Comprehensive lung microbial gene and genome catalogs
assist the mechanism survey of Mesomycoplasma
hyopneumoniae strains causing pig Iung Iesions

Jlaql Chen, Zhou Zhang, Hmpeng Du, Zlfeng Liu, I\/Ieng Zhou,
Yiwen Xiahou, Huashui Ai*, Congying Chen*, Lusheng Huang*

National Key Laboratory of Pig Genetic Improvement and Germplasm Innovation,

Jiangxi Agricultural University, Nanchang, China

Jingquan Li, Fei Huang, Yunyan Zhou, Tao Huang, Xinkai Tong, Mingpeng Zhang, Jiaqi Chen, Zhou Zhang, Huipeng
Du, Zifeng Liu, Meng Zhou, Yiwen Xiahou, Huashui Ai, Congying Chen, Lusheng Huang. 2024. Comprehensive lung

microbial gene and genome catalogs assist the mechanism survey of Mesomycoplasma hyopneumoniae strains causing
pig lung lesions. iMeta 3: €258. https://doi.org/10.1002/imt2.258



http://www.imeta.science/
https://doi.org/10.1002/imt2.258

Introduction

Diversity of lung microbiome =) Selectivity of lung microbiome
g Quality Single
Bicteriome = Q Rawdata — control De-host —— L Co-assembly
'v ' ;:7_3 : ' Coughing ‘
Mycobiome . : % Gene prediction Binning Co-binning
®© : N Respiratory cilia 1 J,
& C ¢ . &
' : Gene catalog Refinement Refinement
’ ( & : ¥
Macrophage 1 l l
Virome ve
: o Gene catalog Re-assembly Re-assembly
. Y . e
g | 7 we | |
5 7N . ; Rs Alveolar surfactant - — -
L : ) ) . g = 3 £ Dereplication g
: <+ Healthy lung microbiome g = S 1 oz
e = 2] =) @
Streptococcus Veillonella Prevotella Haemophilus _/Candida E 2 2 = g
o
@ penicillium Saccharomyces Respiratory virus / ,;‘ Phages

v' Growing evidence has suggested that the lung microbiome has a significant impact on
respiratory diseases.

v" It is thus critical to reveal the community structure of the lung microbiome to explain its roles
In maintaining lung health and in related disease.
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Mechanism of M. hyopneumoniae causing lung lesions
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Results

Characterization of the microbial gene catalog Taxonomic compositions based on PRGC90
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» A comprehensive pig lower respiratory tract gene catalog (PRGC) containing 10,031,593 genes

« Based on this catalog, we revealed taxonomic and functional composition of the pig lower
respiratory tract microbiome



Results

Taxonomic composition of 356 MAGs Phylogenetic tree of 356 MAGs
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v 1965 MAGs were recovered from the pig lower respiratory tract microbiome.

v 1965 MAGSs were clustered into 356 non-redundant MAGs and 256 species-level genome bins (SGBs).
v 41.8% were defined as unknown SGBs (USGBS).
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Score 0.54 1.39 2.40 4.64
Group HL SLL MLL SVLL

613 F- pigs in the mosaic population were well phenotyped and divided into four groups according
to their lung lesion scores



Results

Association of microbial taxa with lung lesions
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Identifying bacterial strains associated with lung lesions and its interaction network



Pangenomes and the distribution of virulence

factors in M. hyopneumoniae strains
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MAGS constructed in this study expanded
the genetic diversity of M. hyopneumoniae
genomes greatly.

Differential gene expressions  between

MAGA47 _like and 168L strains.

v' The MAGA47_like strain with high
pathogenicity had higher expression levels
of virulence factor genes, especially, the
genes encoding adhesins and adhesion-
related proteins.



Results

0.18
1

0.012

o

0.00084

e
5
Q
ol B3
Control 168L MAGA47_like

0.26
—

—_——

w0

7.9e-08

3e-0
A2e08, X

Control 168L MAGA7_like

Mhyopneumoniae DNA copies (log,,) ~ Relative integral opfical density

0.0048
0.015

0.11

T

Control 168L MAGA47_like

x
8o an- 2 A
g LmoN §<Nzx -
BlF z90RUrOFaGIz N
Eression S SR FeoiasidssiEansedodito
‘ : SSSSSSSSSSSS SO YT
E N
| . i
Y | N |

T TR o on of
gsagsmsggéagssﬁ gene expression o

host cells

Differential expression genes (strains)

Regulation
up
* down
normal
200+
T
g
= A
> * e
=] .
100 d '['
PE7IP1 family —=¢ !
hp2 EE-Tul S
El .'-il
: e’y
of T
e v ®29
D.'
.
-, -
o st
0_.__-_____':"_'.0’ ___________
T T T L1 T
=12 -8 -4 0 4

log,(MAG47_like-Infect /168L~Infect)

v' Compared

(B) (C)
Regulation : Regulation
150- up : up
: gapdh, i
= down ' ' « down
normal | 200+ normal
& 100- ' : —_ :
['4 1 |
o 1 -3 .
n . | [ ha e
E Ml I ] rBPOTEE) |
g p 4"\ ; L R
Lept gt . : 1004 " ”“’.X; r:4
50 Py ' e ‘/
! : o
WP 1 st i
s ae | ol Y P 159
LR 3 . Y .
" .-
Lo E ‘:'.‘;"—'7_7:;‘;",.[5.7 """""" [t B | pghoad T
-5.0 -25 0.0 25 5.0 7.5 -5 (IJ 5

logz(MAGA47 _like-Infect/ MAG_47_like)

with 168L strain,
strain exhibited stronger adhesion ability, a
significantly higher number of damaged cilia,
and a lower transepithelial electrical resistance
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v' MAGA47 like strain infection leaded to the
stronger immune and inflammation response,
oxidative stress, and cell apoptosis



Summary

J We constructed a gene catalog that contained an unprecedented number of
10,031,593 microbial genes and recovered 356 MAGs from the swine lower respiratory
tract microbiome.

J Using these catalogs, we found the heterogeneity in the microbial composition of the
swine lower respiratory tract microbiome among individuals.

J The pan-genome of Mesomycoplasma hyopneumoniae strains was analyzed to explore
the distribution of virulence factors in different strains. And the mechanism of their
different pathogenic abilities among strains was elucidated.

J We confirmed the effect of M. hyopneumoniae adhesion on the lung lesions, and its
molecular mechanism was clarified.
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