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ABSTRACT. Successful DNA extraction is indispensable for molecular 
methods based on polymerase chain reaction (PCR); however, goat 
sperm DNA extraction is limited. Thus, the aim of this study was to 
evaluate three methods to extract DNA from goat sperm for use in 
PCR. Eight goat semen pools were used for DNA extraction by using 
the DNeasy Blood & Tissue Kit, phenol-chloroform, and Chelex-100 
methods. DNA samples were analyzed spectrophotometrically to 
determine the DNA concentration and purity, visualized on 0.8% 
agarose gel, and used at different amounts (150, 100, 50, 10, and 1 
ng) for PCR with electrophoresis, followed by 1.5% agarose gel 
electrophoresis. The quantity of DNA extracted with Chelex-100 was 
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higher (P < 0.05) than that obtained with either the DNeasy Blood 
& Tissue Kit or the phenol-chloroform method, with the phenol-
chloroform method yielding a greater quantity (P < 0.05) than the kit. 
The DNeasy Blood & Tissue Kit produced a higher (P < 0.05) purity 
product than the Chelex-100 method, and all samples obtained by the 
three protocols were positive for DNA, as assessed by electrophoresis. 
All of the different concentrations of DNA produced by these methods 
were amplified by PCR, although for DNA produced by the phenol-
chloroform method, PCR was only possible after complementary 
purification. In conclusion, the Chelex-100 method is cheap, secure, 
simple, fast, and effective, and is a potential tool for extracting goat 
sperm DNA without limitations in PCR.
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INTRODUCTION

The polymerase chain reaction (PCR) revolutionized the field of molecular genetics 
because it is a relatively fast, easy, and sensitive technique that permits fast amplification and 
in vitro analysis of specific DNA sequences (Koch and Andrade, 2008). PCR is frequently 
used in clinical diagnostics (Masri et al., 1997; Manterola et al., 2003; Grom et al., 2006; 
Sharifzadeh et al., 2011), animal breeding programs (Lien et al., 1993; Coelho et al., 2004; 
Milazzotto et al., 2008), progeny tests, determination of sex ratios in samples where X-bearing 
and Y-bearing sperm are separated (Resende et al., 2009), and in forensic science (Hanson and 
Ballantyne, 2004; von Wurmb-Schwark et al., 2006; Koch and Andrade, 2008).

Despite its wide applicability, the success of the PCR method depends on the quality 
and quantity of the DNA template (Coelho et al., 2004; von Wurmb-Schwark et al., 2006), 
which should be free of contaminants and DNA nucleases that impair the amplification pro-
cess (Manuja et al., 2010). There are many methods currently available for DNA purification; 
however, problems related to contamination with foreign DNA, PCR inhibitors, and DNA 
susceptibility to fragmentation still persist (Coelho et al., 2004).

Commercial kits offer quick, easy, and efficient methods for extracting DNA (Moore 
et al., 2004), although these kits can also be expensive (Aidar and Line, 2007; Bailes et al., 
2007). Consequently, it is common to use classical procedures for the purification of DNA that 
employ the organic solvent phenol-chloroform (Santella, 2006). On the other hand, the phe-
nol-chloroform method is labor-intensive (Goldenberger et al., 1995; Santella, 2006), based 
on the use of toxic substances (Fernandes et al., 2004; Karthikeyan et al., 2010), and can result 
in PCR inhibition by the compounds used for extraction (Goldenberger et al., 1995). By con-
trast, a Chelex-based protocol is a fast, practical, and effective method for extracting DNA of 
high quality (Giraffa et al., 2000) and with low contamination (Boom et al., 1990), which does 
not involve organic solvents (Walsh et al., 1991).

However, mammalian tissues exhibit considerable variation in their structures; there-
fore, one DNA extraction technique might not be suitable for all tissue types (Hossain et al., 
1997). Sperm cells present a high degree of nuclear compaction by protamines (Griffin, 2013) 
and a strong nuclear membrane (Horsman et al., 2005), which inhibits the extraction of sperm 
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DNA by standard techniques used for somatic cells (Hossain et al., 1997; Griffin, 2013), as 
observed in goat sperm DNA extractions (Silva et al., 2011). Thus, the aim of this study was 
to evaluate three methods to extract goat sperm DNA that can be used successfully in PCR.

MATERIAL AND METHODS

Except when indicated, all reagents used in this experiment were obtained from the 
Sigma-Aldrich Company (St. Louis, MO, USA).

Semen samples

Semen samples were collected eight times, on alternating days, from five mature goats 
using an artificial vagina (located at 08° 03' 14'' S; 34° 52' 52'' W). One ejaculate from each of 
the five bucks was pooled at each collection time to eliminate individual variation, producing 
a total of eight pooled samples, which were aliquoted into microcentrifuge tubes and stored 
at -20°C until use. The experiments received approval from the Ethics Committee for Animal 
Experimentation of the Universidade Federal Rural de Pernambuco (Brazil) under process 
number CEEUA/UFRPE 014/2012.

DNA extraction

After thawing, each pool of goat semen was divided into three aliquots, and DNA was 
extracted using the following extraction methods.

Method 1
	
DNA was isolated from 100 μL semen using the DNeasy Blood & Tissue Kit (QIAGEN 

GmbH, Hilden, Germany), according to manufacturer recommendations, and the resulting 
samples were stored at -20°C until use.

Method 2 

Total DNA was extracted with phenol-chloroform, according to Hanson and Ballan-
tyne (2004) with small modifications. One hundred microliter semen aliquots were centri-
fuged at 6000 rpm for 5 min. Each pellet was resuspended in 1 mL TES solution [100 mM 
Tris-HCl, pH 8.0, 100 mM NaCl, 1 mM ethylenediaminetetraacetic acid (EDTA)] and centri-
fuged again. To each pellet, 500 μL lysis buffer [10 mM Tris-HCl, pH 8.0, 100 mM NaCl, 25 
mM EDTA, 0.5% sodium dodecyl sulfate (SDS)] was added, along with 22 μL 0.1 M dithio-
threitol (DTT) and 25 μL proteinase K (QIAGEN GmbH). The mixture was incubated at 55°C 
for 3 h, with hourly vortexing, after which 500 μL phenol, equilibrated with Tris, pH 7.8, was 
added, followed by vortexing and centrifugation at 10,000 rpm for 3 min. The supernatant was 
transferred to another tube, together with 300 μL phenol and 300 μL chloroform, followed by 
vortexing and centrifugation at 10,000 rpm for 3 min. The supernatant was transferred to a 
new tube, and then 700 μL chloroform was added. The mixture was vortexed and centrifuged 
again, and the supernatant was transferred to another tube. Two volumes of cold 95% ethanol 
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were added, and the tube was incubated at -20°C for 4 h. Each sample was centrifuged at 
10,000 rpm for 10 min, and the supernatant was subsequently removed. Each DNA pellet was 
dried, resuspended in 50 μL 1X TE buffer (100 mM Tris-HCl, pH 7.5, 0.25 M EDTA), and 
stored at -20°C until use.

Method 3 

DNA was extracted using the Chelex-100 method as described by Manuja et al. (2010). 
A 25-μL semen sample aliquot was added to 200 μL 5% Chelex-100, with the subsequent ad-
dition of 5 μL proteinase K (QIAGEN GmbH) and 31 mM DTT. The mixture was vortexed, 
incubated at 56°C for 45 min, and boiled in a water bath for 8 min to inactivate proteinase K. 
After vigorous vortexing for 10 s, the sample was centrifuged at 10,444 rpm for 3 min, and the 
supernatant was collected and stored in a new tube at -20°C until use.

Concentration and purity of DNA

The genomic DNA concentration and purity were assessed by optical density mea-
surements in a BioMate 3 spectrophotometer (Thermo Scientific, Holtsville, NY, USA). For 
this purpose, DNA absorbance was measured at 260 nm to determine the quantity of DNA, 
and DNA purity was estimated by determining the A260/A280 ratio and comparing it to the refer-
ence value 1.8 (Santella, 2006). 

DNA visualization on agarose gel

The presence and quality of genomic DNA extracted by the three methods was 
analyzed on 0.8% agarose gel. Five microliter sperm DNA aliquots were stained with 0.3 
μL Blue-Green (LGC Biotecnologia, Cotia, SP, Brazil) and submitted to electrophoresis on 
the agarose gel. The result was visualized under an ultraviolet (UV) transilluminator (Vilber 
Lourmat, Paris, France), and the image was digitalized (C7070; Olympus, Tokyo, Japan).

DNA amplification

Genomic DNA was amplified by PCR using primers specific for the Capra hircus 
GAPDH gene (GenBank No. AJ431207), according to Celestino et al. (2010), using dif-
ferent DNA amounts: 150, 100, 50, 10, or 1 ng. The PCR mix contained 1.5 U Taq DNA 
polymerase, 2.5 μL 10X Taq buffer with KCl, 0.16 mM dNTP, 2 mM MgCl2, 5 pM of 
each GAPDH primer (forward: 5ꞌ-TGTTTGTGATGGGCGTGAACCA-3ꞌ and reverse: 5ꞌ- 
ATGGCGTGGACAGTGGTCATAA-3ꞌ), different DNA concentrations, and sterile ultrapure 
MilliQ water to a final volume of 25 μL.

Amplification was performed using a MultiGene Thermocycler (Labnet International 
Inc.; Edison, NY, USA), and a PCR program consisting of denaturation at 95°C for 5 min; 35 
cycles of amplification involving denaturation at 95°C for 30 s, annealing at 65°C for 1 min, 
and extension at 75°C for 40 s; and a final extension for 10 min at 72°C. The success of the 
PCR with different DNA concentrations from the three extraction protocols was determined 
by electrophoresis on 1.5% agarose gel. For this analysis, 5 μL amplified sperm DNA was 
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stained with 3 μL Blue-Green, visualized under UV transillumination after electrophoresis, 
and the image was digitalized. 

Statistical analysis

The DNA concentration and purity values were statistically evaluated by analysis of 
variance (ANOVA), and differences were compared with the post hoc Tukey test at a signifi-
cance level of 0.05. The results are reported as means ± SD.

RESULTS

The quantity and purity of the DNA obtained by the three extraction methods are shown 
in Table 1. The spectrometric assay demonstrated that the quantity of DNA extracted from 
sperm samples was higher (P < 0.05) for the Chelex-100 protocol than for the DNeasy Blood 
& Tissue Kit or phenol-chloroform methods, although the yield for the latter was greater (P < 
0.05) than for the kit. The DNeasy Blood & Tissue Kit gave a higher (P < 0.05) mean DNA pu-
rity than did Chelex-100. The kit and the phenol-chloroform protocols yielded purities of nearly 
1.8, although there was variation among the samples extracted with kit. DNA was observed on 
0.8% agarose gel in all eight samples extracted with the three protocols tested (Figure 1).

Samples	              DNeasy Blood & Tissue Kit (100 μL)	               Phenol-chloroform (100 μL) 	                                Chelex-100 (25 μL)

	 Quantity	 Purity	 Quantity	 Purity	 Quantity	 Purity

1	 25.82	 1.75	 125.70	 1.71	 369.70	 1.03
2	 85.25	 1.25	 154.90	 1.67	 295.80	 0.92
3	 53.90	 4.00	 175.00	 1.50	 412.50	 1.02
4	 80.80	 1.60	 132.40	 1.63	 249.75	 0.87
5	 51.58	 1.48	 132.50	 1.63	 569.80	 1.19
6	 60.63	 2.50	 156.05	 1.81	 321.65	 0.96
7	 13.50	 0.00	 197.50	 1.54	 289.10	 0.97
8	 53.90	 4.00	 153.75	 1.55	 260.95	 0.90
Mean	 53.17	 2.07	 153.48	 1.63	 346.16	 0.98
± SD	  24.42A	  1.38a	    24.10B	    0.10a,b	   105.50C	  0.10b

A,B,CWithin quantity columns, values with different superscripts were significantly different (P < 0.05) in genomic 
DNA concentration; a,bwithin purity columns, values with different superscripts were significantly different (P < 
0.05) in genomic DNA purity. The numbers within parenthesis represent the initial semen sample used for each 
DNA extraction method.

Table 1. Concentration (ng/μL) and purity (A260/A280) of goat sperm genomic DNA according to each method tested.

Figure 1. Electrophoresis results on 0.8% agarose gel with DNA extracted from eight semen samples (1-8) by using 
the DNeasy Blood & Tissue Kit, phenol-chloroform, and Chelex-100 methods.
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The 154-bp fragment of the C. hircus GAPDH gene was amplified from the DNA 
samples isolated with the DNeasy Blood & Tissue Kit and the Chelex-100 method, but for 
the phenol-chloroform-isolated samples, PCR was only possible after complementary DNA 
purification with 24:1 chloroform:isoamyl alcohol (Figure 2). All samples treated with the 
DNeasy Blood & Tissue Kit and the Chelex-100 method formed specific bands after PCR and 
electrophoresis on 1.5% agarose gel for all DNA amounts used (150, 100, 50, 10, or 1 ng); 
bands were also observed for phenol-chloroform-treated samples, except for sample eight 
with 1 ng DNA.

DISCUSSION

DNA extraction is one of the most common procedures used in genetics, molecular 
biology, and biochemistry (Yang et al., 2008). Thus, a good DNA extraction protocol should 
be fast, practical, cheap, free of contamination and toxicity, and produce DNA of high quan-
tity and quality to be used in PCR (Barea et al., 2004; Aidar and Line, 2007) with minimal 
fragmentation (Yang et al., 2008). However, many conventional DNA extraction protocols do 
not have these characteristics (Goldenberger et al., 1995), thus limiting their usefulness for 
producing DNA templates for PCR (Coelho et al., 2004; Manuja et al., 2010).

Figure 2. PCR products obtained by 1.5% agarose gel electrophoresis, amplified using Capra hircus GAPDH 
primers, and 150 ng (a), 100 ng (b), 50 ng (c), 10 ng (d), and 1 ng (e) DNA extracted from eight pools of semen 
samples (1-8) by the DNeasy Blood & Tissue Kit, phenol-chloroform, and Chelex-100 methods. Lane M = 50-bp 
marker ladder; lane NC = negative control.
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In the present study, we found that the wide use of the DNeasy Blood & Tissue Kit 
is not justified based on results of the spectrophotometric assay, which showed low DNA 
concentrations. Furthermore, the purity of DNA isolated by the kit varied from 0.0 to 4.0, 
representing values below and above the ideal of 1.8 (pure DNA), which reflect contamination 
by protein and RNA, respectively (Santella, 2006). 

Similarly, extraction with Chelex-100, although yielding high DNA concentration 
values, produced a DNA purity below 1.8. On the other hand, the chloroform protocol yielded 
the highest concentration and purity values, ranging from 125.70 to 197.50 ng/μL and from 
1.50 to 1.81, respectively. Therefore, it is likely that increased exposure time to proteinase K 
(Mesquita et al., 2001) and treatment with RNase (Manuja et al., 2010) may reduce DNA con-
tamination by proteins and RNA, respectively, in samples purified by both the DNeasy Blood 
& Tissue Kit and Chelex-100.

Despite variability in the data obtained from the spectrophotometric assay, all methods 
of extraction presented positive evidence of DNA after electrophoresis, with little variation in the 
quality of bands formed. However, there was no PCR amplification of DNA extracted using the 
phenol-chloroform protocol for all DNA concentrations used unless an additional purification 
step with chloroform-isoamyl alcohol was performed. This fact was also observed by Barea et al. 
(2004), who showed the generation of PCR inhibitory substances by organic solvents. Moreover, 
the use of a low SDS detergent concentration (0.001%) in the phenol-chloroform procedure may 
act as an inhibitor of Taq polymerase in PCR (Goldenberger et al., 1995).

After purification of DNA extracted with phenol-chloroform, PCR products were vis-
ible, with uniform band formation after 1.5% agarose gel electrophoresis. However, it is clear 
that the use of the DNeasy Blood & Tissue Kit is limited by its high cost (Bailes et al., 2007), 
and extraction with phenol-chloroform is a laborious and potentially hazardous method (Sepp 
et al., 1994), where a significant amount of DNA can be lost (Goldenberger et al., 1995) and 
degraded (Hossain et al., 1997) and the PCR inhibited (Goldenberger et al., 1995).

By contrast, Chelex-100 resin emerged as a cheap, effective, fast, and simple method, 
which can be realized in few steps, and does not require the use of organic solvents, which 
confirms observations of previous studies (Walsh et al., 1991; Simonato et al., 2007). The 
Chelex-100 method results in a low risk of sample contamination (Boom et al., 1990; Walsh 
et al., 1991; Simonato et al., 2007) and a lower hazard to the technician and the environment 
(Fernandes et al., 2004; Karthikeyan et al., 2010).

Moreover, Chelex-100 chelates polyvalent metal ions, which may act in the break-
down of DNA and PCR inhibition (Sepp et al., 1994; Barea et al., 2004). As this protocol only 
requires a low sample volume (25 μL) (Manuja et al., 2006), it can be applicable to situations 
where the quantity of biological material is limited, for example, in forensic assays (Koch and 
Andrade, 2008; Walsh et al., 1991).

In conclusion, the Chelex-100 method emerged as cheap, secure, simple, fast, and ef-
fective, and is therefore a potential tool for extracting sperm DNA without limitations for PCR.
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