium goesingense (99%)
Is63* Epiphyte R2A Massilia aurea (100%)
15.103% Endophyte R2A Sphingomonas yunnanensis (99%)
Is.107% Endophyte R2A Aeromicrobium fastidiosum (99%)
Is112 Endophyte R2A Sphingomonas endophytica (98%)
15194 Epiphyte MBM Methylobacterium marchantiae (99%)
15202% Epiphyte MBM Sphingomonas panni (98%)
15.289% Endophyte R2A Rhizobium soli (99%)

Strains included in the second phase of screening, conducted to analyze their degradation cap: toward PAHS, are indicated in bold. Strains for which PGP properties were studied are

indicated with an asterisk (*). Strains used as inoculu for ivy leaves are indicated with the symbol f.
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Phyto-hormone

modulation
Strains Auxin
production
Is2 =
Is4 +
1535 w
Is42 w
1563 ++
15,103 -
15107 e
15.202 +
15.289 +

Qualitativ results are expressed as follows: NG =1 growth; —=negative; w=weakly positive;

Stress ethylene Phosphate solubilization

solubilization
NBRIP medium

ACC-deaminase Aleksandrov

Metal uptake

Siderophore
production

N
NG
NG
NG
NG
NG
NG
NG
NG

Synthesis/degradation of plant
macropolymers

Cellulase
production

-+

-+

+

= positive; ++=very positive; +++ =outstanding, The isolate indicated in bold was also tested as inoculum on ivy leaves, as described in section 2.2

biosynthesis
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Strain Closest species Accession number of % (bp/bp) Kanamycin Rifampicin (RIF)

the closest species resistance resistance

FI Enterobacter cloacae MK649836 99% (1393/1394) - -
EEF3 Kiuyvera georgiana NR_024883 99% (1382/1390) - =
EEF4 Klebsiella pasteurii MN104667 99% (1204/1200) - -
EEFS Citrobacter braakii KRI49005 99% (1385/1389) - -
EEF6 Klebsiella michiganensis MG571767 100% (1389/1389) - -
EEF7 Klebsiella michiganensis CPO33824 100% (1379/1379) - -
EEF8 Klebsiella oxytoca MGS76171 99% (1400/1402) - -
EEF9 Klebsiella huaxenensis CPO36175 99% (1394/1397) - -
EEF10 Klebsiella pasteurii MN104667 99% (1395/1398) - -
EEF1I Klebsiella michiganensis CP029770 99% (1394/1396) - -
EEF12 Klebsiella michiganensis CPO42545 99% (1378/1379) - -
EEFI3 Enterobacter cloacae LR607347 100% (1373/1373) - -
EEFI4 Raoultella ornithinolytica LC504037 99% (1379/1381) - -
EEFIS Klebsiella variicola LRI30544 99% (1390/1391) - -

identification of the bacterial solates by partial 165 rRNA gene sequencing 165 rRNA identification and accession number of the closest rlative species, and percentage of identity and length
(bp/bp) of the nucleotide sequence are reported. In the last two columns, the characterization of the sensitvity/resistance to kanamycin and rifampicin (RIF) is included. =, sensitives +,
resistant.
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lter Transfer fre ncy Average transfer frequency (SD)
Filter EEF15 donor No. 1 248x10°
Filter EEF15 donor No. 2 243x10”
241x107 £571x107
Filter EEF15 donor No. 3 1.66%10°
Filter EEF15 donor No. 4 3.05x10°
Filter MG1655 donor No. I 330x10°
Filter MG1655 donor No. 2 369%10°
350x107£1.60x 10
Filter MG1655 donor No. 3 351%10°
Filter MG1655 donor No. 4 352x10°

The average value and standard deviation (SD) are also reported for each treatment. SD, standard deviation.
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