Microbial Diversity in the Vaginal Microbiota and
its Link to Pregnancy Outcomes

Sean P Kennedy: Dept of Computational Biology

S/

/™ International
Geneva, g Conference on
Switzerland v Clinical .
S Metagenomics InStItUt PQSteur




Metagenomic Signatures Team

Sean Kennedy (PI): Microbiologist and bioanalyist. Leading a team focused on microbiota research and analysis tools.
Maria Victoria Bussoletti: Erasmus, biology and biotechnology. Structural annotation of unknown genes in the vaginal
microbiota.

Agnes Baud: Python development and bioanalyist. Responsible for much of the analysis of the microbiota community
including diversity and statistical comparisons.

Darja Nikatina: Erasmus, health sciences and microbiota. Analysis of mouse microbiota in NASPEC project to develop new
antimicrobials.

Kenzo-Hugo Hillion: Bioinformatician and developer. Development of several Python tool and analysis pipelines. (former
member)

.,
. & ey ¥ "I| . 5
s @y A Yniversie 1 Inserm l-)- . AN R -
BforCure inpresnancy Institut Pasteur

INCEPTION



InSPIRe: Innovative Strategies for Perinatal Infection Risk-Reduction
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microbiological risk factors for prenatal infection with Group B Streptococcus
(GBS) and other potential pathogens and to examine the role different vaginal
microbiota communities play in the risk of premature birth.
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The Vaginal Microbiota is Usually Dominated by Lactobacillus sp.,

which Impacts Overall Diversity

Ravel et al., described five community
sequence types (CSTs) dominated by one of
four Lactobacillus species resulting in a
relatively low-diversity environment.

Gardnerella vaginalis, a fifth CST has been
associated with the dysbiotic condition BV
with consequent elevated risk during
pregnancy. However, this CST (IV) is highly
prevalent in African women in our study
and in others. **Harwich Jr. et al., remarked
that both commensal and pathogenic
species could be distinguished.

Our results show overall higher diversity of
a range of species to be indicative of higher
risk.

Lactobacillus gasseri
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*Ravel, J. et al. Vaginal microbiome of reproductive-age women. PNAS 108, 4680-4687 (2011).
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**Harwich, M. D. et al. Drawing the line between commensal and pathogenic
Gardnerella vaginalis through genome analysis and virulence studies. BMC Genomics



Pipeline for Automated Construction of a Project-Specific

Database for Metagenomic Analysis wl
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Including Taxonomic Information in Metagenomic Analysis

- Beta Diversity:

UniFrac is a distance metric used for comparing
biological communities. It differs from dissimilarity
measures such as Bray-Curtis dissimilarity in that it
incorporates information on the relative relatedness of
community members by incorporating phylogenetic
distances between observed organisms in the
computation.

« Alpha Diversity:

Phylogenetic diversity (“PD”) is a measure of
biodiversity, based on phylogeny (the tree of
life). Faith (1992) defined the phylogenetic diversity
of a set of species as equal to the sum of the lengths
of all those branches on the tree that span
the members of the set. The branch lengths on the
tree are informative because they count the relative
number of new features arising along that part of the
tree.
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*  We compiled the InSPIRe Custom Database of 1302 species that were
then used by Kraken2 to classify sequence reads.

* Recovered 16S sequences for these species from in the non-redundant
SSU (16/18S) SILVA dataset, supplemented with the NCBI nucleotide

database
e =>1215 species found

* Multiple Sequence Alignment with MAFFT

* Construction of the Phylogenetic Tree with RAXML (100 bootstraps)

* Manual Addition of the 87 missing species
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Inclusion of Taxonomic Information Greatly Improves PCoA
In Vaginal Microbiota Samples

OPEN a.ﬁﬂIESS Freely available online @'PLOS E%MLSL:I:LMIEN“

Using our own Unifrac phylogenetic distances to

Waste Not, Want Not: Why Rarefying Microbiome Data Is | | calculate the PCoA matrix, we observe that we can
Inadmissible di . i< inf t'A nearly double the amount of information contained
andignoring taxonomic information | i, e first two components: 58% versus 31%

Paul J. McMurdie, Susan Holmes*

Seatistics Department, Stanford University, Stanford, California, United States of America
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Taxonomic and Quantification Improve Statistical Power
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Beta-diversity between samples from the same group of inclusion, dominated by the sa

Curtis dissimilarity (A)(Bray and Curtis, 1957) and with Weighted UniFrac (B)
* = p<0.05; ** = p <0.01; False Discovery Rate, correction with Benjamini-Hochberg

Group of inclusion

Group A: Full term pregnancy, without premature rupture of
membranes (PROM)

Group B: Full term (= 37 LMP) pregnancy with PROM

Group C: Premature or threat of premature birth (< 37 LMP)
Group D: PROM before full-term (< 37 LMP)

me species, computed with the Bray-

(=)

Lactobacillus crispatus
Il Lactobacillus iners
Gardnerella vaginalis

BrayCurtis Weighted UniFrac
p-values p-values

A - Gardnerella_vaginalis A - Lactobacillus_crispatus  5.43e-64 5.45e-223

A - Gardnerella_vaginalis A - Lactobacillus_iners 5.13e-11 6.75e-50

A - Lactobacillus_crispatus A - Lactobacillus_iners 9.75e-30 1.34e-156

B - Gardnerella_vaginalis B - Lactobacillus_crispatus  1.03e-04 3.35e-83

B - Gardnerella_vaginalis B - Lactobacillus_iners 1.03e-04 2.50e-37

B - Lactobacillus crispatus B - Lactobacillus_iners 5.82e-01 2.34e-144 -
C - Gardnerella_vaginalis C - Lactobacillus_crispatus 9.32e-08 1.64e-111

C - Gardnerella_vaginalis C - Lactobacillus_iners 1.58e-02 2.00e-16

C - Lactobacillus crispatus C - Lactobacillus iners 5.53e-03 1.21e-47

D - Gardnerella_vaginalis D - Lactobacillus_crispatus 8.73e-05 6.56e-21

D - Gardnerella_vaginalis D - Lactobacillus_iners 6.47e-01 9.54205

D - Lactobacillus_crispatus D - Lactobacillus_iners 9.90e-06 2.57e-20




VCM Dominate Species and Overall Diversity are Linked to Pregnancy

Length

PD a-diversity
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False Positive Rate

There is a clear difference when analyzing samples by dominate species.

Further, diversity outside of Lactobacillus species, and even Gardnerella
vaginalis is a predicter of pre-term labor risk.

Results from Rasmussen? et al. showed increased genetic diversity, often
independent from the number of species, in the later weeks of pregnancy.

IRasmussen, M. A. et al. Ecological succession in the vaginal microbiota during pregnancy
and birth. ISME J 14, 2325-2335 (2020).




Development of a Pipeline to Harness the HPC
Implementation of AlphaFold2

Pipeline for structure prediction and annotation. Input is a Multi-FASTA file.

Extract + Finds and extracts of given ORFs (genes) from the FASTA file. These are then
translated into amino acid sequences. If assembly results in Ns, they can be
filtered at this point. The script outputs the AA sequence as well as the Batch
Batch script for running AlphaFold2 on the cluster.

BATCH file for HPC AA Sec

Translate +

AlphaFold2* Structure Prediction: Implemented on the HPC using 12 CPUs per protein: ~10h / prediction

AlphaFold2 results

If a high-quality structure can be generated, and if a structural

- - homolog is found in either PDB or AF databases, the Annotate
L “Annotate” Script: Query of Uniprot and parsing of results to J script will do a web search to recover the annotation attached

Navigates the directory structure to recover the results for all generated Quality Filter

structures. Structures are filtered by quality. Outputs a CSV file with
Protein, Best Model and Best Model Score.

FoldSeek™ Structure Similarity: HPC Implementation using 12 CPUs, PDB + AF Databases

annotation.




Understanding L. crispatus Dominance in the Vaginal
Microbiota

Adhesion

Competition
MUB: Mucus Binding Protein, involved in bacterial interaction with mucus

and colonization of digestive tract. The binding of full-length MUB to mucus
via multiple interactions involving terminal sialylated mucin glycans Nisin is the most famous and best studied lantibiotic

and it has high antibactericidal activity against a wide
range of Gram-positive bacteria

Metabolism
Disaccharide importer: Defense
Lactobacillus sp. often do not
grow In glycogen, are able to plDDT: == Very low (<50) Low {60} oK {70} Confident (80) == very high (>90)
Ut|I|Ze glycogen-breakdown it Predicted IDDT . Predicted Aligned Error !
products such as maltose, NV Y ) e )
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OxyR: Hydrogen peroxide sensor. Activates the
expression of a regulon of hydrogen peroxide-
i inducible genes such as katG, gor, ahpC, ahpF,
position oxyS (a regulatory RNA),
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Interested in further discussion or collaboration:

sean.kennedy@pasteur.fr
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