=] proceedings m\ny

Proceedings

Characterization of the plant-associated bacterial
microbiota of the Mexican medicinal species
Bouvardia ternifolia.

Loan Edel Villalobos-Flores 1, Samuel David Espinosa-Torres 1, Fernando Hernandez-Quiroz 1,
Alberto Pifia-Escobedo !, Yair Cruz-Narvaez 2, Francisco Velazquez-Escobar 3, Roderich
Siissmuth ¢ and Jaime Garcia-Mena *

! Departamento de Genética y Biologia Molecular, Centro de Investigacion y de Estudios Avanzados del
Instituto Politécnico Nacional. Av IPN 2508 Col Zacatenco, Ciudad de México, 07360.
jgmena@cinvestav.mx

2 Laboratorio de Posgrado de Operaciones Unitarias. Escuela Superior de Ingenieria Quimica e Industrias
Extractivas del Instituto Politécnico Nacional. Unidad Profesional Adolfo Lépez Mateos, Ciudad de
México 07738, MEXICO.

3 Technische Universitét Berlin, Max Volmer Laboratorium fiir biophysikalische Chemie Technische
Universitat Berlin Str. des 17. Juni 135/Sekr. PC-14 10623 Berlin, GERMANY.

* Technische Universitét Berlin, Institut fiir Chemie, Sekr. TC 2, Department of Chemistry, Sekr. TC 2. Strafse
des 17. Juni 124, 10623 Berlin, GERMANY.

* Correspondence: jgmena@cinvestav.mx

* Presented at the 1+t International Electronic Conference on Microbiology, 02-30 November 2020; Available
online: https://ecm?2020.sciforum.net/

Published: 02 November 2020

Abstract: Medicinal plant research focused on the extraction of bioactive compounds directly from
the tissue, but it is known that many of that phytotherapeutic compounds are produced by
associated microorganisms or due to its interaction with the plant. Bouvardia ternifolia is a medicinal
plant which can be considered a potential source of therapeutic compounds such as the antitumoral
molecule bouvardin. We characterized the endophytic, endophytictepiphyte and soil bacterial
microbiota in the flower, leaves, stems and roots in specimens of this plant through 16S rDNA
sequencing (NGS). We found that Proteobacteria followed by Actinobacteria were the most
abundant bacteria phyla in this plant. On the other hand, the most representative genera living
endophytically were Propionibacterium, Paraccocus, Lactobacillus, Kaistobacter, Methylobacterium and
Erwinia. This study provides evidence of the composition and diversity of the bacterial communities
present in soil and tissues of B. ternifolin which can be considered for subsequent analysis and
understanding of the therapeutic compounds that give this species its medicinal properties.
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1. Introduction

Bouvardia ternifolia is a Mexican endemic plant used historically in Mexico as a general curative
resource and contemporaneously as a remedy for dysentery, poison therapy, pain relief, and other
afflictions [1]. The hydroalcoholic extract prepared from this plant shows acetylcholinesterase
inhibition activity, as well as anti-inflammatory and antioxidant effects [2]. Bouvardin is a cyclic
hexapeptide found in B. ternifolia with in vitro cytotoxicity against B16 melanoma melanotic and P388
lymphocytic leukemia cell lines [3]. These findings make of this plant a potential source of therapeutic
bioactive compounds. It is well known that many therapeutic secondary metabolites can be produced
by plant-associated microorganisms [4], because of this, the characterization of species that live in
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conjunction with the plant becomes an important research activity. In this study, we report the
characterization of the bacterial community associated with the Mexican medicinal plant B. ternifolia.

2. Material and methods

2.1. Sampling

Plant specimens were collected from five geographical locations in boroughs and municipalities
of Mexico City and the State-of-Mexico. The soil samples were taken at approximately 10 to 30
centimeters deep from the surface using sterile tubes. The whole plants were deposited in sterile
plastic bags and with the soil samples transported to the laboratory within 1 h to 6 h.

2.2. DNA extraction

For endophytes, stems and roots were cut in segments of approximately 3 cm. The parts were
rinsed three times with autoclaved deionized water and treated with a sterilization train consisting
of liquid detergent, 0.1% benzalconium chloride, 0.05% sodium nitrite, 70% ethanol, 5% sodium
hypochlorite solution, 2.5-3.5% hydrogen peroxide, 0.35 % ethanol, 0.05% n-phenylethanamide,
299.5% ethanol, and 15 minutes of 0.120 joules 254nm UV treatment. Samples were crushed in aseptic
conditions on a mortar with PBS pH 7.4. and liquid nitrogen. Samples were resuspended in PBS pH
7.4, filtered using sterile gauzes, and transferred to polypropylene tubes. Tubes were centrifuged at
6000 g, the supernatant discharged, and the pellet used for DNA extraction using the FavorPrep™
Stool DNA Isolation Mini Kit. For endophytestepiphytes, specimens were rinsed once with
autoclaved distilled water to remove excessive soil, crushed, and process directly for DNA extraction.
DNA from soil samples was extracted using QIAGEN DNeasy PowerSoil Kit.

2.3. DNA massive sequencing

Barcoded amplicons (~281 bp) containing the V3 variable region of the 16S rRNA was amplified
by PCR using V3-341F forward and V3-518R reverse primers [5]. For library preparation equal mass
of amplicons were quantified by gel densitometry and pooled. The libraries size and concentration
were checked using the Agilent 2100 Bioanalyzer system. High-throughput sequencing was made
using Ion Torrent PGM System technolgy. Quality control was made using FastQC [6], reads were
trimmed to 200 nt with Trimmomatic v0.36. FASTQ files were processed with multiple QIIME v1.9.0
scripts [7]. DNA sequences were classified into Operational Taxonomic Units (OTUs) using the
Greengenes database v13.8.

2.4. Microbial abundance and diversity analyses

We used QIIME pipeline v1.9.0 to determine abundance at phylum level, setting similarity at
97% with the database. Observed species, Chaol alpha diversity indexes were calculated and plotted
in R environment v3.4.4 using the phyloseq (v1.22.3) and ggplot2 (v3.3.0) packages.

2.5. Determination of shared OTUs, differential abundance and core endophyte bacterial taxa.

The shared bacteria among groups was determined with shared_phylotypes.py QIIME script
and plotted as Venn diagram (Inkscape). The LEfSe v1.0 program was used to detect differences in
the relative abundances of bacterial taxa among the endophytes, endophytest+epiphytes and soil
groups at an LDA cut-off score > 2.5 [8]. The core microbiome shared by at least 50 % was determined
using compute_core_microbiome.py QIIME script, and a heatmap was generated using the gplots
(v3.0.3) R package.

3. Results

We found ~1,000 OTUs shared among total plant, endophytic, and soil samples, ~2,000 OTUs
exclusively for soil bacteria, ~1,500 OTU'’s for endophyte+epiphyte plant bacteria, and ~250 OTUs for
endophytic bacteria (Fig. 1a). Proteobacteria (46-79%) was the most representative phylum followed
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by Actinobacteria and Acidobacteria. The phylum Cyanobacteria (8.5%) was more representative in
endophytes samples than in total plant samples (1%) (Fig. 1b). Bacterial richness and diversity by
plant fractions and soil, from highest to lowest was observed in the following order: soil > root > stem
> leaf > flower (Fig. 2). Linear discriminant effect size analysis showed the order Streptophyta, the
families Oxalobacteraceae, Ruminococcaceae, Lachnospiraceae, and the genera Propionilbacterium,
Paracoccus, Lactobacillus as the most representative taxa in endophyte bacterial samples (Fig. 3).
Endophyte core microbiota was characterized for each part of the plant and we found 28 bacterial
taxa as the most representative, including Erwinia genus predominant in flowers, Kaistobacter,
Sphingomonas and Methylobacterium genera in leaf, stem, roots, and other taxa associated with roots
such as Hypomicrobium and Bradyrhizobium genera (Fig. 4).
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Figure 1. (a) Ven Diagram showing the OTUs distribution among groups. OTU phylotypes are shown
in brackets and its percentage representation among endophyte, endophyte+epiphyte and soil
bacterial samples. (b) Relative abundance of bacteria at phylum level. Percentage of each phylum is
shown in the diferent plant parts and soil among the endophytes, endophytestepiphytes and soil
sample groups.
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Figure 2. Boxplot showing Observed and Chaol alpha diversity indexes. Samples were grouped by
anatomical parts of the plant of endophyte and endophytes+epiphytes and soil bacterial samples.
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Figure 3. Differentially abundant bacterial taxa found in the plant. Linear discriminant analysis (LDA)

effect size (LEfSe) comparison of horizontal bars represent the effect size for each taxon: Red color

indicates taxa enriched in endophyte group while green

endophytes+epiphytes group.
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Figure 4. Core endophyte microbiota in different anatomical parts of B. ternifolia. The heatmap shows
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4. Discussion
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B. ternifolia is medicinal shrub widely distributed in Mexico and part of the plant medicinal
heritage collection of this country [9]. It is important to characterize microorganisms present in this
species as many bioactive compounds may be produced by them or due to its interaction with the
plant. The most abundant bacterial phyla present in plants are Proteobacteria, Actinobacteria,
Bacteroidetes and Firmicutes [10]. In agreement with this, we found that B. ternifolia includes
Proteobacteria and Actinobacteria as the most abundant phyla. Each plant tissue provides a unique
environment for endophyte and epiphyte bacterial richness above and below ground [11], in our
study, we found lower bacterial richness in flowers, leaves and stems, and higher bacterial richness
in plant roots and soil samples. Abundant endophytic bacterial genera that we found in B. ternifolia
such as Kaistobater [12], Methylobacterium [13], Erwinia [10], Propionibacterium [14], Paraccocus [15] and
Lactobacillus [16], have been reported to be present living endophytically in other vegetal species.
Among these, some metabolites of endophytic Propionibacterium are reported to have valuable
therapeutic activity [17], while members of the genus Kaistobacter are associated with plant-disease
suppression [12].

5. Conclusions

This study provides evidence for the composition and diversity of the bacterial communities
living in flowers, leaves, stems, roots and associated soil of the Mexican medicinal plant B. ternifolia
which can be considered for subsequent analysis to profiling therapeutic and bioactive compounds
such as the antitumoral molecule bouvardin, reported to be present in this species.
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