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Introduction
White stork (Ciconia ciconia L.) is a migratory bird species that is widespread in Europe and inhibits open areas, often wet grasslands, and
agriculture habitats. It is apex bird species and its diet mostly comprise of various amphibians, fish, small mammals, and invertebrates [1].
Therefore, nestlings of white stork are suitable bioindicators of pollution [2]. Stress or changes in the environment, such as pollution due to
anthropogenic activity, can cause epigenetic modification, which can change phenotype, behaviour, fitness, and survival of the animal [3,4].
One of the epigenetic modifications is DNA methylation, where cytosines, manly in CpG dinucleotides, are covalently modified [6].

Materials and methods

DNA was isolated from the blood of the nestlings located in eastern Croatia during bird

ringing in 2016, 2017 and 2020. Some of the nestlings hatched in different seasons have

same parents. For determination of differences in DNA methylation patterns we used

MSAP assay, where restriction enzymes with different sensitivity, HpaII and MspI, cut DNA

into fragments. Afterwards, adapters are ligated to the fragments and amplified firstly with

nonspecific, then with specific primers. Products of specific PCR were analysed on 3%

agarose gel, and the level of DNA methylation was analysed using φst (Phi st) test in msap

package in R program.

Conclusion

Our findings represent the first determination of DNA methylation of white stork in wild population. MSAP analysis shows that there is

difference in DNA methylation between nestlings that hatched in different nestling seasons. PCoA analysis shows that nestlings are separated

in three groups based on breeding season. Also, PCoA analysis shows that samples form 2020 aren’t separated in different groups, which

means that differences in methylation aren’t related to location, but to the environmental conditions in different breeding seasons. No

differences were observed between nestlings of different sex that were sampled in same breeding season. Further research is necessary in

order to better understand environmental impact on DNA methylation and gene expression in wild populations of white stork.
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Methylation of genome(%) Breeding season

2016 2017 2020

Unmethylated 23,02 20,61 41,03 

Hemimethylated 17,58 50,91 25,13 

Internal cytosine methylation 8,49 9,09 14,87

Full methylation 50,91 19,39 18,97 

Methylation of genome / 

Location and breeding season

Borovo Selo 

2016

Borovo selo 

2017

Borovo Selo 

2020

Unmethylated 20,0 18,33 41,67 

Hemimethylated 21,67 48,34 35,0 

Internal cytosine methylation 11,66 5,0 15,0 

Full methylation 46,67 28,33 8,33 

Table 1. Methylation of genome in different breeding seasons Table 2. Methylation of genome in different breeding seasons from nestlings from Borovo Selo

Figure 1. Three 
banding patterns of 
MSAP, a) hemi-
methylation, b) no 
methylation, c) full 
methylation

Figure 2. PCoA analysis of nestlings from year 2016, 2017 
and 2020

Figure 3. PCoA analysis of nestlings from Borovo Selo from year
2016, 2017 and 2020 

Figure 4. PCoA analysis of nestlings from year 2020 from 
Borovo selo and Slavonski Brod


