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Abstract
Blood collection in heparin tubes for cytogenetic, and ethylenediaminetetraacetic acid 
(EDTA) tubes for molecular genetics applications respectively, are routine practices eve-
rywhere. If blood samples are required for cytogenetics as well as DNA work, two samples 
from each animal are usually collected, which leads to wastage of time and money. The 
present study tried to explore the possibilities of collecting a single blood sample in a 
heparinised tube for use in both applications. Two blood samples were collected from the 
same animals; one in a heparin tube and the other in an EDTA tube. DNA was extracted 
and stored at the same temperature and for the same durations. Comparative studies 
revealed that the DNA samples extracted from blood using these two different coagulants 
give more or less the same quality of results especially for polymerase chain reaction 
(PCR) based applications in cattle. The purpose of the present study was to establish the 
possibility of using heparin blood for chromosomal studies as well as for molecular biology. 
Such a practice will obviously save time and money in collecting samples in duplicate.  
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Long term storage of DNA samples is required to 
create a genomic DNA bank for cattle  and to mini-
mize the future cost of research. Successful long term 
storage depends on the stability of the DNA samples 
which in turn depends on storage conditions.  DNA is 
an inherently stable molecule frequently used in mo-
lecular research. Research scientists utilizing blood in 
their studies have unique needs depending on their 
downstream applications. Blood can be collected us-
ing different anticoagulants including citrate, ethyl-
enediaminetetraacetic acid (EDTA) or heparin. The 
type of anticoagulant used in blood collection can af-
fect the results from blood DNA isolation, and may 
influence the results of research-based or diagnostic 
tests associated with blood. Research scientists must 
ensure that their blood DNA isolation method is flex-
ible, i.e. it can work efficiently in isolating DNA from 
the specific anticoagulant used for the blood collec-

tion. EDTA is the anticoagulant of choice for blood 
collection for DNA extractions because it inhibits 
DNase activity and does not change the quantity of 
DNA. However, it does affect magnesium concentra-
tions in downstream applications. Heparin should be 
avoided, as it can bind to DNA during purification and 
can inhibit Taq polymerase used for polymerase chain 
reaction (PCR) (1). In other words, sodium heparin, 
an anticoagulant used widely for blood collection, 
has been known to inhibit DNA polymerase activity 
in PCR assays (2). Irrespective of the anticoagulant, 
the vacutainer tube should be inverted several times 
to mix the blood. Blood can be shipped at ambient 
temperature, but if the delay between collection and 
extraction is more than three days, there will be some 
degradation of DNA and the yield will be lower than 
that from fresh blood. On the whole, it is advisable to 
transport blood samples at 4˚C to avoid degradation 
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of biological samples. The most common method 
of storage of DNA is as a suspension in ethanol at 
-80˚C, however, isolated DNA can be stored at 4˚C 
for several weeks, at -20˚C for several months and at 
-80˚C for several years. Factors that affect the stabil-
ity of biological samples include anticoagulants (3), 
stabilizing agents (4), temperature (5), timing before 
initial processing (6), sterility, endogenous degrading 
properties (enzymes, cell death), etc., (7). Nuclease 
contamination must be avoided but the main threat to 
DNA preservation is usually chemical degradation. 
The concentration of magnesium ion in the buffers 
is critical to obtain intact and, high molecular weight 
DNA. It has been shown that DNA samples remain 
intact for longer when DNA is dissolved in higher 
concentrations of EDTA (2).

The aim of present study to find out I. the quality 
and quantity of DNA isolated from blood collected in 
EDTA and sodium heparin vacutainer tubes, II. the 
effect of EDTA and sodium heparin on DNA during 
long term storage at -20˚C and III. effects on the ap-
plication of such DNA for molecular techniques.

Two ml of blood were randomly collected in 4 
ml EDTA tubes (ref 367861) and in heparin tubes 
(ref 367871) (BD Vacutainer, USA) from the same 
10 healthy Holstein bulls, by a trained veterinarian. 
Blood samples were transported in cool packs from 
the farm to our laboratory. As soon as the blood sam-
ples reached to the laboratory, they were kept refrig-
erated at 4˚C.  DNA was extracted within 5 days of 
collection using the phenol-chloroform (SRL, India) 
standard protocol, with little modification of the pro-
cedure. After extraction, the quality and quantity of 
DNA extracted from EDTA and heparinised blood 
were determined using nano-spectrophotometry 
(Thermo Fisher, USA) at 260/280 optical density 
(OD) as indicated in table 1. The experiment was 
designed in such a manner that this procedure was 
repeated after every three months of storage at -20˚C. 
The quality and quantity of DNA were recorded eve-
ry time and differences between the first and second 
observations were calculated. In the same way, differ-
ences in the quality and quantity of DNA from both 
types of extraction were calculated between third and 
second reading, fourth and third reading, and the fifth 
and fourth reading as shown in table 1. Finally the 
quality of DNA after long term storage was visualized 
on 0.8% agarose gel (Lonza, USA) electrophoresis 
and subjected to PCR. As described earlier (3) with 
minor modifications, the PCR was set up contain-

ing 100 ng of genomic DNA template, 0.4 pM each 
of forward (5ˊCCCACTGGCTAGGAATCGTT3ˊ) 
and reverse (5ˊCAAGGCAATGTCATATCCAC3ˊ) 
primers, 1X PCR buffer, 400 μM each deoxynucleo-
tide triphosphates (dNTP) and 1 U of Taq DNA poly-
merase, in a final reaction volume of 25 μl. The PCR 
buffer, dNTP and Taq DNA polymerase used in PCR 
are from Kapa Biosystem, USA, whereas primers are 
from MWG-Biotech from Germany.  The PCR was 
carried out using a thermal cycler (Applied Bio Sys-
tem, USA). Initial denaturation was achieved at 94˚C 
for 3 minutes followed by 30 cycles of 94˚C for 1.5 
minutes, annealing of primers at 55˚C for 1 minute 
and extension at 72˚C for 2 minutes followed by final 
extension at 72˚C for 10 minutes. The amplification 
products were analyzed in 1.5% agarose gels, stained 
with ethidium bromide (Sigma, USA) and viewed 
under ultra violate (UV) light.

In order to determine the yield of DNA isolated 
from each blood sample collected using the dif-
ferent anticoagulants, samples were measured 
using the nano-spectrophotometric method. The 
highest DNA yield was obtained from blood col-
lected on EDTA (853.1 µg). Table 1 shows the 
DNA concentration and reading taken at 260/280 
OD on 23.10.12 for both samples. The first DNA 
concentration readings ranged from 29.3 to 432.8 
and from 37.7 to 853.1 for heparin and EDTA re-
spectively. The first OD reading ranged from 1.83 
to 1.89 and 1.84 to 2.05 for heparin and EDTA 
blood DNA respectively. The second readings 
were taken after a gap of three months storage at 
-20˚C. The differences between the second and 
first reading for DNA extracted from heparin and 
EDTA blood, were estimated. The concentration of 
DNA from heparin and EDTA blood cells ranged 
from 0.1 to 3.2 (with the exception of 19.02 in one 
sample), and 0.1 to 1.5 respectively. Similarly the 
differences between OD of two readings in case of 
heparinised and EDTA DNA were observed more 
or less same as indicated in table 1. Similarly the 
differences between third - second readings, fourth 
– third and fifth – fourth were also observed. The 
observations on concentration of genomic DNA 
indicate degradation of DNA extracted from hep-
arinised blood and EDTA blood was ranged from 
1.5 to 91.6 (Table 2,  Fig.1) and 2.5 to 268.4  (Ta-
ble 3, Fig.2) respectively during one year. The OD 
readings were more or less same for all the DNA 
samples. The degradation of EDTA DNA was rath-
er higher than heparinised DNA.
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Table 1: Concentration and optical density (OD) of DNA extracted from blood using different anticoagulants 
Difference23/10/2013Difference23/07/2013Difference23/04/2013Difference23/01/201323/10/2012

260/280Conc.260/280Conc.260/280Conc.260/280Conc.260/280Conc.260/280Conc.260/280Conc.260/280Conc.260/280Conc.BULL ID

07.11.8422700.31.84234.10.0264.61.84234.40.010.91.862991.87299.9558Heparin

001.8454.4001.8454.40.0324.11.8454.40.011.41.8778.51.8879.9594

001.84369.200.61.84369.20.0162.31.84369.80.010.71.85432.11.86432.8575

001.82128.100.31.82128.10.0443.51.82128.40.010.11.86171.91.871722456

001.83150001.831500.030.61.831500.010.91.86150.61.87151.5573

001.819.20.021.61.819.20.036.61.8220.80.011.91.8527.41.8629.3557

001.82205.20.015.11.82205.2085.21.83210.301.31.83295.51.83296.8570

001.82204.60.0119.31.82204.60.0338.31.83223.90.013.21.86262.21.87265.4589

001.8417.10.010.81.8417.10.043.231.8517.9019.021.8921.131.8940.15593

001.832880.010.11.832880.0161.81.84288.10.010.21.85349.91.86350.1590

001.84242.100.11.84242.10155.81.84242.20.011.51.843981.85399.5558EDTA

001.84364001.843640.0163.61.843640.010.91.85427.61.86428.5594

01.11.88126.9001.8812801481.8812800.51.882761.88276.5575

0191.86261.900.11.86280.900.31.862810.010.71.86281.31.872822456

064.72.02185.30.020.22.022500.0111.62.04250.200.22.05261.82.05262573

00.11.82180.8001.82180.90.03132.91.82180.90.010.11.85313.81.86313.9557

001.83244.8001.83244.80267.41.83244.80.0111.83512.21.84513.2570

0.0101.8435.200.21.8535.201.051.8535.40.031.251.8536.451.8837.7589

001.84731.200.41.84731.20121.51.84731.6001.84853.11.84853.1593

0.0101.8624006.11.872400.040.21.87246.100.81.91246.31.91247.1590

EDTA; Ethylenediaminetetraacetic acid, ID; identification number of bull and Conc.; Concentration
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Table 2: Concentration of DNA extracted from Heparinised blood

Final difference 
(Conc.1-Conc.5)

Conc. (5)Conc. (4)Conc. (3)Conc. (2)Conc. (1)Sample

72.9227234.1234.4299299.9558

25.554.454.454.478.579.9594

63.6369.2369.2369.8432.1432.8575

43.9128.1128.1128.4171.91722456

1.5150150150150.6151.5573

10.119.219.220.827.429.3557

91.6205.2205.2210.3295.5296.8570

60.8204.6204.6223.9262.2265.4589

23.0517.117.117.921.1340.15593

62.1288288288.1349.9350.1590

Conc.; Concentration.

Table 3: Concentration of DNA extracted from EDTA blood

Final difference 
(Conc.1-Conc.5)

Conc. (5)Conc. (4)Conc. (3)Conc. (2)Conc. (1)Sample

157.4242.1242.1242.2398399.5558

64.5364364364427.6428.5594

149.6126.9128128276276.5575

20.1261.9280.9281281.32822456

76.7185.3250250.2261.8262573

133.1180.8180.9180.9313.8313.9557

268.4244.8244.8244.8512.2513.2570

2.535.235.235.436.4537.7589

121.9731.2731.2731.6853.1853.1593

7.1240240246.1246.3247.1590

EDTA; Ethylenediaminetetraacetic acid and Conc.; Concentration.
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Fig.1: Concentration of DNA extracted from heparinised blood.
Conc.; Concentration.

Fig.2: Concentration of DNA extracted from EDTA blood. 
Conc; Concentration and EDTA; Ethylenediaminetetraacetic acid.
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Fig.4: PCR product by using FXI specific primers. Lane 1 indicates 
blank, lane 2, 3 and 4 indicate PCR product by using DNA extract-
ed from Heparin blood, lane 5 indicates DNA ladder of 100 bp 
and lane 6, 7 and 8 indicate  PCR product by using DNA extracted 
from EDTA blood.
PCR; Polymerase chain reaction, FXI; Factor XI deficiency syn-
drome and EDTA; Ethylenediaminetetraacetic acid.
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After storage for a year, the quality of DNA 
extracted from blood using the two antico-
agulants was also visualized in 0.8% agarose 
(Fig.3), which indicates good quality. As a test 
the same DNA samples were used for the fol-
lowing downstream application; PCR for factor 
XI deficiency syndrome in cattle. Gel electro-
phoresis on 1.5% agarose indicated quality PCR 
product of 244 bp (Fig.4).  DNA extracted from 
blood samples using the two anticoagulants re-
vealed equally good quality of PCR product for 
genetic disease diagnosis in cattle. There is a 
paucity of literatures comparing the quality and 
quantity of DNA extracted from blood using 
various anticoagulants. However, literature ex-
ists on the effect of collection, handling, trans-
portation conditions and storage conditions 
before and after extraction of DNA (1, 8). Infor-
mation can also be obtained from some of the 
pamphlets published by Norgen Biotek (www.
norgenbiotek.com) and Biomerica.

The present study shows that the DNA ex-
tracted from heparin tubes can also be effec-
tively used for genetic disease diagnosis in cat-
tle.

Fig.3: Lane 1, 2 and 3 indicate DNA extracted from blood samples 
collected in Heparin tubes, lane 4 is DNA ladder of 100 bp and 
lane 5, 6 and 7  indicate DNA extracted from EDTA blood.
EDTA;  Ethylenediaminetetraacetic acid.


