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Abstract: All organisms have Deoxyribonucleic acid (DNA) within their cells. DNA is a complex molecule that contains all of the information 
necessary to build and maintain an organism. DNA extraction is one of the most basic and essential techniques in the study of DNA that allow 
huge advances in molecular biology, biotechnology and bioinformatics laboratories. Whole blood samples are one of the main sources used to 
obtain DNA and there are many different protocols available in this issue. In current research, compared four DNA extraction protocols from 
blood samples; include modified phenol-chloroform protocol, two salting-out and enzyme free method and from commercial kit. The extracted 
DNAs by these protocols were analyzed according to their time demands, quality and quantity, toxicity and functionality in PCR method. Also 
the quality and quantity of the extracted DNA were surveyed by gel electrophoresis and Nanodrop spectrophotometry methods. It was observed 
that there are not significantly differences between these methods about DNA Purity (A260/A280), but the DNA yield (ng DNA/μl) of phenol/
chloroform method was higher than other methods. In addition, phenol/chloroform was the most toxic method and it takes more time than other 
methods. Roche diagnostics GmbH kit was the most expensive among the four methods but the least extraction time was required and it was the 
safest method.
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Introduction

All living things have Deoxyribonucleic acid (DNA) 
within their cells. DNA is a complex molecule that 
contains all of the information necessary to build and 
maintain an organism. DNA is made of nucleotides that 
made of three parts: a phosphate group, a sugar group 
and one of four types of nitrogen bases [adenine (A), 
thymine (T), guanine (G) and cytosine (C)]. To form a 
strand of DNA, nucleotides are linked into chains, with 
the phosphate and sugar groups alternating (1, 2, 3).

The DNA extraction method, as a common and rou-
tine work in the diagnostic clinical, forensic and mole-
cular laboratories, is the main step that affecting tech-
nology of molecular DNA. Also, pure extracted DNA 
from animal and plant biological samples is needed for 
various molecular techniques such as Polymerase Chain 
Reaction (PCR) and PCR based methods, to detect mu-
tation, genotyping, restriction enzyme analysis (4, 5).  
DNA extraction method allows scientists to identify ge-
netic disorders or diseases in medical sciences, to detect 
bio threat agents in environmental and forensic samples, 
to study how human DNA may be destroyed by certain 
types of electromagnetic waves at certain frequencies (6, 
7). In addition, DNA extraction is useful to create gene-
tically engineered organisms that can produce beneficial 
products such as insulin, antibiotics, and hormones, to 
produce DNA fingerprints of individuals, need for gene 
therapy and used in agriculture to develop transgenic (8, 
9, 10). Genetic characterization of livestock and their 
diversity were studied using molecular genetics tools. 
At present, an array of molecular techniques is available 
to detect diversity at DNA level for the overall genetic 

characterization and breed differentiation.
For the first time, DNA extraction was performed in 

1869 by Friedrich Miescher (11). Today, there are many 
different available protocols for DNA extraction.  Most 
DNA extraction protocols consist of two parts: 1: lyse 
the cells gently and solubilize the DNA. 2: enzymatic 
or chemical methods to remove contaminating pro-
teins, RNA, or macromolecules. But these protocols are 
different in cost of consumables, laboratory facilities, 
the quality and quantity of obtained DNA, toxicity and 
time demands (12, 13). DNA extraction methods from 
human whole blood samples are salting out methods, 
organic solvent/chaotropes methods (include phenol–
chloroform method and its modifications), glass milk/
silica resin methods, anion exchange methods and ma-
gnetic beads methods. In addition some commercial kits 
are available for this purpose (8). Commercial kits for 
DNA extraction are simple, rapid and safe but these kits 
are very expensive with low yield, so is not suitable for 
DNA extraction in large scale (14).

Phenol-chloroform method that usually used has 
advantages and disadvantages. Advantages are yields 
relatively pure with high molecular weight DNA, DNA 
is double stranded and good for RFLP (restriction frag-
ment length polymorphism). But this method is time 
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consuming, requires sample to be transferred to multiple 
tubes (increases risk of contamination) and Involves use 
of toxic chemicals (15).

The salting out methods for DNA Isolation involve 
the addition of salts then precipitation of DNA from the 
protein in a subsequent step with isopropanol or etha-
nol and pelleted by spinning with a centrifuge and the 
supernatant removed. Usually, the salting out methods 
are laborious and time consuming but this method is 
safer than phenol- chloroform method and cheaper than 
commercial kits (13, 8, 16).

In this research, four DNA extraction protocols were 
compared from blood samples based on quality and 
quantity of extracted DNA. These DNA isolation proce-
dures include one modified phenol-chloroform protocol 
(15), two salting-out and enzyme free method (17, 18) 
and one commercial kit (Roche diagnostics GmbH kit).

Materials and Methods

DNA extraction methods
The blood sample was collected from healthy vo-

lunteer, samples were collected in tubes and samples 
were treated by Ethylene diamine tetra acetic acid 
(EDTA).  Blood samples were stored at -700C till fur-
ther use.  DNA was extracted from the samples with the 
following four protocols. All required materials were 
purchased from the Merk Company (Germany).
Isolation of DNA from blood involves four major steps

1. Lysis of cells using a detergent such as SDS
2. Digestion of proteins, released from cell lysis, with 
proteinase K.
3. Remove the proteins with phenol 
4. Precipitation of DNA with alcohol

Method 1: (Traditional phenol/chloroform method)
In this protocol, DNA was extracted as described by 

Sambrook et al., 2001 (15). In this method Tris base, 
Triton X-100, MgCl2, Sucrose, NaCl, EDTA, Sodium 
dodecyl sulphate (SDS), Sodium acetate, Chloroform, 
Isoamyl alcohol, Ethanol and Proteinase k were used 
for DNA extraction. Buffers were prepared according 
to the protocol (15). After that DNA extracted by this 
protocol:
i. 1 ml of distilled water and 1 ml of blood are 
transferred into 2 ml micro-tube and mix. Then centri-
fuged at 4000 rpm for 10 minutes. The supernatant was 
discarded. This step was repeated 2 or 3 times.
ii. 1 ml of Lysis I buffer were added to the pellet 
and vortex the tube. Then tube centrifuged at 4000 rpm 
for 5 minutes. 
iii. The supernatant was discarded. 800 μl of Lysis 
II buffer and 100 μl of SDS 10% and 25 μl of Proteinase 
k were added to the pellet and tube incubated in 56°C 
for 2 hours.
iv. Then 400 μl of phenol were added to the tubes 
and shaked the tube. After that tube centrifuged at 4000 
rpm for 5 minutes.
v. The upper phases transferred in to a new tube, 
then 400 μl of Chloroform- Isoamyl alcohol (24:1) and 
50 μl of Sodium acetate were added to the tubes, after 
that shaking the tubes and centrifuged at 4000 rpm for 
5 minutes.

vi. Then we added cold absolute Ethanol three 
times the resulting solution of previous stage and the 
tubes were shaked slightly and centrifuged at 3000 rpm 
for 3 minutes.
vii. The supernatant was discarded and 1 ml of 
ethanol 70% was added and centrifuged at 3000 rpm 
for 3 minutes.
viii. The supernatant was discarded and DNA air-
dried. Then 100 μl of ddH2O were added to the pellet 
and stored on -20°C.

Method 2: (combination of salting-out and boiling 
methods)

In this protocol, DNA was extracted as described 
by Moradi et al., 2014 (17). In this method, NaCl, Tris 
base, Triton X-100, Na2EDTA, MgCl2, Sucrose and 
Chloroform were used for DNA extraction. Buffers 
were prepared according to the protocol (17). After that, 
DNA extracted by this protocol:   
i. 1 ml of distilled water and 1 ml of blood are 
transferred into 2 ml micro-tube and mix for 30 sec. 
Then centrifuged at 7000 rpm for 5 minutes. The super-
natant was discarded. This step was repeated 2 times.
ii. 1 ml of buffer added to the pellet, then mixed 
and vortex. After that, the tubes centrifuged at 7000 rpm 
for 5 minutes and supernatant was discarded.
iii. 1 ml of buffer B and 100 μl of SDS 10% were 
added and vortex the tube. Then tube incubated in 65 °C 
for 15 minutes. 
iv. Then tube was placed on ice for 3 min and 400 
μl chloroform and 400 μl of saturated NaCl were added 
and shaken for 30 sec and  centrifuged at 5000 rpm for 
10 minutes at 4°C
v. The upper phases transferred in to a new tube 
and equal volume of cold ethanol was added and shaked 
the tube. Then the tubes centrifuged at 13000 rpm for 10 
minutes at 4°C and supernatant was discarded.
vi. 1 ml of ethanol 70% was added and centrifuged 
at 10000 rpm for 10 minutes.
vii. The supernatant was discarded and DNA air-
dried. Then 50-100 μl ddH2O was added and stored on 
-20°C.

Method 3: (Non enzymatic salting out method)
Nucleic acids were extracted as described by Suguna 

et al., 2014 (18). In this method, Tris-HCl, Potassium 
Chloride, MgCl2, EDTA, NaCl, Sodium dodecyl sul-
phate (SDS), Isopropanol, Ethanol and Triton-X were 
used for DNA extraction. Buffers were prepared accor-
ding to the protocol (18). After that DNA extracted by 
this protocol:
i. 900 μl of TKM 1 and 50 μl of 1x Triton-X were 
added to 300 μl of blood and incubated at 37°C for 5 
minutes.
ii. Eppendorf were centrifuged at 8000 rpm for 3 
minutes and the supernatant was discarded (This step 
was repeated 2-3 times).
iii. 300 μl of TKM 2 and 40 μl of 10% SDS were 
added to the eppendorf. Then mixed and incubated at 
37°C for 5 minutes.
iv. 100 μl of 6M NaCl was added and vortexes. 
Then cells were centrifuged at 8000 rpm for 5 minutes.
v. The supernatant was transferred into a new tube 
and 300 μl of isopropanol was added to them. Then 
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Statistical analysis
In this experiment, each method of extracting DNA 

consisted of 7 replications. The obtained data were ana-
lyzed with SAS (version 9.1) and Excel (2010) software. 
Mean values were compared according to Duncan test at 
(p < 0.05 and 0.01). The concentration of DNA samples 
were estimated using the following formula:
DNA concentration (ng/µl) = OD260 × (dilution factor) 
× 50 µg/ml.

Results

In this study, three methods and a commercially kit 
for isolating DNA from human blood samples were 
compared and analyzed for the following perspectives: 
yield and purity of DNA, time demands, toxicity, func-
tionality in PCR method and absorption in 260, 280 and 
230 nm.

The significant levels for measured traits, such as 
DNA purity, DNA yield and 260/230 absorption are 
shown in Table 1. The analysis of variance showed 
significant difference between the treatments (different 
protocols for DNA extraction) for DNA yield and A260/
A230 absorption, but there is no significant difference 
between these methods about DNA Purity (A260/A280).

Yield, purity, A260/A230 and time demands of the 
extracted DNA by the four methods were listed in Table 
2. The result shows that the Moradi et al (17) protocol 
as optimized salting out method and phenol/chloroform 
protocols gave good DNA yield (Table 2 and Fig. 1a).

Pure preparation of DNA has an OD 260/OD 280 
values ranging from of 1.8 and 2.0 (19, 20).  Observed 
that all of protocols gave good DNA purity and there are 
not significantly different between these methods about 
DNA Purity (Table 2 and Fig. 1b). High 260/280 purity 
ratios are not indicative of an issue, although low A260/
A280 ratio may be caused by remaining phenol or other 
reagent by samples.

Absorbance at 230 nm is accepted as being the result 
of other impurity, expected 260/230 values are gene-

tubes were centrifuged at 8000 rpm for 10 minutes. 
vi. Supernatant was discarded, 70% ethanol was 
added and mixed slowly. Finally the tubes were centri-
fuged at 8000 rpm for 5 minutes.
vii. Supernatant was discarded and DNA air-dried. 
After that, 50 μl of TE buffer was added to DNA.

Method 4:  (commercial kit)
High pure PCR template preparation kit (Roche). In 

this protocol DNA was extracted as described by Roche 
diagnostics GmbH. In this method binding buffer, pro-
teinase K, isopropanol, inhibitor removal buffer, wash 
buffer and elution buffer were used for DNA extraction. 

Quantity and quality assessment of the extracted 
DNA

Concentration and purity of samples were assayed 
by NanoDrop (Thermo) by measuring the 260/230 
and 260/280 nm absorbance ratios (A260/230 and 
A260/280). The reading at 260 nm allows calculation 
of the concentration of nucleic acid in the sample. An 
OD of one corresponds to approximately 50µg/ml for 
double-stranded oligonucleotide. The standard conver-
sions of spectrophotometric readings i.e., OD to nucleic 
acid concentration are given below:

Spectrophotometric Conversions
1A260 unit of double-stranded DNA =50µg/ml
1A260 unit of single-stranded DNA =33µg/ml

In order to examine the samples for the presence of 
fractures or DNA degradation, gel electrophoresis was 
carried out by loading 5 μl of extracted DNA on 1% 
agarose gel.

Gene amplification
PCR reaction was performed to check the intactness 

of the genomic DNA and to determine whether any inhi-
bitory material was interfering with the polymerase en-
zyme and reaction. So, GPX (Glutathione peroxidase) 
gene was amplified and the PCR products electrophore-
sis on 2% agarose gel.

                                                                                                                   Mean square
Source Df A260/A230 DNA Purity (A260/A280) DNA yield  (ng DNA/µl)
Method 3 3.373** 0.013ns 233041.518**

Replication 6 0.081ns 0.089ns 21469.225ns

Error 18 0.166 0.057 21530.63
CV% 25.35 12.82 81.99

Table 1. Mean square for DNA quantity and quality of four DNA extraction methods.

ns: non-significant; **: Significant differences (P< 0.01), Df (Degree of freedom).

Method A260/A230 DNA Purity (A260/A280) DNA yield (ng /μl) Time (hr)
Method 1

Phenol/chloroform method 1.871a 1.826a 302.00a 3hr, 30 min

Method 2
Moradi et al, (2014) 2.185a 1.842a 368.43a 1hr, 40 min

Method 3
Suguna et al (2014) 0.600b 1.928a 21.40b 1hr,10min

Method 4
Roche diagnostics GmbH kit 1.771a 1.857a 24.00b 35min

Table 2. Mean comparison of different DNA extraction methods based on DNA quantity and quality

Mean values within a column with same letter are not significantly different based at P < 0.05.
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rally in the range of 2.0-2.2. Abnormal 260/230 values 
may demonstrate a problem with the sample or with 
the extraction method (21).  Observed that Moradi et 
al (17) method was the only acceptable method about 
260/230 absorption (1, 6). A low A260/A230 ratio in 
other methods may be the result of residual phenol or 
guanidine (often used in column based kit) in extracted 
DNA samples (Table 2 and Fig. 1c).

The quality of extracted DNA was observed on 1% 
gel electrophoresis (Fig. 2). Sharp molecular DNA band 
without smear and sign of degraded DNA were obser-
ved. Finally, compared that PCR amplification of GPX 
gene using DNA extracts by different protocols. Figure 3 
shows a representative agarose gel containing a 314-bp 
fragment of glutathione peroxidase human enzyme that 
was PCR amplified from DNA that extracted by four 
different protocols. In PCR reaction 300 ng of extrac-
ted DNA was used as a template. The extracted DNA 
samples by all of these methods were suitable enough 
for PCR and PCR based methods.

Discussion

Currently several modified protocols for DNA ex-
traction from human blood are available, but it is impor-
tant to choose a protocol that required low time and cost 
for DNA extraction (22-27).

Lee et al., 2010 used three kits for genomic DNA 
extraction and reported that there are no significantly 
different between these kits about DNA yield and all 
of them are low yielded that is agreement with this re-
search (28).

In this study, Roche diagnostics GmbH kit was the 
most expensive among the four studied methods but the 
least extraction time was required and it was the safest 
method, but the DNA that extracted by this method is 
very pure with low yield (29).

In another study, Chacon-Cortes et al., 2012 (30) 
compared three different protocols from whole blood 
samples (a traditional salting out method, a modified 
salting out method and a commercial kit). They reported 
that there are no significantly different between these 
methods about quantity and quality of the obtained 
DNA, but there are very different about cost and time 
demanded.

In phenol/chloroform method Proteinase k were 
used for Lyse nuclear membrane and digest proteins 
that is need 2 hours for digest the proteins. So it requi-
red a long time for DNA extraction. In addition phenol/
chloroform method is not safe due to the use of phenol 
and chloroform (toxic materials) to remove the proteins 
from DNA (15).

In this research, the DNA that extracted by suguna et 
al method (18), was low yield with low purity in com-
parison whit other method, but this method is safe, fast 
and economical. Moradi et al method (17) is safe, fast 
and easy on the pocket. The DNA that extracted by this 
method is very pure with high yield.

The results of this study suggest that phenol/chloro-
form and Moradi et al (17) methods were suitable for 
DNA extraction in large scale, but Moradi et al., 2014 
method (17) was the best choice to extract total DNA 
from human blood samples because this method was 
found safe, simple, fast, Cheap enough and without the 
need for advanced laboratory equipment, with good 
purity and yield of DNA extracted. So this method is 
suitable for laboratories with time and cost friendly.

Acknowledgments 
We gratefully thank to the colleagues and staffs of 
Zagros Bioidea Co., Razi University Incubator, Ker-
manshah, Iran for valuable advices and technical assis-
tances. Thanks to Medical Biology Research Center, 
Kermanshah University of Medical Sciences, Ker-
manshah, Iran for all supports.

References 

1. Mohammadi G, Saberivand A. Simple method to extract DNA 
from mammalian whole blood. J Mol Genet 2009; 1:7-10.
 2. Motamedi J, Zebarjadi AR, Kahrizi D, Salmanian AH. In vitro 
propagation and Agrobacterium-mediated transformation of saf-
flower (Carthamus tinctorius L.) using a bacterial mutated aroA 
gene. Aust J Crop Sci 2011; 5(4):479-486.

0

100

200

300

400

1 2 3 4

a : DNA yield (ng/μl)

1.75

1.8

1.85

1.9

1.95

1 2 3 4

b: DNA purity (A260/A280)

0
0.5
1
1.5
2
2.5

1 2 3 4

c: A260/A230

Figure 1. Comparison of methods for DNA yield (a), purity (b), 
and A260/A230 (c). Horizontal curves indicating the methods of 
DNA extraction, where, 1: phenol/chloroform method, 2: Mora-
di et al, (2014), 3: Suguna et al (2014) and 4: Roche diagnostics 
GmbH kit.   

Figure 2. Agarose gel electrophoresis (1%) of genomic DNA from 
four methods of DNA extraction. [A: Lanes 1-3 (Roche diagnos-
tics GmbH kit), 4-6 (phenol/chloroform method)]. [B: Lanes 1-3 
(Suguna et al method), 4-6 (Moradi et al method)].  

Figure 3. Agarose gel electrophoresis (2%) of GPX gene PCR pro-
duct by using DNA templates extracted by the following methods; 
Lane 1: 100 bp DNA ladder, phenol/chloroform method (lanes 
2-3), Moradi et al method (lanes 4-5), Suguna et al method (lanes 
6-7), Roche diagnostics GmbH kit (lanes 8-9). 



124

M. Ghaheri et al. 2016 | Volume 62 | Issue 3

3. Price CW, Leslie DC, Landers JP. Nucleic acid extraction tech-
niques and application to the microchip. Lab Chip 2009; 9:2484–
2494.
4. Lewis CM, Cler LR, Bu DW, Zochbauer-Mnller S, Milchgrub S, 
Naftalis EZ. Promoter hypermethylation in benign breast epithelium 
in relation to predicted breast cancer risk. Clin Cancer Res 2005; 
11:166-172.
5. Tan SC, Yiap BC. DNA, RNA, and protein extraction: the past and 
the present. J Biomed Biotechnol 2009; P 1-10. 
6. Angelini A, Febbo C, Rullo A, Di Ilio C, Cuccurullo F, Porreca E. 
New method for the extraction of DNA from white blood cells for 
the detection of common genetic variants associated with thrombo-
philia. Pathophysiol Haemost Thromb 2000; 32:180-183.
7. Wink M. An introduction to molecular biotechnology: molecular 
fundamentals, methods and application in modern biotechnology. 
Wiley-VCH,Weinheim, Germany 2006.
8. Chacon-Cortes D, Griffiths LR. Methods for extracting genomic 
DNA from whole blood samples: current perspectives. J Biorepos 
Sci Appl Med 2014; 2:1-9. 
9. Phillips HA, Howard GCW, Miller WR. P53 mutations as a mar-
ker of malignancy in bladder washing samples from patients with 
bladder cancer. Br J Cancer 2000; 82:136-141.
10. Wang SS, Thornton K, Kuhn AM, Nadeau JG, Hellyer TJ. Ho-
mogeneous real-time detection of single-nucleotide polymorphisms 
by strand displacement amplification on the BD probeTec ET Sys-
tem. Clin Chem 2003; 49:1599-1607.
11. Dahm R. Friedrich Miescher and the discovery of DNA. Dev 
Biol 2005; 278:274–288.
12. Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim-van PM, 
Noordaa J. Rapid and simple method for purification of nucleic 
acids. J Clinical Microbiol 1990; 28:495–503. 
13. Carpi FM, Pietro FD, Vincenzetti S, Mignini F, Napolioni V. 
Human DNA extraction methods: patents and applications. Recent 
Pat DNA Gene Seq 2011;  5:1–7.
14. Schweighardt AJ, Tate CM, Scott KA, Harper KA, Robertson 
JM. Evaluation of commercial kits for dual extraction of DNA and 
RNA from human body fluids. J Forensic Sci 2015; 1:157–165.
15. Sambrook J, Russell DW, Russell DW. Molecular Cloning: A 
Laboratory Manual (3-Volume Set). Cold spring harbor laboratory 
press, Cold Spring Harbor, New York 2001.
16. Miller SA, Dykes DD, Polesky HF. A simple salting out proce-
dure for extracting DNA from human nucleated cells. Nucleic Acids 
Res 1998; 16:1215.
17. Moradi MT, Yari Kh, Khodarahmi R. A novel, efficient, fast and 

inexpensive DNA extraction protocol from whole blood applicable 
for studying drug-DNA interaction. J Rep Pharm Sci 2014; 3:80-84.
18. Suguna S, Nandal DH, Kamble S, Bharatha A, Kunkulol R. Ge-
nomic DNA isolation from human whole blood samples by non en-
zymatic salting out method. Int J Pharm Pharm Sci 2014; 6:198-199.
19. Chen H, Rangasamy M, Tan SY, Wang H, Siegfried BD. Eva-
luation of five methods for total DNA extraction from western corn 
rootworm beetles. Plos One 2010; 5:1-6. 
20. Huberman JA. Importance of measuring nucleic acid absorbance 
at 240 nm as well as at 260 and 280 nm. Biotechniques 1995; 18:636. 
21. Wilfinger WW, Mackey K, Chomczynski P. Effect of pH and 
Ionic Strength on the Spectrophotometric Assessment of Nucleic 
Acid Purity. BioTechniques 1997; 22:474-481.
22. Adell K, Ogbonna G. Rapid purification of human DNA from 
whole blood for potential application in clinical chemistry laborato-
ries. Clin Chem 1990; 36:261-264.
23. Drábek J, Petřek M. A sugar, laundry detergent, and salt method 
for extraction of deoxyribonucleic acid from blood. Biomed. Papers 
2002; 146:37–39. 
24. Gaaib JN, Nassief AF, Al-Assi AH. Simple salting – out method 
for genomic DNA extraction from whole blood. Tikrit J Pure Sci 
2011; 16:9-11.
25. Ghatak S, Muthukumaran RB, Nachimuthu SK. A simple method 
of genomic DNA extraction from human samples for PCR-RFLP 
analysis. J Biomol Tech 2013; 24:224–231. 
26. Nasiri H, Forouzandeh M, Rasaee MJ, Rahbarizadeh F. Modified 
salting-out method: high-yield, high-quality genomic DNA extrac-
tion from whole blood using laundry detergent. J Clin Lab Anal 
2005; 19:229–232.
27. Shams SS, Vahed SZ, Soltanzad F, Kafil V, Barzegari A, Atash-
paz S. Highly effective DNA extraction method from fresh, frozen, 
dried and clotted blood samples. Bioimpacts: BI 2011; 1:183.
28. Lee JH, Park Y, Choi JR, Lee EK, Kim HS. Comparisons of 
three automated systems for genomic DNA extraction in a clinical 
diagnostic laboratory. J Yonsei Med 2010; 51:104–110. 
29. Loeffler J, Schmidt K, Hebart H, Schumacher U. Automated 
extraction of genomic DNA from medically important yeast species 
and filamentous fungi by using the MagNA Pure LC system. J Clin 
Microbiol 2002; 40:2240-2243.
30. Chacon-Cortes D, Haupt L, Lea R, Griffiths L. Comparison of 
genomic DNA extraction techniques from whole blood samples: 
a time, cost and quality evaluation study. Mol Biol Rep 2012 ; 
39:5961–5966.


