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ABSTRACT

Bacteria, Archaea, viruses and fungi can be found living on and within plant
structures and tissues. These plant-associated microbial communities have many
impacts on the host plant’s fitness and function. While these microbes affect their
hosts, in turn the plant’s attributes and surrounding environment drive the structure
and assembly of the microbial communities themselves. However the dynamics and
interactions of these pathways and their causes are poorly understood. Using high-
throughput DNA sequencing, we compared the structure of bacterial and fungal
communities found on different plant surfaces and tissues of the deciduous tree
species sugar maple (Acer saccharum Marsh). This included the surface of the leaves
and roots, as well as their interior tissues. We also compared the microbial
communities along environmental gradients of elevation, canopy composition, and
soil type. Our results showed distinct microbial communities colonizing each plant
surface or tissue. The plant-associated bacterial communities were dominated by the
phyla Proteobacteria, Acidobacteria, Actinobacteria and Bacteroidetes while the main
fungal phylum present was Ascomycota including the classes Dothideomycetes,
Eurotiomycetes, Leotiomycetes, and Sordariomycetes. Also found were very high
levels of the fungal genus Mortierella from the phylum Zygomycota. We found that
all the bacterial and fungal communities of A. saccharum differed across elevational
range edges. We found most of the bacterial communities to be affected by canopy
composition and soil type. Our results imply that while these microbial communities
and their diversity are driven by different environmental conditions, the microbial
communities of each structure and tissue of the plant are affected separately and to
varying degrees. These findings provide a greater understanding of the ecological
processes and diversity of plant-associated microbial communities.

Keywords: plant-microbe interactions, sugar maple, forest ecology, high-throughput
sequencing, environmental gradients



RESUME

Les bactéries, archées, virus et champignons peuvent étre trouvés partout sur et dans
les structures et tissus végétaux. Ces communautés microbiennes associées aux
plantes ont de nombreux effets sur la croissance et le fonctionnement de leur plante-
hote. Bien que ces microbes influencent leurs hotes, les traits fonctionnels de la plante
et son environnement affectent également la structure et l'assemblage des
communautés microbiennes. Les causes, les dynamiques et les interactions entre les
communautés microbiennes et ces facteurs sont cependant encore mal comprises.
Dans le cadre de notre projet, nous avons utilisé le séquencage d'ADN a haut débit
afin de comparer la structure des communautés bactériennes et fongiques trouvées sur
différentes surfaces et tissus de l'érable a sucre (Acer saccharum Marsh). Nous avons
analysé les surfaces et les tissus internes des racines et des feuilles. Nous avons
également comparé les communautés microbiennes le long de gradients
environnementaux tels que 1’altitude, la composition de la canopée, et finalement le
type de sol. Nos résultats ont montré que différentes communautés microbiennes
colonisent chaque structure ou tissu de la plante. Pour les bactéries, les communautés
associées aux plantes ont été dominées par le phylum Proteobacteria, Acidobacteria,
Actinobacteria et Bacteroidetes. Pour les champignons, le principal embranchement
fongique était Ascomycota, le principal phylum fongique était Ascomycota ainsi que
les classes Dothideomycétes, Eurotiomycétes, Leotiomycétes et Sordariomycétes. On
trouve également une grande abondance du genre fongique Mortierella du phylum
Zygomycota. Nous avons constaté que le gradient altitudinal a influencé toutes les
communautés bactériennes et fongiques de A. saccharum. Nous avons également
trouvé que la plupart des communautés bactériennes étaient influencées par le type de
canopée et le type de sol. Ainsi, puisque les conditions environnementales affectent la
structure et la diversité des communautés microbiennes, nous pouvons supposer que
cet effet sera différent selon la location des différentes communautés microbiennes
des plantes (surface ou tissu interne des feuilles ou des racines). Ces résultats nous
permettent donc d’atteindre une meilleure compréhension des processus €cologiques
et de ladiversité des communautés microbiennes associées aux plantes.

Mots-clés: interactions plantes-microorganismes, érable a sucre, écologie forestiére,
séquencage a haut débit, gradient environnemental.



INTRODUCTION

Land plants including trees are hosts to a wide diversity of microorganisms both
above and below ground including viruses, bacteria and fungi. Many new studies are
focusing on defining the core microbiome of a plant species, defined as
microorganisms common across certain habitats (Turnbaugh er al. 2007, Shade &
Handelsman 2012). The plant-associated microbial communities that make up the
plant’s microbiome are very distinct from the microbiota found in the surrounding
soil (Lundberg et al. 2012). The diversity and structure of these communities are
influenced by many factors including the species of their hosts (O’Brien & Lindow
1988), the host’s age (Di Cello er al. 1997), as well as the structure of the plant they
colonize (Vujanovic & Brisson 2002). The microbes range from pathogenic to
mutualistic, and can greatly alter a plant’s health and functional traits (Gourion et al.
2006, Friesen et al. 2011). In turn the host plant also structures the assembly of the
microbial community present on its surfaces and in its tissues (Bais et al. 2006).
While plant-microbe interactions are ecologically important, they are poorly
understood, as are the general diversity and dynamics of the microbial communities

of most plant species.

Each structure of the plant such as the roots, leaves or stems, provides a different

environment for microbes to colonize. The surfaces of a plant are colonized



externally by epiphytic microbes while interior tissues contain endophytic
microorganisms which can be inter- or intracellular. While there have been a few
studies looking at both epiphytic and endophytic microbial communities on a single
plant species (Bodenhausen et al. 2013) most research has focused on a single
community on either leaves or roots (Sessitsch et al. 2012). The differences and
similarities between epiphytic versus endophytic and leaf versus root communities
are poorly understood and investigation into the structure of the different
communities could provide insight into species assembly and colonization of

microbial communities on plant structures.

The microbial communities associated with plants are also highly influential to their
host’s survival, growth and fitness (Berendsen er al. 2012). At the same time the host
plant’s traits selectively drive microbial assembly in conjunction with environment
(Schweitzer et al. 2008). Functional traits such as specific leaf area or plant height are
an ecologically relevant way of classifying plant species in terms of their ecological
functions as opposed to their taxonomy (Diaz & Cabido 2001). Previous studies have
found links between plant-associated microbial communities and the host’s functional
traits such as chemical composition (Bailey er al. 2005) or growth and mortality rates
(Kembel & Mueller 2014). The factors correlated with plant functional traits such as
microbial communities can give insight into ecosystem dynamics (Friesen et al. 2011,
Cornelissen et al. 2003), however very little is known about the effect of host

functional traits on microbial communities on plants.



The sugar maple, Acer saccharum Marsh. is a deciduous hardwood tree species
endemic to Eastern Canada and United States. This species is an ecologically
important and economically valuable species in North America (Burns & Honkala
1990) and is considered environmentally sensitive (St. Clair et al. 2008) to both biotic
and abiotic factors, for example soil nutrient levels (Mader & Thompson 1969) and
soil compaction (Houston 1999). Sugar maples have been experiencing health
declines in many regions including southern Quebec (P'ayette et al. 1996). One factor
potentially influencing sugar maple declines that has not been investigated in depth is
the importance of the plant microbiome. Given the importance of the plant
microbiome for host health and function, we suggest that studies of sugar maple
decline should include an evaluation of the microbial communities inh:clbiting sugar
maple trees as these plant-microbe interactions may give insight into why this tree
species expresses environmental sensitivities. Microbial communities on plants also
contribute to plant composition, diversity and ecosystem functioning (van der
Heijden et al. 1998). There have been studies indicating that biotic factors such as
fungal pathogens may play a role in plant range edges and migration (Brown &
Vellend 2014). The full effect microbes have on these ecological processes is
unknown and research into these processes will help us understand the extent of the
importance of microbial communities on plants along with what factors drive the
structure of the plant microbiome. To date there have been no studies of the

microbiome of sugar maple trees using high-throughput sequencing techniques. There



are also very few studies evaluating the microbial communities on this species using

other methods such as culture-based techniques or microscopy.

New advances in high-throughput DNA sequencing technology make it possible to
study microbial communities at a high resolution not previously available (Bartram ez
al. ‘ 2011, Degnan & Ochman 2012). The popularity of high-throughput DNA
sequencing techniques has grown recently as the technology has become readily
available and more affordable (Degnan & Ochman 2012). DNA sequencing
techniques using molecular markers allow us to identify all the microbes present in a
given environmental sample (Liu er al. 2012) using reference databases. These
techniques are culture independent and allow for a greater representation of microbial
diversity through their inclusion of taxa that cannot be grown in culture. This
technology is advancing at a rapid pace but is still a new method of research and is
therefore prone to many inconsistencies and biases (Claesson et al. 2010). There are
many studies addressing these issues and suggestions to minimize biases. Factors
such as DNA extraction methods (Morgan et al. 2010), PCR methods (Aird et al.
2011), sequencing technology (Kunin et al. 2010) and software analysis (Schloss &

Westcott 2011) can affect the level of diversity and variation seen in samples.

Changes in microbial community structure can be observed using high-throughput
sequencing of environmental microbial DNA. This involves targeted DNA

amplification and sequencing of either bacterial or fungal marker genes. These



markers contain highly conserved sites that can be used for primer binding sites for
amplification of the r-egion (Liu et al. 2012). The 16S ribosomal RNA (rRNA) gene is
a highly conserved region that codes for a part of t.he small subunit of bacterial
ribosomes (Clarridge 2004). It has become the standard set of genes used in
prokaryote identification and phylogeny studies si.nce being developed in the 1980’s
(Woese et al. 1985). For fungal identification a similar molecular marker, the 28S
rRNA gene can be used or the internal transcribed spacer (ITS) of the nuclear
ribosomal coding cistron, which is a commonly used barcode for fungi (White et al.
1990, Schoch er al. 2012). This region is transcribed but spliced away before
ribosome assembly and is composed of two highly variable regions ITS1 and ITS2
(Lindahl et al. 2013). Although ITS is too variable to allow sequence alignment or
phylogenetic inference at higher levels taxonomic levels, ITS sequences are useful for
identification of clusters of closely related sequences and for taxonomic identification
of sequences, and currently have the best reference databases available for fungal
sequencing (Begerow et al. 2010) leading to their proposal as the formal barcode for

fungi (Schoch et al. 2012).

The amplified sequences are barcoded by sample and combined into a single library
which is processed by a high-throughput DNA sequencer to produce a computer file
containing millions of sequence reads. Through software processing these sequences
are then clustered and binned into operational taxonomic units (OTUs). OTUs are a

commonly used microbial diversity unit used to classify a species or group based on



DNA sequencing data. They consist of clusters of similar sequences (usually 97%
similarity) binned together and assigned to a taxonomic group. Databases containing
genomic information for assigning phylogeny based on ribosomal genes and other
markers have been created for public use, for example the greengenes 16S rRNA

gene database (DeSantis ef al. 2006).

Many microbial DNA sequencing studies have been done on various plants and tree
species since the technology became widely available in ;the late 90’s (Clarridge
2004). These studies have looked at rhizosphere communities (Uroz et al. 2010),
defined as the zone of soil surrounding the plant roots.. Other studies available have
been performed on the phyllosphere microbiome (Vorholt 2012, Redford ez al. 2010),
defined as the above ground parts of the plant, and on endophytic m.icrobes of leaves
apd roots (Lundberg et al. 2012, Pedraza et al. 2009). The core microbiome is defined
as the taxa shgred among multiple communities sampled from the same habitat
(Shade & Handelsman 2012). These taxa are considered to be potentially ecologically
important due to their abundance and high frequency of occurrence. The core
microbiomes of many plant structures often contain similar dominant taxa such as
Proteobacteria and Acidobacteria in the rhizosphere (Hawkes er al. 2007). Despite the
presence of a core microbiome of abundant taxa, a great deal of variation in
microbiome structure is found inter- and intra-specifically (Redford ez al. 2010),
temporally or seasonally (Shakya et al. 2013, Ercolani 1991, Thompson et al. 1993)

and under different environmental conditions (Kristin & Miranda 2013).



In this study we quantified the microbiome of A. saccharum seedlings and saplings in
Quebec forests. We took samples from leaves and roots to determine what microbial
communities are present on the exterior and the interior of these structures. We
investigated changes in the microbiome over time and along environmental gradients.
Our goal was to investigate what drives microbial community structure and assembly
on this tree species and to compare the differences in microbiome structure between
different plant structures and tissues using both bacterial and fungal data. We studied
environmental gradients including elevation, soil ;cype, and canopy cover that are
known to affect sugar maple seedling performance (Babaei Soustani et al. 2014). We
also measured host traits such as specific leaf area and leaf dry matter content to
quantify correlations between microbial community structure and the tree’s physical
and functional traits. Previous studies of this kind using high-throughput sequencing
have not been performed on sugar maple and the results will give insight into how

environmental changes drive microbial community structure.

In Chapter I of this thesis we looked at the microbial communities on the surfaces and
tissues of leaves and roots of sugar maple seedlings comparing two environments, the
natural range of the species and the elevational range limit. These samples were taken
from Mont-Mégantic, Quebec where a sugar maple elevational range limit occurs on
the slope. From these samples we expected to see changes in the microbial

community structure between the two environments such as lower diversity at the



elevational range limit. We looked at different structures and tissues of the plant
individually in order to determine how the environmental change affected the

different microbial communities.

In Chapter Il of this thesis we investigated the microbial communities on the surfaces
and tissues of leaves and roots of sugar maple saplings comparing two environmental
factors. ‘We looked at a change in canopy type (deciduous and conifer canopy
species), and a change in soil type (natural soil and potting soil). These samples were
taken from the Laurentian Biology Station near Montreal, Quebec. In this chapter we
expected the environmental changes to drive microbial community variation but were
interested in what changes would affect different structures and tissues of the plants.
We also wanted to compare if changes in bacterial communities were correlated with
variation in fungal communities in plant tissues. In both chapters we investigated
these concepts by amplifying and sequencing DNA using both bacterial and fungal
biomarkers to quantify the microbial community structure and examine drivers of

variation



CHAPTERI

THE MICROBIOME OF ACER SACCHARUM SEEDLINGS: ELEVATIONAL
RANGE LIMIT EFFECTS IN DIFFERENT PLANT STRUCTURES
4

1.1 INTRODUCTION

Microorganisms such as bacteria and fungi inhabit all surfaces and tissues of plants
(Andrews & Harris 2000). The microbial communities that inhabit these plant
structures have many beneficial effects on the host’s functions including protecting
against pathogens (Innerebner et al. ?Ol 1), synthesizing growth hormones (Gourion
et al. 2006) and providing nutrients (Davison 1988). These plant-associated microbial
communities harbour great biodiversity both on the leaves (Lambais et al. 2006) and
roots (Lundberg et al. 2012). Th%ynamics, interactions and biodiversity of these
microbial communities are poorly understood as well as the role and functions of
most of the microbial species present. Recent advances in environmental DNA
seciuencing technologies allow us to investigate and quantify the structure of these
bacterial and fungal communities and examine the driving factors behind their
ecology and variation. These studies have found that microbial communities are
correlated to host species (Redford et al. 2010), anthropological modifications of the

environment (Sieber 1989) and host genotype (Bulgarelli et al. 2012) among other
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factors, and distinct communities have been identified occurring between surfaces
and tissues of the plant (Edwards et al. 2015). However currently there are few
studies investigating the microbial communities from both above and below ground

surfaces and tissues of a single plant species from different environmental conditions.

Sugar maple (Acer saccharum Marshall) is a deciduous tree species native to north-
eastern North America where it is an important species both economically and
ecologically (Burns & Honkala 1990). The species has a latitudinal range occurring
from approximately 35-49 degrees north and is present in low to mid elevations. The
species shows a range edge at both its latitudinal and elevational limit. At these limits
the fitness of sugar maple trees decline and the composition of the forests transitions
to dominance by other species. Elevational changes can create a gradient of variation
in temperature, moisture and soil attributes. These changes affect the growth rate and
survival of seedlings in many tree species along these gradients (Sa’enz-Romero et al.
2006). The upper-elevational range limit of sugar maple is thought to be controlled by
climatic factors (Siccama 1974). However these limits have recently been found to
have not only changes in abiotic factors, but a change in other biotic factors as well
(Brown & Vellend 2014). It is expected that the plant-associated microbial
community structure will also be affected by these environmental changes (O’Brien
& Lindow 1988), but the variation in the sugar maple microbiome across elevation

gradients is unknown.
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Changes in global temperature are affecting plant ranges, allowing some species to
increase their ranges while others are facing range contraction or high rates of
extinction (Morin et al. '2008). It is predicted that many species will move upslope as
climates warm, and some species distributions are already exhibiting this (Parmesan
& Yohe 2003). However range expansion can be affected by many variables either
slowing it down (Chen 2011) or preventing it (Zhu et al. 2012). The role of biotic
interactions as a factor in range expansion has been understudied (Van Der Putten
2010) and recent research has found evidence suggesting that these interactions may
be an important factor in sugar maple range expansion to higher elevations (Brown &

Vellend 2014).

It is unknown how biotic factors vary across range limits. If biotic factors such as
microbiome structure play a role in limiting sugar maple range expansion, they
should vary consistently across range limits. By investigating the microbial
communities and their variation from these elevational range edges in comparison to
the variation found existing within the plant species’ normal range, we can gain
insight into the biotic limiting factors in sugar maple range expansion as well as how
bacterial and fungal communities change under different environments and once the
host plant species growing conditions become poor. It is expected that when trees
exist in poor environmental conditions this will be reflected in their microbiome, with
less biodiversity and beneficial microbes present. Through this study we investigated

exactly how these microbial communities are affected at the plants’ range limit and
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evaluated if the stress of the plants’ growing condition was reflected in their

microbiomes.

In this study, we investigated the microbial communities found on the deciduous tree
species Acer saccharum from samples taken along an elevational gradient at Mont-
Mégantic, Quebec where a distinct sugar maple elevational range limit occurs
between 600 and 1070 meters above sea level (Brown & ’Vellend 2014). At this site
sugar maple is a dominant species‘ of the deciduous forest below this range limit but
the forest transitions into spruce (Picea spp.) and balsam fir (Abies balsamea (L.)
Mill.) dominance at higher elevations. It has been predicted that as the climate warms
sugar maples will expand their range north (Goldblum & Rigg 2005; Graignic et al.
2014) while decreasing abundance in the southern populations (Iverson et al. 2008).
Due to the ecological importance of these species distribution shifts that are
occurring, our study to investigate how biotic factors will covary along range limits

and gradients is warranted.

The core microbiome is defined as the taxa shared among multiple communities
sampled from the same habitat (Shade & Handelsman 2012). Next-generation
sequencing techniques allow us to quantify the microbial communities from multiple
samples and investigate the community structure and phylogeny from various
environments. Here we used high-throughput DNA sequencing of amplified

biomarker DNA regions to compare the bacterial communities of different structures
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and tissues of sugar maple seedlings such as the surface of the leaves and roots, as
well as their interior tissues. We also investigated the fungal communities of the
interior root tissue in fine root samples. We used the hypervariable regions of the
bacterial 16S ribosomal RNA gene (Claesson er al. 2010) and the fungal internal
transcribed spacer (ITS) region (Schoch et al. 2012) as barcodes for identification. By
examining both the fungal and bacterial communities of the same samples, we
investigated if the two communities vary differently with elevation by comparing
samples from the elevational range limit to samples from below this limit. This made
it possible to determine if and how microbiome structure, a key biotic factor

potentially influencing sugar maple range edge dynamics, varied along this gradient.

We compared microbial communities from seedlings found at either the elevational
limit of the sugar maple range or from just below the limit. We separated the
structures and tissues of the host plants to examine bacterial communities from each
part individually. We expected to find significantly different communities inhabiting
each part of the host plant and expected the structure or tissue type to have a greater
effect on microbial community structure compared to elevation. We expected our
leaf-associated microbial communities to show higher biodiversity and variability in
the endophytic communities compared to epiphytic as this has been found in previous
studies (Bodenhausen et al. 2013). We also exp.ected higher diversity in the below
ground structures compared to above ground structures due to the high abundance of

microbes present on plant root surfaces (Berendsen et al. 2012). By investigating
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each structure and tissue separately, we can see if variation in the bacterial
communities caused by range edge effects is equally occurring in the communities of
the leaves, roots and tissues. Sugar maple has not been previously studied with
regards to its microbial communities using high-throughput DNA sequencing or
comparing different structures and tissues and the information will give insight into
the plant-microbe interactions and the driving factors of microbial community

structure on sugar maple seedlings.

In this study our objectives were (1) to investigate and identify the microbiome of
sugar maples by comparing microbial communities from the surfaces of the leaves,
roots and from the interior tissues of the plant, (2) to investigate if community
structure, variability, Biodiversity, or assembly differ by plant structure or tissue. For
example leaf-associated communities compared to root-associated communities and
interior plant tissues comparéd to exterior plant surfaces. Also (3) does elevational
range limit effect drive microbial community structure and is this effect occurring in
every structure of the plant; and finally to investigate (4) are functional traits of sugar
maple seedlings correlated with their microbial c'c'>mm1;nities in sugar maples natural

range?
1.2 MATERIALS AND METHODS

1.2.1 Specimen collection



15

Acer saccharum seedlings were collected in July 2013 from the .eastem slope of Parc
national du Mont-Mégantic, Quebec, Canada (45°26°51”N, 71°06°52”’W). Ten whole
seedlings from 4 plots were collected for a totgl of 40 seedlings (Table 1.S1). All
seedlings were under 10 cm in height and between the ages of 2 to 7 years. The
samples were taken from 2 zones on the slope between 720 and 830 meters above sea
level (m a.s.) with 2 replicates each. The first 2 plots occurred in the upper zone
(Edge) between 790 and 830 m a.s.l where the sugar maple range limit occurs and the
forest transitions into balsam fir stands. The second zone (Within) also contained 2
plots occurring between 720 -750 m a.s.] and located just below the range limit where
sugar maple trees dominate th'e stands (Figure 1.S1). All samples were collected
using gloves and placed immediately in sterile roll bags. Samples were transported on

ice within the day and frozen at -80° C until processing.
1.2.2 Functional traits and biometrics

When necessary slight modifications were made but otherwise functional traits were
measured according to protocols provided in Cornelissen et al. 2003. The age of the
seedlings was found by counting the number of nodes present on the stem. The
seedlings collected at Mont-Mégantic all had 2 leaves present. For these plants all
leaves were included in the analysis and the total leaf area for each seedling was

measured using WinFolia software to analyze scanned images of the leaves. The
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leaves were weighed without dr}fing and the weight and area were used to calculate a
modified specific leaf area (SLA). It was not poséible to obtain correct measurements
for SLA using dried leaves as the drying process would have disturbed the microbial
communities and affected the sequencing results so only SLA using fresh weight was
measured. Stem length from the top of the roots to the top of the meristem was
measured along with the diameter of the stem at the top of the roots. Stem weight was
taken once stems were air dried for 96 hours at room temperature. Water
displacement techniques were used to determine the volume of the stem by placing
the whole stem suspended in water and recording the weight of water change. Stem
volume along with the stem dry weight was used to calculate specific stem density

(SSD).
1.2.3 Sample preparation and DNA extraction

We collected four sample types from different plant structure surfaces or tissues.
These were the rhizosphere, defined as the surface of the roots and the soil within 1
mm from the roots (Clark 1949) and the phyllosphere defined as the above-ground
surface of the plant (Ruinin 1965) for which we used leaf surfaces. The other two
sample types were tissue samples from the interior of the roots and leaves. Leaf and
root samples were processed separately through a series of steps in order to first
remove all epiphytic bacteria and fungi. After the . surface of the tissues were

sterilized and washed to remove all remaining microbial cells. The tissues were then
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finely sectioned and agitated in a bead beating tube to release as many endophytic

microbes from the tissues as possible.

The epiphytic microbial communities were removed with a 5 minute agitation wash
in 30 mL of 1:50 diluted solution of buffer [1M Tris-HCl, 0.5 M Na EDTA, and 1.2%
CTAB] (Kadivar & Stapleton 2003). The plant tissues were then removed from the
buffer solution and the samples were centrifuged at 4000 rpm for 20 minutes at 4° C
to form a pellet. The supernatant was removed with a sterile pipette and the pellet was
transferred to a bead beating tube from the MoBio PowerSoil DNA Isolation kit
(Carlsbad, CA). The protocol was followed with the exception that the samples were

vortexed for 15 minutes instead of 10.

The tissue samples from the first wash were place in 30 mL of ethanol and vortexed
for 5 minutes. The ethanol was removed and the sampfes were then washed with
DNA free water for 3 minutes. The water wash was repeated 3 times. The tissues
were then sectioned finely using sterile techniques. The resulting samples were then
transferred to a bead beating tube from the MoBio PowerSoil DNA Isolation kit
(Carlsbad, CA). The protocol was followed with-the e)éception that the samples were
vortexed for 45 minutes instead of 10. The isolated DNA samples were frozen at -80°

C until further processing.

1.2.4 PCR and multiplexing for 16S rRNA gene sequencing
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The samples were amplified and barcoded using a two-step PCR process to prepare
them for Illumina sequencing, this molecular protocol was taken from Kembel et al.
(2014). The first PCR step used primers which target the V5-V6 region of the
bacterial 16S rRNA gene [799F and 1115R (Redfor_d et al. 2010)]. The primers
exclude cyanobacteria in order to exclude plant éhloroplast DNA. These primers are
modified with a 5’ tail which adds a 6-bp barcode and partial Illumina adaptor
sequence to the 16S fragments during PCR (modified 799F: 5°-
CGGTCTCGGCATTCCTGCTGAACCGCTCTTCCGATC CTxxxxxxAACMGGATT
AGATACCCKG; modified 1115R: 5'-
ACACTCTTTCCCTACACGACGCTCTTCCGATCTxxxxxxAGGGTTGCGCTCGT

TG, where “x” represents barcode nucleotides).

Twenty-five u. PCR reactions were run containing 5 pL 5xHF buffer (Thermo
Scientific), 0.5 uL dNTPs (10 uM), 0.5 pL forwgrd primer (10 pM), 0.5 pL reverse
primer (10 pM), 0.25 pL Phusion Hot Start II polymerase (Thermo Scientific), 4 pL
of genomic DNA, and 14.25 pL molecular-grade water. The reaction was performed
using: 30 s initial denaturation at 98°C, 20 cycles of 10 s at 98°C, 30 s at 64°C, and
30 s at 72°C, with a final 10 minute elongation at 72°C. This was performed in
triplicate for each sample and the products were pooled and cleaned using the Bio
Basic EZ-10 Spin Column kit (Markham, ON) and resuspended in 40 pL of solution

elution buffer.
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The second stage of the PCR amplification was performed using this first stage PCR
product as a template. The primers used were custom HPLC-cleaned primers to
further amplify 16S products and complete the Illumina sequencing construct
(PCRII_for: 5-~AAGCAGAAGACGGCATACGAGATCGGTCTCGGCATTCCTGC
;PCRIL rev: 5'-

ATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG).

Single reactions were run for each sample with the same reagents and conditions as
the first PCR step with the exception that the cycle amount was changed to 15 instead
of 20. A ~445-bp fragment was isolated by electrophoresis in a 2% agarose gel and
DNA was rec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>