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ABSTRACT 

The tremendous potential of genomics and other recent advances in molecular biology, the role of science to improve reliable DNA 
extraction and quantization methods is more relevant than even before. The ideal process for genomic DNA extraction demands 
high quantities of pure, integral and intact genomic DNA from the biological sample is the vital primary step to succeed in various 
molecular biological techniques such as Polymerase Chain Reaction (PCR), restriction enzyme analysis, mutation detection, 
genotyping as well as linkage analysis. Moreover DNA extraction from blood samples is the most important requirement for the 
determination of genetic abnormalities, epigenetic studies and various diagnostic and preventive tests. Conventional genomic DNA 
extraction protocols need expensive and hazardous reagents for decontamination of phenolic compounds from the extracts and are 
only suited for certain types of tissues. We developed a simple, rapid, less hazardous, cost-effective and high throughput protocol 
for extracting high quality DNA from blood of various fishes, using GenElute DNA extraction kit for genomic DNA. Unlike most DNA 
preparations methods that require multiple steps and special handling, which increases the risk of error or contamination, the 
protocol employs a single purification step to remove contaminating compounds, using a column preparation solution, wash 
solution and elution solution.  Quality and quantity of the extracted DNA were checked by UV Spectrophotometer. By measuring the 
260/230 and 260/280 nm absorbance ratios (A260/A230 and A260/A280), the DNA concentration, purity and protein contamination of 
samples were determined (> 1.8). To evaluate the probability of DNA degradation, agarose gel electrophoresis was carried out by 
loading 5µl of extracted DNA on 1.2% agarose gel. The UV Spectrophotometric and gel electrophoresis analysis resulted in high 
intactness of DNA. In conclusion, this study represents a reliable approach for intact pure DNA extraction method from fish blood. 

Keywords: Fish, blood, DNA-extraction, quantization, GenElute Genomic DNA Extraction Kit. 

 
INTRODUCTION 

NA is reported to be the most appropriate 
molecule for the detection and identification of 
fish species in processed food products, offering 

numerous advantages over the analysis of proteins 1. DNA 
is present in all tissue types, has a greater stability at high 
temperatures, and the diversity afforded by the genetic 
code allows differentiation of closely related species 2, 3. 

Traditionally, DNA extraction protocols based on the 
addition of organic solvents, such as phenol and 
chloroform, have been frequently used to isolate genomic 
DNA from animal species4. Although such methods 
produce acceptable results for samples of diverse origins, 
they are time consuming and require the use of reagents 
that can not only chemically contaminate the extracted 
DNA, but which are also a health hazard 5. More recently, 
a number of commercial kits have been introduced for 
DNA extraction from different foods, employing either a 
variety of solvents and/or specialised columns containing 
DNA-binding substances. The limited reports comparing 
protocols for DNA extraction from fish have mainly 
focused on fish fins and larvae6, or museum fish 
specimens preserved in formalin or ethanol 7. The aim of 
this study was to identify the most feasible method for 
the extraction of high quantity and quality DNA from fish 
blood and scales. With this objective, the efficiency of 
commercially available kit was compared for their ability 
to extract high yields of pure DNA suitable for PCR 
amplification from three fish species namely Cyprinus 

carpio specularis, Cyprinus carpio communis and 
Oncorhynchus mykiss available in Kashmir. 

A number of simplified protocols for DNA extraction have 
been reported, such as a salting out procedure8, 
microwave-based extraction9, silica–guanidinium 
thiocyanate method10, a CTAB procedure 11, a boiling 
method 12, and Chelex-based extraction 13. However, the 
majority of these methods were developed for samples 
collected either from plants or from human or other 
mammalian sources. Genetic, haematology, and 
biochemistry studies employed in human clinic, demand 
blood samples in order to recognize and prevent human 
serious disorders 14, 15. DNA extraction from blood 
samples is the most requirements for the determination 
of genetic abnormalities, epigenetic studies and various 
diagnostic and preventive tests 16, 17.  

DNA extraction demands a simple, rapid and economical 
protocol with minimum co-extraction of inhibitors for 
downstream processes. Furthermore, it should recover 
high amounts of pure and integral gDNA. To reach this 
aim, several DNA extraction protocols from blood 
samples have been developed and commercialized 18. 
However, not even a single protocol meets all these 
criteria 19. Most of conventionally used protocols for 
genomic DNA isolation require an overnight incubation 
with proteinase K enzyme for cell lysing and protein 
digest that can lead to some nuclease degradation in 370 
C. Besides, RNA contamination can routinely be removed 
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by using of RNase A enzyme, which makes these 
protocols time and cost-consuming 20. 

Due to increasing demands for simple, rapid and cost-
effective DNA extraction protocol in different fields of 
biology, medical biotechnology and diagnosis of human 
disorders, the present study has aimed to introduce a 
novel, simple, rapid and cost-effective protocol for DNA 
extraction for further molecular analysis. It provides high 
yields of remarkably pure DNA from blood samples of 
fishes which is suitable for most downstream processes. 

MATERIALS AND METHODS 

Blood Samples from the Fishes 

Blood samples were freshly collected from the three fish 
species namely Cyprinus carpio specularis, Cyprinus carpio 
communis and Oncorhynchus mykiss by puncturing the 
caudal vein with a micro syringe or by decapitating the 
caudal portion and exposing the blood vessel. This fresh 
blood was collected in anticoagulant EDTA tubes. 

Reagents and solutions 

Blood DNA extraction kit (GenElute Blood Genomic DNA 
Kit, Sigma Aldrich; Cat. No. NA2000) was used for 
isolation of genomic DNA from blood samples with some 
modifications. 

 Resuspension solution 

 Lysis solution C 

 Column preparation solution 

 Prewash solution 

 Wash solution 

 Elution solution (10mM Tris-HCl, 0.5mM EDTA, 
pH 9.0) 

 Proteinase K 

 RNase A Solution 

 Ethanol (95-100%) 

DNA extraction procedure 

Concisely, the extraction procedures for fresh samples 
were done in the following manner: 

1. The blood of the three fishes namely Cyprinus carpio 
specularis, Cyprinus carpio communis and 
Oncorhynchus mykiss was collected by puncturing a 
micro syringe into the caudal vein and transferred to 
EDTA anticoagulant tubes. 

2. The blood was then equilibrated to room 
temperature before beginning preparation. 

3. 200µl of blood was transferred to 1.5ml 
microcentrifuge tube and 20µl of Proteinase K 
solution was added to the tube. 

4. For RNA-free genomic DNA, 20µl of RNase A solution 
was added. 

5. 200µl of Lysis Solution C was added to the sample 
and vortex thoroughly for 15 seconds. 

6. The sample was then incubated for at 550 C for 10 
minutes in a water bath. 

7. 500 µl of Column preparation solution was added to 
each pre-assembled GenElute Miniprep Binding 
Column and centrifuge at 12,000g for 1 minute. The 
flow was discarded through liquid. 

8. 200µl of ethanol was added to lysate (step 6). The 
solution was mixed thoroughly by vortexing for 5-10 
seconds. 

9. Transfer entire content (of step 8) into the treated 
column (Step 5). 

10.  The Column was centrifuge at 6500g for 1 minute 
and discard the tube containing flow-through liquid 
and place the column in a new 2 ml collection tube. 

11.  First Wash of solution was done by adding 500 µl of 
Prewash Solution to the column and centrifuge at 
6500g for 1 minute. 

12.  For second Wash, 500µl of Wash Solution was added 
to the column. 

13.  The Column was centrifuge for 3 minutes at 12000-
16000g. 

14.  DNA was eluted by adding 200µl of the Elution 
Solution directly into the centre of the Column. 

15. The Column was then centrifuged for 1 minute at 
6500g. 

To increase elution efficiency, the Column was incubated 
for 5 minutes at room temperature after adding the 
Elution Solution, then centrifuge. 

Elute contains pure genomic DNA. The DNA can be stored 
for short term at 2-8ᵒ C and for long term storage, -20ᵒ C 
is recommended. 

Quantification of extracted DNA by spectrophotometer 

Known volumes of DNA extracts were diluted to 2 ml in 
double distilled water and aliquots of the diluted DNA 
were transferred to separate quartz cuvettes. The diluted 
DNA solutions were quantified and assessed for 
impurities by measuring the absorbance at 260 nm (A260) 
and 280 nm (A280) in a spectrophotometer. DNA 
concentrations were calculated by multiplying the A260 
measurement by the dilution factor and then by 50, 
based on the relationship that an A260 of 1.0 equals 50 
mg/ml  pure DNA21. DNA yields were calculated by 
multiplying the DNA concentration value by the final 
volume of DNA extracted with each method. DNA purities 
were determined by calculating the A260/A280 ratios. 
Samples calculated to have A260/ A280 ratios of 
approximately 1.8-2.0 were assumed to be pure samples, 
free from protein and/or RNA contamination22-25.   
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Electrophoresis of extracted genomic DNA 

Amplified DNA fragments were separated by 
electrophoresis at 100 V on 1.2% agarose gel with Tris-
borate-EDTA buffer21. The DNA is visualized in the gel by 
addition of ethidium bromide. This binds strongly to DNA 
by intercalating between the bases and is fluorescent 
meaning that it absorbs invisible UV light and transmits 
the energy as visible orange light.   Pour 1.2 g of agarose 
into a 250 mL conical flask and 100 mL of 0.5xTBE were 
added, swirl to mix. It is good to use a large container, as 
long as it fits in the microwave, because the agarose boils 
over easily. Microwave for about 1 minute to dissolve the 
agarose. The agarose solution boils over very easily. It is 
good to stop it after 45 seconds and give it a swirl. Leave 
it to cool on the bench for 5 minutes down to about 60°. 
Pour the gel slowly into the tank. Push any bubbles away 
to the side using a disposable tip. The comb was inserted 
and checked that it is correctly positioned. Pour 0.5x 
TBE buffer into the gel tank to submerge the gel to 2–5 
mm depth. An appropriate amount of loading buffer was 
added into each tube and leave the tip in the tube. The 
loading buffer gives colour and density to the sample to 
make it easy to load into the wells. The first and the last 
well were loaded with 5 µl of the marker namely step up 
50 kb DNA ladder (Merck). This ladder consists of 20 
bands of double stranded DNA fragments ranging from 
50-1000 bp with size increment of 50 bp (Fig. 1). The size 
of the ladder ranges from 0.15kb to 1kb.  The other wells 
were loaded with 5 µl of DNA. The gel tank was closed, 
switched on the power-source and ran the gel at 100 V. 

 
Figure 1: Step up 50 kb DNA ladder (Merck) 

RESULTS AND DISCUSSION 

The conventional genomic DNA extraction protocols need 
expensive and hazardous reagents for decontamination 
of phenolic compounds from the extracts and are only 
suited for certain types of tissues. This is a simple, rapid, 
less hazardous, cost-effective and high throughput 
protocol for extracting high quality DNA from blood of 

fishes by using GenElute DNA extraction kit for genomic 
DNA. Unlike most DNA preparations methods that require 
multiple steps and special handling, which increases the 
risk of error or contamination, this protocol employs a 
single purification step to remove contaminating 
compounds, using a column preparation solution, wash 
solution and elution solution.  

In molecular biology, quantitation of nucleic acids is 
commonly performed to determine the average 
concentrations of DNA or RNA present in a mixture, as 
well as their purity. Reactions that use nucleic acids often 
require particular amounts and purity for optimum 
performance. There are several methods to establish the 
concentration of a solution of nucleic acids, including 
Spectrophotometric quantification and UV fluorescence 
in presence of a DNA dye. 

Spectrophotometric and Electrophoretic analysis of 
extracted genomic DNA 

Nucleic acids absorb ultraviolet light in a specific pattern. 
In a spectrophotometer, a sample is exposed to 
ultraviolet light at 260 nm, and a photo-detector 
measures the light that passes through the sample. The 
more light absorbed by the sample, the higher the nucleic 
acid concentration in the sample. It is common for nucleic 
acid samples to be contaminated with other molecules 
(i.e. proteins, organic compounds, other). The ratio of the 
absorbance at 260 and 280nm (A260/280) is used to assess 
the purity of nucleic acids. For pure DNA, A260/280 is ~1.8. 
The Spectrophotometric comparison of absorbance at 
A260 / A280 nm provided a purity factor of 1.85-1.9, 
indicating its good quality (table. 1) 

Table 1:  Absorbance ratio and Purity of the Isolated DNA 

Fish Species OD at 260nm OD at 280nm A260/280 

Cyprinus carpio 
 communis 

0.028 0.015 1.86 

Cyprinus carpio 
 specularis 

0.026 0.014 1.85 

Oncorhynchus  
mykiss 

0.023 0.012 1.9 

The isolated DNA had no signs of degradation which is 
validated by sharp and unified bands on 1.2% agarose gel 
electrophoresis (Fig. 2). The DNA size has been compared 
with step up 50 kb DNA ladder. The size of the DNA has 
been compared with the ladder having size of 1000 bp, 
950 bp, 900 bp, 850 bp, 800 bp, 750 bp, 700 bp, 650 bp, 
600 bp, 550 bp, 500 bp, 450 bp, 400 bp, 350 bp, 300 bp, 
250 bp, 200 bp, 150 bp, 100 bp and 50 bp. The size of the 
extracted DNA as compared with the ladder is 1000bp. 

Accurate understanding of material function in molecular 
biology has enhanced the capability of the scientist to 
develop the alternative methods for DNA extraction from 
a variety of samples. It is obvious that the choice of the 
methodology will depend on several factors, including 
cost, time, simplicity, and robustness. 
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Figure 2: A typical DNA banding pattern resolved in 1.2% 
agarose gel and stained with Ethidium bromide. Template 
DNA was from Step up 50 kb DNA ladder (Lane M), 
Cyprinus carpio specularis (Lane 1), Cyprinus carpio 
communis (Lane 2) and Oncorhynchus mykiss (Lane 3).  

Numerous genomic DNA isolation protocols have been 
optimized for blood samples16, 20, 18, most of which were 
verified to be reproducible and yielded sufficiently high-
quality DNA for genetic analysis. However, in most of 
these methods, enzymes (such as proteinase K and RNAse 
A) or toxic organic solvents (such as phenol or guanidine 
isothiocyanate) have been exploded18. There are only a 
few methods that are non-enzymatic and do not employ 
hazardous organic solvents, therefore, the standard 
protocols for DNA extraction remain time-consuming. 
Since these enzymes are expensive and most of the 
materials that are used routinely are toxic, it is reasonable 
to apply an efficient DNA extraction procedure that does 
not undergo these steps. In an attempt to attain these 
aims and simplify the procedure, in this study we 
described a very simple, inexpensive, rapid and less-
hazardous protocol for extracting high quality DNA from 
fish blood by using GenElute Genomic DNA Extraction Kit. 

 DNA samples isolated by the present method from the 
blood of the fishes were successfully used in the 
amplification of sequences using random primers. 
Reproducible fragments of different lengths were 
amplified cleanly in almost all the species of fishes. 
Moreover, PCR amplification indicated that the quality of 
the extracted DNA is good enough to allow PCR 
amplification of desired length fragment without further 
purification. 

CONCLUSION 

In conclusion, this study represents a reliable approach 
for DNA extraction   from blood of the fishes. This method 
does not use any hazardous chemical, so it is more 
reliable and safe than the other methods.  By practising 
this protocol, we reached to pure and high throughput 
yield from a small amount of sample which makes current 
method applicable in medical laboratories as well as 
research centres particularly where the downstream 
processes are to be followed.  

REFERENCES 

1. Chapela MJ, Sotelo CG, Perez-Martin RI, Pardo MA, Perez-
Villareal B and Gilardi P. Comparison of DNA extraction 

methods from muscle of canned tuna for species 
identification. Food Control, 18, 2007, 1211-1215. 

2. Bartlett SE and Davidson WS. FINS (Forensically informative 
nucleotide sequencing): a procedure for identifying the 
animal origin of biological specimens. BioTechniques, 12, 
1992, 408-411. 

3. Pardo MA and Perez-Villarreal B. Identification of 
commercial canned tuna species by restriction site analysis 
of mitochondrial DNA products obtained by nested primer 
PCR. Food Chemistry, 86, 2004, 143-150. 

4. Lopera-Barrero NM, Povh JA, Ribeiro RP, Gomes PC, 
Jacometo CB and Da Silva Lopes T. Comparison of DNA 
extraction protocols of fish fin and larvae samples: 
modified salt (NaCl) extraction. Ciencia e Investigación 
Agraria, 35, 2008, 65-74. 

5. Yue GH and Orban L. Rapid isolation of DNA from fresh and 
preserved fish scales for polymerase chain reaction. Marine 
Biotechnology, 3, 2001, 199-204. 

6. Lucentini L, Caporali S, Palomba A, Lancioni H and Panara 
FA. Comparison of conservative DNA extraction methods 
from fins and scales of freshwater fish: a useful tool for 
conservation genetics. Conservation Genetics, 7, 2006, 
1009-1012. 

7. Chakraborty A, Sakai M and Iwatsuki Y. Museum fish 
specimens and molecular taxonomy: a comparative study 
on DNA extraction protocols and preservation techniques. 
Journal of Applied Ichthyology, 22, 2006, 160-166. 

8. Miller SA, Dykes DD and Polesky HF. A simple salting out 
procedure for extracting DNA from human nucleated cells. 
Nucleic Acids Res. 16, 1988, 1215. 

9. Banerjee SK, Makdisi WF, Weston AP, Mitchell SM and 
Campbell DR, Micro-wave based DNA extraction from 
paraffin embedded tissue for PCR amplification, 
Biotechnology, 18, 1995, 768. 

10. Carter MJ and Milton ID. An inexpensive and simple 
method for DNA purification on silca particles, Nucleic Acid 
Research, 21, 1993, 1044. 

11. Tel-Zur N, Abbo S, Myslabodski D and Mizrahi Y. Modified 
CTAB procedure for DNA isolation from epiphytic cacti of 
the genera Hylocereus and Selenicereus (Cactaceae), Plant 
Mol Biol Rep, 17, 1991, 249. 

12. Valsecchi E. Tissue boiling: a short cut in DNA extraction for 
large scale population screenings, Mol Ecol, 7, 1998, 1243. 

13. Walsh PS, Metzger DA and Higuchi R. Chelex-100 as a 
medium for simple extraction of DNA for PCR based typing 
from forensic material, Biotechnique, 10, 1991, 506. 

14. Phillips HA, Howard GCW and Miller WR. P53 Mutations as 
a Marker of Malignancy in Bladder Washing Samples from 
Patients with Bladder Cancer. Br J Cancer, 82(1), 2000, 136-
141. 

15. Wang SS, Thornton K, Kuhn AM, Nadeau JG and Hellyer TJ. 
Homogenous real-time detection of Single-Nucleotide 
Polymorphism by Strand Displacement Amplification on the 
BD probe Tec ET system. Clin Chem 49(10), 2003, 1599-
1607. 

16. Angelini A, Di Febbo C, Rullo A, Di Ilio C, Cuccurullo F and 
Porreca E. New Methods for the extraction of DNA from 



Int. J. Pharm. Sci. Rev. Res., 24(2), Jan – Feb 2014; nᵒ 43, 266-270                                                                       ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

270 

White Blood Cells for the detection of Common Genetic 
Variants Associated with Thrombophilia. Pathophysical 
Haemost Thromb. 32(4), 2000, 180-183. 

17. Lewis CM, Cler LR, Bu DW, Zochbauer-Mnller S, Milchgrub S 
and Naftalis EZ.   Promoter Hypermethylation in Benign 
Breast Epithelium in Relation to Predicted Breast Cancer 
Risk. Clin Cancer Res, 11(1), 2005, 166-172. 

18. Pachot A, Barbalat V, Marotte H, Diasparra J, Gouraud A 
and Mougin B. A Rapid Semi Automated Method for DNA 
Extraction from Dried-Blood Spots: Application to the HLA-
DR Shared Epitope Analysis in Rheumatoid Arthritis. J. 
Immunol. Methods, 328(1-2), 2007, 220-225. 

19. Clements DN, Wood S, Carter SD and Ollier WER. 
Assessment of the quality of genomic DNA recovered from 
Canine Blood Samples by three different Extraction 
Methods. Res Vet Sci. 85(1), 2008, 74-79. 

20. Nasiri H, Forouzandeh M, Rasaee MJ, and Rahbarizadeh F. 
Modified Salting out Method: High Yield, High Quality 
Genomic DNA extraction from whole blood using Laundry 
Detergent. J Clin Lab Anal. 19(6), 2005, 229-232. 

21. Sambrook J, Fritsch EF and Maniatis T. Molecular Cloning: a 
Laboratory Manual. 2nd Ed. New York: Cold Spring Harbor 
Laboratory 1989. 

22. Aljanabi SM and Martinez I. Universal and rapid salt-
extraction of high quality genomic DNA for PCR-based 
techniques. Nucleic Acids Research, 25, 1997, 4692-4693.  

23. Ferrara GB, Murgia B, Parodi AM, Valisano L, Cerrano C and 
Palmisano G. The assessment of DNA from marine 
organisms via a modified saltingout protocol. Cellular & 
Molecular Biology Letters, 11, 2006, 155-160.  

24. Lopera-Barrero NM, Povh JA, Ribeiro RP, Gomes PC, 
Jacometo CB and Da Silva Lopes T. Comparison of DNA 
extraction protocols of fish fin and larvae samples: 
modified salt (NaCl) extraction. Ciencia e Investigación 
Agraria, 35, 2008, 65-74.  

25. Wasko AP, Martins C, Oliveira C and Foresti F. Non-
destructive genetic sampling in fish. An improved method 
for DNA extraction from fish fins and scales. Hereditas, 138, 
2003, 161-165.  

 
 

 

 

 

Source of Support: Nil, Conflict of Interest: None. 

  


