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Cinnamyl alcohol dehydrogenase (CAD) -catalyses the committed step of
monolignol biosynthetic pathway. Monolignols are monomers required in lignin
synthesis. In plants, lignin is important for structural architecture and defence against
pathogen attack. The CAD enzyme is encoded by a small multi-gene family whose
members often differ in expression pattern. In oil palm, two copies of the CAD gene
namely EgCADI and EgCAD2 have been identified and were equally expressed
during oil palm development. Being a monocot with a relatively long life cycle, oil
palm presents a great technical challenge for functional analysis of the gene in its
native genome. Therefore, in this study, tobacco was chosen as a model plant to
transform one of the CAD genes namely EgCAD?. In addition, the phylogeny of the
CAD gene family from selected woody angiosperms was also constructed. Tobacco
plants were transformed with two plasmids (pRI201-CAD2 and pMDC32-H2)
based on the standard agrobacterium-mediated transformation protocol using leaf
discs as target tissues. Antibiotic screening and PCR analysis of the transformed

plants suggested that the transformation protocol was successfully implemented.
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Fifty-eight putative transformed plants were obtained based on the amplified
EgCAD?2 region of the transformation construct. The transformed plants exhibited
normal phenotypes of wild tobacco plants based on the development of major organs
at vegetative and reproductive stages. Phylogenetically, the CAD gene family was
classified into four major groups with the oil palm CAD2 gene clustered together
with members of group II. The gene shares the most recent common ancestor with
Eucalyptus grandis, Theobroma cocoa, Malus domestica, Citrus cinensis and
Populus trichocarpa. As a conclusion, the EgCAD?2 gene was successfully integrated
into the tobacco genome without interrupting functionally genes involved in normal
plant development. The transformed plants would serve as important biological
materials for functional characterisation of the oil palm CAD2 gene especially on its

over-expressed effects on lignin deposition.

Keywords : cinnamyl alcohol dehydrogenase, lignin, oil palm

il



Abstrak tesis yang dikemukakan kepada Jabatan Biologi Sel & Molekul Sebagai

memenuhi keperluan untuk ijazah Bacelor Sains (Kepujian) Biologi Sel & Molekul

TRANSFORMASI TEMBAKAU DENGAN GEN CINNAMYL ALKOHOL
DEHIDROGENASE 2 (CAD2) DARIPADA KELAPA SAWIT

Oleh

MOHAMAD SAIFUL NIZAM

Jun 2015

Pengerusi: = Mohd Puad Abdullah, PhD

Fakulti: Bioteknologi dan Sains Biomolekul

Cinnamyl alkohol dehydrogenase (CAD) memangkinkan langkah penghad kadar
dalam tapakjalan biosintesis monolignol. Monolignol ialah monomer yang
bertanggungjawap dalam pembentukan lignin. Dalam tumbuhan, lignin diperlukan
untuk membentuk struktur arkitektur pokok dan pertahanan daripada serangan
patogen. Enzim CAD dikodkan oleh gen famili yang ahlinya sering mempamerkan
kepelbagiana dalam corak ekspresi. Dalam pokok kelapa sawit, dua salinan gen
CAD iaitu EgCADI dan EgCAD? telah dikenal pasti dan kedua-duanya mempunyai
tahap ekspresi yang sama. Sebagai monokot dengan kitar hayat yang panjang,
analisis kefungsian gen tersebut dalam kelapa sawit adalah amat mencabar dari segi
teknikal. Oleh itu, dalam kajian ini, pokok tembakau telah dipilih sebagai tumbuhan
model untuk transformasi salah satu gen tersebut iaitu EgCAD2. Di samping itu,
filogeni bagi famili gen CAD daripada angiosperma berkayu juga telah dibina.
Cakera daun tembakau telah ditransformasikan dengan dua plasmid (pRI201-CAD2
dan pMDC32-H2) menggunakan kaedah transformasi berperantara agrobacteria.

Penyaringann antibiotik dan analisis PCR bagi tumbuhan yang telah
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ditransfomasikan mengesahkan bahawa transformasi telah berjaya dilaksanakan.
Lima puluh lapan tumbuhan transgenik telah diperolehi berdasarkan kejayaan untuk
mengesan bahagian gen EgCAD2 dalam genom tembakau. Kesemua pokok
transgenik yang diperolehi menunjukkan fenotip normal pokok tembakau liar
berdasarkan pemerhatian pada peringkat pertumbuhan vegetatif dan reproduktif.
Secara filogenetik, famili gen CAD terbahagi kepada empat kumpulan utama dengan
EgCAD2 berada dalam kumpulan II. Gen EgCAD2 didapati berkongsi moyang
terkini dengan FEucalyptus grandis, Theobroma cocoa, Malus domestica, Citrus
cinensis dan Populus trichocarpa. Kesimpulannya, gen EgCAD2 yang telah berjaya
diintegrasikan ke dalam genom tembakau tanpa mengganggu fungsi gen lain dalam
pokok tersebut. Pokok yang telah berjaya di transformasikan itu boleh digunakan
dalam pencirian kefungsian gen EgCAD2 terutamanya untuk melihat kesan

pengekspresan berlebihan gen tersebut ke atas pengumpulan lignin.

Kata kunci: cinnamyl alkohol dehydronenase, Transformasi, Lignin
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CHAPTER 1

INTRODUCTION

The plant cell wall is made up of three main components namely cellulose,
hemicellulose and lignin (Harris & Stone, 2008). The cell wall of all vascular plants
contains lignin. Lignin provides mechanical support as well as defence in plants.
Without lignin, plants become structurally weak and would not survive against
strong wind and collapse. In addition, lignin acts as bulking agent that can resist
compression and also acts as a hydrophobic chemical constituent in the cell. Because
of the hydrophobic properties of lignin, it further strengthens the cell wall and helps

to resist implosion due to rapid flow of water.

In plants, biosynthesis of the lignin is mediated by a series of enymes in the
phenylpropanoid pathway. Cinnamyl-alcohol dehydrogenase (CAD) catalyses the
committed step of monolignols formation . This committed step is the final step in
the synthesis which involves the conversion of cinnamyl aldehyde to alcohols by

NADPH.

In angiosperms such as oil palm (Elaeis guineensis), CAD is encoded by a multigene
family. As agene family, the CAD genes are grouped into several classes based on
their phylogenetic relationship. Different classes may represent different dedicated

functions in plants.

The emergence of lignin in the vascular plant lineage is associated with the origin of
the bona fide CAD gene. Members of the gene family that are involved in
lignification are classed together such as in the case of the class I genes (4¢CADS5 and
AtCAD4) from arabidopsis which were shown to be involved in lignification (Sibout
et al., 2003). Homologs of the same class from other plants often exhibited the same
function such as the class I CAD gene from rice (OsCAD2) which had been
demonstrated to have a dominant role in lignification (Tobias & Chow, 2005). Other
members of the CAD gene family may function differently in different plants but one

for certain is that they normally carry other functions not related to lignification

(Kiedrowski et al., 1992).



In oil palm, the CAD gene family has two genes that have not been functionally
characterised previously. Preliminary analysis of the genes indicated that the two
genes were expressed during oil palm development. To functionally analyse the
function of the genes in oil palm by overexpression approach, the over-expressed
CAD gene construct must be integrated into the oil palm genome by transformation.
Unfortunately, the transformation protocol of oil palm was not well established and
technically difficult based on a general technical agreement that the monocots are
difficult to transform. In addition, being a woody monocot, the life cycle of oil palm
is relatively long requiring a few years to complete which is not favourable for
efficient gene functional analysis. Alternatively, different host plants may be used to
study the gene function including Arabidopsis and tobacco. Tobacco may offer better
alternative if one wants to carry out laboratory analyses that require massive

biomass.

In this study, tobacco plants were chosen as a model plant to transform the oil palm
EgCAD?2 gene, a member of the CAD gene family. Tobacco plants have a relatively
short live cycle of approximately 30-50 days and the transformation protocol has
been well established. Since this plant is not considered as food and feed crops,
transforming the plant with oil palm gene would reduce the possibility of
environmental contamination by cross-pollination of transgenes which is a major
issue in oil palm transgenic studies. Therefore, the initial steps in studying the
function of the oil palm EgCAD2 gene were performed in this study with the

following specific objectives:
1. to transform tobacco plants using an established Agrobacterium-mediated

transformation protocol

11. to relate the EgCAD?2 gene with other CAD genes in woody plants using
phylogenetic methods
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	2.3.2 Functional analysis of the CAD gene
	One example of functional analysis of CAD was the down-regulation of the gene using RNAi technology in switchgrass (Fu et al., 2011). The internode tissue of the transgenic switchgrass exhibited a reduction of lignin between 14–22%. The composition of...


	2.4 Challenges in functional analysis of EgCAD2
	There are a few ways in which the function of a gene can be investigated in plants. One method is to over-express the gene in the host plant and evaluate the response observed. Another approach is to down-regulate the gene in the host plant and evalua...
	In plants, transformation can be done in different ways. The gene construct can be directly integrated into the genome by mechanical methods such as gold-particle mediated bombardment or transformation by using Agrobacterium. In the gold-particle medi...
	Another direct method is to use protoplast culture. However, the protocol is technically difficult especially in the screening and regeneration steps. Not all plants can be easily regenerated from protoplasts. In addition, protoplasts are usually high...
	Technically, transformation by using Agrobacterium is quite easy and can be done either in planta or it can be integrated into a tissue culture protocol. In an in planta technique, flower buds were dipped into a solution containing the Agrobacterium t...
	If tissue culture was used as part of the transformation system, suitable explants from the host plant are mixed with Agrobacterium solution. In many plants, a common way of doing this is by immersing leaf dics made from young leaves with the suspensi...
	Tobacco offers high transformation effieciency using agrobacterium-mediated transformation. In some previous studying, the researcher used Agrobacterium tumefaciens harboring the binary transfer-DNA vector, pGA472, containing a kanamycin resistance ma...
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	MATERIAL AND METHODS
	3.1 Preparation of Agrobacterium
	Agrobacterium culture was prepared accrording to the method described by McCormac et al (1998). The Agrobacterium tumeficiens cultures carrying the pRI201-CAD2 and pMDC32-H2 plasmids (Elaeis guineensis CAD2 gene comprising 6x histidine tag ) were remo...
	The inoculated LB broth was incubated overnight (16 hours) in a shaker at 280C, 230 rpm. The next day, 4mL of the overnight cultured of Agrobacterium was transferred into 20mL fresh LB broth to allow the agrobacterial cells to grow (for 5 hours) until...

	3.2 Wild-type tobacco leaf tissue sterilization
	The wild-type of Nicotiana tabacum leaf tissues were used in this study for transformation. The leaf disc tissue transformation was as described by Tiwari et al. (2012). The wild-type Nicotiana tabacum seed was given by a senior and the seeds were gro...
	3.2.1 Leaf disc tissue transformation
	The Agrobacterium tumefaciens cells containing pRI201-CAD2 and pMDC32-H2 were used to transform the tobacco plants by Agrobacterium mediated transformation technique. The pRI201-CAD2 vector comprising kanamycin antibiotic resistance marker with EgCAD2...
	The wild-type leaf discs was transfered in a falcon tube containing competent cells of  transformed Agrobacterium. After that, the falcon tube was shaked gently for about 10 minutes to allow the Agrobacterial cells to get into contact with all of the ...


	3.3 Selection and screening of transformed tissue
	After 2-3 days, all the leaf tissues from co-cultivation media was transferred into shoot regeneration media. The leaves transfected by agrobacterial cells carrying pRI201-CAD2 were transferred onto MS media containing 100 mg/mL timentin and 25 mg/mL ...
	The shoots on the callus were cut using sterile scalpel blade on sterile papers in a laminar air flow. Next, the shoots were transferred to root generation media containing 1 mg/mL 1-Naphthaleneacetic acid (NAA), 100 mg/mL timentin, and 25 mg/mL kanam...

	3.4 DNA Extraction
	The genomic DNA extraction from tobacco was done according to the protocol describe by Healey et al. (2014). Leaf samples were cut and put in Eppendorf tubes containing 400 μL DNA isolation buffer. The leaves tissues were ground using disposable morta...
	3.4.1 Intactness of the DNA
	DNA solution was first diluted to 50ng/uL using sterile distilled water. Next, 4μL of the diluted DNA solution was mixed with 2 μL of  6x loading dye. After that, the mixture was loaded on agarose gel for electrophoresis. Electrophoresis was run for 4...


	3.5 Transgenic plant analysis
	The present of transgene was confrimed by performing PCR using a specific primer pair for EgCAD2 as follows:
	Forward primer: 5'-atgggcagcgttgaatcggaga-3'
	Reverse primer: 5'-tcatgggtcaagcttgctgcctg-3'
	3.5.1 PCR conditions for the CAD 2 primers
	The annealing temperature was optimised by performing gradient PCR using the master mix shown in Table 1.
	Table 1: The master mixes for PCR optimization
	Table 2: Parameter setting for annealing temperature optimization
	The PCR tubes were placed at specific lane on PCR machine according to different annealling temperatures. After PCR was complete, the tubes were put on ice. The PCR product (4uL)  was  mixed with 2 uL of 6x loading dye for agarose electrophoresis.

	3.5.2 Amplification of the EgCAD2 transgene
	PCR was carried out using the master mix prepared in Table 1 except that the template was not included.  The master mix (18 uL) was transferred into PCR tube containng  2 uL of DNA (200 ng) from different transgenic plants. PCR was run according to th...
	Table 3: The parameter for PCR transformant


	3.6 Phylogenetic tree reconstruction
	cDNA sequences of the CAD genes from different plants were downloaded in the FASTA format from Phytozome 9.1. These plants were  woody dicots namely  Eucalyptus grandis (Egr), Theobroma, Citrus sinensis (orange) Malus domestica (MDP) and Populus trich...
	The aligned sequences were used to infer the CAD phylogeny by maximum likelihood method with the bootstrap replicate of 2000. The tree was reconstructed from codon-aligned of the CAD gene families from Eucalyptus grandis (Egr), Theobroma, Citrus sinen...


	RESULTS AND DISCUSSION
	4.1 Results
	In this study, transformation of tobacco with the EgCAD2 gene was successfully performed. The transformation protocol and tissue culture procedure for direct organogenesis were successfully carried out. The leaf explants transfected with Agrobacteria ...
	The formation of shoots and roots occurred on media containing the respective antibiotics which suggested that the left-right border of the transformation constructs was successfully integrated into the tobacco genome. Initial screening for positive t...
	4.1.1 Screening for positive transformants by antibiotic selection
	Antibiotic screening performed on agrobacteria-transfected leaf explants produced many potential transformants from both constructs. The screening was initiated by incubating the transfected leaf explants on selection media containing kanamycin for pR...
	After multiple subcultures, the tiny callus became compact and green (1-2 cm in diameter). This callus continued to develop and formed shoot after 10 weeks of culture (Figure 1e). The shoots produced from the callus were cut and sub-cultured on root i...
	Figure 1. Antibiotic screening of transformed leaf explants. The plates were placed on shoot-inducing media containing appropriate antibiotics and kept under 12 hours light/dark throughout the selection period (a-j). Callus started to form at the edge...

	4.1.2 PCR amplification of EgCAD2 transgene
	After the acclimatization process, the transformants were designated as pRI201-CAD2-(1-32) and pMDC32-H2-(1-31) lines to reflect the transgenes they carried. In order to perform PCR analysis, genomic DNAs (gDNA) were isolated from these lines. The int...
	A total of 58 putative transformants were obtained from the two constructs used (pRI201-CAD2 and pMDC32-H2) in the transformation. All 32 kanamycin-resistant pRI201-CAD2 transformants, were confirmed to be positive by PCR as the right size of amplicon...
	Figure 2. Representative of positive pRI201-CAD2 transformants confirmed by PCR. Approximately 200 ng of gDNA was used in each PCR reaction. The DNA of the wild-type tobacco plant and the plasmid of the pRI201-CAD2 construct were used as the template ...
	Figure 3. Representative of positive pRI201-H2 transformants confirmed by PCR. The DNA of the wild-type tobacco plant and the plasmid of the pMDC32-H2 construct were used as the template in PCR for the negative control and positive control, respective...

	4.1.3 Transformation efficiency
	The averaged of transformation efficiency for the pRI201-CAD2 and pMDC32-H2 construct were 62% and 47.6%, respectively. The transformation efficiency was determined by calculating the total number of positive transgenic plantlets produced over the tot...
	Table 4. Transformation efficiency for the pRI201-CAD2 and pMDC32-H2 constructs after three rounds of transformation

	4.1.4 Acclimatization and normal phenotype evaluation
	Since the transformation protocol used tissue culture procedure, the transgenic plantlets should undergo acclimatization. The transgenic plantlets were transferred to soil and acclimatized in a large transparent box for a few weeks in the growth room....
	Table 5. Phenotypic evaluation of the transgenic lines
	*Based on random measurements of leaves from 10 plants **based on random observation of flower appeared from 5 plants
	There is no obvious phenotypic alteration observed in all of the transgenic plants from both lines. The transgenic lines were normal in terms of plant height, leaf size and flowering time. The avareged leaf size for both the wild-type and transgenic l...
	Figure 4. Acclimatization and phenotypic evualuations of the transgenic lines. The acclimatization was carried out by transfering the transgenic plantlets to soils and incubated in a transperent box in the growth room (a-c). Survived plants were kept ...

	4.1.5 Classification of EgCAD2
	The constructed phylogenetic tree divided the CAD genes in angiosperm into four main groups (Figure 5). EgCAD2 was clustered together with the CAD genes from some dicots and Selagenella moellendorffii. The EgCAD2 was closely related with EgCAD1, anoth...
	Figure 5. Phylogenetic tree depicted the genetic relatedness of the EgCAD2 with the CAD genes from other woody plants. The tree was reconstructed from codon-aligned of the CAD gene families from Eucalyptus grandis (Egr), Theobroma, Citrus sinensis (or...


	4.2 Discussion
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