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Abstract
The worldwide production of vanilla, a native orchid from Mexico, is greatly affected by stem and root rot
disease, typically associated with Fusarium oxysporum fungi. We hypothesized that the presence of
Fusarium species in vanilla is not su�cient for the plant to express symptoms of the disease. We
described the taxonomic composition of endophytic microbiomes in symptomatic, asymptomatic vanilla
plants using 16S and ITS rDNA metabarcoding, and ITS Sanger sequences generated from fungal
isolates. We compared the bacterial and fungal diversity in vanilla plants from a long-term plantation,
and from feral plants found near abandoned plantations that did not present SRD symptoms. No
signi�cant differences were found in the species richness of the bacterial and fungal microbiome among
feral, or asymptomatic and symptomatic cultivated vanilla. However, signi�cant differences were
detected in both fungal and bacterial diversity from different organs in the same plant, with roots being
more diverse than stems. We found that Proteobacteria and Actinobacteria, as well as the fungal families
Nectriaceae and Xylariaceae, constitute the core of the vanilla microbiome that inhabits the root and stem
of both cultivated and feral plants. Our work provides information on the microbial diversity found in root
and stem rot in vanilla and lays the groundwork for a better understanding of the role of the microbiome
in fungal diseases in vanilla cultivation.

Introduction
Vanilla planifolia Jacks. ex Andrews, is an orchid species endemic to Mexico. Despite its remarkable
historical, cultural, and socioeconomic value [1], Mexican vanilla consists of a mere 5% of the world’s
production, compared to 35% from Indonesia or 32% from Madagascar [2]. Low yields of Mexican vanilla
and worldwide, are in part due to the plants’ susceptibility to stem and root rot disease (SRD) [3]. When
affected by SRD, vanilla plants show signs of necrosis until they rot [4]. It is estimated that 67.4% of
vanilla plants are removed from Mexican plantations within 4 years of their initial establishment due to
SRD [5]. SRD in vanilla has been associated with fungal species from the genus Fusarium [3,6,7], and
speci�cally, with F. oxysporum f. sp. vanillae [8-10]. However, F. oxysporum and other species from this
genus have been identi�ed in both wild and cultivated V. planifolia plants, including those without SRD
symptoms [6,11,12]. In fact, several Fusarium species, including some F. oxysporum strains can act as
mutualistic microbes in plants, providing the inhibition of pathogenic strains and other bene�ts to their
host [13]. This suggests a natural symbiotic role of Fusarium species in the vanilla microbiome and that
its presence or abundance on vanilla plants is not su�cient to predict disease outcome.

Bacterial and fungal microbiomes can affect the development of SRD symptoms. For example, the
Vanilla endophytic bacteria Bacillus amyloliquefaciens can inhibit the growth of pathogenic fungi in vitro
[14]. Other studies show the correlation of soil microbial communities with the incidence of SRD in V.
planifolia plantations; Xiong, et al. [15] found that disease incidence was positively correlated with higher
bacterial diversity and lower fungal diversity, and negatively with lower bacterial diversity and higher
fungal diversity in soil of vanilla plantations. Also, they found higher dominance of Mortierella spp. in
soils with plants that present a low incidence of symptoms of SRD disease. Later, these authors
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demonstrated that the application of bio-fertilizers enhanced bacterial diversity and was a key factor for
controlling F. oxysporum populations [16]. As a result of bio-fertilizer application, they observed an
increase of microbial species with antifungal activity (Lysobacter spp.) in treated soils and suggested
that SRD suppression was linked to the introduction of keystone species (Bacillus and Trichoderma spp.)
that reshaped the soil microbiome structure and functions, indirectly inhibiting pathogens. 

In this study we compared the bacterial and fungal microbiome of asymptomatic and symptomatic
cultivated vanilla plants from long-term plantations, as well as from feral plants found near abandoned
plantations that did not present SRD symptoms. Although these feral plants may be remnants of wild
populations, we assumed that they most likely escaped from abandoned plantations and that have not
been managed for several decades, with a history of natural pollination and biotic interactions. We
hypothesized that 1) The diversity and community composition of the vanilla microbiome is different
between feral and cultivated plants, with feral plants being more diverse; 2) Fusarium species occur in
both symptomatic and asymptomatic plants, but that plants with SRD symptoms have higher
abundances of Fusarium species; and that 3) Microbial diversity is the same in affected plant organs,
mainly stem and root. Our research contributes to our understanding of the microbial diversity and
functions in wild and cultivated vanilla populations and to develop methods to control the expression of
stem and root disease.

Methods
Sampling. Sampling was carried out during August 2018 in a vanilla plantation near Papantla
(20.4272696, -97.3136406), in the state of Veracruz, Mexico. The root and stem of six symptomatic
individuals (with clear signs of SRD, such as chlorosis and necrosis) and six asymptomatic (no signs of
SRD) individuals were sampled, for a total of 24 samples. For each sample, 10 cm of tissue was placed
in a Ziploc bag and kept at 4 ºC for less than 24 h before surface sterilization, following the procedure
described by Pinaria et al [6] and fungal isolation in culture media. Additionally, the root and stem of 3
symptomatic, 3 asymptomatic and 2 feral plants growing in the tropical native forest surrounding the
plantation, were preserved in liquid nitrogen for DNA extraction and meta-barcoding, for a total of 16
samples.

Fungal culturing. Approximately 1 cm was removed at both extremities of the samples to avoid
microbiological bias from surface sterilization. The remaining material was cut open longitudinally and
macerated in 10 mL of sterilized distilled water. 1 mL of a 1:100 dilution was uniformly plated using 3
commercial media: PDA, Czapek and Sabourad agar. Each media was prepared (1) following the
manufacturer instructions and (2) by adding 300 mL of autoclaved vanilla macerated tissue to 700 mL of
0.5 × agar. A total of 6 cultures per sample were maintained at room temperature in the dark for 6 days
and axenic cultures were isolated into new PDA plates. In some cases, antibiotics (penicillin 200 uL/mL +
streptomycin 100 uL/mL) were added to avoid contamination with bacterial growth.
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Molecular identi�cation of fungal isolates. Fungal axenic cultures were grouped into morphotypes and
DNA was extracted from one isolate of each morphotype group following a standard CTAB-SDS protocol
[17,18]. The internal transcribed spacer (ITS) region of rDNA was ampli�ed with primers ITS1F [19] and
ITS4 [14] using de GoTaq Master Mix from Promega and the following PCR conditions: initial
denaturation at 95 °C for 5 min, followed by 32 cycles at 94 °C for 30 s, 52° C for 30 s, and 72 °C for 1
min, with a �nal extension step at 72 °C for 8 min.

Amplicons were veri�ed on 1.5 % agarose gel and puri�ed as follow: 1/10 volume of ammonium acetate
(NH4Ac) and 2 volumes of ice-cold isopropanol were added to the PCR reaction, vortexed and kept at –20
°C for 1 h. After centrifugation at 13500 rpm during 30 min at 4°C, the pellet was decanted and cleaned
with cold 70% isopropanol, then resuspended in DNA-free sterilized water. Once puri�ed, amplicons were
sequenced by Sanger sequencing in the Laboratorio Nacional de Genómica para la Biodiversidad at
CINVESTAV, Mexico. DNA sequences were veri�ed and assembled using Geneious 11.1. 

Fungal isolates were taxonomically identi�ed by performing BLAST searches to corresponding “Species
Hypothesis” (SH) in the UNITE database [21]. SH are based on dynamic values of the identity percentage
of the ITS region from 97% to 99.5%; in this case, we assigned a SH to each sequence based on 97%
identity. To further delimit species, phylogenetic trees were reconstructed for the most diverse taxonomic
groups (Fusarium and Xylariaceae) with a representation of all reported species for which ITS was
available in GenBank. Alignments were performed in Muscle [22], veri�ed with Gblocks [23] with default
parameters and used to generate maximum likelihood trees in MegaX [24] using the Tamura-Nei
substitution model (selected based on the lowest AIC scores) and 1000 bootstrap replicates. Finally,
matches between fungal isolates and OTUs generated in the meta-barcoding analysis were explored
using BLAST searches, by selecting matches with >97% identity and >250pb sequence length. 

Root and stem meta-barcoding. DNA was extracted using an optimized CTAB method [25] with root
samples previously washed with a Sorbitol Buffer [26]. The bacterial 16S rRNA region V3-V4 was
ampli�ed using primers Bakt_341F and Bakt_805R [27] and the fungal region ITS2 with primers 3F and
4R [20]. Amplicon libraries were constructed and sequenced at Macrogen Inc. (Seul, South Korea), using
an Illumina MiSeq 2 × 300 bp platform, with the following PCR conditions for both regions: initial
denaturation at 95 °C for 5 min, followed by 25 cycles at 95 °C for 30 s, 55° C for 30 s, and 72 °C for 30
sec, with a �nal extension step at 72 °C for 5 min. 

Sequence quality �ltering and clustering into “Operational Taxonomic Units” (OTU) at 97% similarity was
carried out in AMPtk [28] with default parameters except: For quality-trimming: --min_len 150 as the
minimum length to keep a sequence and –m 10 as the minimum number of reads per OTU; for �ltering
against index-bleed: --min_reads_otu 10 as the minimum number of reads for an OTU to be retained as
valid. OTU taxonomy was assigned in AMPtk by aligning reference sequences in RDP (version V16) [29]
for 16S and UNITE (version 8.2) [21] for ITS2. Dubious OTUs with abundance >0.05% of total read count
per sample were �ltered out, as well as OTUs that did not classify as bacteria or fungi. OTUs of
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mitochondrial and chloroplast origin were further �ltered from the bacterial dataset by using the
�lter_taxa_from_otu_table.py function in QIIME [30]. 

Taxonomic diversity analyses were carried out in R 4.0.3 (R Core Development Team 2008) using custom
scripts and the phyloseq, vegan, metacoder and ggplot2 packages [31-34] According to Fernandez et al.
(2017) [35], we transformed read counts into relative abundances by averaging the number of reads per
sample, multiplied by 10,000 and transformed to the next integer to be used as counts. Species richness
(observed richness and Shannon index) between organ (root or stem) and conditions (symptomatic,
asymptomatic, feral) were tested using non-parametric Kruskal-Wallis tests and pairwise Wilcoxon rank
sum test. Bonferroni corrections were applied to p-values to account for multiple comparisons. Since read
counts are nor representative of species abundances [ 36,37], we constructed Raup-Crick dissimilarity
matrices based on OTU presence/absence (after eliminating OTUs only present in one sample) and
visualized bacterial and fungal community composition by non-metric multidimensional scaling (NMDS).
The effect of organ and condition on bacterial and fungal community composition was tested with
PERMANOVA and 999 random permutations (Adonis tests). Finally, the taxonomic composition of
bacterial and fungal communities was compared between conditions by generating heat tree plots and
testing differences between the median proportion of reads between conditions using Wilcox rank-sum
tests. 

Results
Microbiome diversity and community structure in vanilla. Our metabarcoding data revealed that a total of
1,054,997 16S reads passed quality �ltering and clustered into 1666 bacterial OTUs. The most species-
rich phyla were Proteobacteria (573 OTUs), Actinobacteria (277), Bacteroidetes (245), Acidobacteria (125)
and Planctomycetes (124), while 97 OTUs remained unassigned at phylum level. OTU richness was
signi�cantly higher in root (1594 OTUs) compared to stem (693) samples when comparing both observed
richness (χ2 = 9.9265, p-value = 0.002) and Shannon index (χ2 = 8.6471, p-value = 0.003). When looking
at species diversity per condition (Table 1), root OTU richness was higher in symptomatic (1385 OTUs)
and asymptomatic (1321) compared to feral (763) individuals, while stem OTU richness was higher in
feral (598) compared to symptomatic (305) and asymptomatic (163) individuals. These differences
however remain non-signi�cant based on pairwise Wilcoxon tests for both observed richness and
Shannon index, potentially due to the low number of samples studied.  Based on NMDS ordination
(Figure 1), the bacterial community composition varied most signi�cantly between organs (R2 = 0.91, p-
value = 0.001), while the effect of condition (R2 = 0.03, p-value = 0.003) and the combination of both
factors (R2 = 0.06, p-value = 0.002) were lower but nevertheless signi�cant. 

Regarding fungi, 1,117,927 ITS2 reads passed quality-�ltering and clustered into 889 fungal OTUs
belonging to the phyla Ascomycota (607 OTUs), Basidiomycota (121), Mucoromycota (12, sensu
Spatafora et al. 2016), Rozellomycota (6), Chytridiomycota (1) and Kickxellomycota (1), while 141 OTUs
remained unassigned at phylum level. In addition, 403 OTUs remained unassigned at family level,
emphasizing the large number of undescribed fungal groups that are associated with vanilla. The most
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species-rich families were Nectriaceae (32 OTUs), Herpotrichiellaceae (22), Aspergillaceae (14),
Cyphellophoraceae (10) and Glomerellaceae (6). Similarly, to what was observed in the bacteria dataset,
OTU richness was signi�cantly higher in root (772 OTUs) than in stem (363) samples when comparing
observed richness (χ2 = 8.04, p-value = 0.005), but not Shannon index (χ2 = 3.19, p-value = 0.07). When
looking at species diversity per condition (Table 1), root OTU richness was higher in symptomatic (510
OTUs) than in asymptomatic (438) and wild (303) individuals, while stem OTU richness was higher
in feral (226) compared to symptomatic (112) and asymptomatic (98) individuals. Similarly, to what was
observed in the bacteria dataset, these differences remain non-signi�cant based on pairwise Wilcoxon
tests for both observed richness and Shannon index, potentially due to the low number of samples
studied. Fungal community composition varied most signi�cantly between organs (R2 = 0.66, p-value =
0.001), but a good portion of the variation was also explained by condition (R2 = 0.18, p-value = 0.001)
and the combination of both factors (R2 = 0.11, p-value = 0.003).

Fungal diversity detected from culture isolates. Microbiological isolation of vanilla roots and stem led to
100 fungal isolates growing on PDA, 34 on Sabourad and 10 on Czapek media, for a total of 144 axenic
cultures. The isolates were grouped into 58 morphotypes for which we obtained ITS sequences that were
deposited in GenBank (MZ270645-MZ270702) (Table S1). Based on ITS sequences we were able to
identify 14 genera, predominantly from the phylum Ascomycota, except for two isolates belonging to
Basidiomycota. 41 out of 51 morphotypes were identi�ed at family level, distributed in 8 families:
Xylariaceae (18 morphotypes), Nectriaceae (7), Stachybotryaceae (5), Biatriosporaceae (4),
Bionectriaceae (2), Irpiceae (2), Trichosphaeriaeae (2) and Aspergillaceae (1). In the Xylariaceae ITS
phylogenetic tree, our sequences are grouped within the genera Daldinia, Xylaria and Entonaema (Suppl.
Fig. S2). When comparing Xylariaceae ITS sequences in UNITE database, the 18 sequences clustered into
only four SH identi�ed as Hypoxylon griseobrunneum, Xylaria multiplex, Xylariaceae and Daldinia
starbaeckii, each corresponded to an OTU from the metabarcoding analysis. These results indicate that
Xylariaceae SH and OTUs may show a high phenotypic diversity of morphotypes when isolated in culture
media; and it also suggests that the use of morphotypes is limited in identifying and selecting
Xylariaceae. Interestingly, these 4 cultivable OTUs, were present only in asymptomatic samples according
to metabarcoding analysis. The second most-species rich family recovered from our cultures was
Nectriaceae that includes the genus Fusarium. Nectriaceae ITS sequences from vanilla clustered in the
phylogenetic tree with Fusarium solani, Fusarium oxysporum and Fusarium incarnatum-equiseti species
complexes (Suppl. Fig. S1). In the UNITE database, these Fusarium sequences were identi�ed as SH
corresponding only to Fusarium pseudensiforme and Gibberella fujikuroi. In addition, according to
metabarcoding data, Nectriaceae morphotypes sequences matched with 6 different OTUs identi�ed as
Fusarium, Nectriaceae and Sordariomycetes in the metabarcoding analysis. The OTUs matching these
isolates were present predominantly in the root samples (Table S1).

Most abundant taxa in vanilla microbiome. Even though the frequency of bacterial and fungal phyla is
similar between conditions in both root and stem samples (Figure 2), when analyzing the 10 most
frequent bacterial and fungal families in our dataset, marked differences in OTU frequencies were
observed between both condition asymptomatic, cultivated/symptomatic, cultivated/feral
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(asymptomatic, symptomatic, and feral) and organ type. Unfortunately, because of the very small number
of feral samples, we could not analyze differences between feral and cultivated (as two
states). Asymptomatic stems shared the bacterial family Sphingomonadaceae, and the fungal families
Phaeosphaeriaceae, Orbiliaceae and Glomerellaceae, while Pseudonocardiaceae (bacteria) and
Nectriaceae (fungi) were almost absent. The relative abundance among bacterial taxa (Figure 3) shows
that the family Beijerinckaceae as well as various Actinobacteria were signi�cantly more abundant in
feral individuals, while Proteobacteria were signi�cantly more abundant in asymptomatic individuals. The
class Negativicutes was also signi�cantly more abundant in asymptomatic individuals than in
symptomatic individuals. Commonly isolated bacterial genera included Paenibacillus from orchid
meristems [38] and Streptomyces, Bacillus, Flavobacterium, and Pseudomonas from orchid roots [39,40],
which we recovered in almost all our samples.  Regarding fungi, the families Mycosphaerellaceae,
Neodevriesiaceae Sporocadaceae, Stachybotryaceae, Teratosphaeriaceae, Tremellaceae, Xylariaceae, as
well as the order Chaetothryriales were signi�cantly more abundant in symptomatic individuals (Fig. 3).
Mycosphaerellaceae was also signi�cantly more abundant in feral than asymptomatic individuals, while
Neodevriesiaceae was less abundant in feral plants than cultivated symptomatic individuals. Although
the family Nectrinaceae (that comprise the genus Fusarium) was more abundant in asymptomatic than
symptomatic cultivated plants and feral individuals (Figure S3), these differences however stayed non-
signi�cant according to Wilcoxon Rank Sum tests. Porras-Alfaro and Bayman (2007) previously reported
Tulasnella, Ceratobasidium y Thanatephorus from microbiological isolates characterized by ITS Vanilla
planifolia y poitaei. We recovered Ceratobasidium in our microbiological isolates in our live collection,
and in the metabarcoding data. 

Discussion
The taxonomic composition of the endophytic microbiome of Mexican native Vanilla planifolia was
characterized in plants affected by stem and root rot disease, with the hypothesis that the presence of
Fusarium oxysporum f. sp. vanillae alone, is not enough to explain symptoms, and that the diversity of
the microbiome matters. The anthropogenic effects of long-term cultivation in its microbiomes have not
been studied enough in V. planifolia to identify overall trends. We found that Proteobacteria and
Actinobacteria, as well as the fungal families Nectriaceae and Xylariaceae constitute the core of the
vanilla microbiome in the root and stem of both cultivated and feral plants. Cultivated taxa from our
microbiological collection characterized with Sanger sequencing also mostly belong to the Xylariaceae
and Nectriaceae families, although it is important to note that species remain hypothetical due to the
di�culties in taxonomic assignment in fungi. Ceratobasidium seems to be an important genus in vanilla
as previously identi�ed for this species [41], although its function is not clear, whether it is
endomycorrhizal or saprotrophic, for instance. Members of the Xylariaceae in general likely have an
important role in the expression of symptoms of SRD. The life cycle of members of this family usually
starts with an endophytic phase where the spores and mycelia live inside plant tissues without causing
any visible symptoms. If the plant undergoes abiotic or biotic stress, members of the Xylariales become
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saprotrophic fungi that feed from previously infected tissue, contributing to a faster rotting of the
affected area [42]. 

We did not detect signi�cant differences in bacterial or fungal overall levels of diversity among cultivated
vanilla and its feral counterpart, or among asymptomatic and symptomatic individuals. This is similar to
a recent report in vanilla plants growing in wild-natural conditions in which the community of mycorrhizal
fungi was not signi�cantly different to the plants in the highly managed farm [41]. However, diversity
indexes and richness comparisons can be sensitive to our small sample size, so we focused on the 10
most abundant taxa, for which we found differences in groups such as Xylariaceae and Actinobacteria
and Proteobacteria, among conditions and organs, as well as some more unusual groups such as
Negativicutes, apparently present only in asymptomatic individuals. Also, while not signi�cant, there was
generally lower diversity in asymptomatic plants, independent of methodology, perhaps due to pathogen
competition in the plant. A lower diversity of endophytic microbiomes in infected/symptomatic plants
when compared to healthy samples was observed in apple �owers after Erwinia amylovora
phytopathogen inoculation in contrast to water inoculated �owers [43].  Richness of endophytic fungal
morphotypes in bananas cv. Manzano was higher in healthy plants compared with diseased plants
with Fusarium oxysporum f. sp. cubense according to microbiological endophytic isolation [44].

Interestingly, we did �nd signi�cant differences in the richness and diversity of the Shannon index
between organs, stem and root, with the root being most diverse for both bacteria and fungi. This
suggests host-driven speci�city for each organ, similar to three Mediterranean terrestrial orchids, Neottia
ovata, Serapias vomeracea, and Spiranthes spiralis, whose organ-speci�c microbiome appears to have an
active involvement in the orchid holobiont [45]. 

The species composition patterns that we found do not suggest any clear evidence that Fusarium is the
causing agent of the SRD symptoms, con�rming our main hypothesis that SRD is the expression of
additional factors other than Fusarium alone. This is also congruent with studies that have hypothesized
that Fusarium spp can prevent other fungi from establishing and growing through direct competition,
hindering the growth of the rest of the community by modifying the environment within the tissue in their
favor [6,11,12]. This effect has also been reported in wheat (Triticum aestivum) ears [46] and a decrease
in fungal endophyte diversity has been observed in rot diseases caused by Fusarium spp. (mainly F.
graminearum and F. culmorum). The Nectrinaceae family that includes Fusarium species was generally
more abundant in asymptomatic than symptomatic and feral individuals, supporting a more complex
ecological and biological role for Fusarium, but our small sample size limited the statistical power to
con�rm this trend. Fusarium and other members of Nectriaceae are usually predominant in the root
compared to the stem. The root is thought to be the point of entry for Fusarium [15] where we expect the
highest fungal diversity to occur naturally, and where their ecological role may be broader. Furthermore,
our phylogenetic analyses suggest that the Fusarium present in Mexican vanilla is a species complex,
rather than a single species that could be associated to SRD, and that the pathogenic nature of
Fusarium almost certainly depends on other factors such as previously described pathogenic genomic
regions for other plants [47,48]. Fusarium species, historically associated with SRD, are likely present in
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the plant in both cultivated and feral conditions as part of the extended microbiome, and the expression
of symptoms is associated with additional factors, rather than with its simple presence or absence. 
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Isolate ID Taxonomical classi�cation GB
Accession

VPI_S15 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Daldinia

MZ270645

VPI_A20 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Daldinia

MZ270646

VPI_S31 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Daldinia

MZ270647

VPI_S63 Fungi; Dikarya; Basidiomycota; Agaricomycotina; Agaricomycetes;
Agaricomycetes sbc Incertae sedis; Polyporales; Irpicaceae; Ceriporia

MZ270648

VPI_S16 Fungi; Dikarya; Basidiomycota; Agaricomycotina; Agaricomycetes;
Agaricomycetes sbc Incertae sedis; Polyporales; Irpicaceae

MZ270649

VPI_S35 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Bionectriaceae; Clonostachys

MZ270650

VPI_S51 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Bionectriaceae; Clonostachys

MZ270651

VPI_S1 Fungi; Dikarya; Ascomycota; Pezizomycotina; Eurotiomycetes;
Eurotiomycetidae; Eurotiales; Aspergillaceae; Penicillium

MZ270652

VPI_A12 Fungi; Dikarya; Ascomycota MZ270653

VPI_S18b Fungi; Dikarya; Ascomycota MZ270654

VPI_A29 Fungi; Dikarya; Ascomycota MZ270655

VPI_S65 Fungi; Dikarya; Ascomycota MZ270656

VPI_S13 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270657

VPI_S19 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270658

VPI_S21 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270659

VPI_S28 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270660

VPI_S41 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270661

VPI_S42 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270662

VPI_S46 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270663

VPI_A47 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270664
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VPI_S52 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270665

VPI_S5 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales

MZ270666

VPI_S24 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Xylaria

MZ270667

VPI_S30 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Xylaria

MZ270668

VPI_S32 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Xylaria

MZ270669

VPI_S54 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Xylaria

MZ270670

VPI_A11 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Hypoxylon

MZ270671

VPI_S14 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Xylariomycetidae; Xylariales; Xylariaceae; Hypoxylon

MZ270672

VPI_S17b Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Fusarium

MZ270673

VPI_A22 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Fusarium

MZ270674

VPI_S45 Fungi; Dikarya; Ascomycota MZ270675

VPI_A39 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Sordariomycetes sbc Incertae sedis; Trichosphaeriales;
Trichosphaeriaceae; Nigrospora

MZ270676

VPI_A3 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Sordariomycetes sbc Incertae sedis; Trichosphaeriales;
Trichosphaeriaceae; Nigrospora

MZ270677

VPI_S10 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Stachybotryaceae; Myxospora

MZ270678

VPI_S17 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Stachybotryaceae; Myxospora

MZ270679

VPI_S38 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Stachybotryaceae; Myxospora

MZ270680

VPI_S66 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Stachybotryaceae; Myxospora

MZ270681

VPI_A25 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Stachybotryaceae; Myxospora

MZ270682

VPI_S64 Fungi; Dikarya; Ascomycota; Pezizomycotina; Dothideomycetes;
Pleosporomycetidae

MZ270683

VPI_S70 Fungi; Dikarya; Ascomycota MZ270684
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VPI_S72 Fungi; Dikarya; Ascomycota MZ270685

VPI_A73 Fungi; Dikarya; Ascomycota MZ270686

VPI_S8 Fungi; Dikarya; Ascomycota MZ270687

VPI_A1a Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Gibberella

MZ270702

VPI_S1b Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Gibberella

MZ270688

VPI_A23 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Gibberella

MZ270689

VPI_A27 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Gibberella

MZ270690

VPI_S2a Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales; Nectriaceae; Gibberella

MZ270691

VPI_S62 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales

MZ270692

VPI_S7 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales

MZ270693

VPI_A9 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae; Hypocreales

MZ270694

VPI_S26 Fungi; Dikarya; Ascomycota; Pezizomycotina; Sordariomycetes;
Hypocreomycetidae

MZ270695

VPI_S33 Fungi; Dikarya; Ascomycota; Pezizomycotina MZ270696

VPI_A34 Fungi; Dikarya; Ascomycota; Pezizomycotina; Dothideomycetes;
Pleosporomycetidae; Pleosporales; Biatriosporaceae; Biatriospora

MZ270697

VPI_S36 Fungi; Dikarya; Ascomycota; Pezizomycotina; Dothideomycetes;
Pleosporomycetidae; Pleosporales; Biatriosporaceae; Biatriospora

MZ270698

VPI_S53 Fungi; Dikarya; Ascomycota; Pezizomycotina; Dothideomycetes;
Pleosporomycetidae; Pleosporales; Biatriosporaceae; Biatriospora

MZ270699

VPI_A55 Fungi; Dikarya; Ascomycota; Pezizomycotina; Dothideomycetes;
Pleosporomycetidae; Pleosporales; Biatriosporaceae; Biatriospora

MZ270700

VPI_A59 Fungi; Dikarya; Ascomycota; Pezizomycotina; Dothideomycetes;
Pleosporomycetidae; Pleosporales; Pleosporales fam Incertae sedis;
Nigrograna

MZ270701

 Code availability (software application or custom code) - In-house scripts are available:  Muñoz-Sanchez
AH, Troung C Microbial diversity in Vanilla planifolia orchids using metabarcoding analysis.
https://github.com/arihelrnan/Endophyte_microbiome_Vanilla_planifolia
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Tables
Table 1. Mean and standard deviation for alpha diversity values per organ and condition

  ROOT STEM

  Symptomatic Asymptomatic Feral Symptomatic Asymptomatic Feral

BACTERIA
observed
richness

1009 ± 89.72 915 ± 38 494.50
±
236.88

134 ± 110.91 66.33 ± 47.44 442 ±
73.54

BACTERIA
Shannon
index

4.72 ± 0.85 4.38 ± 0.17 3.17 ±
0.68

0.85 ± 0.72 0.57 ± 0.67 3.33
±
0.62

FUNGI
observed
richness

292.33 ±
92.18

187.66 ±
167.70

178 ±
82.02

48.67 ±
30.92

35.33 ± 33.50 130 ±
11.72

FUNGI
Shannon
index

3.10 ± 0.76 2.26 ± 1.28 3.19 ±
0.61

2.17 ± 1.09 1.26 ± 1.11 2.22
±
1.06

Figures

Figure 1
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Non-metric multidimensional scaling (NMDS) of (A) bacterial, and (B) fungal community composition
based on Raup-Crick distances, with samples shaped by organ (root=circle, stems=triangle) and colored
by condition (asymptomatic=red, symptomatic=green, feral =blue)

Figure 2

OTU frequency (A) per bacterial phylum, (B) in the 10 most frequent bacterial families, (C) per fungal
phylum and (D) in the 10 most frequent fungal families detected by 16S and ITS2 meta-barcoding of root
and stem samples of asymptomatic (Asym), symptomatic (Sym), and feral (Fer) Vanilla individuals
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Figure 3

Differential heat tree matrices illustrate signi�cant change in (A) bacterial and (B) fungal relative
abundances between conditions at the family level, for taxa with relative abundance > 0.01% of total read
count per sample. The size of nodes in the gray cladograms depicts the number of taxa identi�ed at each
taxonomic level. The smaller cladograms represent pairwise comparisons between conditions: an orange
node indicates a signi�cantly higher abundance in the condition stated horizontally, according to
Wilcoxon Rank Sum tests with FDR correction for multiple comparisons, while a blue-green node
indicates a signi�cantly higher abundance in the condition stated vertically. Non-signi�cant differences in
taxa relative abundance between conditions are illustrated in Suppl. Figure S3
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