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ABSTRACT

Isolation of high integrity RNA is difficult in a variety of plants because of the
presence of secondary metabolites that mormally interfere with RNA isolation
procedures and other downstream applications. In the present study, an improved
method of total RNA isolation from young leaves and developing xylem tissues of
Shorea parvifolia Dyer ssp. parvifolia rich in secondary metabolites was established.
The described method is ion detergent CTAB (cetyltrimethylammonium bromide)-
based extraction and combined with CTAB/butanol purification method. By using this
improved protocol, total RNA in better quality and quantity than several conventional
established isolation methods was obtained. The RNA yields ranged from 97-127ug
of total RNA per gram of tissues used. The isolated RNA was suitable for reverse
transcriptions and rapid amplification of ¢cDNA ends-polymerase chain reaction
(RACE-PCR) analysis. Two master genes were studied in detail in the present study,
i.e. cellulose synthase (CesA), a key enzyme involved in biosynthesis of cellulose (the
primary structural component of the plant cell walls), and the xyloglucan
endotransglycosylase (XET), a key enzyme required for plant cell wall reconstruction.
In this study, the full-length of xyloglucan endotransglycosylase (SpXETI) and
cellulose synthase (SpCes4l) cDNA from an economically important tropical tree
species, S. parvifolia ssp. parvifolia was successfully isolated. The full-length
SpXETI cDNA was 1162bp long with an 879bp open reading frame encoding a 293
amino acid protein. The predicted SpXET1 peptide contained the conserved domain
of DEIDFEFLG, a putative N-glycosylation site, ADDWATRGGLEKTDW motif and
4 conserved cysteine residues. Amino acid sequence obtained was highly identical
(87%) among the SpXET1 and PtXET16A (GenBank accession number AAN87142)
from Populus tremula x Populus tremuloides hybrid. This result clustered the
SpXET] into subfamily I of the XET members and revealed the involvement of
SpXET! in transglycosylation reaction between xyloglucan chains in the secondary
vascular tissues of S. parvifolia ssp. parvifolia. Characterization of full-length
SpCesAl cDNA showed that the total length of this cDNA was 3308bp long with
open reading frames of 3120bp long encoding a 1040 amino acid protein. The
predicted SpCesA1 peptide contained N-terminal cysteine rich zinc binding domain
that corresponds to cell microfibril structures, seven putative transmembrane helices
(TMH), four U-motifs that contain a processive glycosyltransferases signature D, D,
D, QxxRW motif, an alternating conserved region (CR-P) and 2 hypervariable regions
(HVR). The entire shared domain structures suggest the functional role of SpCesAl is
involved in cellulose biosynthesis in secondary vascular tissues of S. parvifolia ssp.
parvifolia. Sequence comparison also revealed the high similarity (87%) among the
SpCesAl and PtrCesA2 (GenBank accession number AAM26299), the functional
protein of Populus tremuloides secondary cell wall biosynthesis. This further implies
the involvement of SpCesAl in catalyzing the cellulose biosynthesis of secondary cell
wall rather than primary cell wall. Thus, this information will be useful in providing a
better understanding of the mechanism of cell wall biosynthesis and reconstruction,
and during wood formation in tropical hardwood species. Besides, these full-length
c¢DNAs can be used for developing genetic markers to identify economic trait loci
(ETL) for wood quality traits. By associating genotypes with phenotypes, early
selection of high quality planting materials could be achieved at the seedling stage.
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ABSTRAK

Pemencilan RNA berkualiti tinggi adalah sukar bagi pelbagai tumbuhan disebabkan
oleh kewujudan metabolit sekunder yang mempengaruhi prosedur pemencilan RNA
dan aplikasi seterusnya. Dalam penyelidikan ini, satu kaedah yang telah diubahsuai
untuk pemencilan RNA daripada daun muda dan tisu xilem Shorea parvifolia Dyer
ssp. parvifolia yang kaya dengan metabolit sekunder telah dihasilkan. Kaedah ini
menggunakan ion detergent CTAB dan bergabung dengan langkah penulenan
CTAB/butanol. Berdasarkan kaedah ini, jumlah RNA dengan kualiti yang baik dan
kandungan yang tinggi berbanding dengan kaedah-kaedah konvensional telah
diperolehi. Jumlah RNA yang didapati daripada satu gram tisu adalah sebanyak 97-
127 ug. RNA yang dipencil sesuai untuk proses transkrip ke belakang dan analisis
RACE-PCR. Dua gen telah dikaji secara terperinci dalam penyelidikan ini, i.e.
selulosa sintase (CesA), enzim yang menghasilkan selulosa (struktur primer dinding
sel tumbuhan), dan xilogluka endotransglicosilosa (XET), enzim yang membentuk
semula dinding sel tumbuhan. Dalam penyelidikan ini, keseluruhan cDNA xilogluka
endotransglicosilosa (SpXET1) dan selulosa sintase (SpCesA1) daripada S. parvifolia
ssp. parvifolia, spesies pokok tropika yang penting dari segi ekonomi telah berjaya
dipencil. Jumlah panjang cDNA SpXET] ialah 1162 bp, mengandungi 879 bp ORF
yang mengekodkan protein sepanjang 293 asid amino. Protein SpXET] mengandungi
domain DEIDFEFLG, bahagian N-glycosylation, motif ADDWATRGGLEKTDW dan
4 sisa cisteine yang kekal wujud dalam protein XET. Protein SpXET] menunjukkan
persamaan yang tinggi (87%) dengan P#XET16A (Nombor GenBank AAN87142)
daripada hibrid Populus tremula x Populus tremuloides. Keputusan ini
mengolongkan SpXET! di bawah sub-keluarga I kumpulan XET dan menunjukkan
penglibatan SpXET! dalam proses transglikosilasi di antara rantai xilogluka dalam
tisu vaskular sekunder S. parvifolia ssp. parvifolia. Pencirian ¢cDNA SpCesAl
menunjukkan jumlah panjang cDNA ini adalah 3308 bp, mengandungi ORF
sepanjang 3120 bp dan mengekodkan protein sepanjang 1040 asid amino. Protein
SpCesAl mengandungi domain pengabungan zink yang kaya dengan cisteine, tujuh
TMH, empat motif-U yang mengandungi motif D, D, D, OxxRW, bahagian CR-P dan
HVR. Semua struktur domain ini menunjukkan fungsi SpCesAl ialah dalam
penghasilan selulosa semasa pembentukan vaskular sekunder pada S. parvifolia ssp.
parvifolia. Perbandingan turutan menunjukkan persamaan yang tinggi (87%) di
antara SpCesAl dengan PtrCesA2 (Nombor GenBank AAM26299), iaitu protein yang
berfungsi dalam pemangkinan pembentukan dinding sel sekunder Populus
tremuloides. Keadaan ini secara lanjutnya telah menunjukkan penglibatan SpCesAl
dalam pemangkinan pembentukan selulosa pada dinding sel sekunder tetapi bukan
dinding sel primer. Justeru itu, maklumat ini memberi kefahaman yang terperinci
tentang mekanisma penghasilan dan pembentukan semula dinding sel tumbuhan, dan
semasa pembentukan kayu pada spesies kayu keras tropika. Jumlah panjang cDNA
SpXET] dan SpCesAl boleh digunakan untuk menghasilkan petanda genetik bagi
mengenal pastikan ekonomik trait loci (ETL) dalam kayu. Dengan mengabungkan
ciri-ciri genetik dan fizikal, pemilihan anak-anak pokok yang berkualiti tinggi boleh
dilakukan pada peringkat awal pertumbuhan pokok.
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CHAPTER 1
INTRODUCTION

Malaysia has a landmass of approximately 32.9 million hectares, of which 19.22
million hectares (almost 60%) of the land area is covered with forests. Tree cover is
further complemented by another 14% largely of rubber and oil palm plantations. The
total tree coverage area of 74% of the country has made Malaysia one of the most
forested countries and a large producer of tropical hardwood, tropical log and sawn
timber in the world (Malaysia Timber Council, 2002). The vast majority of
Malaysia’s forests are classified as dipterocarp forest, which can be further
categorized into lowland dipterocarp forest, upland (hill) dipterocarp forest and
montane (upper hill) forest. Lowland dipterocarp forest is found up to approximately
600 m altitudes from the sea level, upland dipterocarp forest is located between 600
and 1300 m above sea level and the montane forests occurs above 1300 m altitudes
from the sea level. The main dipterocarp tree species of Malaysia forests are from the

genera of Shorea (meranti), Anisoptera (mersawa), Dipterocarpus (keruing), Hopea

(merawan) and Dryobalanops (kapur).

Shorea parvifolia Dyer ssp. parvifolia, or with the vernacular name “meranti
sarang punai” is an important commercial hardwood species in Malaysia. S. parvifolia

ssp. parvifolia belongs to family Dipterocarpaceae and is one of the most common
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dipterocarps in Malaysia. This species is exploited as the main source of light red
meranti timber in Southeast Asia. Based on a 50-year inventory data of Forest
Research Institute Malaysia (FRIM), S. parvifolia ssp. parvifolia is recommended as
an indigenous tree species for plantation establishment in Malaysia. The natural
habitat of S. parvifolia ssp. parvifolia is from sea level to up to 700 m altitudes above
the sea level. In Malaysia, this species can be easily found throughout Sarawak, Sabah

and the Peninsula Malaysia, except Perlis, Northern Kedah and Langkawi.

Forests play prominent roles in conservation of soil, water and biological
diversities. Wood, the predominant product from forests is generated by trees through
their secondary growth for structural purposes. It is the most important natural and
endlessly renewable source of energy. Wood is the fifth most important product of the
world trade and has a major future role as an environmentally cost-effective
alternative to burning fossils fuels. The major role of wood is not only the provision
of energy but also the provision of energy-sufficient material for buildings and many
other products. The complex chemical makeup of wood (cellulose, hemicelluloses,
lignin, and pectins) also makes it an ideal raw material for what could be a future
“ligno-chemical” industry that could replace the petrochemical industry, in providing

not only plastic and all kinds of chemical products, but also food and textile products

(Plomion et al., 2001).

To date, the understanding of wood formation is far from complete (Allona

et al., 1998; Plomion et al., 2001; Nieminen et al., 2004). With a few exceptions, very

little is known about the cellular, molecular and developmental processes that underlie
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wood formation. Most of the human insight and findings of wood development are
from the studies of non-woody model systems, such as Arabidopsis, Zinnia, maize,
rice, tomato and pea (Somerville and Somerville, 1999). Long generation time of
trees, big physical size, large in genome and lack of tree model system for study are

the main obstacles that hinder the progress of tree molecular fundamental studies.

Xylogenesis (wood formation) is the differentiation process of meristematic
cambiums into specialized xylem cells (Hetzberg et al., 2001; Rajangam, 2005). This
process is driven by the coordinated expression of numerous structural genes involved
in cell origination, cell differentiation, cell wall thickening and programmed cell death
(Mellerowicz et al., 2001). Biosynthesis of cellulose in cell walls is part of a stress-
sensing mechanism leading to the increased mechanical support in trees (Norberg and
Meier, 1966). In plant cells, the biosynthesis of cellulose occurs at the multiple
catalytic subunits (“rosette” complexes) of cell plasma membranes (Zhong er al.,
2003). The molecular mechanisms involved in biosynthesis of cellulose are not fully
understood. However, it is well established that the shape, size, and function of a plant

cell depends heavily on the nature of its cell wall (Johansson et al., 2004).

Cell wall remodeling is an important prerequisite of many central processes
of plant life, such as plant germination, plant growth, fruit ripening and xylem
differentiation (Carpita and McCann, 2000). Xyloglucan endotransglycosylase (XET)
is a unique enzyme required for cell wall reconstruction. XET belongs to glycoside
hydrolase family GH16. This enzyme cleaving and rejoining the intermicrofibrillar
xyloglucan chains in plant cell walls by performing the double-displacement

3



mechanism involving the glycosylation and deglycosylation (Darley er al., 2001). The
catalytic mechanism of XET allows the cell wall loosening activities that are required
for plant cell expansion (Fry et al., 1992). XET also plays the role during the early

phases of secondary cell wall disposition by reinforcing the connections between the

primary and secondary cell wall layers (Bourquin e? al., 2002).

The wood properties are derived directly from the composition of cell wall
(Allona et al., 1998). Biosynthesis of cell wall is directed by specific genes that
control the macromolecular synthesis and structural determination. Molecular study
and in silico characterization of genes expressed in biosynthesis of cell wall in S.
parvifolia ssp. parvifolia provide tools for further research of proteins that catalyze
wood formation in tropical hardwoods. The information obtained from this study
could be used to produce improved planting materials for forest plantation, by means
of producing fast growing tree through genetic modification, in an effort to design
trees that speed up xylogenesis. Trees that require shorter time to reach mature stage

could be planted for timber and lessen the pressure on harvesting in natural forest.

The objectives of this study are:

1. To develop the total RNA isolation protocol for leaf and developing xylem

tissues of S. parvifolia ssp. parvifolia.

To obtain the full-length cDNA of XET and cellulose synthase (CesA) from S.

parvifolia ssp. parvifolia.

In silico characterization of XET and CesA from S. parvifolia ssp. parvifolia.
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CHAPTERII

LITERATURE REVIEW

2.1 Selection of species studied

2.1.1  Family Dipterocarpaceae

Dipterocarpaceae, a family under the order of Guttiferales is the main timber family in
the forests of Southeast Asia. The members of Dipterocarpaceae are widely found
throughout tropical Asia, tropical Africa and America. This family comprises of about
15 genera that are further divided into 3 subfamilies. There are Dipterocarpoideae,
Pakaraimoidene, and Monotoideae (Figure 2.1). Dipterocarpoideae is the Asiatic

subfamily of family Dipterocarpaceae and is further divided into Dipterocarpeae,

Dryobalanopseae, Shoreae and Vaticeae tribes (Ashton, 1982).

There are 2 genera under Dipterocarpeae tribe, namely Dipterocarpus and
Anisoptera. Dryobalanops is the only genus under Dryobalanopseae tribe. Vaticeae
tribe also consists of 2 genera, i.e. Cotylelobium and Vatica. Under Shoreae tribe,
there are 4 genera namely Hopea, Neobalanocarpus, Shorea and Parashorea (Ashton,

1982). As proposed by Ng (1991), a total of 9 genera and 155 species of

Dipterocarpaceae are found throughout Malay Peninsula. The members of
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Dipterocarpaceae are characterized by the simple stipulate leaves, winged fruits that

are developed from the persistent sepals and dimorphic shoot system.

Dipterocarpaceae
Pakaraimoidene Dipterocarpoideae Monotoideae

|
! ! ! ]

Dipterocarpeae Shoreae Dryobalanopseae Vaticeae
¥ Dipterocarpus Dryobalanops Vatica
> Anisoptera Cotylelobium *

Neobalanocarpus Shorea Hopea Parashorea
Selangan batu red meranti yellow meranti white meranti
group group group group
(27 species) (63 species) (25 species) (8 species)
Shorea parvifolia
Diler
S. parvifolia ssp. parvifolia S. parvifolia ssp. velutinata

Figure 2.1. The schematic diagram shows the position of S. parvifolia ssp. parvifolia
in the family of Dipterocarpaceac. (Modified from Ashton, 1982)



2.1.2 Genus Shorea

Shorea or meranti is the largest and economically most important genus under the
family of Dipterocarpaceae. Genus Shorea consists of about 196 species and the
members are widely distributed from South Asia through Indo-Burma and Malesia
towards Philippines, Java and Moluccas. The greater diversity of Shorea occurs in
Borneo, Sumatra, Peninsula Malaysia, the Philippines and the Moluccas. In Borneo,
there are 138 species of Shorea distributed in Sarawak (Soepadmo et al., 2004). The
Shorea species in Sarawak can be categorized into 4 different groups according to the
wood colour and intensity. There are Selangan batu group (27 species), yellow

meranti group (25 species), white meranti group (8 species) and red meranti group (63

species) (Ashton, 1982).

Shorea species occur over a wide variety of habitats. The members usually
grow in mixed dipterocarp forests with deep friable well drained soils. Shorea albida,
a red meranti timber is the only gregarious dipterocarp in Sarawak and is confined to
peat. Shorea parvifolia, S. leprosula, S. argentifolia, S. ovalis and S. macroptera are
among the most abundant red meranti dipterocarps in Sarawak. These species are fast
growing on clay rich fertile soils, but slow growing on sandy leached soils. The
species of yellow meranti group, such as S. faguetiana, S. multiflora, S. mujongenesis,

S. patoiensis and S. gibbosa are among the largest dipterocarps in Sarawak. These

species have moderate growth rates (Ashton, 1982).




2.1.3  Shorea parvifolia Dyer

S. parvifolia Dyer is one of the important commercial timber species in Malaysia. It
has been exploited as the main source of light red meranti timber in Southeast Asia. In
general, S. parvifolia is further divided into two subspecies, i.. S. parvifolia ssp.
parvifolia and S. parvifolia ssp. velutinata. These two subspecies are distinguished
based on the leaf morphologies. According to Soepadmo et al. (2004), the leaf of S.
parvifolia ssp. parvifolia is broadly ovate in shape, obtuse or cordate and margin
slightly revolute. For the S. parvifolia ssp. velutinata, the leaf blade is ovate or elliptic

in shape, base obtuse or cuneate and margin frequently narrowly revolute.

In Malaysia, S. parvifolia ssp. parvifolia is locally known as several
vernacular names such as meranti sarang punai, meranti samak (Sarawak) and seraya
punai (Sabah). The other vernacular names of S. parvifolia ssp. parvifolia are abang
gunung in East Kalimantan, Tengkawang in West Kalimantan and saya-luang in
Thailand. S. parvifolia ssp. parvifolia is one of the most common dipterocarp in
Malaysia. This timber species can be easily found throughout Sarawak, Sabah and the

Peninsula Malaysia except Perlis, Northern Kedah and Langkawi. The species is

traded as light red meranti.

S. parvifolia ssp. parvifolia usually grows in lowlands to upper hills that are
below 700 m altitudes from the sea level. This species prefers the natural humid
climate with annual rainfall not exceeding 1600 mm and a dry season of less than 6
months. It grows well in clay rich fertile soils and does not tolerate waterlogged sites

8




like peat soil areas. S. parvifolia ssp. parvifolia is a kind of large timber species. The
tree can grow up to 65 m tall and up to 190 cm in diameter at breast height (dbh). The
stem usually is straight cylindrical trunk, buttresses up to 4 m high and with the
presence of white resin streaks on the log. The surface of the tree bark is smooth and
greyish brown in colour (Figure 2.2a). While the inner bark of the tree is reddish, pink
or orange in colour (Figure 2.2b). The thickness of the bark sapwood is around 5 to 8

cm, pale and the heartwood is dark red in colour (Newman er al., 1996).

(b)

Figure 2.2. S. parvifolia ssp. parvifolia with (a) the surface of the bark is smooth and
greyish brown in colour, marked by yellow arrow; (b) the inner bark of the tree is
reddish, pink or orange in colour, marked by red arrow.

The leaves of S. parvifolia ssp. parvifolia are broadly ovate in shape with the
size around 5 to 13 ¢cm in long and 2.5 to 5 ¢cm in broad. The leaves contain of 10 to
13 pairs of secondary veins with not prominent surface (Figure 2.3a). The flower buds

of S. parvifolia ssp. parvifolia are 7 x 5 mm in size. The petals are falcate oblong and
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white tinged pinkish-red in colour at the base. The stamens of the flowers are
connectival appendage short, slender, becoming reflexed: ovary and stylopodium
ovoid-conical, surmounted by short glabrous style. The flowering season of S
parvifolia ssp. parvifolia begins in January to November and the fruiting period starts
in January to December. The fruit is a nut borne on the short stalks with ovate in
shape and is shorter than 1 cm in length. The lower portions of the nuts are embraced

by three outer wings and two inner wings (Figure 2.3b) (Kimura and Nishiyama,

1999; Soepadmo et al., 2004).

Eﬂ i) D
"‘zqsui‘s',, _,”.‘21“1"

(a) (b)
Figure 2.3. S. parvifolia ssp. parvifolia leaf and nuts with (a) leaf is ovate-elliptic in

shape and contains of 10 to 13 pairs of secondary veins; (b) fruits are borne in nuts
with ovate in shape and embrace by three outer wings and two inner wings.

(Source: (a) Chia, 2005; (b) http://images.google.com/images?hl=en&q=+site:www.
nies.go.jp+Shorea+parvifolia+parvifolia)
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2.2 Wood formation

Woody stems are characterized by the presence of secondary xylem, a plant tissue
referred as wood. In forest trees, stem diameter growth results from the activities of
two lateral meristems called vascular cambium and cork cambium. The plants cells
originating from these two meristems differentiate into water-conducting and
supportive xylem tissues, and into phloem tissues that translocate photosynthate
(Raven et al., 1999). The wood forming process is referred as xylogenesis that
involves the differentiation of the meristematic cambium into specialized xylem
(Hetzberg et al., 2001; Rajangam, 2005). Xylogenesis initiated in vascular cambium
occurs during the secondary phase of plant development. This process involves the
activity of vascular cambium to produce secondary xylem and secondary phloem

cells, and the cork cambium to generate cork and phelloderm (Figure 2.4).

In woody stems that exhibit secondary growth the vascular cambium has a
" complex origin. Vascular cambium is a secondary meristem derived from the pro-
cambium, which in turn develops from the apical meristem (Plomion et al., 2001).
Cambial derivatives develop into xylem and phloem mother cells through the
processes of cell division. There are 2 portions of vascular cambium known as
fascicular cambium and interfascicular cambium (Figure 2.4). Fascicular cambium is
the vascular cambium that originates within the vascular bundle. While the vascular
cambium that originates from the pith rays is termed as interfascicular cambium. The
fascicular and interfascicular cambiums form a complete ring of vascular cambium

that plays a major role in the diametral growth of woody plants.
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Stem Development

Primary meristem Primary tissue Lateral meristem Secondary tissue
¥ Protoderm === Epidermis
Primary phloem Secondary xylem
Apical meristem =§# Pro-cambium Fascicular cambium === Vascular cambium
Primary xylem Secondary phloem
L’ Ground meristem  ® Interfascicular cambium

| = Cortex —p Cork cambium [(Iork
= Pith rays Phelloderm

> pith

Figure 2.4. The schematic diagram shows the structure and development of the stem in woody plants. Wood, known

technically as secondary xylem, is a product of secondary growth from the vascular cambium. (Modified from Raven et al.,
1999)




Developmental biology of wood has been extensively reviewed (Sterky et
al., 1998; Chaffey, 1999; Lachaud et al., 1999; Hetzberg et al., 2001; Mellerowicz et
al., 2001; Rajangam, 2005). Wood is formed by a succession of several biological
processes include cell division, cell expansion (elongation and radial enlargement),
secondary cell wall thickening (cellulose, hemicellulose, cell wall proteins, and lignin
biosynthesis and disposition) and programmed cell death (all cellular process are
terminated) (Figure 2.5) (Scharder, 2003). These biological processes are driven by
the coordinated expression of numerous structural genes. The resulting xylem tissues
compose of conducting tracheary elements such as vessels elements and tracheids,

and non-conducting tracheary elements such as xylem parenchyma cells and xylem

fibers (Ye, 2002).

2.2.1 Division of cambium initials

The vascular cambium contains a layer of juvenile cells that made up of 5 to 15
dividing cells called cambial initials, phloem mother cells and xylem mother cells.
The cambium initials are a layer of narrow, elongated, thin-walled and highly
vacuolated cells. There are two types of cambial initials, namely ray initials and
fusiform initials. The short ray initials are elongate cells that are oriented laterally
towards the epidermis (Figure 2.6). Ray initials produce ray parenchyma cells in the
transverse system of wood. They give rise to rays that are essential to the
translocation of nutrients between phloem and xylem. The cells of the fusiform
initials are prism in shape, vertically elongated and form the axial growth of the stem.

Fusiform cells divide through anticlinal (radial) division and periclinal division.
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