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Isolation and Sequence Analysis of CLE (CLAVATA3/Endosperm Surrounding

Region-related) Gene in White Kelampayan (Neolamarckia cadamba)

ALAYTHIA TEE ZHEN SHI (54476)

Resource Biotechnology
Faculty of Resource Science and Technology
Universiti Malaysia Sarawak

Abstract

Neolamarckia cadamba (kelampayan) is an economically important tree in Malaysia as its
demand in many industries are high due to its fast-growing property. In establishing tree
improvement programme and management, numerous researchers had conducted studies on
the contributing factors of the mechanism of wood formation of kelampayan. In many plants,
CLE genes are found to be crucial players in cell-to-cell communication that contributes to
secondary plant growth and development. Few short and incomplete CLE genes available in
the genomic database of kelampayan brought forth the need of studying and amplifying the
partial genomic sequence of CLE genes in kelampayan. Several parameters of molecular
techniques such as DNA extraction, PCR and AGE were used in performing this study.
However, the PCR product sent for sequence analysis was found to be “smearing”. The

reason for DNA smearing was carry-over contamination. Thus, the partial CLE gene
sequence was not available for sequencing.

Key words: Neolamarckia cadamba, CLE gene, PCR, primer design.

Abstrak

Neolamarckia cadamba (kelampayan) merupakan pokok yang memainkan peranan yang
penting dalam ekonomi di Malaysia. Sifat pokok ini yang bertumbuh cepat menyebabkan
permintaan yang tinggi dalam berbagai-bagai industri. Dalam mendirikan program dan
pengurusan mempertingkatkan pokok, pelbagai penyelidikan telah dijalankan atas faktor
yang menyumbangkan mekanisma pembentukan kayu kelampayan. Gen CLE yang dinemui
dalam banyak tumbuhan didapati memainkan peranan yang amat penting dalam komunikasi
antara sel yang menyumbang kepada pertumbuhan dan perkembangan tumbuhan sekunder.
Beberapa gen CLE yang pendek dan tidak lengkap yang didapati dalam pengkalan data
kelampayan telah menunjukkan keperluan untuk mengkaji dan memperluaskan sebahagian
gen CLE dalam kelampayan. Beberapa teknik molekular seperti esktrasi DNA, PCR and
AGE telah digunakan dalam kajian ini. Namun, produk PCR yang dihantar untuk analisasi

turutan didapati “smearing”. DNA smearing disebabkan kontaminasi terbawa. Oleh itu,
turutan CLE gen tidak dapat diturutkan.

Kata kunci: Neolamarckia cadamba, gen CLE, PCR, reka cipta primer.
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1.0  Introduction

As a country with rich natural resources, the forest biodiversity is one of the main sources
of economic income for Malaysia. However, it is challenging for the industry to meet the
local demands as timber trees with high wood quality grow slower. Apart from this, the
industry’s attempt to meet the current global demands eventually results in the loss and
degradation of the forest. For both economic and environmental benefits of the country,
white kelampayan (Neolamarckia cadamba) is one of the species to be selected by Malaysia
Timber Industry Board (MTIB) for plantation. As a timber species with short rotation cycle,
it has the potential to grow and give yield within 8 years. For plywood and paper industry,
the soft and light properties of kelampayan enables it to be one of the best raw materials for

manufacturing (Ishak et al., 2013).

Regardless of its high yield in economical aspect, the study on the genetic control of
the wood formation of kelampayan need to be emphasized to improve the wood quality of
kelampayan. The formation of the wood (secondary xylem) is known és xylogenesis that
includes interlinked processes, generally initiation, progression and cell death (Fukuda,
1996). As the processes are interlinked and controlled by polygenes simultaneously
(McCann, 1997), it is believed that as one of the crucial signalling peptides found in plants,
CLAVATA3/Endosperm Surrounding-related Region (CLE) gene family are of important
role in wood formation (Wang & Fiers, 2009). According to Etchells et al. (2015),
manipulation of CLE41 signalling potentially increased the rate of tree growth and biomass
of trees. Besides, Guo et al. (2017) also reported that the study of pathway of type B CLE

peptides interact with nematode that regulate proliferation of cell expand the field of

agriculture pest-controlling.

The encoding of CLE gene family is found in various plants such as Arabidopsis and

kelampayan. Though there are few genes from the CLE gene family are available in the



genomic database of kelampayan, there is still a great limitation in expanding the industry
of kelampayan due to the insufficient study on its genome as each of the genes present in the
database is of short and incomplete sequence. Apart from providing knowledge on the study
on the molecular basis of interaction of plant CLE gene with nematodes, this study can aid
in amplifying the partial database of CLE gene family of kelampayan for the increase of

yield and quality of kelampayan.

The two main objectives of the research were: (1) to isolate the meristematic cell
controlling genetic factor, CLE (CLAVATA3/Endosperm Surrounding Region-related)
gene in Neolamarckia cadamba (white kelampayan) and (2) to analyse the genomic
sequence of CLE (CLAVATA3/Endosperm Surrounding Region-related) gene in M.
cadamba (white kelampayan). Thus, several molecular techniques had been implemented in
order to achieve the objectives of this research namely DNA extraction, agarose gel
electrophoresis and polymerase chain reaction. Bioinformatics software such as Primer3 and
CLC sequence viewer were also used for the designing of primers and analysis of sequences
obtained. However, the sequencing analysis had to be renounced due to DNA smearing

found in sent PCR product.



2.0 Literature Review

2.1 History of Naming of Neolamarckia cadamba

According to Krisnawati et al. (2011), Neolamarckia cadamba species is well-distributed in
Asia-temperate countries such as China and Asia-tropical countries s:ich as Papua New
Guinea and Malaysia. The discovery and naming of this species was initiated by Jean-
Baptiste Lamarck in 1785, Cephanlanthus chinensis was its name (Razafimandimbison,
2002). With the aid of Achille Richard, the name of this species was then corrected to
Anthocephalus  chinensis due to its different description from different authors
(Razafimandimbison, 2002). However, the naming of this species - Neolamarckia cadamba
became permanent since 1984 as the previous naming did not correspond to its description
under the rules of the International Code of Nomenclature for algae, fungi and plants

(Razafimandimbison, 2002).

Table 2.1: Nomenclature of Neolamarckia cadamba

Nomenclature of Neolamarckia cadamba

Kingdom Plantae
Order Gentianales
Family Rubiafseae

Subfamily Cinchonoideae
Tribe Naucleeae
Genus Neolamarckia
Species N. cadamba




2.2 Kelampayan and the Industry

Neolamarckia cadamba, known as kelampayan locally, is a clonal cultured species that has
been recommended for Malaysia’s reforestation program. It has the ability to reach an
average height of 30 ft and 57 in diameter in 22 months, which overstepped the traditional

seedling plant that was grown in the same environment program.

N. cadamba has numerous tremendous characteristics and has remarkable effect in
industries such as plywood and paper manufacturing, biofuel and medical field program
(Jeker, 2000; Dwevedi ef al., 2015). This give rise to the increasing demand of this timber
species globally for the time being. Hence, the government has also implemented programs
such as reforestation programs to meet global requirement. Apart from meeting global
demands, it is also crucial to keep the quality of this fast-growing timber species. Aloni
(1989) stated that the anatomical structure, chemical constituent, types of xylem cells and
other elements will determine the quality of a wood. The fear of deterioration of wood quality
provides a means of advancement for the researchers to determine the factors that contribute

to the peculiarity of the wood species and to enhance the quality of this timber species.

2.3 Plant Cell Growth and Development

2.3.1 Cell-to-cell Communication

Cells as the basic unit of life, are in perpetual communication with each other in regulating
their feedback to surrounding for their growth and development (Albert et al., 2002).
According to Neitzel and Rasband (2014), cell-to-cell communication plays an important
role in controlling the structure of chromatin and the expression of gene that would influence
the growth and development in plants. Apart from the hormones as the signalling molecules

that mediates physiological responses, Wang and Fiers (2009) suggested that these signalling



peptides are engaged in cellular communication for plant development. These signalling
peptides comprised of few members of protein families such as phytosulfokine (PSK),
systemin and CLAVATA3/Endosperm Surrounding-related Region (CLE) peptide family
and the development process each peptide family involved in are cell proliferation,
wounding response, and stem cell homeostasis respectively (Wang & Fiers, 2009). For
instance, Yamaguchi et al. (2016) demonstrated the signalling pathway of CLV 3 peptides in
manipulating the population of stem cell in shoot apical meristem (SAM) of Arabidopsis via
WUSCHEL (WUS). With the modification of CLV3 peptides, the SAM of Arabidopsis was

found reducing in size when compared to unmodified CLV3 (Yamaguchi et al., 2016).

CLV1 CLV2

; \CRN

mulnmerlcs

Figure 2.1: Signalling pathway of CLV3 in Arabidopsis

From Yamaguchi et al. (2016)



2.3.2 CLV/ESR (CLE) Gene Family

The naming of CLE gene family was derived from the first 2 founder genes, that is Clavata3
(CLV3) and Endosperm Surrounding Region (ESR) (Wang & Fiers, 2009). These signalling
molecules such as CLV3, CLE40 and TDIF were being grouped under the same gene family
because they possessed sequences of 14 highty-diverged conserved amino acid (known as

CLE domain) at C-terminus and shared constant factors of charge and hydrophilicity (Jun et

al., 2007; Betsuyaku et al., 2011).

Signal Peptide CLE domain
w | N
LRTVPSGPDPLHHH

Figure 2.2: A schematic view of an ordinary CLE gene

From Betsuyaku ez al. (2011).

Besides, there are 2 classes of CLE peptides as reported by Whitford ez al. (2008), namely
type A CLE peptide and type B CLE peptide. Both classes of CLE peptide differ in their
functions; type A on the growth of root while type B on the development of vascular

(Whitford et al., 2008).

To date, the presence of CLE peptides has been found in numerous species in planta
kingdom with the roles of each peptide studied. A total number of 32 CLE genes has been
discovered in Arabidopsis (Sharma et al., 2002; Jun et al., 2010) whereas recently an
agricultural plant, Raphanus sativus L. (radish) has 18 CLE genes being identified
(Gancheva et al., 2016). In the recent work by Gancheva et al. (2016), the basis of the
identification of CLE genes of radish are their homology in relation to Arabidopsis; it has

been proven that most of the CLE genes found in Arabidopsis are present in radish. Among



these CLE genes, CLV3 regulates the course of stem cell differentiation (Fletcher e al.,
1999) while CLE41 promote the formation of vascular tissues (Hirakawa et al., 2010).
According to Han and his colleagues (2016), the function of CLE genes in vascular cambium
has shown forth its excellency in wood formation. By all accounts, it is suggested that these

CLE genes are the key players in the wood formation of kelampayan.



3.0  Research Methodology

3 Plant Tissue Sampling

Fresh young leaves of kelampayan provided by Forest Genomics and Informatics Laboratory
(fGiL) was stored in -20 °C refrigerator. The leaf was grinded with prechilled mortar and
pestle with liquid nitrogen after being cut into smaller pieces and stalk removed. Liquid
nitrogen was added to avoid thaw until the leaf sample was grinded into very fine powder
form. The sample was then placed into a clean 1.5 ml microcentrifuge tube and uéed for

immediate DNA extraction or stored at -20 °C if excess leaf samples were prepared.

3.2 DNA Extraction

DNA was extracted according to the protocol published by Doyle and Doyle (1990) with a
period of 3 days. In day 1, a solution of 700 pul of 2X CTAB buffer (Tris base (AMRESCO,
- USA), ethylenediamine tetraacetic acid (EDTA) disodium salt dihydrate (Life Technologies,
USA), 1% Polyvinylpyrrolidone (AMRESCO, USA) and 2% Cetyltrimethylammonium
bromide (CTAB) (AMRESCO, USA)) and 2% (14 pl) of B-mercaptoethanol was preheated
in 60 °C water bath for 25 minutes. The solution was then transferred into 1.5 ml
microcentrifuge tube that contain 0.1 g of freshly grounded kelampa&an leaves, incubated in
the 60 °C water bath for 2 hours and inverted occasionally. The slurry was allowed to cool
to room temperature. Next, an equal volume of chloroform-isoamyl alcohol (24:1) (714 ul)
was added and mixed gently for 15 minutes on tube rotator. The mixture was centrifuged for
15 minutes at 13,000 rpm (room temperature). The aqueous phase was transferred to a clean
1.5 ml microcentrifuge tube and re-extracted with equal volume of CIA. The mixture was
mixed gently for 15 minutes, followed with a centrifugation at 4,000 rpm for 15 minutes.
After another transfer of aqueous phase to a clean 1.5 ml microcentrifuge tube, 2/3 volume

of cold isopropanol (-20 °C) was added, gently mixed and kept overnight in -20 °C.






