
154 

 

Yuzuncu Yil University 

Journal of the Institute of Natural & Applied Sciences 
 

https://dergipark.org.tr/en/pub/yyufbed  

 

Research Article 

Effects of Centrifugation at Different Levels of Freeze-Thawed Blood on DNA Isolation 
 

Mevlüt ARSLAN* 
 

Van Yüzüncü Yıl University, Faculty of Veterinary Medicine, Genetics Department 65080, Van, Türkiye  
Mevlüt ARSLAN, ORCID No: 0000-0003-4883-4736  

*Corresponding author e-mail: mevlutarslan@yyu.edu.tr 
 

  
Article Info 

 

Received: 14.06.2022 

Accepted: 17.10.2022 

Online April 2023 

 

DOI:10.53433/yyufbed.1130525  

 

Keywords 

Blood,  

Centrifuge, 

DNA isolation, 

Freeze-thawed blood 

Abstract: DNA isolation from blood is a commonly used application to obtain 

nDNA and mtDNA. It was previously shown that DNA isolation could be 

performed from the pellet obtained after centrifugation of freeze-thawed blood 

(FTB), and this pretreatment had constructive results on DNA isolation. However, 

which centrifugation levels can be used for this pretreatment, and their effects are 

unknown. The aim of the study was to determine appropriate centrifugation levels 

for this pretreatment and show their effects on isolated DNA. For this purpose, 

DNA isolations were carried out from pellet and supernatant obtained by 

centrifugation at different levels of FTB. Then, spectrophotometric, gel 

electrophoresis, and real-time PCR analyses were performed in the isolated DNA 

samples. As a result, centrifugation of FTB at 5,000×g for 2 min or over let genetic 

material to pellet completely. This also caused to obtain high amount of DNA.  

mtDNA/nDNA ratios did not change in the isolated DNA samples from pellets 

obtained by defined centrifugation levels, but the DNA integrity decreased. To 

conclude, centrifugation of FTB at 5,000×g for 2 min or over can be used to 

harvest and wash genetic material found in FTB before DNA isolations. 
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Öz: Kandan DNA izolasyonu, nDNA ve mtDNA’yı elde etmek için yaygın 

kullanılan bir uygulamadır. Donmuş çözünmüş kanın (DÇK) santrifüjü sonrası 

elde edilen çökeltiden DNA izolasyonun gerçekleştirilebileceği daha önce 

gösterilmişti ve bu ön uygulama DNA izolasyonu üzerine olumlu sonuçlara 

sahipti. Fakat, bu ön uygulama için hangi santrifüj değerlerinin kullanılabileceği 

ve bunların etkileri bilinmemektedir. Bu çalışmanın amacı belirtilen ön uygulama 

için uygun santrifüj değerlerini belirlemek ve bu santrifüj değerlerinin izole edilen 

DNA üzerine ektilerini göstermekti. Bu amaçla, DÇK’nin farklı değerlerde 

santrifüjüyle elde edilen çökelti ve süpernatantdan DNA izolasyonları 

gerçekleştirildi. Sonra, izole edilen DNA örneklerinden spektrofotometrik, jel 

elektroforezi ve gerçek-zamanlı PCR analizleri gerçekleştirildi. Sonuç olarak, 

DÇK’nin, 5.000×g’de 2 dakika ya da üzeri değerde santrifüjü genetik materyali 

tamamen çöktürmeyi sağladı. Bu durum ayrıca yüksek miktarda DNA elde 

edilmesine imkan sağladı. Belirtilen santrifüj seviyelerinde elde edilen çökeltiden 

izole edilen DNA örneklerinde mtDNA/nDNA oranı değişmedi fakat, DNA 

bütünlüğü azaldı. Sonuç olarak, DÇK’nin 5.000×g’de 2 dakika ya da üzerinde 

santrifüjü, DNA izolasyonundan önce DÇK’de bulunan genetik materyali 

çöktürmek ve yıkamak için kullanılabilir. 
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1. Introduction  

 

Obtaining nucleic acids from a biological specimen is the starting point for molecular research 

or diagnosis. Nucleic acid samples with high quantity and quality are essential for successful 

downstream molecular genetic studies. Therefore, nucleic acids extraction is an essential and primary 

step for these purposes (Chacon-Cortetes & Griffith, 2014; Hjorthaug et al., 2018). From Friedrich 

Miescher to today, a range of DNA extraction methods and techniques have been developed (Dahm, 

2005; Chacon-Cortetes & Griffith, 2014; Green & Sambrook, 2018; Gautam, 2022). In these 

applications, mainly cells are lysed, nucleoprotein complexes are denaturized, nucleases are inactivated, 

non-desired biological and chemicals are eliminated, and lastly, DNA is precipitated (Tan & Yiap, 

2009). 

DNA extraction from blood samples is a widely used application for obtaining both 

mitochondrial DNA (mtDNA) and nuclear DNA (nDNA) (Chacon-Cortetes & Griffith, 2014). Blood 

samples are generally preferred in genetics, genomics, pharmacogenomics, and epidemiological studies 

(Visvikis et al., 1998; Gao et al., 2015; Lu et al., 2016; Rzehak et al., 2016). In these studies, both fresh 

and freeze-thawed blood (FTB) samples are used. Briefly, after sampling of blood, DNA isolation is not 

performed directly, and the samples are stored in deep freezers until processed (Bulla et al., 2016; Kaya 

et al., 2022). However, freeze-thawing without cryoprotectant has a detrimental effect on cell integrities 

(McGann et al., 1988; Steponkus & Lynch, 1989; Tansey, 2006). Therefore, leukocyte preparation 

processes are not generally performed. However, an earlier study reported that leukocytes were not 

completely lyzed in freeze-thawing of blood (Lippi, 2012). Furthermore, in a recent study, flow 

cytometry analysis showed that high amount of leukocytes were not lysed, even if subcellular changes 

occurred, in freeze-thawed (one cycle) blood (Arslan, 2022). Therefore, washing and centrifugation of 

FTB can be used to harvest and wash intact cells and nuclear pellet in FTB, and these pretreatments 

have constructive results on DNA isolation to obtain high-quantity and high-quality DNA from FTB 

(Arslan, 2022). However, it is not certain which centrifugation levels can be used for this application 

and how it affects isolated DNA characteristics such as mtDNA/nDNA ratio, DNA integrity, DNA 

quantity and quality. 

This study aimed to determine the appropriate centrifugation level to harvest intact and lysed 

leukocytes for the pretreatment application and also investigate the effects on DNA quality, quantity, 

integrity, and nDNA/mtDNA rations in supernatants and pellets. For this purpose, DNA isolations were 

carried out from both pellet and supernatant obtained by centrifugation at different levels from freeze-

thawed blood. Then, spectrophotometric, gel electrophoresis, and real-time PCR analyses were 

performed in the isolated DNA samples. 

 

2. Materials and Methods 
 

2.1. Blood sampling 

 

In the study, whole blood samples (n = 5) were collected from bovines after slaughter. Blood 

samples were taken into vacutainers with EDTA. The blood samples were stored in a deep freeze                

(-20˚C) until DNA isolation (~3 months). Ethical permission was taken from Van Yüzüncü Yıl 

University Animal Researchers Local Ethics Committee (Approval 07.03.2019, 2019/2).  

 

2.2. DNA isolation  

 

Frozen blood samples in deep freezer were thawed, and then 200 µl of thawed blood samples 

were added to microcentrifuge tubes. These tubes were centrifuged at 10,000×g for 2 min, 5,000×g for 

2 min, 1,000×g for 2 min, 500×g for 2 min, and 100×g for 2 min. After centrifugation at defined levels, 

100 µl supernatant was taken carefully and added to new microcentrifuge tubes. Thereby, pellet and 

supernatant were separated. Since starting blood volume should be 200 µl, 100 µl PBS were added onto 

both pellets and supernatants. In the control group, direct 200 µl FTB samples were added to 

microcentrifuge tubes, and DNA extraction was carried out directly. DNA extractions were performed 

by using a spin-column-based DNA extraction kit (GenExTM Blood, Genall). 
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2.3. Determination of DNA quality and quantity 

 

DNA concentrations (ng/µl), A260/A280 and A260/A230 ratios were determined 

spectrophotometrically (Nanodrop 2000c, Thermo Scientific, USA).  Isolated DNA samples were stored 

in a deep freezer (-20 ˚C) for further analyses. 

 

2.4. Agarose gel electrophoresis of isolated DNA samples  

 

Isolated DNA samples were analyzed by agarose gel electrophoresis. For this purpose, 0.7% 

agarose gel (w/v) was prepared (Ghatak et al., 2013; Fuentes-Pardo & Ruzzante, 2017). For a better gel 

result, a thin and narrow gel comb was preferred (Lee & Bahaman, 2012; Arslan et al., 2021). 10 μl 

isolated DNA samples were loaded into wells and run at 55 volts for 240 min. After running, the gel 

was soaked into ethidium bromide solution (5 µg/ml) for 30 min. Then, the gels were destained with 

deionized water for 15 min and visualized under ultraviolet light. 

 

2.5. Real-time PCR analysis of DNA integrity 

 

Quantitative analysis of DNA integrity was evaluated by real-time PCR (long-run) as described 

in previous studies (Evans et al., 2016; Arslan, 2022). In the long-run real-time PCR, final concentrations 

of each reaction were 2 µM Syto82 (Life Technologies, USA), 1× buffer B1, 200 µM dNTPs, 2 mM 

MgCl2, 1 U DNA Polymerase (Hot FIREPol® Solis Biodyne), ~50 ng of DNA template and 500 nM 

primers in a 20 µL reaction volume. Information about the used primers was given in Table 1. Each 

reaction was performed duplicate and the average Ct value was used for calculations. DNA standards, 

6.25 ng, 12.5 ng, 25 ng, 50 ng, were prepared for standard template dilutions and used to determine PCR 

efficiencies. 

 

Table 1. Primers used in the quantitative DNA integrity analysis 

Primers 5' – 3' sequence PCR product (bp) Reference 

Long   
F:GGCAATACCAGTTGAATTTG  

3067 (Arslan, 2022) 
R:TGTGTTAGTACGTTCCTAGT  

Short  
F:TTTTATACTCTCAGGATTGAGC 

70 (Arslan, 2022) 
R:TTGATATTTTCTTCAGGTACACTAT 

F: Forward, R: Reverse 

 

For long amplicons, PCR conditions were set up as 15 min at 95 °C for initial denaturation and 

50 cycles for 15 s at 95 °C for denaturation, 15 s at 60 °C for annealing and 4 min at 72 °C for extention. 

For small amplicons, PCR conditions were set up as 15 min at 95 °C for initial denaturation and 40 

cycles for 5 sec at 95 °C for denaturation, 15 s at 60 °C for annealing, and 1 s at 72 °C for extention. 

Agarose gel electrophoresis and melting curve analysis were carried out to determine amplicon 

specificities. DNA integrities were determined by using the previously described equation (Evans et al., 

2016). 

 

2.6. Real-time PCR analysis of mtDNA/nDNA ratio 

 

In the isolated DNA samples from the pellet parts, mtDNA/nDNA ratios were determined by 

real-time PCR. For this purpose, the previously described method was applied (Arslan, 2022). Briefly, 

each reaction contained 10 µl 2xSyber Green Master Mix (Amplifyme, Blirt), 0.3 µM forward and 

reverse primers, 1 µl DNA sample, 7.8 µl PCR grade water. Information about the used primers for this 

analysis was given in Table 2. PCR condition was as follows: 3 min at 95 °C for initial denaturation was 

followed by up to 40 cycles of 5 s at 95 °C for denaturation, 10 s at 60 °C for anneling, 5 s at 72 °C for 

extention. Each sample was run duplicate. Melting curve analysis was carried out by gradually 

increasing temperature (1°C/5s) from 50 °C to 95 °C. The 2ˆ(–delta delta CT) method was performed 

to evaluate mtDNA/nDNA levels in the experimental groups and control group (Livak & Schmittgen, 
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2001). In calculations, CtBTF3-ND1 was used to determine nDNA levels in the DNA samples whereas 

CtND1-BTF3 was used to highlight mtDNA levels. 

 

Table 2. Primers used in the real-time PCR analysis for evaluation of mtDNA/nDNA levels 

Primer Region 5' – 3' sequence Reference 

ND1-F mtDNA AGCCATATCAAGCCTAGCCG 
(Arslan, 2022) 

ND1-R mtDNA TTTGAGTTGGAAGCTCAGCC 

BTF3- F nDNA CATGTCCTACACAGGCGAAG 
(Arslan, 2022) 

BTF3-R nDNA GAAATTCGGGAGCTTGGCGG 

F: Forward, R: Reverse 

 

2.7. Statistical analysis 

 

Student’s t-test (two-way, unpaired) was carried out to compare groups and determine 

significance levels. Mean and standard deviations were given as data points in figures. R software, the 

‘stats’ package, was used for statistical analyses (R Core Team) (R, 2017). 

 

3. Results 

 

DNA samples were obtained from pellets and supernatants as described. All the results obtained 

were given in Figure 1. According to the results, centrifugation at 100×g for 2 min failed to collect intact 

cells and lysed fractions. In this level of centrifugation, about 40% of the genetic material found in the 

FTB was lost in the supernatant. Centrifugation at 500×g for 2 min was also insufficient to collect intact 

or lysed nuclear pellet, where ~85% of genetic material in FTB was collected and ~15% of genetic 

material remained in the supernatant part. Centrifugation at 1,000×g for 2 min was able to collect about 

99% of genetic material found in the FTB. DNA quantity isolated from the supernatant in this level was 

0.53±0.45 ng/µl. Also, in this group, isolated DNA yield increased compared to the control group 

(P<0.05). The same situation was also found in 5,000×g and 10,000×g groups (Figure 1). This result 

suggests that initial elimination of hemoglobin and EDTA increases the column’s affinity to bind DNA, 

resulting in high DNA yield. 5,000×g for 2 min and 10,000×g for 2 min were significant centrifuge 

levels because no detectable DNA was found in the supernatant part. According to the results, 1,000×g 

for 2 min and over centrifugation levels were successful to obtain genetic material found in the FTB. 

5,000×g for 2 min and 10,000×g for 2 min centrifugation levels led genetic material to be collected 

successfully. Therefore, these centrifugation levels can be used in the light of the present study. 

 

 

Figure 1. DNA quantity (ng/µl) levels obtained control and experimental groups. * indicates 

significance level (P<0.05) between control and pellet groups. 

 

A260/A230 ratios and A260/A280 ratios in the isolated DNA samples from the control pellet 

and supernatant were shown in Figure 2. A260/A230 ratios in pellets were not significantly different 

compared to the control (Figure 2a). A260/A230 ratio decreased significantly in the supernatant part of 

500×g for 2 min. A260/A280 ratio in the 10,000 ×g for 2 min group was affected significantly (Figure 
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2b). However, the value was 1.83±0.01 which was the desired level (Cartozzo et al., 2018). Note that 

A260/A230 ratios and A260/A280 ratios were excluded in these groups since isolated DNA quantity 

from supernatants which were obtained by 1,000×g for 2 min and higher centrifugation levels were 

almost no detectable. 

 

 

Figure 2. DNA qualities in the control and experimental groups. a) A260/A230 ratios and b) A260/A280 

ratios is shown. * indicates significance level (P<0.05) between control and indicated groups. 

 

Isolated DNA samples were also evaluated by agarose gel electrophoresis (Figure 3). According 

to the results, DNA band intensities decreased in supernatant groups in accordance with 

spectrophotometric data. 1,000×g for 2 min experimental group gave very low band intensity, where 

DNA quantity levels were 0.53±0.45 ng/µl, indicating gel sensitivity for checking DNA concentrations. 

Qualitatively, there was no difference in the DNA integrities in the supernatant parts. Similarly, no 

detectable integrity was determined in the isolated DNA samples from the pellets. 

 

 

Figure 3. Agarose gel electrophoresis results of the isolated DNA samples from control and experimental 

groups: supernatants and pellets. 

 

DNA integrity levels were also investigated by real-time PCR using long-run amplification in 

the isolated DNA from pellet parts (Figure 4). According to the results, in the isolated DNA samples 

from 100×g and 500×g for 2 min centrifugation levels, DNA integrity levels were similar to the control 
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groups. However, DNA integrity levels of DNA samples which were isolated from the pellets by 

1,000×g for 2 min and over were found to be lower. 

Real-time PCR analysis highlighted mtDNA/nDNA ratios in the isolated DNA samples (Figure 

5). In this analysis only pellet groups were evaluated. According to the results, relative nDNA levels 

increased in the isolated DNA samples from pellets obtained by 100×g and 500×g for 2 min centrifuge 

levels, while in the pellets obtained by centrifugation 1,000×g and over, did not change (Figure 5a). 

Relative mtDNA levels in the DNA isolated from pellet obtained by 100×g and 500×g for 2 min 

centrifuge levels decreased significantly, indicating mtDNA loss in the supernatant during these 

centrifugation levels. However, the ratio did not change in the DNA samples isolated from pellets 

obtained by centrifugation 1,000×g and over (Figure 5b).  

 

 

Figure 4. DNA integrity results of the isolated DNA from pellet by defined centrifuge levels. 

 

 

Figure 5. nDNA/mtDNA levels in the isolated DNA samples obtained from control and pellet groups. 

a) nDNA levels were shown in experimental groups compared to control group. b) mtDNA 

levels in experimental groups compared to control group. nDNA and mtDNA leves was 

calculated by using 2-∆∆Ct method based on CtTERT-ND1 and CtND1-TERT, respectively. * and ** 

indicate significance levels, P<0.05 and P<0.01, respectively.  

 

4. Discussion and Conclusion 

 

Freezing triggers the lysis of cells due to ice crystal formation (McGann et al., 1988; Steponkus 

& Lynch, 1989; Cottle et al., 2022). Even though nearly all of the erythrocytes are lysed in the direct 

freeze-thawing application, most of the leukocytes remain intact (Sloviter, 1962; Lippi, 2012; Arslan, 

2022). Recently, it was shown that centrifugation and washing of freeze-thawed blood could be 

performed before DNA isolation (Arslan, 2022). This application had constructive results on DNA 

isolation probably due to the elimination of hemolysed fraction including hemoglobin, ETDA, etc. In 

this approach which centrifugation level is appropriate and their effects on isolated DNA characteristics 
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are unknown. In the current study, different centrifugation levels changing from 100×g to 10,000×g 

were used to harvest intact or lysed fraction of FTB, and DNA isolations were carried out from both 

obtained pellet and supernatant, and isolated DNA characteristics were investigated for the first time. 

Centrifugation level at 300×g for 5 min can be used to harvest cells in the whole blood (Dagur 

& McCoy, 2015). This centrifugation level is higher than 500×g for 2 min. As shown in Figure 1, ~15% 

of genetic material was found in the supernatant part in this centrifugation level. Therefore, it is not an 

appropriate centrifugation level. Centrifugation at 1,000×g for 2 min and over can be used for harvesting 

genetic material found in FTB (Figure 1). In the current study, it was shown that centrifugation force at 

1,000×g for 2 min pelleted significantly (~99%) genetic material found in intact or lyzed cells from FTB 

(Figure 1). This centrifugation force was used to harvest intact cells (Dagur & McCoy, 2015). The result 

may support that leukocytes are not completely lysed in FTB (Arslan, 2022). This might be due to the 

subcellular structure of leukocytes, absorbing ice-induced damage. Even though leukocyte lysis occurs 

limited level, DNA in cells is packaged by histone proteins (Olins & Olins, 1974). This organization 

increases the molecular weight of cellular DNA to be pelleted by centrifugation. Centrifugation at 

5,000×g for 2 min and over pelleted the genetic material found in the FTB successfully (Figure 1 and 

Figure 3). According to the results, centrifugation force 5,000×g and over levels, DNA isolation from 

pellet resulted in high-quantity DNA isolation. This result was also highlighted in a recent study (Arslan, 

2022). These results strongly implied that decreasing hemoglobin and EDTA before DNA binding 

increased membrane saturation and binding of DNA to spin-column, leading to increased DNA yield 

and purity. 

In the current study, DNA quality (A260/A230) in the isolated DNA samples from pellets was 

not affected significantly (Figure 2). However, the value increased in the previous study (Arslan, 2022). 

This could be due to the different volume or composition of binding and washing buffers used in 

commercial DNA extraction kits. 

Agarose gel electrophoresis was used for DNA integrity checks in the isolated DNA samples. 

However, no detectable difference was observed (Figure 3). Therefore, quantitative analysis was carried 

out by long-run real-time PCR. On the other hand, agarose gel electrophoresis showed a detectable DNA 

band in isolated DNA samples from supernatant obtained by 1,000×g for 2 min. An earlier study 

reported that agarose gel electrophoresis could be used for DNA quantification, and the detection limit 

of agarose gel (stained by ethidium bromide) was 5 ng (Tweedie & Stowell, 2005). This result was in 

accordance with the present study since loaded DNA quantity was ~5.3 ng in isolated DNA samples 

from supernatant obtained by 1,000×g for 2 min. However, there was no detectable DNA band in the 

isolated DNA samples from supernatant obtained by 5,000 and 10,000×g for 2 min centrifugation levels. 

Therefore, these centrifuge levels can be used successfully for DNA isolation from pellet obtained from 

FTB. Although DNA isolation carried out from pellets obtained by 1,000×g and over resulted in high 

DNA quantity, DNA integrity level was affected (Figure 4). A similar result was also found in the 

previous study (Arslan, 2022). Decreasing hemoglobin and EDTA might increase DNA binding to the 

membrane of the column. This might increase capturing of fragmented DNA by ice-induced DNA 

breaks (Heard, 1955; Trusal et al., 1984; Lahiri & Schnabel, 1993). DNA integrity can be important for 

some studies including comparative genomic hybridization (CGH) and whole-genome amplification 

approach or targeting long amplification size (Wang et al., 2007; Craig et al., 2012; Lucena-Aguilar et 

al., 2016). When DNA integrity is important, fresh blood samples can be used for extractions or washing 

of FTB samples should be applied. 

mtDNA and nDNA levels were not affected in the isolated DNA samples from pellets obtained 

1,000×g or over levels (Figure 5). However, in the previous study, DNA isolation carried out from pellet 

obtained from FTB at 10,000×g for 1 min was affected significantly (Arslan, 2022). This difference 

could be due to the use of different binding and washing buffers in the commercial DNA isolations kits. 

To conclude, centrifugation at 1,000×g for 2 min and over is convenient for DNA isolations 

from the pellets obtained from FTB samples. To completely harvest genetic material in the pellet, 

centrifugation at 5,000×g for 2 min and over is useful. It should be noted that binding and washing 

buffers used may affect isolated DNA quality and quantity. Pelleting FTB and elimination of hemolyzed 

fraction by centrifugation and/or washing would enable researchers to obtain more desired DNA from 

FTB. 
 

 



YYU JINAS 28 (1): 154-163 

Arslan / Effects of Centrifugation at Different Levels of Freeze-Thawed Blood on DNA Isolation 

161 

 

Acknowledgements 

 

This work was supported by the Scientific Research Project Coordination Unit of Van Yüzüncü 

Yıl University (Project  No: THD-2019-8401). 
 

References 

 

Arslan, M. (2022). Effects of centrifugation and washing of freeze-thawed blood on isolated DNA 

characteristics.  Turkish Journal of Veterinary and Animal Sciences, 46(1), 130-138. 

doi:10.3906/vet-2106-94  

Arslan, M., Tezcan, E., Camcı, H., & Avcı, M. K. (2021). Effect of DNA concentration on band intensity 

and resolution in agarose gel electrophoresis. Van Health Sciences Journal, 14(3), 326-333. 

doi:10.52976/vansaglik.969547 

Bulla, A., De Witt, B., Ammerlaan, W., Betsou, F., & Lescuyer, P. (2016). Blood DNA yield but not 

integrity or methylation is impacted after long-term storage. Biopreservation and Biobanking, 

14(1), 29-38. doi:10.1089/bio.2015.0045 

Cartozzo, C., Singh, B., Boone, E., & Simmons, T. (2018). Evaluation of DNA Extraction Methods 

from Waterlogged Bones: A Pilot Study. Journal of Forensic Sciences, 63(6), 1830-1835. 

doi:10.1111/1556-4029.13792 

Chacon-Cortetes, D., & Griffith, L.R. (2014). Methods for extracting genomic DNA from whole blood 

samples: Current perspectives. Journal of Biorepository Science for Applied Medicine, 2014(2), 

1-9. doi:10.2147/bsam.S46573 

Cottle, C., Porter, A. P., Lipat, A., Turner-Lyles, C., Nguyen, J., Moll, G., & Chinnadurai, R. (2022). 

Impact of cryopreservation and freeze-thawing on therapeutic properties of mesenchymal 

stromal/stem cells and other common cellular therapeutics. Current Stem Cell Reports, 8(2), 72-

92. doi:10.1007/s40778-022-00212-1 

Craig, J. M., Vena, N., Ramkissoon, S., Idbaih, A., Fouse, S. D., Ozek, M., Sav, A., Hill, D. A., Margraf, 

L. R., Eberhart, C. G., Kieran, M. W., Norden, A. D., Wen, P. Y., Loda, M., Santagata, S., 

Ligon, K. L., & Ligon, A. H. (2012). DNA fragmentation simulation method (FSM) and 

fragment size matching improve aCGH performance of FFPE tissues. PloS One, 7(6), e38881. 

doi:10.1371/journal.pone.0038881 

Dagur, P. K., & McCoy, J. P. Jr. (2015). Collection, storage, and preparation of human blood cells. 

Current Protocols in Cytometry, 73(5), 1-16. doi:10.1002/0471142956.cy0501s73 

Dahm, R. (2005). Friedrich Miescher and the discovery of DNA. Developmental Biology, 278(2), 274-

288. doi:10.1016/j.ydbio.2004.11.028 

Evans, S. O., Jameson, M. B., Cursons, R. T. M., Peters, L. M., Bird, S., & Jacobson, G. M. (2016). 

Development of a qPCR method to measure mitochondrial and genomic DNA damage with 

application to chemotherapy-induced DNA damage and cryopreserved cells. Biology, 5(4), 39. 

doi:10.3390/biology5040039 

Fuentes-Pardo, A. P., & Ruzzante, D. E. (2017). Whole-genome sequencing approaches for 

conservation biology: Advantages, limitations and practical recommendations. Molecular 

Ecology, 26(20), 5369-5406. doi:10.1111/mec.14264 

Gao, X., Jia, M., Zhang, Y., Breitling, L. P., & Brenner, H. (2015). DNA methylation changes of whole 

blood cells in response to active smoking exposure in adults: A systematic review of DNA 

methylation studies. Clinical Epigenetics, 7, 113. doi:10.1186/s13148-015-0148-3 

Gautam, A., (2022). Phenol-Chloroform DNA Isolation Method. In A. Gautam (Ed.), DNA and RNA 

Isolation Techniques for Non-Experts (pp. 33-39). Cham, Springer International Publishing. 

doi:10.1007/978-3-030-94230-4_3  

Ghatak, S., Muthukumaran, R. B., & Nachimuthu, S. K. (2013). A simple method of genomic DNA 

extraction from human samples for PCR-RFLP analysis. Journal of Biomolecular Techniques, 

24(4), 224-231. doi:10.7171/jbt.13-2404-001 

Green, M.R. & Sambrook, J. (2018). Isolation and quantification of DNA. Cold Spring Harbor 

Protocols, 2018(6), pdb. top093336. doi:10.1101/pdb.top093336 

Heard, B. E. (1955). The histological appearances of some normal tissues at low temperatures. British 

Journal of Surgery, 42(174), 430-437. doi:10.1002/bjs.18004217416 

https://doi.org/10.3906/vet-2106-94
https://doi.org/10.52976/vansaglik.969547
https://doi.org/10.1089/bio.2015.0045
https://doi.org/10.1111/1556-4029.13792
https://doi.org/10.2147/BSAM.S46573
https://doi.org/10.1007/s40778-022-00212-1
https://doi.org/10.1371/journal.pone.0038881
https://doi.org/10.1002/0471142956.cy0501s73
https://doi.org/10.1016/j.ydbio.2004.11.028
https://doi.org/10.3390/biology5040039
https://doi.org/10.1111/mec.14264
https://doi.org/10.1186/s13148-015-0148-3
https://doi.org/10.1007/978-3-030-94230-4_3
https://doi.org/10.7171%2Fjbt.13-2404-001
https://doi.org/10.1101/pdb.top093336
https://doi.org/10.1002/bjs.18004217416


YYU JINAS 28 (1): 154-163 

Arslan / Effects of Centrifugation at Different Levels of Freeze-Thawed Blood on DNA Isolation 

162 

 

Hjorthaug, H. S., Gervin, K., Mowinckel, P., & Munthe-Kaas, M. C. (2018). Exploring the influence 

from whole blood DNA extraction methods on Infinium 450K DNA methylation. PloS One, 

13(12), e0208699. doi:10.1371/journal.pone.0208699 

Kaya, Z., Almalı, N., Sahin, E. S., Duran, S., Görgisen, G., & Ates, C. (2022). Association of insulin-

like growth factor binding protein-7 promoter methylation with esophageal cancer in peripheral 

blood. Molecular Biology Reports, 49, 3423-3431. doi:10.1007/s11033-022-07173-y 

Lahiri, D. K., & Schnabel, B. (1993). DNA isolation by a rapid method from human blood samples: 

Effects of MgCl2, EDTA, storage time, and temperature on DNA yield and quality. Biochemical 

Genetics, 31, 321-328. doi:10.1007/bf02401826 

Lee, S. V., & Bahaman, A. R. (2012). Discriminatory Power of Agarose Gel Electrophoresis in DNA 

Fragments Analysis. In S. Magdeldin (Ed.), Gel Electrophoresis Principles and Basics (pp. 41-

56). Crotia: IntechOpen. 

Lippi, G. (2012). Interference studies: Focus on blood cell lysates preparation and testing. Clinical 

laboratory, 58(3-4), 351–355.  

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression data using real-time 

quantitative PCR and the 2−ΔΔC
T Method. Methods, 25(4), 402-408. 

doi:10.1006/meth.2001.1262 

Lu, H. Y., Zhao, G. L., & Fu, M. F. (2016). Polymorphisms in the vascular endothelial growth factor 

(VEGF) gene associated with asthma. Genetics and Molecular Research, 15(2), gmr.15027880. 

doi:10.4238/gmr.15027880 

Lucena-Aguilar, G., Sánchez-López, A. M., Barberán-Aceituno, C., Carrillo-Ávila, J. A., López-

Guerrero, J. A., & Aguilar-Quesada, R. (2016). DNA source selection for downstream 

applications based on DNA quality indicators analysis. Biopreservation and Biobanking, 14(4), 

264–270. doi:10.1089/bio.2015.0064 

McGann, L. E., Yang, H., & Walterson, M. (1988). Manifestations of cell damage after freezing and 

thawing. Cryobiology, 25(3), 178-185. doi:10.1016/0011-2240(88)90024-7 

Olins, A. L., & Olins, D. E. (1974). Spheroid chromatin units (v bodies). Science, 183(4122), 330-332. 

doi:10.1126/science.183.4122.330 

Rzehak, P., Saffery, R., Reischl, E., Covic, M., Wahl, S., Grote, V., Xhonneux, A., Langhendries, J. P., 

Ferre, N., Closa-Monasterolo, R., Verduci, E., Riva, E., Socha, P., Gruszfeld, D., & Koletzko, 

B. (2016). Maternal smoking during pregnancy and DNA-Methylation in children at age 5.5 

years: Epigenome-wide-analysis in the European childhood obesity project (CHOP)-study. PloS 

One, 11(5), e0155554. doi:10.1371/journal.pone.0155554 

R. (2017). R Core Team, R: A language and environment for statistical computing. R Foundation for 

Statistical Computing, Vienna. 

Sloviter, H. A. (1962). Mechanism of hæmolysis caused by freezing and its prevention. Nature, 193, 

884-885. doi:10.1038/193884a0 

Steponkus, P. L., & Lynch, D. V. (1989). Freeze/thaw-induced destabilization of the plasma membrane 

and the effects of cold acclimation. Journal of Bioenergetics and Biomembranes, 21(1), 21-41. 

doi:10.1007/bf00762210 

Tan, S. C., & Yiap, B. C. (2009). DNA, RNA, and protein extraction: The past and the present. Journal 

of Biomedicine & Biotechnology, 2009, 574398. doi:10.1155/2009/574398  

Tansey, W. P. (2006). Freeze-thaw lysis for extraction of proteins from mammalian cells. CSH 

Protocols, 2006(7), pdb.prot4614. doi:10.1101/pdb.prot4614 

Trusal, L. R., Guzman, A. W., & Baker, C. J. (1984). Characterization of freeze-thaw induced 

ultrastructural damage to endothelial cells in vitro. In Vitro, 20(4), 353–364. 

doi:10.1007/bf02618599 

Tweedie, J. W., & Stowell, K. M. (2005). Quantification of DNA by agarose gel electrophoresis and 

analysis of the topoisomers of plasmid and M13 DNA following treatment with a restriction 

endonuclease or DNA topoisomerase I. Biochemistry and Molecular Biology Education, 33(1), 

28-33. doi:10.1002/bmb.2005.494033010410 

Visvikis, S., Schlenck, A., & Maurice, M. (1998). DNA extraction and stability for epidemiological 

studies.  Clinical Chemistry and Laboratory Medicine, 36(8), 551-555. 

doi:10.1515/CCLM.1998.094  

https://doi.org/10.1371/journal.pone.0208699
https://doi.org/10.1007/s11033-022-07173-y
https://doi.org/10.1007/BF00553174
https://doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.4238/gmr.15027880
https://doi.org/10.1089/bio.2015.0064
https://doi.org/10.1016/0011-2240(88)90024-7
https://doi.org/10.1126/science.183.4122.330
https://doi.org/10.1371/journal.pone.0155554
https://doi.org/10.1038/193884a0
https://doi.org/10.1007/BF00762210
https://doi.org/10.1155/2009/574398
https://doi.org/10.1101/pdb.prot4614
https://doi.org/10.1007/BF02618599
https://doi.org/10.1002/bmb.2005.494033010410
https://doi.org/10.1515/CCLM.1998.094


YYU JINAS 28 (1): 154-163 

Arslan / Effects of Centrifugation at Different Levels of Freeze-Thawed Blood on DNA Isolation 

163 

 

Wang, F., Wang, L., Briggs, C., Sicinska, E., Gaston, S. M., Mamon, H., Kulke, M. H., Zamponi, R., 

Loda, M., Maher, E., Ogino, S., Fuchs, C. S., Li, J., Hader, C., & Makrigiorgos, G. M. (2007). 

DNA degradation test predicts success in whole-genome amplification from diverse clinical 

samples. The Journal of Molecular Diagnostics: JMD, 9(4), 441–451. 

doi:10.2353/jmoldx.2007.070004 

 

https://doi.org/10.2353/jmoldx.2007.070004

