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ABSTRACT

Most microorganisms present in nature are uncultivable by standard techniques and
functions of commensal bacteria remained largely uncovered. Metagenomics
assessment to study microbial community on tree barks was not attempted from
literature search. In this research, a metagenomic DNA extraction protocol by
combining a series of lysis, extraction ‘and purification methods was developed for
high quality genomic DNA extraction of cultivable and uncultivable microorganisms
present on Jocal rain tree bark. Sodium dodecyl sulphate (SDS)-based extraction
method with cetyltrimethyl ammonium bromide (CTAB) as strong DNA extraction
buffer was carried out to extract metagenomes from two bark samples, namely orchid-
. “colonised and non-orchid-colonised bark samples, followed by its qualitative (agarose
gel electrophoresis) and quantitative (spectrophotometry) assessments. The quality of
metagenomic DNA extracted was insufficient where the Ajgo/Asgg ratio was in range
from 1.47 to 1.81, and low Agg/Azs ratio obtained indicated the probability of
contamination by humic substances and phenols. The metagenomic DNA was not
suitable for cloning due to _inability to be restriction digested by HindIll. The
metagenomic DNA was accessed for 168 ribosomal RNA (rRNA) polymerase chain
reaction (PCR) amplification and the results suggested that the purity of the
metagenomics DNA was sufficient for PCR. Amplification results also indicated the
presence of bacteria and fungi in high amount on the bark surface. The presence of
archaca cannot be indicated due to unspecific amplification and no single band with
the expected size was obtained. No difference between non-orchid and orchid-
colonised bark samples in terms of amplified 165 rDNA concentration was found.
Each purified PCR products had amplified rDNA in the range of 8.2 to 14.1 pg,

which were sufficient for next generation sequencing (NGS) for rain tree bark

metagenomics study, specifically on the ecology of microorganisms on rain tree bark.
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CHAPTER 1

INTRODUCTION

Rain tree, Samanea saman is one of the icons of tropical countries originated from
- South America and was brought into Peninsular Malaysia in 1876 (Forest Research
Institute Malaysia [FRIM], 2004a). In Malaysia, these impressive umbrella-shaped
rain trees were commonly planted in urban areas, especially along roadsides and
highways providing shade for pedestrians and cyclists. Tropical country such as
Malaysia has hot and rainy climate throughout the year and epiphytic orchids such as
Bulbophyllum  vaginatum, Dendrobium crumenatum  and Grammatophyllum
speciosum often envelop and colonise old rain tree branches for sunlight, water and
nutrients, from atr and félling rain (FRIM, 2004b; Go et al.,, 2011). Germination of
orchid seeds may depend on suitable symbiont fungi (Whigham et al.,, 2002). The
presence of orchids enveloping rain tree bark provides eﬂzidence of the existence of
commensal bacteria and fungi on the free bark, and thus one of the reasons it was

selected as oné of the environmental samples in this research.

Microorganisms are microscopic living organisms which were first discovered
by Antonie van Leeuwenhoek as early as 1674. The study of microorganisms is
known as microbiology. Diverse microbial taxa, for instant bacteria, archaea, fungi,
and viruses, are easily found in the environment. Microorganisms are valuable for
their enzyme producing ability and those enzymes have greatly contributed to current
industrial and medical biotechnology (Gurung, Ray, Bose & Rai, 2013). Studies had
revealed the presence of pathogenic and commensal microorganism associated with
plants (Muller & Rupﬁel, 2013). Local and global diversity of microbial taxa of
bacteria, archaea, fungi, and viruses in different inhabiting soil samples have been
highlighted (Fierer et al., 2007). A hypothesis is proposed that such diversity might be
similar on rain tree bark environment, some of which may produce beneficial

enzymes with specific characteristics.
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As much as 99% of microorganisms in the nature are uncultivable using
standard techniques in the laboratory (Schloss & Handelsman, 2005) and bacterial
diversity in nature is always underestimated. Culture-independent method is essential
to understand the microbial ecology, evolution, and gene diversity study and
discovery. To overcome this, metagenomics approach for analysing microbes in the
environment becomes one of the remarkable methods for microbial ecology,
evolution, and gene diversity study and discovery over the last decade (Thomas,
Gilbert & Meyer, 2012). Metagenomics bypasses the uncultivability and genomic
diversity of entire communities of microorganisms contained within an environmental
sample by using expression or sequencing approach (Schloss & Handelsman, 2005;
Thomas et al., 2012). Understanding of such analyses is necessary for functional gene
‘diversity discovery in microbial communities pfesent in complex eccosystems
(Thomas et al., 2012), with the potential to isolate new drugs and enzymes with
different characteristics with industrial and pharmaceutical importance (Simon &

Daniel, 2011).

In recent years, applications of metagenomics assessment to explore bacterial
communities 1n plants (Rastogi, Tech, Coaker & Leveau, 2010; Muller & Ruppel,
2013), soil (Nam, Kim, Lee, Yoon & Kim, 2015; Hiraoka et al., 2016}, air (Yooseph
et al., 2013), water (Uyaguari-Diaz et al, 2016) and human (Tridico, Murray,
Addison, Kirkbride & Bunce, 2014) using direct and indirect DNA extraction
approaches were reported. Despite this, metagenomic DNA extraction and
metagenomics to study microbial community on tree bark was not attempted from
literature search. Bark microbiota represents a rather unexplored area of metagenomic
rescarch. In this research, metagenomic DNA from cultivable and uncultivable
microorganisms on orchid-colonised and non-colonised local rain tree barks were
extracted and characteﬂsed to access the possibility of using the DNA for cloning and
PCR amplification. This could gauge whether the DNA could be used for next

generation sequencing (NGS) for rain tree bark metagenomics study.
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CHAPTER 2

LITERATURE REVIEW

2.1  MICROBIAL ECOSYSTEM OF RAIN TREE BARKS

Bark tissue is the outermost layer of stems and roots of woody plants. It protects the
vascular tissue comprising xylem and phloem from harsh and fluctuating
environmental conditions such as inconsistency in temperature and relative humidity.
Bark tissue of a mature woody stem composes of periderm, cortex and secondary
_'phloem. The periderm composes of cork, cork cambium and phelloderm. Several
| .'a.rthropods such as woodborers, scorpions and beetles inhabit within bark tissue for
reproduction and deveidpment (Aflitto et al., 2014). Feeding and inhabitation of
phloem tissues of the inner bark is known as ‘phloeophagy’ and bark tissue provides

" habitat not only for wildlife but also for vast microbial taxa (Aflitto et al., 2014).

The pﬁ’loem is rich in“sap, a fluid found in phloem sieve tube clement. Sap
transports with it major carbon sources, carbohydrates, soluble sugars, and water
throughout a plant. Sucrose transport activity through phloem was reported to support
the growth of heterotrophic tissues (Riesmeier, Willmitzer & Frommer, 1994). Bark
tissue can be easily damaged by insects, animals and epiphytic orchids. The oozing
out of sap to the surface of bark tissue created an ideal environment for fungal
development (Novaes, Rodrigues & Lovato, 2009). Such nutrient availability allows
pathogenic bacteria to grow and multiply at high density sometimes causing infection

and eventually serious diseases to host plants (Fatima & Senthil-Kumar, 2015).

Study on symbibtic relationship between plant and microorganism showed
that fixed nitrogen from bacteria was exchanged with carbon source from a plant to
support bacterial growth and nitrogen demand of plant tissue (Knief, Delmotte &
Vorholt, 2011). Orchid-fungus relationship could be parasitism and commensalism
(Rasmussen & Rasmussen, 2008) but the function of commensal bacteria remained
largely uncovered {(Knief et al.,, 2011). It is imperative to identify these unknown

species so that their beneficial contribution can be assessed.

1 |
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Fierer et al. (2007) highlighted a relatively wide range of microbial taxa of
y 'ﬁcteria, archaea, fungi and viruses inhabiting different soil samples. Such diversity is
xpected to be found in bark ecosystem. Fungi are major decomposer of plant
esidues and they supply nutrients for sustaining and stimulating plant growth (Smit et
: al, 1999). Understanding the structure and diversity of the fungal community on tree

- bark is still limited.

2.2  PLANT CELL WALL POLYSACHARIDES

Plant cell wall polysaccharides conmsist of large biopolymers of cellulose,
.emiceliulose, pectin and lignin (De Vries & Visser, 2001; Pedrolli, Monteiro, Gomes
¢ Carmona, 2009), and majority of them are found in abundance (Butt, Tahir-
N:'adeem, Abhmad & Sultan, 2008). The ordered structural cellulose polymers enable
“rigidity of the plant cell 'Wall (De Vries & Visser, 2001). The lignin provides a plant
tructural integrity and protection against hydrolysis of cellulose and hemicellulose
De Gonzalo, Colpa, Habib & Fraaije, 2016). Great economic prospect was elucidated
regarding degradation of these abundant materials using hydrolytic enzymes such as
ectinase ancl-\iylanase (Strauss, Jolly, Lambrechts & Van Rensburg, 2001; Butt et al.,
008).

Lignin is found within the approximate range of 15 to 40% in the plant
biomass dry weight and formation of cell wall, especially the bark tissue, involves
lignin. Cellulose and lignin comprise the biomass of a tree. Lignin is a highly cross-
linked phenolic polymer formed by polymerisation of 4-hydroxyphenylpropanoid
monomers (De Gonzalo et al., 2016; Vanholme, Demedts, Morreel, Ralph & Boerjan,
2010). Protection of cell wall polysaccharides against microbial degradation by lignin
imparts decay resistanée (Vanholme et al.,, 2010). Such phenomenon increases the
challenge for bioconversion of plant biomass to pulp or biofuels (Vanholme et al.,
2010). Recent study reviewed on enzymatic ability of peroxidase (EC 1.11.1.19) and
laccases (EC 1.10.3.2) in bacteria and fungi secretion to degrade lignin and
lignocellulose compound {De Gonzalo et al., 2016).



