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Introduction

A China is the world's largest producer and consumer of waterfowl farming
A The total value of waterfowl production has exceet#@l billion
A Duck farming accounting fof4.3% of world production

A China leads world duck meat production
A Globally, poultry meat accounts f88.2% of the total meat production

A Duck meat production ranks third after pork and chicken, making it the third largest meat industry in China
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Introduction

A Duck gut microbiota
A The duck gastrointestinatract (GIT) harborsan abundancef microorganismghat play an important

rolein duckhealthandproduction
A The duck microbiota plays a crucial role in functions such as nutrients digestion,immune system

developmentandfeedefficiencyimprovement
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Experimental design and sample collection

Sample collection
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Experimental design and sample collection

U Including

Four breeds(Mallard, Partridge Peking,andMuscovy)
Five intestinal segmentgthe duodenumjejunum,andileum of the smallintestine andthe cecum,andcolon of

thelargeintestine)
Five different growth ages(3, 7, 14, 42, and70 days)
Two rearing system(with waterandwithoutwater)
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Mallards Duodenum
n=30 n=24 - f@
- Jejunum
% Partridge ducks n=24 With water
=62 n=114
lleum
n=24
Peking ducks
n=51 Cecum
n=24
Muscovy ducks Colorectum Withou;;:vater
n=

n=62 n=24




A Duck microbial gene catalog construction and metagenomrassembling
A Shotgun metagenomic sequencing of genomic DNA extracted from 375 samples

4 regions, 5 intestinal segments and 5 different ages

375 gastrointestinal samples

Assembly to contigs Co-assembly to contigs
[MEGAHIT] [MEGAHIT]
I
— Binning
Gene prediction [MetaBAT2/Maxbin2/Concoct]
[Prodigal] |
Filt low quality MAGs
Cluster the genes [chei:kM]
[MMseq2]
Dereplication
dRe
[ | Pl _ Phylogenetic tree
S [PhyloPhlAn]
cOG Classification
[eggNOG] [GTDB-tk, (I:ompareM] Abundance estimation
BWA-MEM2
KEGG Gene catalog 223660%';%5 ((F;;' yIum)) [ !
L s (Genus )
[KofamKOALA] [24 M genes] 1475 MAGs (Species) CAZymes
l 1 [dbCAN2]
CAZymes ieats i
[dbC);-\NZ] — | Abundance estimation Repllcatlonn\lflv:g RUSIRUNER
[BWA-MEM2] 9 L ARGs
[dRep] [Resfinder]




Duck microbial gene catalog construction and metagenome-assembling

A Obtained a nonredundant GIT microbial genecatalog(RGMGC) with 24,602722genes

A Reconstructeda total of 4,437 bacterial and archaealgenomesand metagenomeassembledgenomesMAGS)
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Distinctive taxonomic characteristics of intestinal regional organization and functional potentials

A A different trend in gut microbiome diversity along the digestive tract, as alpha diversity was highest in the
small intestine but nearly identical in the cecum and colon;
A Specific microbial taxa show significant enrichment patterns in specific intestinal segment regions
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Distinctive taxonomic characteristics of intestinal regional organization and functional potentials

metabolism;

to protein folding, sorting, and degradation
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The small intestine microbiome appeared to be primarily involved in cofactor, vitamin, and amino acid

The large intestine microbiome exhibited a stronger association with lipid metabolism and functions related

The comparison of functional
modules, such as KOs, across the
intestinal regions provided further
insights into the substantial
regional functional heterogeneity
of the gut microbiome



The regional signatures of CAZymes in the duck GIT microbiome

A Similar CAZymes are encoded by different bacterial species in different intestinal segments
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Developmental trajectory and maturation of the duck microbiome

A The microbial diversities were increased during duck development, peaking at day 14 for genes and genus
profiles, and then remaining stable or decreasing slightly thereafter

A PCoA plots displayed clear clustering of samples according to stage groups

A Dominant phyla were Firmicutes, Proteobacteria, Bacteroidetes, Fusobacteria, and Actinobacteria
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Developmental trajectory and maturation of the duck microbiome

wnieloeqny

Paenibacillus

A On day 3, the identified major generaincluded Klebsiella
Lactobacillus Escherichia and Enterobacteryeflecting the
short-term exposureto the environment and the initiation
of gut microbial communities

A The key butyrateproducing bacteria, such as Blautia and

Anaerostipes
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Butyricicoccus known for their probiotic characteristics,
were consistentlyobservedduring middle growing stages,
suggestinga transition of gut environment towards a
healthier stage, which may contribute to improved
growth performance and diseaseaesistancein ducks.



Developmental trajectory and maturation of the duck microbiome
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Duck cecal microbiome changes under different rearing systems
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A The WOW condition exhibited significant enrichment in pathways related to carbohydrate, amino acid, lipid, energy, and
xenobiotic metabolism

A The WW condition influenced pathways associatedwith cofactor and vitamin metabolism, glycan metabolism, terpenoid&
and polyketides metabolism,aswell asnucleotide metabolism o



Duck cecal microbiome changes under different rearing systems

A In the WW duck microbiomes, we observeda reduction in the sucrosephosphotransferasegene(scrA), while
the sucrasegene(sacA) and glucose6 phosphateisomerase(GPI) showedincreasedabundance
A The WW duck microbiome, with increasedabundanceof IpxA, IpxB, IpxC, and IpxD
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Antimicrobial resistance in ducks with different rearing conditions

A The gut microbiome of WW ducks had significant beta-diversity and a slight increaseShannondiversity of ARGs

A Procrustesinalysigevealeda significantcorrelationbetweerbacterialcommunitiesandARGs composition

A Major phyla Actinobacteria, Bacteroidota, Firmicutes, and Proteobacteriawere mainly responsiblefor the CARD
encoding

A MAGs enriched in the WW ducks were mostly belongedto the phyla Bacterioidota and Proteobacteria, which
largely encodingFluoropyrimidine, macrolide, glycopeptide,and tetracycline antibiotics
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Conclusion

A The microbiota within different duck intestinal segmentsexhibits both similarities and distinctive taxonomic and
functionaldifferences

A Significantshifts in microbiotacompositionhavebeenobservedn newly hatchedducksat 3 daysof age,followed by
Increasedliversityandenhancedtability acrosggrowth stageg14, 42, and70 days)

A Ducks with free accessto water have shown an increasedbacterial capacity for lipopolysaccharidebiosynthesis,
leadingto the accumulatiorof pathogenidacteriaandantibioticresistancgenes
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