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Abstract 
Extraction of genomic DNA is necessary for many 

applications in molecular genetics and it is difficult in 

forest tree species due to presence of high amount of 

secondary metabolites polyphenols, poly-terpenes in 

mature forest trees than the annual crops, shrubs and 

flowering plants. DNA isolation from the routine 

protocol is quite expensive due to use of highly priced 

chemicals such as proteinase K used as a protein 

degradable enzyme.  

 

In this study, we optimized the modified DNA 

extraction protocol developed for eighteen forest tree 

species (mature dried and fresh leaf tissues), Santalum 

album, Melia dubia, Bambusa balcooa, Tectona 

grandis, Dalbargia latifolia, Pterocarpus santalinus, 

Aquilaria malaccensis, Nothapodytes nimmoniana, 

Pongamia pinnata, Terminalia catappa, Swietinia 

macrophylla, Bambusa vulgaris, Bambusa Guadua, 

Diospyrous ebenum, Bamboosa brandisii, Madhuca 

indica, Garcinia indica and Garcinia gummigatta 

without proteinase K enzyme. DNA purified with this 

modified method resulted in the DNA extraction at 

much reduced cost. DNA obtained by this method was 

found an average of 19.47 µg /sample of DNA for 

selected species with a purity level of 1.87. The 

extracted DNA from all the selected species was 

successfully amplified using microsatellite markers 

(rbcL and Actin), confirming the absence of hidden and 

strong proteins as PCR inhibitors. This alternative 

method for isolating DNA from different tree leaf 

samples would facilitate cost effective molecular work 

and therefore is more economical when compared to 

other protocols. 
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Introduction 
Forest trees require more effort than other annual crops, 

shrubs and plants to isolate high quality of DNA for 

molecular genetic studies. Previous reported standard 

methodologies suitable for other plants may not be 

necessary acquiescent to trees DNA extraction24. Mostly 

forest tree species are containing large number of secondary 

metabolites which is a challenging task as most of these 

compounds precipitate with DNA and inhibit further down-

streaming utilization. Most genetic diversity study, genetic 

linkage mapping, marker-assisted selection, population and 

genetic studies need high quality of DNA from forest trees4.  

 

DNA isolation is the routine protocol and it is quite 

expensive due to highly priced chemicals such as proteinase 

K which is used as a protein degradable enzyme.  

 

In this study we explained the optimization of cost effective 

DNA extraction method developed for various forest timber 

species (Mature dried or fresh leaves) Santalum album 

(Sandalwood), Melia dubia (Malabar neem), Bambusa 
balcooa (Plain bamboo), Tectona grandis (Teak), Dalbargia 

latifolia (Rosewood), Pterocarpus santalinus (Red 

Sanders), Aquilaria malaccensis (Agarwood), Nothapodytes 

nimmoniana (Mappia), Pongamia pinnata (Indian beech 

tree), Terminalia catappa (Leadwood), Swietinia 
macrophylla (Mahogany), Bambusa vulgaris (Clumping 

bamboo), Guadua angustifolia (Clumping bamboo), 

Diospyros ebenum (Ebony), Bambusa brandisii (Velvet leaf 

bamboo), Madhuca indica (Mahua), Garcinia indica 

(Kokum) and Garcinia gummi-gatta (Malabar tamarind). 
Several methods have been standardized for isolation of 

total genomic DNA from trees and plants.2,4,7-

9,11,12,14,19,22,24,26  

 

The previous reported standard protocols to isolate DNA are 

quite costly due to the use of highly prized chemicals, so that 

was not economically effective. The important modification 

in the optimized protocol included no use of proteinase K 

enzyme, less quantity of RNase, incubation time and 

inversion time of the C:I wash (15-20 min). The absence of 

proteinase K, DNA extraction cost would reduce and would 

be economically effective.  

 

In the selected forest trees, the standardized CTAB method 

produced moderate yields and consistent quality of DNA. 

The yield and quality of DNA were assessed by UV 

spectrophotometry and gel electrophoresis method. Result 

showed that the modified protocol could be used 

successfully as template in PCR amplification reactions with 

microsatellite molecular markers rbcL and actin.  

 

Therefore, confirming the absence of hidden and strong 

proteins as PCR inhibitors, this alternative method for 

isolating DNA using different tree leaf samples facilitates 

molecular work with mature samples in a much-reduced 

cost. 
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Material and Methods 
(A) Sample collection: Fresh and mature dried leaves of S. 

album, M. dubia, B. balcooa, T. grandis, D. latifolia, P. 
santalinus, A. malaccensis, N. nimmoniana, P. pinnata, T. 

catappa, S. macrophylla, B. vulgaris, G. aungustifolia, D. 
ebenum, B. brandisii, M. indica, G. indica and G. gumm-

igatta were collected from all the selected tree species. A 

minimum of two replicates was taken for each species. 

 

(B) Genomic DNA isolation: 

Solutions 
(i) Suspension buffer: 0.5 M Sucrose, NaCl, Tris-HCl, 

EDTA and 2% 𝛽-mercaptoethanol 22 and 20. 

(ii) Extraction buffer: 3.5% CTAB, 5M NaCl, 1M Tris-

HCl, 0.5M EDTA and 0.5% 𝛽-mercaptoethanol.8 

 

Method 

The optimized protocol for DNA isolation was divided into 

three major steps: 

 

a. Suspension buffer treatment: This step included pre-

heated suspension buffer treatment and incubation at 65 °C 

for 15- 30 min. 

 

Step I: Grind 500 mg of leaf samples and 50 mg. PVPP into 

fine powder using liquid nitrogen. Transfer the powder to 15 

mL test tubes containing 5 mL pre-warmed suspension 

buffer and add 100 µL β-mercaptoethanol in each tube. 

Vortex the tubes vigorously and incubate it at 65 °C pre-

heated water bath for 20 min followed with periodic 

inversion. Centrifuge the tubes at 10,000 rpm for 10 min at 

4 °C temperature in high-speed refrigerated centrifuge 

(KUBOTA). 

 
b. Extraction buffer treatment: This included pre-heated 

extraction buffer and 𝛽-mercaptoethanol followed by 

incubation at 65 °C for 1 h. This step also involves C:I 

washing and RNAse treatment. 

 
Step II: Transfer the supernatant in fresh autoclaved tubes 

and add pre-warmed extraction buffer and add 50 µL β- 

mercaptoethanol in each tube. Keep the tubes at 65 °C pre-

heated water bath for 1 h with periodic inversion. After 

incubation, add equal volume of C: I (24:1) (v/v) and gently 

invert each tube for 20 min and centrifuge it for 10 min at 

12,000 rpm at 4 °C. Repeat this step 2-3 times. Transfer the 

aqueous upper layer to the fresh tubes and add 10 µL RNase 

(Sigma Aldrich) (10 mg/mL) in each tube followed by 

incubation in dry bath at 37 °C. After incubation, add equal 

volume of C:I, 24:1 (v/v) with very gentle inversion for 15 

min and centrifuge the tubes at 12,000 rpm for 12 min at 4 

°C. Transfer the final supernatant to fresh autoclaved 15 mL 

tubes and add equal volume of chilled isopropanol followed 

by overnight incubation at -20 °C. 

 

c. Elution of DNA: This step is final stage of DNA isolation. 

It includes DNA pelleting and washing it by 70% ethanol 

followed by dissolving it in TE buffer. 

Step III: Centrifuge the tubes at 12,000 rpm for 15 min at 4 

°C. Discard the supernatant and transfer the pellet into 1.5 

mL reaction vials and wash it twice with 1 mL 70% ethanol 

followed by spinning for 5 min at 10,000 rpm. The pellet 

was allowed to dry at room temperature until the ethanol 

smells evaporate. Re-suspend the pellet in 70-100 µL TE 

buffer (8.0 pH) and store the DNA at -20 °C. 

 

DNA Quantification: The yield of extracted DNA was 

quantified by nano drop at 260/280 nm wavelengths in 

Eppendorf spectrophotometer23. The purity of DNA was 

checked by running the samples on 0.8% agarose gel in 1X 

TAE buffer stain containing 4 µL of 0.3% ethidium bromide 

solution in gel documentation unit (Syngene G: box). 

 

DNA quality validation through PCR amplification by 

microsatellite markers (rbcL and Actin): Universal 

microsatellite markers rbcL and actin8, 9(60-60.3°C) were 

used to validate the quality of yielded DNA in this study. 

DNA amplification was carried out in 13 µL reaction 

volume containing genomic DNA 1.5 µL (45 ng/µL), 2 µL 

(10 picomole/ µL) primers, 1.5 µL PCR buffer, 1.5 µL (10 

mM) dNTPs, 1.5 µL MgCl2, 0.2 µL (3U/µL) Taq 

polymerase (Bangalore genie) and 4.2 µL double distilled 

water to retain the volume.  

 

Amplification cycle consists of an initial 3 min denaturation 

at 94 °C, 30 cycles for 30 seconds at 50 °C, primer annealing 

at 55–65 °C 1 min 72 °C and final extension step for 10 min 

at 72 °C10. The amplified product 2 µL loaded with 4 µL 

loading buffer (Bromophenol blue) was size fractionated by 

electrophoresis on 2% agarose gel with 0.2% ethidium 

bromide and visualized on UV transilluminator (Gel 

documentation Syngene G: box) to obtain the bands and to 

validate the DNA quality suitability for PCR reactions.  

 

Results 
The optimized DNA isolation method is simple and very low 

cost due to absence of proteinase K and low volume of 

RNAse enzymes compared to other protocols, which are 

significantly expensive. The result obtained in fig. 1 shows 

thick layer of impurities of carbohydrates and proteins after 

1st and 2nd wash by C:I (Fig. 1A and B). The results revealed 

that the modified method could yield highly pure DNA, 

which was transparent non-sticky pellet of DNA (Fig. 1C). 

 

The concentration of DNA yielded 7.94 ± 33.54 µg/sample 

with the average of 19.47 µg and the purity at 260/280 

1.79±1.87 (Table 1). The result of 0.8% agarose gel 

electrophoresis (Fig 2A and 2B) showed that the 

standardized protocol for selected species enhanced the 

DNA quality and quantity by removing proteins, 

carbohydrates and RNA impurities Lane 1. Santalum album- 

31 Pterocarpus santalinus. DNA from fresh and dried leaf 

samples of selected eighteen forest trees was successfully 

amplified by RbcL and Actin SSR primers and visulaised in 

2% agrose gel. Lane: (1) Santalum album - (30) Bambusa 
bambos (Fig. 3A and 3B). 
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Fig. 1: Represented reaction tubes illustrating the addition of C:I followed by centrifugation showing a thick band of 

contamination between supernatant and the C: I separated by this modified method. (A) First C: I treatment (B) 

Second C:I treatment with inversion (C) The tube contains samples extracted using our standard protocol Pellet of 

genomic DNA from samples lyophilized and treated with PVP showing a clean and transparent 

 

Table 1 

DNA extraction without proteinase modified CTAB method-ratio and yield of selected tree species.  

*- fresh leaves, **- dried leaves 
 

S.N. Tree species Quantity µg/ µL Purity 

260/280 

1. Santalum album* 33.54 1.82 

S. album** 28.27 1.79 

2. Melia dubia* 24.23 1.80 

M. dubia** 24.55 1.82 

3. Bambusa. balcooa * 23.38 1.75 

B. balcooa ** 16.97 1.79 

4. Dalbergia latifolia * 17.78 1.79 

D. latifolia ** 17.53 1.79 

5. Tectona grandis * 16.86 2.06 

T. grandis ** 18.26 1.89 

6. Diospyros ebenum * 7.94 2.03 

7. Dendrocalamus brandissii ** 13.44 1.93 

8. Aquilaria malaccensis * 17.51 1.92 

9. Pongamia pinnata * 19.61 1.80 

10. Bambusa vulgaris * 16.11 1.98 

11. Nothapodytes nimmoniana * 13.27 1.95 

12. Pterocarpus santalinus* 13.39 1.93 

13. Madhuca indica* 19.63 1.79 

14. Guadua aungustifolia* 17.71 1.89 

15. Terminalia catappa* 18.21 1.89 

16. Swietinia macrophylla* 19.64 2.02 

17. Garcinia Indica* 26.30 1.92 

18. Garcinia gummigatta* 26.78 1.84 

Average 19.47 1.87 
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Fig. 2A: Genomic DNA isolated from selected forest tree species: L- Ladder 100 bp plus ladder. 4 ng of genomic DNA 

(Lane:1-17) from each species was separated on 0.8% Agarose gel in 1X TAE buffer with 2 µL (0.5 µg/mL) ethidium 

bromide. 1. S. album (FL) 2. S. album (DL) 3. M. dubia (FL) 4. M. dubia (FL) 5. M. dubia (DL) 6. M. dubia (DL) 7. B. 

bambus (FL) 8. B. bambus (DL) 9. D. latifolia (FL) 10. D. latifolia (FL) 11. D. latifolia (DL) 12. D. latifolia (DL) 13. T. 

grandis (FL) 14. T. grandis (DL) 15. S. album old Sapwood 16. S. album Sapwood 17. S. album old Sapwood  

*FL- fresh leaves, **DL- dry 

 

 
Fig. 2B: Genomic DNA isolated from selected forest tree species: A. L- Ladder 100 bp plus ladder. 4 ng of genomic 

DNA (Lane:18-31) from each species was separated on 0.8% Agarose gel in 1X TAE buffer with 2 µL (0.5 µg/mL) 

ethidium bromide. 18. D. ebenum 19. D. brandissii 20. A. malaccensis 21. P. pinnata 22. B. vulgaris 23. N. nimmoniana 

24.  P. santalinus 25.  M. indica 26. G. aungustifolia. 27. T. catappa 28. Garcinia indica 29. Garcinia gummigatta  

30. M indica 31. Pterocarpus santalinus 
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Fig. 3A: Gel of PCR amplification from microsatellite loci presented with DNA template extracted by the current 

optomized protocol (Lane:1-18) of genomic DNA extracted from selected tree species by using the microsatellite 

primers (rbcL and Actin). L-Ladder 50 bp Gene ladder 1. S. album (FL) rbcL 2. S. album (FL) rbcL 3. S. album dried 

leaves rbcL 4. S. album (DL) rbcL 5. M. dubia (FL) rbcL 6. M. dubia (DL) rbcL 7. S. album (FL)  Actin 8. S. album 

(FL) Actin 9. S. album (DL) Actin 10. S. album (DL) Actin 11. M. dubia (FL)  Actin 12. M. dubia (DL) Actin 13. B. 

bambus (DL) rbcL  14. B. bambus (DL)  actin 15. T. grandis (DL) rbcL 16. T. grandis (DL) Actin  

17.  S. album sapwood rbcL 18. S. album Actin * FL-fresh leaves, **DL-dried leaves 

 

 
Fig. 3B: Gel of PCR amplification from microsatellite loci presented with DNA template extracted by the current 

optomized protocol (Lane:19-30) of genomic DNA extracted from selected tree species by using the microsatellite 

primers (rbcL and Actin). L-Ladder 50 bp Gene ladder 19.  D. latifolia dried leaves rbcL 20. D. latifola (FL) rbcL 21. 

T. grandis (FL) rbcL  22. S. album dried leaves rbcl 23. S. album sapwood  sample rbcL 24. B. bambos  (FL) rbcL 25. 

D. latifolia (DL) Actin 26. D. latifola (FL) Actin  27. T. grandis (FL) Actin  28. S. album (DL) Actin  

29. S. album sapwood Actin 30. B. bambos  (FL) Actin 
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Discussion 
This study aims to extract DNA from many forest tree 

samples with the DNA quality to be high enough to allow 

for PCR based analysis such as ISSR, RAPD and SSR based 

genetic diversity, barcoding and association mapping study. 

A major limitation of applying molecular techniques in 

forest tree species is the lack of easy and low-cost quality 

DNA extraction and analysis. The significant modifications 

incorporated in the protocol were as follows: extended time 

duration during C:I wash  (minimum 15 min), 5% PVPP and 

no use of proteinase K enzyme. By expending this protocol, 

it has been revealed that the proteins and RNA 

contaminations could have been precipitated during C: I 

treatment with a long trembling process and keeping the 

tubes at 37 OC for 1 h. 

 

Borges et al5extracted DNA from leaves of Melanoxylon 

brauna and yielded 36.89 ng/µL DNA (purity ratio of 1.80) 

by using proteinase K. The range of DNA yield isolated by 

using standardized protocol from fresh and dried samples of 

Aquillaria malaccensis was 68.70- 723 ng/µL2. Mekonnen 

et al 17optimized DNA extraction without liquid nitrogen and 

without proteinase K and the DNA purity at A260/280 ratio 

of 1.8. Similarly, in our study DNA yield was 7.94 ± 33.54 

µg/sample with the average of 19.47 and the purity at 

260/280 1.79 ±1.87 (Table 1). Latif and Osman16 compared 

three DNA extraction methods with proteinase K enzyme. 

The overall DNA yield was in a range 100 to 200 ng/100 mg 

material whereas, in our study the yield of DNA was high 

(>200 ng).  

 

Xia et al27 isolated DNA by using modified SDS-based 

method from raw soybean with the purity ratio was 1.862-

1.954. Bhandari et al3 isolated genomic DNA from dried 

leaves of Taxus sps with the purity range 1.70 to 2.25. Ki et 

al15 isolated genomic DNA from various plant tissues 

without using proteinase K and the yield of DNA were 

14.00±4.30 to 6.60±2.20 µg/sample. Sambrook et 

al23extracted high quality DNA from different plant and tree 

species and 47.0±20.0 to 1.6±0.7 µg of high quality DNA 

was obtained. Aydin et al1 isolated genomic DNA by using 

optimized method without enzyme (Proteinase K and 

RNAse) from the cottonseed varieties and the DNA yield 

ranged from 5.72 to 23.76 µg with the mean value of 11.26 

µg/sample.  

 

Mahuku18 optimized protocol for bean leaves and the DNA 

extraction DNA concentration ranged from 20-50 µg/250 µg 

samples. The DNA concentration of Pinus radiata (buds, 

cambium and leaves) ranged from 8.58±15.29 µg by using 

200 µL protein precipitation solution26. Extraction methods 

significantly induced DNA quantity from the tree species 

investigated. In the current study, the result obtained (Fig. 

3A and 3B) with different samples from different species by 

PCR, were visibly exhibiting the successfully amplified 

bands by SSR (microsatellites) primers. Similarly, Sahu et 

al22 and Davi et al6 optimized DNA extraction protocol for 

plants containing high secondary metabolites ad 

polysaccharides, the DNA concentration ranged from 8.80- 

9.90 µg/µL and clear banding patterns were observed with 

successfully amplified barcode genes (rbcL and MatK).  

 

Silva and Ribeiro25 extracted DNA from Bambusa vulgaris 

and Guadua angustifolia and yielded 487.50 ng/µL of DNA 

with the purity level of 1.91 followed by evaluation of the 

amplification efficiency of the matK and rbcL regions of the 

DNA. The DNA extracted by this method yielded 

reproducible and clear amplified bands resulting in its 

suitability for PCR applications. This modified protocol 

would be useful in other plant species DNA extraction 

process at very reduced cost. 

 

Conclusion 
The optimized method developed to improve genomic DNA 

extraction from mature and dried leaf tissues of forest tree 

species is economically cost effective over other protocols 

as it does not require highly prized chemicals. Using this 

protocol, high quantity and pure DNA was extracted from 

18 different forest tree species that was effectively amplified 

by microsatellite markers despite presence of high amount 

of phenolic compounds in the leaf samples.  

 

The modification explains without proteinase enzyme 

protocol, provides the less expensive and high qualities 

DNA from mature dried or fresh samples in productive way 

for further studies of genetic diversity, DNA fingerprinting 

and association mapping and markers studies. 
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