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Importance of Microbiota in Fertility
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composition and stability of the 
vaginal microbiota of normal 
pregnant women is different from 
that of non-pregnant women. 
Microbiome 

• Wee et al. 2018. A retrospective 
pilot study to determine whether 
the reproductive tract microbiota 
differs between women with a 
history of infertility and fertile 
women. Aust N Z J Obstet
Gynaecol.

• Hong et al. 2020. The association 
between vaginal microbiota and 
female infertility: a systematic 
review and meta-analysis. Arch 
Gynecol Obstet 

• Tomaiuolo et al. 2020a. 
Microbiota and human 
reproduction: the case of female 
infertility. High Throughput 9. 

• Bhattacharya et al. 2023. 
Reproductive tract microbiome 
and therapeutics of infertility. 
Middle East Fertil Soc J 28:1–14. 

• Magill, R.G., and S.M. 
MacDonald. 2023. Male 
infertility and the human 
microbiome. Frontiers in 
Reproductive Health.
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Microbiome: complex, interconnected systems

GENETIC
FACTORS

• Influence of 
the host
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system and 
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microbiomes from 
different systems.
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management, age.
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Investigate the influence of 
vaginal microbiota and its genes 
on sheep fertility

Objectives

• Describe the core microbiota and 
gene content of the ewe vaginal tract

• Determine the effect of breed and 
herd on the vaginal microbiota

• Determine the associations between 
the abundance of microbial 
communities and pregnancy outcomes
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Sampling and Study Design
Herd location

95 Manchega ewes 

56 herd RN 41 herd VL 

66 Latxa ewes 

ANIMAL SET

• 297 ewes

SYNC 
PROTOCOL

• Intravaginal
progesterone-
releasing 
device (PRID)

• After 14 days, 
PRIDs were 
removed

SAMPLE 
COLLECTION

• Before AI, a 
vaginal exudate 
sample was 
taken from 
each ewe

• AI 55h after 
PRID removal. 

PREGNANCY 
DIAGNOSIS

• By ultrasound 
55 days post 
insemination. 
• 48% rate 

134 Rasa Aragonesa ewes 
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DNA 
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Measurement
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Library preparation

Kit 24 V14 (SQK-
NBD114.24) 

protocol
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Bioinformatics

Fast5

Fastq

Filtered Fastq

Abundance Tables

Basecalling

• SUP accuracy (Seq. quality > 10) Guppy 
software

Filtering

• Remove host seq. by Minimap2 software
• Remove short (< 200 bp) seq. by Cutadapt 

software

Mapping with SqueezeMeta pipeline

• At phylum and genus Level
• COG: Clusters of Orthologous Genes
• KEGG: Kyoto Encyclopedia of Genes and 

Genomes
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tables
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Relative abundance

CLR 
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CLR

PERMANOVA
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PCA: Principal 
Component Analysis

Herd, Bred & Pregnancy

Differential abundance 
analysis

Size Factor

Model adjusted 
by herd

𝑌𝑌 = 𝛽𝛽1Preg + 𝛽𝛽2𝐻𝐻𝑒𝑒𝑟𝑟𝑑𝑑 + 𝑒𝑒

Model withing 
each herd
𝑌𝑌 = 𝛽𝛽1Pregnancy + 𝑒𝑒

Expression and Gene 
network analysis

Relative Abundance

Pathway 
network

COG & KO
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Results: Gene composition

The COGs focus on cell surface interactions, multidrug transport, and enzymatic activity. The KOs are 
mainly involved in immune response, membrane transport, and cellular adhesion
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Results: Beta diversity

Differences in the microbiota composition were mainly 
detected at breed and herd level

No differential patterns were observed in the genes (COG and 
KO)

No differential patterns were observed in the PAC for 
pregnancy, although significant differences were found in the 
PERMANOVA (P value = 0.001)



Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria INIA-CSIC INIA

Results: Beta diversity

Differences in the microbiota composition were mainly 
detected at breed and herd level

No differential patterns were observed in the genes (COG 
and KO)

No differential patterns were observed in the PAC for 
pregnancy, although significant differences were found in 
the PERMANOVA (P value = 0.001)



Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria INIA-CSIC INIA

Results: Beta diversity

Differences in the microbiota composition were mainly 
detected at breed and herd level

No differential patterns were observed in the genes (COG 
and KO)

No differential patterns were observed in the PCA for 
pregnancy, although significant differences were found in 
the PERMANOVA (P value = 0.001)



Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria INIA-CSIC INIA

Results: Differential analysis

Adjusted 

P-value > 0.05
3 Phyla, 17 Genera, 12 COG, 
2 KO

Most of significantly 
associated taxa were more 
abundant in non-pregnant 
ewes

Some taxa have also been 
reported in other studies 
negatively associated with 
fertility (Serrano et al. 2020, 
Koester et al. 2021, and 
Reinoso et al. 2023, 2024)

+ 
abundant in 

Pregnant ewes

+ 
abundant in 

Non-Pregnant ewes



Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria INIA-CSIC INIA

Results: Differential analysis

Adjusted 

P-value > 0.05
3 Phyla, 17 Genera, 12 COG, 
2 KO

Most of significantly 
associated taxa were more 
abundant in non-pregnant 
ewes

Some taxa have also been 
reported in other studies 
negatively associated with 
fertility (Serrano et al. 2020, 
Koester et al. 2021, and 
Reinoso et al. 2023, 2024)

+ 
abundant in 

Pregnant ewes

+ 
abundant in 

Non-Pregnant ewes



Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria INIA-CSIC INIA

Results: Differential analysis

Adjusted 

P-value > 0.05
3 Phyla, 17 Genera, 12 COG, 
2 KO

Most of significantly 
associated taxa were more 
abundant in non-pregnant 
ewes

Some taxa have also been 
reported in other studies 
negatively associated with 
fertility (Serrano et al. 2020, 
Koester et al. 2021, and 
Reinoso et al. 2023, 2024)

+ 
abundant in 

Pregnant ewes

+ 
abundant in 

Non-Pregnant ewes



Instituto Nacional de Investigación y Tecnología Agraria y Alimentaria INIA-CSIC INIA

Results: Genes pathway network

The KOs associated with 
pregnancy are mainly related 
to:

Signaling and cellular 
processes, 

glycan synthesis and 
metabolism, 

and drug resistance: 
antimicrobial.

COGs are primarily related to:
Carbohydrate transport,

Ribosomal structure and 
biogenesis, 

Defence and restriction 
systems, 

Energy production, 

cell envelope, 

and inorganic ion transport
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Conclusions

The core microbiota of vaginal tract was primarily composed of genera 
Staphylococcus, Escherichia and Histophilus

Differences in microbiota composition are primarily detected at the herd 
level

Key genera associated to pregnancy included Sneathia, Oceanivirga, 
Leptotrichia, Streptobacillus, Parvimonas, Actinobacillus, Campylobacter, 
Bacteroides, Fusobacterium, and Histophilus.While Fusobacteriota was 
notable at the phylum level.

The KOs linked to pregnancy focus on signaling, glycan metabolism, and 
drug resistance, while the COGs are mainly involved in carbohydrate 
transport, ribosomal biogenesis, defence systems, and energy production.
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Key genera associated to non-pregnant ewes included Sneathia, 
Oceanivirga, Leptotrichia, Streptobacillus, Parvimonas, Actinobacillus, 
Campylobacter, Bacteroides, Fusobacterium, and Histophilus. While 
Fusobacteriota and Bacteroidota was notable at the phylum level.

The KOs linked to pregnancy focus on signaling, glycan metabolism, and 
drug resistance, while the COGs are mainly involved in carbohydrate 
transport, ribosomal biogenesis, defence systems, and energy production.
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Conclusions

The core microbiota of vaginal tract was primarily composed of genera 
Staphylococcus, Escherichia and Histophilus

There was a high effect of breed (and herd) in the microbiome composition

Key genera associated to non-pregnant ewes included Sneathia, 
Oceanivirga, Leptotrichia, Streptobacillus, Parvimonas, Actinobacillus, 
Campylobacter, Bacteroides, Fusobacterium, and Histophilus. While 
Fusobacteriota and Bacteroidota was notable at the phylum level.

Genes associated to pregnancy failure were linked primarily to 
carbohydrate metabolism, defence mechanisms, transport and structural 
resilience.
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