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ABSTRACT 

Understanding of the function of the flowering genes and starch accumulation in the flower 
initiation stages of the sago palm is significant in order to enables the harvesting of palms at 
the right growth stage for an earlier maximum starch in future. An effort to clone and 
characterize the flowering genes of sago palm was carried out in this study. CT AB method for 
the extraction of the sago shoot produced a satisfactory result as fine bands were obtained in 
1% agarose gel electrophoresis. PCR was also accomplished successfully as all the primers 
namely LFY-like, AP3-like, CO-like gene and haCO-like gene are reproducible. PCR products 
for LFY and CO genes were purified and subjected for the ligation reaction and then 
transformed into E.coli JM I09. The extracted plasmids were successfully isolated. There were 
no inserted fragments detected through PCR amplification and also restriction enzyme such as 
Smal, BamHI and EcoRV. Nevertheless, DNA could not be cloned due to time constrain. 

Keywords: Flowering genes, sago starch, CT AB, PCR, restriction enzymes. 

ABSTRAK 

Pemahaman mengenai hubungan di antara gen-gen pembungaan dan pengumpulan kanji 
pada peringkat permulaan pembungaan pokok sagu adalah penting agar dapat 
mempercepatkan proses kematangan pokok terse but pada peringkat pertumbuhan yang betul 
un/uk menghasilkan kanji yang maksima dalam tempoh yang lebih awal.Percubaan untuk 
mengklon dan mengenalpasti gen-gen pembungaan pada pokok sagu telah diambil dalam 
kajian ini. Teknik CTAB yang diguakan untuk mengekstrak DNA dari pucuk pokok sagu telah 
berjaya menghasilkan satu fragmen melalui proses elektroforesis gel. Peringkat PCR telah 
berjalan dengan sempurna kerana kesemua primer-primer iaitu gen LFf, AP3, CO and haCO 
lelah berjaya mengeluarkan fragmen yang juga dikenali sebagai produk. Produk PCR unluk 
LFY dan CO yang lelah ditulenkan kemudiaannya digunakan dalam proses ligasi dan 
selerusnya transformasi ke dalam E.coli JMI09.Plasmid yang lelah ditulenkan, kemudiannya 
diamplikasikan dan juga dengan menggunakan enzim pemisahan seperti Smal, BamHI dan 
EcoRV masih gagal menunjukkan kehadiran sebarang fragmen. Namun, proses pengklonan 
DNA masih gagal disempurnakan kerana kesuntukan masa. 

Kala kunci : Gen-gen pembungaan, kanji, CTAB, PCR, enzim-enzim pemisahan. 
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CHAPTER 1 


INTRODUCTION 


1.0 Introduction 

Sago palm (Metroxylon sagu) is a pinnate leaved palm. Palms also represent one 

of the oldest family of plants on earth. Examples for such groups are the South Indians 

based on the palmyra (Borassus flabellifer), the Indo-Pacific islanders based on the 

coconut (Cocos nucifera), the West Africans based on the oil palm (Elaeis quineensis) 

and the Molluccans based on the sago palm (Metroxylon sagu) (Tan, 1983). The major 

areas in Malaysia are to be found outside the Peninsular, in the state of Sarawak. Sago 

palm also can be found in the hot humid tropics of South-East Asia and Oceania. 

Identifying and cloning of flowering genes of Metroxylon sagu using 

polymerase chain reaction (peR) is a typical study to overcome the long flowering 

period in order to enable its manipulation in future. The function of CONSTANTS 

(flowering time genes), LEAFY (floral meristem identity), and APETALA 3 gene (floral 

organ identity) that was focused in this study has extensively being studied and 

established by many researchers. According to Salleh et al., 2000, the palm might be 

around 10 years before it starts blooming. Traditionally, the local fanners used the 

flower initiation stage in sago palm as an indicator for the starch fonnation in the stem 

(Flach, 1995). As mentioned by Jong (1995), the starch reaches a maximum between 

the ful l trunk growth and flowering stage before decreasing in the subsequent over

mature stages. The flowering genes and starch accumulation in the flower initiation 

phase could provide a sign on how they collaborate. 



PCR is the main tool used in this study to identify the flowering genes of sago 

palm as well as to done before sequencing procedure can be done successfully. The 

preparation of DNA from plants is detennined by the species, the type of tissue and the 

analysis required on the DNA. Many standard methods are available for isolating plant 

genomic DNA but problems occur because of contaminants. Polysaccharides are 

mainly problematic (Dransfield, 1977). 

DNA extraction, electrophoresis, PCR step and doning process are the 

important matters that need to be concerned for this study. DNA extraction is difficult 

in several of plant because the presence of metabolites that interfere with isolation 

procedures. Hexadecyltrimethlammonium bromide (CTAB) method is to isolate DNA 

from high levels of polysaccharides. Competence is the ability of a recipient bacterium 

to take up free DNA and become transfonned. Transfonnation is a change in the 

hereditary properties of a cell brought about by the uptake of foreign DNA. Both of 

this process is important because the high efficiency of competent cells is needed in 

order to have a successful transfonnation. 

1.1 OBJECTIVES 

The objectives of this study are to identify and done the flowering genes of 

sago that is LEAFY (LFY) like, APETALA 3 (AP) like, CONSTANTS (CO) like and 

haCO-like in order to manipulate it for a shorter flowering period as well as for an 

earlier starch fonnation. Besides, it also to optimize the PCR fragments that are LFY

like, AP3-like, CO-like and haCO-like. 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Flower formation 

Flower is the structure in angiospenns (flowering plants) that bears the organs for 

sex production. As mentioned by Weberling (1989), flower is actually "a section of 

shoot or a branch resembling a short shoots which serves the function of sexual 

reproduction". Basically, the structure of flower contains four main parts that are calyx, 

petal, stamen and carpel. Flowers are variable in fonn. Plus, it also often grouped 

together into inflorescences which are so compacted as to resemble a single flower. 

Flowering is a process of switching from vegetative to reproductive structure in 

the meristem apex. It is clear that the environment plays an important role towards the 

determination of flowering however, it is also equally clear that the genetic control is 

also important (Dransfield, 1977). In addition, flowering mechanism involved the 

transition of the vegetative shoot apex into floral meristem by which all the sections of 

the flower will be produce. The conversion occurs in shoot meristem that 

reprogrammed to make inflorescence of floral organ rather that vegetative organ upon 

receiving appropriate environmental or even developmental signals (Howell, 1998). 

The plant such as Arabidopsis thaliana has proved that flowering is regulated by three 

classes of genes that are the flowering time genes, the floral meristem identity genes 

and the floral organ identity genes (Coupland and Pineiro, 1998). 

CONSTANTS (CO) and GIGANTEA (Gl) are best characterized of these 

flowering time genes. Some of these genes appear to interact with environmental 

factors such as photoperiod and temperature (Tasma and Shoemaker, 2003). The 
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flowering time genes are also often being assumed to act before the meristem identity 

genes and lead to their activation (Tsaftaris et al., 2004). 

In Arabidopsis, the transition into floral meristem from inflorescence meristem 

needs the action of genes like APETALA 1 (AP1), LFf and CAULIFLOWER (Howell, 

1998). These meristem identity genes, especially LFY are needed for transition to 

reproductive growth and also the fonnation of flowers. LFf dysfunctional will leads to 

leaves and shoots in place of flowers (Weigel et al., 1992). In addition, LFf is required 

for the transcription of all three classes of ABC genes (Weigel and Meyerowitz, 1993). 

LFf encodes a nuclear-localized product that can bind to DNA and so could act 

directly to regulate transcription of the floral homeotic genes (Parcy et al., 1998). 

When flower fonnation begins, the floral organ identity genes that are class 

homeotic genes A, Band C are actually to detennine the fate of the floral organ 

primordial. According to Tsaftaris et al., 2004, "the class A genes lead to the fonnation 

of sepals in whorl 1, Class A and B genes together lead to the fonnation of petals in 

whorl two, both class Band C genes specify the fonnation of statements in whorl three 

and the class C genes are required for the fonnation of carpels". Dysfunctional 

mutations in this gene result in the coversion of petals to sepals and stamens to 

carpeloid organs (Bowman et al., 1989; Hill and Lord, 1989). 

Generally, there is variety genes involved in the control of flower fonnation. 

However, this study will concentrate on CO (flowering time genes), LFf (floral 

meristem identity), and AP3 gene (floral organ identity) that are capable to convert 

shoot meristems into flowers and subsequently the over expression of these gene can 

cause early flowering. 
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2.2 Sago starch 

Sago starch accumulates in the pith middle of the stem of the sago palm (Cecil, 

Lau, Heng, and Ku, 1982). According to Kueh (1977), trunk fonnation starts during 

the third and forth year growth of the palm. In addition, as mentioned by Jong (1995), 

the maximum starch content of 18% to 20% is found between the full trunk growths 

stages (before the emergence of inflorescence structure) and flowering stage. After that, 

the starch content decreases sharply and remains finally at about 4% to 6%. 

The starch is mainly found in the pith of the palm. The pith usually contains 

about 250 kg of starch, 425 kg of water and 175 kg of other material (Flach, 1983). As 

mentioned by Lim (1991), in Sarawak, the local fanners classified the mature sago 

palms into different physiological growth stages (Table 1) such as plawei (palms at 

maximum vegetative growth), plawei manit (inflorescence emerging), bubul 

(inflorescence developing), angau muda (flowering) and angau tua (fruiting). After the 

matured fruits decrease, the palm will soon die (Dransfield, 1977). 
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Table l. Different physiological growth stages of sago palm. Taken from Jong (1995). 
Research for the development of sago palm (Metroxylon sagu Rottb.) cultivation in Sarawak. 

Growth 
stage 

Estimated 
age from 
planting 
(year) 

Palm description 

Plawei 10 
Palm have reached maximum vegetative growth; 75% trunk 
growth (6-8 m in length) 

Plawei 
manit 

11.5 Inflorescence emerging; full trunk growth (7-14 m in length 

Bubul 6.5 Inflorescence developing; bolting 

Angau 
muda 

12.5-13 
Flowering; reached maximum starch yield per trunk (Lim et 
aI., 1991; Tie, 2004) 

Angau 
tua 

14 Fruiting; senescent stage 

2.3 Sago palm 

Sago palm (Metroxylon sagu) is a tropical swamp which is commonly found in 

Thailand, Malaysia, Indonesia and other islands in the south Pacific Region (Jong, 

1995). The palms are monoecious (plant species that have separate male and female 

flowers on the same plant). Besides, this tree is hapaxantic meaning that the palms 

flower once and then die shortly after. As mentioned by Foh (1995), an enormous 

inflorescence heralds the end of its life cycle when a big branched terminal 

inflorescence with fruits is formed. 

Flowering starts after a fixed number of leaves have been developed and the 

flowers of sago palm consist of male flowers and complete but only functionally 

female. From the time of planting, a sago palm remains in the rosette growth stage for 
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about 5 years before trunks are fonned. Flower initiation occurs at 12 years and the 

fruit drop is completed in 14years (Jong, 1995). Fonnation of the inflorescence, for 

which the starch in the trunk is being used, begins 4 to 14 years after the start of trunk 

formation which is during the third and forth year growth of the palm (Kueh, 1977). 

The advantage of these plants is that they are quite salinity tolerant and can 

survive occasional flooding by seawater. Sago palms grown in a semi-wild 

environment is pest free because predators and other naturai enemies of the pests in the 

same sago ecosystem (Jong, 1995). Each trunk will remain fell-ripe from the time of 

flower initiation until seeds are fonned, which is over a two years periods of time. This 

allows for spreading of the harvesting period that providing insurance for the fanners 

and a stable supply of raw material to the processor (Kueh, 1977). 

However, the main problem occurred in commercializing the sago starch is 

when the crops takes extremely long time to mature by which it takes a long time 

before the harvesting process. Meanwhile, flower initiation in sago palm is usually an 

indicator for the starch fonnation in the stem (Flach, 1995). Thus, the trunk should be 

ready for processing to get starch by the stage of flowering. 

Sago palm converts its stored nutrients into starch which fills in the trunk. 

Earlier studies discovered that among different growth stages, the mean density of the 

sago palm trunk increases gradually from the early trunk fonnation stage. It reaches a 

maximum between the full trunk growth and flowering stage before decreasing in the 

subsequent over-mature stages (Jong, 1995). In addition, according to Flach (1984), 

the trunk is supposed to have reached its maximum starch content when the young 
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fruits are developing. This trunk that contains starch is actually used by the plant as a 

preserve food for flowering and fruiting. 

2.4 Polymerase Chain Reaction (PCR) method 

The peR is a technique for the in vitro amplification of a desired sequence of 

DNA. The advantage of using this method is it can allow one to detect the presence of 

specific gene sequences from extremely minute quantities of DNA (Fox et al., 1991). 

peR actually allows the generation of a large quantity of DNA product from only a 

few starting copies. In the peR, a DNA template is repetitively denatured into single 

stranded molecules, annealed to specific oligonucleotide primers and copied with DNA 

polymerase to extend the primers to the end of the DNA strand. Overall, it involves 

three segments that are denaturation, annealing and extension. By repeating the 

melting, annealing and extension steps, several copies of the original template DNA 

can be generated. It can also be done manually into three different bath tabs. However, 

if it involve automatically, it can be done by using thermal cycle machine. The setting 

of temperature is really important in order to achieve the success of amplification. 

2.5 Research question 

This study is carried out to discover whether the flowering genes (LFY, AP3, 

CO and haCO) of sago palm could be used in understanding the relationship towards 

starch accumulation of the sago palm. In addition, it is hoped that the information 

obtained would enables the harvesting of palms at the right growth stage for an earlier 

maximum starch yield. 
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CHAPTER 3 


MATERIALS AND METHODS 


3.1 Sample sources 

Sample of young sago shoots were obtained from sago seedlings grown in 

UNIMAS plant house. 

3.2 Isolation of total genomic DNA 

Isolation of total genomic DNA was carried out by using CT AB protocols as 

described by Doyle and Doyle (1990) with slight modification for mini prep extraction 

for PCR. 

About 0.1 g of shoot is grinded in liquid nitrogen and 1000 III of CTAB 

extraction buffer until slurry is fonned by using mortar and pestle. Both tissue and the 

extraction buffer were transferred into a 1.5 ml Eppendorf tube. The mixture then was 

incubated in a water bath at 65°C for one hour. The tube was removed from the water 

bath and allow to cool down in room temperature for approximately 5 minutes prior to 

addition of 400 III of CIA (chlorofonn : isomylalcohol). The mixture then was mixed 

gently to a single phase and centrifuge at 13,000 rpm for 5 minutes at 4°C. The upper 

layer that is the aqueous layer was removed and transferred to a clean Eppendorf tube. 

Ice cold propan-2-01 (600 Ill) was added prior to leave the tube to stand overnight at 

20°C. 

On the following day, the tube was centrifuged at 13,000 rpm for about 2 

minutes at 4°C. The supernatant was discarded before the addition of 1 ml of wash 

buffer. Then, the supernatant was discarded after the second centrifugation at 13,000 

rpm for 2 minutes at 4QC. The tube was left to dry for 15 minutes before dissolved the 
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DNA pellet in 100 )ll of TE buffer and stored it at 4DC. 5 III of the genomic DNA 

solution was analyzed by 1 % agarose gel electrophoresis to verify the presence of the 

isolated DNA. 

3.3 Purification of the extracted DNA 

Removal of proteins is actually important as the cell consists of enzymes that 

will degrade nucleic acids, plus other proteins that will interfere with subsequence 

procedures by binding towards nucleic acids. A phenol : chloroform : isoamylalcohol 

(PCIA). (25 : 24 : 1) method as described by Boulnis (1987), was used to purify the 

DNA solution. RNase (0.2 )lg) was added and incubated for 1 hour to digest any RNA 

present in the DNA solution. The DNA was precipitated by using 2/3 volume of 

isopropanol and 0.1 volume of 3 M sodium acetate. The mixture was incubated 

overnight at -20 °C. 

On the next day, the mixture was centrifuged at 13,000 rpm for 5 minutes. The 

supernatant was discarded prior to addition of 1 ml wash buffer. A second 

centrifugation was carried out in the same condition. The purified DNA was 

resuspended in 50 III TE buffer and stored in 20 DC which then be used for PCR. The 

purified DNA (5 Ill) in 1% agarose gel electrophoresis was visualized under ultraviolet 

(UV) transilluminater. 

3.4 DNA quantification 

DNA quantification was measured by Ultraspec ® 1100 pro at 260 nm in which 

the amount of the UV radiation absorbed by a solution of DNA is directly proportional 

to the amount of the DNA in the sample. The method as described by Davis et al. 
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(1994) was actually used to determine the DNA concentration of this plant. DNA (5.0 

Ill) was diluted with 1000 III of sterile distilled water in the 1500 III cuvette. Then, the 

cuvette was inverted several times to mix the solution. The external surface of the 

cuvettes was wiped with tissue prior to inserting into the UV -visible spectrophotometer. 

Brown (1990) stated that the wavelength of an absorbance (A26o) of 1.0 

corresponds to 50 Ilg of double stranded DNA per ml. This method is applied in order 

to detect contamination in the preparation of DNA. The absorbance ratio of A26o:A28o 

that is less than 1.8 indicates that the preparation of DNA is contaminated with protein 

or phenol (Brown, 1990). This problem actually can be solved by PCIA that are phenol: 

chloroform: isoamylalcohol (to removed protein) extraction followed with ethanol 

precipitation. 

3.5 DNA Visualization 

Agarose gel electrophoresis was performed to check the presence of DNA after 

the extraction protocol in order to determined DNA to be used successfully isolated. 

The peR amplification was used then to determine the reactions successful. The 

sample was mixed with the loading buffer to correct dilution and pipette into the wells 

of the prepared gel that was to submerge in the running buffer in the electrophoresis 

tank. The gel which was containing ethidium bromide was photograph under ultra light. 
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3.6 peR 

PCR was carried out by mixing purified DNA from sago as the template with a 

set of reagents and placing the tube in the thennal cycle. The degenerate primers were 

used to fish out the flowering genes from sago. The composition of PCR reaction 

mixture (Fermentas) shows in the Table 2. Whereas the sequence of primers in Table 3. 

Parameters of simple PCR process are shown as below: 

Initial cycle: 	 94°C for 4 minutes 


94°C for 1 minute 


Annealing: 	 SO°C for 1minute ~ repeated 30 times 

noc for 2 minutes 

Final cycle: 	 noc for 10 minutes 

Table 2. The composition of peR reaction mixture. 

Primers of Primers of Primers of 

I 

Primers of 
LFY-like 

Reagents 
AP3-like CO-like haCons-like 

gene 

Volume (~.tl) 

gene gene 

Volume (~l) Volume (!ll) Volume (~l) 


lOx PCR buffer without 
 2.S 2.S 2.S 2.S 
magnesium 


2mMdNTPs 
 O.S 1.0 O.S 2.S 

Taq DNA polymerase 
 1.01.0 1.0 1.0 

III(Su/~l) I 
13.S13.S 14.S 10.S 

10 pmoVll1 of each 
Double distilled water 

1.0 I.S 2.01.0 
~rimers 

3.0 2.S3.0 2.S 
DNA template 
25 mMMgCh 

2.0 2.0 2.0 2.0 
(0.805~g/!ll) 

2525 25 25FiDal volume 
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Table 3. The nucleotide sequences of LFf, AP3, cctCO and hoCO genes. 

Primer 

Dame 

SequeD~es Reference 

LFY 
(FIR) 

Forward: 

5' CGGAA TTCA TG(M)G(I)CA(Y)T A(Y)GT 3' 

Reverse: 

5' CGGGATCCGG(Y)TT(R)CA(I)GC(Y)T 3' 

Southerton et aI., 1998 

AP3 

(FIR) 

Forward: 

5' AATGGTTTATTCAAGAA(R)GC(N)CA 3' 

Reverse: 

5' CGAACGAGTTTGAAAGT(R)TT(Y)T 3' 

Brunei et aI., 1999 

CCICO 

(FIR) 

Forward: 

5' CAGGAGGCCAGGGTGCTCAG 3' I 

Reverse: 

5' CTCTTGGCGAAACGGCCCTTGA 3' 

Griffiths et aI., 2003 

haCO 

(FIR) 

Forward: 

5' CCGCAAACCCTCTTGCTAGAC 3' 

Reverse: 

5'CTTCTTCTCTCTGTATCTCAG3' 

www.ncbi.nlm.nih.go\l 

The PCR products were run on 1% agarose electrophoresis containing 0.1 

Ilg/ml ofethidium bromide. Then it was visualized under UV. 
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3.7 Calcium Chloride (CaCh) Bacterial Competent Cell 

Escherichia coli (E. coli) JM109 which is supplied by Promega was obtained 

from the stock culture and inoculated into 5 ml of Luria Broth (LB) which acts as a 

medium growth to multiply the plasmid. Then, the culture was incubated overnight at 

3'fC with shaking at 200 rpm until an optical density, 00 600 reading of about 0.5. The 

cells were allowed to coolon ice for approximately 20 minutes. The culture was 

transferred into 50 ml Falcon tubes and centrifuged at 3500 rpm for 5 minutes. After 

centrifugation, the supernatant was discarded and the cell pellets were resuspended in 

25 ml of ice cold 100 mM Calcium chloride (CaCh) for 10 minutes. The cells were 

further centrifuged at the same condition. Glycerol stocks were prepared by adding 200 

J.1l of glycerol with 800 JlI of CaCh into each of the tube. 200 JlI of aliquots from each 

tube was transferred into 1.5 ml Eppendorf tubes. The Eppendorf tubes were snapping 

frozen in liquid nitrogen prior to being stored at -80°C. 

3.8 Cloning of the PCR fragment 

3.8.1 Plasmid isolation 

The alkaline lysis procedure as described by Zyskind and Berstein (1992) is 

employed for plasmid isolation of white colonies (from LFYand CO PCR product) that 

were observed in the transfonnation plates. Then, those colonies was incubated into 5 

ml of LB and incubated overnight at 37°C. After the incubation, the cells were pelleted 

and the supernatant was discarded. The cells were resuspended in 200 JlI of ice cold 

Solution 1 (Glucose, EDT A and Tris-HCI solution), 300 JlI of freshly prepared 

olution II (Lysis solution that are NaOH and SDS) and 300 JlI of Solution III 
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(potassium acetate, acetic acid and sterile water) subsequently and incubated on ice for 

10 minutes for each step. 

The supernatant was transferred to 1.5 ml Eppendorf tubes after centrifugation 

at 13 000 rpm for 10 minutes. Phenol:chlorofonn:isoamylaIcohol was added in an 

equal volume and centrifuge at the same condition. The upper layer was transferred to 

new Eppendorftubes and following that is 0.1 volume of 3 M sodium acetate and 2/3 

olume of isopropanol will be added. Before the supernatant discard, the mixture was 

allowed to stand at -20 (lC. The pellets were resuspended with cold ethanol, repelleted 

and dissolved in TE buffer. An RNase treatment was used to remove any RNA that 

present in the solution. The tubes were incubated at 37°C for overnight before storage 

The mixture was centrifuged at 13,000 rpm for 5 minutes. The supernatant was 

discarded and the pellets wash with 500 j.!l of 70% cold ethanol. After centrifugation at 

13 000 rpm for 2 minutes the supernatant was discarded. The pellet was air dried for 

15 minutes prior to dissolve it in 50 TE buffer. 

3.8.2 Ligation and transformation 

The purification of PCR fragments of primer LFYand CO were ligated into the 

pUC 19 vector and pOEM ® -T supplied by Promega and using the recommended 

method by the manufacturer. The reaction was incubating overnight at 4 °c for the 

maximum number of transfonnant. On the next day, transfonnation was carried out 

using the E.coli JM109 competent cells. 
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