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Abstract 

The Fynbos biome in South Africa is globally recognised as a plant biodiversity 

hotspot. However, very little is known about the bacterial communities associated 

with Fynbos plants, despite interactions between primary producers and bacteria 

impact the physiology of both partners and shape ecosystem diversity. This study 

reports on the structure, phylogenetic composition and potential roles of the 

endophytic bacterial communities located in the stems of three fynbos plants (Erepsia 

anceps, Phaenocoma prolifera and Leucadendron laureolum). Using Illumina MiSeq 

16S rRNA sequencing we found that different subpopulations of Deinococcus-

Thermus, Alphaproteobacteria, Acidobacteria and Firmicutes dominated the 

endophytic bacterial communities. Alphaproteobacteria and Actinobacteria were 

prevalent in P. prolifera, whereas Deinococcus-Thermus dominated in L. laureolum, 

revealing species-specific host-bacteria associations. Although a high degree of 

variability in the endophytic bacterial communities within hosts was observed. We 

also detected a core microbiome across the stems of the three plant species, which 

accounted for 72% of the sequences. Altogether, it seems that both deterministic and 

stochastic processes shaped microbial communities. Endophytic bacterial 

communities harboured putative plant growth-promoting bacteria, thus having the 

potential to influence host health and growth. 
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Introduction 

Endophytic bacteria are ubiquitous in plants, where they play a pivotal role in plant 

health and performance (Partida-Martínez and Heil 2011). At the individual level they 

do so, for example, by producing phytohormones, enhancing nutrient acquisition and 

protecting plants against pathogens (reviewed in Sturz et al., 2000). Bacterial 

endophytes have also been found to protect against abiotic stress such as salinity, heat 

and drought (Rosenblueth and Martínez-Romero, 2006; Lundberg et al., 2012 and 

references therein). At the community level, through their influence on plant diversity, 

performance and evolution, bacterial endophytes have the potential to influence plant 

biogeography and ecosystem functioning. For example, they facilitate the persistence 

and spread of invasive plant species (Rout et al., 2013). 

Plant endophytic bacteria are thought to be a subset of the rhizosphere microbiome 

(Bulgarelli et al., 2013) and to be shaped by abiotic (e.g., soil chemistry) and biotic 

(e.g., plant species) factors (Philippot et al., 2013). For instance, whereas deep 

profiling of the root microbiota of Arabidopsis thaliana ecotypes confirmed soil type 

as major source of variation in endophytic bacterial communities (Bulgarelli et al., 

2012; Lundberg et al., 2012), plant species was more important than soil type in 

explaining the distribution of endophytic bacterial communities (Weber et al., 1999). 

In fact, within a single plant species, different genotypes can host different endophytic 

bacterial communities (Hardoim et al., 2011). Stochastic events, such as open wounds 

along the root hairs can also shape endophytic bacterial communities (Hardoim et al., 

2008). However, as most studies on the structure and composition of endophytic 

bacterial communities have focused on the roots of agricultural plants (e.g., Peiffer et 

al., 2013) and model species such as Arabidopsis thaliana (e.g., Bulgarelli et al., 

2012; Lundberg et al., 2012), the presence and relevance of endophytic bacterial 

communities in natural ecosystems, as well as the way they assemble, remain largely 

unexplored (but see Nissinen et al., 2012; Carrell and Frank 2014). 

The Fynbos biome, within the South African Cape Floristic Region (CFR), comprises 

three quite different, naturally fragmented vegetation types: fynbos, renosterveld and 

strandveld (Mucina and Rutherford, 2011). Fynbos is the predominant vegetation 

type, which is described as an evergreen, fire-prone shrubland characterised by the 

presence of restios (evergreen graminoids of the Restioaceae), a high cover of ericoid 

shrubs (principally in the families Ericaceae, Asteraceae, Rhamnaceae, 

Thymelaeaceae and Rutaceae), and the common occurrence of proteoid shrubs 
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(exclusively Proteaceae) (Mucina and Rutherford, 2011). The CFR contains over 

8,000 plant species, most of which (69%) are endemic, making the region a 

biodiversity hotspot (Myers et al., 2000). This is in spite of Fynbos plants being 

challenged by plant invasions (e.g., Acacia spp.; Sprent and Parsons 2000) and natural 

edaphic conditions such as low nutrient levels and water stress in the form of drought 

(Mucina and Rutherford, 2011). Fynbos plant diversity and endemicity is attributed to 

low migration rates and high speciation rates (Latimer et al., 2005), but several 

studies suggest that plant-associated microorganisms play a role in sustaining plant 

communities (reviewed in van der Heijden et al., 2008). Indeed, studies have shown 

that microbial diversity can be high in fynbos soils (Slabbert et al., 2010), and that the 

rhizospheres of Proteaceae species are extensively colonised by members of the 

Proteobacteria, Firmicutes, Actinobacteria and Acidobacteria (Stafford et al., 2005). 

Nevertheless, nothing is currently known on the extent to which plants in the Cape 

Floristic Region contain bacterial endophytes and the factors that shape those 

communities. This is of relevance because, for example, the restoration and 

conservation of plant diversity, as well as the prevention of exotic plant invasions, 

require a better understanding of the association between microorganisms and plants 

(Philippot et al., 2013). 

In this study, we used terminal restriction fragment length polymorphisms (T-RFLP) 

and amplicon sequencing of the 16S rRNA genes, to investigate endophytic bacterial 

communities in the stems of three different fynbos plant species (Erepsia anceps, 

Phaenocoma prolifera and Leucadendron laureolum) belonging to three different 

families (Mesembryanthemaceae, Asteraceae and Proteaceae, respectively). The 

three plant species were selected on the basis that they were at the same stage of 

growth (early flowering) and co-existed in several locales within a geographic area 

(Fernkloof Nature Reserve) of the fynbos biome, South Africa. This allowed us to test 

whether or not co-occurring plant species display different microbiota. As in natural 

ecosystems plants are growing in soils with long-term co-evolving microorganisms 

(Philippot et al., 2013), we expect plant species to be a strong determinant of the 

endophytic bacterial community. Consequently, we predict plants should harbour 

species-specific bacterial communities. We explain patterns in community 

composition by applying community phylogenetics and modern ecological theory. 
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Materials and methods 

Sample collection and sterilization 

Samples were collected in the Fernkloof Nature Reserve (FNR; Supplementary Figure 

S1), Hermanus, Western Cape (South Africa) on the 25th of March 2014. The area 

covers 1383 hectares and is host to 1474 different plant species (http://fernkloof.com). 

The local climate is warm-temperate with warm, dry summers and mild, wet winters. 

Stems (ca. 15 cm) of side-by-side growing E. anceps, P. prolifera and L. laureolum 

(fifteen each) were collected at 3 sites with similar macro-environmental conditions 

(that is, slope, aspect, elevation) along a ca. 3-km transect using sterile scissors and 

gloves. The material was stored at 4 °C and processed within 48 h after harvesting. 

Samples (n=45; 5 stems x 3 plant species x 3 locations) were thoroughly washed with 

tap water, cut into sections (~2 cm long), surface sterilized by immersion into 2% 

NaOCl (3 min) and 2% sodium thiosulphate (3 min), and rinsed three times with 

sterile distilled water (3 x 3 min). Surface-sterilized stem fragments were put on R2A 

plates and checked for sterility after 4-60 days of incubation at 25ºC. 

DNA extraction and Terminal-restriction fragment length polymorphism (T-RFLP) 

analysis 

Stem fragments (n=45) were ground to a fine powder in a sterile mortar with liquid 

nitrogen and DNA extracted by using the DNeasy Plant Mini Kit (Qiagen, Valencia, 

CA, USA) following the manufacturer’s instructions. Bacterial 16S rRNA gene 

amplification was generated using primers 799F2 (5’-

AACMGGATTAGATACCCGG-3’) and 1193R (5’-ACGTCATCCCCACCTTCC-

3’) following the PCR conditions previously described (Bulgarelli et al., 2012). The 

primers amplify the hypervariable regions V5-V6-V7 of the 16S rRNA gene. Primer 

799F2 was shown to not compete with plant organellar 18S RNA gene templates, 

allowing the preferential amplification of the bacterial 16S rRNA gene (Bulgarelli et 

al., 2012). The forward primer was labelled with 6’ carboxyfluorescein (6-FAM). 

Purification, digestion with HaeIII, separation of fragments, evaluation of 

electrophoretic signals and subsequent binning into operational taxonomic units 

(OTUs) were performed as reported elsewhere (Valverde et al., 2012).  

16S rRNA amplicon sequencing and analysis 
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Bacterial amplicons were generated as described above but using unlabelled primers. 

All amplicon products from different samples (n=18, 2 randomly selected stems x 3 

plant species x 3 sites) were mixed in equal concentrations and purified using 

Agencourt Ampure beads (Agencourt Bioscience Corporation, MA, USA). 

Sequencing was carried out on an Illumina MiSeq instrument (Illumina Inc., CA, 

USA) using paired-end sequencing at the Molecular Research LP next generation 

sequencing service (http://www.mrdnalab.com, Shallowater, TX, USA). Sequences 

were analysed in MOTHUR (Schloss et al., 2009), following a previously established 

pipeline (http://www.mothur.org/wiki/MiSeq_SOP; Kozich et al., 2013), using the 

Silva core set for alignment and MEGA5 (Tamura et al., 2011) to estimate a 

phylogeny containing all OTUs observed across all samples. Reads were removed 

from further analysis if at least one of the following criteria was met: (i) reads shorter 

than 200 bp, (ii) presence of ambiguous bases, and (iii) presence of homopolymers 

with more than 8 bp. Chimeras, chloroplast- and mitochondria-related reads were also 

removed. Sequences were grouped into OTUs, defined using a 97% sequence 

similarity cut-off (Schloss and Handelsman 2004), and taxonomic identities were 

assigned to phylotypes using the RDP classifier (Wang et al., 2007) with a confidence 

threshold of 0.8. Singletons were removed, as they are generally assumed to be due to 

sequencing errors/artefacts (Quince et al., 2008). Each sample was rarefied to 1224 

sequences, the lowest number of sequences in any sample.  

The sequence data generated in this study were deposited in the NCBI Sequence Read 

Archive and are available under the project number SRP059346. A table containing 

sample metadata is provided as supplementary material (Supplementary Table S1). 

Statistical analysis 

All data were analysed using the vegan, labdsv, phia and picante packages for R (R 

Development Core Team 2013), together with custom scripts. Bacterial diversity 

metrics were compared by mixed ANOVA analysis. Data were log transformed to 

meet the assumptions of normality. Bacterial community structure was visualised 

using non-metric multidimensional scaling (nMDS) obtained with Jaccard (T-RFLP 

data) and unweighted UniFrac (sequencing data) dissimilarity matrices. A 

permutational analysis of variance (PERMANOVA) (Anderson 2001) was used to test 

for differences in bacterial composition between plant species. Site of sampling was 

included in the PERMANOVA and ANOVA models as a random factor. To identify 
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bacterial lineages as analogous to the concept of “indicator species” for each plant 

species, we used the indicator value (IndVal) index, which combines relative 

abundance and relative frequency of occurrence (Dufrene and Legendre 1997). The 

phylogenetic structure of the bacterial communities was quantified using null models 

(Kembel 2009). We estimated the abundance-weighted mean pairwise distance 

(MPD) and the mean nearest phylogenetic taxon distance (MNTD) among sequences 

in each sample and calculated a standardized effect size (SES.MPD and SES.MNTD) 

(Kembel 2009). The null model algorithm used was “independentswap” with 999 

randomized null communities. Independentswap retains column and row totals for 

null model analysis of species co-occurrence (Gotelli 2000). This approach is 

particularly suited as it accounts for variations in diversity and richness between 

communities. 

Results and discussion 

Plants harbour endophytic bacterial communities, members of which have been 

shown to positively affect both the health and diversity of their hosts (Berendsen et 

al., 2012). However, most of this research has concentrated on the rhizo- and phyllo-

endosphere (but see Nissinen et al., 2012). Here we describe the endophytic bacterial  

communities inhabiting the stems of three plant species co-occurring in a natural 

habitat, the fynbos biome.  

Using T-RFLP analysis a total of 34 bacterial OTUs were detected among the 45 

samples, of which 11 (32%) were shared between the three different plant species and 

18 (53%) were unique to the respective plant species (Supplementary Figure S2). The 

number of T-RFLPs-derived OTUs per sample (alpha-diversity) ranged from 4 to 20. 

Overall, L. laureolum contained lower bacterial OTU numbers than E. anceps and P. 

prolifera: 23, 23 and 15 OTUs were observed in E. anceps, P. prolifera and L. 

laureolum, respectively (Supplementary Figure S2). It could be argued that 

fingerprinting techniques are not well suited for diversity analyses, as they are known 

to underestimate community diversity. However, the reason for the use of T-RFLPs 

was not to assess the diversity of the samples (see below), but rather to visualize 

differences in the dominant members of the endophytic bacterial community 

composition (beta-diversity) between the three different plant species in a cost-

effective manner. Several studies have shown that fingerprinting methods lead to  

reliable beta-diversity patterns (Gobet et al., 2014; Valverde et al., 2014). We did not 
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Figure 1. NMDS ordination plot of the endophytic bacterial communities based on T-  RFLP-
based Jaccard distances among samples. Different plant species showed  distinct bacterial 
communities (PERMANOVA: F1,41 = 11.34, P = 0.001). Pairwise comparisons: E. anceps vs. P. 
prolifera R2 = 0.22, E. anceps vs. L. laureolum R2 = 0.22, L. laureolum vs. P. prolifera R2 = 0.25 
(all P < 0.05). 
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observe any effect of ‘site’ in shaping the bacterial communities (PERMANOVAjaccard 

P>0.05). In contrast, as hypothesized, ‘plant species’ was an important factor 

explaining bacterial community composition (Figure 1; PERMANOVAjaccard : 

coefficient of determination R2 = 0.17; P < 0.01). Different plant species likely 

represent different ecological niches for endophytic bacteria, each of which seems to 

maintain a specific microbial community (Truyens et al., 2015). 

To further investigate the diversity and phylogenetic structure of the bacterial 

communities, a subset of 18 non-pooled samples was randomly selected (2 stems x 3 

plants x 3 sites) for amplicon sequencing analysis of the 16S rRNA gene using the 

Illumina platform. After quality control, removal of chimeras, chloroplast- and 

mitochondria-related reads, and singletons: 22032 sequences were retained, 

representing 78 OTUs. These low numbers of stem endophytic bacteria OTUs were 

not completely unexpected, as other studies have reported similar findings for 

bacterial communities in the interior of roots (Bulgarelli et al., 2012; Schlaeppi et al., 

2014). 

Bacterial diversity was generally higher for P. prolifera (ANOVA test, P < 0.05) 

using a variety of indices (Figure 2a), including richness. E. anceps presented 19.3 ± 

2.7 (average ± SE) different OTUs per sample, while 22.0 ± 4.8 and 6 ± 0.7 different 

OTUs were found in P. prolifera and L. laureolum, respectively. At the plant level, 

49, 56 and 16 OTUs were observed in E. anceps, P. prolifera and L. laureolum, 

respectively (Figure 3), in accordance with the trends observed in T-RFLP analysis. 

However, the Chao, Jackknife, and Bootstrapping estimates of OTU richness 

indicated that the percentages detected accounted for 70-97% of the total community 

richness for each plant species, depending of the particular estimated used (Figure 

2b), and that additional bacterial taxa are likely to appear in further samples. 

Of these 78 OTUs, 58 could be classified at the phylum level (making up 98.5% of all 

sequences) (Figure 4): 38 belonged to Proteobacteria [28 OTUs were 

Alphaproteobacteria (23.4%), 5 Betaproteobacteria (0.7%) and 5 

Gammaproteobacteria (0.7%)], 7 belonged to Deinococcus-Thermus (59.5%), 7 to 

Actinobacteria (5.7%), 3 to Acidobacteria (9.1%) and 3 to Firmicutes (0.1%). All 

these phyla have been found as plant endophytes (Sun et al., 2008; Bulgarelli et al., 

2012; Nissinen et al., 2012; Bodenhausen et al., 2013; Truyens et al., 2015), in the 

phylosphere (Knief et al., 2010; Leff et al., 2015) and in soil (Bulgarelli et al., 2012; 
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Figure 2. Diversity metrics and richness estimation, based on sequencing data, of endophytic bacterial 
communities for the three plant species. a) Different diversity metrics (average ± SE). Different letters 
indicate significant differences (P < 0.05). b) Number of total bacterial OTUs detected in each plant 
species together with the total number of OTUs (average ± SE) estimated by different approaches.  
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Zarraonaindia et al., 2015), although at different relative abundances. Strikingly, the 

phyla Deinococcus-Thermus and Acidobacteria seem to be overrepresented here 

relative to other studies (Sun et al., 2008; Nissinen et al., 2012). This is probably not 

caused by primer bias, as the primer pair used in this study has been used with 

Arabidopsis plants resulting in the dominance of Chloroflexi, Proteobacteria, 

Actinobacteria and Bacteroidetes (Bulgarelli et al., 2012). Fynbos soils are nutrient-

poor, particularly with regard to N and P (Richards et al., 1997), which might favour  

oligotrophic bacteria such as those typically found within the Deinococcus-Thermus 

and Acidobacteria phyla (Fierer et al., 2007; Meola et al., 2015). The fact that these 

soils are also typically acid (Richards et al., 1997), might further explain the relatively 

high proportion of Acidobacteria (Jones et al., 2009). 

We noticed that the predominance of Deinococcu-Thermus and Alphaproteobacteria 

was driven by the high abundance of only 6 OTUs (representing 80% of all 

sequences) (Supplementary Figure S3). These OTUs were classified as Deinococcus 

(52.0%), Rhizobiales (11.2%), Deinococcales (5.0%), Sphingomonas (4.6%), 

Acetobacteraceae (3.8%) and Truepera (2.6%), respectively. Bacteria from the 

phylum Deinococcus-Thermus are known to possess important adaptations to 

environmental stresses, such as desiccation, ultraviolet radiation, high salinity and 

high temperatures (Battistuzzi and Hedges 2009). Members of Truepera may play an 

essential role in plant development and physiology, due to their ability to produce 

brassinosteroids, which have been shown to control seed germination, stem and root 

elongation, vascular differentiation, leaf expansion, and stress protection in plants 

(Bajguz and Hayat 2009). Some Sphingomonas strains have a protective effect against 

plant pathogens (Innerebner et al., 2011). The Rhizobiales and Acetobacteraceae 

include various well-known nitrogen fixing plant symbionts (Lugtenberg and 

Kamilova 2009). Therefore it seems that a significant proportion of the phylotypes 

identified as members of the endophytic community has the potential to positively 

influence the fitness of their host. Similar results have been found in the endosphere 

of pine needles (Carrell and Frank 2014), supporting the growing concept that PGPB 

are important for plant health in natural ecosystems (Compant et al., 2010). However, 

more research is needed to elucidate the role of these bacterial endophytes, as it is 

well known that plant growth promoting characteristics are strain dependent. 

Non-metric multidimensional scaling (nMDS) plots and PERMANOVA analysis, 

based on unweighted UniFrac (Supplementary Figure S4) distances obtained with the 
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Figure 3. Venn diagram of the shared and specific bacterial OTUs (97% identity) found in 
E. anceps, P. prolifera and L. laureolum.  

12



10

sequencing data, confirmed that the three endophytic bacterial communities were 

taxonomically and phylogenetically distinct. More in depth analysis showed that 28 

OTUs were unique to P. prolifera, 17 unique to E. anceps and 1 unique to L. 

laureolum (Figure 3), a greater number (14 OTUs) being Alphaproteobacteria. 

We found 16 OTUs to be indicators for the three plant species (6 for E. anceps, 9 for 

P. prolifera and 1 for L. laureolum) (Figure 5). If hosts select these bacteria on the 

basis of their functional capacities (Burke et al., 2011), indicator lineages should be 

included in the pivotal ecological functions within the specific plant species. Members 

of the Alphaproteobacteria and Actinobacteria were enriched in P. prolifera and 

Deinococcus-Thermus in L. laureolum (Figure 4). This suggests that the environment 

created by the host (host filtering), for example due to differences in immune systems 

(Van der Heijden and Schlaeppi 2015), may play an important role in the assembly of 

these communities. Noteworthy, it has recently been shown experimentally that the 

foliar defence phytohormone salicylic acid directly shapes the root endophyte 

microbiome of Arabidopsis thaliana plants (Lebeis et al., 2015). 

However, in spite of the observed host species-specific effects, communities were 

highly variable from plant to plant. On average, 18% of the OTUs were shared among 

E. anceps samples, 17% among P. prolifera samples and 12% among L. laureolum 

samples. Moreover, we detected a set of 11 (14% of all OTUs) common and, in most 

cases, abundant (they accounted for 72.5% of the sequences) OTUs between the three 

plant species (Figure 3). Source/soil-sink/endosphere dynamics can generate this 

pattern, as species are not excluded from communities where they are bad competitors 

because they immigrate from other communities where they are good competitors 

(Mouquet and Loreau 2003). Together, these results appear to indicate that stochastic 

variation is important in explaining bacterial community assembly in the interior of 

fynbos plants. 

As both deterministic (niche/host-based) and stochastic (neutral) processes appeared 

to have shaped endophytic bacterial communities, we assessed the degree of 

phylogenetic relatedness using null models (Webb et al., 2002). Community 

phylogenetics has been used successfully to infer mechanisms of community 

assembly in plant host-associated bacteria (Kembel et al., 2014). Most samples 

showed evidence of neutral processes, with five showing evidence of phylogenetic 

clustering or overdispersion (Figure 6). This result suggests that these communities 

are shaped by stochastic factors. At least three non-exclusive explanations can be 
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Figure 4. Taxonomic distribution of endophytic bacterial OTUs (97% identity). Affiliation was 
performed using the Ribosomal Database Project Classifier with a confidence threshold  of 80%. 

Figure 5. Heat map showing indicator OTUs (97% identity) and their relative abundances as 
percentages of all sequences. Taxonomic assignments are the finest level that passed the Ribosomal 
Database Project classifier’s (80% confidence threshold).  
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Figure 6. Standardized effect sizes of MPD (SES.MPD) and MNTD (SES.MNTD) for endophytic 
bacterial communities. Asterisks indicate significant results for phylogenetic clustering (negative 
values, mpd.obs.p < 0.05) or overdispersion (positive values, mpd.obs.p > 0.95) in bacterial 
communities. 
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offered for the relatively weak deterministic effect. Firstly, it could be a consequence 

of the methodological approach used, as it has been shown that the assembly and 

structure of plant-associated bacterial communities may be better explained by 

functional gene analysis than by the use of 16S rRNA genes (Ofek-Lalzar et al., 

2014). Nevertheless, a recent study has demonstrated that analyses using 16S rRNA-

derived OTUs tend to indicate habitat filtering as the dominant driver of community  

assembly (Koeppel and Wu 2014). Secondly, critical deterministic traits may not 

differ enough between the three plant species we sampled. These could include, for 

instance, the type and availability of nutrients and the amount or type of antimicrobial 

compounds produced by the plants (Westoby et al., 2002). Alternatively, and most 

likely, random colonization through cracks, could buffer the effect of host filtering by 

continued homogenization of host-associated communities (Costello et al., 2012). 

Indeed, random colonization has been proposed to be important in explaining the 

diversity and community composition of endophytic microbial communities (Hardoim 

et al., 2008). 

The fact that some samples showed phylogenetic clustering or overdispersion may 

indicate localised host filtering and/or competitive exclusion. According to modern 

coexistence theory (Mayfield and Levine 2010), species coexistence is driven by the 

interaction of two types of species differences: niche differences and competitive 

ability differences. Under the Mayfield and Levine model, phylogenetic clustering can 

arise from either competition or habitat/host filtering, but overdispersion can only 

result from competition. Clearly, further research is needed to understand the relative 

contribution of the processes that structure plant endophytic bacterial communities in 

the fynbos biome. 

In summary, we have revealed that fynbos plants host endophytic bacterial 

communities of relatively limited, but taxonomically diverse bacterial species. Several 

taxa were found to be specialists, while others were present in all host plants 

(generalists). It remains to be elucidated, however, whether these endophytes 

represent taxa living permanently in association with the host or transient taxa 

introduced from the soil and other environments. Using a culture-independent 

technique we showed that endophytic microbial communities contained potential 

plant-beneficial bacteria. Culture-dependent studies in conjunction with 

metagenomics and single-cell genomics will further elucidate the role of these 

communities in influencing host health and diversity. 
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Supplementary material  

Supplementary Figure S1. Aerial picture of the Fernkloof Nature Reserve (Google Maps). 

Supplementary Figure S2. Venn diagram of the shared and specific bacterial T-RFLP-derived OTUs 

found in E. anceps, P. prolifera and L. laureolum. 
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Supplementary Figure S3. Relative abundance of predominant Deinococcus-Thermus and 

Alphaproteobacteria OTUs. 

Supplementary Figure S4. NMDS ordination plot of the bacterial endophytic communities based on 

unweighted UniFrac distances among samples. Different plant species showed distinct bacterial 

communities (PERMANOVA: F1,16 = 3.38, P = 0.001). Pairwise comparisons: E. anceps vs. P. 

prolifera R
2
 = 0.22, E. anceps vs. L. laureolum R

2
 = 0.27, L. laureolum vs. P. prolifera R

2
 = 0.25 (all P 

< 0.05). 
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