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Bacillus sphaericus UPMB10 is a plant growth promoting bacteria (PGPB) which
enhances plant growth by acting as bioenhancer and biofertilizer. An oil palm cDNA
microarray containing 2224 cDNA probes from root (partially derived from cDNA
clones generated in this study), 828 from vegetative meristem and 696 from zygotic
embryo was generated to investigate the transcriptomic changes in two-month-old in
vitro oil palm (Elaeis guineensis Jacq.) (Deli x Yangambi) roots after inoculation with
B. sphaericus UPMB10 for 120 h. This study was initiated with the generation of 1824
expressed sequenced tags (ESTs) from the roots of oil palm. A total of 1173 tentative
unique genes (TUGs) were assembled from 1566 ESTs with readable sequences.
However, only 984 TUGs showed significant matches (E-value less than 10°) to the
non-redundant protein database in the GenBank and they were further divided into 13
groups based on their putative functions. Subsequent microarray result showed that

151 and 125 transcripts were significantly up- and down regulated, respectively in the



roots of oil palm inoculated with B. sphaericus UPMB10. Although transcripts
involved in protein synthesis were increased and the expression level of auxin
responsive genes were altered in B. sphaericus UPMB10-inoculated oil palms, there
was no conclusive result to support the presence of auxin secreted by B. sphaericus
UPMB10 in the medium. Despite the capability of B. sphaericus UPMB10 to fix
atmospheric nitrogen, 120 h might not be sufficient for it to establish efficient nitrogen
fixation to relieve possible N deficiency in oil palms. The plant-microbe interaction
might also have alerted the defense system that led to the up-regulation of transcripts
related to synthesis of hydrogen peroxide in oil palm. Verification of microarray result
by real time RT-PCR showed that nine out of 11 candidate genes (81.8%) were
consistent in their expression patterns. In conclusion, this study has provided a brief
understanding of the transcriptomic changes in the oil palm roots inoculated with B.

sphaericus UPMB10.
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Bacillus sphaericus UPMB10 merupakan bakteria penggalak pertumbuhan pokok
(PGPB) yang boleh mempercepatkan pertumbuhan tumbuhan dengan berfungsi
sebagai penggalak biologi dan baja biologi. Satu mikroatur cDNA kelapa sawit yang
mengandungi 2224 prob cDNA daripada akar (sebahagiannya berasal daripada klon
cDNA yang dijanakan dalam kajian ini), 828 daripada meristem vegetatif, dan 696
daripada embrio zigot telah dijanakan untuk menyiasat perubahan transkriptomik akar
kelapa sawit (Elaeis guineensis Jacq.) (Deli x Yangambi) in vitro yang berumur dua
bulan selepas diinokulasi dengan B. sphaericus UPMB10 selama 120 jam. Kajian ini
bermula dengan penjanaan 1824 penanda jujukan terekspres (EST) daripada akar
kelapa sawit. Sejumlah 1173 gen unik yang tentatif (TUG) telah dikelompokkan
daripada 1566 EST dengan jujukan yang boleh dibaca. Walau bagaimanapun, hanya
984 TUG menunjukkan pemadanan bermakna (nilai E kurang daripada 10°) dengan

jujukan dalam pangkalan data protein yang tidak berulang dan TUG dibahagikan



kepada 13 kumpulan berdasarkan fungsi putatif. Keputusan mikroatur yang seterusnya
menunjukkan bahawa 151 dan 125 transkrip mengalami pengawalaturan naik dan
turun yang signifikan dalam akar kelapa sawit yang diinokulasi dengan B. sphaericus
UPMB10. Walaupun transkrip yang terlibat dalam penghasilan protein telah
dikawalatur naik dan paras ekspresi gen-gen yang bereaksi terhadap auksin telah
berubah dalam kelapa sawit yang diinokulasi dengan B. sphaericus UPMB10, tiada
keputusan yang muktamad untuk menyokong kehadiran auksin yang dirembeskan oleh
B. sphaericus UPMB10 dalam medium. Walaupun B. sphaericus UPMB10
mempunyai kebolehan untuk mengikat nitrogen daripada udara, tempoh 120 jam
mungkin tidak cukup untuk B. sphaericus UPMB10 mengwujudkan pengikatan
nitrogen yang berkesan untuk membebaskan kelapa sawit daripada kekurangan
nitrogen. Interaksi di antara tumbuhan dan bakteria mungkin mengaktifkan pertahanan
tumbuhan yang menyebabkan pengawalaturan naik transkrip yang berkaitan dengan
penghasilan hidrogen peroksida dalam kelapa sawit. Pengesahan keputusan mikroatur
dengan RT-PCR masa-nyata (real time RT-PCR) menunjukkan bahawa corak ekspresi
sembilan daripada 11 calon gen (81.8%) adalah konsisten. Kesimpulannya, kajian ini
telah memberikan satu pemahaman yang ringkas terhadap perubahan transkriptomik di

kelapa sawit yang diinolukasi dengan B. sphaericus UPMB10.
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CHAPTER 1

INTRODUCTION

In the soil surrounding the plant root, the release of root exudates has attracted the
colonization of plants by bacteria. The bacteria that are beneficial to plants are
collectively known as plant growth-promoting bacteria (PGPB). The major difference
between the PGPB and Rhizobium is that PGPB do not form a distinct symbiotic
relationship with the host plant. Generally, PGPB might establish an endophytic,
rhizospheric or associative relationship with the host plant and this depends on the
combination of PGPB and host plant. VVarious mechanisms have been employed by
PGPB to improve plant growth, including biological nitrogen fixation, production of
plant growth promoting substances which enhance the root development, stimulation
of plant defense to suppress the growth of pathogen or combination of modes of

mechanisms (Vessey, 2003).

Oil palm (Elaeis guineensis) is one of the most important plantation crops in Malaysia
and a major source of edible oil in the world. The planting of oil palm requires a high
input of chemical fertilizer, thus posing severe threats to the environment such as
emission of greenhouse gases, nitrate pollution and acidification of soil. Amir et al.
(2002) reported oil palm inoculated with a local isolate of PGPB, Bacillus sphaericus
UPMB10 showed an enhanced growth. Besides reducing the application of chemical
fertilizer, inoculation of oil palm with B. sphaericus UPMB10 could reduce the

production cost, leading toward a more sustainable management.



Amir et al. (2002) attributed the enhanced oil palm growth to the ability of B.
sphaericus to fix atmospheric nitrogen and synthesize plant growth promoting
substances such as auxin. However, the detailed understanding of interaction between
oil palm and B. sphaericus UPMB10 is still lacking. Although PGPB are widely
studied, the understanding of their interaction with PGPB and plant is not as good as
that between Rhizobium and legume. This might be due to the highly diversified PGPB
and the lack of specific host plant. A comprehensive transcriptomic study can reveal
how the interaction is initiated and developed between oil palm and B. sphaericus
UPMB10, and can explain mechanism(s) employed by PGPB to promote plant growth.
To accelerate the understanding of the interaction between B. sphaericus UPMB10 and
oil palm, cDNA microarray, a high throughput approach has been used to elucidate the

transcriptomic event of oil palm upon inoculation with B. sphaericus UPMB10.

Since oil palm is not a model plant and the cDNA sequences in the public domain are
limited, expressed sequence tags (ESTs) were generated and used as cDNA probes for
cDNA microarray. In this study, the RNA derived from the root of B. sphaericus
UPMB10-inoculated oil palms and reference controls (without the inoculation with B.
sphaericus UPMB10) were labeled with fluorescent dyes and co-hybridized to oil
palm microarray. Although microarray is a high throughput approach, it is very
expensive to use and requires complicated statistic analysis of data. In addition to that,

post microarray verification such as real time PCR and Northern analysis is necessary.



The objectives of this study were:
1. To generate ESTs from the oil palm root cDNA library to be used as cDNA
probes for cDNA microarray.
2. To study the transcriptomic changes in the oil palm root upon inoculation of B.
sphaericus UPMB10 by using cDNA microarray approach.

3. To verify the microarray results by using real time PCR.



CHAPTER 2

LITERATURE REVIEW

2.1 Oil Palm

2.1.1 Botany of Oil Palm

The oil palm, Elaeis guineensis Jacq is classified together with Cocos (the coconut)
and other genera under the subfamily Cocosoideae, in the family Aracaceae (formerly
known as Palmae) (Corley and Tinker, 2003). The botanical name of E. guineensis
was given by Jacquin. The genus name Elaeis is derived from the Greek word elaion,
meaning oil while the specific name guineensis shows its origin in the Guinea Coast,
in West Africa. The genus Elaeis consists of three species: E. guineensis (African oil
palm), E. oleifera (American oil palm) and E. odora (formerly known as Barcella
odora) (Corley and Tinker, 2003). E. guineensis is found in the tropics, within £10°

latitude of the equator, in Africa, South East Asia and South and Central America.

E. guineensis has a solitary columnar stem with the crown consisting of large pinnate
leave (Corley and Tinker, 2003). At the base of the stem, there is a prominent bole
(bulb) from where the primary roots emerge. E. guineensis is normally monoecious,
bearing male or female flower (Corley and Tinker, 2003). The fruit is a drupe which
consists of a thin epicarp, an oily mesocarp and a nut or seed and generally borne on a

large, compact bunch. The seed generally contains one to three embryos surrounding



by a large endosperm (kernel) and hard stone endocarp (shell). The oil palm root will

be described in detail in the next section (Corley and Tinker, 2003).

The fruits of oil palm exhibit great variation in either the fruit type or form and these
have been used for the classification of the varieties. The oil palm fruit can be divided
into two types, nigrescens (purple) and virescens (green) on the basis of the external
color. The thickness of the shell distinguishes the oil palm fruits into three forms: dura
which produces fruits with a thick shell, psifera, which is without a shell in its rare
fruits; tenera which is a hybrid of dura and psifera and produces fruits with an
intermediate shell. However, Corley and Tinker (2003) indicated that the term variety
is inappropriate for tenera and other forms since the materials are heterogeneous for

most of the characters other than shell thickness.

2.1.2 Root of Oil Palm

The root systems of terrestrial plant play two important primary roles: acquisition of
resources especially water and dissolved ions from the soil and anchorage (Fitter,
1991). Other functions of the root system such as storage, synthesis of plant growth
regulator and propagation are classified as secondary roles (Fitter, 1991). Root systems
have been grouped into three categories based on the root diameters and the
development of root hairs: graminoid, magnolioid and intermediate root systems

(Ingrouille and Eddie, 2006). Graminoid root systems consist of profuse root hairs and



have very large absorptive area to root volume ratio whereas magnolioid root systems

have roots with large diameter and fewer root hairs (Ingrouille and Eddie, 2006).

The oil palm has a fibrous root system. In the juvenile phase of oil palm, six types of
root are found: radicle, primary roots emitted from a 1 to 5-month-old oil palm (RI;.s),
primary roots emitted from 5 to 12-month-old oil palm (Rls.;2), lateral long roots,

lateral medium roots and lateral short roots (Figure 2.1) (Jourdan and Rey, 1997).

As the oil palm seed germinates, the radicle emerges and grows continuously in a
slightly undulating pattern (Jourdan and Rey, 1997). The roots located at the base of
the radicle are known as lateral long root (usually over 10 cm long) and emit very soon
after germination (Jourdan et al., 1995). The lateral medium roots that are less than 10
cm in length are distributed over long root and also the entire branched zone of the
radicle. They bear the lateral short roots which do not exceed 1.5 cm in length and are

non-branching in contrast to the lateral long and medium roots (Jourdan et al., 1995).

One month after germination, the first adventitious primary root (RI;.s) emits and
grows in vertical, downward direction (Jourdan and Rey, 1997). Similar to the radicle,
the primary roots have the branched structure. The RI;.s and Rls.j, are white when
young but rapidly turn to dark brown. The lateral roots found in the RI;_s and Rls_;, are
similar to those of radicle but in different proportions: the proportion of long root
increases with a gradual disappearance of medium and short root (Jourdan and Rey,

1997).





