o
T
QO
-
o]
—
c

N\
N

Sty
Z v = ‘D'r*r-;h "'
»,w = MK

(]
=
(]
(]

= I
= & ECLIPSE

LINKING AIR AND LEAVES:
DISENTANGLING THE MAIN DRIVERS OF MICROBIAL ASSEMBLY
AND EXCHANGE IN THE URBAN PHYLLOSPHERE
C I*Qicc::;ec:t;drt;;m; )
e-mail contact:
rgrimoldil@campus.unimib.it

i wur Ministero - J | Italiadomani
- o euopes M delly IRl l PIANO NAZIONALE DI RIPRESA E RESILIENZA
Cortona Prokaryotes :o: NexiGenerationEU ~__edellaRicerca



OUTLINE

Y

Introduction Statistical analysis
Research Questions
Sampling design Conceptual Synthesis

Experimental activity

& &
3 +




Microbial exchange

Phyllosphere

Cortona Prokaryotes :0:s

INTRODUCTION

Particulate Matter

Why does it matter?

- The phyllosphere is an open system, where a
lot of microbes can arrive, but few establish
themselves

- Particulate matter can be an important
source of microbes, but the main drivers for
selection and dispersal are unknown.

- Understanding microbial assembly and
exchange Is cruclal to predict how and when
phyllosphere  communities can  support
biodiversity maintenance and ecosystem
services, such as the degradation of
atmospheric pollutants




RESEARCH QUESTIONS

01 02 03
What drives microbial How connected are airborne
assembly in the urban and leaf-associated microbial

phyllosphere and PM? communities?

How are these communities
changing over time”?




SAMPLING DESIGN

Sampling sites Plant species Seasons

@ ' Evergreen species 2024
Parco Nord

Extra-urban park & Hedera <l Y MUQ/?U//U Winter

) =

— helix w% grandiflora

Indro Montanelli Spring
Urban park Deciduous species

Acer 2 Platanus x

Fulvio Test] 7 Summer

Urban road platanoides acerifolia

Milan-Bicocca | DM10 Autumn

University Ouarz-fiber filter
Urban site 24h sampling using high-volurme sampler
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—p [Jiscover our sequencing facility

EXPERIMENTAL ACTIVITY

Sampling activity Experimental workflow

2-15 leaves

Tweezers and

SCISSOrs f | Sonication
» | ’ | >
+ EtOH | f

Filtration on §4’®6"

nitrocellulose filter
Sterile bag

DNA extraction

Quartz fiber filter
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16S rRNA

Genomic DNA ()

200 L min-'

T
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Amplicon sequencing
High-volume air sampler




—p [Jiscover our sequencing facility

STATISTICAL ANALYSIS

Statistical analysis

LILEETEDS Multivariate statistical method used to explain

-
> III"I'I RDA + /P variation in a set of response variables

Coupled with RDA shows the amount of variance
ARERANR, explained by the single-combined effect of the
predictors

Rarefied data Jaccard index > . U m

Matrix presence/absence

IndVal calculanon : 3-decomposition . . L .
PFDR < 0.05 ' Beta-diversity partition in Srep/ and Brich
Measure of ASV strength in Prepl A A 3 4 Prich
a given habitat or o0 — A 000% — 000

o | C ity A C = C ity A C ity B
combination of habitats IndVal network SR ormmunity SnCI ommunity
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WHICH FACTORS STRUCTURED THE COMMUNITIES?

Host selection
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vp_

r L] T T
] 02 04 08

Adpsted R-square

JNOREND

0.4 4 Temporal dynamics t

0.3 — .

fy = 0.651

-0.2 0.0 0.2 0.4

RDA1 (23.98%) ***

Ivy

Urban road

Ivy

Urban park

lvy

Extra-urban park
Magnolia

Urban road
Magnolia

Urban park
Magnolia
Extra-urban park
Maple

Urban road
Maple

Urban park
Maple
Extra-urban park
Plane tree
Urban road
Plane tree
Urban park
Plane tree
Extra-urban park

B Airborne

Location i | |

Plant species

Season 0 02 01 0
Location:Plant species
Location:Season

Plant species:Season
Unexplained

w L

Season

¢+ Autumn
® Spring

A Summer

* Winter

Unstable habitat

.‘./ Mixture of sources
| 3@

Season
Unexplained

Host identity, season and site significantly influenced community composition. However, host identity emerged as the strongest

determinant for leaf-associated bacteria. Season was the most important driver in shaping the bacterial community for PMIO.




PHYLLO

m unclassified_Bacteria

m Dokdonella

®m Hymenobacter

M Massilia

W Methylobacterium

m Microlunatus

| Nitrospira

W Sphingomonas

W Spirosoma

m unclassified_Acetobacteraceae

W unclassified_Alphaproteobacteria
W unclassified_Betaproteobacteria

m unclassified_Chitinophagaceae

m unclassified_Comamonadaceae

m unclassified_Gammaproteobacteria
W unclassified_Gordoniaceae

m unclassified_Micrococcales

m unclassified_Pseudomonadota

m unclassified_Rhodanobacteraceae
B Others <2%

The leaves hosted 4 main groups:
|.Hymenobacter
2.Methylobacterium
3.Sphingomonas
4 Acetobacteraceae unc.

High evenness (50% other genera)

. PMI0 had a more complex composition,
without a real core microbiome.

Larger biodiversity compared to leaves

The particulate matter contains a broader
and more variable microbial pool, while
leaves select a relatively stable core
microbiome while still maintaining high
levels of microbial diversity




BUT ARE THEY CONNECTED?

PMI10 - Highest number of

ASV classes _
@ Acidimicrobiia Indicator TAXA
@ Actinobacteria . :
=R Plant species — different
® Bacil microbial indicators
. Betaproteobacteria
) chitinophagia
haagi . .
: Ecin e Including PMI0 increased the
Other classes number of shared indicator

unclassified_Bacteria
— 65ASV

taxa among habitats

unclassified_Bacteroidota
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b
w
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Habitat (edge) @ wmarP @ vy
- ® e @ i These results suggest that

® ru PMIO may act as a reservoir
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A S8 4 ASV — 38 ASV

15 ASV ;\\U“@;-;yap\ - and dispersal hub
9'9%A - connecting phyllosphere

communities
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o 1]
J COMMUNITIES CHANGED THROUGH SEASONS .=|

Seasonal beta diversity components (Bacteria) Total beta-diversity between PMIO and

leaves - high value during all seasons
Btot ﬂrep! Brich - [t means that PMIO and phyllosphere are
very different in terms of microbial

Winter 0.077 composition
- DISPERSAL

Cold seasons - highest values of Brich,
ittle iInfluence of replacement
- Differences in communities due to the
number of taxa

Summer

Hot seasons - higher Brepl compared to
cold seasons, but also high values in Brich
- |[ncreased biological activity and new
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Autumn L |
leaf colonization reshaped community

composition.
- Differences due to composition
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Community A Community B Community A Community B




CONCEPTUAL SYNTHESIS

HOST IDENTITY SEASON P& siE
Strongest determinant for Most important driver for Significant effect,
leaf communities PMI0 communities <bam—maae Dutsecondary
¥
¥,

PHYLLOSPHERE N ) PMIO

Selection of a relatively stable community . Open and variable community

e Highest number of indicator taxa wig
R4al\ ° Coremicrobiome e No real core microbiome
&) © High biodiversity DISPERSAL HUB e Larger biodiversity
SR/ * Strong host filtering e Variable microbial pool through
$easons

PMIO acts as a reservoir and dispersal hub, connecting
distinct phyllosphere communities

COLD SEASONS 3K HOT SEASONS

 Highest Brich  Higher Brepl
- Differences mainly due to the ¢ |ncreased biological activity and new
different number of taxa between leaf colonization

compartments - Differences due to the composition or
DISPERSAL turnover of taxa and richness

SELECTION
+

\_ . + /
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APPLIED IMPLICATIONS
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Dispersal microbiome assembly degradation

FUTURE DIRECTIONS

| N MAGs ~
\ = =02  recostruction /
Atmospheric e

Sustain microbial GEMs and community
diversity at city level Microbiome interaction modeling

dispersal

MAGs - Metagenomes GEMs - Genome metabolic model
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