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Abstract 

 

Gaharu resin is derived from Aquilaria sp. or Agarwood tree in a tropical ecosystem. In 

Malaysia the Aquilaria species especially A. malaccensis in danger of extinction in the wild due 

to illegal logging as its resin is highly used for the production of greatly valued incense 

throughout Asia. A significant tool in fingerprinting the species is through molecular activities 

of Polymerase Chain Reaction (PCR) application on which requires total genomic DNA as a 

starting material. This paper, described optimizations of both fresh and dried samples derived 

from A. malaccensis for genomic DNA. Three main parameters for the optimization were 

temperature (60°C, 65°C, 70°C), incubation period (30, 60, 90 minutes) and concentration of 

CTAB (1%, 3%, 5%). The experimental design in these work resulted a total of 46 

combinations of the parameters in which 0.5g samples was used in each combination. Nano-

drop spectrometer was used in detecting the quantitative genomic DNA at ng/µl. In fresh 

samples, incubation temperatures at 65°C for 60 minutes in 3% were yielded 723.2 ng/µl 

genomic DNA. Whereas, for dried samples, incubation temperature at 70°C for 90 minutes in 

5% CTAB were yielded 70.2ng/µl of genomic DNA. Spectrometer reading at OD280/260 was 1.9 

for both type of samples. The isolated genomic DNA is useful for the molecular activities to 

identify specific plants between the same species or among the Aquilaria species.  
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Abstrak 

 

Gaharu resin terhasil dari sumber spesis Aquilaria atau dipanggil pokok gaharu yang terdapat 

dalam ekosistem hutan tropika. Di Malaysia, spesies Aquilaria terutamanya A. malaccensisis 

telah mengalami kepupusan yang mendadak akibat pembalakan haram. Ini adalah disebabkan 

resin gaharu yang diperoleh dari spesis ini ialah sangat berkualiti dan permintaannya tinggi di 

seluruh Asia. Analisa cap jari untuk sesuatu spesis melalui Tindakan Berantai Polymerase 

(PCR) memerlukan sejumlah kecil DNA genomik berkualiti sebagai pemula.  Oleh itu, kajian 

ini berfokuskan pada pengoptimuman sampl segar dan kering yang diperoleh daripada 

A.malaccensis untuk aktiviti molekular. Terdapat tiga parameter utama dalam pengoptimuman 

pengektrakan genomik DNA ini iaitu suhu (60°C, 65°C,70°C), tempoh pengeraman (30, 60, 90 

minit) dan kepekatan CTAB (1%, 3%, 5%). Sebanyak 46 kombinasi eksperimen mengunakan 

0.5g sampel bagi setiap parameter. Nano-drop spektrometer telah digunakan dalam menentukan 

genomik DNA secara kuantitatif dalam unit ng/µl Bagi analisa DNA untuk sampel segar, suhu 

pengeraman pada 65 °C selama 60 minit menggunakan 3% CTAB telah menghasilkan sebanyak 

723.2ng/µl genomik DNA. Manakala bagi sampel kering, inkubasi pada 70° C selama 90 minit 

dengn 5% CTAB telah menghasilkan sebanyak 70.2ng/μl DNA genomik. Bacaan spektrometer 

pada OD280/260 bagi kedua-dua sampel adalah 1.9. DNA genomik yang dipencilkan ini berguna 

untuk aktiviti molekul dalam menentusahkan populasi spesis Aquilaria di dalam ataupun di 

antara spesis 
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Introduction 
 

Agarwood (Aquilaria sp.) is one of the most valuable forest traded products internationally in 

Malaysia. Although gaharu species were grouped into minor forest product, still in many studies have 

reported the gaharu population has reduced inside natural population in Peninsular Malaysia (Mah et 

al. 1983, Giano1986), Sarawak (Chin 1985, Dawend et al. 2005, Brookfield et al. 1995) and Sabah 

(Judeth et al. 2000, Henrik 2001, Anon. 2005b).They were reported to be 25 different species of 

Aquilaria in the world, which mostly be found in tropical country (Barden et al., 2000) . 

 

The gaharu species were exploited due to the production of resin (Gaharu) which highly valued incense 

throughout Asian. Aqualaria species had been category as expensive wood because the fragrant of 

gaharu resin has attribute into multiple functions especially in cosmetic, medicine and religious 

purpose. The production of resin is secrete from the systemic induction of defence gene in response to 

wound which mechanism roles in defence against herbivores and infected microbe (Pojanagaroon and 

Kaewrak, 2005).  

 

In molecular activities, isolation of genomic DNA is the most important steps for the studies in which 

quantity and purity are the key factors forsuccessful of down stream activities. The molecular activities 

are including activities on restriction analysis, polymerase chain reaction (PCR), cloning and 

sequencing. Plant DNA is generally extracted by procedures derived from CTAB 

(hexadecyltrimethylammonium bromide) and SDS (sodium dodecyl sulphate) methods Saghai-Maarof 

(1984) and Dellaporta et al. (1983).  

 

These protocols are then combined for a better quality of DNA. (Niu et al.2008). However, extraction 

of intact, high quality DNA is a challenge when working with plant tissues rich in resin, gums, 

polyphenols, polysaccarides and/or tannins. Eventhought, many kits with high throughput, simple and 

less time consuming have been designed from many scientific companies for total genomic DNA 

extraction, but high cost and low yielding are the main constraints.  

 

Principle of DNA extraction is remain the same, DNA must be purified from cellular material in a 

manner that prevents degradation and free from other secondary metabolites and compounds i.e. 

Phenolic, ethanol, alkaloids, flavonoids, terpenes and tannins. Basically, all methods involved are 

related to disruption and lysis of tissues followed by removal of proteins, carbohydrates, saccharides 

and other contaminants prior to recovery of the DNA. 

 

Thus, several modifications of the original procedures have been reported previously in getting high 

quality and significant yield of total genomic DNA. But, none of these are universally applicable to all 

plants because qualitative and quantitative differences in the levels of polysaccharides, phenols and 

secondary metabolites in various plant tissues significantly alter the efficiency of nucleic acid 

extraction and purification procedures (Varma et al., 2007). As many protocols and modification on the 

DNA extraction procedures are continuing published which reflected that the procedures are not 

necessarily reproducible for all species. It is strongly believed that different plant species requires 

specific DNA extraction procedures in getting a significant quality and high yield of total genomic 

DNA. 

 

In this work, total genomic DNA extraction from Aquilaria malaccancis was optimised at low cost and 

short time frame both from dried and fresh samples towards a high quality of intact genomic DNA for 

molecular activities. The procedure is important for breeders, planters and researchers in identifying 

Aquilaria sp for breeding, fingerprinting, diversity and mapping the trafficking of these valuable 

materials.  
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Materials and Method 
 

Plant Materials 

Plant sample for both dried and fresh samples were collected from Nuclear Malaysia germplasm 

collection. Fresh samples were collected in the morning and keep at 4°C prior to extraction. 

 

 

 
 

Plate 1: Aquilaria malaccensis at Nuclear Malaysia Germplasm 

collection 

 

 

 
 

Plate 2: Young fresh leave   

 

 
 

Plate3: Dried Chips 

 

 

DNA Extraction  

 

Whole genomic DNA was extracted from the following samples. Fresh sample (young leave) and dry 

sample (chips). The dried samples need to keep at -80°C overnight prior to dry in dryer at 60°C. 

Record the weight of the dried sample each day. If the weight remains constant, the dry sample is ready 

for DNA extraction. All sample and equipment were thoroughly cleaned with 70% ethanol before 

processing to reduce the risk of contamination. Each sample must weighted 0.5g before grinding the 

sample. Genomic DNA from fresh (young leave) and dry (Chips) samples was extracted by a modified 

cetyltrimethylammonium bromide (CTAB) protocol with modification (Doyle and Doyle, 1987).   

 

Extraction Buffer 

 

Extraction buffer was CTAB extraction buffer (Doyle & Doyle, 1991) with modification consists (1%, 

3% , 5%) CTAB, 1.4 M NaCl, 20 mM EDTA and 100 mM tris(hydroxymethyl) aminomethane (Tris)–
HCl, pH 8.0. This buffer was kept at room temperature. 0.2% mercaptoethanol were added in the buffer 

prior to incubation process. 

 

 

 

 



Crucial optimization steps in getting premier quality of Aquilaria malaccensis genomic DNA for molecular activities 2013 

 

4 
 

 

 

DNA Extraction Protocol  

 

 
 

Plate 4: Steps in genomic DNA extraction by using CTAB protocol 

 

 

 

DNA Quantification  

 

The DNA quantification was performed by using Nanodrop Spectrophotometer.The DNA quantitative 

sample was observed through an absorbance ratio at 260nm to 280nm (OD260/280). DNA quality was 

visualised by separating the total genomic DNA in 1% Agarose at 80V for 45 minutes. 
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Results &Discussion 
 

Both fresh and dried samples of plant tissues are important for total genomic DNA extraction. 

However, quantity and quality derived from these samples might be significantly different. In this 

work, a total of 36 combination based on CTAB concentration, incubation time and incubation 

temperature were conducted on both dried and fresh samples of Aquialaria malaccensis.  

 

First step in the extraction procedure is breaking the plant cell wall from the samples. Initial grinding 

stage with liquid nitrogen is employed to break down cell wall material and allow access to DNA while 

harmful cellular enzymes and chemicals remain inactivated. Once the tissue has been sufficiently 

ground, suspending in a suitable buffer, such as CTAB is a crucial step.  

 

Extraction buffer for total genomic extraction is depending on the species and tissue materials of the 

plant samples. The extraction is mechanical means of breaking down the cell wall and membranes to 

allow access to nuclear material and stabilized in the extraction buffer with minimum degradation 

and/or fragmentation. CTAB is a light powder, somewhat similar to SDS and it is used to eliminate 

contaminants in field samples. PVP, is a long polymer that binds to polyphenolics used effectively in 

removing polyphenolics (one of the major components of cell walls)from solutions. Ethylene 

diaminetetraacetic acid (EDTA) is used to protect DNA from endogenous nuclease. 

 

In order to purify DNA, insoluble particulates are removed through centrifugation while soluble 

proteins and other material are separated through mixing with chloroform and centrifugation. DNA 

must then be precipitated from the aqueous phase and washed thoroughly to remove contaminating 

salts. The purified DNA is then re-suspended and stored in TE buffer or sterile distilled water. This 

method was resulted an intact genomic DNA. The extracted DNA was visualized by agarose 

electrophoresis separations stained with ethidium bromide, and visualized under UV light.  
 

Normally initial DNA extracts contains a large amount of RNA which can be cut by RNAse 

(Treatment with enzyme RNAse A) at the final stage of the procedure. The absent of the RNA in the 

extract is not critical for molecular activities as it does not interfere with PCR or any restriction 

digestions. But it is necessary to isolate DNA free of RNA for precise quantification of DNA by using 

spectrophotometer. DNA concentration can be assessed using four different methods: absorbance 

(optical density), agarose gel electrophoresis, fluorescent DNA-binding dyes and a luciferase-

pyrophosphorylation-coupled quantitation system. The two most common methods of measuring DNA 

purity and concentration are absorbance (measured using a spectrophotometer) and agarose gel 

analysis. 

 

Nucleic acids absorb ultraviolet (UV) light due to the heterocyclic rings of the nucleotides; the sugar-

phosphate backbone does not contribute to absorption. The wavelength of maximum absorption for 

both DNA and RNA is 260nm (λ max = 260nm) with a characteristic value for each base. The 

absorption properties of DNA can be used for detection, quantification and assessment of purity. 

Although the λ max is constant, the extinction coefficient of nucleic acids depends on their 

environment. The absorbance of isolated nucleotides is greater than that of RNA and single-stranded 

DNA (ssDNA) which is in turn greater than that of double-stranded DNA (dsDNA).  

 

 
 

Plate 5. A standard visualized of total genomic 

DNA isolated by using CTAB method. (A) Good 

intact DNA (B) Fragmentized DNA which is not 

good for molecular activities. 

 

Results for the treatments is shown for 

fresh samples in table 2 and for dried 

samples is shown in table 3. Fresh sample 

is taken from fresh young leave and 

proceed for DNA extraction. Dry sample is 

reffering to the stem wood of the tree. The 

DNA in the stem wood is relatively 

preserved as compared to leaf tissues 

because the leaves are actively deviding 

and going through more rapid changes 

during growing process than the stem 

wood. (Asif and Charles et al., 2005). 
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Table 2: Combination 0f treatments for genomic DNA extraction derived from fresh leaves 

sample. 

No. Treatment Concentration 

(ng/µl) 

Optical density 

(260nm/280nm) 

1 1X CTAB, 30minutes & 55°C 173.2 2.78 

2 1X CTAB, 30minutes & 60°C 68.7 1.79 

3 1X CTAB, 30minutes & 65°C 75.3 2.14 

4 1X CTAB, 30minutes & 70°C 73.5 2.12 

5 1X CTAB, 60minutes & 55°C 101.3 2.62 

6 1X CTAB, 60minutes & 60°C 162.0 2.04 

7 1X CTAB, 60minutes & 65°C 86.0 2.13 

8 1X CTAB, 60minutes & 70°C 165.4 2.15 

9 1X CTAB, 90minutes & 55°C 110.4 2.61 

10 1X CTAB, 90minutes & 60°C 127.8 2.33 

11 1X CTAB, 90minutes & 65°C 177.8 2.34 

12 1X CTAB, 90minutes & 70°C 142.5 2.46 

13 3X CTAB, 30minutes & 55°C 144.2 1.88 

14 3X CTAB, 30minutes & 60°C 227.3 2.05 

15 3X CTAB, 30minutes & 65°C 479.5 2.00 

16 3X CTAB, 30minutes & 70°C 217 2.06 

17 3X CTAB, 60minutes & 55°C 194.9 2.26 

18 3X CTAB, 60minutes & 60°C 584.1 1.94 

19 3X CTAB, 60minutes & 65°C 723.2 2.01 

20 3X CTAB, 60minutes & 70°C 339.4 1.92 

21 3X CTAB, 90minutes & 55°C 178.1 2.18 

22 3X CTAB, 90minutes & 60°C 208.8 2.25 

23 3X CTAB, 90minutes & 65°C 466.1 2.12 

24 3X CTAB, 90minutes & 70°C 289.2 2.25 

25 5X CTAB, 30minutes & 55°C 482.7 1.92 

26 5X CTAB, 30minutes & 60°C 131.0 2.04 

27 5X CTAB, 30minutes & 65°C 115.2 2.07 

28 5X CTAB, 30minutes & 70°C 131.7 2.05 

29 5X CTAB, 60minutes & 55°C 240.4 2.32 

30 5X CTAB, 60minutes & 60°C 259.9 1.98 

31 5X CTAB, 60minutes & 65°C 352.4 2.14 

32 5X CTAB, 60minutes & 70°C 166.5 2.33 

33 5X CTAB, 90minutes & 55°C 89.5 2.08 

34 5X CTAB, 90minutes & 60°C 160.5 2.16 

35 5X CTAB, 90minutes & 65°C 275.1 2.12 

36 5X CTAB, 90minutes & 70°C 207.8 2.32 
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Table 2: Combination of treatments for genomic DNA extraction derived from dried chips 

sample. 

 

 

 

No. Treatment Concentration 

(ng/µl) 

Optical density 

(260nm/280nm) 

1 1X CTAB, 30minutes & 55°C 29.6 1.91 

2 1X CTAB, 30minutes & 60°C 36.9 1.83 

3 1X CTAB, 30minutes & 65°C 15.3 1.84 

4 1X CTAB, 30minutes & 70°C 17.4 2.17 

5 1X CTAB, 60minutes & 55°C 22.9 1.9 

6 1X CTAB, 60minutes & 60°C 22.95 1.87 

7 1X CTAB, 60minutes & 65°C 41.8 1.83 

8 1X CTAB, 60minutes & 70°C 30.5 1.89 

9 1X CTAB, 90minutes & 55°C 27.2 1.47 

10 1X CTAB, 90minutes & 60°C 18.6 1.70 

11 1X CTAB, 90minutes & 65°C 25.6 1.64 

12 1X CTAB, 90minutes & 70°C 31.5 1.83 

13 3X CTAB, 30minutes & 55°C 15.5 2.09 

14 3X CTAB, 30minutes & 60°C 40.45 1.85 

15 3X CTAB, 30minutes & 65°C 15.4 1.76 

16 3X CTAB, 30minutes & 70°C 23.4 1.98 

17 3X CTAB, 60minutes & 55°C 41.5 1.75 

18 3X CTAB, 60minutes & 60°C 29.2 1.89 

19 3X CTAB, 60minutes & 65°C 29.9 1.86 

20 3X CTAB, 60minutes & 70°C 17.8 1.95 

21 3X CTAB, 90minutes & 55°C 66.5 1.42 

22 3X CTAB, 90minutes & 60°C 26.1 1.82 

23 3X CTAB, 90minutes & 65°C 20.8 1.75 

24 3X CTAB, 90minutes & 70°C 25.6 2.00 

25 5X CTAB, 30minutes & 55°C 4.7 3.92 

26 5X CTAB, 30minutes & 60°C 31.6 1.89 

27 5X CTAB, 30minutes & 65°C 31.1 1.63 

28 5X CTAB, 30minutes & 70°C 16.1 1.89 

29 5X CTAB, 60minutes & 55°C 32.6 1.68 

30 5X CTAB, 60minutes & 60°C 29.8 1.82 

31 5X CTAB, 60minutes & 65°C 26.3 1.82 

32 5X CTAB, 60minutes & 70°C 24.2 2.06 

33 5X CTAB, 90minutes & 55°C 20.1 1.62 

34 5X CTAB, 90minutes & 60°C 16.3 1.88 

35 5X CTAB, 90minutes & 65°C 26.1 1.70 

36 5X CTAB, 90minutes & 70°C 70.21 1.81 
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In quantifying DNA concentration, it is important to make sure that the DNA is completely dissolved. 

As DNA measurement using Nanodrop device requires only a small amount of DNA (1µl), ways in 

pipetting the DNA is a crucial step. The DNA needs to be pipetted from the bottom of the tubes. Pure 

DNA has an A260/A280 ratio of 1.8 - 2.0. DNA and RNA have peak absorption at 260nm. Proteins have 

a peak at 280nm. If the ratio is above 2, then it is NOT protein contamination since that would reduce 

the ratio. It is more likely due to traces of phenol, alcohols or even some salts that are still in the 

sample. If there is contamination with protein or phenolic compounds this ratio will be significantly 

less than the values given above, and accurate quantifications of the amount of nucleic acid are not be 

possible 

 

DNA quality revealed from this work might be related to the levels of secondary product which might 

interfere with the extraction. As expected, low yield from dried materials were observed. Kim et al. 

1997 reported that by adding PVP may help in eliminating the compounds. Yield derived from fresh 

samples ranging from 68.7 ng/µl to 723.2 ng/µl. As compared to genomic DNA of dried samples which 

is ranging from17.4 ng/µl to 70.2 ng/µl, the fresh sample is far more practical in extracting the DNA. 

However, the quantity derived from dried samples are still competent for DNA analysis especially 

PCR. Dried samples are also easy to stockpile. 

 

 

Conclusions 

 
The establishment of DNA extraction by CTAB protocol for Aquilaria species resulted remamarkle 

findings.. In getting significant genomic DNA at OD280/260 range from 1.8 to 2.0, specific parameters 

are required. Fresh sample yielded 723.2 ng/µl of genomic DNA incubated at 65°C for 60 minutes by 

using 3% CTAB. Whereas, dried samples yielded 70.2ng/µl of genomic DNA and required high 

incubation temperature of 70°C for 90 minutes by using 5% CTAB. 
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