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 ABSTRACT 

In most studies about molecular genetics, molecular diagnostics, DNA extraction is 

considered as the very first step that will give a significant effective. The material used for 

DNA extraction is whole blood, it aimed to evaluate and compare between four DNA 

extraction methods, including phenol-chloroform-isoamyl, guanidine hydrochloride, 

saturated sodium chloride, and chelex-100 using 50 blood samples collected from healthy 

faculty students, The comparison included DNA concentration, extracted DNA purity, cost 

reagents per one sample, and time consuming. The result showed that, the highest mean of 

DNA concentration was obtained by using saturated NaCl (76.164 μg/ml), by chelex-100 

(45.322μg/ml), phenol-chloroform-isoamayle (44.68μg/ml) and lastly guanidine 

hydrochloride (14.438μg/ml). The mean of optical densities 260nm/280nm ratio was 

calculated to assess extracted DNA purity, it was maximum in case of Chelex-100 (1.288), 

phenol-chloroform-isoamayle (1.786), saturated NaCl (1.884), and lastly guanidine 

hydrochloride (2.002), In term of cost per one sample, guanidine hydrochloride was the 

highly cost method (15 SDG) followed by chelex-100 (10 SDG), then phenol-chloroform-

isoamyle (6 SDG) and lastly saturated NaCl (4 SDG).Guanidine hydrochloride took the 

longest time for DNA extraction (4 days), phenol-chloroform-isoamayle (3 days), saturated 

NaCl (2 day), and chelex-100 took one day (two hours). After a comprehensive analysis of 

all factors: salt extraction gave the maximum yield of DNA, it is saver and simpler than the 

other methods. Moreover, this method is reliable and inexpensive. But its purity is slightly 

low. 

 
 

 

INTRODUCTION 

 Over the years several well established techniques 

have been developed with varying quantities and quality of 

DNA extracted. However, such procedures often involve 

tricky or tedious steps and cannot be used on large scale 

basis [1]. In the DNA extraction process, the cells must be 

broken to obtain DNA. The particles present inside the cell 

are disrupted and their alignment is broken.  
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 There are several methods for the release of 

nucleic acid from microorganisms, such as boiling in 

distilled water or PCR buffer [2], detergents with or 

without heat [3], sodium hydroxide with heat [4], freeze-

thaw [4], SDS-proteinase K [5], percloric acid [6], 

enzymes [7], sonications, and heat [8]. After cell lysis, the 

lipids present in cells are removed by the means of a 

detergent. The next step is to remove the proteins using 

protease. Finally, the DNA is precipitated using an alcohol. 

Alcohols that are commonly used in precipitation process 

are isopropanol or ice cold ethanol. To precipitate DNA, 

centrifugation of the solution containing DNA is carried 

out. It not only separates DNA, but also removes salts from 

the solution [9]. 

http://www.buzzle.com/articles/proteins/
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 Several DNA extraction methods are widely used 

to extract DNA including phenol extraction. Although 

precipitation with phenol-chloroform provides DNA 

fragments of high molecular weight sufficient for any 

application of molecular biology, this method involves 

many slow and costly steps. It also includes the use of 

potentially health hazardous chemicals (phenol and 

chloroform) which make this process difficult to carry out 

on a large scale in laboratory routine work [8]. 

 An alternative to this method, solid phase carriers 

(Silica matrix, glass particles), ion exchange resins, or 

magnetic particles and column application strategies have 

been developed as new protocols for of DNA extraction 

[10]. 

 It is not only essential to obtain a high yield and 

quality of DNA, but also to the effectively removal of 

contaminants that can affect PCR reactions and these may 

even be present in the components of DNA extraction 

solutions [9]. 

 The extraction and isolation of DNA from blood 

is a necessary step for PCR-based analysis and a key factor 

in determining the overall efficiency and reliability of any 

PCR-based test [11]. 

 These difficulties have resulted in the popular 

usage of commercial kits with standard and guided 

protocols [9]. Recently, many commercial kits for nucleic 

acid extraction from clinical specimens have been 

introduced [12]. All extraction methods from commercial 

kits are easier to perform, safer and more rapid, although 

there are slight differences in the hands on time from one 

to another [13]. 

 Although, these commercial kits have provided a 

certain degree of reliability, most laboratories are either 

unaware of the alternatives or are hesitant to utilize them. 

The reasons for this may be the lack of literature that 

assesses the cost effectiveness of different techniques and 

the general perception regarding imported goods from 

developed countries [14, 15]. 

 This study aimed to evaluate four DNA extraction 

methods including phenol chloroform isoamyl, guanidine 

hydrochloride, salting out method and Chelex
®
 in term of 

concentration, purity, time and cost 

 

MATERIALS AND METHODS 

 A total of 50 blood samples were used in the 

study from each individual, ten ml of blood sample were 

collected into blood container containing EDTA, after 

application of standard non traumatic vein puncture. The 

sample was stored at 4 ºC until been processed. 

 Each blood sample was mixed with double 

volume of red blood cells lysing buffer in 50 ml falcon 

tube, centrifuged for 10 minutes at 3000 rpm to pellet the 

white blood cells. The supernatant was discarded and the 

cell pellet was centrifuged again with red blood cells lysing 

buffer till the white blood cells precipitated as white pellet. 

For each sample, 8 µl proteinase K and 2 ml of nuclear 

lysis buffer were added, vortexed and mixed thoroughly 

and incubated over night at 37ºC. 

 The digest of white blood cells was then 

dispensed equally into four 15 ml falcon tubes and stored 

at 4 ºC ready for protein precipitation. Cellular proteins 

were precipitated using four DNA extraction protocols: 

Phenol-chloroform-isoamyl alcohol, saturated sodium 

chloride, and guanidine hydrochloride and chelex-100 

extraction.  

 

Extraction methods 

Phenol - chloroform – isoamyl alcohol  

 Equal volume of phenol-chloroform-isoamyl 

alcohol prepared as 25:24:1 was added to the sample 

lysate, mixed and centrifuged at 6000 rpm for 5 minutes. 

 The upper layer was transferred in to a clean tube, 

and equal volume of chloroform -isoamyl alcohol was 

added, mixed and centrifuged at 6000 rpm for 5 minutes.  

 The upper layer was transferred to clean tube and 

DNA was precipitated by adding two volumes of cold 

ethanol and 1:10 of sample volume of 3 M sodium acetate 

and incubated at -20ºC overnight. 

 The sample was centrifuged for 10 minute at 

12000 rpm and the supernatant was discarded. Two ml of 

70% ethanol was added, mixed well and centrifuged for 7 

minutes at 12000 rpm, and then supernatant was discarded. 

This step was repeated. The pellet was allowed to dry 

overnight. DNA was suspend in 200 µl of distilled water 

(dH2O), incubated in 40 ºC oven for couple of hours to 

dissolve the DNA and stored at -20ºC. 

 

Guanidine hydrochloride 

 Sample lysate was warmed to room temperature 

and 1 ml of 5 M guanidine hydrochloride and 300 µl of 

ammonium acetate were added and mixed well, incubated 

at 37 ºC overnight. 2 ml of pre chilled chloroform was 

added, vortexed and then centrifuged for 5 minutes at 2500 

rpm. The upper layer was collected in to a new tube and 

double volume of cold absolute ethanol was added, mixed 

and incubated at -20ºC overnight. The sample was then 

centrifuged at 6000 rpm for 20 minutes, and the 

supernatant was carefully drained; the pellet was washed 

with 70% ethanol and centrifuged at 6000 rpm for 15 

minutes. The supernatant was discarded and the pellet was 

allowed to dry overnight. The pellet was resuspended in 

200µl dH2O, vortexed and placed in 40ºC oven for a 

couple of hours to dissolve the DNA and stored at -20 ºC. 

 

Saturated sodium chloride (NaCl) 

 Sample lysate was warmed to room temperature 

and 1 ml of 5 M NaCl was added, vortexed and then 

centrifuged for 10 minutes at 2500 rpm. Supernatant was 

trans fared to another container and to that double volume 

of cold ethanol was added to precipitate DNA. Centrifuged 

at 6000 rpm for 20 minutes, and the supernatant was 

drained; the pellet was washed with 70% ethanol and 
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centrifuged at 6000 rpm for 15 minutes. The supernatant 

was discarded and the pellet was allowed to dry overnight. 

The pellet was suspended in 200µl dH2O, vortexed and 

placed in 40ºC oven for a couple of hours to dissolve the 

DNA and then stored at -20 ºC. [16] 

 

Chelex -100 resin extraction 

 1 ml of hot 10% Chelex-100 resin was added to 

sample lysate, vortexed for15-20 seconds and the mixture 

was incubated at 100ºC for 20 minutes. The tube was 

vortexed again for 10-15 seconds and then centrifuged at 

high speed in microcentrifuge at 10,000 rpm for 10 

minutes. The supernatant containing the DNA was stored 

at -20 ºC [10]. The concentration and purity of DNA were 

estimated using Nanodrope
®
. DNA purity was obtained by 

calculating optical density ratio at 260 nm/280 nm.
 
Smaller 

ratios indicate contamination with proteins, phenol or 

others interfering compounds which strongly absorbed at 

280 nm [17]. 

 

Ethical clearance 

 The study was approved by the board of the ethics 

of Faculty of Medical Laboratory Sciences. 

 

Data analysis  

 Results obtained were analysed by computerized  

Program of Statistical Package for Social Studies (SPSS) 

version 13.0, 

RESULTS 

Result of DNA concentration and purity 

 We tabulate the results and calculate the mean of 

concentrations and standard deviation. Saturated NaCl give 

the highest mean of concentration followed by Chelex-100 

extraction, then phenol-chloroform-isoamyl and guanidine 

hydrochloride which give the lowest mean of 

concentration. 

 The mean of 260nm/280nm ratio was calculated 

to assess the purity of the DNA; it gave maximum readings 

by chelex-100, followed by phenol-chloroform-isoamyl, 

saturated NaCl, and guanidine hydrochloride respectively 

(Table 1) 

 

Statistical analysis of data 

 Statistical analysis of data using paired samples 

test show that there are significant differences in the DNA 

concentration obtained by all protocols except between 

chelex-100 and phenol-chloroform (Table 2). 

 In term of purity, there are no significant 

differences between all protocols except guanidine 

hydrochloride and all other protocols (Table 3).  

 In term of cost, guanidine hydrochloride is the 

most expensive method followed by chelex-100, phenol-

chloroform and lastly saturated NaCl. Guanidine 

hydrochloride is highly time consuming Followed by 

phenol-chloroform-isoamyl, saturated NaCl and chelex-

100 (Table 4). 

 

Table 1. Mean of DNA concentration and purity 

 DNA Concentration (μg/ml) DNA Purity (260nm/280nm) 

Extraction Method Mean Standard Deviation Mean Standard Deviation 

Chelex-100 

 

45.322 

76.164 

44.68 

14.438 

16.3733 

66.8153 

24.2449 

18.2452 

1.288 

1.884 

1.786 

2.002 

0.1081 

0.1346 

0.1702 

0.9065 
 

Table 2. Paired Samples Test for concentration 

 

Table 3. Paired Samples Test for DNA purity: Result of cost and time consuming 

Paired Differences 
Sig 

Mean Std. Deviation Std. Error Mean 

NaCl - Phenol 31.4840 

61.7260 

30.8420 

30.2420 

-.6420 

-30.8840 

59.1019 

61.7492 

62.8176 

28.1741 

19.1038 

23.1827 

8.3583 

8.7326 

8.8837 

3.9844 

2.7017 

3.2785 

.000 

.000 

.001 

.000 

.813 

.000 

NaCl - Guanidine 

NaCl – Chelex-100 

Phenol -Guanidine 

Phenol-Chelex100 

Guanidine – Chelex100 

Paired Differences 
Sig 

Mean Std. Deviation Std. Error Mean 

NaCl - Phenol .0980 

-.1180 

.5960 

-.2160 

.4980 

.7140 

.2190 

18.2512 

.1807 

.9182 

.1672 

.9058 

.0310 

2.5811 

.02255 

.1298 

.0236 

.1281 

.003 

.368 

.000 

.103 

.000 

.644 

NaCl - Guanidine 

NaCl - Chelex-100 

Phenol - Guanidine 

Phenol- Chelex-100 

Guanidine – Chelex100 
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Table 4. Cost and time consuming of DNA extraction methods 

Extraction method Cost/one sample Time 

Chelex-100 10 SDG 

4 SDG 

6 SDG 

15 SDG 

2 hours 

2 day 

3 days 

4 days 

Saturated NaCl 

Phenol-chloroform 

Guanidine hydrochloride 

 

DISCUSSION AND CONCLUSION 

The choice of DNA extraction method requires an 

evaluation of several factors. The most suitable extraction 

procedure should be financially and practically applicable 

and deliver accurate results.  

The statistical analysis of this study showed that 

the DNA quantity obtained was significantly different 

between all protocols except the oldest one, phenol-

chloroform-isoamyle and chelex-100. With saturated NaCl 

extraction gave the highest quantity of DNA extracted 

from blood samples, followed by Chelex-100 extraction 

and phenol-chloroform-isoamyle and lastly guanidine 

hydrochloride. 
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