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THE COMPARATIVE METHYLOME ANALYSIS 

AFTER ACUTE ENDURANCE EXERCISE 

Background 

One of the processes of epigenetic modifications is DNA methylation. It is an epigenetic 

mechanism in which a methyl group is added to a cytosine's C5 position to produce 5-

methylcytosine [1]. 

The most prevalent sites for DNA methylation are CpG sites, or cytosine-guanine (C-G) base 

pairs. CpG islands are CpG-rich regions found in gene regulatory regions such as the 

promoter and enhancer. The bulk of CpG sites in humans (70-80%) are methylated [2, 3]. 

When methylation is present or increases (hypermethylation), transcription factors are unable 

to bind to specific areas of the gene, and gene expression is reduced [4]. Conversely, loss of 

methyl groups (hypomethylation) at specific sites might enable/increase gene expression. 

 

Cancer risk [5, diabetes [6, CVDs [7], major depressive disorder [8, autoimmune disorders 

[9], and aging [10] have all been related to changes in DNA methylation at specific genomic 

locations. 

Exercise has been shown to affect DNA methylation profiles in blood, muscle, and adipose 

tissue in earlier investigations [11, 12, 13, 14]. 

The effects of various forms of exercise on DNA methylation were investigated. In humans, 

aerobic exercise training alters the methylome of skeletal muscle, hypomethylating the 

genome more frequently in patients with type 2 diabetes and obesity [15, 16]. 

Eight young (21.1 2.2 years) males undertook 8 weeks of supervised, thrice-weekly 

resistance exercise training consisting of three sets of 8–12 repetitions with a weight 

comparable to 80% of 1RM, as well as changes in genome-wide DNA methylation and gene 

expression [13]. 

Furthermore, the duration of activities varies amongst research. Some research looked at 

chronic exercise regimes, while others looked at acute exercise protocols. In one research, 

two different sport-relevant high-intensity running protocols were used: Exercises: 2) straight 

line vs. 1) change of direction (COD) (ST). Researchers took skeletal muscle samples 44 

from the vastus lateralis 30 minutes and 24 hours after exercise. Exercise alone caused 

substantial alterations in the 50 methylome 30 minutes and 24 hours after exercise in both 

conditions, particularly in the MAPK, AMPK, and axon guidance 51 pathways [12]. 

Only a few studies, however, have looked at DNA methylation across the genome in healthy 

human blood after acute endurance exercise. 

Premise of the hypothesis 

Finding novel DNA methylation modifications in response to physical activity might assist to 

avoid the onset of some illnesses and better understand how physical activity affects DNA 

methylation. 

Hypothesis 
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This study was designed to assess the hypothesis that acute endurance exercise can affect 

DNA methylation in human blood in time-specific manner. 

Objective 

The purpose of this work was to look at changes in DNA methylation across the genome 

using a genome-wide search for enriched gene ontologies, pathways, and chromosomal 

location in human blood before, during, and after acute endurance exercise. Furthermore, to 

look at the changes in DNA methylation between persons who are active for a long time, 

moderately active, and inactive. 

Specific aims 

1. Getting an ethical approval and recruiting volunteers 

2. Pretesting assessment and performance of exercise protocol. 

3. Blood collection 

4. DNA extraction and DNA methylation analysis 

5. Statistical analysis of findings 

Experimental plan  

1.  Obtaining the Ethical Committee's clearance and recruiting volunteers. 

a) The Ethical Committee of Nazarbayev University granted clearance for this study. 

b) Volunteers were chosen from a healthy male population with no health issues, as 

well as professional athletes. 

c) This study included six elite athletes, six people who engage in moderate daily 

exercise, and six people who are inactive. 

d) All participants signed the [Appendix 3] informed consent form. 

2.  Assessment and execution of the workout regimen prior to pre-testing. 

a) Participants completed the IPAQ Questionnaire (International Physical Activity 

Questionnaire) before the experiment to determine their level of physical activity [17] 

[Appendix 2]. 

b) After a 5-minute warm-up, the experimental protocol consisted of running or 

walking on a treadmill for 1 hour [18]. 

3. Obtaining blood 

Blood was taken from veins before exercise (0), four hours after exercise, and twenty-four 

hours after exercise. 

4. Isolation of DNA and methylation study of DNA 

DNA will be obtained from blood samples using the sodium acidic precipitation technique 

[19], and samples will be forwarded to DNA methylation analysis. 

5.Findings statistical analysis 

The test will be a one-way ANOVA. 
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Methodology 

• Getting an approval from the Ethical Committee of Nazarbayev University 

and recruitment of volunteers [Appendix 1]. 

• Pretesting assessment 

IPAQ questionnaire was presented to participants. According to results of IPAQ 

questionnaire participants were divided to 3 groups: elite athletes, moderately trained and 

sedentary group.  

• Blood collection and exercise routine 

The exercise routine was carried out by moderately trained and inactive groups. 

The experimental methodology included a warm-up and one hour of jogging or walking on a 

treadmill at 65-75 percent of maximum heart rate [18]. 

For genome-wide DNA methylation study, blood samples were taken from veins before, 

during, and after the exercise (0, 4, and 24 hours). Only one time was blood taken from elite 

athletes' groups (0). Before DNA isolation, blood samples were collected in vacutainers 

containing EDTA (Ethylenediaminetetraacetic acid) and kept at 2-6°C. 

Table 1 Blood collection schedule 

 Elite (n=6) Regularly trained (n=6) Sedentary (n=6) 

Before (0-hour 

sample) 

+ + + 

4-hour sample - + + 

24-hour 

sample 

- + + 

 

• DNA isolation and bisulfite conversion, DNA methylation analysis 

 

a) DNA isolation was carried out according to a methodology published previously [19]. 

1. Place 20 l of QIAGEN Protease (or proteinase K) in the bottom of a 1.5 ml 

microcentrifuge tube. 

2. Filling the microcentrifuge tube with 200 l of sample Using 200 l whole blood, plasma, 

serum, buffy coat, or bodily fluids, or 5 x 106 lymphocytes in 200 l PBS 
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3. Pour 200 l of Buffer AL into the sample. 15 seconds of pulse-vortexing mixing. 

4. Incubating for 10 minutes at 56°C. 

5. Remove drips from the inside of the lid by centrifuging the 1.5 ml microcentrifuge tube 

briefly. 

6. Adding 200 l ethanol (96–100%) to the sample and pulse-vortexing for 15 seconds to 

mix it again. After mixing, centrifuge the 1.5 ml microcentrifuge tube for a few seconds 

to remove any remaining drips from the inside of the lid. 

7. Using a 2 ml collection tube, carefully add the liquid from step 6 to the QIAamp Mini 

spin column without soaking the rim. Closing the cap and centrifuging for 1 minute at 

6000 x g (8000 rpm). Using a clean 2 ml collection tube, place the QIAamp Mini spin 

column and discard the filtrate tube. 

8. Without wetting the rim, carefully open the QIAamp Mini spin column and add 500 l 

Buffer AW1. Close the cover and centrifuge for 1 minute at 6000 x g (8000 rpm). 

Remove the QIAamp Mini spin column from the collection tube holding the filtrate and 

place it in a clean 2 ml collection tube. 

9. Without wetting the rim, carefully open the QIAamp Mini spin column and add 500 l 

Buffer AW2. Close the lid and centrifuge for 3 minutes at maximum speed (20,000 x g; 

14,000 rpm). 

10. Using a clean 1.5 ml microcentrifuge tube, place the QIAamp Mini spin column and 

discard the collection tube holding the filtrate. Open the QIAamp Mini spin column 

carefully and fill it with 200 l Buffer AE or distilled water. Incubate for 1 minute at 

ambient temperature (15–25°C), then centrifuge for 1 minute at 6000 x g (8000 rpm). 

 

b) Whole Genome Sequencing was planned to be performed. 

Illumina Whole Genome Bisulfite-treated Library will be used to explore methylation 

patterns [20]. 

• Statistical analysis of findings 

To assess changes in DNA methylation before and after endurance exercise, a one-way 

ANOVA analysis will be used. Furthermore, before the exercise, the DNA methylation 

patterns of top athletes will be compared to those of a moderately trained and inactive group. 
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Results 

Blood samples from 15 participants were collected after obtaining informed consent. Every 

participant filled out IPAQ questionnaire and underwent InBody 770 measurement of body 

composition. Participants from sedentary and moderate activity groups performed exercise 

protocol of walking or running on treadmill on 65-75% of peak heart rate. 

IPAQ questionnaire calculates energy expenditure per week. 1 MET (Metabolic equivalent of 

task) is the rate of energy expenditure while at rest.  Summarizing sections like work, leisure 

time activity, transportation, and gardening. We calculated MET/minutes per week for every 

participant. Then we separated participants in three groups according to MET/minutes per 

week, but not according to IPAQ questionnaire grading system. The reason for that was 

overestimation of activity level by participants, because of subjective nature of questionnaire. 

Thus, participants were separated in three groups: Sedentary, Moderate activity and Athletes. 

Average MET/minutes per week were 1752, 4314 and 14429, respectively.  

Table 2 Sedentary group measurements 

 
MET/minutes 

Per week 

IPAQ 

group 

weight 

(kg) 

height 

(cm) 

BMI body fat 

percentage 

age peak 

heart 

rate 

65-75% 

heart 

rate 

m. 

heart 

rate 

P7 1298 moderate 80 188 22,8 17,9 23 197 128-148 148 

P8 2483 moderate 63 178 19,9 17,3 29 191 124-143 124 

P14 2992 moderate 90 175 29,3 33,4 25 195 126-146 135 

P15 990 moderate 97 188 27,7 26,6 28 192 124-144 134 

P16 996 moderate 93 182 28,1 31,5 28 192 124-144 134 

mean 1752  84,6 182,2 25,56 25,34 26,6 193,4  135 
*MET/minutes per week, 

Table 3 DNA yield and purity. Sedentary group 

 
DNA 0-hour 

yield (µg) 

Purity 

260/280 

DNA yield 4 

hrs (µg) 

Purity 

260/280 

DNA yield 24 

hrs (µg) 

Purity 

260/280 

P7 3,9 2,02 1,62 1,82 2,08 2,05 

P8 3,72 1,94 5,08 1,8 5,32 1,96 

P14 4,38 1,98 8,54 1,86 4,58 1,91 

P15 5,86 1,86 4,72 1,82 5,02 1,98 

P16 3,7 1,74 2,8 2,02 2,24 2,19 

 

Sedentary group consisted of 5 participants with mean BMI (Body mass index) = 25.56 and 

Body fat percentage of 25.34. All participants reached their targeted heart rate throughout 

exercise protocol performance and mean heart rate was between 65 and 75%. 

Table 4 Moderate activity group measurements 

 
MET/minutes 

per week 

IPAQ 

group 

weight 

(kg) 

height 

(cm) 

BMI body fat 

percentage 

age peak 

heart 

rate 

65-75% 

heart 

rate 

m. 

heart 

rate 

P1 4911 high 70 173 23,5 19 26 194 126-146 126 
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P2 4688 high 78 180 24,2 20,2 24 196 127-147 130 

P3 4110 high 75 178 23,8 21,5 26 194 126-146 126 

P5 3280 high 57 171 19,6 10,2 20 200 130-150 130 

P6 3705 high 51 181 15,6 5,6 20 201 131-151 131 

P17 5187 high 89 181 27 23,9 29 191 124-143 131 

mean 4314  70 177 22,2 16,7 24 196  129 

 

Table 5 DNA yield and purity. Moderate activity group 

 
DNA 0-hour 

yield (µg) 

Purity 

260/280 

DNA yield 4 

hrs (µg) 

Purity 

260/280 

DNA yield 

24 hrs (µg) 

Purity 

260/280 

P1 1,68 2,11 4,9 1,87 4,48 1,79 

P2 3 1,79 3,76 1,91 5,48 2,05 

P3 3,94 1,76 4,48 1,77 5,94 1,86 

P5 4,28 1,89 4,66 1,86 3,34 1,81 

P6 3,54 1,88 3,74 1,87 3,84 1,85 

 

Moderate activity group had mean MET/minutes per week of 4314, BMI 22.2 and Body fat 

percentage of 16.7. 

Table 6 Athletes group measurements 

 
MET/minutes 

per week 

weight height BMI body fat 

percentage 

age 

P9 15707 68 178 21,6 8,7 20 

P10 9828 67 176 21,8 7,9 21 

P11 16746 72 183 21,5 6,4 21 

P12 9960 67 178 21,2 14,4 20 

P13 19903 66 173 22,1 9,1 23 

mean 14429 68 177 21,6 9,3 21 

 

Table 7 DNA yield and purity. Athletes group 

 
DNA yield (µg) Purity 260/280 

P9 3,3 1,88 

P10 1,76 1,91 

P11 4,46 1,82 

P12 2,64 1,98 

P13 2,32 1,83 

 

Group of Elite Athletes achieved average MET/minutes per week of 14429, BMI 21.6 and 

Body fat percentage of 9.3. 

Blood samples from all participants were stored in 2-6°C and DNA isolation was performed 

from every sample. Yield and purity of DNA was acceptable for methylation analysis in 

Macrogen Laboratory. Lowest yield per sample was 1.62 µg and highest 8.54 µg 
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Table 8 MET/minutes comparison 

 

 

Table 9 BMI and Body fat percentage group comparison 

 

Discussion 

At the end of the study blood samples were collected and DNA was isolated from three 

different physical activity groups. Accuracy of separating in groups not according to standard 

IPAQ interpretation could be assessed by looking at average MET/minutes per week. 

Sedentary group had almost half of MET/minutes per week of average in Moderate group. 

Athletes had 3 times more MET/minutes per week than Moderate group which can be 

explained by tremendous levels of work done by athletes. 

Results of body composition measurement were similar: Body fat percentage of athletes was 

9.3 which is less than that of Moderate group by 2 times and Sedentary group by 3 times. 
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Previous studies that look at DNA methylation data usually were prescribing long-term 

physical activity [13] or were looking for methylation is specific regions that relate to gene 

expression [5]. 

Difference of our study is that we used short term physical activity with targeted range of 

heartbeat per minute, that was described previously, to assess the effect of exercise on DNA 

methylation in blood. Furthermore, we collected blood from three different groups of daily 

physical activity, and we can look at differences in DNA methylation before the exercise 

performance. 

Limitations 

Limitation of the study was small sample size. One of the reasons for that was cost of the 

methylation analysis. 

Furthermore, it was hard to finish the study on time because of the COVID-19 pandemic 

situation and situation in Almaty city which postponed the research activity for mor than a 

month. 

Another limitation was that participants were recruited only from male population and that is 

why sample cannot be representative of all population. 

Finally, timing of the final part of research coincided with Muslim month of Ramadan when 

part of participants was fasting, which can potentially affect results of the study. 

Potential follow-up researchers can consider limitations of this study and plan to: recruit 

more volunteers, recruit from female population, plan and be flexible with timing, take into 

account cultural features as fasting of participants during particular time of the year. 

Conclusion 

We did not achieve goals of our study because of different reasons as mentioned above. 

Nevertheless, we did half of the planned research, which is recruiting participants, getting 

answers for IPAQ questionnaire, anthropometric measurements, performance of exercise, 

collection of blood and extraction of DNA.  
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