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Abstract  16 

Herein, a rapid, efficient, and non-complicated method of poultry genomic DNA 17 

extraction is described. This simple method obtains excellent qualities of molecular 18 

biology grade DNA in a matter of only about fifteen minutes. A straightforward 19 

protocol is followed in this extraction procedure, in which, when blood cells placed in 20 

a distilled water alone, water rapidly disrupts red blood cells (RBCs) membranes and 21 

alleviate chickens’ undesired high blood viscosity without being aided by any other 22 

chemicals. Moreover, the time, cost and efforts were hugely reduced since the step of 23 

leukocytes lysis was successfully mixed with the protein precipitation. The isolated 24 

genomic DNA, in terms of its quantity and quality, is very satisfying and it's proved to 25 

be suitable for restriction endonucleases digestion, PCR, and restriction fragment 26 

length polymorphism (RFLP). Thus, instead of extracting a limited amount of DNA 27 

using expensive or relatively expensive kits, this guaranteed procedure can be utilized 28 

alternatively to accurately extract genomic DNA (gDNA) from minimal starter 29 

quantities of the chicken’s blood that don’t exceed 50 µl. By relying on this technique, 30 
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all the practical handover steps were reduced to the extreme limits. This pilot study 31 

may provide a high yield gDNA extraction method that minimizes labor, expense, and 32 

steps in very high competency and reproducibility.   33 
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 37 

Introduction  38 

The necessity to provide the favored method to isolate high qualities and large 39 

amounts of chicken genomic DNA for molecular biology experiments is the main 40 

bottleneck that every molecular geneticist may deal with before undergoing any 41 

further steps in molecular biology. Many genomics applications demand a large 42 

quantity of integral, non-contaminated gDNA with a minimal interfering of inhibitors 43 

with the downstream experiments (Bumgarner et al. 2013). To meet these goals, many 44 

researchers were managed to develop several techniques to maximize as well as to 45 

enhance DNA extraction procedures from DNA attractive sources, such as blood 46 

(Garcia-Sepulveda et al. 2010; Psifidi et al. 2015). Unfortunately, many of the 47 

devised DNA extraction techniques were only applicable in mammals and can’t be 48 

strictly applied to the blood of birds, since the latter is distinctly differing from that of 49 

mammals, in terms of its high viscosity that originated from the nucleated nature of 50 

RBCs (Zhang et al. 2011). However, despite the immense progress made in dealing 51 

with gDNA, no reflection on these highly modernized protocols was conducted in 52 

parallel with DNA extraction of poultry gDNA. This point might explain the reason 53 

that lies behind the high reliability of modern manuscripts on non-specialized 54 

protocols for chickens’ DNA extraction. For a potentially unknown reason, the 55 
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number of available procedures that dealt with the mammalian blood extracted DNA 56 

has highly exceeded DNA extraction protocols in poultries’ blood. Therefore, many 57 

researchers were compelled to modify the mammalian DNA extraction methods to 58 

suit birds’ DNA. But, each mammalian based chicken blood gDNA isolation method 59 

suffers from a particular drawback for a certain reason, as the benefits of each 60 

procedure were drastically limited. Usually, these limitations may be attributed into 61 

their phenol involved biohazards (Jeffreys and Morton 1987; Goto et al. 1988; 62 

Vanhala et al. 1998). Nonetheless, several geneticists that dealt with poultry gDNA 63 

were using one of these previously mentioned mammalian based methods to extract 64 

chicken blood DNA (Goto et al. 2002; Briles et al. 1993). Chicken based gDNA 65 

extraction methods were also implemented in some reports (Singh et al. 2008), but no 66 

safe protocols were presented with these methods as well. However, irrespective of all 67 

the persistent difficulties arisen from using phenol in the common DNA extraction 68 

protocols (Sambrook and Russel 2001), these cumbersome phenol-involved methods 69 

still of the most predominantly utilized tools to isolate chicken blood DNA for many 70 

recently published poultry manuscripts, such as (Wang et al. 2015; Wu et al. 2015; 71 

Sartore et al. 2016). To avoid this biohazard, some researchers turned to rely on 72 

phenol-free Boom’s methods to eliminate its danger during chicken gDNA extraction 73 

protocols, such as (Ya-Bo et al. 2006; Niknafs et al. 2014). Unfortunately, this non- 74 

hazardous technique is restricted by its very low reproducibility as it based on a 75 

sophisticated procedure that requires many preparatory steps and chemicals (Boom et 76 

al. 1990). Pairwise, other poultry researchers were also relied on other mammalian 77 

non-organic methods to extract gDNA for their chicken samples (Miller et al. 1988; 78 

Amills et al. 2003). Unfortunately, the last utilized techniques waste a considerable 79 

time as they consume several hours in enzymatic incubation to lyze white blood cells 80 
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(WBCs). However, further enhancements were made to eliminate organic solvents 81 

and to simplify the extraction procedure (Mazzi et al. 2003), but it requires a high 82 

volume of chicken blood and still relatively time-consuming. Instead, another non- 83 

organic method was especially exploited in DNA isolation from birds’ blood (Bailes 84 

et al. 2007), but, it suffers from their elongated steps that require a lot of time. 85 

Alternatively, many poultry researchers have relied on commercially available kits 86 

since they may provide gDNA with high quality. However, the quantity of DNA 87 

produced from commercial kits is often little. Although many DNA extraction kits 88 

provide convenient, high-throughput capabilities, their use for the processing of larger 89 

sample volumes becomes limited, particularly in cost sensitive environments. Thus, 90 

none of the commercially available kits can provide a low cost/high quantity/high- 91 

quality gDNA altogether for several molecular biology experiments. Alternatively, a 92 

universal low-cost DNA extraction method was developed for both mammals and 93 

birds (Al-Shuhaib 2017). Nevertheless, it’s not practically specific for chickens since 94 

it was included nonetheless elongated steps that involved much more time that was 95 

better suited for mammalian blood than their poultry counterparts. Therefore, it’s 96 

aimed to devise a specific DNA extraction method that overcomes all the previously 97 

stated limitations. This research describes a minimum requirements DNA extraction 98 

method that, with an explicit simplicity, conquers all the drawbacks of both manual 99 

methods and purchased kits in very few and simple steps.  100 

 101 

Materials and Methods 102 

 103 

Blood sampling 104 
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Blood samples were isolated from chicken from commercially available Ross-308 105 

broilers. Blood samples were withdrawn from up to 220 chickens by puncturing the 106 

main vein in the inner wing region. Once blood withdraw is conducted, only 35 – 50 107 

µl of blood was placed directly in 5 ml EDTA–anticoagulation tubes. 108 

 109 

DNA Extraction Procedure  110 

1. About 1.5 ml of distilled water (D.W.) was added into the chicken blood (35 – 50 111 

µl) that placed in the anticoagulation tube.  The mixture was mixed well and 112 

transferred into a 1.5 ml microcentrifuge tube, and centrifuged for 2 min at 13500 113 

rpm in a micro-centrifuge (Model CF-10, Daihan co., Bldg, Sangwolgok-dong, 114 

Sungbuk-gu, Seoul, Korea). The supernatant was discarded, and the same previous 115 

step was repeated. The supernatant was discarded (total processing time; ~5 min). 116 

2. The pellet was resuspended in a 55°C pre-warmed 1 ml of WBCs lysis/protein 117 

precipitation buffer (10 mM Tris-Cl pH 7.7, 1.5 M NaCl, 2 mM EDTA, 0.5% 118 

SDS), and then the whole suspension was mixed well and micro-centrifuged at 119 

13500 rpm for 4 min. The supernatant containing DNA threads’ mass was picked 120 

up with a micropipette equipped with a wide orifice (or 100 – 1000 µl capacity) 121 

tip, and placed in a new tube (total processing time; ~5 min).  122 

3. To the supernatant, 1 ml of absolute ethanol was added, and the tube was inverted 123 

several times. The DNA threads were picked up and placed in a new 124 

microcentrifuge tube containing 1 ml of ice-cold 70% ethanol and mixed well. 125 

Microcentrifugation was performed at 13500 rpm for 4 min. The supernatant was 126 

discarded. The DNA was resuspended in 0.5 ml of TE buffer (10 mM Tris-HCl, 1 127 

mM EDTA, pH 8.0). To ensure further dissolution, the suspension was 128 
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micropipetted back and forth for few times using a large orifice tip (total 129 

processing time; ~5 min).  130 

 131 

The Spectrophotometric Evaluation of DNA extraction 132 

The spectrophotometric evaluation of the concentration and purity of DNA was 133 

carried out by a Nanodrop (BioDrop µLITE, Biodrop, UK). DNA concentration was 134 

provided directly by the instrument in µg/ml. DNA purity with regards to protein and 135 

salt contaminants was based on the A260/280 and A260/230 absorbance ratios, 136 

respectively. Total extracted DNA (expressed as µg/ml) was recorded. The graphs of 137 

spectrophotometric parameters were generated with Microsoft Excel boxplot.  138 

 139 

The Electrophoretic Evaluation of DNA extraction 140 

Genomic DNA integrity was checked electrophoretically by running 0.05 µl, 0.1µl, 141 

0.2 µl, 0.4 µl, 0.8 µl, 1.6 µl,, 3.2 µl, 6.4 µl, 12.8 µl, and 25.6 µl of the extracted 142 

gDNA on a standard 0.8% (w/v) agarose gel electrophoresis that was pre-stained with 143 

a high concentration of ethidium bromide (0.7 µg/ml) in TAE (40 mM Tris acetate; 2 144 

mM EDTA, pH 8.3) buffer and photographed (JY02S-Junyi-Dongfang 145 

Electrophoresis Equipment, Haidian District, Beijing, China). The electrophoretic 146 

quality was measured as the integral gDNA migrate as a relatively well-defined band 147 

while degraded gDNA takes a smeared migration pattern. 148 

 149 

Restriction enzymes digestion 150 

The gDNA digestion with restriction enzymes was performed to make sure the 151 

absence of any inhibitor(s) for restriction endonucleases that might be available in the 152 

extracted gDNA. Each gDNA that prepared from chicken blood by the minimum 153 

requirements method was partially digested with three different restriction enzymes 154 
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(BamHI, RsaI, and HinfI) according to instruction manuals recommended by 155 

manufacturers’ suppliers (Bioneer Co., Daejeon, Korea). After digestion, DNA 156 

samples were resolved by 1.5% agarose gel electrophoresis that was prestained with 157 

ethidium bromide and photographed. 158 

 159 

PCR 160 

The gDNA amplification was performed to make sure the absence of any inhibitor(s) 161 

for Taq DNA polymerase activity in the extracted gDNA template. Using the primer 162 

BLAST online software (https://www.ncbi.nlm.nih.gov/), four pairs of specific 163 

primers that cover variable nuclear and mitochondrial positions of the chicken DNA 164 

were designed (Table 1). PCR reaction was performed using AccuPower PCR premix 165 

(Bioneer Co., Daejeon, Korea). Each 50μl of PCR premix was contained 2.5 U of Top 166 

DNA polymerase, 250 μM of dNTPs, 10 mm of Tris-HCl (pH 9.0), 30 mm of KCl, 167 

and 1.5 mm of MgCl2. The reaction mixture was completed with 10 pmol of each 168 

primer and 20 - 640 ng of genomic DNA. The optimum annealing temperatures were 169 

determined empirically using gradient PCR (Mastercycler-nexus, Eppendorf Co, 170 

22331Hamburg, Germany). The amplification was begun by initial denaturation at 171 

94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 30 sec, empirical 172 

annealing temperature for 30 sec, and elongation at 72°C for 30 sec, and was 173 

concluded with a final extension at 72°C for 5 min. After performing PCR 174 

thermocycling, PCR products were tested by 1.5% agarose gel electrophoresis and 175 

photographed. 176 

 177 

PCR-RFLP 178 

The PCR products digestion with restriction enzymes was carried out to provide 179 

further confirmation of the absence of any inhibitor(s) for restriction endonucleases 180 
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that might be available in the amplified PCR amplicons. Two restriction enzymes, 181 

which are HinfI and HpaII for ZP3 PCR product digestion were chosen according to 182 

data obtained from the restriction mapper online software, version 3 183 

(https://www.restrictionmapper.org). The ZP3 PCR products were digested with HinfI 184 

and HpaII for 1 hour at 37˚C. After digestion, DNA samples were resolved in 8% 185 

neutral polyacrylamide gel electrophoresis. The gel was submerged in (0.5 µg/ml) 186 

ethidium bromide contained TBE (1X) buffer and photographed.  187 

 188 

Results and discussion  189 

Despite the series of revolutions made in several aspects of molecular biology 190 

experiments, a “versatile” protocol for chicken gDNA extraction that sum up time, 191 

costs, and efforts weren’t available. The described straightforward protocol of this 192 

study enables us to obtain high throughput gDNA effortlessly.  193 

From the performed experimental data, it was apparently known that the described 194 

technique of the present study was produced high yield and purity of blood gDNA 195 

(Figure 1).  It was noted that the average quantity of the isolated gDNA in the 196 

minimum requirements method as it’s measured by a Nanodrop is estimated about 197 

306.5 µg/ml. It’s found that the 260/280 nm OD quality of this DNA is ideal and it’s 198 

ranged between 1.79 into 1.82. While the 260/230 nm OD have yield measurements 199 

that ranged between 2.22 and 2.45 for the majority of the examined samples. The 200 

integrity of the obtained gDNA, the presence or absence of RNA contamination and 201 

impurities attached with DNA were further analyzed by agarose gel electrophoresis. 202 

The same results were obtained even after pre-staining with a high concentration of 203 

ethidium bromide, and no smear or residual particles in the wells were noticed. 204 

Moreover, a very high ration of integrity is obtained even after loading very high 205 
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concentration of gDNA (Figure 2). This observation, in turn, may demonstrate that 206 

this extracted DNA is devoid of any nuclease(s) or potential prohibiting impurities. 207 

On the other hand, the minimum requirements method has proven efficient in several 208 

downstream applications of molecular biology experiments, such as restriction 209 

enzyme digestion (Figure 3), PCR (Figure 4), and PCR-RFLP (Figure 5). These 210 

experiments have demonstrated the absence of any significant inhibitor(s) for the 211 

enzymes used in DNA digestion or PCR reaction and indicated that the isolated DNA 212 

was of excellent quality. As well, it deserves to note that the DNA amount that 213 

extracted by the minimum requirements method is sufficient to perform more than 214 

five thousands PCR reactions per sample, as only 0.1µl of extracted gDNA is 215 

comfortably adequate to act as a readily available template for the annealing of the 216 

specific primers to yield extremely satisfied PCR products (Figure 6). According to 217 

the clear-cut results of the present study, any rapid and severe consequences of the 218 

gDNA stored samples were omitted in a case where the minimum requirements 219 

method is relied on. This factual evidence may be attributed to the evidently viscous 220 

nature of the massive amounts of gDNA specimens that were effortlessly isolated 221 

with this method. 222 

One of the simplest principles of this DNA extraction procedure is the unique 223 

utilization of water alone for the pretreatment of the blood before its WBCs being 224 

lysed (Al-Shuhaib 2017). This step has drastically reduced two undesirable characters 225 

concerning DNA extraction from the chicken blood specimen, which is red color and 226 

viscosity. The red color or hemoglobin embedded RBCs has some DNA storage 227 

counterfeiting features that reduce the efficiency of DNA extraction (Hara et al. 228 

2016). The other undesirable character of chicken blood is represented by the high 229 

difficulty of dealing with blood because of its very high viscosity. Thus, only water 230 
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treatment is also involved in the eliminating of this phenomenon, because it 231 

interestingly eliminates this undesirable feature and its presence is enough to 232 

significantly make a visual reduction in the undesired chicken blood viscosity. 233 

Undoubtedly, the high reliability of this procedure on the water in this regard is 234 

efficiently familiarizing this technique for many researchers around the world.  235 

Noteworthy, less time is involved in this non-organic extraction comparing with other 236 

methods and when the technicians become familiar with this technique, all steps, 237 

including micro-centrifugations don’t last more than a quart hour for each blood 238 

sample. This fact is one of the main beneficial points of this method as it’s drastically 239 

reduced time since only three steps were involved (cell lysis/protein precipitation step, 240 

DNA precipitation step, and DNA elution step). Consequently, this method is superior 241 

in reducing handling steps, and it’s significantly less expensive because it uses fewer 242 

chemicals than do any other published methods. On the other hand, this technique 243 

doesn’t require the extended incubation with the relatively expensive enzymes, such 244 

as proteinase K or pronase as some new non-organic extraction procedures require 245 

(Bailes et al. 2007). Though a variety of commercial kits are available, they are either 246 

low throughput, low yield, or costly. Although most of these kits were based on the 247 

using of chromatography columns or absorbing DNA on silica and coated magnetic 248 

bead matrices which are easy to perform, this simple method gives significantly less 249 

handling time, in addition to the absence of proteinase K treatment of blood samples. 250 

Moreover, there is a difficulty of passing the hen's blood lysate through the spin 251 

column beds. This notion is attributed into the high viscosity the blood of chickens 252 

enjoys with as a reason for the presence of nucleated RBCs (Zhang et al. 2011). Add 253 

to that; commercial kits are usually not economical when high amounts of DNA are 254 

required. Thus, In addition to the proven suitability of this protocol to the highly 255 
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demanded pre-PCR, PCR, and post-PCR experiments, it might be the method of 256 

choice for other biological experiments that require large quantities of DNA, such as 257 

Southern blotting and DNA banking (Psifidi et al. 2015). However, this method 258 

wasn’t tested yet on the latter two experiments. Nonetheless, the uncomplicated nature 259 

of the minimum requirements method doesn’t mean it’s unsuitability in molecular 260 

biology experiments that require a highly purified DNA. Conversely, this method has 261 

provided a guaranteed tool to obtain the highest purity grade needed in several 262 

molecular biology experiments. This point was made sure in the present study my 263 

performing several basic molecular biology experiments. The observed clear cut 264 

results for both the enzymatic based or purity based experiments showed a non- 265 

controversial efficiency of this method. These efficient results were surely expected 266 

since the intact DNA threads were easily withdrawn with a wide orifice tip and the 267 

colloidal appearance of gDNA were easily visualized by the researchers’ naked eyes 268 

without a tiresome focusing.  269 

In addition to the minimum requirements of chemicals, only one routinely available 270 

microcentrifuge, and an optional water bath were only necessary for this procedure. 271 

No fume hood, laminar flow cabinet, or other special supplies are mandatory in this 272 

technique. Moreover, the minimum requirements criterion of the present method 273 

wasn’t restrained only on chemicals and instruments, but it was extended to include 274 

accessories too. In addition to the routinely available anticoagulation tube, only one 275 

type of 1.5 ml microcentrifuge tubes were required to perform the DNA extraction 276 

procedure. In another word, this method reduces the overall number of the preparative 277 

steps that should be made before undergoing any further DNA extraction steps. 278 

Therefore, it’s possible to accomplish this procedure in the field directly as well. This 279 

point – in turn – is very beneficial for the poultry breeders in terms of reducing time, 280 
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efforts, and cost without scarifying efficiency. This very simple guaranteed technique 281 

provides further opportunity for researchers to enhance the genetic service to the 282 

extreme limits. Unfortunately, this protocol wasn’t validated using high throughput 283 

next generation sequencing or microarray techniques. Nevertheless, according to 284 

several validity tests of this protocol, which based on using Nanodrop, gel 285 

electrophoresis, restriction enzymes digestion, PCR, and RFLP, I suggest using this 286 

rapid, simple and non-expensive technique in the DNA isolation of the blood of 287 

chickens. The minimum requirements method of DNA extraction is not sophisticated 288 

and covers all the main needs of researchers from routine experiments to precise 289 

molecular diagnostics. In addition to the application of this method for DNA 290 

extraction into routine labs, it's proved to be efficient enough to be applied for several 291 

highly demanded molecular biology facilities. Noteworthy, this is the first chicken 292 

blood DNA extraction procedure that can be performed in only “fifteen minutes” with 293 

only five available low-cost chemicals and few routinely available instruments.  294 

 295 

In conclusion, the experimental validations that conducted to evaluate this study have 296 

demonstrated the ability of this method to combine between the explicit simplicity 297 

and the superior accuracy, which draws the principal goals of biotechnology. 298 

Eventually, if the described minimum requirements method is implemented in a 299 

broader spectrum, it will provide high quality/quantity alternative technique for both 300 

routinely and highly demanded PCR-based diagnostics experiments. 301 

 302 
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 378 

 379 

TABLES 380 

Table 1. The designed PCR-specific primers for Gallus gallus genomic and 381 

mitochondrial DNA. 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

No. Name  sequence Gene / Position  Tm 

(˚C) 

Product 

length 

Accession 

number 

1 ZP3-F GGGCCTTGAAAAGCCCCTTA ZP3 gene / 

chromosome no. 10 

61.0 675 bp NC_006097.4 

 ZP3-R GCTCCTGTCTGGGAGGAAAC 

2 PRL-F TTGCCTCCTAATGCTGCCAA PRL gene / 

chromosome no. 2 

60.0 259 bp 

PRL-R GGCCTAATACTTACCCGCCC 

3 CYT-F GGCCACCGTTATCACAAACC CYTB gene /  

mitochondrion 

59.0 436 bp NC_001323.1 

 CYT-R TTTGTTGGGGATGGAGCGTA 

4 COX-F GAGGCCTAACGGGAATCGTC COX gene / 

mitochondrion  

60.0 476 bp 

 COX-R GGCTGGTTCTTCGAAGGTGT 
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 391 

 392 

FIGURES CAPTIONS 393 
 394 
Figure 1. Boxplot diagram to show the degree of quantity and quality of the extracted 395 

genomic DNA by the minimum requirements method. A) DNA concentration in 396 
µg/ml. B) DNA purity as determined by A 260/A 280 ratio. C) DNA purity as 397 
determined by A 260/A 280 ratio. 398 

 399 
 400 

 401 
Figure 2. Agarose gel electrophoresis of genomic DNA sample that extracted by the 402 
minimum requirement method. Lane M refers to 1 kb ladder marker, while lanes 1 403 

into 10 refer to sequentially increasing loaded volumes of gDNA samples (0.05 µl, 404 
0.1µl, 0.2 µl, 0.4 µl, 0.8 µl, 1.6 µl, 3.2 µl, 6.4 µl, 12.8 µl, and 25.6 µl respectively).   405 
 406 

 407 
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Figure 3. Agarose gel electrophoresis of restriction enzymes cleaved chicken blood 408 

gDNA. Lane M, 1 kb ladder marker.  Lane 1 refers 5µl of undigested gDNA that is 409 

extracted by this method. Lanes 2 – 4 refer to stepwise time BamHI, Rsal, and HinfI 410 

partially digested gDNA respectively.   411 

 412 
 413 

 414 
Figure 4. Gel electrophoresis of randomly selected ZP3, PRL, CYTB, and COX PCR 415 
amplicons respectively that are amplified from a DNA template extracted by “the 416 
minimum requirement” method. 417 
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 418 
 419 

 420 
Figure 5. PCR-RFLP results of ZP3 genetic locus. (A) HinfI digested ZP3 PCR 421 
amplicon (lane 2). (B) HpaII digested ZP3 PCR amplicon (lane 2). Lane M, 100 bp 422 
ladder marker.  Lanes 1 refers to the undigested PCR product (675 bp).  423 
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 424 
 425 

 426 
Figure 6. PCR results of the ZP3 genetic locus (675 bp), that amplified from 427 

gradually increasing concentrations of randomly selected chicken gDNA template. 428 
Lane M, 100 bp ladder marker.  Lanes 1 refers to negative control, while lanes 2 into 429 
8 refer to stepwise duplicated concentrations (0.1µl, 0.2 µl, 0.4 µl, 0.8 µl, 1.6 µl, 3.2 430 

µl, and 6.4 µl respectively) of chicken gDNA. 431 

 432 


